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General remarks

NMR experiments were carried out using a Bruker Avance-400 spectrometer [400.1 MHz (*H),
162.0 MHz, (*'P), 100.6 MHz (**C)] or Avance-600 one [600.1 MHz (*H), 242.9 MHz, (°'P), 150.9 MHz
(*3C)]. Chemical shifts are reported in & (ppm) relative to the residual *H and *C signals of CHCls,
acetone or HsPOy as the external standard for 3!P. IR spectra were measured on a Bruker Vector-22
spectrometer (USA) as suspensions in nujol or KBr pellet. Melting points were obtained using a Cole-
Parmer Stuart digital SMP10 apparatus (USA) and were uncorrected. ESI mass spectra were recorded on
a Bruker Daltonik Amazon X spectrometer (Germany) in positive and negative ions modes. MALDI mass
spectra were acquired using an Ultra flex Ill TOF/TOF spectrometer (Bruker Daltonics, Germany).
Elemental analyses for C, H and N were performed using a Euro Vector 2000 CHNS-3 analyzer (ltaly).
Phosphorus content (%) was determined by pyrolysis in oxygen stream. All the manipulations were
performed in argon atmosphere. All the solvents were dehydrated according to standard methods.

2-{3-[a-(Diethoxyphosphoryl)benzyl]-5-oxo-2-phenylimidazolidin-1-yl}acetic acid (4a).
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Found: C, 58.93; H, 5.91; N, 6.42; P, 7.31. Calculated for C22H27N206P: C, 59.19; H, 6.10; N, 6.27;
P, 6.94. ESI mass spectrum, m / z: found 445 [M — H] (in the negative ion mode), 447 [M + H]" (in the
positive ion mode), calculated 446 [M]. IR spectrum, cm™ (pellet KBr): 3402, 2984, 2933, 1746, 1708,
1494, 1455, 1431, 1401, 1315, 1199, 1098, 1058, 1029, 984, 906, 827, 770, 734, 703, 679, 652, 628, 573,
558, 498.

'H NMR spectrum of compound (4a) (400 MHz, CDCls, d1), § ppm, J Hz: 7.47 m (CeHs, 5H), 7.39
M (CeHs, 5H), 5.55 o. m. ¢ (CO2H, 1H), 5.21 ym. ¢ (CH?, 1H), 4.26 d (C®Hg, 1H, 2JucH 17.8), 4.10 M
(C***HaHg, 2H), 4.09d (C*He, 1H, 2Jnsch 14.7), 4.01d (C*H, 1H, 2Jpch 25.2), 3.66 d (C*Ha, 1H, 2Jngcn
14.7), 3.62 m (C21'23HA, 1H, ZJHBCH 9.7, *JHccH 7.2),3.08 d (CGHA, 1H, ZJHACH 17.8),3.86d (C21'23HB, 1H,
ZJHACH 9.7, 3Jroch 7.3, 3JnceH 7.2),1.30t (C22’24H3, 3H, 3JhceH 7.1),0.98t (C22’24H3, 3H, 3JheeH 7.1).

13C NMR spectrum of compound (4a) (100.6 MHz, CDCls, d1), ¢ ppm, J Hz (thereafter the view of
signal in 3C-{*H} is in parentheses): 79.10 d. d. m (d) (C?, Juc 152.0, 3Jpenc 19.1), 171.68 M (c) (C),
50.49 br. d. d. d (c) (C* Ync 153.4, 1Juc 124.0, 3Jpcne 6.3-6.4), 58.69 br. d. d. m (d) (C**, LJpc 167.5, Ync
130.4), 130.35 m (d) (C*, 2Jpct4c 3.2), 130.98 d. d. m (d) (C**?°, LJuc 159.0, 2Jpccc 8.5, 3Jncisce 7.0,
3J14c20160c16,20 6.5-7.0), 129.17 d. d (s) (C*"*°, YJuc 161.5, 2Jucce 6.0), 128.94 d. m (d) (C*8, Jnc 161.0,
3Jnc16.20cc 7.2, *Jpcccec 1.1), 135.41 m (s) (CB), 129.55 d. m (s) (C*%3, LJc 159.0), 129.05 d. d (s) (C1%2,
e 161.5, 3Jnciz0cc10.02 6.8), 130.49 d. m (s) (C, Nnc 161.5, 3Jnco.i3cc 6.5-7.0), 41.47 br. t (s) (CS,
e 141.1), 171.51 br. t (br. s) (C7, 2Jucée 5.3-5.4), 63.16 t. m (d) (C?+%, Lnc 148.3, 2Jpoc 7.2, 2Jncc 4.4),
63.05 t. m (d) (C?+%, LJnc 148.0, 2Jpoc 6.9, 2Jnce 4.4), 16.57 q. d. t (d) (C?2%4, Luc 127.2, 3Jpocc 6.3,
3Jncec 3.0), 16.16 . d. t (d) (C?%?4, Wuc 128.2, 2Jrocc 5.7, 3Jncec 2.7).

31p / 31p-{1H} NMR spectrum of compound (4a) (162.0 MHz, CDCls, d1), 8 ppm, J Hz: 21.1 br. d.
m (s) (3JrcH 25.5, 3Jpoch 8.0, 3JpocH 7.3). *H NMR spectrum (400 MHz, CDCls, dz), & ppm, J Hz: 7.34 m
(CsHs, 5H), 7.25 m (CeHs, 5H), 6.53 v. br. s (COzH, 1H), 5.83 br. s (CH?, 1H), 4.40 d (C°®Hg, 1H, 2JyacH
17.8), 4.27 br. d (C*Hs, 1H, 2JnacH 15.7), 4.12 d (C¥*H, 1H, 2Jpch 16.5), 3.83 br. d (C*Ha, 1H, 2Jugen
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15.7), 4.09-4.11 m (C2%H, 2H), 3.06 d (C°Ha, 1H, 2Jnsch 17.8), 1.29 t (C?22*Hs, 3H, 3Jucen 7.1), 113 t
(C?22*Hg, 3H, 3Jnccn 7.1).

13C NMR spectrum of compound (4a) (100.6 MHz, CDCls, d2), 8c ppm, J Hz: 80.42 d. m (d) (C?,
Yne 152.5, 3Jpene 4.0), 171.28 M (c) (CP), 51.44 br. d. m (s) (C* Yuc 148.5, Nuc 140.3, 3Jucce 4.7,

3Jncee 3.3, 2Jrenc 2.6), 61.71 br. d. d. m (d) (C*, pc 144.2, Wnc 122.7), 133.95 m (d) (C*, 2Jpcidc 3.1),
129.68 d. d. m (d) (C**%, Lnc 160.0, 3Jpcce 7.6, 2ducisee 7.0, 3Jnc206cc16.20 6.2), 128.98 d. d (s) (CH7%°,
Ync 160.8, 3Jnc19.17¢ccr19 6.0), 128.36 d. m (d) (C*8, YJuc 160.7, 3Jucis,20cc 7.0, *Jpccece 1.2), 136.83 m
(s) (C8, 3Jncce 5.5-6.0), 129.02 d. m (s) (C*™3, Wnc 160.8, 3Juciice 7.0, 3Jncizocca13 6.5), 128.57 d. d (s)
(C1%12 131c 160.4, 2Jnciz10cc1o.12 7.0), 129.99 d. t () (C?, Wnc 163.1, 3Jncotsce 7.0), 41.29 t (s) (C8, YJnc
140.3), 170.50 br. t (br. s) (C7, 2Jucsc 5.4), 63.23 t. d. q (d) (C?4%3, LJuc 148.5, Zpoc 7.3, 2dnce 4.0), 62.57
t. d. g (d) (C?*?3, Wnc 148.1, 2Jpoc 7.7, 2ucc 4.0), 16.37 . d. t (d) (C?2?4, Lpc 127.4, *Jpocc 5.5, 3Jncec
2.8), 16.18 . d. t (d) (C?*?*, Wnc 127.3, 3Jpocc 5.5, 2Jnccc 2.8).

31p / 31p-{’H} NMR spectrum of compound (4a) (162.0 MHz, CDCls, d2), 8 ppm, J Hz: 22.8 br. d.
m (s) (“Jrch 16.5, *Jpoch 7.3-8.0, Jpoct 7.3-8.0).

2-{3-[a-(Diisopropoxyphosphoryl)benzyl]-5-oxo-2-phenylimidazolidin-1-yl}acetic acid (4b)

19 18

MALDI mass-spectrum: 474 [M], 497 [M + Na]*, 513 [M + K]*. ESI mass spectrum, m / z: found
473 [M — HJ (in the negative ion mode), 475 [M + H]" (in the positive ion mode), calculated 474 [M]. IR
spectrum, cm* (film): 3250-3350, 2981, 2937, 1704-1740, 1535, 1494, 1451, 1386, 1316, 1180, 1103,
994, 828, 775, 703, 652, 627, 564, 512, 425.

'H NMR spectrum of compound (4b) (400 MHz, CDCls, d1 : d2 =1 : 1), § ppm, J 'z 9.58 br. s

(OH), 7.0 m, 7.49-7.52 m, 7.37-7.47 m, 7.25-7.35 m, 7.20 m (CeHs), 5.87 d. t (HZ, 4~]HAC4NCH 2.3-2.4,
4~]HBC4NCH 2.1, “Jpeneh 2.1, d2),5.18d. t (Hz, 4Jncanch 2.1-2.2, *Jpench 1.5, dy), 4.70 d. sept (OCH, 3JHceH

6.2, 3Jroch 6.0-7.0, d1), 4.67 d. sept (OCH, 3Jncch 6.2, 3JpocH 6.0-7.0, d2), 4.49 br. d. sept (OCH, 3JuccH
6.2, 3JrocH 6.0-7.0, dz), 4.39 d (H%, 2Jngen 18.0, dy), 4.38 d. sept (OCH, 3Jucch 6.2, 2Jpoch 6.0-7.0, d1),

4.28 d (H, 2Jhgcn 18.0, di), 4.04 d (H¥, 2Jpcy 17.2, d), 4.23 d. d. d (H*A, 2Jngen 14.8, “Jeench 3.8-4.0,
4JucancH 2.3-2.4, d2), 4.12 br. d (H4A, ZJHBCH 14.6, di1), 3.93 d (H14, 2Jpch 26.1, dy), 3.85d. d. d (H4B,
2JupcH 14.7, “dncaner 2.1, “dpencr 1.3, d2), 3.74 d. d. d (H%, 2nach 14.6, *Jncench 2.1, “dpench 1.5, di),
3.02 d (HC, 2Jnsch 18.0, d2), 3.0 d (HCs, 2Jnach 18.0, da), 1.31 d (Me, 3Jrock 6.2, di), 1.28 d (Me, 3Jpock
6.2, d2), 1.25 d (Me, 3Jucen 6.2, d1), 1.23 d (Me, 3Juccr 6.2, d2), 1.20 d (Me, 3Jncen 6.2, d2), 1.13 d (Me,
8JHceH 6.2, d1), 0.84 d (Me, 8JHceH 6.2, d2), 0.62 d (Me, 8JHceH 6.2, dy).

H-2'1P} NMR spectrum of compound (4b) (400 MHz, CDCls, d1 : d2 =1 : 1), § ppm, J Hz: 5.18 t
(H?, *Jncanch 2.1-2.2, d1), 4.70 sept (OCH, 3Jncch 6.2, d1), 4.67 sept (OCH, 3Jucch 6.2, d2), 4.49 br. sept
(OCH, 3Jhccn 6.2, d2), 4.38 sept (OCH, 3Jncen 6.2, di), 3.93 ¢ (HY, dy), 4.23 d. d (H*a, 2Jngch 14.8,
4Jnc2ncH 2.3-2.4, d2), 4.04 s (H14, d2), 3.74 d. d (HAB, ZJHACH 14.6, *Jncaneh 2.1, dy), 3.85d.d (H4B, 2J|—|Ac|-|
14.7, *Jnczneh 2.1, d2).

13C NMR spectrum of compound (4b) (100.6 MHz, CDCls, dy : d2 = 1 : 1), 8¢ ppm, J Hz: 80.47 d.
d. m (d) (C?, Inc 153.0, 3Jrenc 3.6, d2), 79.06 d. d. m (d) (C?, Jnc 150.3, 3Jpene 19.8, di), 51.51d. d. m
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(d) (C4, LIhe 149.3, L 140.4, 3Jpene 2.7, d2), 50.66 d. d. d (s) (C4, Lhe 152.3, Mhe 135.0, 3Jpenc O, d1),
171.72 m (s) (C°, d1), 171.37 m (s) (C®, d2), 41.46 t (s) (C®, 1Jnc 140.1, d1), 41.40 t (s) (C®, YJnc 140.1, dy),
170.52 t (s) (C’, 2Jncse 5.5, d1), 170.45 t (s) (C7, 2Jncse 5.5, d2), 136.77 m (s) (C8, d2), 135.39 m (s) (C?,
d1), 129.63 d. m (s) (C°%3, Wnc 159.2, 3JuciicH 6.5, 3Jncidocco.i3 5.0, di, d2), 129.91 d. d (s) (C1°%2, yc
160.4, 3Jnct210cc1012 6.0, di, d2), 130.35 d. t (s) (CH, Nnc 160.7, 3Incotsce 7.2, di), 129.93 d. t (s) (C,
L4c 161.4, 3Jnco13cc 7.2, d2), 60.48 d. d. m (d) (C**, LJpc 145.1, YJnc 131.3, d2), 59.18 d. d. m (d) (C*4,
pc 170.2, YJuc 1315, di), 134.16 m (d) (C*, 3Juciriscc 7.2, 2Jpctsc 3.8, d2), 130.67 m (d) (C¥,
8Jhc179ce 7.0-7.2, 2Jpciac 3.3, di), 131.04 d. d. m (d) (C16,20’ ne 160.0, 3Jpcce 8.4, 3Jnciscce 7.1,
3JHc20,16¢c16,20 6.5-7.0, d1), 129.16 d. d. m (d) (C8%, Juc 160.0, 3Jpccc 9.0, 3Jnciece 7.1, 3IHc20,160c16,20
6.5-7.0, d2), 129.06 d. d (br. s) (C*"1°, LJnc 161.3, 3Jncioirccire 7.2, di, d2), 128.79 d. t (s) (C*8, Ync
160.0, 3Jnci6.20cc 7.1, d1), 128.20 d. t (s) (C*8, YJnc 160.8, 3Jucis20cc 7.2, da), 72.51 d. d. sept (d) (OCH,
Lhc 147.5, 2Jpoc 8.0, 2Jnce 4.2, d2), 72.15 d. d. sept (d) (OCH, YJnc 147.5, 2Jpoc 7.2, 2Jncc 4.2, d1), 71.98
d. d. sept (d) (OCH, YJnc 147.6, 2Jpoc 7.9, 2Jncc 4.2, d2), 71.61 d. d. sept (d) (OCH, *Jnc 147.6, 2Jpoc 7.6,
2Jncc 4.2, di), 24.38 . g. d (d) (CHs, Ync 126.7, Jpocc 3.0, 3Jncce 3.0, d2), 24.36 q. q. d (d) (CHs, Jnc
126.7, *Jrocc 3.0, 3Jncec 3.0, d1), 24.18 q. . d (d) (CH3, YJnc 126.7, 3Jpocc 4.4, 3Incce 3.0, d2), 24.16 q. q.
d (d) (CHs, Nnc 126.6, 3Jrocc 5.9, 2Jncce 3.0, di), 24.23 q. g. d (d) (CH3, Jnc 126.6, *Jpocc 4.9, 3Jncce
3.0, d), 24.04 q. q. (d) (CH3, “Jnc 126.6, 3Jpocc 5.2, *Jncce 3.0, d2), 23.38 q. g. d (d) (CHs, “nc 126.5,
3Jpocc 5.5, 3Jncce 3.0, d2), 22.93 . g. d (d) (CHs, YJnc 126.7, 3Jpocc 6.0, 3Jncee 3.0, d).

31p / 31p_{*H} NMR spectrum of compound (4b) (162.0 MHz, CDCls, d1 : d2 =1 : 1), 80 ppm, J Hz:
20.5 br. d. d. d (s) (3JpcH 25.6, *Jpoch 6.7-7.4, d1), 22.1 br. m (s) (3pch 17.2, d2).

'H NMR spectrum of compound (4b) (600 MHz, CDCls, di : d2 =2 : 1), § ppm, J Hz: 9.07 br. s
(OH), 7.47 m, 7.43 m, 7.37 m, 7.32-7.35m, 7.29 m, 7.25 m, 7.19 m (CeHs), 5.84 d. t (H?, *Jnacincn 2.4,

4~]HBC4NCH 2.1, *JpcneH 2.1, d2), 5.18 br. s (HZ, dy), 4.71 d. sept (OCH, 3JHeeH 6.2, 2JpocH 6.0-7.0, dy), 4.66
d. sept (OCH, 3Jucen 6.2, 3Jroch 6.0-7.0, d2), 4.50 br. d. sept (OCH, 3Jucch 6.2, 3JpocH 6.0-7.0, da), 4.38 d
(H®, 2Jngen 17.9, d2), 4.37 d. cent (OCH, 3Jucen 6.2, 2JpocH 6.0-7.0, d1), 4.26 d (HC%a, 2Jngen 18.0, d),
4,03 d (H, 2JpcH 17.2, d2), 4.21 d. d. d (H*, 2Jngen 14.7, “Jpencr 4.1, “ncench 2.3, d2), 4.11 br. d (H*4,
ZJHBCH 14.8, d1), 3.93 d (H14, 2JpcH 26.0, di), 3.84d.d.d (H4B, ZJHACH 14.8, *Jncanen 2.3, “JrencH 2.0, d2),
3.74 br. d (H%, 2JnscH 14.8, d1), 3.01 d (H%, ZJnpcH 17.9, di1), 2.99 d (HC, 2Jncn 18.0, d2), 1.30 d (Me,
3JpocH 6.2, d1), 1.27 d (Me, 3Jpoch 6.2, d2), 1.25 d (Me, 3Jucch 6.2, d1), 1.23 d (Me, 3Jncen 6.2, d2), 1.19 d
(Me, 3Jucen 6.2, d2), 1.13 d (Me, 3Juccn 6.2, d1), 0.87 d (Me, 2Jucch 6.2, d2), 0.64 d (Me, *Juccr 6.2, da).
'H NMR spectrum of compound (4b) (400 MHz, acetone-ds, d1 : d2 =2 : 1), § ppm, J Hz: 7.5 br. s
(OH, superimposed with phenyl proton signals), 7.0 m, 7.49-7.52 m, 7.37-7.44 m, 7.26 m (CsHs), 5.92 d.

t (HZ, 4JHAC4NCH 2.5, 4JHBC4NCH 2.3, *Jrcneh 2.3, d2), 5.18 d. t (HZ, 4Jncanch 2.0, *Jrench 1.6, dy), 4.77 d.
sept (OCH, 3Jncch 6.2, 3Jpoch 6.0-7.0, d1), 4.73 d. sept (OCH, 3Juccn 6.2, 2JpocH 6.0-7.0, d2), 4.47 br. d.
sept (OCH, 3Jrcch 6.2, 3Jpoch 6.0-7.0, da), 4.37 d. sept (OCH, 3Jucch 6.2, 3Jpock 6.0-7.0, d1), 4.35 d (H,
2Jnger 17.9, d2), 4.23 d (H%%, 2Jngen 17.8, d1), 4.05 d (H*, 2Jpcr 17.8, d2), 4.27 d. d. d (H*, 2Jngen 14.9,

4JPCNCH 4.1, 4JHCZNCH 2.3, dz), 4.06br.d.d (H4A, ZJHBCH 14.5, 4JPCNCH 1.0, dl), 3.98d (Hl4, 2JPCH 26.0, d1),
3.74d.d.d (H4B, ZJHACH 14.5, 4JHCZNCH 2.4, 4JPCNCH 2.1, dz), 3.62d.d.d (H4B, ZJHACH 14.6, 4JHC2NCH 2.1,
“Jpench 1.7, di), 3.04 d (H, 2Jnach 17.8, d2), 3.02 d (H%, 2Ju,ch 17.8, di), 1.35 d (Me, 2Jpock 6.3, du),

1.33 d (Me, 3JpocH 6.4, d2), 1.31 d (Me, 3JHceeH 6.3, d2), 1.28 d (Me, 3JHceh 6.2, dy), 1.22 d (Me, 3 JHeeH
6.1, d2), 1.09 d (Me, 3Juccr 6.2, d1), 0.84 d (Me, 3Jucch 6.2, d2), 0.65 d (Me, 3Jucch 6.2, di).
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1,4-Bis[a-(diisopropoxyphosphoryl)benzyl]piperazine-2,5-dione 3b

1H, 13C, BC-{*H} NMR spectra of a crystalline sample isolated from one of the fractions with a 20:1 ratio
of meso and d,| diastereomers

14-16

o i OPr'

1 4 7 F)§O

i N N
OPr \P 6 5 8 9
4 §O
oPr' o 13 10

3b 12 11

Elemental analysis: Found: C, 60.45; H, 6.21; N, 6.25; P, 6.21. Calculated for C24H31N206P: C,
60.76; H, 6.54; N, 5.90; P, 6.54.

'H NMR spectrum (600 MHz, CDCls, meso-pattern) of compound 3b, & ppm, J I'u: 7.61 m (CeHs,
4H), 7.37 br. s (CeéHs, 6H), 6.17 d (H', 2H, 2Jpch 22.9), 4.70 and 4.62 two d. sept (OCH, 4H, 3Jucch 5.9,
3Jpoch 6.0-7.0), 4.52 d (H3%a, 2H, 2Jhgcn 17.2), 3.94 d (H35s, 2H, 2Jnucn 17.2), 1.27 d (Me, 6H, 3JrocH
5.9), 1.23 d (Me, 6H, 3JpocH 5.9), 1.13 d (Me, 6H, 3Jrocn 5.9), 0.98 d (Me, 6H, 3JpocH 5.9). 3C NMR
spectrum (150.9 MHz, CDCls, meso-pattern) of compound 3b, 8¢ ppm, J Hz (the view of signal in $3C-
{*H} is in parentheses): 164.55 m (d) (C?®, 3Jpcne 5.3), 47.50 d. d. d (s) (C*®, Jnc 144.6, Jnc 142.5,
3Jnene 5.5, 3Jpenc 0), 132.31 t. d. d (d) (C8, 2Jnco.t2cc 7.2-7.3, Zncic 7.2, 2Jpcic 3.9), 130.06 d. d. m (d)
(C9'13, Lhc 159.4, 3Jpccc 8.4, 3Jhctice 7.0, 3JHc13.9cco.13 6.5-7.0), 129.12 d. d (s) (Clo’lz, LJhc 160.9, 3Jhcee
7.5), 128.97 d. t (s) (C%, Jnc 160.9, 2Jnco13cc 7.4), 72.38 d. d. sept (d) (OC, *Juc 147.6, 2Jpoc 7.1, 2nce
4.2), 71.92 d. d. sept (d) (OC, YJnc 147.2, 2Jpoc 7.5, 2nce 4.2), 53.10 d. d. t (d) (C7, LJpc 159.9, Ync
130.8, 3Jucec 4.0), 24.32 . q. d. d (d) (Me, YJnc 126.7, 3Jncec 4.5, 3Jpocc 3.0, 2Jnce 1.1), 24.19 . . d. d
(d) (Me, YJnc 127.0, 3Jpocc 3.7, 3Jncee 4.2-4.4, 2Jnce 1.1), 23.94 q. q. d. d (d) (Me, YJnc 126.7-127.0,
3Jpoce 4.8, 3Jucee 4.5-4.6, 2Jhce 1.1-1.2), 23.51 g. g. d. d (d) (Me, ne 127.7, 3Jpocc 5.4, 3Ihcee 4.7-4.9,
2Jhce 1.1-1.2). 3P-{*H} NMR spectrum (242.9 MHz, CDCls, meso-pattern) of compound (3b): &p 17.4
ppm.

'H NMR spectrum (600 MHz, CDCls, d,l-pattern) of compound 3b, & ppm, J Hz: 7.56 M (CgHs),
7.33 br. m (CeHs), 6.21 d (H’, 2Jpch 21.4), 4.80 and 4.62 two d. sept (OCH, 3Juccn 5.9, 2Jroch 6.0-7.0),
4,52 d (H384, 2Jngen 17.0), 3.83 d (H3%, 2Jnycn 17.0), 1.37 d (Me, 3Jroch 5.9), 1.35 d (Me, 3Jpoch 5.9),
1.32 d (Me, 3Jpoch 5.9), 1.27 d (Me, 3JpocH 5.9).

1B3C-{*H} NMR spectrum (150.9 MHz, CDCls, d,I-pattern) of compound 3b, 8¢ ppm, J Hz: 164.06 d
(C%®, 3Jpenc 5.4), 47.29 s (C36, 3Jpenc 0), 131.94 d (CB, 2Jpcic 3.7), 130.29 d (C**3, 3Jpccc 8.6), 129.06 s
(C1012),128.97 s (C*), 72.45 d (OC, 2Jpoc 7.3), 71.97 d (OC, 2Jpoc 7.5), 53.13 d (C7, YJpc 160.6), 24.38 d
(Me, 3Jpocc 3.0), 24.31 d (Me, 3Jrocc 3.5), 23.23 d (Me, 3Jrocc 3.7), 24.18 d (Me, 3Jrocc 3.7). *'P-{*H}
NMR spectrum (242.9 MHz, CDClg, d,I-pattern) of compound 3b: &p 17.4 ppm.



Figure S1. Geometry of the molecule 4a in the crystal (the figure shows the geometry of the C2sC1*rN3s-
enantiomer, conglomerate, the C?sC**rN3s/C?rC*sN3r-diastereomer dy).

Table S1. Bond length (angstrom) and bond angles (degrees) of 4a.
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Bond length d, A Bond length d A Bond length d, A
pl-0O* 1.467(3) N-C° 1.435(5) ct_ct 1.379(7)
PLO° 1.566(4) Ne-C* 1.463(6) ct_cB 1.397(7)
PLQ° 1.556(3) N3-C 1.472(5) cHch 1.524(6)
plc 1.816(5) N3—C?2 1.476(5) ch_c 1.396(6)
olC’ 1.208(5) c2C® 1.510(6) c_Cc% 1.385(7)
0>-C’ 1.312(5) ct-C® 1.497(6) ct_cV 1.395(7)
03—C® 1.225(5) ct—C’ 1.518(6) cl’—c!s 1.385(9)
0°-Cc% 1.459(6) céct 1.386(6) ci_ch 1.380(8)
0%—C% 1.457(5) cé_c® 1.387(6) Cc1_C? 1.397(8)
N-C? 1.470(5) co%-c 1.382(6) c?_c2 1.479(8)
Ni-C° 1.349(6) clo_ct 1.380(7) cB_c 1.479(8)

BOAHd zlmglse o, deg. Boznd ?ngISe o, deg. Bolnd 2ngl7e o, deg.

O0*—P-0 114.6(2) C—N-—-C 112.0(3) N-—C°-C 113.6(3)
0*PLQ° 115.0(2) CZ_N°-C* 106.2(3) 0l-C’-0? 125.7(4)
o*-plcH 114.8(2) C*-N3-C™ 118.8(3) ol-c’-C°® 123.4(4)
05—P1_Q° 103.1(2) C2_N3-_C 114.3(4) 0?>-C’—C°® 111.0(4)
0o>-pLcH 105.1(2) N1-CZ-N? 99.8(3) czctcB 120.1(4)
ob—plc 102.9(2) N3-C2_C8 112.1(3) c’-ctcB 119.5(4)
pl0°-C? 119.8(3) N-C2_C? 113.0(3) c2-ctCd 120.4(4)
pl-0b-C? 123.1(3) N3-C*-C° 102.9(3) plclch 114.0(3)
PL_C1_N® 107.7(3) 0o*-C°-C* 127.1(4) Ne_C4_C?® 117.2(3)
C2-N.Cb 124.0(3) N1-C>-C* 107.2(4) 0°-C2_C% 108.5(5)
C°-N'_C*® 122.2(3) 0O%-C°-N! 125.7(4) o%—Cc=_c 108.8(4)




Table S2. Torsion angles (degrees) of 4a.

Torsion angle 1, deg. Torsion angle T, deg. Torsion angle v, deg.
o*-pl-0°-Cc? 30.9(4) C°-NI-C2-N? —169.5(4) C*-N3-Cct*p! 74.1(4)
O°PLO5C? | 1565(3) | C°N-CAC® | 503() | C-NC*CS | ~55.9(p)
CPLO"C™ | 961(4) | CANLC°0O° | 1732(4) | NLC’C’C —51.3(5)
O PO CB | 38(4) CZNL-CS-C* —74(6) | N-C*C-C® | 1283(4)
O°-P-0°-C® | —121.6(3) | C°-N'-C°O° 8.1(7) N*-C2-C%-C° 60.6(5)
C™PLOSC® | 1293(4) | CON-CC* | 1725@) | N>CAC*CP® | ~119.9(4)
O-PLC™-N® | —64.5(3) CZ-NLC®C’ —71.2(5) N3-C*-C5-O° 164.9(4)
O—PC¥C" | 67.3(4) Co-NLC°C’ 92.1(5) N*-C*-C>-N° ~14.5(5)
O5-PLCH.N® | 623(3) CUN*CZN' | ~34.0(4) N-C*-C"-0' —~1.2(6)
O5-PLC* C® | 1659(3) | C-N>C>C® | 1538@) | N-C°C-O’ 178.8(3)
O°-PLCN® | 1699(3) | CY N C’N' | 167.03) | C-C®C°CP 177.8(4)
O°-PLC™C5 | —58.3(4) CH-N3-C%-C® 73.2(4) ct-ce-c*-ch ~1.8(6)
PLO-C?_CZ | 1713(3) | CN><C*CS 30.7(4) | PLCH-C®C™ | -47.9(5)
PL0°-C®-C* | -1201(4) | C¥-N:cC*C° 161.2(4) pi-C*-CP>-C® 131.9(4)
C-N_C*N? 25.7(4) C-N>-CM-P! | -159.2(3) | N:-Cc™-CB-C™*® 79.1(5)
C-NLC2C® | 1449(4) | CEN-C*CW 70.8(5) N°-CH-C®-C* | -101.1(5)

Figure S2. Hydrogen bonds system for the molecule (3a) in the crystal, view along the Ox axis.

Table S3. Hydrogen-bond geometry in the crystal of molecule (3a).

D—H A

D—H, A

H--A, A

D"'A,A

D—H--A, deg.

02—H2~'~O4i

0.97(7)

1.68(7)

2.611(4)

161.0(6)

(i) Symmetry code: x+ 1,y —1/2, -z + 1.
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Figure S3. 3P-{*H} and 3P NMR spectra (242.9 MHz, CDCls) of (4a, d1).
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Figure S4. 3P-{*H} and 3P NMR spectra (242.9 MHz, CDCls) of (4a, d1).
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Figure S10. 3C-{*H} and *C NMR spectra (100.6 MHz, CDCls) of (4a, d.).
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Figure S12. 79 ppm region of **C-{*H} and 3C NMR spectra (100.6 MHz, CDCls) of (4a, dx).
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Figure S13. 170-172 and 16 ppm regions of *C-{*H} and *C NMR spectra (100.6 MHz, CDClIs) of (4a, d).
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Figure S14. 40-66 ppm region of *C-{*H} and 3C NMR spectra (100.6 MHz, CDCls) of (4a, d1).
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Figure S15. 3C-{*H} and *C-{*H}-dept NMR spectra (100.6 MHz, CDCls) of (4a, d1).
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Figure S16. 128-136 16 ppm region of **C-{*H} and *C-{*H}-dept NMR spectra (100.6 MHz, CDClIs) of (4a, d1).
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Figure S22. 3C-{*H} and 3'C NMR spectra (100.6 MHz, CDClIs) of (4a, d1 and d; in the ratio of 1 : 4).
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Figure S23. 170-173 ppm region of 1*C-{*H} and 3*C NMR spectra (100.6 MHz, CDCls) of (4a, d1 and dz in the ratio of 1 : 4).
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Figure S24. 65-76 ppm region of **C-{*H} and *C NMR spectra (100.6 MHz, CDCls) of (4a, d1 and d2 in the ratio of 1 : 4).
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Figure S25. 50-52 and 41 ppm regions of 1*C-{*H} and *3C NMR spectra (100.6 MHz, CDCls) of (4a, d1 and d in the ratio of 1 : 4).
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Figure S26. Up-field fragment **C-{*H} and *3C NMR spectra (100.6 MHz, CDCls) of (4a, di and dz in the ratio of 1 : 4).
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Figure S27. *H NMR spectra (400 MHz, CDCls) of (4a, d1, blue) and (44, da, d- in the ratio of 1 : 4, red).
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Figure S28. Fragments of *H NMR spectra (400 MHz, CDCls) of (4a, d1, blue) and (4a, d1, d- in the ratio of 1 : 4, red).
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Figure S29. 31C-{*H} NMR spectra (100.6 MHz, CDCls) of (4a, d1, red) and (4a, d1, d- in the ratio of 1 : 4, blue).
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Figure S30. 128-136 and 170-172 ppm regions of 31C-{*H} NMR spectra (100.6 MHz, CDClIs) of (4a, d1, blue) and (4a, d1, dz in the ratio of 1 : 4, red).
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Figure S31. 50-82 ppm regions of 3C-{*H} NMR spectra (100.6 MHz, CDClIs) of (4a, d1, blue) and (4a, d1, dz in the ratio of 1 : 4, red).
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Figure S32. 15-17 and 41 ppm regions of 3!C-{*H} NMR spectra (100.6 MHz, CDCIs) of (4a, d1, blue) and (4a, d1, dz in the ratio of 1 : 4, red).
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Figure S34. 3'P-{*H} and 3P NMR spectra (242.9 MHz, CDCls) of (4b, d1 and d2).
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Figure S35. *H NMR spectrum (600 MHz, CDCls) of (4b, d1 and dz in the ratio of 1.3 : 1).
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Figure S36. Fragment of *H NMR spectrum (600 MHz, CDCls) of (4b, d1 and d; in the ratio of 1.3 : 1).
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Figure S37. 3C-{*H} NMR spectrum (150.9 MHz, CDCIs) of (4b, di and d in the ratio of 1.3 : 1).
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Figure S38. 128-131 region of *C-{*H} NMR spectrum (150.9 MHz, CDClIs) of (4b, di and d- in the ratio of 1.3 : 1).
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Figure S42. *3C-{*H} and *C NMR spectra (150.9 MHz, CDClIs) of (4b, d; and dz in the ratio of 1.3 : 1).
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Figure S43. 133-172 ppm region of *C-{*H} and *C NMR spectra (150.9 MHz, CDCls) of (4b, d1 and d in the ratio of 1.3 : 1).
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Figure S44. 132-127 ppm region of **C-{*H} and *C NMR spectra (150.9 MHz, CDCls) of (4b, d1 and d in the ratio of 1.3 : 1).
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Figure S45. 71-81 ppm region of *C-{*H} and 3C NMR spectra (150.9 MHz, CDCls) of (4b, d1 and dz in the ratio of 1.3 : 1).
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Figure S46. 49-62 ppm region of *C-{*H} and 3C NMR spectra (150.9 MHz, CDCls) of (4b, d1 and d in the ratio of 1.3 : 1).
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Figure S48. 3C-{*H} NMR spectra (150.9 MHz, CDCls) of (4b, d1 and dz in the ratio of 1.3 : 1, red) and (4b, d1 and dz in the ratio of 1 : 1, blue).
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Figure S49. 170-172 and 133-137 ppm regions of 3C-{*H} NMR spectra (150.9 MHz, CDCls) of (4b, d1 and d in the ratio of 1.3 : 1, red) and (4b, d1 and d-
in the ratio of 1 : 1, blue).
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Figure S50. 128-132 ppm region of *C-{*H} NMR spectra (150.9 MHz, CDCls) of (4b, d1 and d- in the ratio of 1.3 : 1, red) and (4b, d1 and d in the ratio of
1:1, blue).
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Figure S51. 57-62 and 70-74 ppm regions of *C NMR spectra (150.9 MHz, CDClIs) of (4b, di and d; in the ratio of 1.3 : 1, red) and (4b, d1 and d in the
ratio of 1: 1, blue).
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Figure S52. *H NMR spectra (400 MHz, CDCIs) of (4b, d1 and d; in the ratio of 1.3 : 1).
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Figure S53. Fragment of *H NMR spectra (400 MHz, CDCIs) of 4b, di and d in the ratio of 1.3 : 1).

8¥C0’l

i

£601°Cr

}

8Evo’l

)

£906°0

N

v91TC

|

|

0v80°I

|

60001 T

4.4

T
4.6

4.8

S60



s

T T
171.6 171.2 170.8 170.4

T L

LUNLINEL Y I I I I A I O I O O

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
Figure S54. 13C-{*H} NMR spectra (CDClIs) of (4b, d1 and d in the ratio of 1.3 : 1, 100.6 MHz, red)
and (4b, d1 and d in the ratio of 1 : 1, 150.9 MHz, blue).
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and (4b, d1 and d2 in the ratio of 1 : 1, 150.9 MHz, blue).
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Figure S55. 71-81 ppm region of *C-{*H} NMR spectra (CDCls) of (4b, d1 and d in the ratio of 1.3 : 1, 100.6 MHz, red)
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Figure S56. 128-137 ppm region of *C-{*H} NMR spectra (CDClIs) of (4b, d1 and d in the ratio of 1.3 : 1, 100.6 MHz, red)
and (4b, d1 and d in the ratio of 1 : 1, 150.9 MHz, blue).
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Figure S57. *H-'H-COSY spectrum (100.6 MHz, CDCls) of (4b, d1 and d; in the ratio of 1.3 : 1).
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Figure S58. Fragment of *H-'H-COSY spectrum (100.6 MHz, CDCls) of (4b, d1 and d2 in the ratio of 1.3 : 1).
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Figure S59. *H-1*C-HMBC spectrum (100.6 MHz, CDCIs) of (4b, di and d; in the ratio of 1.3 : 1).
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Figure S60. Fragment of *H-*C-HMBC spectrum (100.6 MHz, CDCls) of (4b, d1 and d; in the ratio of 1.3 : 1).
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Figure S65. *H-*C-APT-HSQC spectrum (100.6 MHz, CDCls) of (4b, di and dz in the ratio of 1.3 : 1).
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Figure S66. 3P-{*H} NMR spectrum (242.9 MHz, CDClIs) of [3b, d1 (meso) and d. (d, 1) in the ratio of 20 : 1].
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Figure S69. 3C-{*H} NMR spectrum (150.9 MHz, CDClIs) of (3b, d1 and d in the ratio of 20 : 1).
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Figure S70. 3C NMR spectrum (150.9 MHz, CDCls) of (3b, d1 and dz in the ratio of 20 : 1).
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Figure S71. Fragments of 13C NMR spectrum (150.9 MHz, CDCls) of (3b, d1 and d; in the ratio of 20 : 1).
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Figure S72. 3C-{*H} and *C NMR spectra (150.9 MHz, CDClIs) of (3b, d1 and d- in the ratio of 20 : 1).
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Figure S73. Fragments of 1*C-{*H} and *3C NMR spectra (150.9 MHz, CDCls) of (3b, d1 and d; in the ratio of 20 : 1).
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Figure S74. 52-54 and 71-74 ppm regions of *C-{*H} and 3C NMR spectra (150.9 MHz, CDCIs) of (3b, d1 and d in the ratio of 20 : 1).
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Figure S75. 22-26 and 46-49 ppm regions of 1*C-{*H} and 3C NMR spectra (150.9 MHz, CDCIs) of (3b, d1 and d in the ratio of 20 : 1).
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Figure S76. 13C-{*H} and *C-{*H}-dept NMR spectra (150.9 MHz, CDCIs) of (3b, d1 and d in the ratio of 20 : 1).
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