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Recyclization of N-arylitaconimides with hydrazines as a new effective synthesis
of 2-(3-oxopyrazolidin-4-yl)acetanilides

Yuri A. Kovygin, Irina S. Zotova, Nikita M. Sotnikov, Vladimir A. Polikarchuk
and Khidmet S. Shikhaliev

Materials and Methods

"H and '*C NMR spectra were registered on Bruker DRX-500 (500 and 150.9 MHz, respectively)
spectrometer in DMSO-ds, internal standard was TMS. Melting points were determined on Stuart SMP
30. Control of reagent and products individuality, qualitative analysis of reaction mass was performed
by TLC on Merck TLC Silica gel 60 F254 chromatographic plate; eluents: methanol, chloroform and
their mixtures in various ratios. The chromatograms were visualized by UV or iodine vapor.

Product purity was monitored by high performance liquid chromatography with high resolution
mass spectrometric electrospray ionization detection (HPLC-HRMS-ESI) in combination with UV
detection. The analyzes were performed on Agilent 1260 Infinity chromatograph (Agilent
Technologies, CA, USA) and Agilent 6230 TOF LC/MS high-resolution time-of-flight mass detector.
The ionization block was double electrospray; the signals were recorded in positive polarity; nebulizer
N> 20 psig; desiccant gas Na, 6 ml min™!, 325 °C; mass detection range is 50-2000 Da. Capillary
voltage 4.0 kV, fragmentator +191 V, skimmer +66 V, OctRF 750 V. Poroshell 120 EC-C18 column
(4.6 x 50 mm; 2.7 um) was used. Gradient elution: acetonitrile/water (0.1% formic acid); flow rate 0.4
ml min’!'. Software for processing research results - MassHunter Workstation/Data Acquisition
V.06.00.

Table S1 Yield of 2-(2-oxopyrazolidin-4-yl)acetanilide 2a
in the reaction between N-phenylitaconimide 1a and N>Hj4 at 20-40 °C

Yield of 2a, %

Solvent LC/MS Tsolated
MeOH 68 35
MeCN 70 30
Dioxane 78 65
Pr'OH 55 15
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Experimental.

Synthesis of 2-(3-oxopyrazolidin-4-yl)acetanilides 2a-f. Anhydrous hydrazine (0.32 g, 10 mmol)
is added to a solution of N-arylitaconimide 1a-f (5 mmol) in dioxane (50 ml), and this was stirred for
3-5 hours. The precipitate crystals are filtered and dried.

2-(3-Oxopyrazolidin-4-yl)-NV-phenylacetamide 2a. Yield 55%, colorless powdery compound,
m.p. 172-173 °C. '"H NMR, ((3, ppm., J/Hz): 10.00 (1H, s, CO-NH), 9.18 (1H, s, NH-2), 7.01-7.59
(5H, m, 5SCH-Ar), 5.27 (1H, s, NH-1), 3.51 (1H, dd, J = 7.5, J = 10.9, CHz-endo), 2.91 (1H, dd, J =
10.7, J = 21.5, CHz-endo), 2.81-2.88 (1H, m, CH-4), 2.74 (1H. dd, J = 9.9, J = 15.6, CHz-ex0), 2.32
(1H, dd, J = 9.8, J = 15.6, CHz-ex0). 3C NMR (5, ppm): 176.54, 169.66, 139.12, 128.65, 123.06,
119.03, 52.24, 39.38, 35.81. HRMS: m/z caled for C11H13N302, 220.1087; found, 220.1080.

2-(3-Oxopyrazolidin-4-yl)-NV-(p-tolyl)acetamide 2b. Yield 60%, colorless powdery compound,
m.p. 174-175 °C. '"H NMR, ((5, ppm., J/Hz): 9.88 (1H, s, CO-NH), 9.14 (1H, s, NH-2), 7.06-7.45
(4H, m, 5CH-Ar), 5.25 (1H, s, NH-1), 3.46 (1H, dd, J = 7.4, J = 10.7, CHz-endo), 2.86 (1H, dd, J =
10.6, J = 21.3, CHz-endo), 2.74-2.84 (1H, m, CH-4), 2.69 (1H. dd, J = 3.8, J = 15.6, CHz-ex0), 2.25
(IH, dd, J = 9.8, J = 15.6, CHz-exo0), 2.21 (3H, s, CH3). 3C NMR (3, ppm): 176.98, 169.83, 137.09,
132.36, 129.47, 119.49, 52.73, 39.38, 36.21, 20.86. HRMS: m/z calcd for Ci12HisN302, 234.1243;
found, 234.1237.

N-(4-Ethoxyphenyl)-2-(3-oxopyrazolidin-4-yl)acetamide 2c. Yield 55%, colorless powdery
compound, m.p. 170-172 °C. 'H NMR, ((5, ppm., J/Hz): 9.85 (1H, s, CO-NH), 9.17 (1H, s, NH-2),
6.83-7.47 (4H, m, 4CH-Ar), 5.28 (1H, s, NH-1), 3.96 (2H, q, J = 6.9, O-CH>»), 3.49 (1H, dd, /= 7.9, J
= 10.3, CHz-endo), 2.89 (1H, dd, J = 10.3, J = 21.1, CHz-endo), 2.77-2.86 (1H, m, CH-4), 2.69 (1H.
dd, J = 3.5, J=15.5, CHz-exo0), 2.25 (1H, dd, J = 9.9, J = 15.4, CHz-ex0), 1.30 (3H, t, J = 6.9, CH3).
I3C NMR (3, ppm): 176.62, 169.16, 154.39, 132.29, 120.62, 114.37, 66.40, 63.10, 52.34, 35.72, 14.73.
HRMS: m/z calcd for C13H17N303, 264.1349; found, 264.1345.

N-(4-Chlorophenyl)-2-(3-oxopyrazolidin-4-yl)acetamide 2d. Yield 65%, colorless powdery
compound, m.p. 183-184 °C. 'H NMR, ((5, ppm., J/Hz): 10.15 (1H, s, CO-NH), 9.18 (1H, s, NH-2),
7.34-7.62 (4H, m, 4CH-Ar), 5.28 (1H, s, NH-1), 3.49 (1H, dd, J= 7.9, ] = 10.5, CHz-endo), 2.80-2.95
(2H, m, CH-4 + CHz-endo), 2.73 (1H. dd, J = 3.6, J = 15.8, CHz-ex0), 2.31 (1H, dd, J=9.7, J = 15.6,
CHz-exo). 3C NMR (8, ppm): 176.50, 169.91, 138.14, 128.63, 126.64, 120.59, 66.40, 52.29, 35.84.
HRMS: m/z caled for C13H17N303, 254.0696; found, 254.0690.

N-(2,4-Dichlorophenyl)-2-(3-oxopyrazolidin-4-yl)acetamide 2e. Yield 60%, colorless powdery
compound, m.p. 207-208 °C. 'H NMR, ((8, ppm., J/Hz): 9.72 (1H, s, CO-NH), 9.18 (1H, s, NH-2),
7.36-7.73 (3H, m, 3CH-Ar), 5.27 (1H, s, NH-1), 3.50 (1H, dd, J= 7.0, J = 10.4, CHz-endo), 2.85 (1H,
dd, J=10.7, J=21.1, CHz-endo), 2.72-2.87 (2H, m, CH-4 + CHz-ex0), 2.34 (1H, dd, J=9.1, J=15.2,
CHz-exo). 3C NMR (8, ppm): 176.86, 170.67, 134.54, 129.30, 127.93, 127.64, 52.59, 39.39, 35.75.
HRMS: m/z calcd for C11H11C12N30O», 288.0307; found, 288.0303.

N-(3-Chloro-4-methylphenyl)-2-(3-oxopyrazolidin-4-yl)acetamide 2f. Yield 75%, colorless
powdery compound, m.p. 177-178 °C. '"H NMR, ((5, ppm., J/Hz): 10.08 (1H, s, CO-NH), 9.15 (1H, s,
NH-2), 7.15-7.85 (3H, m, 3CH-Ar), 5.29 (1H, s, NH-1), 3.48 (1H, dd, J = 7.3, J = 10.7, CHz-endo),
2.87 (1H, dd, J = 10.5, J = 21.3, CHz-endo), 2.72-2.85 (1H, m, CH-4), 2.69 (1H, dd. J=3.8, J=15.8
CHz-exo), 2.29 (1H, dd, J = 13.2, J = 22.7, CHz-ex0), 2.24 (3H, s, CH3). '3*C NMR (8, ppm): 176.86,
170.28, 138.69, 133.37, 131.57, 130.06, 119.42, 118.06, 52.66, 39.38, 36.22, 19.34. HRMS: m/z calcd
for C12H14CIN3O3, 268.0853; found: 268.0847.
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Synthesis of 2-(3-oxo-1-phenyl-pyrazolidine-4-yl)acetanilides 7a-c and 2-(5-oxo-1-
phenylpyrazolidine-4-yl)acetanilides 5a-c. A solution of N-arylitaconimide 1a,b,g (5 mmol) and
phenylhydrazine (0.55 g, 5 mmol) in methanol (10 ml) is boiled for 2-3 hours. The solvent is removed,
the products are isolated by flash chromatography on silicon oxide, the eluent is chloroform.

2-(5-Oxo-1-phenylpyrazolidin-4-yl)-V-phenylacetamide Sa. Yield 15%, colorless powdery
compound, m.p. 150-152 °C. '"H NMR, ((8, ppm., J/Hz): 10.05 (1H, s, CO-NH), 7.00-7.85 (10H, m,
10CH-Ar), 6.26 (1H, dd, J = 5.5, J = 11.2, NH-2), 3,60-3.66 (1H, m, CHz-endo), 3.20- 3.28 (1H, m,
CH-4), 3.07 (1H, dd, J = 11.1, J = 22.2, CHz-endo), 2.86 (1H, dd, J = 3.9, J = 15.9, CH2-exo0), 2.48-
2.55 (1H, m, CHz-ex0). 3*C NMR (8, ppm): 172.88, 169.35, 139.26, 139.17, 128.75, 128.60, 123.50,
123.17, 119.10, 117.56, 49.07, 42.15, 35.77. HRMS: m/z caled for C17H17N302, 296.1399; found,
296.1395.

2-(3-Oxo-1-phenylpyrazolidin-4-yl)-V-phenylacetamide 7a. Yield 40%, colorless powdery
compound, m.p. 152-154 °C. '"H NMR, ((8, ppm., J/Hz): 10.28 (1H, s, NH-2), 10.01 (1H, s, CO-NH),
6.90-7.65 (10H, m, 10CH-Ar), 4.15 (1H, dd, J = 8.3; J = 11.0; CHz-endo), 3.60 (1H, t, /= 10.9, CHa-
endo), 2.94-3.04 (1H, m, CH-4), 2.80 (1H, dd, J = 4.0, J = 15.9, CHz-ex0), 2.39 (1H, dd, J=9.9, J =
15.9, CHz-exo). '*C NMR (8, ppm): 174.51, 169.17, 151.69, 139.12, 128.97, 128.72, 123.17, 121.36,
119.07, 115.69, 59.85, 36.87, 35.46. HRMS: m/z calcd for C17H17N302, 296.1399; found, 296.1392.

2-(5-Oxo-1-phenylpyrazolidin-4-yl)-NV-(p-tolyl)acetamide S5b. Yield 25%, colorless powdery
compound, m.p. 185-186 °C. 'H NMR, ((5, ppm., J/Hz): 9.96 (1H, s, CO-NH), 7.06-7.85 (9H, m,
9CH-Ar), 6.25 (1H, dd, J= 5.5, J=11.2, NH-2), 3.59-3.66 (1H, m, CHz-endo), 3.19-3.26 (1H, m, CH-
4), 3.07 (1H, dd, J = 11.0, J = 22.1, CHz-endo), 2.84 (1H, dd, J = 3.9, J = 15.8, CHz-ex0), 2.49 (1H,
dd, /= 9.8, J=16.0, CHz-ex0), 2.25 (3H, s; CH3). 1*C NMR (8, ppm): 172.90, 169.08, 139.28, 136.68,
132.05, 129.11, 128.58, 123.49, 119.16, 117.59, 49.10, 42.19, 35.74, 20.48. HRMS: m/z calcd for
C1sH19N302, 310.1556; found, 310.1558.

2-(3-Oxo-1-phenylpyrazolidin-4-yl)-V-(p-tolyl)acetamide 7b. Yield 45%, colorless powdery
compound, m.p. 176-177 °C. '"H NMR, ((8, ppm., J/Hz): 10.26 (1H, ¢, NH-2), 9.91 (1H, s, CO-NH),
6.92-7.48 (9H, m, 9CH-Ar), 4.14 (1H, dd, J = 8.3, J = 11.0, CHz-endo), 3.59 (1H, t, J=11.0, CHo»-
endo), 2.93-3.01 (1H, m, CH-4), 2.77 (1H, dd, J = 3.9, J = 15.9, CH2-ex0), 2.37 (1H, dd, /=9.9, J =
15.9, CHz-exo0), 2.23 (3H, s, CH3). 3C NMR (3, ppm): 174.54, 168.90, 151.69, 136.62, 132.06,
129.08, 128.97, 121.35, 119.12, 115.70, 59.86, 36.91, 35.42, 20.46. HRMS: m/z calcd for C1sH19N3O»,
310.1556; found, 310.1553.

N-(3-Chlorophenyl)-2-(5-oxo-1-phenylpyrazolidin-4-yl)acetamide Sc. Yield 20%, colorless
powdery compound, m.p. 154-155 °C. 'H NMR, ((3, ppm., J/Hz): 10.26 (1H, s, CO-NH), 7.07-7.85
(9H, m, 9CH-Ar), 6.27 (1H, dd, J = 5.5, J = 11.2, NH-2), 3,60-3.66 (1H, m, CHz-endo), 3.20-3.29
(1H, m, CH-4), 3.07 (1H, dd, J = 11.2, J = 22.3, CHz-endo), 2.86 (1H, dd, J=4.1, J = 16.0, CHz-exo0),
2.53 (1H, dd, J = 9.6, J = 15.9, CHz-exo). *C NMR (8, ppm): 173.10, 170.13, 140.92, 139.58, 133.45,
130.79, 128.92, 123.85, 123.21, 118.92, 117.91, 117.79, 49.33, 42.38, 36.12. HRMS: m/z calcd for
C17H16CIN302, 330.1010; found, 330.1014.

N-(3-Chlorophenyl)-2-(3-oxo-1-phenylpyrazolidin-4-yl)acetamide 7c. Yield 30%, colorless
powdery compound, m.p. 152-154 °C. '"H NMR, ((8, ppm., J/Hz): 10.28 (1H, s, NH-2), 10.21 (1H, s,
CO-NH), 6.92-7.81 (9H, m, 9CH-Ar), 4.15 (1H, dd, J = 8.3, J = 11.0, CHz-endo), 3.60 (1H, t, J =
11.1, CHz-endo), 2.95- 3.03 (1H, m, CH-4), 2.80 (1H, dd, J = 4.1, J = 16.1, CHz-exo0), 2.41 (1H, dd, J
=9.7,J =16.0, CHz-ex0). *C NMR (8, ppm): 174.24, 169.47, 151.51, 140.37, 132.94, 130.27, 128.81,
122.72, 121.21, 118,42, 117.27, 115.54, 59.60, 36.63, 35.32. HRMS: m/z calcd for C17H16CIN3O»,
330.1010; found, 330.1015.

S3



[E Tabraicy [a1cizen of Drgasic Chaminsy, Wosorw; Qrokar ORX200 5 F=330. 13 W {1117 Sim] &K SW=00000 O imd008 h=]0.8 A= 1530 L0000 Ni=| S1m4A43 TE=300K. § kiy 3330 Opr- Ssabinis Tu A Prap: LedTiz, Sob

e T
NMR/29337069 pal s L 11 O 1 T

TRFTA PARET sy

o)

N
N (‘.’::1

"H-NMR - spectra of compound 2a

1

T A ey

¥

[ Tabraicy 1namiass of Crgasic Coamiuey, Wiowoow, Droesr DRS00 SFmi2E 78 WK | 1I0] SmEsi Swed oa8 OIwI1299 FWm 0 A0 z] ROm] 0 "Eees SAm-3 |1 TEMIOK ¥y Z021 Dpr Erbwn VE A FTas: LegThe. 3ok Dumoman;

; NMR/29337069 NI
N =8 5% S TTLITErTE
£ £ £ 5 8 8 F EgssiEsgEs

SGwe
N
N

3C-NMR - spectra of compound 2a
I

sS4



2.703
2712
2.756
2.766 ‘*
2.783
2.782
2.801
2.808 \
2817
2.826
2.835
2.852
2878
2.905
3.445
3.464
3.472
3.480
5.256

7.056
7.077
7.425
7.446

9.143

5 864

o
=1
w
o
R o
=
.0
B8R .2
O T
I b=
=
owno
oo
@r~o
Kol
N
el
c
>
o
Q.
IS
o
Z O
w—
(o)
o=\ &
(&)
[0
Q
/ %)
1
s
z
~~ Z
z T
od ~—
o
]
)
@
@
@
w0

860

| ooE

| E0E

| 860

ool

50 4.0 30 20

6.0

7.0

8.0

9.0

100

ppm (f1)

40

—30

20

-10

20.863

36.213

52.732

0]

4

N

N
3C-NMR - spectra of compound 2b

119.487

120467
132,355

137.093

169.831

176.977

182 QAN

50

100

150

pom (1)

S5



R |

Tabraicy 1201258 of CYEATEc CRRTILTy, WioAcw, DrCaRr DR X500 P30 13 wier {111

NMR/29317762

"H-NMR - spectra of compound 2¢

o E

TEmIAE Trem0000 COmS008 Fam 0 A 538

Aw00 wsm) SamT a0 TEmIaTK

Foond prosons = 18 impuricy® = 1.1 %

39 Waarch D01 Dpr Serbrin TE A

f‘Jl!)u

Fraz: LTI St

CASOman;

% W

b

WY Y Y

1

. Tatraicy Inuiams of Drgasic Coamiiry, Vimoow; Droiar O RSTO S Fmi38 T8 1T

TAT] Bmedi Swm3 1503 Olmi 1283 im0 AmOIeT) Al ] 00 Wom] 154 SRmbs 51 TEmZa s, | Apel S021 O Scrmlran Vo T

2 L

T, Sk DA

; NMR/29317762 (|
Eo i
il YV I | _
}
/N /O o OWI
N
N
8C-NMR - spectra of compound 2¢
I
[ |
| I
I I
‘ ‘ P
181 173 168 139 20 a0 5 S EGAD 30 20 10 e

S6



7
i
B
Ed
i

NMR/29317760
o)
cl
/N 2!
N

N
"H-NMR - spectra of compound 2d

Fourd protons = 22

impurzty® < 0.1 %

T4z

J

& Zeimsky [rtiteis of Linganic Chormisry, WMo w; Broker R0 SF=ElL. 3 WHz | TH] S8R S0 =] S0 CH =300 P (L8 A= B35 =00 M=l SA=a4% TE=Cd TR 30 Warch 2051 Lpr: Sireeska Toh.; Freg: L0150 Salv: Bog;

o ¢ o A

I
uw
m =

T
4

[1K1]

o o

DMS0—dE
=

il

T
b

THIS
T

T =

NMRZ29317 Tal

R 1 3 : ;
£ 3 i F ok 3 ;
: J
(0]
Cl
N~ o
N
N | !
3C-NMR - spectra of compound 2d
i
|
j ! I I |
| [
-é- -l '.-\;: . L: '.;: '.é:" '.::.: i0a 3‘:" HI:" T y 'I: y y : '.I: 4




150

100

—50

5.272

9.180

9.722

Cl

Cl

2421

N
'"H-NMR - spectra of compound 2e

2432

8.740 8727

€0’}

o
—

o
mh- i 9
oo

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

o o (=]
= o = o o
S v o S o
Il ! | | 1 1
35.753
52.587
N )
O N
el
[
>
5]
Q.
IS
3]
(&)
=
o
O Z s
©
o] @
Q.
(2]
O 1
/ o
=
Z
z_ £
z
127,642
127923
129,304
134,538
170667
_ 176,862
E
a
a

50

100

150

S8



S9

) o o o a
w o &) o =] o o
o~ (3] -— - wy o "

[=} o o (S (A | |
o wn o o
o~ b - o =]
| [ R R S _
A | L
s o _
s ___ 885 19.346
R ———
-
3ﬁ| - 4 w_m |
= T
Pk J( o 219
-4 ) T 36
- B /|||w.u 00'L
OO e 1
O e )
—r p =
. A -
N o 52,657
2 _” <
] _ 5
© £ q_ o
§ _ 5
. 5 5
it
z 3 . = < £
© S 160 S
s S | 15)
[&] —
o g oA -
Z ©
o ¢ 7 =
\ x | o) o
N s _ ° a
= | o :
Z T x
~_ . N\ x
. =z

7.225." | z Q

7245 N : 2 ~z7 F

7.206 5 2 8 - iR 118.062

7301 s = 119.422

7316 ) R

7.321 2 . u 20t 130,062

7.768 = | & 131666

7.773 B 133.372

138.697
5 o

) % E0't >

9.149 ™~

B = oot P 170.281

10.081 S —_

4_ E 176.862
Q

50

100

150

ppm (f1)



(0]
w/©/
N
N

NOESY- spectra of compound 2b

sn128gNOSEY
Gradient Shimming Foq

-

rii

ri2

ri3

-14

(0]
w/©/
N
N

HMBC- spectra of compound 2b

En128gHMBCga0d |
i EHP&"IITI.EI'E o

f1 (mp)

i1 {mn)

S10



E NMR/26227912

"H-NMR - spectra of compound 5a

€ Tabracy |iiaan of Crga=ic Cowmiiry, Wamcre; Droks: CRRE00 A F=830.13 W15z (111) SF=15K S8= 03000 DOwtl08 Fm 3.0 Agm] 30 S0=000 i1 S5m0 09 TE=Z00K E Ducaviur 201§ Tpr Sesberiaa T h; Fraz: LedR]
Fozmd procons = 18 impuricy® = 1.0 %

/,.

;

B Saf: DAEDmas;

=1

A

—af =

LA

it ” {

W e

Y W

Uy

X

NMR26227012

f8 BE B2

<,
é¥e

3C-NMR - spectra of compound 5a

;
i
;
g

Vi, BB
5, 24

C Tabrscy Inasizas of Drgesic Commin), Woscow; Drokss D RAS00 SM=i2l 8 WIE | 100] TmEdi Svmd |53 D= 1008 M=l 0 A0z ) Ri=100 ME=471

S AT G S S
L e

SR=I04.3] TEWTE B Cecembs: D018 s Soulerkn Ve A [TH3: L8NG, Sty DRt

rE
> |
o
i —_—
» ]
[

S11



NMR27227736

:
{
i
;

(0]
w/©/
N
N i

"H-NMR - spectra of compound 5b ’

Tabraiy Inaiass of Crgas Coaity, Voo Drokar DR KZ00 STw300.13 W1t (111] 3P 185 T 3000 O imile W= 1213 Alg=| 531 A0=000 Nin| SA=00 13 TERI30K. 4 Way 3307 Cpr- Sowlenta Vo A Prags L=Seee, Soin: Va0=oE;
Formd provonsw 18 impuring* <0.1 %

=
e [ o §

A - -1 A - —
S - L
it e 1] THE
T T T T T T T T T T
10,5 1B 8.5 8.2 | 8.0 7.5 7 4 = §on

l

A

"

NMR/29337726

2

— LG

7
i
B
Ed
H

LN}

—  To=—128.50
[ERN L]
uh

—_—n
— LR
—_—n

[ E b
——

3C-NMR - spectra of compound 5b

& Zeimsky [rtitels of Linganic Lhemisry, Wowmw; Broker DFAI SFw] 28,15 BlHz | 1307 SI=63K 3 Wemd| 325 O =] J280 P =kl ALp=o 3] i 00 NE=s] BR=Ed BT TE=S0K, 30 ere J01s (ipr: Birckcrks T oA Prop: L-Vahl; Sowv: DMB0—o,

=

]
B
i
i

|
|
T T
z0 e

512



NMR27247029

e PApET sy |

e

Tabracy I2iines of Drgeak: STy, Mmoo Dnka: DRXE00 SF

sz
4

Foemd proconsw 13 impuring® <0.1 %

(of [‘

(0]
//J@
NM
N

"H-NMR - spectra of compound 5C

115z 111] Shm] &K Sovm 0000 O bmiDOE T =130 A= 830 A0=000 ¥5=| 33=3 48 TE=1MK 7 Dacamier 2017 Opr Srbeka ¥ b Praz: Leg I08, Sah: DVE0=a8;

Ear

fit fr ]

i

¥ W

3

MYH

—a A
-JL
T

TV

e

C Zakracy I7uiaze of Drganc Doamiuny, Viossos Drkes DR

NMR27247029

e PRy sy oy
i

£

3C-NMR - spectra of compound 5C

NADD S iINTA M (D30 Bmddil Bl & O

1=I13N PWel 0 AQelL 521 ROeI00 NSl SRmI 24 14 TEeWE |2 Decambar 2017 o Somlerke Yool - Praz: Lol 12; Sahe OIS Dedc

pppppppppp

e rrrrrr e




EZ: maky [rutitcie of Lingaric Chemisry, Woscmw; 5
: NMR/26227913
o
F
£

ruker DU GO0 G FmE 0| 3 SIETx | TH| S8R 3% ] o O [ w00

Trep: -RATE, S TS0,

=D A= B35 B0 WE=] 3R=73
N
O-TI 3 | I *
N H
N
"H-NMR - spectra of compound 7a
b
f
[
4 ] 4 = =
JLJ J.__J L E "y L]
=

il

; NMR/26227913
£ E =

€ Takray Inaizzs of Crgesi ConwinTy, Miscae, Orkar DRAS00E!

ralsrkn To b, P

3C-NMR - spectra of compound 7a

- LmBRGD; Sakv: O WS




TRPTA PARRTF B g 1|

[C Tabraiy Inuiass of Orgasi Coamiusy, Moscors; Dnksr DRKI00 SF=300.13 Wi

TIT] Sl 5 Sowm 13000 D D=dD02 T30 A= 538 A.0=000 5=1 Sa=3 i} TE=000K 4 Wy 2007 Opr Sowlenca Ta A Frp: L=swee.

Sobv: VISD=di
NMR/27227737 SEn s s (I

"H-NMR - spectra of compound 7b

e PARETy sy m
L

2 ;

' i
o g pesop g lpM_oses s seolle ol e R R J

Tabracy |36iaen of DTERTE CoSTiNTY, Moo, Dreksr DRK00 ST=i2l T8 bl (130] Smtai Shmdied OI=id23F T Wm0 AQeiis ) AlD=100 M=l SA=S. 5] TE=MI0S 3 w2053 Dpr: Sowienka Tk, Fras: L

; TTug: LeSEEl Saby : DVSDmas,
NMR/29337727 NI
- ol

X R

|

uuuuuuuuu =
o o = -

N T 1]
— 1 B2

8C-NMR - spectra of compound 7b

515



e PAEETE ey |

J

Tabraiy I3iiasn of CTERIE CONTIATY, Voo Orokar DRXS00 SFea30.13 Witx (ill

NMR/27247030

ii; /N /OO
NME
N

"H-NMR - spectra of compound 7C

Formd prosons = 18 impuriog® =0.1 %

4 =dhs

SImAE Sm00000 0 ei0e TAmIa.0 Age] 338 LOw00 NEm] Sawe. (E TImI00K. 7 CeceTimr 201 7 Lpn SUehni TaA-; [TRa: Ley |0k Sakv: Dyssomad;

—

¥

W W

Et—

_JJI_ J ,_J L.._.,LJDI.LL | Ly

:

p—
T

F

i

anay
— —— 120 .01

3C-NMR - spectra of compound 7C

& Tetrdey Tratitcic of Cinguric Cheristey, Soeow; Hruker DRS00 GEm 28, 18 MIFz | [30] GI=eiR 5 W | 355 O = [ 350 FRmpl A0 E00 H T W= T ERm1 23,12 TE=StWR 12 Decemier 017 Lpr- Sreierkn Fa.A. Prep: L0115 Salv: DWIS0—

P NMR/27247030
& i

T o

I
| { I
L T

S16




[k

A FER
2.4
] . |—!' 2.5
} ' ‘... ! 3.4
; el .
- » T o,
= 4.0
¢}
4.5 /N / o
= E.0 N
L] N
. NOESY - spectra of compound 5a
- i [ v i
E.&
7.4
| 4
i '. ' ¥
8.8
= 3.5
5.4
- 3.E
i ('] " 14.4a
- 14.5
18 T H k] 2 pem
J ] l._Lu.bl_.l pen
2.0
1 * .—'l' 2.5
[ ]
'. '] l"! . = 2.0
' i l' e
_T ' (] . sk
- 1 é 0 i
! L 2. N
SN
E.Q
" o)
= E.Q
¢}
E.&® N
L] ¥ 7.8
I : ;
'. l o L 7.5
2 5.0
e NOESY- spectra
of compound 7a
5.0
5.5
L] L ] 1.3
: L] L] ’ L
I 14.%
12 - 4 2 H e

517



LY 1 ] el e

HMBC

N
HMBC - spectra of compound 5a

S18



ikt e el
HMBC

IR0 TN N~ O

=102

110

11=

5] | 1IIJ[

1za

1zz

133

-l

13%

140

14z

=120

133

e e i

(L

N
N
o]
(0]
N
HMBC- spectra

of compound 7a

519



