SHORT COMMUNICATION

DOI: 10.1002/ejoc.20Qwill be filled in by the editorial staff))

Cyclization cascade of hydrazono Ugi adducts towasdpyrazoles.

Asma Agrebi”! Laurent El Kaim,?* Fatma Allouche®* and Fakher Chabchoub™

Keywords: hydrazone / cycloaddition / aerobic oxidation pger catalysis /

Acidic hydrolysis of Ugi adducts betweenhydrazonocarboxyl
acids and aminoacetaldehyde dimethyl acetal leads ¢
fragmentation of the aminoacetaldehdye residue wiithal
formation of pyrazoles. An aldol type reaction béthydrazone
proposed as the key step of the cascade.

would form, after deprotection of the acetal, ideabstrates for
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Oxidative cylisation of hydrazono Ugi adducts:
Introduction RN N o R HR®
PRAN. ¢ ﬁ MeoH R m)kN)\[rNHRS Cu(OAQ), Pth;ji«/N‘;
. . . . il 3
Besides its multicomponent nature, the key to theess of Ugi R com riono T PN H| © ar d g
reactions in both drug discovery and green cheynistrcertainly
e . . - - B This study:
the ability to form with high efficiency tertiarymgides from CTY e W o w
primary amine$! Indeed, whenever amides are involved in N K(O'V'e MeOH thNfN\W/'kN)\,(N”Rz 1) Hydrolysis ”
cyclization strategies involving primary aminessgarting material, N C:Me PR H KASMQ 2) Aol or Mannich
the Ugi reaction avoids a tedious N-alkylative steprder to turn H CoH Ricro Meo

around the preferred, poorly reactive, s-trans aonétion of

secondary amides. This property has allowed sontheofastest Scheme 1. Ugi strategies with hydrazones.

access to nitrogen heterocycles from primary amileslved in

isocyanide based multicomponent reactions (IMCRs)tlier last

two decades, our main interest for these reaci®fisked to their Thus, Ugi reactions of various glyoxilic hydrazene
potential as probes for reactivity studly.Stimulated by our isocyanides, amines and aldehydes were performedhenresults
previous studies on hydrazone chemi&rywe envisioned that the displayed in Table 1.

Ugi reaction ofo-hydrazonocarboxylic acid could serve as a good

synthetic platform to examine the intramoleculadodl type Table 1. Ugi coupling of glyoxilic acid phenyl hydone

reaction between hydrazones and aldehydes. Herginwish to

present the results of this study and report arsimg cascade RING  NH, ) o R i
towards pyrazoles. PhHN. R K(OMS weon  PPHN’ \W)J\N)\W

N H, H S\o
1

J\ OMe

rt

. . H” "COH  R'CHO MeO OMe
Results and Discussion
Entry R R? Ugi adduct 1 (yield)

N-Monosusbtituted hydrazones share with isocyanittesr 1 i-Bu t-Bu 1a (65%)
abilit_y to act as nucleophiles in aldol and_manrﬁ;qhe reactions o 4-MeOGH,  t-Bu 1b (56%)
leading to new carbon-carbon bond formation (Schiy¥fé To be 3 Ph cy 1¢ (58%)
efficient, a tethered electron-withdrawing grougtsas a ketone or .

. . . 4 i-Bu Cy 1d (48%)

an ester is usually required on the carbon moiéth@ hydrazone

. - e 5 4-MeOGH;  Cy 1e(39%)
to increase the acidity of the latter. Hydrazonkglgoxylic acids 5 ,
are readily prepared throught condensation wittthgdyazines in Et Cy 11 (47%)
water. Related hydrazonoacids may be used as guidioers in  ’ Et t-Bu 19(39%)
Ugi reactions as shown by our previous report ofdative 8 i-Bu 4-MeOGH.CH;  1h (74%)
cyclisation of N-allyl hydrazonoamides (Scheme ®)The Ugi _9 i-Bu 4-CIC;H,CH; 1i (52%)

reaction of these acids with aminoacetaldehyde tioxy acetal
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All Hydrazono adducts were obtained in good to nnatieyields
as mixture of two rotamers as shown by the NMR .d&t@ study
was limited to N-phenyl derivatives as we alreadyserved
previously a competition between the more nucldaphiN-
alkylhydrazones and the primary amines in the Wgipting with
the aldehydes. The proton NMR chemical shifts olesifor all N-
H of hydrazones (8.5 to 9.5 ppm) indicate that thans-
conformation of the initial glyoxylic hydrazonesristained during
the Ugi process. Under heating with acid, the ttaydrazone may
be converted into the cis-isomer (N-H over 12 pphgnks to a
stabilizing intramolecular hydrogen bond (Scheme 2)

) PhN
PhHN'N\j)J\N NHt-Bu  AcOH 2 equiv W)k NHt-Bu
H &o Toluene
80°C. 2h
Med OMe 59% MeO OMe

Scheme 2. Isomerisation of Ugi addietunder acidic condition.

additions/eliminations with intermediate formationf azo

derivatives.
o Path A Path B ° o
. Q . Ph N R
PhHN’Nﬁ)LN'R H prin- N A R H Ph‘N‘N\QLN‘R TN N
4 H ‘7‘ H,0 )
4 H S\ ‘
l H =<0Me Mo OMe HO )
OMe 1a lH

o l %
N AR PN AR
Ph—N, H=— H H
q
HO o

Scheme 4. Possible mechanisms for the formatigymfzole3a

All other Ugi hydrazones were treated under thegémized

With these Ugi adducts in hands, we next examinkee tconditions forming pyrazoleSa-3i in moderate to good yields

deprotection of the acetal into the aldehyde. Wagkivith 1a,

(Table 2). The high yield observed for hydrazde¢Table 2, entry

standard conditions (GEO;H in various solvents, with and 4) gives a further argument for the preferenceroingramolecular

without water) gave either the starting materitd, dis-isomer or
complex mixtures from which we could not isolatg &race of the
aldehyde. This could be associated with a compatibetween the
hydrazone and acetal moieties towards the hydmlysder strong
acidic conditions. Thinking that the aldehyde migbtdifficult to
isolate, we next envisioned a tandem deproteciidol/aprocess
under buffered conditions. Lowering the acidity tbb medium
would give more stability to the hydrazone and éwelty allows it
to react with the aldehyde either under its neudrainionic form.

Therefore,1a was left at room temperature in acetic acid with

several equivalents of sodium acetate. While wédconly recover
the starting material in moderate yield under themeditions, we
were delighted to observe the formation of a nesdpct3a when

the same reaction was performed with few dropsaitwat higher
temperature (80°C) (Scheme 3). Surprisingly thepyie structure
of 3adid not fit with any of our mechanistic expectatidhe yield

of the latter could be raised to 62% by working emeflux with a
mixture of ethanol, acetic acid and water in a@Rfatio.

ey

AcOH, 1t : 0%
AcOH,H,0 ( 2 drops ), rt: 24%
AcOH/EtOH/H20 (2/2/0.5), 80°C 62%

Scheme 3. PyrazoRa from hydrazond a.

NHt-Bu
AcONa, 5 equw

(6}
PhHN”Nﬁ)J\N
H

MeO OMe

conditions

1a

Several mechanisms may be considered for thisftsemation.
[3+2] Cycloadditions of hydrazones towards pyragotee well

documentel§l and a related mechanistic pathway could involve al2+3] cycloaddition.

intermediate fragmentation @& into 1,1-dimethoxyethylene ard
followed by a cycloaddition and a double eliminatiof methanol

mechanism to explain the formation of pyrazoleshéee 4, path
B).

Table 2. Formation of pyrazol8from Ugi hydrazone&

o R

PhHN’N\j)J\N)\ﬂ/NHR2 _AcONa, 5 equiv_ )\H/NHRZ

H © AcOH/EtOH/H,0 Ph— N\J)L

MeO OMe (2/2/0.5)
80°C

Entry R R? Pyrazole 3 (yield)
1 4-MeOGH;  t-Bu 3b (49%)
2 Ph Cy 3c (54%)
3 i-Bu Cy 3d (75%)
4 4-MeOGH;  Cy 3e(94%)
5 Et Cy 3f (74%)
6 Et t-Bu 39 (52%)
7 i-Bu 4-MeOGH4CH; 3h (54%)
8 i-Bu 4-CICH,CH; 3i (47%)
Conclusions

As a conclusion, working on Ugi hydrazone adduuts, have
disclosed a new complex cascade leading to pyrazdlee N-
tethered dimethoxy acetaldehyde acetal moiety britige two-
carbon unit for the construction of the pyrazolggrand acts as an
equivalent of methoxyacetylene or dimethoxyethylana formal
The mechanism probably invalvean
intramolecular aldol reaction leading to a migrataf the N-amide
alkyl chain across the amide function. In this c#éise formation of

(Scheme 4, path A} Though this mechanistic scheme is rathepotential intermediates is shifted towards the nstable aromatic

straightforward, the intermediacy of an instablel aolatile 1,1-
dimethoxyethylene is unlikely to occur. An alteinat
intramolecular process was thus proposed (Schenpati, B). It
involves a prior hydrolysis of the acetal followéy an aldol
addition. The following steps of the cascade towayrazole take
advantage of the ability of the hydrazone to asHist various

pyrazole. We are exploring further the reactivitly tbese Ugi
adducts and the trappings of various electrophieshe C-H
position of the hydrazone.

Experimental Section
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Typical experimental procedure for la: To a 1 M solution of
isovaleraldehyde (214pl, 2 mmol) in methanol wetdeal successively 1.0
equiv of aminoacetaldehyde dimethylacetal, 1.0\eqfiphenylhydrazono
acetic acid and 1.0 equiv obutylisocyanide. The resulting mixture was
stirred at 40 °C overnight. The solvent was remawveder reduced pressure
to afford after purification by flash chromatogrgpbn silica gella as a
mixture of two rotamers A:B in a 6:4 ratio (546 n&h% yield). Yellow
oil.'H NMR, 400MHz : & (ppm) 9.12 (s, 0.68), 7.64 (s, 0.4k), 7.42 (s,
0.6Ha), 7.34 (s, 0.48), 7.32 (m, 2H), 7.17 (d, 2H= 6.8Hz), 6.94 (t, 1H,
J=6.8Hz), 6.70 (s, 0.44), 5.01 (m, 0.6H), 4.82 (m, 1H), 4.58 (m, 0.4
3.73 (m, 2H), 3.42-3.48 (m, 6H), 1.45-1.93 (m, 3HR6 (s, 9H), 0.79-0.89
(m, 6H).**C NMR, 100MHz : 170.71 (A), 170.16 (B), 166.05, 143.10 (A),
142.91 (B), 129.30 (A), 129.04 (B), 127.64, 121(88 121.65 (B), 113.73
(A), 113.59 (B), 103.99 (A), 102.40 (B), 62.03, @& (A), 55.90 (B), 55.76
(A), 54.89 (B), 51.30 (A), 51.11 (B), 47.43, 37.3B.68 (B), 28.61 (A),
24.94, 23.37 (A), 22.93 (B), 22.57 (A), 21.72 (B} (v, cm?) : 3329,
3243, 2959, 2870, 1662, 1628, 1535, 1246, 1H8BMS : calculated for
C22H36N4O4 420.2737, found 420.2736.

(2

(3]

4

Typical experimental procedure for 3a:To a solution ofla (84 mg, 0.2
mmol) in ethanol (2 ml) is added sodium acetate (&) 1mmol), acetic
acid (2 ml) and water (0.5 ml). The mixture is retit overnight at 80°C.
The ethanol is removed under reduced pressurelodichethane is added
followed by a saturated aqueousTQ; solution (20 ml). After extraction
with dichloromethane, the combined organic layersrewvdried over
anhydrous MgSO4, filtered and concentrated in vaPuification by flash
chromatography on silica gel afforda (52 mg, 62% yield). Brown oifH
NMR, 400MHz : & (ppm) 7.86(d, 1HJ= 2.4Hz), 7.64 (d, 2H)= 7.6Hz),
7.40 (t, 2H,J= 7.6Hz), 7.35 (d, 2H)= 8.4Hz), 7.27 (t, 1HJ= 7.6Hz), 6.91
(d, 1H,J= 2.4Hz), 6.13 (s, 1H), 4.52 (m, 1H), 1.63 (s, 3HR8 (s, 9H),
0.90 (s, 3H), 0.88 (s,3HJ°C NMR, 100MHz : 171.78, 161.74, 147.37,
139.58, 129.59, 128.59, 127.47, 119.66, 108.53%51.40, 41.39, 28.73,
24.86, 23.06, 22.24R (v, cm®) : 3401, 3324, 3077, 2960, 1648, 1600,
1539, 1256HRMS : calculated for GH.sN4O, 356.2212, found 356.2213. (7]

(5]

(6]

Supporting Information (see footnote on the first page of this article):
Experimental procedures and spectral data for e mompounds are
detailed.
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To a solution of the aldehyde (2 mmol) in methai2oml) were added successively 1.0 equiv of
amine, 1.0 equiv of phenylhydrazono acetic acid ar@ equiv of isocyanide. The resulting
mixture was stirred at 40 °C overnight. The solvesals removed under reduced pressure to
afford the Ugi product after purification by flashromatography on silica gel.

(E)-N-(ter-butyl)-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamia)-4-
methylpentanamide 1a.

Obtained as a mixture of two rotamers A:B in ar@ib

Yield : 65 %

'H NMR, 400MHz : § (ppm) 9.12 (s, 0.6)), 7.64 (s, 0.4H), 7.42 (s, 0.6H), 7.34 (s, 0.4H),
7.32 (m, 2H), 7.17 (d, 2H= 6.8Hz), 6.94 (t, 1HJ)= 6.8Hz), 6.70 (s, 0.44), 5.01 (m, 0.6H),

S5



4.82 (m, 1H), 4.58 (m, 0.4H, 3.73 (m, 2H), 3.42-3.48 (m, 6H), 1.45-1.93 (1H)31.26 (s, 9H),
0.79-0.89 (m, 6H).

13C NMR, 100MHz : 170.71 (A), 170.16 (B), 166.05, 143.10 (A), 142(B), 129.30 (A),
129.04 (B), 127.64, 121.88 (A), 121.65 (B), 113(&AR 113.59 (B), 103.99 (A), 102.40 (B),
62.03, 56.08 (A), 55.90 (B), 55.76 (A), 54.89 (B),.30 (A), 51.11 (B), 47.43, 37.30, 28.68 (B),
28.61 (A), 24.94, 23.37 (A), 22.93 (B), 22.57 (R&).72 (B).

IR (v, cm‘l) : 3329, 3243, 2959, 2870, 1662, 1628, 1535, 12465.116

HRMS : calculated for @H3eN4O4 420.2737, found 420.2736.

Aspect : yellow oil

(E)-N-cyclohexyl-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamid)-2-(4-
methoxyphenyl)acetamide 1b.

Obtained as a mixture of two rotamers A:B in ar@ib

Yield : 56 %

'H NMR, 400MHz : & (ppm) 8.80 (s, 0.6)), 8.46 (s, 0.4H), 8.03 (s, 0.6H), 7.71 (s, 0.4H),
7.15-7.42 (m, 7H), 6.97 (m, 3H), 5.95 (s, 1H),4M, 0.6H), 3.66-3.84 (m, 5H), 3.32-3.53 (m,
7H+0.4H5), 1.15-2.05 (m, 10H).

13C NMR, 100MHz : 169.45, 166.79, 159.42, 143.13, 131.08, 130.27,172927.38, 121.60,
114.14, 113.78, 104.59 (A), 102.43 (B), 66.68, 5555.35, 51.64, 48.53, 28.39.

IR (v, cmi?) : 3292, 3244, 2933, 2854, 1649, 1603, 1535, 12543.116

HRMS : calculated for GsH34N4O5 470.2529, found 470.2531.

Aspect : yellow oil

(E)-N-cyclohexyl-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamial)-2-
phenylacetamide 1c.

Obtained as a mixture of two rotamers A:B in arGtb

Yield : 58 %

'H NMR, 400MHz : & (ppm) 9.73 (s, 0.6K), 9.22 (s, 0.4K), 8.16 (s, 0.6k), 7.70 (s, 0.4H),
7.13-7.42 (m, 9H+0.6K), 6.91 (m, 1H), 6.47 (s, 0.4}l 6.06 (s, 1H), 5.02(m, 1H), 2.94-3.93 (m,
9H), 1.15-2.06 (m, 10H).

13C NMR, 100MHz : 168.89, 167.49, 143.23, 135.26, 129.15, 128.84,382827.12, 121.55,
113.78, 102.43, 66.92, 55.92, 55.42, 48.85, 3R03R9, 25.54, 25.04.

IR (v, cm™®) : 3299, 3240, 2932, 2854, 1627, 1602, 1536, 12533.116

HRMS : calculated for GsH34N404 466.2580, found 466.2595.

Aspect : yellow oil

(E)-N-cyclohexyl-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamiol)-4-
methylpentanamide 1d.

Obtained as a mixture of two rotamers A:B in ar@ib

Yield : 48 %

'H NMR, 400MHz : § (ppm) 9.51 (s, 0.6}, 9.00 (s, 0.4H), 7.72 (s, 0.6H), 7.62 (s, 0.4H),
7.34 (s, 0.6H), 7.26 (t, 2HJ= 7.6Hz ), 7.15 (d, 2H]= 7.6Hz), 6.94 (t, 1HJ)= 7.6Hz), 6.88 (s,
0.4Hg), 5.05 (m, 0.6H), 4.82 (s, 0.6k), 4.58 (s, 0.4K), 3.77 (m, 2H), 3.40-3.48 (m, 7H),
1.14-1.93 (m, 13H), 0.86-0.96 (m, 6H).
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13C NMR, 100MHz : 170.60 (A),170.16 (B), 166.24, 143.22 (A), 143.B2, (129.25 (A), 128.87
(B), 127.38, 121.74 (A), 121.54 (B), 113.70 (A)3147 (B), 103.85 (A), 102.39 (B), 61.62,
56.18 (A), 55.67 (B), 55.57 (A), 55.28 (B), 48.88,27, 37.24, 33.11 (A), 32.89 (B), 25.55 (A),
25.10 (B), 24.94 (A), 24.80 (B), 23.37, 22.96 (22,73 (B), 21.51.

IR (v, cm?) : 3332, 3241, 2931, 2855, 1629, 1603, 1536, 12483.116

HRMS : calculated for G4H3sN4O4 446.2893, found 446.2900.

Aspect : yellow oil

(E)-N-cyclohexyl-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamio)-2-(4-
methoxyphenyl)acetamide le.

Obtained as a mixture of two rotamers A:B in ar@ib

Yield : 39 %

'H NMR, 400MHz : & (ppm) 8.80 (s, 0.6)), 8.46 (s, 0.4H), 8.03 (s, 0.6H), 7.71 (s, 0.4H),
7.15-7.42 (m, 7H), 6.97 (m, 3H), 5.95 (s, 1H)4%mM, 0.6H,), 3.66-3.84 (m, 5H), 3.32-3.53 (m,
7H+0.4H5), 1.15-2.05 (m, 10H).

13C NMR, 100MHz : 169.16, 166.88, 159.49, 142.87, 131.09, 130.37,242927.31, 121.83,
114.28, 113.75, 102.39, 66.49, 55.82, 55.36, 48855, 33.10, 25.56, 25.06.

IR (v, cm®) : 3294, 3241, 2932, 2854, 1651, 1604, 1538, 125(8.117

HRMS : calculated for g7H3sN4Os 496.2686, found .

Aspect : White solid

M.P. =187-188 °C

(E)-N-cyclohexyl-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamid)butanamide
1f.

Obtained as a mixture of two rotamers A:B in arGb

Yield : 47 %

'H NMR, 400MHz : & (ppm) 9.00 (s, 0.6K), 8.58 (s, 0.4K), 7.52 (s, 0.6k), 7.15-7.20 (m, 3H),
7.05 (d, 2HJ=7.6Hz), 6.85 (t, 1H)= 7.6Hz), 6.71 (s, 0.44), 4.92 (s, 0.6H), 4.59 (s, 0.4H)),
3.78 (m, 2H), 3.51 (m, 7H), 1.02-1.98 (m, 12H),80(6, 3H).

13C NMR, 100MHz : 170.28 (A), 169.91 (B), 166.19, 143.04, 129.28,.2387121.31, 113.69,
103.91 (A), 102.40 (B), 65.47, 56.01, 55.69, 554871 (A), 48.25 (B), 33.11 (B), 32.89 (A),
25.55 (A), 24.99 (B), 24.98 (A), 24.81 (B), 21.63,28 (A), 10.83 (B).

IR (v, cm™) : 3302, 3240, 2932, 2854, 1651, 1602, 1536, 124%.116

HRMS : calculated for GoH34N40,4 418.2580, found 418.2584.

Aspect : yellow oil

(E)-N-(ter-butyl)-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamid)butanamide
1g.

Obtained as a mixture of two rotamers A:B in arétb

Yield : 39 %

'"H NMR, 400MHz : & (ppm) 9.19 (s, 0.6K), 8.74 (s, 0.4H), 7.56 (S, 0.6k), 7.05-7.29 (m, 5H),
6.84 (t, 1HJ= 7.2Hz), 6.62 (s, 0.4%), 4.88 (m, 1H), 4.49 (m, 1H), 3.64 (m, 1H), 3.3BB(m,
7H), 1.69-2.16 (m, 2H), 1.26 (s, 9H), 0.82-0.84 8H).
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13C NMR, 100MHz : 170.45 (A), 169.94 (B), 166.03, 143.11, 129.24 (#99.03 (B), 127.40,
121.71 (A), 121.57 (B), 113.70 (A), 113.56 (B), 198(A), 102.33 (B), 61.77, 55.93, 55.77,
55.71, 51.24, 47.79, 28.59, 21.63, 11.21 (A), 1(4B).

IR (v, cm‘l) : 3312, 3242, 2936, 2861, 1655, 1603, 1536, 12518.116

HRMS : calculated for GoH3:N4O4 392.2424, found 392.2419.

Aspect : yellow oil

(E)-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamid)-N-(4-methoxybenzyl)-4-
methylpentanamide 1h.

Obtained as a mixture of two rotamers A:B in arétb

Yield : 74 %

'H NMR, 400MHz : & (ppm) 8.90 (s, 0.6)), 8.57 (s, 0.4H), 8.09 (s, 0.6H), 7.48 (s, 0.4H),
7.07-7.24 (m, 5H), 7.02 (d, 2H+ 7.2Hz), 6.85 (t, 1H]J= 7.2Hz), 6.70 (m, 2H), 4.84 (m, 2H),
4.21-4.37 (m, 3H), 3.60-3.70 (m, 4H), 3.10-3.30 {id), 1.46-1.89 (m, 3H), 0.77-0.84 (m, 6H).
13C NMR, 100MHz : 171.61 (A), 171.02 (B), 166.22, 158.93, 142.84,.929B), 129.34 (A),
129.13, 128.71 (A), 127.19 (B), 121.92, 113.97 (A)3.72 (B), 103.83 (A), 102.28 (B), 61.87,
56.01, 55.87 (A), 55.72 (B), 55.23, 47.89, 43.53 @2.90 (B), 37.09, 24.94, 23.35 (A), 22.98
(B), 22.45 (A), 21.52 (B).

IR (v, cm™) : 3227, 3243, 2955, 2836, 1626, 1603, 1535, 12533.116

HRMS : calculated for GsH3sN4O5 484.2686, found 484.2691.

Aspect : yellow oil

(E)-N-(4-chlorobenzyl)-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamid)-4-
methylpentanamideli.

Obtained as a mixture of two rotamers A:B in arGtb

Yield : 52 %

'H NMR, 400MHz : & (ppm) 8.77 (s, 0.6K), 8.52 (s, 0.4H), 8.33 (s, 0.6k), 7.59 (s, 0.4H),
7.50 (s, 0.6H), 7.23-7.31 (m, 6H+0.4§), 7.12 (m, 2H), 6.99 (t, 1H= 7.2Hz), 4.87-4.99 (m,
1H+0.4H), 4.35-4.51 (m, 2H+0.6k), 3.76 (m, 1H), 3.25-3.41 (m, 7H), 1.58-2.01 (H,)30.91-
0.97 (m, 6H).

13C NMR, 100MHz : 171.90 (A), 171.31 (B), 166.30, 143.16 (A), 143(B), 137.05 (A),
136.52 (B), 129.32, 129.26 (B), 129.11 (A), 129133.70, 128.52, 121.89 (A), 121.66 (B),
113.72 (A), 113.59 (B), 103.75 (A), 102.42 (B), 58.56.14, 55.54, 48.28, 43.27 (A), 42.78 (B),
37.26, 24.95, 23.34 (A), 22.96 (B), 22.45 (A), BL(B).

IR (v, cm™®) : 3296, 3239, 2956, 2871, 1625, 1602, 1533, 124%.116

HRMS : calculated for GsH33CIN4O,4 489.2190, found 489.2203.

Aspect : yellow oil

(E)-N-(4-chlorobenzyl)-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamid)-4-
acetamide 1j.

Obtained as a mixture of two rotamers A:B in ar@ib

Yield : 52 %

'H NMR, 400MHz : & (ppm) 9.15 (s, 0.6}, 8.89 (s, 0.4H), 7.46 (s, 0.6H), 7.31 (m,
2H+0.4Hs), 7.18 (d, 2HJ= 7.2Hz), 6.97 (t, 1H)= 7.2Hz), 6.78 (s, 0.6k}, 6.28 (s, 0.4H),
4.75 (m, 1H), 4.27 (s, 2H), 3.66 (m, 2H), 3.476d), 1.36 (s, 9H).
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13C NMR, 100MHz : 168.55, 165.55, 142.93, 129.31, 127.56, 121.83,781302.59, 55.45,
54.95, 51.39, 50.85, 28.69.

HRMS : calculated for @H2sN4O, 364.2111, found 364.2105.

Nature: yellow oll

Experimental procedures and spectral data for compands 2a-2k

To a solution of Ugi product (0.2 mmol) in ethanol (2 ml) is added sodium a&{&80 mg,
1mmol), acetic acid (2 ml) and water (0.5 ml). Theture is stirred overnight at 80°C. The
ethanol is removed under reduced pressure, dighketttane is added followed by a saturated
aqueous KCO; solution (20 ml). After extraction with dichlorotiane, the combined organic
layers were dried over anhydrous MgS@ltered and concentrated in vacuo. The crudelpco

is isolated by flash chromatography on silica gel.

N-(1-(tert-butylamino)-4-methyl-1-oxopentan-2-yl)-tphenyl-1H-pyrazole-3-carboxamide
3a.

Yield : 62 %

'"H NMR, 400MHz : & (ppm) 7.86(d, 1HJ)= 2.4Hz), 7.64 (d, 2H}= 7.6Hz), 7.40 (t, 2HJ}=
7.6Hz), 7.35 (d, 2H)= 8.4Hz), 7.27 (t, 1H)= 7.6Hz), 6.91 (d, 1H]= 2.4Hz), 6.13 (s, 1H), 4.52
(m, 1H), 1.63 (s, 3H), 1.28 (s, 9H), 0.90 (s, 3188 (s,3H).

3C NMR, 100MHz : 171.78, 161.74, 147.37, 139.58, 129.59, 128.59.4727119.66, 108.52,
51.95, 51.40, 41.39, 28.73, 24.86, 23.06, 22.24.

IR (v, cmi?) : 3401, 3324, 3077, 2960, 1648, 1600, 1539, 1256.

HRMS : calculated for GoH2sN4O, 356.2212, found 356.2213.

Aspect : Pale brown oll

N-(2-(tert-butylamino)-1-(4-methoxyphenyl)-2-oxoetlyl)-1-phenyl-1H-pyrazole-3-
carboxamide 3b.

Yield : 49 %

'H NMR, 400MHz : & (ppm) 8.28 (d, 1HJ= 7.0Hz), 7.95 (d, 1H]= 2.8Hz), 7.78 (d, 2H]=
7.6Hz), 7.51 (t, 2HJ= 7.6Hz), 7.46 (d, 2H,J= 8.8Hz), 7.38 (t, 1HJ)= 7.6Hz), 6.98 (d, 1H]}=
2.4Hz), 6.98 (s, 1H), 6.92 (d, 2B& 8.8Hz), 5.81 (s, 1H), 5.71 (d, 1Bk 7.0Hz), 3.83 (s, 1H),
1.37 (s, 9H).

13C NMR, 100MHz : 169.24, 161.12, 159.44, 147.56, 139.61, 130.87.522928.79, 128.32,
127.33, 119.60, 114.43, 108.43, 56.53, 55.31, 523%7.

IR (v, cm™®) : 3401, 3328, 2967, 2934, 1650, 1600, 1532, 1248.

HRMS : calculated for GsH26N4O3 406.2005, found 406.2000.

Aspect : Pale brown oil

N-(2-(cyclohexylamino)-2-oxo-1-phenylethyl)-1-pherylH-pyrazole-3-carboxamide 3c.
Yield : 54 %

'H NMR, 400MHz : & (ppm) 8.26 (d, 1HJ= 7.4Hz), 7.83 (d, 1H]= 2.4Hz), 7.64 (d, 2H]=
8.0Hz), 7.37-7.43 (m, 4H), 7.18-7.28 (m, 4H), 6(851H,J= 2.4Hz), 6.21 (d, 1H]= 8.0Hz),
5.65 (d, 1HJ=7.4Hz), 3.68 (m, 1H), 0.97-1.84 (m, 10H).

13C NMR, 100MHz : 168.91, 161.29, 147.42, 139.58, 138.42, 129.56,9828.28.40, 128.20,
127.39, 127.35, 119.85, 119.58, 108.47, 56.79,94872.86, 32.69, 25.48, 24.83, 24.73.
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IR (v, cmi?) : 3386, 3312, 2931, 2854, 1644, 1599, 1251.
HRMS : calculated for G4H26N4O, 402.2056, found 402.2053.
Aspect : Pale brown oll

N-(2-(cyclohexylamino)-4-methyl-1-oxopentan-2-yl)-phenyl-1H-pyrazole-3-carboxamide
3d.

Yield : 75 %

'H NMR, 400MHz : & (ppm) 7.98(d, 1HJ)= 2.2Hz), 7.75 (d, 2H}= 7.2Hz), 7.51 (m, 3H), 7.37
(t, 1H,J=7.2Hz), 7.02 (d, 1H]J= 2.2Hz), 6.43 (d, 1H]= 8.0Hz), 4.68 (m, 1H), 3.75 (m, 1H),
1.17-1.97 (m, 13H), 1.01 (m, 6H).

13C NMR, 100MHz : 170.94, 161.83, 147.29, 139.58, 129.59, 128.62,502119.67, 108.53,
51.64, 48.37, 41.23, 32.98, 32.83, 25.52, 24.8B124£2.98, 22.25.

IR (v, cm™) : 3305, 3285, 2930, 2855, 1642, 1599, 1538, 1251.

HRMS : calculated for GoH30N4O, 382.2369, found 382.2366.

Aspect : Pale brown oil

N-(2-(cyclohexylamino)-1-(4-methoxyphenyl)-2-oxoeth)-1-phenyl-1H-pyrazole-3-
carboxamide 3e.

Yield : 94 %

'"H NMR, 400MHz : & (ppm) 8.32 (d, 1HJ= 6.8Hz), 7.96 (d, 1H]= 2.4Hz ), 7.79 (d, 2H]=
8.4Hz), 7.52 (t, 2HJ= 7.6Hz), 7.47 (d, 2HJ= 8.4Hz), 7.38 (t, 1HJ)= 8.0Hz), 6.96 (d, 1H]=
2.4Hz), 6.89 (d, 2H)= 8.8Hz), 6.16 (d, 1H]J= 6.0Hz), 5.71 (d, 1H]}= 6.8Hz), 3.82 (m, 1H),
3.81 (s, 3H), 1.13-1.97 (m, 10H).

13C NMR, 100MHz : 169.19, 161.26, 159.45, 147.45, 139.58, 130.54,542928.72, 128.36,
127.36, 119.56, 114.56, 108.48, 56.37, 56.31, 48287, 32.73, 25.47, 24.83, 24.74.

IR (v, cm®) : 3399, 3340, 2932, 2854, 1645, 1600, 1531, 1248.

HRMS : calculated for @sH,gN4O3 432.2161, found 432.2174.

Aspect : Pale brown oll

N-(1-(cyclohexylamino)-1-oxobutan-2-yl)-1-phenyl-H-pyrazole-3-carboxamide 3f.

Yield : 74 %

NMR, 400MHz : 3 (ppm) 7.86(d, 1HJ= 2.6Hz), 7.65 (d, 2H]= 7.4Hz), 7.28 (d, 1H]= 8.4Hz),
7.41 (t, 2HJ= 7.4Hz), 7.28 (t, 1H)= 7.4Hz), 6.91 (d, 1H])= 2.6Hz), 6.19 (d, 1H]}= 6.0Hz),
4.45 (m, 1H), 3.71 (m, 1H), 1.07-1.91 (m, 12H), @Q,8H, J= 7.6Hz).

13C NMR, 100MHz : 170.35, 161.80, 147.40, 139.58, 129.59, 128.57.4727119.63, 108.45,
54.45, 48.39, 33.09, 32.91, 25.88, 25.52, 24.824710

IR (v, cm™) : 3343, 3312, 2932, 2855, 1644, 1599, 1251.

HRMS : calculated for GoH26N4O, 354.2056, found 354.2056.

Aspect : Pale brown oil

N-(1-(tert-butylamino)-1-oxobutan-2-yl)-1-phenyl-1H-pyrazole-3-carboxamide 3g.

Yield : 52 %

'"H NMR, 400MHz : & (ppm) 7.86 (d, 1HJ= 2.4Hz), 7.65 (d, 2H]= 7.6Hz), 7.50 (d, 2H]=
8.0Hz), 7.41 (t, 2HJ= 7.6Hz), 7.27 (t, 1H)= 7.6Hz), 6.90 (d, 1H]}= 2.4Hz), 6.04 (s, 1H), 4.40
(m, 1H), 1.29 (s, 9H), 1.8 (m, 2H), 0.9 (t, 3HF,7.2Hz).

3C NMR, 100MHz : 170.55, 161.69, 147.40, 139.58, 129.57, 128.51.4127119.63, 108.44,
54.63, 51.49, 28.78, 26.04, 10.04.
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IR (v, cmi?) : 3390, 3326, 2968, 2935, 1650, 1600, 1537, 1253.
HRMS : calculated for @gH24N40O, 328.1899, found 328.1892.
Aspect : Pale brown oll

N-(1-(4-methoxybenzylamino)- 4-methyl-1-oxopentan-21)-1-phenyl-1H-pyrazole-3-
carboxamide 3h.

Yield : 54 %

NMR, 400MHz : 3 (ppm) 7.84(d, 1HJ= 2.4Hz), 7.63 (d, 2H]= 7.6Hz), 7.46 (d, 1H]= 8.4Hz),
7.41 (t, 2HJ= 7.6Hz), 7.28 (t, 1H)= 7.6Hz), 7.12 (d, 2H]= 8.4Hz), 6.84 (d, 1H]= 2.4Hz),
6.75 (d, 2HJ= 8.4Hz), 6.66 (m, 1H), 4.62 (m, 1H), 4.40 (m, 2Bi{9 (s, 3H), 1.70 (m, 3H),
0.88 (t, 6H).

13C NMR, 100MHz : 171.78, 161.97, 158.95, 147.19, 139.56, 130.11,6P2929.08, 128.70,
127.55, 119.70, 114.06, 108.57, 55.30, 53.49, 43080, 24.88, 23.04, 22.10.

IR (v, cm™) : 3300, 2955, 2869, 1648, 1599, 1540, 1248.

HRMS : calculated for G4H2sN4O3 420.2161, found 420.2161.

Aspect : Pale brown oil

N-(1-(4-chlorobenzylamino)- 4-methyl-1-oxopentan-24)-1-phenyl-1H-pyrazole-3-
carboxamide 3i.

Yield : 47 %

NMR, 400MHz : 3 (ppm) 7.97(d, 1HJ= 2.0Hz), 7.75 (d, 2H]= 8.4Hz), 7.54 (d, 1H]= 7.2Hz),
7.41 (t, 2HJ= 7.6Hz), 7.28 (t, 1H)= 7.4Hz), 7.12 (d, 2H]= 8.4Hz), 6.84 (d, 1H]}= 2.4Hz),
6.75 (d, 2HJ=8.4Hz), 4.52 (m, 1H), 4.30 (dd, 2Bk 5.6/6.0Hz), 3.69 (s, 3H), 2.08 (m, 1H),
1.85 (m, 1H), 1.02(t, 3H).

IR (v, cm™) : 3326, 3300, 2958, 2869, 1650, 1599, 1538, 1251.

HRMS : calculated for GH25CIN4O, 424.1666, found 424.1656.

Aspect : Pale brown oll

Experimental procedures and spectral data for compend 2a

To a solution of the Ugi produdta (1 equiv) in tolueng(0.5 M) is added acetic acid (2 equiv)
and the mixture stirred at 80°C for 2 hours. Thkwent was removed under reduced pressure
and the crude product purified by flash chromatplgyeon silica gel.

(Z2)-N-(ter-butyl)-2-(N-(2,2-dimethoxyethyl)-2-(2-phenylhydrazono)acetamid)-4-
methylpentanamide 2a.

Yield : 59 %

'"H NMR, 400MHz : & (ppm) 13.27 (s, 0.4K), 13.18 (s, 0.6H), 7.33 (t, 2HJ= 7.6Hz), 7.22 (d,
2H,J=7.6Hz), 7.12 (s, 0.6k}, 7.00 (t, 1HJ= 7.6Hz), 6.76 (s, 0.4%}, 5.01 (m, 0.6KH), 4.82
(m, 1H), 4.58 (m, 0.4F), 3.73 (m, 2H), 3.42-3.48 (m, 6H), 1.45-1.93 (H)31.26 (s, 9H), 0.79-
0.89 (m, 6H).

13C NMR, 100MHz : 170.71 (A), 170.16 (B), 166.05, 143.10 (A), 142(B}, 129.30 (A),
129.04 (B), 127.64, 121.88 (A), 121.65 (B), 113(&3 113.59 (B), 103.99 (A), 102.40 (B),
62.03, 56.08 (A), 55.90 (B), 55.76 (A), 54.89 (B})..30 (A), 51.11 (B), 47.43, 37.30, 28.68 (B),
28.61 (A), 24.94, 23.37 (A), 22.93 (B), 22.57 (R).72 (B).

IR (v, cm™) : 3329, 3243, 2959, 2870, 1662, 1628, 1535, 12465.116
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HRMS : calculated for GH3¢N4O4 420.2737, found 420.2736.
Aspect : yellow oil
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