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1. Introduction

) ) ) ) o molecules possessing-amino carbonyl moiety are
Organic synthesis aims in building new valuableshOWn in figure 1\, V).

structures/C-C or C-heteroatom bond. Now a days, Ny 00 10 Ny
researchers finda-amination of C=0O group as an an Hﬁ@[ﬁw . J“\'\"z o
interesting area due to the ability of such linkage ’ I T CISNT N

2

NH
versatile scaffold to approach a diverse spectrdm o ’

. Propamidine | Chioroazodine Il
complex molecular scaffoldsln organic research area, (Antiprotozoal and antiamoebic) (Antiﬁgcterialdrug)
amidines are considered as important functionaligso HTHTH 2 "

. .. . . Z\. fo) 2
for their structural similarity with guanidines aad they m/@/ 0 NBu »
T NH
can form water soluble safts. Amidines/2-oxo- Carbantal Il Nitrafudam IV
acetamidines constitute the core functional grofip o (anthelmint) (ansdepressany

diverse drugs and pharmaceutical which is revieimed i ©)k(
the book seriesProgress in Medicinal Chemistry”.® A Qﬁ/v N

few of such amidine bearing drugs are shown inrédu O a
(1, 1, 1, V). Compounds containingN-arylamidines

also serves as active molecule in the treatment Qfonsidering th
inflammation and paifi.

Pyrovaleron V Amfepramone VI

Figure 1
e importance of amidines/2-oxo-

acetamidines and-amino ketones, lot of efforts has

Carbonyls bearing-amino group are widely considered been diverted towards the development of method for
among pharmaceutically active compounds andhe preparation of these compounds. The synthésis o
bioactive molecule$.a-Amino ketones also serve asamidines, particularly ~2-oxo-acetamidines  usually
important precursors to numerous natural produets a involves the construction of a carbon-nitrogen deub

pharmaceutically relevant compourfidSome bioactive ~ Pond and a carbon-nitrogen single bond whereas the
synthesis of a-amino ketones involves the construction

Corresponding author. Tel. +91-376-2370121; Fai-+9 of a carbon-nitrogen single bond. In the presenes;,
376-2370011; e-mail: pulak_jyoti@yahoo.com significant progress has been achieved in devejopin
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various functionalization of C-H bonds adjacentato o-amino-carbonyl compounds using copper catalyst.
carbonyl group by utilizing different methodologyn  Another method for the synthesis of 2-oxo-acetaneigli
this regard, although, the formation of C-C bonds h was reported by C. Hulme by utilizing aryl glyoxaith
been reported largely, but the cleavage of a {¢dp amines and anilines in presence of CsCG® basé’
bonds adjacent to the carbonyl group leading tdN C- However, the reaction used only nitrogen bearing
bond formation has rarely been studi€tle literature heterocyclic compounds folN-1 addition and the
survey revealed a number of reports for the prejoara reaction was performed at 1C. Recently, Jiannan
of amidines/2-oxo-acetamidines from the reaction oKiang ™ reported the synthesis of 2-oxo-acetamidines
carbonyl compounds and amines under various cetalytvia a copper catalyzed oxidative cross coupling of
and reaction conditions all of which involved in aamines with a-amino carbonyl compounds. But, the
carbon-nitrogen single as well as double bond ftiona reaction required the use of excess base and touk |
process. However, all these methods have sonrteaction time at 66C. Considering the importance of 2-
limitations in terms of the reaction conditionsbstate oxo-acetamidines and our continued work on the
scope and the catalyst used. In 2012, Ning Jiaoh&éxd synthesis of heterocyclic compounds of biological
group reported the synthesis of 2-oxo-acetamidindsnportance? in the present paper, we report the
utilizing aryl-acetaldehydes with primary amines insynthesis of some new 2-oxo-acetamididesom aryl
presence of copper bromide as catdlyguit the reaction methyl ketoned, secondary aminezand aryl amine$
using Cul as oxidant, which involved in a oxidation
process of C(Sp-H bond followed by the formation of a
CuBr (5 mol%) o R carbon-nitrogen double bond and a carbon-nitrogen
2 Pyridine (2 equiv) .\ N single bond (Scheme 1). During the reaction prqcess

Previous work:

1. Ning Jiao et.al.

R1’\¢o + HoN’

R'=R%=aryl

2. Huang et.al.

toluene (2.5 mL) R2NH
60°C, O,

Cu(OAc),.H,0 0

small amount ofi-amino ketone$ also formed which
Is also an important class of compounds.

2. Results and discussion

0
H ~ EtN AN N2
+ HN™; R R , -~ ,
R1JI\/N‘R2 L= CH,Cl, Air, rt N Synthesis of 2-oxo-acetamidines 4 angtlamino ketones 5
’ T v TN
3. Christopher Hulme et.al. 0
0 e
R1NH2 Nast4, R)J\(/N\R1 [ j
- 110 °C MW N
R—COCHO + N 1 N
| \ 052003’ \ /
H air (DCE) Cul, air ¢ toluene,r.t.

)

4. Jiannan Xiang et.al.
3
o) N“R Cu(OAc),H,0 NHR®

H : N.
G L
R R® " or TBHP, DCE o 4 PN 4a (75%) o Scheme 2 5a (12%)
HN"}  60°C, Ny, 12h RAI\TN‘RZ
L.

N The study was initiated by conducting the reactdn

our work: H acetophenonga (Lmmol), morpholin€a (3 mmol) and
N aniline 3a (1 mmol) in the presence of Cul as catalyst

o) )
s )J\/ )J\ff using toluene as solvent at 5 under oxygen
Ar1 At atmosphere (Scheme 2). In fact, Cul was utilizatieza
Ar'- NH2 for oxidation of C(SPH bond in a method of
3 sehemeq (70 82%) 5 (10-13%)

preparation ofa-ketoamides from the reaction of aryl
has the limitation of substrate scope as they ws#yl methyl ketones and secondary amines in presenaa of
aryl acetaldehydes and aromatic amines in theiosact 0xygen atmospher€.It was expected that utilization of
process. Moreover, the reaction required the ugwof anilines with aryl methyl ketones and secondaryinem
equivalents of pyridine and took lomgaction time. In in the presence of Cul as catalyst in a similactiea
2016, G-H. Huang and his grogimescribed the protocol will produce predominantly our desiredx®o
synthesis of 2-oxo-acetamidings a-amination of acetamidines derivativéa. But, after the completion of
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the reaction, as checked by TLC and further andlyzeTable 2: Scope of the product 4 with respect to 1nal 3
with the help of column chromatography, we founal th

the reaction produced the desired compodaanly in ©)k(

28 % vyield and thex-amino ketoneba in 62% vyield O ©)\( ©

(Table 1, Entry 1). Then we optimized the tempemtu
of the reaction by performing the reaction at vasio
temperatures. It was very interesting to note that ©)‘\( © ©)\( O
yield of the produc#a increases with the decrease of

the undesired compoun&a with the lowering of
reaction temperature, and 25 is found to be sufficient

Table 1: Optimisation of temperature, catalyst and ©)\( \(j ©)\( \©/

Amines 2a & 3a
Ent. Comp.2¢e Comp. T Cat. Yd.4da Yd.5a e (78%, 7h (72%, 8.5 h)

3a °C  molwn (%) (%)
7 3mmo 1mmo 50 2C 28 62 @*ﬂ@k J@)\r

22 3mmo 1mmo 40 2C 3C 50
¥ 3mmo 1mmo 25 2C 33 42 g (73%, 65h O4h (82%, 6 h)
4% 2mmo 1mmo 25 20 35 40

59 15mmolmmo 25 20 74 17 )@A( )@X(

68 1mmo 1mmo 25 2C 6C 14

77 15mmolmmo 25 15 75 13 o 65“ 4J (60% 6
8 15mmolmmo 25 15 75 13

9® 15mmolmmo 25 1C 75 12 /©)\( O MQOO)\( O
1¢* 1.5mmo 1 mmo 70 1C 25 65
112 1.5mmo 1 mmo 20 1C 6C 20

Ent = Entryy ® = oxygen balloh = air, Comp. = Compound; O)J\(
T = Temperature; Cat. = Catalyst; Yd. = Yield. O\

to produce maximum yield of the produta (Table 1,
Entry 7). On the other hand increase in the reactio
temperature above 58C decreases the yield of the O)J\( \©\ O)J\(
desired compounda (Table 1, Entry 10), and lowering

the temperature to 28C lowers the yield of both the 4p (76%, 75h
compound4a & 5a(Table 1, Entry 11). Hence, all other

reactions were carried out at 5. It was also observed @)‘\( \© /©)\( O

that when the reaction was carried out at %5

4a (75%, 6h 0 4b (77%, 6 h)

4c (74%, 7h (76%, 7 h)

k (74%, 8h 4I (73%, 8 h)

(72%, 9h 4n 81% 6.5 h)

40 79% 6.5 h)

additional oxygen is not required and atmospheric 4V (74%, 7 h)
oxygen is sufficient to produce the product in maxm u (73%, 7h> \O

yield (Table 1, Entry 8). To explore the utility okygen [ j

in the reaction, we also performed the reactioram w (70%, 8 )

inert atmosphere. But, as expected, it did notgeddo
afford our desired product. Then we optimized tbed|
of the catalyst, and 10 mol% of Cul was found to be o) o)
sufficient for the reaction process at optimizedct®n ©)J\(/N ©)J\(/N
temperature (Table 1, Entry 9). The reaction wa® al N \© N \©
studied taking different molar ratio of morpholia Q O

. . K 4q (71%, 8 h) 4r (73%, 8 h)
and aniline3a. Equimolar amounts of both morpholine 0 0
2a and aniline3a produced only 60% of the desired ©)J\(/N ©)J\(/N
compound4a and 14% of the compoun8a(Table 1, N \© N \©
Entry 6).With the increase in the amount of morpholine r W
with respect to aniline, the 4t (71%, 8 h)

Table 3: Scope of the product 4 with respect to 2

4s (70%, 8.5 h)
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yield of the desired produeta also increases. Finally, with the application aliphatic primary amine in géaof
1.5 equivalent of morpholine and 1.0 equivalent ofniline as it produced only a small amount of the
aniline were found to be the best for the formatbthe compounds only which was not desirable.

desired productain high yield (Table 1, Entry 5 & 9). In general, we observed that irrespective of the

After optimization of the reaction conditions 1.0 substitution pattern on the substrdte2 and 3 all the
equivalent of acetophenonéa, 1.5 equivalent of reactions afforded satisfactory yield of the prdaduc
morpholine2a and 1.0 equivalent of anilinda were However, the reactions were smooth and products wer
treated in the presence of Cul (10 mol%) as catalysbtained in higher yield in case of the aryl methyl
using toluene as solvent at room temperature°@5 ketones possessing electron withdrawing group at th
under stirring conditions. Progress of the reacti@as aromatic ring.

monitored by thin layer chromatographic study. Afte

. . Mechanism for the formation of 4 and 5
completion of the reaction, the compounds formedewe

0]

separated and purified with the help of column §
chromatography. The spectroscopic and analyticel da * [ j
0

confirmed the formation of 2-oxo-acetamid@ and
ketoamide 5a in 75% and 12% isolated vyield
respectively. The generality of the reaction was
established by synthesizing the compouddsw and
5a-w by using various substituted acetophenones
secondary amin2 and anilines (Table 2, 3 and 4pand
characterizing them. The reaction was not satisfact

Table 4: Formation of compound 5

5a(12%), 5b-g=10-13% 5h (11%), 5i=10%

(o

O
WO e
m Me °
5 (10%)

5k (13%)

0 (\o o o
/O)H(N\) /©)H(N\)
o)
© y OaN 5n (10%
51 (109%), 5m=11% n (10%)
i D
N N
o) o)
50 (10 %), 5p=12% 5q/(10%)

0

©)k'r N\/
[ ) o)
O 5r(12%) 5s (10%)
@)KWN\) ©)J\(
5t (10%) 5u (12%) \©
o)

[jOH [j

F  H02

N\) N\) o Scheme 3
o On the basis of above results and previous stddités,
o)
NC

we proposed the probable mechanistic pathway fer th

Cl
Me!

5v (13%) 5w (11%)
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formation of4a and5a as shown in scheme 3. Initially, 4. Experimental
an enaminé\ was generated from acetophendasand
morpholine 2a. This enamine interacted with the
superoxide radical () and Cu (ll) which was formed
through the aerial oxidation of Cul in the presenfe
morpholine, to produce aminodioxetafe Then, B

General information: All chemicals were purchased
from Merck and Aldrich chemical companies. The
reagents and solvents were used without drying.IRhe
spectra were recorded on Perkin Elmer system 2000

q Cri : d the phenvid TIR spectrometer'H NMR and **C NMR Spectra
underwent ring opening and gave the phenylglyoxa ere recorded on Bruker AV500 Avance-lll 500 MHz

The formation of phenylglyoxal was detected in TLCand 125 MHz FT NMR in CDGlusing TMS as an

study of th_e_ rgactlon mixture during the reaCt'onlnternal standard. NMR chemical shifts were measure
process. Thisn situ generated phenyl glyoxal reacted

ith holl 0 f the int diate 2 relative to the signals of residual CR@t 6, 7.26 ppm,
with morpholine to form the intermediate 'OXOSC 76.65-77.16 ppm ands, 1.5 ppm (water

|m|.?|un;) K:E (t: It (;/vasc;‘(?[lrl]ovye;j by éhaerereagtﬁ]n Vé'th contamination). Mass spectra were recorded in Water
arr11|.|r:]e a. ta pr? uce'th ? ;n erm; tr|1 .a}[n etghﬁ Xevo G2-XS QT of mass spectrometer. Analytical thin
which on ihteraction with air tormed the Intermeaia. layer chromatography (TLC) was performed using E-

Finally, this intermediatd= underwent intramolecular Merck aluminium-backed silica gel plates coatechwit
rearrangement and afforded the required prodadiy 0.2 mm thickness of silica gel. Meling points

I(r)]smghonehmodle(;ule gg'h'ydrogflen peLmI(.l(quath a)lét?un (uncorrected) were determined in open capillaryesub
the other hand the addition of morpholine reactét w on a Buchi B-540 apparatus.

phenylglyoxal also to form hemiaminal intermedi@&e
(path b) which on oxidation by air and copper iedid General procedure for the synthesis of 4 and 5:
resulted the formation of side produsa. From the Aryl methyl ketonel (Methyl phenyl ketone, 0.120
effect of temperature in the reaction process ilddbe 9, 1 mmol), secondary amir@(Morpholine, 0.131g
concluded that higher temperature favored the path 1.5 mmol), aryl amin& (Aniline, 0.093 g, 1 mmol)
and hence the formation of compoufidOn the other and Cul (10 mol %) were taken in a 25 mL round
hand, room temperature (&) is sufficient for the bottomed flask. To this added 2 mL of toluene and
formation of arylglyoxal and to produce the desiredhe reaction mixture was stirred at 25 until the
product4 through path a. In case of aliphatic primarycompletion of the reaction (as confirmed by TLC).
amines the localized lone pair of electrons of thdhen, the reaction mixture was concentrated under
secondary amine of the intermediate tgpenight have reduced pressure to give a crude product which was
disfavored the oxidation step, and hence the pttoduc purified by column chromatography (silica gel 100-
was not formed. We also studied the reaction using00#, hexane/ EtOAc, 9:1) to yield the compounds
arylglyoxal in place of acetophenone in a similar4a and 5a Similarly, compoundsta-w and 5a-w
reaction condition and observed the formation &f thwere synthesized by using various substituted
products4 and5 as expected which further supportedacetophenones, secondary amin2 and anilines3

the proposed mechanism. and characterized.

4a. (Z2)-2-morpholino-1-phenyl-2-(phenylimino)etha-
none: Yield: 220 mg, 75%; Yellow solid, m.p. 131.9-

In conclusion, we have developed a new syntheti%?’?"8 °C; R= 0.21 (EtOAc/Hexane = 2:8JH NMR

method for the preparation of 2-oxo-acetamidinesnfr 53%:/”_'2’ fHDC$ 237'871 é(;t,\] - SI—T 17'%:32’623)’ 7.56
one-pot three-component reactions of acetophenones, (m, 1H), 7.43 = 7.37 (m, 2H), 7.04 — 6.98),

secondary amines and anilines in the presence lod<€u 6'7igt"]3=52'6’ 1§HH123'C“I:I|I)\}II2'7:132_6 6'\'/|6|§ (m(,:SH), 5"76
catalyst and air as oxidizing agent. The reactiorqs’ ), 3.53 (s, 4H), ( Z <)

occurredvia oxidation of C(SE)-H bonds of aryl methyl 193.98, 156.00, 148.02, 134.51, 134_'133’ 129.11,8128
ketones followed by double amination process. Th%28'30' 122.44, 122.11, 66.48 (cm'): 3586, 2929’
reaction protocol involved a simple and cheap gatal 2854, 1775, 1606, 1597, 1497, S08RMS (M+H)
readily available starting materials and mild react caled for GeHadNo0,= 295.1447, found = 295.1448.

conditions that gave a new and highly attractivelb. (Z)-2-((2-chlorophenyl)imino)-2-morpholino-1-

approach towards acetamidines. The small amouet of phenylethanone: Yield: 252 mg, 77%; Yellow solid,
amino ketones which were formed during the reactiom.p. 121.6-122.6 °C; R 0.41 (EtOAc/Hexane = 2:8);
process is also an important class of compounds. 'H NMR (500 MHz, CDCJ) 6 7.88 — 7.83 (m, 2H), 7.55

3. Conclusion
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(ddd,J=8.7, 2.5, 1.3 Hz, 1H), 7.45 - 7.38 (m, 2H), 7.11194.68, 156.35, 155.07, 141.14, 134.26, 133.77,1029

(dd,J=7.9, 1.4 Hz, 1H), 6.92 (td,= 7.7, 1.4 Hz, 1H),
6.76 — 6.65 (m, 2H), 3.78 (s, 8HYC NMR (126 MHz,

128.83, 122.94, 113.64, 66.48, 55.1R; (cm"): 3415,
2924, 2085, 1689, 1643, 1179, 763RMS (M+H)"

CDCl;) & 193.12, 155.93, 144.87, 134.76, 133.75galcd for GgHooN,Os= 325.1552, found = 325.1554.

129.18, 129.01, 128.79, 126.96, 126.66, 123.39,3123
66.51;IR (Cm'l): 3414, 2922, 2851, 2100, 1679, 1600
769; HRMS (M+H)" calcd for GgHi/CIN,O=
329.1057, found = 329.1055.

4c. (2)-2-((2-iodophenyl)imino)-2-morpholino-1-

phenylethanone: Yield: 310 mg, 74%; Yellow solid;
m.p. 106.8-108.9 °C; {R= 0.54 (EtOAc/Hexane = 2:8);
'H NMR (500 MHz, CDC}) § 7.91 — 7.85 (m, 2H), 7.60

4q. (2)-2-morpholino-1-phenyl-2-(p-tolylimino)-
'ethanone: Yield: 224.2 mg, 73%; Yellow solid; m.p.
124-126 °C °C; R= 0.55 (EtOAc/Hexane= 2:8JH
NMR (500 MHz, CDC}) 6 7.85 — 7.80 (m, 2H), 7.54 (t,
J=7.3Hz, 1H), 7.41 (1} = 7.8 Hz, 2H), 6.81 (d] = 8.3
Hz, 2H), 6.60 (dJ = 8.2 Hz, 2H), 3.75 (s, 4H), 3.52 (s,
4H), 2.12 (s, 3H);"*C NMR (126 MHz, CDG)) 5
194.29, 156.03, 145.23, 134.49, 134.33, 131.73,1429

— 7.52 (m, 2H), 7.43 — 7.39 (m, 2H), 7.02 — 6.98 (M128.95, 128.81, 121.88, 66.48, 20.58; (cm): 3429,

1H), 6.67 (ddJ = 7.9, 1.5 Hz, 1H), 6.52 — 6.47 (m, 1H),
3.80 (s, 8H);"*C NMR (126 MHz, CDG)) & 193.21,
155.33, 148.28, 138.32, 134.79, 133.77, 129.13,8P28
128.39, 123.93, 121.48, 95.29, 66.6R; (cm™): 3412,
2920, 2853, 2101, 1678, 1609, 505{RMS (M+H)"
calcd for GgH17N,O,1= 421.0413, found = 421.0416.

2966, 2854, 2098, 1682, 1450, 1211, 11HRMS
(M+H)" calcd for GgHyN,O,= 309.1603, found
309.1606

4h. (2)-1-(4-bromophenyl)-2-morpholino-2-
(phenylimino)ethanone:Yield: 304.3 mg, 82%; yellow
solid, m.p. 139.2-141.4 °C.;;R 0.36 (EtOAc/Hexane=

4d.  (2)-2-((4-fluorophenyl)imino)-2-morpholino-1-  2:8),"H NMR (500 MHz, CDC}) § 7.70 — 7.63 (m, 2H),
phenylethanone:Yield: 236.5 mg, 76%; Yellow solid, 7.59 — 7.50 (m, 2H), 7.08 — 6.99 (m, 2H), 6.81 (@id,
m.p. 136-137 °C ; R= 0.18 (EtOAc/Hexane = 2:8)H  10.6, 4.2 Hz, 1H), 6.68 (dd,= 8.4, 1.1 Hz, 2H), 3.76 (s,
NMR (500 MHz, CDC})) 4 7.86 — 7.77 (m, 2H), 7.56 4H), 3.52 (s, 4H}’C NMR (126 MHz, CDG)) 5 193.08,
(dd,J =10.6, 4.3 Hz, 1H), 7.42 @,= 7.8 Hz, 2H), 6.78 155.50, 147.76, 133.00, 132.26, 130.44, 130.08,4428
— 6.62 (m, 4H), 3.77 (s, 4H), 3.54 (s, 4Hjc NMR  122.65, 122.02, 66.43R (cm™): 3340, 2949, 2922,
(126 MHz, CDC}) § 193.98, 157.69, 156.52, 144.11,1679, 1609, 1266, 1116, 754RMS (M+H) * calcd for

134.71, 134.16, 129.07, 128.92, 123.24, 123.17,0815
114.85, 66.46iR (cmi?): 3419, 2922, 2850, 1680, 1610,
1451, 1219, 510; HRMS (M+H)" calcd for
CagH1N,O,F= 313.1352, found = 313.1356

de. (2)-2-morpholino-2-((3-nitrophenyl)imino)-1-
phenylethanone: Yield: 264.1mg, 78%; Yellow solid;
m.p. 113.4-114.8°C; &= 0.42 (EtOAc/Hexane = 2:8);
'H NMR (500 MHz, CDC}) § 7.80 (ddJ = 8.4, 1.2 Hz,
2H), 7.64 (ddd) = 8.1, 2.2, 0.9 Hz, 1H), 7.60 — 7.53 (m,
2H), 7.44 (tJ = 7.8 Hz, 2H), 7.17 (t) = 8.1 Hz, 1H),

Ci1gH17/BrN,O,= 373.0552, found = 373.0554

4i. (2)-1-(4-bromophenyl)-2-morpholino-2-(p-

tolylimino)ethanone: Yield: 307.8 mg, 80%; Yellow
solid, m.p. 130.2-131.9 °C;;R 0.32 (EtOAc/Hexane=
2:8);'H NMR (500 MHz, CDC}) § 7.70 — 7.64 (m, 2H),
7.57 — 7.52 (m, 2H), 6.83 (d,= 8.0 Hz, 2H), 6.61 —
6.56 (m, 2H), 3.75 (s, 4H), 3.49 (s, 4H), 2.14](s, 6.6

Hz, 3H);**C NMR (126 MHz, CDGJ) & 193.43, 155.52,
145.04, 133.01, 132.26, 131.95, 130.48, 130.02,0829
121.79, 66.45, 20.58lR (cm): 3398, 2950, 2854,

7.01 (ddd,J = 7.9, 2.1, 1.0 Hz, 1H), 3.81 (s, 4H), 3.321680, 1609, 1213, 1116, 508RMS (M+H) * calcd for

(s, 4H);"*C NMR (126 MHz, CDGJ)) § 192.69, 156.59,
149.66, 148.12, 135.14, 133.87, 129.17, 129.04,9628
128.38, 117.17, 66.42R (cm™): 3425, 2354, 2100,
1678, 1455, 1116, 769, 52HRMS (M+H)" calcd for

C1gH17N30,= 340.1297, found = 340.1299.

4f. (2)-2-((3-methoxyphenyl)imino)-2-morpholino-1-
phenylethanone:Yield: 232 mg, 72%; Yellow solid;
m.p. 87-88°C; R= 0.61 (EtOAc/Hexane = 2:8YH
NMR (500 MHz, CDC})) 6 7.81 (dd,J = 8.3, 1.2 Hz,
2H), 7.56 — 7.52 (m, 1H), 7.41 @,= 7.8 Hz, 2H), 6.68
— 6.62 (m, 2H), 6.60 — 6.55 (m, 2H), 3.76 (s, 481K4
(s, 3H), 3.49 (s, 4H);"*C NMR (126 MHz, CDG)) &

C1oH19N,0O,Br= 387.0708, found = 387.0706
4j. (2)-1-(4-chlorophenyl)-2-morpholino-2-
(phenylimino)ethanone: Yield: 262.5 mg, 80%;
Yellow solid, m.p. 145-146.3 °C; {R= 0.24
(EtOAc/Hexane= 2:8)'H NMR (500 MHz, CDC}) §
7.77 — 7.71 (m, 2H), 7.40 — 7.34 (m, 2H), 7.06 607.
(m, 2H), 6.84 — 6.77 (m, 1H), 6.73 — 6.66 (m, 28lY,6
(s, 4H), 3.52 (s,4H)C NMR (126 MHz, CDGCJ) &
192.84, 155.56, 147.79, 141.14, 132.62, 130.42,2¥29
128.43, 122.63, 122.02, 66.4R  (cm’): 3412, 2923,
2855, 2108, 1663, 1598, 984RMS (M+H) * calcd for
C13H17N202C|: 329.1057, found = 329.1055



Tetrahedron 7

4k. (2)-2-morpholino-2-(phenylimino)-1-(p-
tolyl)ethanone: Yield: 227.2 mg, 74%; yellow solid,
m.p. 114.6-116.8 °C.; {R= 0.35(EtOAc/Hexane= 2:8),
'H NMR (500 MHz, CDC}) & 7.74 — 7.67 (m, 2H), 7.23
—7.16 (m, 2H), 7.05 - 6.98 (m, 2H), 6.78 Jtt; 7.6, 1.1
Hz, 1H), 6.74 — 6.68 (m, 2H), 3.76 (s, 4H), 3.534(4),
2.36 (s, 3H);®*C NMR (126 MHz, CDG)) & 193.47,
156.15, 148.16, 145.79, 131.97, 129.57, 129.29,2828
122.36, 122.11,66.49, 21.74R (cm™): 3006, 2944,
2883, 1773, 1663, 1598, 1226, 733RMS (M+H) *
calcd for GgH20N,O,= 309.1603, found = 309.1605

4. (2)-1-(4-methoxyphenyl)-2-morpholino-2-
(phenylimino)ethanone: Yield: 236 mg, 73%; Yellow
solid; m.p. 109.4-111.7 °C;sR 0.38 (EtOAc/Hexane=
2:8); 'H NMR (500 MHz, CDCJ) § 7.81 (dd,J = 8.3,
1.2 Hz,2H), 7.56 — 7.52 (m, 1H), 7.41 {t= 7.8 Hz,
2H), 6.67 — 6.62 (m, 2H), 6.59 — 6.55 (m, 2H), 3(36
4H), 3.64 (s, 3H), 3.49 (s, 4HJ°C NMR (126 MHz,

= 8.6, 5.4 Hz, 2H), 7.04 (df,= 15.6, 8.1 Hz, 4H), 6.79
(t, J = 7.3 Hz, 1H), 6.69 (d) = 7.6 Hz, 2H), 3.77 (s,
4H), 3.53 (s, 4H);"*C NMR (126 MHz, CDG)) 5
192.32, 167.39, 165.34, 155.72, 147.90, 131.97,8831
130.85, 128.39, 122.57, 122.02, 116.27, 116.09766.
IR (cm'): 3361, 2921, 2853, 1675, 1598, 983, 615;
HRMS (M+H) * calcd for Q3H17N202F: 313.1352,
found = 313.1353

ap. (2)-1-(4-fluorophenyl)-2-morpholino-2-(p-
tolylimino)ethanone: Yield: 247 mg, 76%; Yellow
solid; m.p.1112.5-113.8°C;;R 0.24 (EtOAc/Hexane=
2:8); '"H NMR (500 MHz, CDCJ) & 7.84 (ddd,J = 8.2,
5.1, 2.5 Hz, 2H), 7.10 — 7.04 (m, 2H), 6.82 Jd; 8.0
Hz, 2H), 6.61 — 6.57 (m, 2H), 3.76 (s, 4H), 3.514¢4),
2.13 (s, 3H);"*C NMR (126 MHz, CDGCJ) & 192.69,
167.38, 165.33, 155.74, 145.18, 131.99, 131.91,8631
130.86, 130.84, 129.03, 121.78, 116.27, 116.09766.
20.57;IR (cmi?): 3427, 2933, 2851, 2099, 1681, 1448,

CDCl;) & 192.13, 164.57, 156.28, 148.28, 131.691215, 965;HRMS (M+H) * calcd for GgHigN,O.F=
128.30, 127.52, 122.34, 122.07, 114.11, 66.51,%5.4327.1509, found = 327.1505

IR (cmi'): 3412, 2921, 2087, 1776, 1648, 1188, 765;

HRMS (M+H) * calcd for Q9H20N203= 325.1552,
found = 325.1556.

am. (2)-1-(4-methoxyphenyl)-2-morpholino-2-(p-
tolylimino)ethanone: Yield: 236 mg, 70%; Yellow
solid; m.p.108.9-109.6°C; {R= 0.39(EtOAc/Hexane=
2:8);'H NMR (500 MHz, CDC}) § 7.83 — 7.77 (m, 2H),
6.91 — 6.80 (m, 4H), 6.62 (d,= 7.2 Hz, 2H), 3.84 (s,
3H), 3.75 (s, 4H), 3.52 (s, 4H), 2.13 (s, 3HL NMR

4q. (2)-1-phenyl-2-(phenylimino)-2-(pyrrolidin-1-
ylethanone: Yield: 191.2 mg, 69%; Yellow solid; m.p.
179.1-180.2°C; R = 0.27(EtOAc/Hexane= 2:8)!H
NMR (500 MHz, CDC})) & 7.81 (d,J = 7.6 Hz, 2H),
7.51 (t,J=7.4 Hz, 1H), 7.38 (11 = 7.7 Hz, 2H), 7.00 (t,
J=7.7 Hz, 2H), 6.81 — 6.70 (m, 3H), 3.70 (s, 2BiR2

(s, 2H), 1.96 (dJ = 23.7 Hz, 4H)*C NMR (126 MHz,
CDCl) & 194.44, 154.61,148.81, 134.23, 133.86,
129.29, 128.71, 128.20, 122.72, 122.04, 461R8(cm

(126 MHz, CDC}) § 192.49, 164.53, 156.29, 145.57,%): 3422, 2923, 2354, 2100, 1645, 1515, 754, 662;

131.69, 131.55, 128.95, 127.58, 121.81, 114.1(5166.

HRMS (M+H) * calcd for GgH1gN,O= 279.1497, found

55.45, 20.5]R (cm'): 3411, 2921, 2086, 1775, 1649, = 279.1494

1191, 503;HRMS (M+H) * calcd for GoHN,Os=
339.1709, found = 339.1708

4an. (2)-2-morpholino-1-(4-nitrophenyl)-2-
(phenylimino)ethanone: Yield: 274 mg, 81%; Yellow
solid; m.p.138.0-139.0.6°C;;R 0.15 (EtOAc/Hexane=
2:8);'H NMR (500 MHz, CDCJ) § 8.25 — 8.19 (m, 2H),
7.96 — 7.89 (m, 2H), 7.05 — 6.97 (m, 2H), 6.83 766.
(m, 1H), 6.70 — 6.63 (m, 2H), 3.78 (s,4H), 3.534(4);

%C NMR (126 MHz, CDG)) § 192.91, 154.99, 150.73,

147.31, 138.33, 129.94, 128.57, 124.02, 122.95,0222

4r. (2)-1-phenyl-2-(phenylimino)-2-(piperidin-1-
ylethanone: Yield: 213 mg, 73%; Yellow solid; m.p.
129.6-132.0°C; R = 0.35(EtOAc/Hexane= 2:8)!H
NMR (500 MHz, CDC}) 5 7.84 (dd,J = 8.3, 1.1 Hz,
2H), 7.57 — 7.51 (m, 1H), 7.42 @,= 7.6 Hz, 2H), 7.01
(dd,J=11.7, 4.1 Hz, 2H), 6.77 (td,= 7.4, 1.0 Hz, 1H),
6.74 — 6.68 (m, 2H), 3.49 (s, 4H), 1.71 (s, 6H¢
NMR (126 MHz, CDC)) & 194.42, 155.95, 148.54,
134.59, 134.24, 129.11, 128.68, 128.19, 122.42,9821
24.53;IR (cmi?): 3424, 2933, 2852, 2098, 1671, 1599,

66.42.1R (cni'): 3420, 2354, 2098, 1643, 1515, 1455,1276, 973;HRMS (M+H) * calcd for GoHxN,O=

1116, 770; HRMS (M+H)" calcd for GgH;/NsO,=
340.1297, found = 340.1295

4o0. (2)-1-(4-fluorophenyl)-2-morpholino-2-
(phenylimino)ethanone: Yield: 246.1 mg, 79 %;
Yellow solid; m.p.133.8-136.2°C; R= 0.21(EtOAc/
Hexane= 2:8)'H NMR (500 MHz, CDC}) & 7.83 (dd,J

293.1654, found = 293.1656

4s. (2)-N,N-diethyl-2-oxo0-N',2-diphenylacetimid-
amide: Yield: 181.8 mg, 65%; Yellow solid; m.p. 88.0-
89.8°C; R = 0.63(EtOAc/Hexane= 2:8JH NMR (500
MHz, CDCk) 6 7.78 (dJ= 7.1 Hz, 2H), 7.54 — 7.48 (m,
1H), 7.38 (tJ = 7.8 Hz, 2H), 7.00 — 6.95 (m, 2H), 6.71



8 Tetrahedron

(ddd,J = 11.5, 9.5, 4.2 Hz, 3H), 3.64 (d,= 85.9 Hz,
2H), 3.15 (s, 2H), 1.36 (s, 3H), 1.11 (s, 3HC NMR

(s, 4H), 3.46 (s, 4H), 2.44  (s,1H), 1.7744d), 1.68
(d, J = 12.5 Hz, 1H), 1.30 (t) = 9.9 Hz, 4H), 1.22 —

Z, .98, .33, .78, .55, 1. m, : Z, 49,
126 MHz, CDC}) 8 193.98, 155.33, 148.78, 134.55,1.14 1H):**C NMR (126 MHz, CD 0 193.49

134.11, 129.16, 128.60, 128.46, 128.11, 122.56,7821
77.16, 76.90, 76.65, 29.58 (cm'): 3431, 2094, 1648,
1632, 1224, 76&1RMS (M+H) * calcd for GgH,oN,O=
281.1654, found = 281.1652

4t. (Z)-2-(3,4-dihydroisoquinolin-2(1H)-yl)-1-pheny-
2-(phenylimino)ethanone: Yield: 227 mg, 67%;
Yellow solid; m.p. 130.0-131.6°C; ;R= 0.45(EtOAc/
Hexane= 2:8)'H NMR (500 MHz, CDC})) 5 7.82 (d,J
= 6.9 Hz, 2H), 7.53 (t) = 7.2 Hz, 1H), 7.38 ) = 7.4
Hz, 2H), 7.24 — 7.12 (m, 4H), 7.01 &= 7.7 Hz, 2H),
6.81 — 6.70 (m, 3H), 4.88 (s, 2H), 3.55 (s, 2HP22(s,
2H); *C NMR (126 MHz, CDGJ) & 194.04, 155.83,
148.30, 134.45, 132.82, 129.18, 128.79, 128.63,2128
126.40, 122.37, 122.28R (cm™): 3583, 3411, 2920,
2851, 1647, 1019, 5034RMS (M+H) * calcd for
C23H20N20= 341.1654, found = 341.1656

4u. (2)-1-(2-hydroxyphenyl)-2-morpholino-2-
(phenylimino)ethanone: Yield: 226 mg, 73%; Yellow
solid, m.p. 127.4-128.4°C; {R= 0.60(EtOAc/Hexane=
2:8); 'H NMR (500 MHz, CDC}) § 11.30 (s, 1H), 7.61
(dd,J =8.0, 1.6 Hz, 1H), 7.46 — 7.42 (m, 1H), 7.05](t,
= 7.9 Hz, 2H), 6.92 — 6.81 (m, 3H), 6.72 {d5 7.4 Hz,
2H), 3.78 (s, 4H), 3.55 (s, 4HJ’C NMR (126 MHz,

156.19, 155.47, 148.16, 132.21, 129.38, 128.28,3627
122.33, 122.13, 66.50, 44.66, 33.77, 26.50, 25IR4,
(cm™): 3484, 2918, 2852, 1650, 1623, 1596, 1470;
HRMS (M+H) * calcd for Q4H23N202: 377.2229,
found = 377.2226

5a. 1-morpholino-2-phenylethane-1,2-dione: Yield:

26 mg, 12%; Yellow oil; R= 0.24 (EtOAc/Hexane=
2:8); '"H NMR (500 MHz, CDCJ)  7.97 (dt,J = 8.5,
1.4 Hz, 1H), 7.67 (tdd) = 7.1, 4.2, 2.9 Hz, 1H), 7.56 —
7.51 (m, 1H), 7.27 (s, 1H), 3.85 — 3.77 (m, 2HY,03-
3.63 (m, 1H), 3.42 — 3.36 (m, 1HJC NMR (126 MHz,
CDCl;) & 191.06, 165.35, 134.87, 132.91, 129.69,
129.57, 129.01, 66.63, 66.56, 46.15, 418 ;(cm™):
3336, 2971, 2920, 2855, 1681, 1644, 11595, 1114;
HRMS (M+H) * calcd for G;H13NOs= 220.0974, found

= 220.0972.

5h. 1-(4-bromophenyl)-2-morpholinoethane-1,2-
dione: Yield: 32 mg, 11 %; Light Yellow solid; m.p.
126.0-126.5 °C; R= 0.12 (EtOAc/Hexane= 2:8JH
NMR (500 MHz, CDC}) 6 7.85 — 7.81 (m, 2H), 7.70 —
7.66 (m, 2H), 3.83 — 3.77 (m, 4H), 3.68 — 3.65 2i),
3.39 (dd,J = 6.1, 3.5 Hz, 2H)*C NMR (126 MHz,
CDClL) & 189.82, 164.76, 132.41, 131.79, 131.56,

CDCl;) & 198.87, 162.36, 153.96, 147.74, 137.79130.97, 130.45, 66.64, 66.55, 46.18, 41.60;(cm™):

132.04, 128.43, 122.72, 121.86, 119.59, 118.26,1018

2970, 2921, 2856, 1680, 1644, 1596, 1114, 68¥MS

66.43;IR (cm?): 3416, 2917, 2856, 1678, 1597, 1450,(M+H) * calcd for G,Hy, Br NOs= 298.0079, found =

1220, 941;HRMS (M+H) * calcd for GgHigN,Os=
311.1396, found = 311.1391.

4v. (2)-4-(2-morpholino-2-(phenylimino)acetyl)-
benzonitrile: Yield: 236 mg, 74%,; Yellow solid; m.p.
103.5-109.5°C; R = 0.42(EtOAc/Hexane= 2:8)H

298.0078.

5j. 1-(4-chlorophenyl)-2-morpholinoethane-1,2-dione
: Yield: 25.4 mg, 10 %; Yellow solid; m.p. 115.6.0-
116.4 °C; R= 0.30 (EtOAc/Hexane= 2:8);'H NMR
(500 MHz, CDC}) 6 7.94 — 7.90 (m, 2H), 7.52 — 7.49

NMR (500 MHz, CDCJ) § 7.89 — 7.83 (m, 2H), 7.70 — (m, 2H), 3.82 — 3.77 (m, 4H), 3.68 — 3.65 (m, 2Bi%0
7.66 (m, 2H), 7.01 (td) = 7.5, 1.9 Hz, 2H), 6.82 — 6.77 — 3.37 (m, 2H)3C NMR (126 MHz, CDGJ) 5 189.60,

(m, 1H), 6.65 (dd,) = 8.4, 1.1 Hz, 2H), 3.77 (s, 4H),

3.51 (s, 4H);"*C NMR (126 MHz, CDGJ)) & 193.08,
155.01, 147.36, 136.97, 132.61, 129.23, 128.54,9022
122.01, 117.45, 117.42, 66.4R (cm®): 3058, 2968,

2919, 2855, 2231, 1683, 1607, 1590, 1438,1267, 98

HRMS (M+H) * calcd for GgHi/N;O,= 320.1399,
found = 320.1397

Aw. (2)-1-(4-cyclohexylphenyl)-2-morpholino-2-
(phenylimino)ethanone: Yield: 263 mg, 70%; Yellow
solid; m.p. 133.2-136.1°C; :R= 0.54(EtOAc/Hexane=
2:8); '"H NMR (500 MHz, CDC}) § 7.66 (d,J = 7.1 Hz,
2H), 7.15 (dJ = 7.4 Hz, 2H), 6.95 () = 7.2 Hz, 2H),
6.71 (t,J = 6.9 Hz, 1H), 6.64 (d] = 8.1 Hz, 2H), 3.69

164.80, 141.54, 131.33, 130.94, 129.41, 66.64,466.5
46.18, 41.60JR (cm'): 2918, 2850, 1674, 1628, 1587,
1466, 1216, 765HRMS (M+H) * calcd for G,Hy, Cl
NOs= 254.0584, found = 254.0587.

%k. 1-morpholino-2-(p-tolyl)ethane-1,2-dione: Yield:
30.3 mg, 13 %; Colorless solid; m.p. 80.5-81.2°€=R
0.27 (EtOAc/Hexane= 2:8)!H NMR (500 MHz,
CDCl) 6 7.86 (d,J = 8.2 Hz, 2H), 7.32 (d] = 8.0 Hz,
2H), 3.80 (dJ = 1.6 Hz, 4H), 3.67 — 3.63 (m, 2H), 3.37
(dd,J = 6.1, 3.6 Hz, 2H), 2.45 (s, 3HYC NMR (126
MHz, CDCk) 6 190.82, 165.57, 146.25, 130.48, 130.06,
129.74, 129.69, 129.07, 66.64, 66.57, 46.15, 41.45,
21.84;IR (cm?): 3332, 2968, 2922, 2857, 1715, 1676,



Tetrahedron 9

1650, 1444, 757HRMS (M+H) * caled for GaHyis  7.59 (m, 1H), 7.51 (dd) = 10.7, 4.8 Hz, 2H), 7.28 (s,
NOs= 234.1130, found = 234.1137. 1H), 3.71 (sJ = 5.0 Hz, 2H), 3.29 (dd] = 6.3, 4.8 Hz,
2H), 1.70 (dd) = 5.7, 2.7 Hz, 4H), 1.54 (d,= 4.6 Hz,
2H)*C NMR (126 MHz, CDGCJ)) & 191.89, 165.33,
134.60, 133.07, 129.45, 128.91, 46.92, 42.02, 26.07
25.32, 24.24]R (cm™): 2964, 2881, 1683, 1627, 1552;

5l. 1-(4-methoxyphenyl)-2-morpholinoethane-1,2-
dione: Yield: 23.2 mg, 10 %; Yellow solid; m.p. 112.9-
113.4°C; R= 0.24 (EtOAc/Hexane= 2:84 NMR (500
MHz, CDCk) 8 7.93 (dd,J = 9.3, 2.4 Hz ,2H), 7.27 (s, N
1H), 6.9 (d.J = 8.9 Hz, 2H), 3.90 (s, 3H), 3.80 &= TRMS (M+H) ™ calcd for GsHisNO,= 218.1181, found
4.6 Hz, 4H), 3.68 — 3.63 (m, 2H), 3.41 — 3.37 (m, 2.o-1185.

2H).°C NMR (126 MHz, CDGCJ) § 189.73, 165.70, 5s. N,N-diethyl-2-oxo-2-phenylacetamide: Yield: 21
164.92, 132.07, 125.99, 114.32, 66.68, 66.59, 55.58ng, 10 %; Gummy ; R= 0.33 (EtOAc/Hexane= 2:8H
46.19, 41.44)R (cm™): 2970, 2919, 2855, 1638, 1599, NMR (500 MHz, CDC})) § 7.97 — 7.93 (m, 2H), 7.66 —
1507, 1443, 1264, 9804RMS (M+H) * caled for 7.62 (m, 1H), 7.51 (dd]) = 10.7, 4.8 Hz, 2H), 7.27 (s,
Ci3H1sNO3= 234.1130, found = 234.1137. 1H), 3.57 (9J = 7.2 Hz, 2H), 3.25 (¢ = 7.1 Hz, 2H),
1.29 (t,J = 7.2 Hz, 3H), 1.16 (t) = 7.1 Hz, 3H);"°C
NMR (126 MHz, CDCJ) 3 191.52, 166.63, 134.51,
133.09, 129.53, 128.87, 42.00, 38.67, 14.00, 12R4;
(cm?): 3363, 2919, 2851, 1687, 1647, 1595, 1450;

5n. 1-morpholino-2-(4-nitrophenyl)ethane-1,2-dione:
Yield: 26.5 mg, 10 %; Yellow solid; m.p. 140.0-
141.5°C; R= 0.18 (EtOAc/Hexane= 2:8}4 NMR (500
MHz, CDCl) 5 8.38 — 8.35 (m, 2H), 8.19 ~ 8.15 (M, |\ o /s (M+H) * calcd for GH;5sNO,= 206.1181, found
2H), 7.27 (s, 1H), 3.82 (s, 4H), 3.72 — 3.68 (m,),2H 21152 : '

3.45 — 3.42 (m, 2H)®C NMR (126 MHz, CDG) 5 ~ 206-1180.

188.56, 163.90, 151.06, 137.33, 130.74, 124.083%6. 5t. 1-(3,4-dihydroisoquinolin-2(1H)-yl)-2-phenyl-
66.52, 46.24, 41.83R (cm‘l): 2918, 2850, 1687, 1643, ethane-1,2-dione: Yield: 26.4 mg, 10 %; Colorless
1524, 1347, 1208, 981HRMS (M+H) * calcd for solid; m.p. 105.8-107.2°C; ;R 0.30 (EtOAc/Hexane=
C12H12N,Os= 265.0824, found = 265.0823. 2:8); 'H NMR (500 MHz, CDC}) & 7.97 (ddd,] = 16.4,
8.3, 1.1 Hz, 2H), 7.69 — 7.61 (m, 1H), 7.51 (bt 15.8,
7.8 Hz, 2H), 7.18 (ddd] = 25.0, 15.2, 7.1 Hz, 4H), 4.73
(d,J = 187.2 Hz, 2H), 4.04 — 3.50 (m, 2H), 3.06 — 2.70
(m, 2H);**C NMR (126 MHz, CDGJ)) § 191.45, 191.30,
165.99, 165.68, 134.79, 134.75, 134.08, 133.31,9832
132.91, 131.71, 131.43, 129.65, 129.64, 128.99,9628
128.90, 128.73, 127.13, 126.79, 126.75, 126.60,58B26
126.00, 47.24, 43.43, 43.34, 39.26, 29.13, 28IK7;
écm‘l): 3027, 2943, 2881, 2166, 1643, 1597, 1474, 1226,
720; HRMS (M+H)*caled for G/His NO,= 266.1181,
found = 266.1182.

50. 1-(4-fluorophenyl)-2-morpholinoethane-1,2-dione
. Yield: 24 mg, 10 %; Light yellow solid; m.p. 86.2-
86.6°C; R= 0.21 (EtOAc/Hexane= 2:8)%1 NMR (500
MHz, CDCk) 6 8.02 (dJ = 5.2 Hz, 2H), 7.20 (d] = 3.1
Hz, 2H), 3.80 (s, 4H), 3.73 — 3.60 (m, 2H), 3.53.31
(m, 2H);**C NMR (126 MHz, CDGJ)) 5 189.39, 167.83,
165.78, 165.09, 132.60, 132.52, 129.63, 116.55,3816
77.29, 77.04, 76.78, 66.75, 66.66, 46.31, 41R0cm

): 2958, 2923, 2852, 1682, 1638, 1597, 1506, 144
981;HRMS (M+H) * calcd for G,H;,NOsF= 238.0879,
found = 238.0876.

5u. 1-(2-hydroxyphenyl)-2-morpholinoethane-1,2-
dione: Yield: 28 mg, 12 %; Colorless solid; m.p. 108.2-
109.4°C; R= 0.30 (EtOAc/Hexane= 2:8); ‘H NMR
(500 MHz, CDC}) 6 11.26 (s, 1H), 7.60 — 7.54 (m, 2H),
7.06 — 7.02 (m, 1H), 6.97 (td,= 7.7, 1.0 Hz, 1H), 3.83
— 3.77 (m, 4H), 3.70 — 3.66 (m, 2H), 3.43 — 3.39 (m
2H);®C NMR (126 MHz, CDGCJ) § 195.92, 163.42,
163.24, 138.08, 131.88, 119.81, 118.59, 116.6686.
66.50, 46.27, 41.54R (cm™): 3417, 2941, 2122, 1717,
1638, 1598, 1470, 1191HRMS (M+H)" calcd for
Ci2H13NO,= 236.0923, found = 236.0924.

5q. 1-phenyl-2-(pyrrolidin-1-yl)ethane-1,2-dione:
Yield: 20 mg, 10 %; Oily ; R= 0.18 (EtOAc/Hexane=
2:8);"H NMR (500 MHz, CDC}) § 7.99 (d,J = 7.3 Hz,
2H), 7.64 (tJ = 7.4 Hz, 1H), 7.51 (t) = 7.8 Hz, 2H),
7.29 (s, 1H), 3.67 (dd, = 14.5, 7.7 Hz, 2H), 3.42 {3,=
6.4 Hz, 2H), 1.95 (dg) = 9.4, 7.0 Hz, 4H);"*C NMR
(126 MHz, CDCY}) 6 191.51, 164.85, 134.56, 132.72,
129.77, 128.84, 46.57, 45.14, 25.78, 23.90;(cm’™):
3361, 2921, 2854, 1757, 1661, 1598, 1515, FRAIMS
(M+H)" calcd for G,H;3 NO,= 204.1025, found =
204.1029.

5v. 4-(2-morpholino-2-oxoacetyl)benzonitrile: Yield:
31.4 mg, 13 %; Colorless solid; m.p. 118.2-119.9RC;
= 0.21 (EtOAc/Hexane= 2:8); 34B'H NMR (500
MHz, CDCk) & 8.10 — 8.07 (m, 2H), 7.84 — 7.82 (m,

5r. 1-phenyl-2-(piperidin-1-yl)ethane-1,2-dione:
Yield: 26.2 mg, 12 %; Yellow solid; m.p. 104.1-
104.8°C; R = 0..29 (EtOAc/Hexane= 2:8)H NMR
(500 MHz, CDC}) 6 7.95 (d,J = 7.1 Hz, 2H), 7.67 —
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2H), 3.84 — 3.78 (m, 4H), 3.70 — 3.67 (m, 2H), 343
3.40 (m, 2H)"*C NMR (126 MHz, CDGCJ) & 188.90,
163.99, 135.91, 132.70, 129.98, 117.81, 117.463%6.
66.51, 46.21, 41.78R (cm™): 3317, 2924, 2853, 1724,
1650, 1598, 1467, 122#RMS (M+H) * calcd for
C1aH12N,05= 245.0926 found = 245.0927.

5w. 1-(4-cyclohexylphenyl)-2-morpholinoethane-1,2-
dione: Yield: 33 mg, 11 %; Yellow oily; R= 0.27
(EtOAc/Hexane= 2:8)'H NMR (500 MHz, CDC)) &
7.88 (d,J = 8.1 Hz, 2H), 7.35 (d] = 8.3 Hz, 2H), 3.80
(s, 4H), 3.67 — 3.64 (m, 2H), 3.40 — 3.36 (M, 2§38 —
2.50 (m, 1H), 1.87 (d] = 7.0 Hz, 4H), 1.77 (d] = 12.3
Hz, 1H), 1.66 (s, 1H), 1.48 — 1.35 (m, 4HJC NMR
(126 MHz, CDC}) é 190.82, 165.62, 155.98, 130.77,
129.83, 127.57, 66.68, 66.58, 46.16, 44.81, 4 B3R5,
26.51, 25.83JR (cm™): 2970, 2924, 1938, 1719, 1463,
1208;HRMS (M+H) * calcd for GgH,3NOs= 302.1756
found = 302.1757.
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