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1. Introduction carbon bond can undertake various active roles rgaroc
reactions for the facile and efficient productiom warious
heterocyles? For example, the reaction of alkynes with O-
acetyl- or O-benzoyl-substituted anilines yields e th
corresponding  quinolinés. Highly functionalized 1,4-
pyranonaphthoquinone has been prepared from thaioraof
aniline, diethylacetoacetylene, hydroxyl-naphthalém-dione
and an aldehyde under microwave irradiation withbetuse of
a solvent or catalyst. An atom-economic method for the one-
pot synthesis of substitutetH4hromenedH-pyran and oxepine
derivatives has been developed using a reactioohimg three

Pyrazole and pyran are both cyclic structural ufotsnd in
many different natural and synthetic products #xdtibit a wide
range of biological activities. Pyran-containing compounds
exhibit analgesic, anticoagulant and anticanceecgsf 4H-
Chromenes contain skeletons similar to pyran. Thee
widespread in nature and are pharmacologically poteging
employed as drugs, pigments and in cosmétisny types of
bioactive drugs with broad medicinal and agrochemica
applications contain both pyran and pyrazole rihgsd both

strgctures are prgsent n pyrgn[Z,B-p]pyrazole|Emder|vat|\{es, components: 1,3-diketones, diethyl acetylenedicaylate and
which exhibit various biological activities and pheacological 13 . . . .
malononitrile.® Multicomponent domino reactions in aqueous

properties. Therefore, much research has focused on the di .
talyzed by L-proline h tly b ted f
synthesis and bioactivities of compounds containihgse media catalyzed Dy L-proline have recently beens o

. the synthesis of functionalized H4pyrano[2,3-c]pyrazole¥’

structural units. L . . .
Variations of, or an increase in the number of tlaious
functional groups in the pyran or pyrazole ring nmagdify the

One-pot, multicomponent reactions (MCRs) constitate . a ; .
biological properties of the resulting compounds.

powerful class of synthetic methods owing to theorsheaction
times, high efficiencies and unique selectivificghey can form
several chemical bonds simultaneouslihe carbon-carbon
triple bond is one of the most important structuralts in the
formation of different rings via its reaction witliffdrent active
substances. Acetylenedicarboxylate has recently bee
extensively used in the one-pot formation of vasibieterocyclic
system$. The pharmaceutical and biological importance of
multi-substituted dihydropyrano[2,3-c]pyrazoles Hed to the
investigation of many synthetic approacfi&he triple carbon-

Pyrazol-5-one, malononitrilgi-ketoesters and hydrazine are
important intermediates that are widely used insyethesis of
functionalized and novel organic compoundsMany recent
nstudies have reported the one-pot synthesis of npj2s3-
c]pyrazoles in the presence of different catalistcetylene
dicarboxylate has been little used in the synthedisnovel
bioactive compounds, but it is considered herehaimportant
task of developing a direct, convenient, econonnid afficient
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multicomponent one-pot method for the synthesisnoyel
pyrano[2,3-c]pyrazole compounds.

2. Resultsand discussion

To establish the optimal reaction conditions fag g#ynthesis of
multi-substituted pyrano[2,3-c]pyrazol dicarboxgst our initial
experiments were focused on a one-pot reaction \ingl
pyrazol-5-one, malononitrile and dimethyl acetylene
dicarboxylate. For a low risk and eco-friendly preseboth
EtOH and water are used as the preferred solventlifof the
optimization experiments. All of the reactions werrfprmed
via heating at 50 °C for the appropriate time periompound
4a was obtained in low to moderate yields in the preseof
DBU, DDC, KOH, CHCOONa, HOACc, L-proline or piperidine
as the catalyst. Interestinglya was obtained in a high yield
using DABCO (20 % mol) as a catalyst in EtOH rather timan
water (Table 1). The vyield decreased when the reactio
proceeded at room temperature or over 50 °C. Acogrdd
experimental results, the protocol described inefah 1 is
applicable to a different type of pyrazole-5-on€he detailed
experimental results obtained with this three-congm one-pot
reaction were listed in Tab Based on these results, a reaction
stirring in EtOH with 20 % mol DABCO catalyst was selectes
the optimal condition for the three-component sgstt of other
compounds.

CO,CHg
Hg H3C cooc
CO,CHs 3 5
CN
J co =
I\\ + + CHy(CN), \
/
0 COCHs N NH,
1 2 3 4a

Scheme 1. Three-component one-pot reaction for the synthekis
compound4a.

Table 1. Optimization of reaction conditions involving catst and
solvent screening for the synthesiglaf

Entry catalyst yield of 4a (%)
(20 mol %) solvent t (h) AT BF

1 Piperidine EtOH 2h 50 60
2 Pyrrolidine EtOH 2h 45 30
3 KOH EtOH 2h 20 25
4 CH,COONa EtOH 2h 25 30
5 L-proline EtOH 2h 65 70
6 DBU EtOH 2h 35 45
7 DDC EtOH 2h 20 25
8 DABCO CHCI, 1h 35 45
9 DABCO MeCN 1lh 50 65
10 DABCO MeOH 1h 65 72
11 DABCO HO 1h 50 55
12 DABCO EtOH 1h 80 88

#lsolated yields for the three-component one-pattiea.
b Isolated yields for the four-component one-pottiea.

H3C

Fig. 1 Structure of compoundh.

In comparison to the three-component one-pot reacfior
the four-component reaction, four reactants, inicgd p-
ketoesters, hydrazine, dimethyl acetylenedicarkairyl and
malononitrile underwent a reaction to yield the ¢argompound
without preparing pyrazol-5-one. Similar to the abov
optimization, the catalysts, solvents and tempeeaised in the
four-component reaction for the synthesis of conmaota were
also investigated to optimize the reaction condgi¢Table 1). It
is important to note that when the reaction was edrout in
EtOH using DABCO as the catalyst, the yield of proddat
reached 88 %. However, the yield of compoudladdecreased
when the reaction was attempted in water using the satalyst.
In addition, some by-products mixed wiha were formed when
water or EtOH was used as the solvent at room temperat
under refluxing conditions in the presence of the QAB
catalyst.

RICOCH,COR? + NHNHR® + HyCO,C—===—CO,CH;z + CHy(CN),
DABCO
EtOH, 50C
CO,CH
CO,CH3 ) OCHa
cooc
Rl COOCH; R s
CN CN
= ol T ]
HN\ N\
N
NT \ o N
o) NH, b3
4a~de 4f~4m

Scheme 2. Four-component one-pot reaction for the synthesis
compoundgla-m.

Next, all of the compounds were prepared via the -four
component one-pot reaction due to the short reactime,
simple procedure and atom efficiency of this meth&ichough
the four-component reaction appears simple andeargant, the
product was not formed when the four reactants wepadni
together, despite using a similar method to theettmomponent
one-pot reaction. Therefore, the dropwise additiba oixture
of acetylene diacetate and malononitrile into a tomx of
methyl/ethyl acetoacetate and hydrazine in ethandér stirring
and heating at 50 °C to produce the final produdiigh yield.

After having established the optimal reaction cdods, the
effect of the type ofi-ketoesters and hydrazine was examined.
The reaction yield and reaction time indicated thgtirazine
hydrate increased the reaction rate more than phemyazine
or substituted phenyl hydrazine (Table 2). Whileemyl
hydrazine or substituted phenyl hydrazine partigpa the
reaction, the completion of the reaction requireatertime, and
the yield of product decreased. The results ligte@iable 2 also



indicated that 3-oxo aliphatic acid methyl estdomfed slightly
higher yields compared to methyl benzoyl acetatethyl -

ketoesters resulted in slightly higher yields tllaat of ethylp-

ketoesters (not shown). The results obtained inthinee- and
four-component reactions were summarized in Table 2.

Table 2. One-pot synthesis of dihydropyrano[2,3-c]pyrazoles

] . ] % yield’
Entry Product R R R R
1 4a Me Me H 85 / 90
2 4b Et Me H 80 / 85
3 4c n-Pro Me H 83 / 88
4 4d iso-Pro Me H 85 / 92
5 4e Ph Me H 75 | 82
6 af Me Me Me 82 /| 87
7 4g Me Me Ph 80 / 85
8 4h Et Me Ph 76 /| 83
9 4i n-Pro Me Ph 80 / 85
10 4 iso-Pro Me Ph 82 / 88
11 4k Ph Me Ph 78 | 82
12 4 Me Me o-CIPh 70 / 80
13 4am Me Me p-CIPh 75 / 80

#|solated yields for the three-component one-pattiea.
b Isolated yields for the four-component one-pottiea.

The structures ofla~4m were confirmed byH NMR, °C
NMR, MS and IR spectroscopy. The detailed data asd@ated
spectra were provided in the supporting informatidrhe
structure of representative compounda was precisely
determined by single crystal X-ray analysiEg 2). (See the
supporting information for more details).

Figure 2. ORTEP diagram for the molecular structure of conmgbou
4a.

A detailed reaction mechanism catalyzed by DABCO lier t
formation of pyrano[2,3-c]pyrazole dicarboxylate eehown in
Scheme 3. The role of DABCO might just simply be seyvas
an effective general base. Initially, spontanecusdensation of

3
respectively. Then, the Michael addition of intedia¢e C to
intermediate B resulted in an intermediate D in phesence of
DABCO. Next, the intramolecular nucleophilic attack thie
oxygen to one of the nitrile group afforded intedia¢e E.
Finally, subsequent isomerization occurred in theap and
pyrazole rings produced the final compouhd

KOH o]

N ~ H_ +H
R o HCOC—==—coCH; + XN gj
(5 NC CN
2 3 N
NH,—NH, l
6
CO,CHy
R! l N, R FOOCH RL COOCH,
CO,CH
[gj /NC_\ S cN
74 N 74 o 74 ‘
N - N ‘ + — > N
\ -H \N ~ NC \N G
N o} H o H OH °N
A c N D
&)
CO,CH3 CO,CH; COCHg
RL COOCH, RL CaOCHs R COOCH,
CN CN CN
" XA — X
N N ‘ N SN
o NH, o NH N o) N
\ ! >\ N

Scheme 3. Proposed reaction mechanism for the DABCO catalyzed
one-pot synthesis of multi-substituted pyrano[2@sazole
dicarboxylates.

Conclusion

We report a novel and convenient one-pot synthekisulti-
substituted pyrano[2,3-c]pyrazole dicarboxlate \dives using
three-component and four-component reactions. Ther- f
component reactions proceeded smoothly and resultgood to
excellent yields. Our one-pot method offers sevatadantages,
including short reaction time, simple experimemi@cedure and
no toxic byproducts. The products are interestifigpgen and
oxygen heterocyclic molecules containing two carlbgxgups.

4, Experimental
4.1. General information

All of the solvents were purified and dried prior teeu The
chemicals used in this study were analytical gradepurchased
from TCI, Alfa and Acros. The melting points were measl in
open capillary tubes and are uncorrected. ‘Fhand°*C NMR
spectra were recorded on a Bruker INOVA-400 NMR
instrument at 400 MHz and 100 MHz using TMS as aeri#l
standard and DMS@; as the solvent. The chemical shifts were
given in parts per million (d scale), and the cigplconstants
were given in Hertz. Infrared (IR) spectra were reedrdn a
BRUKER-EQUINOX55 spectrophotometer using KBr pellets.
ESI-MS spectra and HRMS data were obtained usingleaNS
spectrometer.

methyl B-ketoesters with the hydrazine formed pyrazole-5-one 42 General procedure for the three-component one-pot

and the Michael addition of malononitrile to dimgthcetylene
dicarboxylate led to the formation of intermediat®,

synthesis of multi-substituted pyrano[2,3-]
dicarboxylates (4)

pyrazole
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DABCO (20 % mmol) was added to a mixture of pyrazol-5- H) cmi'; ESI-MSmvz 335 [M+H]', 275, 261; HRMS (ESI) calcd

one (2 mmol), dimethyl acetylenedicarboxylate (2 efjnrand
malononitrile (2 mmol) in 10 mL of EtOH. The reactimixture
was heated at 50 °C for 30—60 min. After the react@s
completed, the mixture was cooled to room tempesatiifter 5
mL of water was added, the resulting clear solutioas w
maintained at room temperature for one additioasl ksulting
in the precipitation of large quantities of crystaMWhite or
colorless crystals were obtained via filtration wihccessive
washing with water and ethyl acetate. The pure procas
obtained by recrystallization in 80 % EtOH.

4.3 General procedure for the four-component one-pot

synthesis of multi-substituted pyrano[2,3-c] pyrazole
dicarboxylates (4)
An  EtOH (5 mL) solution containing dimethyl

acetylenedicarboxylate (2 mmol), malononitrile (2not) and

DABCO (20 % mmol) was added dropwise within 5 min to a Phenyl-2.4-dihydropyrano[2,3-c] pyrazole-4-carboxylate

stirred mixture of ethyl acetoacetate (2 mmol) agdrazine (2
mmol) in EtOH (5 mL) at room temperature. Then, thaction
mixture was stirred at 50 °C for 30—60 min. After gdation of
the reaction, a white or colorless crystal was okthiosing a
method similar to one mentioned above.

4.3.1. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-
methyl-2,4-dihydropyrano[2,3-c] pyrazole-4-carboxylate (4a).
White crystals, mp: 212—-214 °64 NMR (400 MHz, DMSO-
de): 12.25 (s, 1H, NH), 7.08 (s, 2H, NKI 3.65 (s, 3H, OCH),
3.44 (s, 3H, OCH), 3.06 (d, 1HJ=15.2 Hz, CH,), 2.91 (d, 1H,
J=15.2 Hz, CHy), 2.12 (s, 3H, CH; *C NMR (100 MHz,
DMSO-dg): 172.0, 169.2, 161.7, 154.5, 135.8, 119.0, 93523,
52.8, 51.2, 43.4, 10.3. IR (KBr} 3322, 3173 (brs, NH, N

for CsH1gN4O5[M+H] "335.1277, found 335.1353.

4.3.4. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-
isopropyl-2,4-dihydro-2,4-dihydro pyrano[2,3-c] pyrazole- 4-
carboxylate (4d). White crystals; mp: 218-220 °& NMR (400
MHz, DMSO-dg): 12.30 (s, 1H, NH), 7.09 (s, 2H, NK13.64 (s,
3H, OCH), 3.42 (s, 3H, OCH), 3.04 (d, 1HJ=15.2 Hz, CH,),
2.90 (d, 1H, J=15.2 Hz, G}, 2.87 (m, 1HJ=6.8 Hz, CH), 1.19
(d, 3H,J=6.8 Hz, CH), 1.09 (d, 3HJ=6.8 Hz, CH); °C NMR
(100 MHz, DMSO+dg): 172.5, 169.2, 161.7, 154.0, 145.4, 119.0,
92.6, 55.9, 52.8, 51.1, 43.6, 24.9, 21.7, 21.3(KRr) v: 3351,
3172 (brs, NH), 2980, 2954 (C-H), 2195 &N), 1731 (COO),
1662, 1602, 1495, 1408 (C=C, C=N), 1241, 1154, 11816
(C-O, C-N), 697, 629 (N-H) cih ESI-MS m/z 335 [M+HT,
275, 261. HRMS (ESI) calcd for,§4,0N,Os [M+H] " 335.1277,
found 335.1327.

4.35. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-
(4e).
White crystals; mp: 212-214 °¢4 NMR (400 MHz, DMSO-
dg): 12.82 (s, 1H, NH), 7.50-7.25 (m, 5HgHG), 7.24 (s, 2H,
NH,), 3.64 (s, 3H, OCH), 3.36 (s, 3H, OCH), 2.88 (d, 1H,
J=15.2 Hz, CH), 2.59 (d, 1H, J=15.2 Hz, GH; *C NMR (100
MHz, DMSO-dg): 172.6, 169.0, 161.6, 154.9, 139.0, 129.2,
128.7, 127.9, 118.5, 95.3, 55.7, 52.9, 51.1, 4B4{KBr) v:
3306, 3183 (brs, NH, Nf}, 2955 (C-H), 2193 (€N), 1731
(COO0), 1641, 1599, 1500, 1407 (C=C, C=N), 1241, 118381
(C-O, C-N), 768, 688, 636 (Hs;) cm’; ESI-MS m/z. 369
[M+H]", 309, 295. HRMS (ESI) calcd for 8, /N,O, [M+H]*
369.1121, found 369.1143.

4.3.6. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1,3-
dimethyl-4H-pyrano[ 2,3-c] pyrazole-4-carboxylate (4f). White
crystals; mp: 152154 °CH NMR (400 MHz, DMSO#d): 7.31

2958 (C-H), 2196 (EN), 1733 (COO), 1662, 1601, 1497, 1409 (s 2H, NH), 3.65 (s, 3H, OCH), 3.57 (s, 3H, OCH), 3.44 (s,

(C=C, C=N), 1252, 1155, 1073, 1022 (C-O, C-N), 717 B8-
H) cm’; ESI-MSmiz 307 [M+HJ', 247, 233; HRMS (ESI) calcd
for Cy3H1sN4O5[M+H] " 307.0964, found 307.0995.

4.3.2. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-
ethyl-2,4-dihydropyrano[2,3-c]  pyrazole-4-carboxylate (4b).
White crystals; mp: 232—234 °¢4 NMR (400 MHz, DMSO-
dg): 12.27 (s, 1H, NH), 7.09 (s, 2H, NK13.64 (s, 3H, OCBH),
3.43 (s, 3H, OCH), 3.05 (d, 1HJ=15.2 Hz, CH,), 2.91 (d, 1H,
J=15.2 Hz, CHy), 2.49 (q, 2H, Ch), 1.09(t, 3H, CH); *C NMR
(100 MHz, DMSO¢): 172.3 (G), 169.2, 161.7, 154.4, 141.1,
119.0, 93.5, 55.8, 52.8, 51.1, 43.5, 17.9, 12.5(KRr) v: 3321,
3280, 3169 (brs, NH, N§j, 2955 (C-H), 2196 (EN), 1732
(COO0), 1662, 1598, 1498, 1410 (C=C, C=N), 1249, 11820
(C-O, C-N), 727, 585 (N-H) cih ESI-MS mVz 321 [M+HT;
HRMS (ESI) calcd for @H;N,Os [M+H]" 321.1120, found
321.1146.

4.3.3. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-
propyl-2,4-dihydropyrano[2,3-c] pyrazole-4-carboxylate (4c).
White crystals; mp: 237-239 °¢4 NMR (400 MHz, DMSO-
dg): 12.25(s, 1H, NH), 7.09(s, 2H, N}l 3.63(s, 3H, OCH},
3.43(s, 3H, OCH), 3.04(d, 1H,J=15.2 Hz, CH,), 2.45(m, 2H,
CH,), 2.91(d, 1HJ=15.2 Hz, CH,), 1.51 (m, 2H, CH), 0.85(t,
3H, CHy); *C NMR (100 MHz, DMSOdy): 172.4 (G), 169.2,
161.7, 154.4, 139.6, 119.0, 93.9, 55.8, 52.8, 54314, 26.4,
20.9, 13.4; IR (KBr): 3321, 3173 (brs, N§), 2954 (C-H), 2195

3H, CHy), 3.05-2.91 (dd, 2HJ=15.2 Hz, CH), 2.01 (s, 3H,
CHs); *C NMR (100 MHz, DMSOd): 171.8, 169.2, 160.5,
144.3, 142.0, 118.1, 92.8, 56.7, 52.8, 51.2, 4823, 12.9;
IR (KBr) v: 3403, 3325, 3218 (brs, NH 2956 (C-H), 2199
(C=N), 1736 (COO), 1663, 1561, 1437, 1403 (C=C, C=N), 1240
1010 (C-O, C-Nxm'; ESI-MSm/z: 321 [M+H]; HRMS (ESI)
caled for G4H;gN,Os[M+H] *321.1120, found 321.1155.

4.3.7. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-
phenyl-3-methyl-4H-pyrano[ 2,3-c] pyrazole-4-carboxylate (4Q).
White crystal; mp: 192-194 °¢H NMR (400 MHz, DMSO#d):
7.75-7.34 (m, 5H, &), 7.49 (s, 2H, Nb), 3.71(s, 3H, OCH),
3.47 (s, 3H, OCh), 3.12-2.98 (ddJ=15.6 Hz, CH), 2.14 (s,
3H, CH); **C NMR (100 MHz, DMSOd,): 171.5, 169.3, 160.4,
144.6, 144.0, 137.1, 129.3, 126.4, 119.9, 118.5,%H.5, 55.9,
53.0, 51.3, 43.9, 18.5, 13.1; IR (KBr) 3440, 3337, 3226 (brs,
NH,), 2952 (C-H), 2193 (€N), 1737 (COO), 1702 (COO),
1646, 1521, 1444, 1395 (C=C, C=N), 1233, 1007 (C-N)C
756, 696 cril; ESI-MSm/z 383 [M+H]', 405 [M+Na]; HRMS
(ES)) calcd for GeH;gN,Os[M+H] *383.1254, found 383.1277.

4.3.8. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-
phenyl-3-ethyl-4H-pyrano[ 2,3-c] pyrazole-4-carboxylate  (4h).
White crystals; mp: 148-150 °¢4 NMR (400 MHz, DMSO-
de): 7.77-7.34 (m, 5H, &is), 7.49 (s, 2H, NK), 3.70 (s, 3H,
OCHy), 3.45 (s, 3H, OCH), 3.10 (d, 1HJ=15.6 Hz, CH,), 2.98
(d, 1H,J=15.6 Hz, CH,), 2.50 (m, 2H, CK), 1.17 (t, 3H, CH);

(C=N), 1730 (COO0), 1720 (COO), 1661, 1595, 1495, 1408%%Cc NMR (100 MHz, DMSOds): 171.8, 169.3, 160.4, 149.2,

(C=C, C=N), 1246, 1156, 1070, 1016 (C-O, C-N), 722) @8-

144.0, 137.2, 129.3, 126.4, 119.9, 118.1, 94.%,963.1, 51.3,
43.9, 40.0, 38.8, 20.3, 11.7; IR (KBr) 3439, 3341, 3231 (brs,



NH,), 2978, 2957 (C-H), 2195 @N), 1739 (COO), 1707
(COO0), 1648, 1578, 1519, 1440, 1398 (C=C, C=N), 12485,
1069, 1013 (C-O, C-N), 763, 691 ¢mESI-MS m/iz 397
[M+H]*. HRMS (ESI) calcd for GH,iN,Os [M+H]* 397.1434,
found 397.1477.

4.3.9. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-
phenyl-3-propyl-4H-pyrano[ 2,3-c] pyrazole- 4-carboxylate (4i).
White crystals; mp: 156-158 °@4 NMR (400 MHz, DMSO-
de): 7.33-7.78 (m, 5H, ), 7.51 (s, 2H, Nb), 3.69 (s, 3H,
OCHg), 3.46 (s, 3H, OC¥), 3.10 (d, 1HJ=15.6 Hz, CH,), 2.99
(d, 1H,J=15.6 Hz, CHy), 2.48 (m, 2H, CH), 1.61 (m, 2H, CH),
0.93 (t, 3H, CH); *C NMR (100 MHz, DMSQdy): 171.8 (C1),
169.2, 160.4, 148.0, 143.9, 137.5, 129.3, 126.4.9,1118.1,
95.16, 56.6, 53.01, 51.3, 43.9, 28.9, 20.4, 13R;(KBr)
v: 3490, 3356, 3194 (brs, NH 2957 (C-H), 2194 (€N), 1727
(2C00), 1658, 1596, 1520, 1454, 1396 (C=C, C=N), 12066
(C-0O, C-N), 745, 684 cih) ESI-MS m/z 411 [M+H]". HRMS
(ESI) caled for GH»N,O5 [M+H] " 411.1590, found 411.1566.

4.3.10. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-
phenyl-3-isopropyl-4H-pyrano[ 2,3-c] pyrazole-4-carboxyl ate

(4)). White crystals; mp: 182-184 °CH NMR (400 MHz,
DMSO-dg): 7.51 (s, 2H, NH), 7.34-7.76 (m, 5H, §ls), 3.70 (s,
3H, OCH), 3.45 (s, 3H, OCH), 3.10 (d,J=15.2 Hz, CH,), 2.98
(d, J=15.2 Hz, CH,), 2.80 (m, 1HJ=6.8 Hz, CH), 1.24 (d, 3H,
J=6.8 Hz), 1.12 (d, 3HJ=6.8 Hz);**C NMR (100 MHz, DMSO-

5
cm'; ESI-MS miz 445 [M+H]. HRMS (ESI) calcd for
Ca4H2:N,Os [M+H] " 445.1590, found 445.1528.

4.3.12. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-
(o-chlorophenyl)-3-propyl-2,4-dihydropyrano[ 2,3-c] pyrazole- 4-
carboxylate (4 ). White crystals, mp: 188—190 °& NMR (400
MHz, DMSO-d): 7.70-7.52 (m, 4Hp-CI-C¢H,), 7.30 (s, 2H,
NH,), 3.72 (s, 3H, Ck), 3.46 (s, 3H, OC}H}, 3.13 (d, 1H,J=15.6
Hz, CHyy), 2.96 (d, 1HJ=15.6 Hz, CHy), 2.14 (s, 3H, Ch); °C
NMR (100 MHz, DMSO#dg): 171.6 (G), 169.2, 160.4, 145.2,
145.1, 133.7, 131.2, 130.7, 130.2, 129.7, 128.8.21193.9,
56.7, 53.0, 51.3, 44.3, 13.1; IR (KBr) 3449, 3315, 3172 (brs,
NH,), 2198 (&N), 1736 (COO), 1664, 1582, 1538, 1436, 1399
(C=C, C=N), 1241, 1138, 1092, 1018 (C-O, C-N)'¢ESI-MS
m'z 417 [M+H]". HRMS (ESI) caled for GH1gN,Os [M+H]*
417.0887, found 417.0890.

4.3.13. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-
(p-chlorophenyl)-3-methyl-2,4-dihydropyranol 2,3-c] pyrazol e-4-
carboxylate (4m). White crystals; mp: 208-210 °GH NMR
(400 MHz, DMSO#): 7.80 (d, 2H,J=9.2 Hz,p-CI-C¢H,), 7.54
(d, 2H, J=9.2 Hz,p-CI-C¢H,), 7.52 (s, 2H, NB), 3.70 (s, 3H,
CHsy), 3.46 (s, 3H, OC}), 3.12 (d, 1HJ=15.6 Hz, CH,), 2.98
(d, 1H, J=15.6 Hz, CHy), 2.14 (s, 3H, CH; *C NMR (100
MHz, DMSO-dg): 171.4 (G), 169.2, 160.3, 145.1, 144.1, 135.9,
130.5, 129.2, 121.2, 118.0, 95.7, 56.5, 53.1, 5433, 13.1; IR
(KBr) v: 3411, 3329, 3229 (brs, N} 2955 (C-H), 2196 (€N),

dg): 172.0 (@), 169.2, 160.3, 153.5, 143.5, 137.1, 129.3, 126.4,1722 (COO), 1659, 1591, 1523, 1393 (C=C, C=N), 123811

120.0, 118.1, 94.2, 56.7, 53.0, 51.3, 44.0, 26%62,221.7; IR
(KBr) v: 3388, 3318, 3209 (brs, NH 2971 (C-H), 2200 (EN),
1748 (COO), 1725 (CO0), 1663, 1598, 1520, 1456, 136€(C
C=N), 1228, 1166, 1091, 1000 (C-O, C-N), 754, 691-CESI-
MS m/z 411 [M+H]. HRMS (ESI) calcd for GH,3N,Os
[M+H]*411.1590, found 411.1559.

43.11. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-
1,3-diphenyl-4H-pyrano[2,3-c]  pyrazole-4-carboxylate  (4k).
White crystals; mp: 220-224 °¢4 NMR (400 MHz, DMSO-
dg): 7.36—7.87 (m, 10H, 2§ls), 7.64 (s, 2H, NB), 3.70 (s, 3H,
OCHs), 3.40 (s, 3H, OCH), 2.97 (d, 1HJ=15.6 Hz, CH); °C
NMR (100 MHz, DMSOsg): 172.0, 169.0, 160.3, 147.4, 144.5,
136.9, 132.5, 129.5, 128.7, 128.5, 127.7, 127.@.42117.7,
95.9, 56.6, 53.1, 51.2, 44.0; IR (KBr) 3401, 3323, 3210 (brs,
NH2), 2954 (C-H), 2200 (€N), 1736 (COO0), 1657, 1596, 1520,
1454, 1401 (C=C, C=N), 1240, 1074, 997 (C-O, C-N),, &&3
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1. General information

All of the solvents were purified and dried prior to use. The chemicals used in this study were analytical grade
and purchased from TCI, Alfa and Acros. The melting points were measured in open capillary tubes and are
uncorrected. The 'H and *C NMR spectra were recorded on a Bruker INOVA—400 NMR instrument at 400
MHz and 100 MHz using TMS as an intemal standard and DMSO-dg as the solvent. The chemical shifts were
given in parts per million (d scale), and the coupling constants were given in Hertz. Infrared (IR) spectra were
recorded on a BRUKER-EQUINOXS55 spectrophotometer using KBr pellets. ESI-MS spectra and HRMS data

were obtained using a TOF-MS spectrometer.

2. General procedure for the preparation of compounds 4a-4m

(1) General procedure for the three-component one-pot synthesis of multisubstituted pyrano[2,3-c]

pyrazole dicarboxylates (4)

DABCO (20 % mmol) was added to a mixture of pyrazol-5-one (2 mmol), dimethyl acetylenedicarboxylate (2
mmol) and malononitrile (2 mmol) in 10 mL of EtOH. The reaction mixture was heated at 50 € for 30—-60 min.
After the reaction was completed, the mixture was cooled to roomtemperature. After 5 mL of water was added,
the resulting clear solution was maintained at room temperature for one additional day resulting in the
precipitation of large quantities of crystals. White or colorless crystals were obtained via filtration with
successive washing with water and ethyl acetate. The pure product was obtained by recrystallization in 80 %

EtOH.

(2) General procedure for the four-component one-pot synthesis of multisubstituted pyrano[2,3-c]

pyrazole dicarboxylates (4)

An EtOH (5 mL) solution containing dimethyl acetylenedicartboxylate (2 mmol), malononitrile (2 mmol) and
DABCO (20 % mmol) was added dropwise within 5 min to a stirred mixture of ethyl acetoacetate (2 mmol) and
hydrazine (2 mmol) in EtOH (5 mL) at room temperature. Then, the reaction mixture was stirred at 50 <€ for
30-60 min. After completion of the reaction, a white or colorless crystal was obtained using a method similar to

one mentioned above.



3. Physical and spectroscopic data for compounds 4a-4m

CO,CH3
HaC COOCH3
CN

N o NH,

4.3.1. Methyl  6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-methyl-2,4-dihydropyrano[2,3-c]
pyrazole-4-carboxylate (4a). White crystals, mp: 212-214 €. *H NMR (400 MHz, DMSO-ds): 12.25
(s, 1H, NH), 7.08 (s, 2H, NH,), 3.65 (s, 3H, OCHs), 3.44 (s, 3H, OCHs), 3.06 (d, 1H, J=15.2 Hz,
CH,.), 2.91 (d, 1H, J=15.2 Hz, CH,p), 2.12 (5, 3H, CHs); °C NMR (100 MHz, DMSO-de): 172.0,
169.2, 161.7, 154.5, 135.8, 119.0, 94.2, 55.8, 52.8, 51.2, 43.4, 10.3. IR (KBr) v: 3322, 3173 (brs, NH,
NH,), 2958 (C-H), 2196 (C=N), 1733 (COO0), 1662, 1601, 1497, 1409 (C=C, C=N), 1252, 1155, 1073,
1022 (C-0, C-N), 717, 580 (N-H) cm™; ESI-MS m/z: 307 [M+H]", 247, 233; HRMS (ESI) calcd for
C13H15N405 [M+H] " 307.0964, found 307.0995.

CO,CH3
H3CH,C COOCH;z;
CN

4.3.2. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-ethyl-2,4-dihydropyrano[ 2,3-c]
pyrazole-4- carboxylate (4b). White crystals; mp: 232—234 €. *H NMR (400 MHz, DMSO-ds): 12.27
(s, 1H, NH), 7.09 (s, 2H, NH,), 3.64 (s, 3H, OCHj), 3.43 (s, 3H, OCH,), 3.05 (d, 1H, J=15.2 Hz,
CH,s), 2.91 (d, 1H, J=15.2 Hz, CHyy,), 2.49 (g, 2H, CHy), 1.09(t, 3H, CH,); “C NMR (100 MHz,
DMSO-ds): 172.3 (Cy), 169.2, 161.7, 154.4, 141.1, 119.0, 93.5, 55.8, 52.8, 51.1, 43.5, 17.9, 12.5; IR
(KBr) v: 3321, 3280, 3169 (brs, NH, NH,), 2955 (C-H), 2196 (C=N), 1732 (COO0), 1662, 1598, 1498,
1410 (C=C, C=N), 1249, 1155, 1020 (C-O, C-N), 727, 585 (N-H) cm™; ESI-MS m/z: 321 [M+H]";
HRMS (ESI) calcd for Cy4H16N40s [M+H] " 321.1120, found 321.1146.

CO,CH3

H3CH,CH,C, COOCH;z
CN

HN |
\

N o NH,

4.3.3.  Methyl  6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-propyl-2,4-dihydropyrano[2,3-c]
pyrazole-4-carboxylate (4c). White crystals; mp: 237-239 €. 'H NMR (400 MHz, DMSO-ds):
12.25(s, 1H, NH), 7.09(s, 2H, NH,), 3.63(s, 3H, OCH;), 3.43(s, 3H, OCH,), 3.04(d, 1H, J=15.2 Hz,
CHyga), 2.45(m, 2H, CHy), 2.91(d, 1H, J=15.2 Hz, CH,,), 1.51 (m, 2H, CH,), 0.85(t, 3H, CHs); “C
NMR (100 MHz, DMSO-dg): 172.4 (C,), 169.2, 161.7, 154.4, 139.6, 119.0, 93.9, 55.8, 52.8, 51.1,
43.4, 26.4, 20.9, 13.4; IR (KBr) v: 3321, 3173 (brs, NH,), 2954 (C-H), 2195 (C=N), 1730 (COO),
1720 (COO0), 1661, 1595, 1495, 1408 (C=C, C=N), 1246, 1156, 1070, 1016 (C-O, C-N), 722, 580
(N-H) cm™; ESI-MS m/z: 335 [M+H]", 275, 261; HRMS (ESI) calcd for CysHigN4Os [M+H]
335.1277, found 335.1353.



CH3 COZCH:;
COOCHg
CN

HsC

N o NH,

4.3.4. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-isopropyl-2,4-dihydro-2,4-dihydro
pyrano [2,3-c]pyrazole-4-carboxylate (4d). White crystals; mp: 218-220 €. ‘H NMR (400 MHz,
DMSO-ds): 12.30 (s, 1H, NH), 7.09 (s, 2H, NH,), 3.64 (s, 3H, OCH;), 3.42 (s, 3H, OCH;), 3.04 (d,
1H, J=15.2 Hz, CH,,), 2.90 (d, 1H, J=15.2 Hz, CH,p), 2.87 (m, 1H, J=6.8 Hz, CH), 1.19 (d, 3H, J=6.8
Hz, CH,), 1.09 (d, 3H, J=6.8 Hz, CH;); *C NMR (100 MHz, DMSO-dg): 172.5, 169.2, 161.7, 154.0,
145.4, 119.0, 92.6, 55.9, 52.8, 51.1, 43.6, 24.9, 21.7, 21.3; IR (KBr) v: 3351, 3172 (brs, NH,), 2980,
2954 (C-H), 2195 (C=N), 1731 (COO0), 1662, 1602, 1495, 1408 (C=C, C=N), 1241, 1154, 1137, 1016
(C-0, C-N), 697, 629 (N-H) cm™; ESI-MS m/z: 335 [M+H]*, 275, 261. HRMS (ESI) calcd for
C15H19N,0s [M+H] 335.1277, found 335.1327.

CO,CH3
CeHs COOCH3
CN

HN |
\

N o NH,

4.3.5.  Methyl  6-amino-5-cyano-4-(methoxycarbonylmethyl)-3-phenyl-2,4-dihydropyrano[2,3-c]
pyrazole-4-carboxylate (4e). White crystals; mp: 212-214 €. *H NMR (400 MHz, DMSO-dg): 12.82
(s, IH, NH), 7.50-7.25 (m, 5H, CsHs), 7.24 (s, 2H, NH,), 3.64 (s, 3H, OCH;), 3.36 (s, 3H, OCH;),
2.88 (d, 1H, J=15.2 Hz, CH,,), 2.59 (d, 1H, J=15.2 Hz, CH,); *C NMR (100 MHz, DMSO-ds): 172.6,
169.0, 161.6, 154.9, 139.0, 129.2, 128.7, 127.9, 118.5, 95.3, 55.7, 52.9, 51.1, 43.4; IR (KBr) v: 3306,
3183 (brs, NH, NH,), 2955 (C-H), 2193 (C=N), 1731 (COO0), 1641, 1599, 1500, 1407 (C=C, C=N),
1241, 1156, 1031 (C-O, C-N), 768, 688, 636 (CsHs) cm™; ESI-MS m/z: 369 [M+H]*, 309, 295.
HRMS (ESI) calcd for Ci5H;7N,O4 [M+H] " 369.1121, found 369.1143.

CO,CHs
HaC, COOCH,
CN

o NH,

pd
o—z" N

Hs

4.3.6. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1,3-dimethyl-4H-pyrano[ 2,3-c] pyrazole-
4-carboxylate (4f). White crystals; mp: 152-154 €. 'H NMR (400 MHz, DMSO-dg): 7.31 (s, 2H,
NH,), 3.65 (s, 3H, OCH;), 3.57 (s, 3H, OCHs), 3.44 (s, 3H, CH;), 3.05-2.91 (dd, 2H, J=15.2 Hz,
CH,), 2.01 (s, 3H, CHs); *C NMR (100 MHz, DMSO-dg): 171.8, 169.2, 160.5, 144.3, 142.0, 118.1,
92.8, 56.7, 52.8, 51.2, 44.2, 33.3, 12.9; IR (KBr) v: 3403, 3325, 3218 (brs, NH,), 2956 (C-H), 2199
(C=N), 1736 (CO0), 1663, 1561, 1437, 1403 (C=C, C=N), 1240, 1010 (C-O, C-N) cm™; ESI-MS m/z:
321 [M+H]"; HRMS (ESI) calcd for Cy4HiN4Os [M+H]*321.1120, found 321.11565.



CO,CH,
HaC, COOCH;
CN

=z
27N

CeHs

4.3.7. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-phenyl-3-methyl-4H-pyrano[2,3-c]
pyrazole- 4-carboxylate (4g). White crystal; mp: 192-194 €. 'H NMR (400 MHz, DMSO-ds):
7.75-7.34 (m, 5H, CgHs), 7.49 (s, 2H, NH,), 3.71(s, 3H, OCHj), 3.47 (s, 3H, OCH;), 3.12-2.98 (dd,
J=15.6 Hz, CHy), 2.14 (s, 3H, CH,); ®C NMR (100 MHz, DMSO-dg): 171.5, 169.3, 160.4, 144.6,
144.0, 137.1, 129.3, 126.4, 119.9, 118.1, 95.5, 56.5, 55.9, 53.0, 51.3, 43.9, 18.5, 13.1; IR (KBr) v:
3440, 3337, 3226 (brs, NH,), 2952 (C-H), 2193 (C=N), 1737 (COO0), 1702 (COO0), 1646, 1521, 1444,
1395 (C=C, C=N), 1233, 1007 (C-O, C-N), 756, 696 cm™; ESI-MS m/z: 383 [M+H]", 405 [M+Na]";
HRMS (ESI) calcd for C19Hy9N4Os [M+H] " 383.1254, found 383.1277.

CO,CH3
HaCH,C, COOCH,
CN

CeHs

4.3.8. Methyl  6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-phenyl-3-ethyl-4H-pyrano[2,3-c]
pyrazole-4-carboxylate (4h). White crystals; mp: 148-150 €. 'H NMR (400 MHz, DMSO-dg):
7.77-7.34 (m, 5H, CsHs), 7.49 (s, 2H, NH,), 3.70 (s, 3H, OCH;), 3.45 (s, 3H, OCH;), 3.10 (d, 1H,
J=15.6 Hz, CH,,), 2.98 (d, 1H, J=15.6 Hz, CHy), 2.50 (M, 2H, CH,), 1.17 (t, 3H, CH;); °C NMR
(100 MHz, DMSO-dg): 171.8, 169.3, 160.4, 149.2, 144.0, 137.2, 129.3, 126.4, 119.9, 118.1, 94.9,
56.6, 53.1, 51.3, 43.9, 40.0, 38.8, 20.3, 11.7; IR (KBr) v: 3439, 3341, 3231 (brs, NH,), 2978, 2957
(C-H), 2195 (C=N), 1739 (COO0), 1707 (COO), 1648, 1578, 1519, 1440, 1398 (C=C, C=N), 1249,
1135, 1069, 1013 (C-O, C-N), 763, 691 cm™. ESI-MS m/z: 397 [M+H]". HRMS (ESI) calcd for
CooHr1N4O5 [M+H] " 397.1434, found 397.1477.

CO,CH;
H3CH,CH,C COOCH;

CN
‘N

'l\' o NH,
CeHs

4.3.9. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-phenyl-3-propyl-4H-pyrano[2,3-c]
pyrazole- 4-carboxylate (4i). White crystals; mp: 156-158 €. "H NMR (400 MHz, DMSO-ds):
7.33-7.78 (m, 5H, C¢Hs), 7.51 (s, 2H, NH,), 3.69 (s, 3H, OCHj3), 3.46 (s, 3H, OCH;), 3.10 (d, 1H,
J=15.6 Hz, CH,,), 2.99 (d, 1H, J=15.6 Hz, CH,y,), 2.48 (m, 2H, CH,), 1.61 (m, 2H, CH,), 0.93 (t, 3H,
CHy); **C NMR (100 MHz, DMSO-ds): 171.8 (C1), 169.2, 160.4, 148.0, 143.9, 137.5, 129.3, 126.4,
119.9, 118.1, 95.16, 56.6, 53.01, 51.3, 43.9, 28.9, 20.4, 13.7; IR (KBr) v: 3490, 3356, 3194 (brs, NH,),



2957 (C-H), 2194 (C=N), 1727 (2C00), 1658, 1596, 1520, 1454, 1396 (C=C, C=N), 1246, 1006
(C-O, C-N), 745, 684 cm; ESI-MS m/z; 411 [M+H]". HRMS (ESI) calcd for CpHpsN,Os [M+H]*
411.1590, found 411.1566.

4.3.10. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-phenyl-3-isopropyl-4H-pyrano[2,3-c]
pyrazole-4-carboxylate (4j). White crystals; mp: 182-184 €. *H NMR (400 MHz, DMSO-ds): 7.51 (s,
2H, NH,), 7.34-7.76 (m, 5H, C¢Hs), 3.70 (s, 3H, OCH), 3.45 (s, 3H, OCHs), 3.10 (d, J=15.2 Hz,
CH,z), 2.98 (d, J=15.2 Hz, CHy,), 2.80 (m, 1H, J=6.8 Hz, CH), 1.24 (d, 3H, J=6.8 Hz), 1.12 (d, 3H,
J=6.8 Hz); "*C NMR (100 MHz, DMSO-dg): 172.0 (Cy), 169.2, 160.3, 153.5, 143.5, 137.1, 129.3,
126.4, 120.0, 118.1, 94.2, 56.7, 53.0, 51.3, 44.0, 26.6, 22.2, 21.7; IR (KBr) v: 3388, 3318, 3209 (brs,
NH,), 2971 (C-H), 2200 (C=N), 1748 (COO), 1725 (COO0), 1663, 1598, 1520, 1456, 1396 (C=C,
C=N), 1228, 1166, 1091, 1000 (C-O, C-N), 754, 691 cm™; ESI-MS m/z: 411 [M+H]*. HRMS (ESI)
calcd for Cy1Hp3N,Os [M+H] " 411.1590, found 411.1559.

CO,CHj3
CeHs COOCH,
) CN
L]
AN
N o NH,

CeHs

4.3.11. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1,3-diphenyl-4H-pyrano[ 2,3-c]
pyrazole- 4-carboxylate (4k). White crystals; mp: 220-224 €. 'H NMR (400 MHz, DMSO-d):
7.36-7.87 (m, 10H, 2C¢Hs), 7.64 (s, 2H, NH,), 3.70 (s, 3H, OCHs), 3.40 (s, 3H, OCHj), 2.97 (d, 1H,
J=15.6 Hz, CH,); *C NMR (100 MHz, DMSO-ds): 172.0, 169.0, 160.3, 147.4, 144.5, 136.9, 132.5,
129.5, 128.7, 128.5, 127.7, 127.0, 120.4, 117.7, 95.9, 56.6, 53.1, 51.2, 44.0; IR (KBr) v: 3401, 3323,
3210 (brs, NH2), 2954 (C-H), 2200 (C=N), 1736 (COO), 1657, 1596, 1520, 1454, 1401 (C=C, C=N),
1240, 1074, 997 (C-O, C-N), 755, 688 cm™; ESI-MS m/z: 445 [M+H]". HRMS (ESI) calcd for
C,4H1N,O5 [M+H] " 445.1590, found 445.1528.

CO,CH,
HsC COOCH;
CN

o) NH,
sH4-Cl-0

o—z/ A

4.3.12. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-(o-chlorophenyl)-3-propyl-2,4-
dihydropyrano[2,3-c]pyrazole-4-carboxylate (4 I). White crystals, mp: 188-190 €. *H NMR (400
MHz, DMSO-dg): 7.70-7.52 (m, 4H, 0-CI-C¢H,), 7.30 (s, 2H, NH,), 3.72 (s, 3H, CHs), 3.46 (s, 3H,

6



OCH;), 3.13 (d, 1H, J=15.6 Hz, CH,,), 2.96 (d, 1H, J=15.6 Hz, CH,y), 2.14 (s, 3H, CHs); **C NMR
(100 MHz, DMSO-dg): 171.6 (Cy), 169.2, 160.4, 145.2, 145.1, 133.7, 131.2, 130.7, 130.2, 129.7,
128.2, 118.2, 93.9, 56.7, 53.0, 51.3, 44.3, 13.1; IR (KBr) v: 3449, 3315, 3172 (brs, NH,), 2198 (C=N),
1736 (COO), 1664, 1582, 1538, 1436, 1399 (C=C, C=N), 1241, 1138, 1092, 1018 (C-O, C-N) cm™;
ESI-MS m/z: 417 [M+H]". HRMS (ESI) calcd for Cy9HysN4O0s [M+H] " 417.0887, found 417.0890.

CO,CH;
HaC COOCH;
CN
‘S
N o) NH,
(]:6H4—Cl—p

4.3.13. Methyl 6-amino-5-cyano-4-(methoxycarbonylmethyl)-1-(p-chlorophenyl)-3-methyl-2,4
-dihydropyrano[2,3-c]pyrazole-4-carboxylate (4m). White crystals; mp: 208-210 €. ‘H NMR (400
MHz, DMSO-ds): 7.80 (d, 2H, J=9.2 Hz, p-CI-C¢H,), 7.54 (d, 2H, J=9.2 Hz, p-CI-C¢H,), 7.52 (s, 2H,
NH,), 3.70 (s, 3H, CHjz), 3.46 (s, 3H, OCH;), 3.12 (d, 1H, J=15.6 Hz, CH,,), 2.98 (d, 1H, J=15.6 Hz,
CHap), 2.14 (s, 3H, CHs); *C NMR (100 MHz, DMSO-ds): 171.4 (Cy), 169.2, 160.3, 145.1, 144.1,
135.9, 130.5, 129.2, 121.2, 118.0, 95.7, 56.5, 53.1, 51.3, 43.9, 13.1; IR (KBr) v: 3411, 3329, 3229 (brs,
NH,), 2955 (C-H), 2196 (C=N), 1722 (COO0), 1659, 1591, 1523, 1393 (C=C, C=N), 1237, 1161, 1092,
1025 (C-O, C-N) cm™; ESI-MS m/z: 417 [M+H]". HRMS (ESI) calcd for CyoHigNsOs [M+H]*
417.0887, found 417.0967.



4.'H NMR, *C NMR, IR and MS spectra of compounds 4a-4m
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in DMSO | !
expl s2pul
SAMPLE SPECIAL
date  May 27 2013 temp not used ; .
solvent DMSO gain 30 {
ile exp spin 20 r |
ACQUISITION hst 0.008 J i |
sw 6999.7 pwi0 10.800 IR J
at 3.744 alfa 6.600
np 52412 FLAGS
b 4000 i1 n
bs 16 in n
d1 3.000 dp y
nt 20 hs nn
t 20 PROCESSING
fn not used

S
TRANSMITTER

n DISPLAY
-383

sfrq 399.741 sp .0
tof 400.0 wp 5673.6
tpwr 59 rfl 1090.9
5.000 rfp 0
DECOUPLER rp -84.4
c13 1p -13.2

dof 0 PLOT
dam ann we 180
dmm 3 scC 0
dpwr 45 s 123
dmf 20056 th 5
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SAMPLE SPECIAL
date  May 29 2013 temp not used
solvent DMSO  gain 50
file exp spin 20
ACQUISITION hst 0.008
SW 25000.0 pw80 10.800
at 1.199 alf. 20.000
np 59968 FLAGS
b 14000 i1 n
bs 16 in n
d1 3.000 dp y
nt 800 hs nn
ct 800 PROCESSING
TRANSHITTER b 1.
c13 fn not used
sfra 100.525 DISPL
tof 1500.0 sp -1567.1
tpwr wp 24999.2
pw 5.000 rfl 1567.8
DECOUPLER rfp 0
rp -15.3
dof 400.0 1p -254.7
dm vyy pLOT
dmm wowe 180
dpwr 42 sc !
dmf 13400 s 237 b
th 12 |
nm ph
|
i
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- 20130604-zak-160.0 : BRUKER VERTEXTD : RES40cm1 SCANS 256 201264

. +TOF MS: 0.267 min from Sanple 197 (2-5-169) of 201307.wiff
a=3.59580614634598390e-004, t0=1.86816612587017870e-001 (Turbo Spray), subtracted (0.033 to 0.050 min), Smoothed, Smoothk
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xinjiang daxue varian inova-400 1H-4N ~ < eTSeaRnn ST “ee
zai-5-168-abulajiang in DMSO o ~ R R VEN NI -
1 szpm | ! NENSESNFR
expl  sZpu AN =
SAMPLE SPECIAL i
date  May 20 2013 temp not used r s |
solvent DMSO  gain 30 g _J I J J
file exp spin 20 ’
ACQUISITION hst 0.008
w 6999.7 pw90 10.800
at 3.744 alfa 6.600 |
np 52412 FLAGS ‘
b 4000 11 n |
bs 16 in n |
d1 3.000 dp i
nt 20 hs T |
ct 20 PROCESSING i
TRANSMITTER fn not used
n H1 DISPLAY
sfrq 399.742 sp -466.7
tof 800.0 wp 5752.2
tpwr 59 rfl 691.5
pw 5.000 rfp 0
DECOUPLER rp -80.3
ci3 1p -14.1
dof 0 PLOT
dm nnn we 180
dmm ¢ sc 0
dpwr a5 s 137
dmf 20056 th 3 |
nm  ph
|
CO,CHs ‘
H3CH,C COOCH;3
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! [
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exp2  s2pul

SAMPLE SPECIAL
date May 28 2013 temp not used
solvent OMSO gain 50
file exp spin 20
ACQUISITION hst 0.008
w 25000.0 pwd0 10.800
at 1.188 alfa 20.000
np 59368 FLAGS
b 14000 i1 n
bs 16 in n
d1 3,000 dp ¥
nt 2000 hs
t 2000 PROCESSING
TRANSHITTER 1 1.00
€12 fn not used
sfra 100.525 OISPLAY
tof 1500.0 sp -1567.1
tpwr 56 wp 24399.2
5.000 rfl 1567.8
DECOUPLER rfp 0
n H1 rp -21.5
dof 400.0 1p -261.4
dm yyy PLOT
dmm W oW
dpwr a2 sc
dmf 13400 vs 263
th 12
nm ph

H3CH,C COOCH;3
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- 20120604-zai-s-168.0 : BRUKERVERTEX70 : RES4.0cm-1 SCANS 258

Intensity, counts

+TOF MS: 0.267 min from Sanmple 196 (2-5-168) of 201307.wiff

a=3.59580614634598390e-004, t0=1.86816612587017870e-001 (Turbo Spray), subtracted (0.033 to 0.050 min)
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expl s2pul i L&\L
SAMPLE SPECIAL
date May 20 2013 temp not used Ind
solvent DMSO gain 30 i
file exp spin 20 —
ACQUISITION hst 0.008 J |
swW 6999.7 pw90 10.800 _J JJ
at 3.744 alfa 6.600
np 52412 FLAGS
fb 4000 i1 n
s 16 in n
d1 3.000 dp
nt 20 hs n
ct 20 PROCESSING '
TRANSMITTER n not used i
H1 DISPLAY N
sfrg 399.742 sp -477.9 |
tof 800.0 wp 5763.5
tpwr 59 rfl 691.5 [
5.000 rfp 0
DECOUPLER rp -83.6
n c13 1p 14.1
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file exp spin 20 i
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d1 3.000 dp
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t 1000 PROCESSING
TRANSMITTER 1 1.00
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+TOF MS: 0.267 min from Sanple 195 (2-5-167) of 201307.wiff

a=3.59580614634598390e-004, t0=1.86816612587017870e-001 (Turbo Spray), subtracted (0.017 to 0.033 min), Smoothed, Smoothe
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xinjiang daxue varian inova-400 1H-4N
zai-5-166-abulajiang in OM

expl s2pul
SAMPLE SPECTAL
date May 24 2013 temp not used
solvent DMSO  gain 30
ile exp spin 20
ACQUISITION hst 0.008
W 6993.7 pwso 10.800
at 3.744 alfa 6.600
np 52412 FLAGS
fb 4000 i1 n
bs 6 in n
d1 3.000 dp y
nt 20 hs
ct 20 PROCESSING
TRANSMITTER fn not used
n H1

DISPLAY
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sfrq 299.741 sp .8

tof 400.0 wp 5763.5

tpwr 59 rfl 1080.7
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exp2z  s2pul
SAMPLE SPECIAL
date May 28 2013 temp not used
solvent DMSO  gain 50
file exp spin 20
ACQUISITION hst 0.008
W 25000.0 pw30 10.800
at 1.199 alfa 20.000
np 59968 FLAGS
b 14000 i1 n
bs 16 in n
a1 3.000 dp y
nt 1000 hs nn
t 1000 PROCESSING
TRANSMITTER 1b 1.00
tn c13 fn not used
sfrg 100.525 DISPLAY
tof 1500.0 sp -1567.1
tpwr 56 wp 249992
pw 5.000 rfl 1567.8
DECOUPLER rfp 0
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dof 400.0 1p -261.4
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Intensity, counts
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+TOF MS: 0.284 min from Sanple 194 (2-4-166) of 201.307.wiff

a=3,59580614634598390e-004, t0=-1.86816612587017870e-001 (Turbo Spray), subtracted (0.033 to 0.050 rrin), Smoothed, Srroothe...
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xinjiang daxue varian inova-400 1H-4N
zainaipuguli-zai-6-192-abulajiang

in DMSO
expl szpul
SAMPLE SPECIAL
date  Jun 14 2013 temp not used
solvent DMSO  gain 30
file ex spin 20
ACQUISITION hst 0.008
sw 6999.7 pw9o 10.800
at 3.744 alfa 6.600
np 52412 FLAGS
fb 4000 i1 n
bs 16 in n
d1 3.000 dp y
nt 40 hs nn
ct PROCESSING
TRANSMITTER fn not used
n DISPLAY
sfrg 399.742 sp -456.3
tof 800.0 wp 6132.9
tpwr 59 rfl 692.8
pw 5.000 rfp 0
DECOUPLER rp -83.7
dn 13 1p -11.1
dof 0 PLOT
dm nnn we 180
dmm c scC 0
dpwr 45 vs 120
dmf 20056 th a
m ph
CO,CH;
CeHs COOCH3
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xinjiang daxue varian inova-400 13C-4N
zainaipuguli-zai-6-192-abulajiang

in DMSO
exp2 s2pul
SAMPLE SPECIAL
date Jul 18 2013 temp not used
solvent DMSO gain 50
file exp spin 20
ACQUISITION hst 0.008
sw 25000.0 pw30 10.800
at .189 alfa 20.000
np 53968 FLAGS
fb 14000 i1 n
bs 16 in n
d1 3.000 dp
nt 600 hs nn
ct 600 PROCESSING
TRANSMITTER 1b 1.00
n c13 fn not used
sfrg 100.525 DISPLAY
tof 1500.0 sp -1567.1
tpwr 56 wp 24399.2
5.000 rf1 1567.8
DECOUPLER rfp 0
dn rp -59.2
dof 400.0 1p -266.7
dm yyy pLOT
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dpwr 42 sc )
dmf 13400 vs 201
th 14
nm oh
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Intensity, counts
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164080

158937 —

116 150001 —
1407.44 — =
1240

13058

- 20130624-zai-6-192.0 : BRUKER VERTEX70

: RES4.0cm-1 SCANS 258 - 2013-8-24

+TOF MS: 0.267 min from Sanple 202 (2-6-192) of 201307.wiff
a=3.59580614634598390e-004,

5004 369.1143

5.0e4-
4.8e4
4.6e4
4.4e4
4.2e4
4.0e4
3.8e4-
3.6e4-
3.4e4-
3.2e4-
3.0e4-|
2.8e4-
2.6e4-
2.4e4-
2.2e4-
2.0e4-
1.8e4
1.6e4+
1.4e4
1.2e4
1.0e4
8000.0-
G(ID.O;
4000.0-
2000.0-

295.0821

09.1004

10=-1.86816612587017870e-001 (Turbo Spray), subtracted (0.033 to 0.050 rrin)

CO,CH;
COOCH;
CN

CeHs

HN
NH,
4e

0.0 T T T T T :

00 150 200 250 300 3O 400

40 500 550 600 650 700

m'z, Da
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jiang daxue varian inova-400 1H-4N

zai-5-189-abulajiang in DMSO

expl s2pul
SAMPLE SPECIAL
date May 24 2013 temp not used
solvent DMSO  gain 30
file exp spin 20
ACQUISITION hst 0.008
w 6999.7 pwso0 10.800
at 3.744 alfa 6.600
np 52412 FLAGS
fb 4000 i1 n
bs 16 in n
d1 3.000 dp
nt 20 hs
ct 20 PROCESSING
TRANSMITTER fn not used
n H1 DISPLAY
sfrq 399.741 sp -484.9
tof 400.0 wp 4550.2
tpwr 53 rfl 1091.8
5.000 rfp 0
DECOUPLER rp -88.8
dn 1p -6.5
dof 0 PLOT
dm ann - we 180
dmm c sC 0
dpwr 45 vs 116
dmf 20056 th
nm ph

H3C

xinjiang daxue var
zainaipuguli-zai-5
in DMSO

exp2 s2pul
SAMPLE
date May 29 2013
solvent DMSO
ile exp
ACQUISITION

W 25000.0
at 1.199
np 59968
b 14000
bs 16
d1 3.000
nt 1000

t 1000
TRANSMITTER
c13

sfraq 100.525
tof 1500.0
tpwr 6
5.000
DECOUPLER

H1

dof 400.0
dm yyy
dmm W
dpwr 42
dmf 13400

ian inova-400 1H-4N

-189-abulajiang

SPECIAL
temp not used
gain 50
spin 20
hst 0.008
pw90 10.800
alf 20.000
FLAGS
i1 n
in n
dp Y
hs nn
PROCESSING
b 1.00
fn not used
DISPLAY
sp -1567.1
wp 24999.2
rfl 1567.8
rfp 0
rp -6.2
-241.1
PLOT
we 8
sc
vs 438
th 9
nm ph

o NH,

4f

~ C@THEEN Do~ O o
s heINE&IRISS55S 2
& RS E- R i S
~ Doooooda SN =
? ;
LU 00070
{ I8
J |/
_ J /
|
|
i
[l ‘
|
|
: i | .
T T Ll S B I L B R B ! 1T T (R L T T T T T
10 9 8 7 4 3 2 1 -0 ppm
— R = v
o oo o
3 2= 2 B
M oo o s
P oo ~ T MoT e TaNnToN N
2o 0B S 5 > A8Se25NN355Y o
a8 38 3 2 RBIRSBETIANS B
o o <o © o sAdTSs T aenon o
G @ IS 3 s R R B
=R ) st i N
L) J i s <

220

200

180

160

140

120

80

60

T

40

gl
IEERRANAARs naannn

20 0 ppm
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Nme D - ° °
S03c3anan 2 S S
xinjiang daxue varian inova-400 1H-4N aNmeE T oaa “ < <
zainaipuhguli-1-zai-4-160-abulajiang NNNN NN S S kS - s
in DMSO J '
KPP
expl s2pul IS ‘C/
SAMPLE SPECTAL ' |
date May 2 2013 temp not used r
solvent DNSO gain 30 -
File exp spin 20
ACQUISITION hst 0.008 r
w 6999.7 pw90 10.800 I
at 3.744 alfa 6.600 Iy i
np 52412 FLAGS
b 4000 i1 n
bs 16 in n
d1 3.000 dp y
nt 40 h nn
ct 40 PROCESSING
TRANSMITTER n not used
tn H1 DISPLAY
sfrg 399.741 sp ~506.9
tof 400.0 wp 4595.1
tpur 59 rf1 1091.1
v 5.000 rfp 0
DECOUPLER rp ~116.4
dn c13 1 -14.5
dof 0 PLOT
dm nnn - we 180
dmm ¢ sc 0
dpwr a5 s 118
dmf 20056 th q
nm ph
CO,CHs
HsC COOCH,
| 0 NH,
CeHe 4g
e A s s o e e S B e ey s i SRR A S (I i el e B s S e e e e A
10 9 8 7 6 5 1 ppm
- g o
e e o w rp -
A S8 358 2
© < B ©
ow S 0w o NY oo - o o
28 2 228 Soox 2 28
xinjiang daxue varian inova-400 13C-4N A ©e e e < <
zainaipuguli-zai-5-160-abulajiang de o ST N oo aw s © o
in DMSO pi= -t BRI e < i
expz s2pul L SN
SAMPLE SPECIAL
date May 28 2013 temp not used
solvent DHSO  gain 50
fite exp spin 20
ACQUISITION hst 0.008
sw 25000.0 pw90 10.800
at 1.199 alfa 20.000
np 59968 FLAGS
b 14000 i1 n
bs 16 in n
d1 3.000 dp y
nt 8800 hs nn
ct 8800 PROCESSING
TRANSMITTER 1b 1.
n C13 fn not used
sfrq 100.525 DISPLAY
tof 1500.0 sp -1567.1
tpwr 56 wp 249982
5.000 rf1 1567.8
DECOUPLER rfp 0
an rp -40.4
dof 100.0 1p -261.4
dm yyy PLOT
dmm W wC 180
dpwr a2 sc 0
dmf 13400 s 269
th a
nm ph
CO,CHs
H3C COOCHj;
N 9 NH ‘ |
2 ] i
| |
CeHe il
sHe 44 | |
‘ ' i |
‘ o |
| |
‘ if H i ‘ '
| b | i
! | A I '
| ‘ i 1
| [l I']i
Ll | |
! 1 | |- |
l I J A
T T 1 T T T T e T T
2210 200 180 160 140 120 100 80 60 40 20 0 ppm



Transmitance [%)

218

1:884
1645 58
134386

12027

- 20120604-zai-s-160.0 : BRUKERVERTEX70 : RES4.0cm-1 SCANS 256 - 2013-64

+TOF MS: 0.200 mmin from Sanmple 192 (2-4-160) of 201.307.wiff
a=3.59580614634598390e-004, t0=-1.86816612587017870e-001 (Turbo Spray), subtracted (0.017 to 0.033 rrin), Srmoothed,

383.1254
4.4e4

4.204-|
4.0e4-]
3.8e4- CO,CH3

3.6041 HsC, COOCH,4
3.4e4

3.2e4 J
||

3.0e4 - \

CN

2.8e4- N ) NH,
2.6e4 CeHe

2.4e4 - 4g

2.2e4
2.0e4

Intensity, counts

1.8e4-|
1.6e4-
1.4e4-|
1.2e4-
1.0e4 H05.1137
8000.0
6000.0
4000.0”

2000.0

100 150 200 250 300 350 400 450 500 550 600 650
m'z, Da
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xinjiang daxue varian inova-400 1H-4N
zai-5-174-abulajiang in DMSO

expl s2pul
SAMPLE SPECIAL
date  May 24 2013 temp not used
solvent DMSO  gain 30
file exp spin 20
ACQUISITION hst 0.008
w 6999.7 pw90 10.800
at 3.744 alfa 6.600
np 52412 FLAGS
b 4000 i1 n
bs 16 in n
d1 3.000 dp v
nt 20 hs
ct 20 PROCESSING
TRANSMITTER fn not used
n H1 DISPLAY
sfrq 399.741 sp 4.5
tof 400.0 wp 4561.3
tpwr 59 rfl 1091.4
5.000 rfp 0
DECOUPLER rp -85.1
! c13 p -15.7
dof 0 pPLOT
dm nnn - wc 180
dmm Cc sc 0
dpwr 45 s 123
dmf 20056 th 5
oo ph

H3CH,C,

xinjiang daxue varian inova-400 13C-4N
zainaipuguli-zai-5-174-abulajiang

in DMSO
exp2  s2pul
SAMPLE SPECIAL
date May 29 2018 temp not used
solvent DMSO  gain 50
file exp spin 20
ACQUISITION nst 0.008
w 25000.0 pw30 10.800
at 1.199 alfa 0.000
np 59968 FLAGS
b 14000 i1 n
bs 16 in n
d1 3.000 dp y
nt 1000 h
t 1000 PROCESSING
TRANSMITTER 1 1.
n n not used
sfrq 100.525 DISPLAY
tof 1500.0 sp -1567.1
tpwr 56 wp 249992
5.000 rfl 1567.8
DECOUPLER rfp 0
dn H1 rp -6.5
dof 400.0 1p -254.7
dm yyy pLOT
dmm W wC
dpwr 42 sc
amf 13400 s 237
th 12
nm ph

TomornmEonTToAnbEo o
22835839850 ning S
EPSr i b -
B RN N RN N N R R N R e L k| s
R \ : 0
LWL LU
NN = !
| rf / f
}V { I | |
1 [/ / !
b/ Job s J 31
| O l
| h l
I Lk |
- — W Y USRS |
L T T T e i T
5 4 3 2 1 -0
oo P ",
- o ° o 0 v
s a8 232 3 2 32
& o - o S
Tn © He © T9 wn < ©@wn ~
BB m TR B Neon 5 @I Ba s
238 J=2 5% 5558 2 3335 N
R o m N oo oo < ©m-n -
~e & <2 & J332% & ERERe 3
S30% 25 8 38Ed | A i
[ T S
|
|
| l |
‘ ‘ |
|
|
‘ \ ‘
. |
| -
i [
! | I
‘ |
| | [T
| P
| | N
" | | JL i "
7 f § f Y g
T R ma N R B B L B Rna s R B R e B AR R R
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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Intensity, counts

Transmitance [%)]

COOCH,

CN

21540 —
157825 16360 ==

151897
144044 145518

1%812 —
1243 —

4485 —

- 20130604-zai-s-174.0

: BRUKER VERTEX70

: RES4.0cm-1 SCANS 256

- 2013-64

+TOF MS: 0.267 min from Sample 201 (2-5-174) of 201307.wiff
4634598390e-004,

a=3.5958061-

5.7e4
5.5e4

5.0e4

4.5e4

4.0e4

3.5e44

3.0e4

2.5e4+

2.0e4+

1.5e4+

1.0e4-

5000.0

, 10=1.86816612587017870e-001 (Turbo Spray), subtracted (0.033 to 0.050 min)

397.1377

8

300 350

m'z, Da
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xinjiang daxue varian inova-400 1H-an
zai-5-173-abulajiang in DMSO

—7.779

0.912

expl s2pul
SAMPLE SPECIAL
date  May 20 2013 temp not used
solvent DMSO  gain 30
file exp spin 20
ACQUISITION hst 0.008
sw 6999.7 pw30 10.800
at 3.744 alfa 6.600
np 52412 FLAGS
b 4000 i1 n
bs 16 in n
d1 3.000 dp y
nt 40 hs nn
ct PROCESSING i
TRANSMITTER fn not used
n H1 DISPLAY
sfrq 399.742 sp -465.9
tof 800.0 wp 4538.9
tpwr 59 rfl 690.6
5.000 rfp 0
DECOUPLER rp -80.7
c12 1p -14.1
dof 0 PLOT
dm nn - we 8
dmm ¢ sc 0
dpwr 45 vs 122
dmf 20056 th 4
nm ph
CO,CHj
H3CH,CH,C COOCH;
| O NH,
CeHs
S . |
T — B T S T ]
10 8 7 6 5 4 3 2 1 -0 ppm
s e ES -
© o o> o o ° © -
233 23 S s S z
I @ o N o )
b o N o e o~ o T HD D AP O DT oD
A S8 3 SRR 2 PRS- BB R R R
xinjiang daxue varian inova-100 13C-4N @@ % o ames - @A SRE S He N T e
zainaipuguli-zai-5-173-abulajiang :: E Eg :‘ :‘g :3 g L‘“ﬁg;gg::;’:ﬁ?}ﬁgg
in DS ST 53 %2 S3oo { H 117507
i | [ ! [
ooz sopun T 7T )
SAMPLE SPECIAL
date  May 29 2013 temp not used
solvent DMSO  gain 50
file exp spin 20
ACQUISITION hst 0.008
sw 25000.0 pw90 10.800
at 1.199 alfa 20.000
np 59968 FLAGS
b 14000 11 n
bs 16 in n
di 3.000 dp
nt 3000 hs nn
3000 PROCESSING
TRANSHMITTER 1b 1.
tn fn not used
sfrq 100.525 DISPLAY
tof 1500.0 sp -1567.1
tpwr 56 wp 24999 .2
pw 5.000 rfl 1567.8
DECOUPLER rfp 0
dn rp -16.7
dof 400.0 1p -254.7
dm yyy PLOT
dmm W We 8 ‘
dpwr 42 sc
dmf 13400 vs 237 :
th 12
nm ph
CO,CHj
H3CH,CH,C COOCH;
| O NH,
CeHs
., I J‘ l v
RRRRARS A N R e R AN B e e R T T R RRRSRERREERESES T T T T
7?20 2nn 180 160 140 120 100 &0 60 an 20 0 nnm
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§ HiCHACHG

o) NH,

10838
1861.74

20445

COOCH;
CN

—
396,96
124621

1R68s
657

“ns

ST78

811
BB

: 20120604-zai-s-173.0

: BRIKER VERTEX70

: RES4.0cm-1 SCANS 256

S 2013-64

+TOF MS: 0.267 min from Sanple 200 (2-5-173) of 201307.wiff
a=3.59580614634598390e-004, t0=1.86816612587017870e-001 (Turbo Spray), subtracted (0.033 to 0.050 min)

5.2e4
5.0e4-
4.8e4
4.6e4
4.4e4+
4.2e4+
4.0e4+
3.8e4-
3.6e4-
3.4e4-
3.2e4-
3.0e4-
2.8e4-
2.6e4
2.4e4-
2.2e4-
2.0e4-
1.8e4
1.6e4-
1.4e4
1.2e4
1.0e4
8000.0-
GCXI).OS

Intensity, counts

2000.04
0.0

411.1566

CO,CHs
HaCH,CH,C COOCH,

CN

NH,

150

200

250

300

350 400 450 500 550 600 650
m'z, Da




<o conoo °
NN 235323 S
xinjiang daxue varian inova-400 1H-4N ~ SsNTTe <
zai-5-172-abulajiang in DMSO NI —H—"j—‘ -
<L |
expl s2pul < 1
SAMPLE SPECTAL | i
date  May 20 2013 temp not used !
solvent DMSO  gain 30
e exp spin 20 (
ACQUISITION hst 0.008 ] [
W 6999.7 pw90 10.800 {1
at 3.744 alfa 6.600 J)
np 52412 FLAGS
fb 4000 i1 n
bs 16 in n
d1 3.000 dp
nt 40 hs r
ct 40 PROCESSING
TRANSMITTER fn n used
n H1 DISPLAY
sfrg 399.742 sp -466.1
tof 800.0 wp 45389
tpwr 59 rfl 690.8
5.000 rfp 0
DECOUPLER rp -84.3
dn c13 1p -10.6
dof 0 PLOT |
dm nnn - we 180 |
dmm c sc 0
dpwr 45 s 123
dnf 20056 th a
nm ph

_— e — S _
I T Pt N . o
10 9 8 4 3 ppm
R oo -
o o 1
283 g2 58
P ® -
e e o~ ® o N oo < ~
23 5§ 5 B35 8788 b P
xinjiang daxue varian inova-400 13C-dN a8 9T LR A >
zainaipuguli-zai-5-172-abulajiang i - 2 5 28 2% s e
in DMSO - - - oA e ‘
|
exp2 sopul R bty
SAMPLE SPECIAL
date May 28 2013 temp not used
solvent DMSO gain 50
ile exp spin 20
ACQUISITION hst 0.008
25000.0 pwi0 10.800
at 1.199 alfa 20.000
np 59968 FLAGS
fb 14000 i1 n
bs 16 in n
dl 3.000 dp N
nt 1300 hs nn
t 1300 PROCESSING
TRANSMITTER b 1.00
n C13 fn not used
sfrg 100.525 DISPLAY
tof 1500.0 sp -1567.1
tpwr 56 wp 21999.2
5.000 rf1 1567.8
DECOUPLER rfp 0
n H1 rp -33.0
dof 400.0 1p -272.6
dm yyy PLOT
dmm W wC 8
dpwr 42 sc
dmf 13400 vs 251
th 12
nm ph
H5;C 3
\ ‘
N o) NH |
2 |
' ! ! |
[ I |
CeHs [ 1
R |1
4] || ) |
| | |
| L |
| I ‘ i .
. " | ‘ 1.\ | bl I
g ¢ s " N ,,
R B e o R RN AR R RS N
220 200 180 160 140 120 100 30 60 40 20 0 ppm
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Intensity, counts

18032

: 20120604-zars-172.0 : BRUKER VERTEXTD : RES40cm1 SCANS 256 -2013-64

+TOF MS: 0.267 min from Sanple 199 (2-5-172) of 201307.wiff
a=3.59580614634598390e-004, t0=-1.86816612587017870e-001 (Turbo Spray), subtracted (0.033 to 0.050 min)

411.1559

5.5e4

5.0e4

4.5e4

4.0e4

3.5e4

3.0e4+

2.5e4+

2.0e4-

1.5e4

1.0e4+

5000.0+4
133.1457

'z, Da
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L nan oD oo
T
xinjiang daxue varian inova-400 1H-4N ©oneneen
zai-5-171-abulajiang in DMSO 7 mmTNTNN
expl s2pul Y \ #
SAMPLE SPECIAL
date  May 20 2013 temp not used
solvent DMSO gain 30
file exp spin 20
ACQUISITION hst 0.008 )
sw 6399.7 pw§0 10.800 |
at 3,744 al 6.600 1 S
np 52412 FLAGS
fb 4000 i1
bs 16 in n
1 3.000 dp v
nt 10 hs
ct 40 PROCESSING
TRANSMITTER fn not used
H1 DISPLAY
sfrq 339.742 sp -476.4
tof 800.0 wp 4550.2
tpwr 59 rfl §90.0
5.000 rfp 0
DECOUPLER rp -79.6
v c13 1p -16.5
dof pLOT
dm nnn  wc 180
dmm c sc 0
dpwr a5 vs 92
dmf 20056 th 6
nm ph
CeHs COOCH,
| 0] NH,
CoMe gy
\‘ |
‘ ]
| Ik ‘
fill k,,JFJLJJJ i
| | —— T Ty e R e g
10 9 8 7 6 5 4 3 2 1 ppm
e e
s mow oo v o
S 333 se = 3
IR @ ow e
on b rLAAMONOTd® - Cardde LoD o
S5 b SRINRINSIIB P R RN =R 0
xinjiang daxue varian inova-400 13C-4N e 8 aFouIneneYe bt mOmeSRes Tan
ﬁ|g;égugul|-zm-5—171-abu'\ajvang i § EEESEEQEEEZ F 'ﬁ‘&%?:‘?i:gﬂ?’g
5a 3 S ot " ! .
Ul NN ‘ L
; L i
L | i
exp2  szpul \\K\\/)J/ \N/
SAMPLE SPECIAL
date  May 28 2013 temp not used
solvent DMSO  gain 50
file exp spin 20
ACQUISITION hst 0.008
sw 25000.0 pws0 10.800
at 1.199 alf, 20.000
np 59968 FLAGS i
b 14000 i1 n H
bs 16 in n i
d1 3.000 dp |
nt 1400 hs nn
ct 1400 PROCESSING
TRANSMITTER b 1.00
n c13 fn not used
sfrg 100.525 DISPLAY
tof 1500.0 sp -1567.1
tpwr 56  wp 24999.2
5.000 rf1 1567.8
DECOUPLER rfp 0
dn rp -11.5
dof 400.0 1p -262.6
dm yyy PLOT
dmm W 180
dpwr 42 sc 0
dmf 13400 vs 251
th 12
nm ph
CeHs COOCH;,
|
CN :
7 |
| o) NH, -
CeH 1 |
6H \
) 4k | | i i
| | |
i | | i
| I |
| i |
| | ‘
i
i H
!
|
| |
l )\ ‘ L | |
Y st ) "
R REEm R E RN RN RS AN RS R T T amasns
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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198693

38 CeHs COOCH, R
CN
¥ 7
| i
3 N i
'l\' 0 NH, 8
§
i C6H5 4k 3 g g E
4000 as00 2000 250 2000 1500 1000
‘Waverumber cm-1

Intensity, counts

: 20120604-zai-s-171.0 : BRUKERVERTEX70 : RES4.0cm-1 SCANS 258 1 2013-64

+TOF MS: 0.267 min from Sanrple 198 (2-5-171) of 201307.wiff
a=3.59580614634598390e-004, t0—=1.86816612587017870e-001 (Turbo Spray), subtracted (0.033 to 0.050 min)

445.1528
3.8e4+

3.6e4+
3.4e4+

3.2e44 COchg

COOCH;

3.0e4+

2.8e4+

260 J
-

2.4e4+ \

CN

2.2e4-| 'l\l ) NH,

204 CeHe 4
1.8e4+
1.6e4+
1.4e4
1.2e4
1.0e4

8000.0+

6000.0+
4000.0p|

2000.0+

0.0 T T T T T T T T T

150 200 250 300 3% 400 450  S00 550 600

m'z, Da

650
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NNbedsubwo®®n
JeQSoTS838 8
xinjiang daxue varian inova-400 1H-4N nEaTTeowe s
zainaipuguli-zai-6-193-abulajiang MOneooaNNNS
in DMSO [ U, L -\J,’
expl  s2pul |
SAMPLE SPECIAL
date  Jun 14 2013 temp not used
solvent DHSO  gain 30
file exp spin 20
ACQUISITION hst 0.008 ‘ .
sw §999.7 pwd0 10.800 [ (
at 3.744 alfa 6.600 r
np 52412 FLAGS I ,
b 4000 11 n /] IS !
bs 16 in n
d1 3.000 dp
nt 20 hs I
ct 20 PROCESSING
TRANSMITTER fn not used
H1 DISPLAY
sfrq 399.742 sp 8.5
tof 800.0 wp 4546.2
tpwr 59 rfl 693.6
5.000 rfp 0
DECOUPLER rp -80.9
c13 1p 11.1 |
dof 0 pLOT |
dm nnn - we 180 |
dmm c sc 0 i
dpwr 45 vs 97
dmf 20056 th 4 |
nm ph

|

A e e o e L et s S T L T

T T
10 9 8 7 6 5 4 3 2 1 -0 ppm

L

1.04
3.13 4
1.99
3.05

0

0

0

os o Dy NNEN DT o w comoTHHOT®® -
a8 2 S% NNUS B ;LS ® eS8 ainnsoan~ @
xinjiang daxue varian inova-400 13C-4N w9 NS AN Tea < eenNSeeeanan -
zainaipuguli-zai-6-193-abulajiang o o By NESS D ®© m CnHTSonom o ©w ®
in DMSO i1 PSR e = ""”";“’L"[";"}‘]j"""} o
U Ui \\\\\k )
=
SAMPLE SPECIAL
date  Ju) 18 2013 temp not used
solvent DMSO  gain 50
file exp spin 20
ACQUISITION hst 0.o008
W 25000.0 pw90 10.800
at 1.195 alfa 20.000
np 53968 FLAGS
b 14000 i1 n
bs 16 in n
di 3.000 dp
nt 300 hs nn
t 300 PROCESSING
TRANSMITTER 1 1.00
€13 fn not used
sfrq 100.525 DISPLAY
tof 1500.0 sp -1567.1
tpwr 56 wp 24999.2
5.000 rfl 1567.8
DECOUPLER rfp 0
dn HL rp -26.8
dof 400.0 1p -242.0
dm yyy PLOT
dmm Woowe
dpwr a2 sc
dmf 13400 vs 208
th 12
nm ph

CO,CH,
HqC COOCH,
CN

N 0 NH,
CeHy-Cl-0
4]

i

L e L L L L L e s R M R R R RN SRR N B AR R R a s a s s

220 200 180 160 140 120 100 80 60 40 20 0 ppm
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Transmittance [%)

50
1

Intensity, counts

€0
L

197647 —

1
10048

124090

: 20120624-zai-6-193.0

: BRUKER VERTEX70

: RES4.0cm-1 SCANS 256

- 2013-8-24

+TOF MS: 0.334 min from Sample 203 (2-6-193) of 201307.wiff
a=3.59580614634598390e-004, t0=1.86816612587017870e-001 (Turbo Spray), subtracted (0.017 to 0.033 min)

4,004
3.8e4-
3,604
3.4e4-
3.204
3.0e4-
2.8e4-
2.6e4-
24e4-
2.2e4-
2.0e4-
1.8¢4-
1.6e4-
1.4e4-
1.2e4-
1.0e4-

8000.0-

6000.0-]

4000.0M

2000.0+

0.0

417.0890

150

200

250

300

350
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5. X-ray crystallographic data data for compound 4a.

Figure 2. Packing diagram of compound 4a
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Table 1. Crystal data and structure refinement for A.

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

\Wlume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 27.47
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [I1>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

a
C13 H14 N4 05

306.28

293(2) K

0.71073 A

Monoclinic, P2(1)/c
a=11.4834(17) A alpha = 90 deg.
b =14.134(3) A
c =9.8205(15) A gamma = 90 deg.
1580.8(4) A3

4, 1.287 Mg/m”3

0.101 mm~-1

640

0.79 x 0.65 x 0.26 mm

3.26 t0 27.47 deg.

-14<=h<=14, -18<=k<=18, -12<=lk=12
13236 / 3585 [R(int) = 0.0358]

99.1 %

Empirical

0.9607 and 0.9281

Full-matrix least-squares on F~2
3585/0/204

1.006

R1 =0.0771, wR2 = 0.2307

R1 =0.1227, wR2 = 0.3179

0.077(15)

0.377 and -0.343 e. A*-3

beta = 97.363(4) deg.
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Table 2. Atomic coordinates ( x 10"4) and equivalent isotropic displacement parameters (A2 x 10"3)
for A. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

X y z U(eq)

0(1) 1108(2) -149(2) 1038(2) 68(1)
C@3) 4310(2) -387(2) 1675(3) 51(1)
N(4) -284(2) -630(2) 2406(3) 67(2)

C(2) 2272(2) -143(2) 893(3) 54(1)
N(2) 2423(2) 164(2) -353(3) 70(1)
N(2) 5277(2) -387(2) 1552(3) 72(1)
N(3) -199(2) -995(2) 3707(3) 66(2)

0(2) 2016(2) 1382(2) 4720(3) 93(1)
C(2) 3121(2) -409(2) 1916(3) 49(1)
C(4) 2914(2) -633(2) 3400(3) 51(1)
C(5) 1621(2) -770(2) 3370(3) 50(1)
C(6) 827(2) -508(2) 2246(3) 57(1)
C(7) 3585(2) -1532(2) 3866(3) 59(1)
C(8) 2769(3) 1082(2) 4113(3) 60(1)
C(9) 3391(2) 173(2) 4390(3) 57(2)
0®3) 3158(3) 1565(2) 3113(3) 91(2)
o4 3335(3) -2244(2) 3057(3) 96(1)
0(5) 4277(3) -1579(2) 4870(4) 131(2)
C(10) 915(2) -1084(2) 4315(3) 59(1)
C(11) 1197(3) -1469(3) 5715(4) 89(1)

C(13) 3967(4) -3127(3) 3389(5) 110(2)

C(12) 2625(6) 2475(4) 2770(7) 149(2)
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Table 3. Bond lengths [A] and angles [deg] for A.

O(1)-C(1)
O(1)-C(6)
C(3)-N(2)
C(3)-C(2)
N(4)-C(6)
N(4)-N(3)
C(1)-N()
C(1)-C(2)
N(1)-H(1A)
N(1)-H(1B)
N(3)-C(10)
N(3)-H(3A)
0(2)-C(8)
C(2)-C(4)
C(4)-C(5)
C(4)-C(7)
C(4)-C(9)
C(5)-C(10)
C(5)-C(6)
C(7)-0(5)
C(7)-0(4)
C(8)-0(3)
C(8)-C(9)
C(9)-H(9A)
C(9)-H(9B)
0(3)-C(12)
0(4)-C(13)
C(10)-C(11)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)

C(1)-O(1)-C(6)
N(2)-C(3)-C(2)
C(6)-N(4)-N(3)
N(1)-C(1)-C(2)

1.363(3)
1.366(3)
1.132(3)
1.416(3)
1.317(3)
1.370(4)
1.331(4)
1.360(4)
0.8600
0.8600
1.346(4)
1.01(4)
1.189(4)
1.539(4)
1.494(3)
1.526(4)
1.550(4)
1.381(4)
1.389(4)
1.187(4)
1.291(4)
1.320(4)
1.479(4)
0.9700
0.9700
1.445(5)
1.460(4)
1.476(5)
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600

115.9(2)
176.3(3)
101.9(2)
127.1(2)
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N(1)-C(1)-O(1)
C(2)-C(1)-0(1)
C(1)-N(1)-H(1A)
C(1)-N(1)-H(1B)
H(1A)-N(1)-H(1B)
C(10)-N(3)-N(4)
C(10)-N(3)-H(3A)
N(4)-N(3)-H(3A)
C(1)-C(2)-C(3)
C(1)-C(2)-C(4)
C(3)-C(2)-C(4)
C(5)-C(4)-C(7)
C(5)-C(4)-C(2)
C(7)-C(4)-C(2)
C(5)-C(4)-C(9)
C(7)-C(4)-C(9)
C(2)-C(4)-C(9)
C(10)-C(5)-C(6)
C(10)-C(5)-C(4)
C(6)-C(5)-C(4)
N(4)-C(6)-O(1)
N(4)-C(6)-C(5)
O(1)-C(6)-C(5)
0O(5)-C(7)-0(4)
O(5)-C(7)-C(4)
O(4)-C(7)-C(4)
0(2)-C(8)-0(3)
0(2)-C(8)-C(9)
0(3)-C(8)-C(9)
C(8)-C(9)-C(4)
C(8)-C(9)-H(9A)
C(4)-C(9)-H(9A)
C(8)-C(9)-H(9B)
C(4)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(8)-0(3)-C(12)
C(7)-0(4)-C(13)
N(3)-C(10)-C(5)
N(3)-C(10)-C(11)
C(5)-C(10)-C(11)
C(10)-C(11)-H(11A)
C(10)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(10)-C(11)-H(11C)

110.1(2)
122.7(2)
120.0
120.0
120.0
113.5(2)
120(2)
126(2)
119.0(2)
125.0(2)
115.6(2)
111.1(2)
106.4(2)
108.8(2)
112.2(2)
107.4(2)
110.9(2)
103.8(2)
134.1(3)
122.0(2)
119.5(3)
114.7(3)
125.9(2)
122.7(3)
123.6(3)
113.6(3)
121.7(3)
125.6(3)
112.6(3)
113.5(2)
108.9
108.9
108.9
108.9
107.7
117.4(3)
117.7(3)
106.2(3)
122.0(3)
131.8(3)
109.5
109.5
109.5
109.5
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H(11A)-C(11)- H(11C)
H(11B)-C(11)-H(11C)
0(4)-C(13)-H(13A)
O(4)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
0(4)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
0(3)-C(12)-H(12A)
0(3)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
0(3)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Table 4. Anisotropic displacement parameters (A2 x 1073) for A. The anisotropic displacement

factor exponent takes the form:
2pi2[h"2a*2 ULl + ...+ 2hka* b*U12 ]

U1l U22 U3 U23 U13 U12
0(1) 34(1) 108(2) 61(1) 28(1) 4(1) 7(1)
C(3)  40(1) 61(2) 53(2) (1) 3(1) 1(1)
N(4) 38(1) 99(2) 64(2) 16(1) 6(1) -3(1)
c(1) 35(1) 68(2) 58(2) 9(1) 4(1) 1(1)
N(1) 39(1) 111(2) 60(2) 29(1) 6(1) 6(1)
N2  44(1) 94(2) 77(2) 13(1) 8(1) 1(1)
NG3)  42(1) 94(2) 62(2) 13(1) 6(1) -3(1)
0(2) 83(2) 80(2) 126(2) 7(2) 52(2) 2(1)
C(2) 35(1) 59(2) 52(2) 8(1) 4(1) 1(1)
C(4) 36(1) 58(2) 56(2) 9(1) -2(1) 1(1)
C(5) 36(1) 61(2) 53(2) 7(1) 0(1) -4(1)
c()  40(1) 72(2) 59(2) 11(1) 4(1) -2(1)
C(7) 462 65(2) 64(2) 13(1) -3(1) 0(1)
c(8) 50(2) 63(2) 67(2)  -10(1) 92) (1)
CO) 4702 68(2) 53(2) 1(1) -3(1) -4(1)
003  121(2) 69(2) 89(2) 16(1) 41(2) 15(1)
o)  119(2) 62(2) 93(2) -5(1) -35(2) 24(1)
0()  143(3) 78(2) 145(3) 10(2) -83(2) 18(2)
C(10)  49(2) 71(2) 57(2) 9(1) 3(1) -2(1)
c(1)  72(2) 126(3) 72(2) 34(2) 15(2) 1(2)
C(13) 137(4) 63(2) 122(4) 6(2) -10(3) 30(2)
C(12) 218(7) 82(3) 155(5) 40(3) 58(5) 46(4)
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Table 5. Hydrogen coordinates ( x 1074) and isotropic displacement parameters (A2 x 1073) for A.

X y z U(eq)
H(1A) 3120 211 -581 84
H(1B) 1825 316 -930 84
H(9A) 3325 -20 5325 68
H(9B) 4217 265 4316 68
H(11A) 2033 -1478 5962 134
H(11B) 895 -2101 5744 134
H(11C) 846 -1078 6351 134
H(13A) 3694 -3599 2721 164
H(13B) 3829 -3337 4284 164
H(13C) 4792 -3025 3380 164
H(12A) 2978 2753 2031 223
H(12B) 2744 2882 3558 223
H(12C) 1798 2394 2494 223
H(3A) -880(30) -1110(30) 4250(40) 86(11)

Table 6. Torsion angles [deg] for A.

C(6)-0O(1)-C(1)-N(1) 175.9(3)
C(6)-O(1)-C(1)-C(2) -4.8(4)
C(6)-N(4)-N(3)-C(10) 0.5(4)
N(1)-C(1)-C(2)-C(3) -1.3(5)
0(1)-C(1)-C(2)-C(3) 179.6(3)
N(L)-C(1)-C(2)-C(4) 171.5(3)
0(1)-C(1)-C(2)-C(4) -7.7(5)
N(2)-C(3)-C(2)-C(1) -180(100)
N(2)-C(3)-C(2)-C(4) 7(5)

C(1)-C(2)-C(4)-C(5) 15.8(4)
C(3)-C(2)-C(4)-C(5) -171.2(2)
C(1)-C(2)-C(4)-C(7) 135.5(3)
C(3)-C(2)-C(4)-C(7) -51.5(3)
C(1)-C(2)-C(4)-C(9) -106.5(3)
C(3)-C(2)-C(4)-C(9) 66.5(3)
C(7)-C(4)-C(5)-C(10) 53.1(4)
C(2)-C(4)-C(5)-C(10) 171.3(3)

C(9)-C(4)-C(5)-C(10) -67.2(4)



C(7)-C(4)-C(5)-C(6)
C(2)-C(4)-C(5)-C(6)
C(9)-C(4)-C(5)-C(6)
N(3)-N(4)-C(6)-O(1)
N(3)-N(4)-C(6)-C(5)
C(1)-O(1)-C(6)-N(4)
C(1)-0(1)-C(6)-C(5)
C(10)-C(5)-C(6)-N(4)
C(4)-C(5)-C(6)-N(4)
C(10)-C(5)-C(6)-0(2)
C(4)-C(5)-C(6)-0(1)
C(5)-C(4)-C(N-0(5)
C(2)-C(4)-C(7)-0(5)
C(9)-C(4)-C(N-0(5)
C(5)-C(4)-C(N-0(4)
C(2)-C(4)-C(N-0(4)
C(9)-C(4)-C(N-0(4)
0(2)-C(8)-C(9)-C(4)
0O(3)-C(8)-C(9)-C(4)
C(5)-C(4)-C(9)-C(8)
C(7)-C(4)-C(9)-C(8)
C(2)-C(4)-C(9)-C(8)
0(2)-C(8)-0(3)-C(12
C(9)-C(8)-0(3)-C(12)
O(5)-C(7)-0(4)-C(13)
C(4)-C(7)-0O(4)-C(13)
N(4)-N(3)-C(10)-C(5)

N(4)-N(3)-C(10)-C(11)

C(6)-C(5)-C(10)-N(3)
C(4)-C(5)-C(10)-N(3)

C(6)-C(5)-C(10)-C(11)
C(4)-C(5)-C(10)-C(11)

-131.5(3)

-13.2(4)

108.2(3)

179.8(3)
-0.3(4)

-172.9(3)

7.1(4)
0.0(4)

-176.7(3)

179.9(3)
3.3(5)

-118.3(4)

124.9(4)
4.7(4)
62.2(3)
-54.6(3)

-174.7(3)

99.4(4)
-82.2(3)
-54.1(3)

-176.5(2)

64.7(3)
-0.6(6)

-179.0(4)

-1.8(6)
177.7(3)
-0.6(4)

-179.6(3)

0.4(3)
176.3(3)
179.3(4)

-4.7(6)

Table 7. Hydrogen bonds for A[Aand deg.].

D-H..A
N(1)-H(1A)...N(2)#1
N(1)-H(1B)...N(4)#2
N(3)-H(3A)...0(2)#3

d(D-H) d(H...A)
0.86 2.19
0.86 2.18
1.01(4) 1.79(4)

d(D...A)
3.043(3)
3.043(4)
2.804(4)

<(DHA)
169.1
177.3
176(4)

Symmetry transformations used to generate equivalent atoms:
#2 -X,-y,-Z

#1 -x+1,-y,-2

#3 -X,-y,-z+1
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