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Abstract:

An intermolecular Ugi reaction of 2-(1-(aminomefltyiclohexyl)acetic acid (gabapentin)
with glyoxal and cyclohexyl isocyanide aromatic aldehyde and tertbutyl isocyanide unde
mild conditions in ethanol have been developedrtalyce two novel class of N-cyclohexyl-
3-(aryl)-3-o0x0-2-(3-0x0-2-azaspiro[4.5]decan-2-yhpanamideins andN-(tert-butyl)-2-(3-
0Xx0-2-azaspiro[4.5]decan-2-yl)-2-arylacetamide \a#ives in good to excellent yields. This
presents the first report for the intermoleculan thgee component reaction of gabapentin,
glyoxal, and an isocyanide. Also according to theotetical studies the electron-donating
groups increase the strength of intramolecular dgein bond and electron-withdrawing

groups decrease the strength of intramoleculardggir bond.

Keyword:  Gabapentin, N-Cyclohexyl-3-(aryl)-3-o0x0-2-(3-0%eazaspiro[4.5]decan-2-

yl)propanamide, Intermolecular Ugi four-center, dtetical studies, Hydrogen bond

1. Introduction

Multi-component reactions (MCRs) are potent andulgeols for synthesis combinatorial
libraries for chemical drug finding [1] and hencewnMCRs are being designed for the
preparation of new compounds [2]. Multi-componesaation (MCR) contain isocyanide
such as Ugi and Passerini reactions are well knawechuse in medicinal chemistry [3,4]. In
the recent years, a new version of the three-coegoriour-center reaction contain
isocyanide using an aldehyde and acid has beeropexdkas a bifunctional molecule [5,6].



Ugi multi-component reactions have been used farth®sis of a variety off-lactam
compounds by usingramino acids, aldehydes, and isocyanides. For ebeampspartic acid
a-benzyl ester, enantiopure cyclgzamino acids, and simpl8-amino acids have been
extensively used gsamino acid substrates [7].

In addition to a large number of spiro-compoundgehaseful biological properties such as
anticonvulsant [8], anticancer [9], antibacteriBD], anti-tuberculosis [11], antioxidants [12],
also there are in some natural products such gsiisepenes and alkaloids and find in living

organisms [13] and uses in synthesis of medicinajsl

Gabapentin (GBP) is used as an anticonvulsant whigh displays analgesic effects in the
therapy of a variety of chronic pain conditions¢tsias complex regional pain syndrome,
inflammatory pain, central pain, trigeminal neuraJgdiabetic neuropathy, headaches,
malignant pain, post-herpetic neuralgia, and HIl\atezl neuropathy [14-17]. GBP can also
be utilized as an analgesic drug in precautionaglgesia, acute postoperative pain control
and shows useful effects on post-operative paimescenabling the reduction of analgesic
consumption after a variety of surgical procedyfd20]. Also many theoretical studies

have been reported on gabapentin molecule whichateklto structural and medicinal

properties [21-23].

According to various medicinal applications as qatin and epilepsy and considering above
literature reports anah continuing of our studies on the synthesis afabtive spiro-compounds
[24] and also in other to improve the biologically aityi of GBP, we have designed and
synthesized new N-cyclohexyl-3-(aryl)-3-0xo-2-(3ee2-azaspiro[4,5]decan-2-
yl)propanamide derivatives by a simple and efficieynithetic method using a Ugi-three-
component reaction involving GBP, various glyogald cyclohexyl isocyanide in ethanol
(Table 1).

Also in continuing of this research the possibilay intermolecular hydrogen bonding
formation between N-H and C=0O groups (N-H....O=C) bagn surveyed by theoretical
calculations for compoundéa-f. Because in this series of compounds we can iigatst
substituent electronical effects on the hydrogendbstrength due to the same position of

these substituent on the aromatic ring.

2. Experimental Section



General Methods

All of the chemicals and solvents such as ethytaeeand ethanol, obtained from Merck
Chemical. Co. and were used without further puatfn. Melting points were determined on
a Melt-Tem Il melting point apparatus and are urexied. Fourier Transform Infrared (FT-
IR) spectra were obtained on a Matson-1000 FT-IBctspmeter. Peaks are reported in
wavenumbers (cif). All Nuclear Magnetic Resonance (NMR) spectraevezcorded on a
Bruker model DRX-400 AVANCE H: 400 MHz) *C: 100 MHz) NMR spectrometer.
Chemical shift are reported in parts per milliopr(p from tetramethylsilane (TMS) as an
internal standard in Dimethyl sulfoxide-d6 (DMSE)-ds a solvent. Element analyses (C, H,
and N) were performed with a Heracus CHN-O-Rapmlyaer. Purity of the compounds was
checked by Thin Layer Chromatography (TLC) on Mesttica gel 60 ks, percolated sheets
in n-Hexane/ethyl acetate mixture and spots weweldped using iodine vapors’/ultraviolet

light as visualizing agent.

General Procedure for the Synthess of 3-(aryl)-N-cyclohexyl-3-oxo-2-(3-oxo-2-
azaspiro[ 4.5] decan-2-yl)propanamide ( 4a-4f)

A mixture of 2-(1-(aminomethyl)cyclohexyl)aceticiddgl mmol), glyoxal (1 mmol) and
cyclohexylisocyanide (1 mmol) in methanol or ethaffloml) was stirred at 50 °C for the
appropriate time. The progress of the reaction masitored by TLC. Upon completion,
solvent was removed under reduced pressure anctubde product was purified by washing
with n-hexane and diethyl ether to afford the p8+garyl)-N-cyclohexyl-3-oxo0-2-(3-0x0-2-

azaspiro[4.5]decan-2-yl)propanamide.

General Procedure for the Synthesis of  N-(tert-butyl)-2-(aryl)-2-(3-oxo-2-
azaspiro[ 4.5] decan-2-yl)acetamide ( 4g-4l)

A mixture of 2-(1-(aminomethyl)cyclohexyl)aceticidaql mmol), benzaldehyde (1 mmol)
and t-butylisocyanide (1 mmol) in methanol or ethiad mL) was stirred at 50 °C for the
appropriate time. The progress of the reaction masitored by TLC. Upon completion,
solvent was removed under reduced pressure anctubde product was purified by washing
with n-hexane and diethyl ether to afford the puWNgtert-butyl)-2-(aryl)-2-(3-oxo-2-

azaspiro[4.5]decan-2-yl)acetamide.

N-cyclohexyl - 3-oxo-2-(3-0xo-2-azaspir o 4.5] decan-2-yl)-3-phenyl propanamide (4a)



Light yellow, m.p 123-125 °C. IRz 3253, 2927, 2853, 1684, 1642 cm‘f; NMR (CDCk,
400 MH;): 6 7.95 (d,J=7.6 , 2 H, arom), 7.60 (t, 1 H,= 8.0 Hz, arom), 7.49 (m, 2 H,
arom), 6.38 (s, 1 H, NH), 6.1 (s, 1 H, methiney93(m, 1 H, methine of cyclohexane), 3.44
(d,J=10.0 Hz, 1 H, CH,-NH), 3.38 (d,J= 10.0 Hz, 1 K, CH,-NH), 2.31 (d,J= 5.2 Hz, 2

H, CH,-C=0), 1.93-1.11 (m, 20 H,)*C NMR (CDCE, 100 MHz):6 194.0, 175.1, 164.7,

135.3, 133.8, 130.1, 129.0, 127.3, 60.2, 65.5,,483m, 37.1, 36.9, 36.5, 36.2, 32.8, 32.7,
29.7, 25.5, 25,3, 24,7, 22.7, 22.4 ppm. Elememtalyais: Value calculated forygH3,N20s:

C, 72.70; H, 8.13; N, 7.06 %, Value found: C, 72/898.31; N, 6.96 %,
3-(4-chlorophenyl)-N-cycl ohexyl -3-oxo-2-(3-0x0-2-azaspiro[ 4.5] decan-2-yl)  propanamide
(4b)

Light yellow, m.p 181-185 °C. IRz 3260, 2927, 2853, 1707, 1686 &mH NMR (CDCk,
400 MHy): 6 7.86 (d, 2 H,) = 8.0 Hz), 7.38 (d, 2 H] = 8.0 Hz), 7.00 (s, 1H, NH), 6.23 (S, 1
H, methine), 3.76 (m, 1 H, methine of cyclohexaB&3 (d,J= 12.0 Hz, 1 H, CH,-NH),

3.33 (d,J = 12.0 Hz, 1 K, CH»-NH), 2.23 (s, 2 H, Ch+C=0), 1.87-1.15 (m, 20 H,}C

NMR (CDCl, 100 MHz):6 192.4, 175.1, 164.4, 140.2, 133.4, 129.5, 129®,66.6, 48.6,
43.7, 37.0, 36.5, 36.4, 32.8, 32.6, 29.7, 25.54,2%.6, 22.8, 22.7 ppm. Elemental analysis:
Value calculated for £H3:N2O3Cl: C, 66.89; H, 7.25; N, 6.50 %, Value found: C,@L; H,
7.08; N, 6.39 %,

3-(4-bromophenyl)-N-cycl ohexyl -3-oxo-2-(3-0x0-2-azaspir o] 4.5] decan-2-yl ) propanamide

(40)

Light yellow, m.p 118-120 °C. IRz 3259, 2927, 2853, 1686, 1644 tm'H NMR (CDCl,
400 MHy): 6 7.79 (d, 2 H,J) = 8.0 Hz), 7.57 (d, 2 H] = 8.0 Hz), 6.91 (s, 1H, NH), 6.20 (S, 1
H, methine), 3.76 (m, 1 H, methine of cyclohexaB&0 (d,J= 12.0 Hz, 1 H, CH,-NH),

3.33 (d,J = 12.0 Hz, 1 K, CH-NH), 2.30 (s, 2 H, Ch+C=0), 1.92-1.20 (m, 20 H,}C



NMR (CDCl, 100 MHz):6 192.7, 175.2, 164.3, 133.9, 132.1, 129.7, 129(%,66.6, 48.7,
43.6, 37.0, 36.7, 36.5, 36.4, 32.8, 32.6, 25.54,2%4.7, 22.8, 22.7 ppm. Elemental analysis:
Value calculated for £H31N>O3Br: C, 60.63; H, 6.57; N, 5.89 %, Value found: ©,45; H,
6.71; N, 5.77 %,

(4d)

N-cyclohexyl -3-oxo-2-(3-oxo-2-azaspir o[ 4.5] decan-2-yl)-3-(p-tolyl)propanamide

Light yellow, m.p 150-152 °C. IRz 32562, 2927, 2853, 1684, 1645 tmH NMR (CDCk,
400 MHy): 6 7.85 (d, 2 H,) = 8.0 Hz), 7.25 (d, 2 H] = 8.0 Hz), 6.55 (s, 1H, NH), 6.10 (S, 1
H, methine), 3.79 (m, 1 H, methine of cyclohexaB&)3 (d,J= 12.0 Hz, 1 H, CH,-NH),

3.37(d,J= 12.0 Hz, 1 K, CH-NH), 2.41 (s, 3 H, CH), 2.29 (d, 2 HJ = 4.4 Hz, CH-C=0),

1.92-1.15 (m, 20 H,)*C NMR (CDCE, 100 MHz):6 193.4, 175.1, 164.7, 144.9, 132.7,
129.5, 128.4, 60.1, 56.5, 48.7, 43.6, 36.9, 366/5,336.3, 32.8, 32.7, 25.5, 25.4, 24.7, 22.7,
22.7, 21.7 ppm. Elemental analysis: Value calcdldte CsH3sN.Os: C, 73.14; H, 8.35; N,
6.82 %, Value found: C, 73.28; H, 8.21; N, 6.93 %.

N-cyclohexyl -3-(naphthal en-2-yl)-3-0xo-2- (3-0xo-2-azaspir o 4.5] decan-2-yl)propanamide

(4¢)

Brown powder, m.p 55-58 °C. IR: 3280, 2927, 2853, 1683, 1645 tm'H NMR (CDCk,
400 MH,): 6 8.53(s, 1 H, K naph), 7.97-7.52 (m, 6H naph) 6.85 (s, 1H, NHADES, 1 H,
methine), 3.70 (m, 1 H, methine of cyclohexane¥3&, J = 12.0 Hz, 1 H, CH,-NH),

3.41(d,J = 12.0 Hz, 1 K, CH-NH), 2.23 (s, 2 H, Ch+C=0), 1.97-1.18 (m, 20 H,}*C

NMR (CDCl, 100 MHz):6 193.6, 175.2, 164.7, 135.8, 132.4, 132.4, 13(3,8], 128.8,
128.6, 127.7, 126.9, 123.6, 60.5, 56.7, 48.7, 437(Q, 36.7, 36.5, 36.3, 32.8, 32.7, 25.5,
25.4, 24.7, 22.8, 22.7 ppm. Elemental analysisu¥aalculated for £gH34N.O3: Elemental
Analysis: C, 75.31; H, 7.67; N, 6.27 %, Value fouig 75.46; H, 7.52; N, 6.39 %,

(4f)



N-cyclohexyl -3-(4-nitrophenyl)-3-0xo-2-(3-0x0-2-azaspir o 4.5] decan-2-yl) propanamide

Yellow, m.p 194 °C. IRy 3259, 2927, 2853, 1686, 1644 t¢mH NMR (CDCk, 400 MH):

5 8.45 (d, 2 H,J = 8.0 Hz), 8.34 (d, 2 HJ = 8.0 Hz), 6.91 (s, 1H, NH), 6.20 (S, 1 H,
methine), 3.76 (m, 1 H, methine of cyclohexanep3d J= 12.0 Hz, 1 H, CH,-NH), 3.33

d, J= 12.0 Hz, 1 i, CH-NH), 2.30 (s, 2H, Ch-C=0), 1.92-1.20 (m, 20 H,}’C NMR
(

(CDCls, 100 MHz):6 192.0, 175.1, 164.7, 133.3, 132.0, 129.7, 129%,66.6, 48.7, 43.7,
37.0, 36.7, 36.5, 36.4, 33.0, 32.4, 25.5, 25.47,222 .8, 22.7 ppm. Elemental analysis: Value
calculated for @H31N3Os: C, 65.29; H, 7.08; N, 9.52 %, Value found: C,G&.H, 7.23; N,

9.41 %,

(49)

N-(tert-butyl)-2-(3-oxo-2-azaspir o[ 4.5] decan-2-yl)-2-phenylacetamide

Light yellow, m.p 144-145 °C. IRz 3303, 1686, 1667 ¢ 'H NMR (CDCk, 400 MHy): 6
7.42-7.34 (m, 5 H, arom), ), 5.76 (S, 1 H, methime$5 (s, 1H, NH) 3.53 (dj= 12.0 Hz, 1

Ha CH-NH), 2.77 (d,J = 12.0 Hz, 1 K, CH,-NH), 2.20-2.38 (m, 2 H, CH#C=0), 1.56-

1.21 (m, 19 H) *C NMR (CDC}, 100 MHz):6 174.5, 168.3, 135.1, 129.0, 128.8, 128.3,
58.6, 55.8, 51.7, 43.9, 36.7, 36.5, 36.1, 28.%,2%.8, 22.5 ppm. Elemental analysis: Value
calculated for giH3oN2O,: C, 73.65; H, 8.83; N, 8.18 %, Value found: C,513.H, 8.96; N,
8.09 %,

(4h)

N-(tert-butyl)-2-(4-fluor ophenyl)-2-(3-oxo-2-azaspir o 4.5] decan-2-yl)acetamide Light
brown, m.p 142-144 °C. IRz 3300, 1668, 1659 cm *H NMR (CDCk, 400 MH,): 6 7.36-
7.33 (m, 2 H), 7.10-7.05 (d, 2 H,= 8.0 Hz), 5.83 (s, 1H, NH), 5.76 (S, 1 H, methjr&50

(d,J=12.0 Hz, 1 H, CHx-NH), 2.78 (d,J= 12.0 Hz, 1 K, CHx-NH), 2.29 (m, 2 H, Cht+

C=0), 1.55-1.21 (m, 19 H,)**C NMR (CDCk, 100 MHz):6 174.5, 168.16, 163.7, 161.6,



130.5, 115.7, 57.7, 55.7, 51.7, 43.9, 36.7, 36652,328.6, 25.5, 22.7, 22.6 ppm. Elemental
analysis: Value calculated for,{E,0FN,O,: C, 69.97; H, 8.11; N, 7.77 %, Value found: C,
67.09; H, 7.95; N, 7.89 %,

(41)

N-(tert-butyl)-2-(4-chlor ophenyl)-2-(3-oxo-2-azaspir o[ 4.5] decan-2-yl)acetamide
Light yellow, m.p 164-166 °C. IRz 3309, 1691, 1662 ¢ 'H NMR (CDCk, 400 MHy): 6
7.36-7.29 (m, 4 H), 5.87 (s, 1H, NH), 5.76 (S, Intthine), 3.51 (d]= 12.0 Hz, 1 H, CH,-

NH), 2.78 (d,J= 12.0 Hz, 1 H, CH-NH), 2.35-2.21 (m, 2 H, C}+C=0), 1.54-1.21 (m, 19

H,); C NMR (CDCk, 100 MHz):6 174.5, 167.9, 134.3, 133.6, 130.2, 129.0, 57.88,55
51.8, 43.8, 36.7, 36.5, 36.2, 28.6, 25.5, 22.76 ppm. Elemental analysis: Value calculated
for C,1H,9oCINLO,: C, 66.92; H, 7.76; N, 7.43 %, Value found: C,087.H, 7.55; N, 7.59 %,

(4))

2-(4-bromophenyl)-N-(tert-butyl)-2-(3-oxo-2-azaspir o] 4.5] decan-2-yl)acetamide
Light yellow, m.p 164-166 °C. IRz 3308, 1690, 1663ch 'H NMR (CDCk, 400 MH,): &
7.59-7.49 (m, 2 H), 7.29-7.23 (m, 2H), 5.83 (s, N#}), 5.73 (S, 1 H, methine), 3.50 (&

12.0 Hz, 1 H, CH-NH), 2.78 (d,J = 12.0 Hz, 1 K, CH,-NH), 2.35-2.19 (m, 2 H, CH#
C=0), 1.56-1.21 (m, 19 H,)**C NMR (CDCk, 100 MHz):6 174.5, 167.9, 134.3, 133.6,

130.2, 129.0, 57.8, 55.8, 51.8, 43.8, 36.7, 36652,328.6, 25.5, 22.7, 22.6 ppm. Elemental
analysis: Value calculated for{,oBrN,O,: C, 59.86; H, 6.94; N, 6.65 %, Value found: C,
59.97; H, 6.81; N, 6.78 %,

(4k)

N-(tert-butyl)-2-(2-chlorophenyl)-2-(3-oxo-2-azaspir o[ 4.5] decan-2-yl )acetamide

Light yellow, m.p 181-184 °C. IRy 3309, 1671cil; 'H NMR (CDCk, 400 MH,): 6 7.53-

7.43 (m, 2 H), 7.35-7.31 (m, 2H), 5.96 (S, 1 H, &), 5.75 (s, 1H, NH), 3.41(d= 12.0



Hz, 1 H, CHx-NH), 2.60 (d,J= 12.0 Hz, 1 K, CHx-NH), 2.38-2.19 (m, 2 H, CHC=0),
1.58-1.21 (m, 19 H,),13C NMR (CDCk, 100 MHz):6 174.0, 168.3, 134.9, 133.0, 130.1,
130.0, 129.7, 126.9, 56.4, 51.6, 43.6, 36.6, 38643, 28.5, 25.6, 22.7, 22.6 ppm. Elemental
analysis: Value calculated for{i,oCIN,O,: C, 66.92; H, 7.76; N, 7.43 %, Value found: C,
66.81; H, 7.88; N, 7.30 %,

(41)

N-(tert-butyl)-2-(3-nitrophenyl)-2-(3-oxo-2-azaspir o[ 4.5] decan-2-yl)acetamide
Light yellow, m.p 231-233 °C. IRz 3449, 1684, 1630 cm *H NMR (CDCk, 400 MHy): &
7.53-7.43 (m, 2 H), 7.33-7.31 (m, 2H), 5.95 (S, Intéthine), 5.75 (s, 1H, NH), 3.41(@=

12.0 Hz, 1 H, CHy>-NH), 2.59 (d,J = 12.0 Hz, 1 K, CH-NH), 2.38-2.19 (m, 2 H, Ci+
C=0), 1.57-1.23 (m, 19 H,}**C NMR (CDCE, 100 MHz):d 174.4, 167.3, 133.9, 133.2,

130.1, 130.0, 128.2, 127.9, 56.1, 51.6, 44.1, 38654, 36.3, 28.5, 25.6, 22.8, 22.5 ppm.
Elemental analysis: Value calculated fonl>gN3O4: C, 65.10; H, 7.54; N, 10.84 %, Value

found: C, 65.23; H, 7.40; N, 10.97 %,

Computational methods
The electronic ground state equilibrium geometoksomplexesta-4f were fully optimized

using the M05-2X method with the 6-311++G(d,p) baset by the Gaussian 09 program
package [25]. Frequency calculations were carrigdad the same level to ensure that these

structures are minima on the potential energy seda

Analysis of the electronic charge density &nd its Laplacian({’p) were done by using the
theory of molecular structure suggested by Badg}. [Phe calculated electron densipy,and

its second derivative;?p were used for describing the nature of the intlemdar N-H- - - O



hydrogen bond. The atoms in molecules (AIM) [264lseis was performed using AIM 2000

software [27] at the M05-2X /6-311++G(d,p) level.

The population analysis was carried outhy natural bond orbital (NBO) method [28] at the
M05-2X /6-311++G(d,p) level othe optimized structures using NBO program [29] dor

better understanding of intramolecular interactions

3. Results and Discussion

Synthesis

Although recently growing efforts have been madesyothesize and characterize spiro-
compounds, but synthesis of these compounds genkysd was investigated. In the present
work we designed and synthesized a new series iob-spmpounds with  potential

biological activities by reaction of arylglyoxals @dehydes and GBP drug with isocyanides.

The glyoxal derivative used in this investigatiorres prepared in an excellent yield by
reaction of aryl methyl ketone derivatives bearétgctron-donating, electron-withdrawing,
and neutral substituents with selenium dioxide etiog the literature reported [30] (Scheme
1).

) 0]

Y Me_ SeO; H. H,0
R~ dioxane/H,0 R HO™ OH

reflux
R= 4-H, 4-F, 4-Cl, 4-Br, 2-Cl, 3-NO,

Scheme 1Synthesis of arylglyoxal derivative
Firstly, we examined the mode coupling of GBP With phenylglyoxal 2), and isocyanide
(3) in MeOH as solvent. The reaction carried out stimgan MeOH at 50 °C to affording the
corresponding N-cyclohexyl-3-(aryl)-3-oxo-2-(3-0%eazaspiro[4,5]decan-2-yl)propanamide
derivative4a in 88% yield after 30 h. The synthetic pathway @#dd to obtain the target
compounds are presented in Schemes 2.
The effect of the other different solvents suchHa®, 96% ethanol, absolute ethanol, and
ethanol-HO, DMF, CHCN and THF on the reaction was also examined. Wmdoin



absolute ethanol, the desired product was obtamé&8% vyield, while in 96% ethanofa
was isolated in 86% vyield (Scheme 2). When the matatent in the reaction mixture, was
increased, the yield of the product decreased,usimtty water as the solvent gave very low
yields. The reaction GBPLY with phenylglyoxal 2a), and cyclohexyl isocyanide3), was
also carried out in DMF, THF and GEN solvents under the same conditions. In these
solvents desired product was not formed. Althouggplute ethanol or methanol produekd

in higher yields than with 96% ethanol, but thedatvas chosen for this transformation due

to the safety, cost, and environmental concerns.

<:>— solvent
50 °C HN

Scheme 2:The mode reaction of GBR)(with phenylglyoxal 2a), and isocyanide3g) in

HOOC

various solvents.

To extend the reaction to the other arylglyoxal ivdgives and investigation of the

substitution effect on the time and yield of reawtiwe carried out reaction of GBP and
isocyanide with different arylglyoxals. We did radiserve any significant change in time and
yield of the reaction with  changing electron-wiitawing or electron-donating groups

substituted on the arylglyoxals.

Interestingly, substituted arylglyoxal with eleatraiithdrawing groups such agsfluoro, p-
bromo, p-chloro, p-nitro derivatives and substituted arylglyoxal widtectron-donating
groups such ap-methyl each participated effectively in this reawt In all the cases, the
reactions were clean and provided the desired, dibhgxyl-3-(aryl)-3-ox0-2-(3-0x0-2-
azaspiro[4.5]decan-2-yl)propanamide derivativegand to excellent yields. The scope and
generality of this process are illustrated withfetiént arylglyoxal (Table 1). All products
were fully characterized and confirmed by NMR, IRl @emental analysis.

The IR spectrum ol-cyclohexyl-3-oxo0-2-(3-0x0-2-azaspiro[4.5]decayp-3-phenylpropanamide
(4a) showed absorption band at 3253 trmorresponding to -NH stretching-H aromatic
and C-H aliphatic stretching appeared927 and 285%ni’. Also absorption bands of C=0
groups appeared 4686, 1644cm’. The'H-NMR spectrum ofta showed a signal at 6.38
ppm corresponding to the NH group, a signad &1 ppm and a multiplet aé 3.79 ppm



corresponding to the methanes groups. AlsdihdIMR spectrum ofta showed two dublets
até 3.44 (d,J= 10.0 Hz, 1 H), 3.38 (dJ= 10.0 Hz, 1 H), corresponding to the —C{tivo
diastereotopic CH), a multiplet &t1.93-1.11 ppmcorresponding to cyclohexyl rings GH
protons and one dublet&v.95 J = 7.6 H3, a triplet at 7.60 J= 8 Hz), and one multiplets at
§ 7.49 ppm due to the aromatic protons. Ti@NMR spectrum ofia displayed downfield
signals atd 194.0, 175.1 and 164.7 ppm for three carbonylsiggcand at 135.3, 133.8,
130.1, 129.0, 127.3 ppm for aromatic carbons an@,@8b.5, 48.7, 43.6, 37.1, 36.9, 36.6,
36.5, 36.2, 36.1, 32.8, 32.7, 29.7, 25.5, 25.43,2%4,7, 22.7, 22.4 ppm, for the CH and CH
carbons. The IRH-NMR and™*C NMR data for all of the synthesized compoundsHasen

provided in the experimental section.

In continuing of this work we investigated the ge®f this reaction with several substituted
aldehydes and tert-butyl isocyanide. In this cageselect coupling reaction of GBA with
benzaldehyde and tert-butyl isocyanide in varicaalsents as modglScheme 3) Reaction

of GBP and substituted aldehydes with tert-butytyanide in 96% ethanol as a solvent at 50
°C were successfully produced corresponding proghdtert-butyl)-2-(4-aryl)-2-(3-oxo-2-
azaspiro[4.5]decan-2-yl)acetamide) in good to dgoelield after 20 h (Table 2).

HOOC NH, O
H solvent O
50 °C HN
2 O \K
1 ] 3b 4g

Scheme 3:The mode reaction of GBR)(with benzaldehyde2(), and isocyanide3p) in

various solvents

Also all of these products were fully characterized confirmed by NMR, IR and elemental
analysis.

The IR spectrum of N-(tert-butyl)-2-(4-chlorophenyl)-2-(3-ox0-2-azasgfi4.5]decan-2-
yl)acetamide 4i) indicated absorption band at 3309 tntorresponding to -NH stretching,
2923 and 2848m™* , C-H aromatic and C-H aliphatic stretching resivety. Also absorption
bands of C=0 groups appeared1891, 1662cm™*. The 'H-NMR spectrum of4i showed a
signal at6 5.87 ppm corresponding to the NH group, a sighélsa76 ppmcorresponding to
the methanes groups. Also th&-NMR spectrum ofli showed two dublets &t3.51 (d,J =
10.0 Hz, 1 H), 2.78 (d) = 10.0 Hz, 1 H), corresponding to the —Cfwo diastereotopic



CH), a multiplet ab 1.54-1.21 ppncorresponding to tert-butyl protons and cyclohexyys
CH, protons and one multiplets &t7.36-7.29 ppm due to the aromatic protons. T
NMR spectrum o#di displayed downfield signals &t174.5 and 167.9 ppm for carbonyls
groups and ab 134.3, 133.6, 130.2, 129.0 ppm for aromatic casbamd 57.8, 55.8, 51.8,
43.8, 36.7, 36.5, 36.2, 28.6, 25.5, 22.7, 22.6 fpmihe CH and CH carbons. The IR'H-
NMR and**C NMR data for all of the synthesized compoundsehbgen provided in the

experimental section

A plausible mechanisiior reaction of gabapentin with glyoxal and cycleyldsocyanide are
shown in scheme 4. We assume that the reactiore@dscvia the initial formation of imine
(A) which is formed in situ from reaction of arylgkal and GBP. Then the oxo-imine
intermediate is attacked by the nucleophilic ismige, followed by abstraction of a proton
from the carboxylic acid and leading to formatidnndrilium carboxylate B). Subsequent
attack of the carboxylate anion on the nitriliunm igenerates the cyclic intermediat@),(

which undergoes a Mumm rearrangement to give teegeatklactan? (Scheme 4).
H R /\(//N
HOOC NH, o @) o c’
E S arcocHo 9°°¢ N O RNc ooC NH‘&/_@
o} R
. A

B

0]

H R
R
o N ON\Q
X d&é
N Mumm rearrangement ‘)
o™ \O Re
C

4

Scheme 4A plausible reaction pathway.



Table 1: Synthesis of N-cyclohexyl-3-0x0-2-(3-0x0-2-azaspltb]decan-2-yl)-3-
arylpropanamides

(@) Ar
HOOC NH, O
O\\‘/U\H ethanol N O
O
1 2a-f 3a 4a-f \O
Entry Glyoxal Product Yield (%)°
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o
1 OSu o 88
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89



NO,

78

O
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O2N  of 4? O

Table 2: Ugi three-componenfpur-center reaction of a gabapentin with benzaldek and
t-butylisocyanide
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4solated yield
2.2. Theoretical Calculations

Geometrical Parameters:

Most important geometrical parameters, which wergnuzed at M05-2X /6-311++G(d,p)

level of theory are summarized in Table 3.

Table 3. The most important optimized parameters (in A aggrdes) and estimated H-bond
energy (kJ mat)

ro...H I N-H On-H--.0 =
da 2.2417 1.0126 139.194 -12.409
4b 2.2470 1.0127 138.987 -12.252
4c 2.2503 1.0127 138.876 -12.163
4d 2.2451 1.0126 138.997 -12.324
4e 2.2684 1.0126 136.879 -11.853
4f 2.2472 1.0128 139.101 -12.225

As can be seerThe O---H bond length lies in the range of 2.2217684 A. Furthermore, the
hydrogen bond formation in all complexes is accamgxh with elongation of N-H bond and
diminishing of O---H intramolecular distance. The@imum and maximum values of O---H
bond length correspond #a and4e, respectively. The relationship between electioarge

densityp calculated at hydrogen bond critical points (HBCPBg using AIM and hydrogen

bond energy have been reported in the many stusiiesnger H-bond has highgfiscp[26].

The topological analysis of electron densitiesld&hed by Bader et al. [31-33] can be used
to study the nature of hydrogen bond in these cergd. H-bonding can be specified by the
change of electron density for the bonded moietith\Wormation of an H-bond, the electron

density decreases around the proton and protorptaccevhile it increases between the



proton and its acceptor. Bader et al. mentionet ttiteashared interactions (as covalent and
polar bonds) have negati#p(r) at the BCP commonly corresponds to a local exdation

of electron density into the line of interactionking the nuclei. In contrast, the closed shell
interactions (as ionic bonds or any other intecectbetween molecules such as van der
Waals, medium-weak hydrogen bonding and etc.) laapesitive Laplacian and the electron

density decreases in the interatomic surface [34].

The total energy density is the sum of potentiatbnic and the local kinetic energies, V()

and G(r), respectively, at the BCP [35]

H (recp) = V (recp) + G (lcp)

Where the potential energy is correspond to thddcsgmn of the electron density by the local

form of the virial theorem [36]

V (recp) = 1/40% (rscp) - 2G (cp)

and the kinetic energy is obtained by partitionfighe electron density [37]
G (facP) = 3/10 (30)*%p (race)™” + 1/6 0% (racP)

Cremer and Kraka found that the local kinetic ewedgnsity G(gcp) in closed-shell
interactions is more than local potential energnsity V(rscp). Because the G{¢p) and
V(recp) are everywhere positive and negative respectivalys H(gcp) > 0. Moreover, the
greater of|V(rscp)l caused the greater of the shared character ointeeaction and the
stability of the structure. It is also viewed thia¢ value of kinetic energy per electron is large
(G(rscp)/p(recp) > 1 in atomic units) in closed-shell interactid®8]. A typical molecular

graph is shown in Fig. 1.



Fig. 1. A typical molecular graphSmall red spheres, small yellow spheres, and lines
represent bond critical points (BCP), ring critipaints (RCP), and bond paths, respectively.

The values opyg, V2pre, and His at theHBCP were determined by the AIM method at the
MO05-2X/6-311++G(d,p) level of theory (Table 4).

Table 4Topological electron density properties at O- - - Hdberitical point in atomic unit

px10? O%px10° Hx10?
4a 1.428 4.993 0.1515
4b 1.412 4.933 0.1499
4c 1.403 4.896 0.1488
4d 1.419 4.957 0.1503
4e 1.369 4.741 0.1412
4f 1.410 4.925 0.1500

Rozas et al. [39] suggested that weak H-bonds BigMescs) > 0 and Hcp > 0, medium H-
bonds are characterized B$p(rscp) > 0 and Hcp < 0 and strong H-bonds revé&pb(rscp) <
0 and Hicp < 0. According to the results, the O---H hydropend in all complexes is
classified as weak H- bondhe values opyg lie in the range of 1.369-1.428 elalihe trend

in pyg IS in agreement with geometrical data.



Espinosa et al. in 1998 [40] suggested that therdysh-bond energy, 4g, could be

extracted from the potential energy density
Eng = 0.5V (Bcp)

The values of kg are reported in Table 1. As can be seen in thie téhe values calculated
at mentioned level range from -11.853 to -12.409nkj’. Also, the trend irEyg| is 4a>
4d> 4b> 4f> 4c> 4e The hydrogen bond interaction energy increased daye&sing d...4

hydrogen bond length. Also, these results are stardi withAIM data.

The B4g values versusd...mare shown in Fig. 2.

-11.8

-119 +
-12.0
-12.1
-12.2 ¢

E,,s (ki/mol)

-12.3 ¢

-12.4 +

_12-5 T T T T T
2270 2265 2260 2255 2250 2.245 2.240

ro..n(A)

1.44
143
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1.40
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1.38
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1-36 T T T T T
2270 2265 2260 2.255 2250 2.245 2.240

ro..n(A)
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Fig. 2. The linear correlation betwee) Eyyg b) pug and O--H bond length.



As can be seen, there is a good linear relationbkigveen ks and r. The correlation
coefficient is approximately equal to 0.97. Sudmaear relationship is observed betwarp

and fo...)(R* = 0.98).

The NBO analysis has been performed on the studistplexes at M05-2X /6-311++G(d,p)
level. The NBO analysis is a useful tool for ddsiciy charge transfer in the interacting
orbitals,i.e., changes of charge density in antibonding and loaie orbitals and also the
factors that are responsible for the changes inirttegnal geometry of the molecule. The
NBO calculations show that the most important deaoceptor interaction is Lp(O)
o*(N—H). Also, it is observed that the values oftbap,0 — o*(N—H) and Lpo — o*(N-H)
interactions were above threshold limit of 0.5 keabl*. The energy values of these
interactions (£’) are gathered in Table 5.

Table 5.Second order perturbation energié? gkcal mol?) for LPo — 0* \ related to

hydrogen bond formation obtained using NBO calcoihest at M05-2X/6-311++G** level of

theory.

LP 0yo»BD*\u  LP (20-BD*\yy b3
4a 0.8 1.3 21
4b 0.78 1.25 2.03
4c 0.77 1.23 2
4ad 0.79 1.28 2.07
4e 0.74 1.19 1.93
4f 0.77 1.24 2.01

The values of total ® (=) lie in the range of 1.93-2.03 kcal rolThe trend in the values of
total E? is similar to Eg. It is worthwhile to note that there is a corriglatbetween bond
length and stabilization energy’Ei.e., smaller bond lengths (strong hydrogen bonds) have

larger stabilization energy.

4. Conclusion



In summary, we have illustrated a new approachhersynthesis of N-cyclohexyl-3-(aryl)-3-
0X0-2-(3-0x0-2-azaspiro[4.5]decan-2-yl)propanamidesand N-(tert-butyl)-2-(3-ox0-2-
azaspiro[4.5]decan-2-yl)-2-arylacetamide derivativea an Ugi four-center three-component
coupling reaction. This method is simple and coremnto produce the N-alkyl-3-(aryl)-3-
0X0-2-(3-0x0-2-azaspiro[4.5]decan-2-yl compoundgaod to excellent yields from readily
available precursors under mild conditions. It isvery useful strategy to produce 2-
azaspiro[4.5]decan-4-one derivatives in a singdg-girocess.

Also the results of theoretical studies indicatedt tthe electron-donating groups (£ahd
Phenyl groups) increase the strength of intramddechydrogen bond and electron-
withdrawing groups (Cl, Br, N@©groups) decrease the strength of intramoleculardggh
bond. Therefore the electron- donating groups tasutonformers’ stability and electron-
withdrawing groups result to instability of confoens.

Studies on the biologically activities of thesengmunds are in progress in our laboratory.
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Resear ch Highlights

e Novel class of azaspiro-compounds were prepared.
e Simple procedure
e High yielding

e Bioactive azaspiro-compounds.



