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The use of Smiles rearrangement in Ugi- and Passerini-type couplings with electron-deficient phenols
allows very straightforward multicomponent formation @faryl- andN-arylamides. Best yields were
observed with the highly activatemt and p-nitrophenols, salicylic derivatives giving adducts in lower
yields. The scope of these new reactions is further increased by the successful couplings of heterocyclic
phenols such as hydroxypyridines and hydroxypyrimidines.
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Introduction

In the drug discovery process, the development of high-
throughput screening has spurred organic chemists to devic
new reactions affording scaffolds with increased molecular
diversity and complexity. The growing interest in multicom-
ponent reactions (MCRsind, more precisely, isocyanide-based
multicomponent reactions (IMCR&)s mainly associated with

this trend. Besides the Mannich reaction, the most popular MCR

is probably the Ugi reactidn(U-4CR) representing the best

€.

way as a Mannich extension of the Passerini reatti@tovered
some 30 years before. The efficiency of both reactions is
associated with the displacement of various equilibria by an
irreversible acyl transfer coined as Mumm rearrangerpent.
Changing one partner in a known multicomponent coupling is
an interesting strategy for the discovery of new reactions and
reactivity. When considering carboxylic acids in Ugi or Passerini
MCR, their replacement represents a challenging problem
because of the central role they play in the many steps of the

compromise bedtwheeg the Zefamhﬁ.fqr the C:]Ighel’ nlumbe.r of (3) (a) Udgi, I.; Meyr, R.; Fetzer, U.; Steintxkner, C.Angew. Chem
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tives by the coupling of isocyanides with carbonyl compounds, K. D. J. Am. Chem. So@004 126, 444-445. (d) Bonnaterre, F.; Bois-

. . . . . . Choussy, M.; Zhu, JOrg. Lett 2006 8, 4351-4354. (e) llyin, A.; Kysil,
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T. J. Org. Chem2006 71, 4578-4584. (h) Ma, Z.; Xiang, Z.; Luo, T.;
Lu, K.; Xu, Z.; Chen, J.; Yang, ZJ. Comb. Chem2006 8, 696-704.

(4) (a) Passerini, M.; Simone, IGazz. Chim. Ital1921, 51, 126-129.

(b) Passerini, M.; Ragni, Gsazz. Chim. Ital1931, 61, 964-969. For recent
applications of Passerini reactions, see: (c) Owens, T. D.; Araldi, G.-L.;
Nutt, R. F.; Semple, J. Heetrahedron Lett2001, 42, 6271-6274. (d) Beck,
B.; Magnin-Lachaux, M.; Herdtweck, E.; Dding, A. Org. Lett 2001, 3,
2875-2878. (e) Ovens, T. D.; Semple, J. Brg. Lett. 2001, 3, 3301~
3304. (f) Xia, Q.; Ganem, BOrg. Lett.2002 4, 1631-1634. (g) Banfi, L.;
Guanti, G.; Riva, R.; Basso, A.; Calcagno, Eetrahedron Lett2002 43,
4067-4069. (h) Kusebauch, U.; Beck, B.; Messer, K.; Herdtweck, E.;
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C.; Schreiber, S. LOrg. Lett 2004 6, 4231-4233. (j) Denmark, S. E.;
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886—893.
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Weinheim, 2005. (b) Orru, R. V. A.; De Greef, Mynthesi2003 1471
1499. (c) Balme, G.; Bossharth, E.; Monteiro,Bur. J. Org. Chem2003
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SCHEME 1. Mechanism of the Ugi Reaction SCHEME 2. Ugi—Smiles Coupling ofo-Nitrophenol
1 2 1 RCO-H 1 }‘-|+ Lol OH
RICHO 4 RNH, — RU_N.,, —— RI_N{; R'CO; ©i R1GHO ] .
MeOH 2
NO; e R2. )J\(N\ .
“ RNC ReNH RNC N R
R3 2 R'
“NH R I
o R! Mumm | R R Nr2 SCHEME 3. Steps Involved in the Ugi-Smiles Coupling of
RE N R4CO; D I . o-Nitrophenol
\IT ‘RZ HN\RZ N+ R COZ OH
o) R NO, B _
. _ , , _ R'CHO + R™NH, + RU_NI_, A0
reaction mechanism. In the more complex Ugi reaction, their R
Bronstel properties allow faster imine formation and addition \ .
of the moderately nucleophilic isocyanide to the activated R3, ‘ RENC
iminium. The carboxylate is then involved in the trapping of o Ar I g H
the nitrilium species, and finally, the structure of the acid allows g3 )H/N‘ , Smiles o) R N.q2
the Mumm rearrangement to settle and displace all the equilibria N ¢ R® =—— ON HN-g2e = \Iﬂ A0~
(Scheme 1). Indeed, efficient replacement of the carboxylic acids N+

implies a new reaction mechanism and a new rearrangement R3

takes place. In the case of the Ugi reaction, most of the potential

surrogates (water, hydrazoic acid, carbonic acid monoesters, hy- We further demonstrated that these couplings first observed
drogen sulfide, thiocarboxylic acids, hydrogen selenide, cyanate,with o- and p-nitrophenol could be extended to various
thiocyanate, and thiosulfafd)ave been examined by Ugi shortly  heterocyclic derivatives sharing precedents in Smiles rearrange-
after his pioneering description of the U-4CR reaction. In all ment!® In this paper, we describe our most comprehensive
these reactions, the irreversible Mumm-type rearrangementsresults on Passerini- and Ugi-type couplings with phenolic
observed with carboxylic acids are replaced either by analogoussystems and discuss the nature of potential electron-withdrawing
transfer of acyl moieties (carbonic acid or thiocarboxylic acids), groups as well as neighboring effects observed with ortho
by an irreversible tautomerization of imidate to amides (water, substituents.

hydrogen sulfide, and selenide)pr by a final cyclization

(hydrazoic acid forming tetrazoles, cyanate and thiocyanate Results and Discussion

giving hydanthans derivativesy. In the case of the Passerini
reaction, similar uses of water (in the presence of mineral
acids)!9 hydrazoic acid! as well as thiocarboxylic aciékhave
been reported. More interestingly, stoichiometric use of JiCl
allows the formation of stable titanium complexes of chloro

- . 3
imidoyles which can be later hydrolyzeddshydroxy amides: trigger Smiles rearrangements on phenolic systems could afford

Recently, we reported the first use of Smiles rearrangerifents in our case the irreversible step required for efficient Ugi-type
in Ugi- and Passerini-type reactiotfsin these new multicom- . preq 9-yp
couplings (Scheme 3).

Bgﬂﬁg SC ?rl]J %“_ngﬁaefgtéo?égg::‘i;eg a?rztla-n:rllsdilrirli/slgrii?jzsamdlc After phecking the lack of reactivity of unsubstituteql phenpl
(Scheme 2) and m-nitrophenol, we observed the expected couplings with

’ o- andp-nitrophenols under moderate heating in methanol with
isocyanides (1 equiv), carbonyl compounds (1 equiv), and

Ugi—Smiles Couplings. At the outset of this study, we
believed that the presence of an electron-withdrawing group on
phenol would increase its acidity sufficiently so that it could
protonate the imine, forming a phenolate to trap the nitrilium.
Furthermore, the ability of electron-withdrawing groups to

(6) Ugi, I. Angew. Chem., Int. EA962 1, 8—21.
(7) (a) Keating, T. A.; Armstrong, R. Wl. Org. Chem1998 63, 867—

871. (b) Heck, S.; Dmling, A. Synlett200Q 424-426. (c) Haslinger, E. (13) (a) Schiess, M.; Seebach, Belv. Chim. Actal983 66, 1618—
Monatsh. Cheml978 109, 749-750. (d) Gross, H.; Gloede, J.; Keitel, 1.; 1623. (b) Seebach, D.; Adam, G.; Gees, T.; Schiess, M.; Weigan@Ghém.
Kunath, D.J. Prakt. Chem1968 37, 192-199. See also ref (6) Ber. 1988 121, 507-517. (c) Carofiglio, T.; Cozzi, P. G.; Floriani, C.;

(8) (a) McFarland, J. WJ. Org. Chem1963 28, 2179-2181. (b) Opitz, Chiesi-Villa, A.; Rizzoli, C.Organometallics1993 12, 2726-2736. For
G.; Merz, W. Justus Liebigs Ann. Chenl962 652 163-175. (c) similar reactions with Zn(OT$) (d) Zn(OTf)/TMSCI-promoted Passerini
Kreutzkamp, N.; Lenmerhirt, K. Angew. Chem., Int. Ed. Engl968 7, reaction: Xia, Q.; Ganem, BOrg. Lett.2002 4, 1631-1634. Enantiose-
372-373. (d) Weber, LDrug Disc. Todayl998 3, 379-385. See also lective version with SiCt (e) Denmark, S. E.; Fan, YJ. Am. Chem. Soc
ref 6. 2003 125, 7825-7827.

(9) (@) Udgi, I.; Rosendanhl, F. K.; Bodesheim Lkebigs Ann. Chen1963 (14) (a) Selvakumar, N.; Srinivas, D.; Azhagan, A. Sinthesi2002
666, 54—61. (b) Opitz, G.; Griesinger, A.; Schubert, H. \Mustus Liebigs 16, 2421-2427. (b) Soukri, M.; Lazar, S.; Akssira, M.; Guillaumet, Grg.
Ann. Chem1963 665 91—-101. (c) Neidlein, RArch. Pharm 1965 298 Lett. 200Q 2, 15571560. (c) Cho, S.-D.; Park, Y.-D.; Kim, J.-J.; Lee,
491-497. (d) Neidlein, RAngew. Chem., Int. Ed. Endl964 3, 382. (e) S.-G.; Ma, C.; Song, S.-Y.; Joo, W.-H.; Falck, J. R.; Shiro, M.; Shin, D.-
Bienayme, H.Tetrahedron Lett1998 39, 2735-2738. (f) Kalinski, C.; S.; Yoon, Y.-J.J. Org. Chem2003 68, 7918-7920. (d) Proudfoot, J. R.;
Umkehrer, M.; Gonnard, S.;"dar, N.; Ross, G.; Hiller WTetrahedron Patel, U. R.; Campbell, S. J. Org. Chem1993 58, 6996-7000. (e) Rotas,
Lett. 2006 47,2041-2044. G.; Kimbaris, A.; Varvounis, GTetrahedror2004 60, 10825-10832. (f)

(10) (a) Hagedorn, |.; Eholzer, U.; Winkelmann, H. Bngew. Chem. Wang, H.-Y.; Liao, Y.-X.; Guo, Y.-L.; Tang, Q.-H.; Lu, LSynlett 2005
1964 76, 583-584. (b) Hagedorn, I.; Eholzer, Chem. Ber1965 98, 8, 1239-1242. (g) Cho, S.-D.; Park, Y.-D.; Kim, J.-J.; Joo, W.-H.; Shiro,
936-940. (c) Engemyr, L. B.; Martinsen, A.; Songstad,Atta Chem. M.; Esser, L.; Falck, J. R.; Ahn, C.; Shin, D.-S.; Yoon, Y F&trahedron
Scand., Ser. A974 28, 255-266. (d) Zeeh, BTetrahedron1968 24, 2004 60, 3763-3773.

6663-6669. (15) (a) ElI K&m, L.; Grimaud, L.; Oble, JAngew. Chem., Int. E@005

(11) (a) Ugi, I.; Meyr, RChem. Ber1961, 94, 2229-2233. (b) Nixey, 44, 7961. (b) ElI Kam, L.; Gizolme, M.; Grimaud, LOrg. Lett.200§ 8,
T.; Hulme, C.Tetrahedron Lett2002 43, 6833-6835. 5021-5023.

(12) Henkel, B.; Beck, B.; Westner, B.; Mejat, B.; 'Bding, A. (16) El Kam, L.; Gizolme, M.; Grimaud, L.; Oble, Drg. Lett.2006
Tetrahedron Lett2003 44, 8947-8950. 8, 4019-4021.
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TABLE 1. Ugi—Smiles Couplings ofo- and p-Nitrophenols

Entry R'COR’ R'NH, RNC Phenol Conditions Product ‘({jz%?
74 (MeOH)
ON
ny nox 200 'Q
1 cHo a oNe 90 (toluene;
- QON (40°C) c,uu_-\}_ N\—O—cr ( )
o 100 (MeOH,uW)
oN
NO, 16h
2 HCO "’"_O_m oyne @ N 81
N OH 60°C; e
(60°C) cw-m—(o_ \—< >—0M
o
NO, 4h q _Q
3 “cHo HN~ome CyNC @ N 71
OH (40°C) CyHN —
©_ ome
O,N:
OMe NO; 16h 2
P Ic
4 cHo N A e oy @[0" 0 - N\_(om 64
o OMe
)
s B & o 16 5 %
cHo AN ene N
2 on (60°C) cyHNJj
OZND
o
CyHN
L) 16h
6 “cHo N [ ©: _§_/ 7
OH (60°C) =
NO,
S
CyHN
NO, 16h
7 “cHo HN A CyNC @ N 72
OH (60°C) \_\
o, N\
NH, NO,
8 “cHo @ : CyNe C[on (60°C) - -
NO;
9 “cHo ELNH CyNC c[on (60°C) - -
NO;
10 “cHo NNCNN CyNe @[m (60°C) - -
o
" no, 4
1 Aero e ae Cx Dy %
OH 40°C;
( ) e~ @—CI
HoN NO, 4h O;N-
12 GacHO o aune Cr -:?_,, 79
OH 40°C ul
(40°C) roun~ \—< >—u
) MeO, NO;
No; 16h o
13 “cHo HaN~ome @ N Mw©_¥NH N 71
ome OH (60°C) \0])\/
OMe
E00C—~ 0
- NO, 16h HN ,—@—m
14 cHo a SN cooEt N 60
el G | wo D
-~ No,
15 [ A N one C[O" 60°C - R
NO;
16 o Do e L, o : :
i no, 20h O
onc—< >l A c NO,
17 a o on @0 @ %
cr
O
n no; 20 \Q\/N .
y
18 F,CQCHO \_O_u ome (:[on (60°C) m 70

Me0 . No 70h "
19 MwD‘cuo : ¢ one CEQH (60°C) o™ N/\©\ 90

NO, 7d
20 o=J "y owe @EM @0 q%c »

°q_ c
2 A e one o 1 ot 1Y

o (60°C) 7
NO,
No;
no, 16h Q
2 “eno Do one i )
HO' (40°C) CyHN_-\}_N \—O-cx
o
NO,
NO; 48h %NN Q
|
3 R S rone el (60°C) YA %
NO,
N, 10d h Q
o
24 HN A~ CyNC
)\/\/k OMe HOO (60°C) N\_\ 46

alsolated yields? When a catalytic amount (15 mol %) of MgC/@vas added, the desired adduct was formed in 81% yield.
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TABLE 2. Ugi—Smiles Couplings of Substituted Nitrophenols

OH
| b cl
N o) \/©/
N NH X .
CHO + 2 4+ CyNC - CyHNJ\(N
o MeOH, 60°C

Et

Yield
(%)

cl
cl NO, c'_©_\ _@_
1 J 16h /—S:o s 95

CyHN

O,N
Cl—< >—\
48h /_S"I:‘O'“’ 73
(o]

Entry Phenol Conditions Product

(o)

He
CyHN

MeO.

(o)

NO,
NO,
MeO
o 16h C L. 62
Me
S

72h /—S= 96
o

o
)& " 72h CI_O;S:@‘"”“

M
H

S

4 \/D/ i i i

HO'
H
2
2|

(o)

[}

98

N
[o}
e
[o)
(o)
N
N
(o)

H

NO, . ©V lﬁN,Bn
8 @V(\ ) 48h °'\<jV N 88

N.
L T

a|solated yields.

primary amines (1 equiv). The various amines, isocyanides, andamines were tested under these conditions (Table 1, entry 9).
carbonyl derivatives tested in this new Ugmiles reaction are  Though N-arylated compounds could not be formed in this
collected in Table 1. As observed in the Ugi coupling with reaction, one might expect the formation of simple Ugi adducts
carboxylic acids, aldehydes, and ketones are efficient partners,as observed in the three-component coupling of secondary
ketones requiring higher reaction times and giving slightly lower amines with isocyanides and aldehydes in the presence of
yields (Table 1, entries 20, 21, and 24),3-Unsaturated carboxylic acids. Similarly, piperazine fails to give any arylation
aldehydes and furfural, however, were not satisfying partners on the distal nitrogen group as observed for acyl migrations in
in this reaction (Table 1, entries 15 and 16). Among isocyanides Ugi reaction&® (Table 1, entry 10), the recovery of the
tested, the benzyl derivative is the most reactive (Table 1, entry nitrophenol shows here again the importance of the Smiles
11); the less nucleophilic isocyanoacetic acid ethyl ester can 5-membered transition states in the efficiency of the-t8yiles
be coupled with aldehyde in good to moderate yields (Table 1, coupling.
entry 14), whereag-toluenesulfonyl methyl isocyanide (TosMIC) The reaction can be performed either in methanol or toluene
does not react at all. Anilines fail to give any coupled product (Table 1, entry 1) with similar yields. Several trials under
(Table 1, entry 8); this could be explained by the lower microwave conditions in methanol or toluene have shown that
nucleophilicity of the aromatic amine decreasing the efficiency the yields could be slightly improved with much shorter reaction
of the Smiles rearrangement. Indeed, a similar effect has beentime (Table 1, entry 1).
observed by Smiles when comparing the reactivity of various  We next studied the effect of substituents on the nitrophenols
N—H and N-Ph nitroarylsulfones! (Table 2). 2,4-Dinitrophenol gives the dinitroarylamide in good
The key role of the Smiles rearrangement was further yield (Table 2, entry 2). We next examined the effect of alkyl
demonstrated by the absence of any adduct when secondary

(18) Giovenzana, G. B.; Tron, G. C.; Di Paola, S.; Menegotto, I. G.;
(17) Evans, W. J.; Smiles, S. Chem. Soc1935 181-188. Pirali, T. Angew. Chem., Int. E®2006 45, 1099-1102.
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TABLE 3. Effect of Electron-Withdrawing Groups on Ugi—Smiles Couplings

Yield

Enry | R'CHO R’NH, R'NC Phenol Conditions Product %y
0

HoN
1 Acho @m CyNC

OH
R (60°C) - -

0 R=H,Me
ash MeO,C —Q
o 74%
Cogme (60°C) CyHN:}‘”\_O_C. 7

o
o)

CyHN OMe
48h 2},{ @ 76%
e0,C:

b

R

HoN
2 Acho @m CyNC

H,N
Y\ L@— OMe
| CyNC
3 [e]

R

come (60°C) e
OH 20h MeOOC
4| Aao | one CL,. (60°C) [>_N<—«° 0%
NHCy
MeOOC
5 ~cHo 73 CyNC C(OH 16h [}_\N@ 63%
NH. 0, (1
A\ NHe CoMe (60°C) o
CyHN
NHCy
o 48h ;
6 | Moo |~ o X N 47%

CO,Me (60°C) Q L>_
CooMe
oA
w | o |
COMe (60°C) o

7 “cHo HaN CyNC
48h
8 T | o e coe (60°C)

OH OH
48h H
9 m HaN ™~ 0OMe CyNC 0\|/ (60°C) C@(N\/\OMe -

OH

o
I

Q| a
S

o

10 AcHo HZN_Q_C. CyNC X o ( 6%%%) - -
A e OH

11 CyNC /©/ 60°C ~ _
A o OH

12 CHO cl CyNC ©i 60°C - -

L< >— o ( )
OH
13 ~ero H;N\_Q_ o e ©/PO(0E02 (60°C) _ R

a|solated yields.

substituent at the ortho position and were disappointed by the The range of potential phenols was then screened to get a
absence of reactivity of 2-methyl- and 2-allyl-4-nitrophenol better insight of the scope of this new coupling. With 2-hy-
showing a possible dependence of the reaction to steric droxybenzaldehyde and 2-hydroxyacetophenone (Table 3, entry
hindrance (Table 2, entries 3 and 4). In contradiction with these 1), preformed imines were used to suppress competition
first results, 2-chloro- and 2-methoxy-4-nitrophenols give ad- problems between the different carbonyl derivatives. The
ducts in good yields (Table 2, entries 1 and 5). To gain further reactions were not clean, and the desired adducts could not be
insight on these aspects, a Mannich reaction was performed onisolated from the mixture. Better results were obtained with
4-nitrophenol with formaldehyde adtbenzylpiperazine. The  salicylic acid methyl ester. Interestingly, this latter gave coupled
Mannich adduct was then submitted to U@miles coupling product in the Ugi-Smiles reaction under moderate heating in
with propionaldehydep-chlorobenzylamine, and cyclohexyl- methanol (Table 3, entries-5), whereas the para-substituted
isocyanide giving the expected adduct in 88% vyield (Table 2, derivative was not reactive (Table 3, entry 11). However, in
entry 8). Given the lack of reactivity of simple alkyl-substituted several instances, the formation of the corresponding amide was
phenols, the successful couplings obtained in these last example@bserved when using highly nucleophilic amines such as
are in strong support of beneficial hydrogen bonding interactions allylamine or 2-methoxyethylamine (Table 3, entriesdJ.

in the reaction intermediates of the Ugsmiles coupling. ~ 0-Cyanophenol (Table 3, entry 12), phosphonate (Table 3, entry
Possible intramolecular hydrogen bonding in the intermediate 13), as well as salicylic amides were not reactive.

prior to Smiles rearrangement could induce faster rearrangement Nitro groups are known to be the best activating group in
by increasing the nucleophilicity of the amine. Smiles rearrangement, good yields are thus obtained with both

J. Org. ChemVol. 72, No. 11, 2007 4173
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TABLE 4. Ugi—Smiles Couplings of Quinoline and Pyridine Derivatives

Yield

Entry R'CHO R’NH, R’NC Phenol Conditions Product %
0

OMe

N 48h I
o CyNC P (MeOH, 60°C) CyHN)b/N 64%
NI Z

NO,
ci

1 ~cHo

\ 60h

HzNL< >—OM
HoN ~ 0
2 A~cHo L@—m CN"COOE - (MeOH, 60°C) Echu)j/N 43%
N NO,
Z
HZN\—< >—OM
HZN@_0|

I\ (MeOH, 60°C)
P (Toluene, 90°C)

3 AcHo . CyNC N

66%

N
4 ~cHo ONF (MeOH, 60°C)

e el 16h “ D/_$z N—@—Noz
o)

CyHN

Ny OH 72h HN._O ~_NO,
~ x N %
3 cHo ANNH, Loune ON I Z (MeOH, 60°C) \INJJ 96%

O,N
OH C[—@—\ :
HaN NG NO, 16h N—
6 Ao Mo N N /_3= = 62%
o

A O,
P (MeOH, 60°C)
CyHN
OH O
Cl N=
HaN N 72h N=Q( /-C
7 eno - one >~ (Toluene, 90°C) /_3.:_(}} %
cl CyHN
OH Me0>—\
ome N 16h Mo N Mci
~ -
8 CcHO HN KN e +BUNC L (Toluene, 90°C) /-—;‘_N(:}‘ 14%
c o )(
OH XHQN/\/
9 “cHo AlNH, tBuNC it : 16h S ] 54%

(Toluene, 90°C)

Q

72h

z
/2
[¢]
z
(o]
O/z jo3
\I
[}
o

H,N b
10 “ero - one 7 (Toluene, 90°C) 5 "
CF, CyHN
OH xng\ ANF
N
~ ] NS 16h T
11 CHO AlNH, t+-BuNC L (Toluene, 90°C) ,\i) 58%
CFs N
CFs
oH . \
NEN 30min N
12 ~cHo HN _ CyNC L UW (Toluene, H/Nj\27 —\ 25%
120°C, 50W) ¢y © NQ
CF,
CF,

alsolated yields? Only 8% in MeOH at 60°C for 16 h.

ortho and para derivatives. The results obtained with esters givemust be analyzed in light of the various steps of the mechanism
interesting clues for the mechanism of the Y§imiles reaction with special focus on the irreversible one. In our case, as noted
as the K, difference between the ortho and the para derivative above for the ortho substituent effect on nitrophenols, similar
is opposite to what is expected from their reactivity. Indeed, hydrogen-bonding-type interactions between the ortho ester and
from a simple correlation between the acidity and the ability of the amino group bring additional electrophilic activation of the
phenol to trigger this coupling one would expect the more acidic aromatic ring toward the nucleophilic amine in the Smiles
para-substituted ester to be more reactive (salicylic acid methyl rearrangement.

ester: Ky = 10.06;p-hydroxybenzoic acid methyl esterKp Smiles rearrangements, initially described on substituted
= 8.34). Dealing with Ugi-type reactions, the reactivity pattern benzene rings, were further extended to heteroaromatic com-

4174 J. Org. Chem.Vol. 72, No. 11, 2007



Smiles Rearrangements in Ugi- and Passerini-Type Couplings ]OCArticle

TABLE 5. Ugi—Smiles Couplings of Pyrimidine Derivatives

Yield
Entry R'CHO R’NH, R’NC Phenol Conditions Product %y
0
OMe
1 KN e 15h (©
Ao el H-ome NG NTSN . it 38%
S (©0) o Yy
N
cl
H2N J\\ 72h o
2 ~cHo L@-m CyNC MOH (60°C) CVHN)ﬁ/NENr\\N/ 78%
/
L 4d A
3 AcHo AlINH, +BuNC N"SN o N)j"‘ Ny 60%
A, (60°C) N \LfN
L ]
20min /”ml
HN CyNC N“SN Cy N
¢ Tero = ’ M, | mw soec, sow). o 60%
Ay
QCI
o
HoN J\\ 4d N._N
CyNC NN R
5 fo /CLCHO \—O—m ] JL, (60°C) CyHN:E E;N( 50%
FiC
cl
0 HN A 8d 2
CyNC NN CyHN
6 A | @ A, (60°C) ' &”ﬁ(}( W
cl
Ph J: ]
7 ~ HZNLO-Q CyNC N)§N 16h i N Ph 89%
A, | @ =
OMe
Ph Cy-NH 5
A 72h 30%
8 OHC OM CyNC NN o
—< >— 3 AlINH, ! JL, (60°C) o N\
N
Ph
OMe
Ph Cy-NH
A 72h b
CyNC S
9 OHC—@—OME AlINH, N i CUOH (60°C) AN 51%
: Fc— N
Ph
cl
Ph ,( ]
10 ~cHo HzN@-cu CyNC N|)§N (6702"123) CyHN i NN . Ph 51%
PhMOH L
Ph
cl
HaN r 72h o :
11 AcHo @-cn CyNC NN o N N\H\ 63%
60°C CyHN S
A on 60°O) ’ \[\;N

a]solated yields? Done with a catalytic amount (15 mol %) of MgCJO

pounds and the many examples performed later on pyridines,group is now activated by the heterocyclic nitrogen atoms at
pyrimidines, and various azoles have largely overshadowed theseeither the 2 or 4 position.

initial studies. An electron-withdrawing group tethered onto the ~ We thus examined the reactivity of pyridines and pyrimidines
aromatic ring is not needed as the carbon bearing the hydroxyl(Tables 4 and 5) with their electronic properties dominated by
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TABLE 6. Passerini-Smiles Couplings of Electron-Poor Phenols

OH MeOH s N0z
RICORZ + RNC + R\N&O
NO, 45°C H R R?
Entry R'COR? R’NC Phenol Time Product ‘(@39
o) NG,
NO; 0.
1 m CyNC C[ : 3d CyHN \© 64
o OH
o R
2 CsHuCHO CyNC @ 3d CyHN 64
OH Vs
NO, [} NO,
3 ~CHo CyNC @[ 3d CyHN)i/O\Cj 80
OH
o NG
NO, 2
4 0O e X 3d oy ° 50
OH CCly
NO, o] NO,
5 ~cHo tBuNC @( 3d t-BuHN)i/O\© 36
OH
" 0 NO:
6 H.CO +BuNC @ ’ 3d t—BuHNJJ\/O\© 27
OH
NC ) NO,
o
0
7 ~cHo C[ 3d 28
OH
OMe OMe
OMe OMe
) NG;
0.
NO, CyHN \@
8 0H0—< >—CI CyNC @[ 3d 57
OH
Cl
o] NO,
NO, CyHN o
9 Q oG @[ 3d 62
FiC CHO OH
FiC
NO,
10 Ph P cho ome (:[ - - -
OH
0 NG,
NO,
11 o< oG @[ 5d CyHN)bO\Ej 26
OH
12 i @[NOZ 5d &0 S 71
CyNC CyHN
P o ¢ (j
o NG,
o NO,
t-BuNC o
13 Je, . C[OH sd CyHN:CS< \© 74
o] NO,
O,N Me o
14 Aero owe )9S 3d CyHN)i( j@ 74
HO Me
5} NO,
OH o
15 AchHo CyNC \/\©/NO; 3d CyHN)i/ 8@ 7
A
0 NO,
ON NO,
16 ~eHo ome )9 3d cwwﬁ/"@\ 29
HO NO,
o
NO, o. o .
17 Aemo oo o 3d Y YL 72h¢
HO NO,
~Bn
NO, N
18 “cHo CyNC ON/BH 3d i o - 65
N CyHij/
OH NO,
o
o
19 OHC cl CyNC © 3d 68
—< >— o NO,
ci
OH
20 Ao NG @[ . . N
COMe
oH
21 AcHo CcyNe Q/ - R .
MeO,C

El Kaim et al.

alsolated yields®? 1 equiv of N,N-dimethylpiperazine was added to the reaction mixté&equiv of the aldehyde were used in this reaction.
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TABLE 7. Passerini-Smiles Couplings of Six-Membered Ring Nitrogen Heterocycles

X OH MeOH ?
R'COR? + R3NC + Xlr \\j/ Ra‘N)]S(Ojl/\
\;NOZ 45°C, 3d H R R2 X o X
NO,
. ) s Yield
Entry R'COR R°NC Phenol Product
%)
NO, o N7
A 0. I
1 ~cHo CyNC ~ CyHN)j/ 60
5 N NO,
OH o NO,
2 ~cHo CyNC N NO, CyHN O i B 46b
L N~
5}
N\ OH o
3 ~NcHo CyNC L CyHN)i/ \,@\ 43P
O:N N~ NO,
J\ [¢)
o
)\%OH \f
[}
o
J\ CyHN rd
5 0Hc—< >—C| CyNC NN NN 24
/"\/\OH T
cl

asolated yields? 1 equiv of N,N-dimethylpiperazine was added to the reaction mixture.

the electron-withdrawing nature of the nitrogen atom. 2-Hy- as amino partner, the 4-aminopyrimidine could be only formed
droxypyridine is not reactive under these conditions (Table 4, under microwave conditions (Table 5, entry 4) as observed for
entry 3), whereas 3- and 5-nitro-substituted 2-hydroxypyridines the coupling with the pyridine derivative (Table 4, entry 12).
react smoothly by moderate heating in methanol (Table 4, entries2-Hydroxypyrimidines are also potent partners in this multi-

4—6). Less activated 5-chloro- (Table 4, entries9) and
5-trifluoromethyl-substituted (Table 4, entries-102) 2-hy-

component reaction. The free pyrimidine, generated in situ from
its commercial hydrochloride (1 equiv of NaOMe in MeOH),

droxypyridine require higher temperature and the use of toluene gave the expected 2-aminopyrimidine in moderate yield (Table

as solvent to give adducts in satisfying yields.

5, entry 1).

Pyrimidines are even more activated than pyridines toward We next tested the behavior of various five-membered ring
nucleophilic attacks. These heterocycles are key compounds inheterocyclic hydroxy derivatives. These latter (isoxazole, tet-
many biological systems with active compounds such as thyminerazole, benzoxazole, and benzothiazole) were not sufficiently
or cytosine. They have been reported to be potent therapeuticreactive though the well-documented use of tetrazoles in the

agents for the treatment of inflammatory diseases (asthma,Smiles rearrangement of the Juli€ocienski reactiond?

rheumatoid arthritis, etc'f,HBV infection2° Creutzfeldt-Jacob
diseasé! epilepsy, and canc@?.Consequently, such hetero-

Passerini-Smiles Couplings.Due to the higher electrophi-
licity of the iminium toward the aldehyde, the Passerini reaction

cyclic compounds remain major targets for the pharmaceutical usually requires stronger acidic conditions than the related Ugi
industry. 4-Hydroxypyrimidines are readily prepared by the coupling to give the desired adducts efficiently. We recently

condensation gf-keto esters with amidine derivativ€sWhen
submitted to the Ugi Smiles coupling, the desired adducts were

disclosed that phenolic derivatives were sufficiently acid to
replace carboxylic acids in the 3-CR Various aldehydes and

obtained in moderate to good yields under heating in methanol ketones were coupled withrnitrophenol (1 equiv) and isocya-

at 60°C. The reactivity of 4-hydroxypyrimidines appears to be
quite general: aryl-, alkyl-, and trifluoromethyl-substituted
pyrimidines behave similarly (Table 5). With propargylamine

(19) Doherty, G. A.; Kamenecka, T.; McCauley, E.; Van Riper, G.;
Mumford, R. A.; Tong, S.; Hagmann, W. KBioorg. Med. Chem. Lett.
2002 12, 729-731.

(20) Chen, H.; Zhang, W.; Tam, R.; Raney, A. K. PCT Int, Appl. WO
2005058315 Al 20050630, 2005.

(21) Perrier, V.; Wallace, A. C.; Kanedo, K.; Safar, J.; Prusiner, S. B.;
Cohen, F. EProc. Natl. Acad. Sci. U.S.£200Q 97, 6073-6078.

(22) Fredholm, B. B.; ljzerman, A. P.; Jacobson, K. A.; Klotz, K.-N.;
Linden, J.Pharmacol. Re. 2001, 53, 527-552. Meijer, L.; Raymond, E.
Acc. Chem. Re®003 36, 417-425.

(23) Hullar, T. L.; French, W. C.J. Med. Chem1969 12, 424-426.
Ried, W.; Stock, PJustus Liebigs Ann. Chent966 87—91. Burdeska,
K.; Fuhrer, H.; Kabas, G.; Siegrist, A. Hely. Chim. Actal981, 64,
113-152. Norman, M. H.; Chen, N.; Chen, Z.; Fotsch, C.; Hale, C;
Han, N.; Hurt, R.; Jenkins, T.; Kincaid, J.; Liu, L.; Lu, Y.; Moreno, O.;
Santora, V. J.; Sonnenberg, J. D.; Karbon, WMed. Chem200Q 43,
4288-4312.

nides (1 equiv) forming-hydroxyamides with lower yields than

in the related Ugt+Smiles reaction (Table 6). The overall
reactivity pattern is similar to the one observed for the Ugi
coupling of phenols: aliphatic aldehydes being the most reactive
(Table 6, entries £6) and ketones giving adducts in low yields
unless activated by electron-withdrawing groups (Table 6, entries
11-13). Various substituted-nitrophenols were tested suc-
cessfully in this new 3-CR (Table 6, entries-146). Surpris-
ingly, under the same experimental conditiopsjitrophenol
was not reactive reminding us of the ortho substituent effects
already observed in the UgBmiles coupling. Indeed, the
addition of an amino methylene moiety pmitrophenol allows

the reaction to proceed smoothly (Table 6, entry 18). To test
whether this effect could be due to the presence of an additional

(24) Blakemore, P. R.; Cole, W. J.; Kocienski, P. J.; Morley S&nlett
1998 26—-28. Kocienski, P. J.; Bell, A.; Blakemore, P. Bynlett200Q
365-366.
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base, 1 equiv of an amino base (triethylamine aail'-
dimethylpiperazine) was added in the reaction mixture. The best
results were obtained witN,N'-dimethylpiperazine giving the
PasserintSmiles adduct in a 26% yield. The major product
(48%) obtained in this reaction is an acetal involving 2 equiv
of the aldehyde for one phenol (Table 6, entry 17). In this case,
the Smiles rearrangement probably failed, hydrolysis of the
imidoyl moiety provides the alcohol which further attacks a
second aldehyde followed by coupling with phenol. When
forcing the reaction with 2 equiv of carbonyl compounds, the
acetal is formed in an improved 72% yield. However, aromatic
aldehydes behave differently and, with 1 equiv NfN-
dimethylpiperazine, they mainly provide the desired adduct (ratio
acetal/passerini product: 1:10). In this case, raising the tem-
perature to 70C in toluene is necessary for completion of the
reaction (Table 6, entry 19). Less reactive 2- and 4-hydroxy-
benzoic acid methyl esters do not give any coupling with or
without piperazine (Table 6, entries 20 and 21).

As observed for the UgiSmiles coupling, the reaction could
be extended to heterocyclic derivatives. 4-Hydroxypyrimidines

El Kaim et al.

7.04 (d, 1H,J = 9.4 Hz), 6.76 (d, 1HJ = 9.4 Hz), 4.30 (d, 1H,
J=14.9 Hz), 4.12 (d, 1H) = 14.9 Hz), 3.84-3.74 (m, 1H), 3.60
(dd,1H,J = 8.6, 5.3 Hz), 1.981.87 (m, 2H), 1.881.79 (m, 2H),
1.77-1.64 (m, 4H), 1.43-1.08 (m, 4H), 0.90 (t, 3HJ = 7.3 Hz);
13C NMR (CDCE, 100.6 MHz)o 170.8, 142.3, 138.5, 135.3, 133.7,
133.1, 130.1, 129.1, 126.4, 125.6, 124.8, 69.8, 48.3, 43.8, 33.5,
33.2,25.9, 25.1, 23.4, 11.4; IR (thin film) 3318, 2930, 1635, 1558,
1349, 1090 cm%; MS (DI, Cl NH3) m/z 431; mp 158°C. Anal.
Calcd for G3H2gCIN3O3: C, 64.25; H, 6.56. Found: C, 64.17; H,
6.52.
2-(N-(4-Methoxybenzyl)N-(2-nitrophenyl)amino)-N-cyclo-
hexylacetamide (Table 1, entry 2):orange oil; yield (16 h at 60
°C in MeOH) 81%;'H NMR (CDCls, 400 MHz)6 7.78 (d, 1H,J
= 8.3 Hz), 7.49 (t, 1HJ = 7.6 Hz), 7.35 (br s, 1H), 7.217.13
(m, 2H), 6.99 (d, 2H, = 8.6 Hz), 6.82 (d, 2HJ = 8.6 Hz), 4.04
(s, 2H), 3.83-3.69 (m, 1H), 3.79 (s, 3H) 3.75 (s,2H), 1:85.53
(m, 4H), 1.46-1.07 (m, 6H);3C NMR (CDCk, 100.6 MHz) ¢
168.5, 159.8, 143.6, 133.9, 130.5, 127.7, 126.1, 124.1, 123.9, 114.4,
60.1, 55.7, 55.2, 48.3, 33.2, 25.8, 25.1; IR (thin film) 3368, 2933,
2855, 1672, 1519, 1253 cri MS (DI, Cl NHz) mVz 397; HRMS
calcd for GoH»7N304 397.2002, found 397.2015.
N-Cyclohexyl-2-[(2-methoxyethyl)-(2-nitrophenyl)amino]bu-

have been successfully coupled with carbonyl compounds andtyramide (Table 1, entry 3): yellow oil; yield (4 h at 40°C in

isocyanides in moderate to good yields. For 2-hydroxypyridines,
the yields are generally improved by using 1 equivhNgi\-
dimethylpiperazine (from 32% to 46% in the case of 2-hydroxy-
3-nitropyridine).

Conclusion

In conclusion, we have described the first genbkalrylations
in Ugi and Passerini reactions using phenols as acidic compo-
nents in place of the traditional carboxylic acids. The efficiency

of these processes is linked to an irreversible Smiles rearrange-

ment in the last step of the mechanism. The displacement of
equilibria by irreversible rearrangement or cyclization is a
general principle that has already allowed significant recent
developments in isocyanide based multicomponent reactons.

MeOH) 71%;H NMR (CDCl;, 400 MHz) 6 7.70 (dd, 1H,J =
8.1, 1.5 Hz), 7.50 (td, 1H) = 7.6, 1.5 Hz), 7.43 (br s, 1H), 7.31
(dd, 1H,J = 7.6, 1.0 Hz), 7.17 (ddd, 1H] = 8.1, 7.6, 1.0 Hz),
3.81-3.72 (m, 1H), 3.69 (t, 1H) = 6.8 Hz), 3.46-3.28 (m, 4H),
3.22 (s, 3H), 2.061.96 (m, 2H), 1.931.79 (m, 2H), 1.771.66
(m, 4H), 1.42-1.06 (m, 4H), 0.93 (t, 3H) = 7.3 Hz); °C NMR
(CDCl3, 100.6 MHz)6 172.2, 146.9, 142.9, 133.1, 125.9, 125.5,
124.1,70.1, 69.6, 59.1, 49.9, 48.4, 33.2, 33.1, 26.0, 25.3, 24.0, 11.7.
IR (thin film) 3332, 2936, 1654, 1522, 1359, 1119 ¢mMS (DI,

ClI NH3) m/z364. Anal. Calcd for GH2gN30,: C, 62.79; H, 8.04.
Found: C, 62.61; H, 8.28.
2-(N-(4-Chlorobenzyl)-N-(2-chloro-4-nitrophenyl)amino)-N-
cyclohexylbutanamide (Table 2, entry 1):brown oil; yield (16 h

at 60°C in MeOH) 95%;H NMR (CDCl;, 400 MHz)6 7.65 (d,
1H,J= 2.3 Hz), 7.37 (dd, 1H) = 8.8, 2.3 Hz), 7.21 (d, 2H] =
8.3 Hz), 7.15 (d, 1H) = 8.8 Hz), 7.05 (d, 2H, = 8.3 Hz), 6.58

The Ugi reaction has nearly reached its half century of existence, (br s, 1H), 4.30 (d, 1H) = 14.1 Hz), 4.15 (d, 1H) = 14.1 H2),

and the Passerini reaction is even older. One might assume fro
their age that these reactions are now mature and that mos
developments concerning these fields can only be associate

.85-3.74 (m, 1H), 3.54 (dd, 1H] = 5.5, 4.3 Hz), 1.981.80 (m,

H), 1.77-1.57 (m, 4H), 1.46-1.08 (m, 6H), 0.90 (t, 3H) = 7.3

z); 13C NMR (CDCk, 100.6 MHz)6 170.2, 147.0, 141.2, 133.8,
34.9, 133.1, 130.1, 129.9, 129.2, 127.6, 125.5, 69.8, 53.8, 48.4,

with post-condensations using more recent chemistry. The 33.8,33.2,25.8, 25.1, 23.4, 11.5; IR (thin film) 3311, 2933, 2858,

successful couplings of phenols described herein give additional

1659, 1525, 1346, 1094 cth MS (DI, Cl NH3) m/z 465; HRMS

clues to the wealth of unrevealed chemistry hidden at the heartcalcd for GsH»7Cl,N3O5 463.1429, found 463.1436.

of these two reactions.

Experimental Section

All of the reactions were performed under nitrogen atmosphere
using reagent-grade solvents and starting materials without further
purification. These reactions are not moisture sensitive.

General Procedure for Phenol-Induced Ugi-4CRToa 1 M
solution of the aldehyde (1 mmol) in methanol was added
successively 1.0 equiv of amine, 1.0 equiv of isocyanide, and 1.0
equiv of phenol under inert atmosphere. The resulting mixture was
stirred until completion (TLC). It was then concentrated in vacuo,

2-(N-(4-Chlorobenzyl)N-(2,4-dinitrophenyl)amino)-N-cyclo-
hexylbutanamide (Table 2, entry 2):orange oil; yield (48 h at
60°C in MeOH) 73%;*H NMR (CDCls, 400 MHz)0 8.61 (d, 1H,
J= 3.0 Hz), 8.18 (dd, 1HJ = 9.1, 3.0 Hz), 7.287.24 (m, 2H),
7.21-7.16 (m, 3H), 6.23 (d, 1H) = 8.3 Hz), 4.60 (d, 1HJ =
16.2 Hz), 4.52 (d, 1HJ = 16.2 Hz), 3.82-3.74 (m, 1H), 3.71 (t,
1H,J = 7.3 Hz), 2.22-2.12 (m, 1H), 1.941.81 (m, 1H), 1.7#
1.57 (m, 4H), 1.42-1.04 (m, 6H), 0.93 (t, 3H) = 7.6 Hz);3C
NMR (CDCl;, 100.6 MHz)6 168.5, 148.6, 141.1, 140.4, 134.2,
134.1, 129.6, 129.3, 129.0, 123.2, 123.0, 70.2, 51.2, 48.9, 33.3,
33.2,25.8,25.1, 24.1, 12.0; IR (thin film) 3321, 2933, 2858, 1659,
1603, 1531, 1324 cn; MS (DI, Cl NH3) m/z 476; HRMS calcd

and the crude product was purified by flash chromatography on for Cy3H27CIN4Os 474.1670, found 474.1673.

silica gel.
2[(4-Chlorobenzyl)-(2-nitrophenyl)amino]-N-cyclohexylbu-
tyramide (Table 1, entry 1): yellow solid; yield (20 h at 40C in
MeOH) 74%;*H NMR (CDCl;, 400 MHz) ¢ 7.65 (dd, 1H,J =
8.1, 1.5 Hz), 7.42 (id, 1H) = 7.6, 1.5 Hz), 7.227.12 (m, 4H),

(25) (a) Janvier, P.; Sun, X.; Bienaymd.; Zhu, J.J. Am. Chem. Soc
2002 124, 2560-2567. (b) Fayol, A.; Zhu, Angew. Chem., Int. EQ002
41, 3633-3635.
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2-[(4-Chlorobenzyl)-(1-cyclohexylcarbamoylpropyl)amino]-
benzoic acid methyl ester (Table 3, entry 2)yellow oil; yield
(48 h at 60°C in MeOH) 74%;'H NMR (CDCls, 400 MHz) 6
7.79 (br s 1H), 7.62 (dd, 1H] = 7.6, 1.7 Hz), 7.32 (td, 1H) =
7.8, 1.7 Hz), 7.167.01 (m, 6H), 4.19 (d, 1H]) = 14.6 Hz), 4.04
(d, 1H,J = 14.6 Hz), 3.85 (s, 3H), 3.843.74 (m, 1H), 3.60 (dd.-
1H, J = 8.6, 5.3 Hz), 1.961.78 (m, 2H), 1.73-1.53 (m, 2H),
1.40-1.27 (m, 4H), 1.26:1.14 (m, 4H), 0.82 (t, 3H) = 7.3 Hz);
13C NMR (CDCk, 100.6 MHz)5 171.9, 168.5, 148.9, 136.4, 133.1,
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132.9, 132.5, 131.3, 130.2, 128.6, 125.1, 124.1, 70.8, 54.4, 52.6,Cl NH3) m/z 420; HRMS calcd for GH,7CI,N30419.1531, found

48.1, 33.5, 33.2, 25.9, 25.1, 22.9, 11.6; IR (thin film) 3338, 2932,
2853, 1717, 1674, 1449, 1086 cin MS (DI, Cl NHz) m/z 444.
Anal. Calcd for GsH3:CIN,Os: C, 67.78; H, 7.05. Found: C, 67.59;
H, 7.13.
2-[(1-Cyclohexylcarbamoyl-3-methylbutyl)-(4-methoxybenzyl)-
amino]benzoic acid methyl ester (Table 3, entry 3)yellow oil;
yield (48 h at 60°C in MeOH) 76%;*H NMR (CDCl;, 400 MHz)
0 7.93 (br s, 1H), 7.63 (d, 1H] = 7.8 Hz), 7.3+7.27 (m, 1H),
7.15-7.05 (m, 3H), 7.03-6.97 (td, 1H,J= 7.8, 1.7 Hz), 6.74 (dd,
2H,J=17.8,1.7 Hz), 4.27 (d, 1H] = 14.6 Hz), 4.01 (d, 1HJ =
14.6 Hz), 3.88 (s, 3H), 3.843.73 (m, 2H), 3.74 (s, 3H), 1.97
1.74 (m, 4H), 1.731.50 (m, 2H), 1.451.12 (m, 7H), 0.75 (d,
3H, J = 6.6 Hz), 0.72 (d, 3HJ = 6.6 Hz); 13C NMR (CDC,
100.6 MHz) ¢ 172.3, 168.8, 158.8, 149.2, 132.3, 131.2, 130.0,

419.1533; mp 143C.
2-(N-(4-Chlorobenzyl)-N-(5-(trifluoromethyl)pyridin-2-yl)-
amino)-N-cyclohexylbutanamide (Table 4, entry 10)white solid;
yield (72 h at 9C°C in toluene) 44%*H NMR (CDCls, 400 MHz)
0 8.44 (d, 1H,J = 2.5 Hz), 7.57 (dd, 1H) = 8.8, 2.5 Hz), 7.30
(d, 2H,J=8.6 Hz), 7.15 (d, 2H) = 8.6 Hz), 6.42 (d, 1H) = 7.8
Hz), 6.36 (d, 1HJ = 8.8 Hz), 5.19 (dd, 1H) = 8.8, 6.3 Hz), 4.80
(d, 1H,J = 17.6 Hz), 4.63 (d, 1H) = 17.6 Hz), 3.78-3.67 (m,
1H), 2.16-2.04 (m, 1H), 1.93-1.84 (m, 1H), 1.751.50 (m, 6H),
1.46-1.25 (m, 3H), 1.221.09 (m, 1H), 0.94 (t, 3HJ = 7.8 Hz);
13C NMR (CDCE, 100.6 MHz)o 170.2, 160.4, 145.4, 136.7, 135.1,
133.3, 129.3, 128.1, 123.5, 116.4, 107.8, 60.4, 49.2, 48.3, 33.3,
33.1, 25.8, 24.9, 22.5, 11.5; IR (thin film) 3321, 2933, 2864, 1672,
1529, 1318, 1135 cni; MS (DI, Cl NH3) m/'z 453; HRMS calcd

129.6, 127.5, 124.3, 123.2, 113.9, 67.8, 55.5, 52.9, 52.6, 48.2, 38.2,for Ca3H»7CIFsN3O 453.1795, found 453.1797; mp 14C.

33.4, 33.2, 26.0, 25.9, 25.2, 25.1, 23.4, 22.4; IR (thin film) 3358,
2929, 2843, 1719, 1672, 1462, 1095¢mMS (DI, Cl NH3) m/z
468. Anal. Calcd for ggH3gN,O4: C, 72.07; H, 8.21. Found: C,
71.85; H, 8.43.

Methyl 2-(N-(1-(cyclohexylcarbamoyl)propyl)N-cyclopropyl-
amino)benzoate (Table 3, entry 4)white oil; yield (20 h at 60
°C in MeOH) 56%;'H NMR (CDClz, 400 MHz)6 7.64 (dd, 1H,
J=17.8, 1.5 Hz), 7.467.34 (m, 2H), 7.17 (d, 1H) = 7.8 Hz),
7.01 (t, 1H,J = 7.8 Hz), 3.91 (s, 3H), 3.81 (dd, 1H,= 5.8, 3.8
Hz), 3.76-3.65 (m, 1H), 2.6%2.51 (m, 1H), 2.172.06 (m, 1H),
1.96-1.81 (m, 1H), 1.741.53 (m, 4H), 1.46-1.08 (m, 6H), 0.95
(t, 3H,J = 7.3 Hz), 0.67#0.59 (m, 1H), 0.580.46 (m, 2H),
0.41-0.34 (m, 1H);*3C NMR (CDCk, 100.6 MHz)6 171.5, 169.4,
150.7, 132.5, 130.6, 125.9, 123.6, 122.1, 69.8, 52.6, 48.3, 33.
33.0, 32.9, 25.9, 25.3, 23.1, 11.9, 9.2, 8.5; IR (thin film) 3324,
2936, 2858, 1719, 1665, 1534, 1490, 1453, 1087%mIS (DI,

Cl NH3) m/z 359; HRMS calcd for @H30N,0O3 358.2257, found
358.2254.

General Procedure for Aminopyrimidine or Aminopyridine
Derivative Synthesis.To a 1 M solution of carbonyl compound

N-Cyclohexyl-2-[(4-methoxybenzyl)-(4-methylpyrimidin-2-yl)-
amino]butyramide (Table 5, entry 1): white solid; yield (15 h at
60 °C in MeOH with 1 equiv of MeONa) 38%3H NMR (CDCl;,
400 MHz) 6 8.23 (d, 1H,J = 5.3 Hz), 7.28 (d, 2HJ = 8.1 Hz),
6.82 (d, 2HJ = 8.1 Hz), 6.47 (d, 1HJ = 5.3 Hz), 6.44 (br s, 1H,
NH), 5.02 (d, 1H,J = 15.6 Hz), 4.72 (t,1HJ) = 7.3 Hz), 4.64 (d,
1H, J = 15.6 Hz), 3.79 (s, 3H), 3.693.58 (m, 1H), 2.37 (s, 3H),
1.89-1.70 (m, 2H), 1.641.44 (m, 2H), 1.381.18 (m, 4H), 1.17
0.93 (m, 4H), 0.85 (t, 3HJ) = 7.3 Hz); **C NMR (CDCk, 100.6
MHz) 6 171.2, 167.7, 162.3, 158.9, 157.6, 132.3, 129.5, 114.1,
110.5,61.9, 55.6, 48.8,47.9, 33.1, 32.9, 25.9, 24.9, 24.8, 22.3, 11.6;
IR (thin film) 3311, 2936, 2864, 1669, 1582, 1516, 1472, 1360,
1275 cn1t; MS (DI, Cl NH3) m/z396; HRMS calcd for GsH3:N40;

3 396.2525, found 396.2511; mp 8T.

2-(N-(4-Chlorobenzyl)-N-(2,6-dimethylpyrimidin-4-yl)amino)-
N-cyclohexylbutanamide (Table 5, entry 2):colorless olil; yield
(72 h at 60°C in MeOH) 78%;*H NMR (CDCls, 400 MHz) 6
7.28 (d, 2HJ= 8.3 Hz), 7.13 (d, 2HJ = 8.3 Hz), 6.71 (br s, 1H),
5.95 (s, 1H), 5.12 (br s,1H), 4.72 (d, 1B,= 17.9 Hz), 4.52 (d,
1H,J = 17.9 Hz), 3.75-3.65 (m, 1H), 2.56 (s, 3H), 2.26 (s, 3H),
2.13-1.99 (m, 2H), 1.93-1.83 (m, 1H), 1.73-1.49 (m, 4H), 1.46

(1 mmol) in methanol or toluene were added the amine (1.0 equiv), 1 g (m, 5H), 0.90 (t, 3HJ = 7.3 Hz); 13C NMR (CDCl, 100.6

the isocyanide (1.0 equiv), and the hydroxypyrimidine or hydroxy- MHz) ¢ 170.1, 166.6, 166.3, 163.2, 136.7, 133.2, 129.3, 128.0,

pyridine (1.0 equiv). The resulting mixture was stirred at 60 or 90 100.7.59.8. 48.6. 48.1. 33.4. 33.1. 26.6. 25.9. 24.9 24.8. 24.7. 22.3
°C under an inert atmosphere and concentrated in vacuo. The crudg 1 4. |R (tﬁin filr’n) 3338. 2940 2856. 1680. 1596 1489. 1355.

product was then purified by flash chromatography on silica gelto 1585 cpri- MS (DI, CI NHs) m/z 415; HRMS calcd for GHa-

give the desired adduct.
2-(N-(4-Chlorobenzyl)-N-(5-nitropyridin-2-yl)amino)- N-cyclo-
hexylbutanamide (Table 4, entry 4):yellow solid; yield (16 h at
60°C in MeOH) 66%;H NMR (CDCl;, 400 MHz)6 9.10 (d, 1H,
J= 2.7 Hz), 8.15 (dd, 1HJ = 9.3, 2.7 Hz), 7.33-7.28 (m, 2H),
7.14 (d, 2H,J = 8.3 Hz), 6.33 (d, 1HJ = 9.3 Hz), 6.22 (d, 1H,
J= 7.8 Hz), 5.27 (t,1HJ = 7.1 Hz), 4.87 (d, 1HJ = 17.4 Hz),
4.75 (d, 1H,J = 17.4 Hz), 3.78-3.67 (m, 1H), 2.172.06 (m,
1H), 1.95-1.86 (m, 1H), 1.77#1.54 (m, 4H), 1.46:1.09 (m, 6H),
0.95 (t, 3H,J = 7.7 Hz);13C NMR (CDClk, 100.6 MHz)d 169.4,

CIN4O 414.2186, found 414.2179.

2-(N-Allyl- N-(2,6-dimethylpyrimidin-4-yl)amino)- N-tert-bu-
tylbutanamide (Table 5, entry 3): colorless oil; yield (4 d at 60
°C in MeOH) 60%;'H NMR (CDCl;, 400 MHz) 6 6.78 (s, 1H),
6.14 (s, 1H), 5.79 (ddt, 1Hl = 17.6, 10.3, 4.5 Hz), 5.19 (dd, 1H,
J=17.6,1.7 Hz), 5.17 (dd, 1H,= 10.3, 1.7 Hz), 5.06 (br s, 1H),
4.09 (dd, 1HJ = 17.6, 4.5 Hz), 3.86 (dd, 1H] = 17.6, 4.5 Hz),
2.52 (s, 3H), 2.36 (s, 3H), 2.312.00 (m, 1H), 1.741.62 (m, 1H),
1.27 (s, 9H), 0.90 (t, 3HJ = 7.3 Hz); 13C NMR (CDCk, 100.6
MHz) 6 170.6, 166.5, 165.7, 162.9, 133.9, 117.3, 170.8, 59.7, 51.2,

161.2,146.0, 136.4, 135.7, 133.6, 133.5, 129.5, 128.0, 107.2, 61.0,47.5, 29.1, 24.8 et 24.7, 21.8, 11.3; IR (thin film) 3365, 2946, 2859,

49.5, 48.5, 33.4, 33.1, 25.8, 25.0, 24.9, 22.7, 11.3; IR (thin film)
3320, 2932, 2857, 1665, 1593, 1496, 1296, 1121%mS (DI,
CI NH3) nVz432; HRMS calcd for gH»7,CIN,O3 430.1772, found
430.1780; mp 119C.
2-(N-(4-Chlorobenzyl)-N-(5-chloropyridin-2-yl)amino)- N-cy-
clohexylbutanamide (Table 4, entry 7):white solid; yield (72 h
at 90°C in toluene) 27%*H NMR (CDClz, 400 MHz)¢6 8.13 (d,
1H,J = 2.5 Hz), 7.33 (dd, 1H) = 8.8, 2.5 Hz), 7.28 (d, 2H] =
8.6 Hz), 7.16 (d, 2H) = 8.6 Hz), 6.49 (d, 1HJ = 8.1 Hz), 6.26
(d, 1H,J = 8.8 Hz), 5.05 (dd, 1HJ = 8.6, 6.3 Hz), 4.73 (d, 1H,
J=17.7Hz),4.53 (d, 1H) = 17.7 Hz), 3.76-3.67 (m, 1H), 2.14
2.02 (m, 1H), 1.92-1.84 (m, 1H), 1.721.50 (m, 6H), 1.451.06
(m, 4H), 0.92 (t, 3HJ = 7.1 Hz);3C NMR (CDCk, 100.6 MHz)

1670, 1506, 1285, 1126 cry MS (DI, Cl NH3) m/z 305; HRMS
calcd for G7/H2gN4O 304.2263, found 304.2260.
General Procedure for Phenol-Induced Passerini-3CRTo a
1 M solution of the aldehyde (1mmol) in methanol were added
successively 1.0 equiv of isocyanide and 1.0 equiv of phenol under
inert atmosphere. The resulting mixture was stirred until completion
(TLC). It was then concentrated in vacuo, and the crude product
was purified by flash chromatography on silica gel.
2-(2-Nitrophenoxy)-N-cyclohexyl-4-methylpentanamide (Table
6, entry 1): yellow solid; yield 64%:H NMR (CDClz, 400 MHz)
0 7.87 (dd, 1HJ = 8.4, 1.8 Hz), 7.55 (td, 1H]) = 8.4, 1.8 Hz),
7.12-7.08 (m,2H), 6.97 (br s, 1H), 4.85 (dd, 18i= 7.8, 3.9 Hz),
3.78-3.69 (m, 1H), 1.96-1.88 (m, 2H), 1.76:1.63 (m, 2H), 1.63

0 170.6, 157.2, 145.9, 137.8, 137.3, 133.1, 129.2, 128.1, 120.8,1.52 (m, 2H), 1.46-1.11 (m, 7H), 0.97 (d, 3H) = 6.2 Hz), 0.93
109.3, 60.7, 49.5, 48.1, 33.3, 33.1, 25.9, 24.8, 22.5, 11.5; IR (thin (d, 3H,J = 6.2 Hz);3C NMR (CDC}, 100.6 MHz)6 169.9, 150.9,

film) 3311, 2937, 2854, 1665, 1477, 1496, 1273 ¢énMS (DI,

140.3,135.0, 126.4, 121.8,115.1, 78.9, 48.2, 41.8, 33.1, 25.8, 25.0,
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24.9, 23.5, 22.5; IR (thin film) 1670, 1592, 1530, 1485, 1360, 1255, IR (thin film) 2930, 2360, 1652, 1560, 1503, 1332 ¢mMHRMS
1059 cnt?; MS (DI, CI NH3) mvz 335; HRMS calcd for GgHo6N204 calcd for GgH»3N30,4 357.1689, found 357.1696.

334.1893, found 334.1893; mp 72. _ 2-(3-Nitropyridin-2-yloxy)- N-cyclohexylbutanamide (Table 7,
2-(2-Nitrophenoxy)-N-cyclohexyloctanamide (Table 6, entry  entry 2): orange solid; yield 43%:H NMR (CDCl;, 400 MHz)d
2): yellow solid; yield 64%;*H NMR (CDCls, 400 MHz) 6 7.91 9.05 (d, 1H,J = 2.8 Hz), 8.42 (dd, 1HJ = 9.1, 2.8 Hz), 6.96 (d,
(dd, 1H,J = 8.4, 1.6 Hz), 7.56 (td, 1H] = 8.4, 1.6 Hz), 7.12 1H,J = 9.1 Hz), 5.98 (br s, 1H), 5.45 (t, 1H,= 5.7 Hz), 3.85
7.08 (m,3H), 4.86 (t, 1H) = 5.1 Hz), 3.82-3.73 (m, 1H), 2.03- 3.76 (m, 1H), 2.08-2.01 (m, 2H), 1.941.79 (m, 2H), 1.72-1.58
1.97 (m, 2H), 1.76:1.70 (m, 2H), 1.67#1.55 (m, 2H), 1.461.37 (m, 2H), 1.39-1.09 (m, 6H), 1.01 (t, 3H) = 7.4 Hz);3C NMR
(m, 2H), 1.36-1.06 (m, 12H), 0.86 (t, 3H] = 6.1 Hz); **C NMR (CDCls, 100.6 MHz)6 169.4, 166.1, 145.1, 140.4, 134.9, 111.7,
(CDCls, 100.6 MHz)¢6 169.3, 151.0, 140.1, 135.1, 126.6, 121.7, 78.6,48.3,33.5, 33.3, 25.8, 25.7, 25.2, 25.1, 9.5; MS (DI, CENH
115.3,79.9, 48.3,33.2,33.0, 32.6, 31.9, 29.4, 25.8, 25.0, 24.6, 22.9,1y, 308: IR (thin film) 2932, 1654, 1603, 1519, 1469, 1346 ém

14.4; IR (thin film) 2978, 1665, 1592, 1530, 1255, 1064 ém  HRMS calcd for GsHoiNs0,307.1532, found 307.1528; mp 158
MS (DI, CI NHz) Mz 362; HRMS calcd for GoHaoN;05 362.2206, o2

found 362.2205; mp 70C. . -
2-(2-Nitrophenoxy)-N-cyclohexylbutanamide (Table 6, entry migle_c(:_ly;tlj?eh?grl{tz'(42)’_6'e(|jlgcvest2|3ilépyirglg'g(')r;/'igﬁ,@gtzggg'

3): yellow solid; yield 80%;'H NMR (CDCls, 400 MHz) 6 7.92 200 MHo 3 6.47 fy 2).y b Y o ~Dh,

(dd, 1H,J = 8.3, 1.2 Hz), 7.56 (td, 1H] = 8.3, 1.2 Hz), 7.13 (br 2)0 647 (s, 1H), 6.05 (br s, 1H), 5.41 (dd,1Bi= 6.6,

s, 1H), 7.09 (t2H] = 8.3 Hz), 4.85 (t, 1H,) — 4.9 Hz), 3.84 4.8 Hz), 3.83-3.72 (m, 1H), 2.53 (s, 3H), 2.41 (s, 3H), 2:08.94

373 (M, 1H), 2.092.02 (m, 2H). 1.77-1.55 (m, 4H), 1.431.08 (m, 2H), 1.76-1.53 (m, 4H), 1.371.29 (m, 2H), 1.26-1.02 (m,

(m, 6H), 0.99 (t, 3H] = 7.3 Hz);:3C NMR (CDCh, 100.6 MHz) ~ 4H), 0.95 (t, 3H,J = 7.4 Hz); *C NMR (CDCl, 100.6 MHz)

6 169.0, 151.0, 140.1, 135.2, 126.7, 121.7, 115.3, 81.0, 48.6, 33.3, 0 169.9, 168.8, 168.4, 168.0, 104.0, 76.9, 48.1, 335 333,

550,250,256 290,95 (1 im) 1670 1901490, 1550, 202258, 755 21 245,55 M9 01 €1 e o

cmt; z ; calcd for ' ' ' y '

C16H2’2N204 306.:L580,(f0ljnd 306?.%584, mp ,8@ HR(!V'S calcd for GestNgOz 291.1947, found 291.1939; mp
2-(5-Nitroquinolin-8-yloxy)- N-cyclohexylbutanamide (Table 85°C.

7, entry 1): yield 60%;'H NMR (CDClz, 400 MHz) 6 9.25 (dd,

1H,J=8.8, 1.6 Hz), 9.08 (dd, 1H] = 4.2, 1.6 Hz,), 8.52 (d, 1H, Acknowledgment. M.G. and J.O. thank the MENR for a

J=8.8 Hz), 7.77 (dd, 1HJ = 8.8, 4.2 Hz), 7.22 (d, 1H] = 8.8 fellowship. Financial support was provided by the ENSTA.

Hz), 7.72 (br s, 1H), 4.85 (dd,1H,= 7.4, 4.3 Hz), 3.843.72 (m,

1H), 2.25-2.17 (m, 1H), 2.34-2.26 (m, 1H), 2.02-1.84 (m, 2H),

1'78_1'7_0 (m, 2H_)1’ 1.651.57 (m, 2H), 1.451.24 (m, 4H), 1.00 and characterization data for all other new compounds. This material

(t, 3H,J = 7.4 Hz);*3C NMR (CDC, 100.6 MHz)0 169.8, 160.0, is available free of charge via the Internet at http://pubs.acs.org.

150.9, 140.7, 139.4, 133.3, 127.5, 125.3, 123.6, 111.0, 84.6, 48.4,

33.4,33.1, 26.8, 25.9, 25.1, 25.0, 10.3; MS (DI, CI )lHvVz 358; JO070202E

Supporting Information Available: Experimental procedures
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