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Abstract: The reaction of isocyanoacetamide with N-sulfonylimine gives a novel double addition
product in the absence of acid, base and catalyst to form 2, 4-disubstituted-5-amino-1, 3-oxazole. A
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Introduction

Heterocycles are ubiquitous structural constituents in biologically active molecules, and consequently, the

synthesis of heterocyclic compounds has attracted considerable attention.! Isocyanides, possessing an active

methvlene eroun and isonitrile divalent carbon mav be i
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a wide variety of nitrogen-containing heterocycies. Available methods for the synthesis of five-memerbed
heterocycles using isocyanides as starting materials, such as 2-oxazolines,” 2-imidazolines,® have been extensively

investicated Recentlv

we have renorted a Ru-ca pd aldol reaction of methvl isocvanoacetate with N-
1vestigate tecently, we atalyzed aldol react: isocyanoacetate v

have reported a Ru-c methyl vith |
sulfonylimines forming frans-2-imidazolines in high yieids and high stereoselectivity, which can readily be
hydrolyzed to N-sulfonyl 2, 3-diamino acids.* Since five-membered heterocycles containing nitrogen atoms have
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ompounds, our continuing interest in catalytic aldol
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reaction has led us to extend the catalytic reaction of isocyanoacetate to isocyanoacetamide. However, we
unexpectedly found another heterocycles, oxazoles, in the reaction of isocyanoacetamide with N-sulfonylimine

! experiment in the
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absence of acid, base and catalyst. On the other hand, the
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which was carried out as a contr
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corresponding ester, methyl isocyanoacetate, gave no sign of any reaction under exactly the same conditions.
The different reactivity of isocyanoacetamide and isocyanoacetate in their reaction to N-sulfonylimine attracted

our great attention. Here we disclose our detailed investigations of this reaction.

' This paper is respectfully dedicated to Professor Wang Yu in memory of his guidance and his enormous contribution to organic
chemistry
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Results and Discussion

Double Addition Reaction Before runing the Ru-catalyzed aldol reaction of isocyanoacetamide, a control

experiment was cammied out in CH)Cl, at 25°C between isocyanoacetamid

e(2a) nd N-tosvl-n-
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nitrobenzaidimine(ib) (1:1). Surprisingly, a yeliow soiid product was isolated in high yieid, which was not the
expected 2-imidazoline as indicated by 'H NMR analysis. In this reaction, plenty of isocyanoacetamide(2a)

remained unreacted even thouoh N-tosv !n.n_tlfrnhnn1nldiminp(lh\ ard disanneared comnl
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product was also obtained in 92 % yield when the amount of isocyanoacetamide(2a) was reduced to one half
equivalent of that of N-sulfonylimine. 'H NMR, elemental analysis and FAB-MS data showed that it was an

experiment of 3b indicated two active hydrogens in the addition product which was assigned as two NH groups
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amide carbonyl in 1600 - 1700 cm™ | indicating the ring closure of amide carbonyl on the isocyanide carbon.

Thus, the structure of the addition product was identified as 2, 4-disubstituted-5-amino-1,3-oxazole as shown in
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Scneme 1 and COMnfirimed vy A-~ray Crysianograpnic anaysis of 3a.
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imines to give the aldol addition products in the presence of base or metal compounds. Recently, Au and Ru

catalyzed aldol addition to form 2-imidazoline from isocyanoacetate and N-sulfonylimine have been reported.>**

al orted that a-metalated isocyanide, produced by the

reacted with acyl chlorides, carboxylic esters or amides to form oxazole derivatives® In the presence of
m

bonate, the tosylmethyl isocyanide reacted with aldehyde to yiel
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neutral conditions forming oxazole and introducing two substituted group on the 2, 4-position of oxazole ring
has not been described in the literature.®

We examined the effect of solvents on this addition reaction. When N-tosyl-benzaldimine(lc) was reacted

with 2a in CH,CL, 60 % of gxazple wae nrodurad Toing CH.CN DME MaOH and MaOH/CH.CL, (1-1) &
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solvent, the yield increased to 78, 76, 74 and 70% respectively. The results indicated that the polar solvents were
preferred for this reaction. In the next, we examined the reaction of other N-sulfonylimines with
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isocyanoacetamide with N-sulfonylimines could proceed without the need of acid, base or catalyst and in
moderate to high yields.

Table 1. Reaction of N-sulfonylimine (1) with Isocyanoacetamide (2) *

entry R’ R, Solvents time products ( 3 ) yield % °
1 p-chlorophenyl piperidinyl CHCL, 24h 81 (3a)
2 p-nitrophenyl piperidinyl CHxCl; I1Sh 92 (3b)
3 phenyl piperidinyl CH,CN 48 h 78 (3¢0)
4 o-naphthyl piperidinyi CH;CN 48 h 71 (3d)
5 6-dichlorophenyl piperidinyl CH;CN 48 h 81 (3e)
6 p-methoxylphenyl piperidinyl CH:CN 48 h 60 (30
7 p-chlorophenyl Me CHxCl» 24 h 78 (3g)
R p-nitrophenyl Me CH,Cl, 15h 94 (3h)

* The reaction was carried out at 25°C, 1/2=2.1/1. " Isolated yields based on 2.

imidazolines were obtained in high yields and high stereoselectivity,’ and no oxazole was observed. When 1a
was treated with isocyanoacetamide(2a) in the presence of 1 % mol RuH(PPh;), in CH;Cl; at 25°C for 24h,

trrnc ) _imidarnlina ~anld l\n r\l\lotnm‘ in AR 9L lr' and nvaznl ienlatad in 34 9L wviald in
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increasing the amount of catalyst to 20 % mol, the yield of 2-imidazoline increased to 77 % and the formation of

"'1

oxazole was almost entirely suppressed. While using 20% of AgOTf as catalyst, only a trace of 2-imidazoline but

sulfonylimine to give cis-2-imidazoline reported by Hayashi.*® Moreover, 2-imidazoline was obtained in high

yield on using NaH as base (Table 2 and Scheme 2), and oxazole was not observed in this reaction.

I
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1 I Yieid=50% (4a) Rsp-chioropheny| RlsTs
=02% (4b) R=p-methylpheny! R2=PhSO,
=83% (4c) R™=2-furyl R2=Ts
Table 2 Reaction of 1a with isocyanoacetamide(2a) catalyzed by transition metal or in the presence of NaH *
entry Catalyst or base time temp 4a : 3a (Yield %)
1 1 % mol RuH,(PPhs), 24h 25°C 46 : 34
2 5 % mol RuHx(PPhs)s 24h 25°C 63 :17
3 10 % mol RuHx(PPhs), 24h 25°C 70:5
4 20 % mol RuH(PPha), 24 h 25°C 77 : trace
5 20 % mol AgOTf 24h reflux trace : 65
6 1 equiv NaH ih 25°C S0:0
* The reaction was carried out in CH,Cl, , 1a/2a=1/1. ®isolated yields based on 1a.
It appeared that there are two competing reaction in the solution containing N-suifonylimine and

isocyanoacetamide in the presence of RuHx(PPh;)s Obviously, 2-imidazoline was formed by the reaction of
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other hand, oxazole was presumably formed by ring closure of the amide carbonyl on the isocyanide carbon. So
we deduced that this reaction of N-sulfonylimine with isocyanoacetamide may be triggered by isonitrile carbon,
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reactive N-sulfonylimine under neutral conditions. The different behaviour of isocyanoacetamide and methyl

isocyanoacetate toward N-sulfonylimine was a reason to consider the reactivity of other isocyanide with stronger
electron-withdrawing group than the ester group (Scheme 3).
Scheme 3
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same conditions. These results may be attributed to the reduced nucieophilicity of isonitrile carbon due to the

electron-withdrawing group. Compared with the tosylmethyl isocyanide and isocyanoacetate, the less electron-

withdrawing groun of ispovanoacetamide mav affect the uc!eg}y‘ ilic sensitivity of isocvanide carbon and th
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facility of the cyclization. Therefore, an appropriate nucleophilicity of the isocyanide carbon and a reactive a-CH

are necessary for this reaction. The activity of the electrophilic reagents, the reaction partner also play an

postulated in Scheme 4.
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Under neutral conditions, the possible pathway for our reaction may be triggered from nucleophilic attack
( Path A) or proceed by nucleophilic attack on the carbanion of nitrile ylide 5 ( Path B).
If 5 is the intermediate of this reaction, cyclization initiated by a proton transfer from carbon to nitrogen, and

subsequent reaction of the enolate oxygen with the nitriium group, may produce product 8b. In fact, 4-
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suifonylimine proceed on the basis of Path B, the cyclization product will not obtained after the nucleophilic

addition of the carbanion to N-sulfonylimine. However, when the reaction of 2¢ with imine 1a was carried out in

the cimilar conditions 2 4-dicubctitutad nxaznla i waeg ienlatad 1
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unlikely.

Scheme 5
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Therefore, we suggest that nucleophilic isonitrile carbon could attack polar C=N double bond of N-
sulfonylimine to generate intermediate 6a according to Path A. The nitrogen anion formed in situ behaved as a
base to attract a
Intermediate 6b may undergo direct cyclization by a intramolecular reaction of the enolate oxygen with the
nitrilium moiety to give 2-substituted oxazole 7a. Alternatively species 6b can react with a second molecule of

t r~uvclizatinn tn 7
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of enamine 7a with another molecule of imine can be envisaged which then leads to 3. To test this possibility, 2-
substituted oxazole 9 ' was prepared from the reaction of isocyanoacetamide 2a with p-toluenesulfonyl
isocyanate as shown in Scheme 6. When 2-substituted oxazole 9 was treated with N-sulfonylimine, the desired

product 10 was not observed with 'H NMR spectra.

Scheme 6
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Chupp once reported that some isocyanoacetamide may undergo cyclization to give 2, 4-unsubstituted
oxazole, which could react with isocyanates to afford 2-substituted oxazole or 4-substituted oxazole.'® In the
case of our expriments, however, no 2, 4-unsubstituted oxazole was observed when isocyanoacetamide was
heated at 130°C in the absence of solvent or refluxed in CH3;CN. Thus, the pathway from the reaction of 2, 4-
unsubstituted oxazole with N-sulfonylimine to give 2, 4-disubstituted oxazole could be precluded. So, the

possible pathway of the present reaction is considered to proceed via Path A-a.'' The adduct 6¢ can undergo an
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isocyanoacetamide reported herein provide a facial and efficient method for the construction of trisubstituted

Experimental Section
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biologically active compounds."*

Oxazoles have attracted considerable interest as starting materials and important building block for the

of N-sulfonylimine (1, 0.46 mmol), and isocyanoacetamide (2, 0.23 mmol) was stirred in CH;Cl, or CH;CN at
25 °C for 15-48 h under nitrogen. After removal of the solvent, the residue was isolated by preparative TLC

oxazole with the same or different 2, 4-disubstituted groups. Moreover, the trisubstituted oxazole can be easily
to literature methods. CH,Cl, was distilled immediately prior to use from CaH, under nitrogen. The other

to nitrogen to afford the double addition products 3.
solvents were treated according to the standard methods.

in 60-94% yields.

yi)-5-
1.50 ( br, 6H), 2.33 (m, 6H ), 2.62 (br, 4H ), 5.45 (m, 2H ), 5.76 (m, 1H ), 6.03 (m, 1H ), 7.15 (m, 12H ),

il,

» mT

Yy

-~

2,4-Di(i-p-chiorophenyi-/V-tosyi-aminome

—

584), 91 ( M'-648 ). Anai. Caicd for Ci¢H36Cha

405522 C,

o~

~

M’ ), 590 ( M'-170 ), 155 ( M'-605), 91 ( M"-669 ). Anal. Caled for CseHzsNeOoS,: C, 56.83; H, 5.03; N,

11.04. Found: C, 56.60; H, 4.78; N, 10.74.
6H), 2.33 (m, 6H ), 2.62 ( br, 4H ), 5.45-5.63 (m, 3H ), 6.01 (m, 1H), 7.00 (m, 4H ), 7.26 (m, 10H ). 7.53 (

2,4-Di(1-p-nitrophenyl-N-tosyl-aminomethyl)-5-piperidinyl-1,3-oxazole (3b) 'H NMR (CDCL/TMS): &
1.51 (br, 6H), 2.33 (m, 6H ), 2.62 (br,4H ), 557 (m, 2H ), 6.26 (m, 1H ), 6.34 (m, 1H ), 7.15 (m, 4H ),

N, 7.28.



m, 4H ). Mp: 72 - 74°C. IR: 3264, 1653, 1629cm™. FAB-MS m/z 671 ( M'+ 1), 500 ( M"-170 ), 155 ( M-
15), 91 ( M'-579 ). Anal. Caled HasN4OsS: C, 64.45; H, 5.71; N, 8.35. Found: C, 64.16; H, 5.76; N,

2,4-Di(1-a-naphthyl-N-tosyl-aminomethyl)-5-piperidinyl-1,3-oxazole (3d) 'H NMR (CDCL/TMS): & 1.44 (
br, 6H), 2.04-2.27 (m, 6H ), 2.50 (br, 4H ), 5.55-6.01 (m, 2H ), 6.21 (m, 2H ), 6.66 (m, 2H ), 6.79-6.88 ( m,

‘)H\"I N{m IH

Y A Q9 QA TD. 29
LK1 j, F.1V 1L, 111 ), o5 JL

\ - £ 1A97
1. m.p O = (ORI § 18 3

F
I, IUOI’

1639cm™. FAB-MS m/z 771 ( M+ 1 ), 600 ( M'-170 ), 155 ( M-615), 91 ( M'-679 ). Anal. Calcd for
CuHaaN4OsS2: C, 68.54; H, 5.49; N, 7.27. Found: C, 68.29; H, 5.61; N, 7.50.

2,4-Di(1-2,6-dichlorophenyl-N-tosyl-aminomethyl)-5-piperidinyl-1,3-oxazole (3¢) 'H NMR (CDCl/TMS):
8 1.31 (br, 6H), 2.36 (m, 6H ), 2.50 (br, 2H ), 2.61 ( br, 2H ), 6.00-6.65 (m, 4H ), 7.08-7.27 (m, 10H ), 7.45-

T

T AL L ma A Y RA_.. NN 1IN0 TD. 2INN 1£8A 1800~m-"] TAD ZMAQ .../’ QNO 7 ALY\ Z20 7 A4 19N\ 1EC8 1
7.75 { m, 4H ). Mp: 100 - 102°C. 3300, 1654, 1598cm . FAB-MS m/z 808 { M ), 638 { M -170 ), 155 (
M'-635), 91 ( M*-717 ). Anal. Caled for C3sH3sCLN4OsS,: C, 53.47; H, 4.24; N, 6.93. Found: C, 53.60; H,
4.16; N, 7.08.

2,4—Di(l-p-methoxylphenyl-N-tosyl—aminbmethyl)—S—piperidinyl-l,3-oxazole (30 '"H NMR (CDCL/TMS): &
1.56 ( br, 6H), 2.35 (m, 6H ), 2.60 ( br, 4H ),3.76 (s, 6H ), 540 (m, 2H ), 5.75-6.15 (m, 2H ), 6.76 ( m, 4H
), 7.10 (m, 8H ), 7.50 ( m, 4H ). Mp: 66 - 68°C. IR: 3268, 1611cm™ FAB-MS m/z 730 ( M" ), 560 { M'-170),
155 (M"-575), 91 (M’-639 ). Anal. Calcd for CasHasN4O6S2: C, 62.44; H, 5.79; N, 7.36. Found: C, 62.12; H,

5.85; N, 7.70.

2,4-Di(1-p-chlorophenyl-N-tosyl-aminomethyl)-5-N,N-dimethyl-1,3-oxazole (3g) '"H NMR (CDCIl/TMS): &
235(m, 6H), 249 (s,3H),251(s,3H),545(m,2H), 585 (m, 2H ), 7.1-7.5 ( m, 16H ). Mp: 102 -
104°C. IR: 3301, 1658, 1599cm™. FAB-MS m/z 699 ( M' + 1), 155 ( M'-544), 91 ( M'-608 ). Anal. Calcd for
C13H3:CIN4O5S,5: C, 56.65; H, 4.60; N, 8.00. Found: C, 56.50; H, 4.52; N, 7.98.

2,4-Di(1-p-nitrophenyl-N-tosyl-aminomethyl)-5-V,N-dimethyi-1,3-oxazole (3h) 'H NMR (CDCIl;/TMS): &
2.35(m, 6H), 2.55(s,3H), 2.56 (s,3H), 5.54 (m, 2H ), 6.24-6.44 (m, 2H ), 6.98-7.08 (m, 4H ), 7.35 (m,
4H ), 7.55 (m, 4H ), 8.00 ( m, 4H ). Mp: 94 - 96°C. IR: 3264, 1699, 1620cm™. FAB-MS m/z 720 (M’ + 1),
155 ( M*-565), 91 (M"-629 ). Anal. Calcd for C33H3NgOoS,: C, 54.99; H, 4.47; N, 11.66. Found: C, 55.01; H,
4.72; N, 11.14.



The Procedure for N-Sulfdnylimine (1a) with Isocyanoacetamide (2¢). A mixture of N-suifonylimine (1a,

~ ﬂf\ JUN— L Y "’I\ I << - .1 A ALY ™Y st MAE OMN £ AL
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mol) was st
under nitrogen. After removal of the solvent, the residue was isolated by preperative TLC eluting with a mixture

of petroleum ether (60-90 °C) and ethyl acetate (2:1) to give 3i in

3 % vi

J /0 1ol

[=%

2-(1-p-chlorophenyl-N-tosyl-aminomethyl)-4-methyl-5-piperidinyl-1,3-oxazole (3i) '"H NMR (CDCl/TMS):
85153(m 6H) 191(s5,3H) 235(s,3H) 280(m,4H) 548(d J=78 Hz 1H) 596(d, I=786Hz,

R T Y Y

"

1H), 7.20 (m, 6H ), 7.60 (d, J = 12.6 Hz, 2H ). Mp: 114 - 116°C. IR: 3351, 1672, 1601cm™. MS m/z 459 (
M’ , 47), 304 (46 ), 289 ( 100 ), 155 (26 ), 91 ( 49 ). Anal. Caled for CoHzsN3SO5Cl: C, 60.05; H, 5.69; N,

gtirred gusnencion containing 22mo { 0 S mmol Y of NaH ( ¢ca 55 9% in mineral o
SPLAR B WA al‘h’}lvllﬂl A4 Wllmmle it e | \ o L l WA 1 \ VR, S /T A A

a mixture of N-sulfonylimine ( 1, 0.46 mmol ) and isocyanoacetamide ( 2a, 0.5 mmol ) dissolved in 2ml of
CH,CI; at 0°C under N,. After the addition had been completed, the reaction mixture was stirred for 1 h at rt. 4
dded and extracted with CH,Cl,. The extrac
by preperative TLC to give imidazoline ( § ).
trans-4-(piperidinyl)carboxamide-5-(p-chlorophenyi)-1-N-tosy-2-imidazoline(4a)'H NMR (CDCL/TMS): &
469(d,J=751Hz 1H),550(d,J=7.51

0 Hz, 2H ). IR: 3300, 1640cm™. MS m/z 446(M'+1,
cd

trans-4-(piperidinyl)carboxamide-5-(p-methylphenyl)-1-N-benzenesulfonyi-2-imidazoline{4b) 'H NMR
(CDCL/TMS): 8 1.52 (m, 6H), 2.27 (s, 3H ), 3.40 (m, 2H ), 3.60 (m, 2H ), 4.77 (d, J = 7.22 Hz, 1H ), 5.49 (
d,J=722 1H),7.02(m,3H),745(m, 2H), 7.59 (m, 2H ), 7.67 (d, J = 7.59, 2H ). IR: 3300, 1650cm

nTR ave

trans-4-(piperidinyi)carboxamide-5-furyi-i-/V-tosyi-2-imidazoiine{(4c)’ 'H NMR (CDCiy/TMS): § 1.52
LI =
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Nz, 20 ). IR 35UU, 104UC . VD M/Z QUM 71, 1), 209(D), 240(40), 150(10), 114{(1UV), Vi{Ld), 84(12)
HRMS Caled for (C13HgN3O,, M'-Ts ): 246.1242, Found: 246.1226
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10T proctcuurt 10r inc preparaion o 7. 1wbyanuat.cuumuc 44 \ dOUL Mg, 1.0 01 ) was UISSOVG(] m L rru
benzene and 391 mg ( 1.98 mmol ) p-toluenesulfonyl isocyanate was added at room temperature. After one

d as
hour, the benzene was removed and the residue was washed with ether for three times (3 xIiml ).
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N-(4-Toluenesulfonyl)-5-piperidinyl-2-oxazolecarboxamide ( 9 ) 'H NMR (CDCL/TMS): 6 1.62 ( br, 6H
242(s,3H),3.25(br,4H ), 6.04 (5, IH), 7.32(d,If827Hz,2"), 8.01 (d,J=827Hz 2H), 932(br,
1H ). Mp: 128 - 130°C. IR: 1702, 1597cm™. MS m/z 349(M", 33), 242(100), 155(26), 112(8), 91(70), 84(14)
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