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A multicomponent reaction betweeracidic isonitriles, primary amines, and carbonyl compounds was
studied using 14 different solvents. Depending on the isocyanide that was used, optimal yields for the
three-component synthesis dl2-imidazolines were observed in different solvents. The solvents could

be used as purchased, and in situ preformation of the imine was not required. By selecting the appropriate
solvent, it was possible to considerably expand the range of compatible isocyanides towerddetis
isocyanides. Further process simplification was achieved by performing the reaction at higher concentrations
and avoiding purification by column chromatography, resulting in a fast, easy to perform, and resource-
efficient protocol for this three-component reaction.

Introduction

catalysis® 2-Imidazolines show great structural similarities to
the widely used oxazolinésand have attracted considerable

2-Imidazolines are an inte.resting' class of heterocyC"C S(?af' interest as auxiliaries in asymmetric Synthésiﬂ generaL
folds. They can be found in marine natural products with 2.imidazolines are stronger bases than the corresponding
potential antiviral and antitumor activities such as topsentin and pxazolines, and tuning of the basicity, nucleophilicity, and donor

cylindrospermopsin derivativég.More important is the wide-

spread use of 2-imidazoline cores as synthetic intermediates for

(5) (a) Botteghi, C.; Schionato, A.; Chelucci, G.; Brunner, H.rXuger,

the construction of ligands relevant for applications in catalysis A.; Obermann, UJ. Organomet. Chen1989 370, 17—31. (b) Morimoto,

and medicinal chemistry/In coordination chemistry and orga-
nometallic catalysis, 2-imidazolines are increasingly used as

precursors foN-heterocyclic carbene (NHC) ligand$urther-

T.; Tachibana, K.; Achiwa, KSynlett1997 783-785. (c) Davenport, A.

J.; Davies, D. L.; Fawcett, J.; Russell, D. R.Chem. Soc., Perkin Trans.
12001, 1500-1503. (d) Menges, F.; Neuburger, M.; Pfaltz, @rg. Lett
2002 4, 4713-4716. (e) Busacca, C. A.; Grossbach, D.; So, R. C.; O'Brien,

more, they have been employed as chiral ligands in asymmetricE. M.; Spinelli, E. M.Org. Lett 2003 5, 595-598. (f) Casey, M.; Smyth,

M. P. Synlett2003 102-106. (g) Guiu, E.; Claver, C.; Benet-Buchholz,
J.; Castillon, S.Tetrahedron: Asymmet8004 15, 3365-3373. (h) Bastero,

(1) Tsujii, S.; Rinehart, K. L.; Gunasekera, S. P.; Kashman, Y.; Cross, A.; Claver, C.; Ruiz, A.; Castillo, S.; Daura, E.; Bo, C.; Zangrando, E.

S. S.; Lui, M. S.; Pomponi, S. A.; Diaz, M. @. Org. Chem1988 53,
5446-5453.

(2) Ohtani, I.; Moore, R. E.; Runnegar, M. T. @. Am. Chem. Soc
1992 114, 79417942,

(3) (@) Jones, R. C. F.; Nichols, J. Retrahedron Lett199Q 31, 1771
1774. (b) Jones, R. C. F.; Smallridge, M. J.; Chapleo, Cl.EEhem. Sog.
Perkin Trans. 1199Q 385-391. (c) Hayashi, T.; Kishi, E.; Soloshonok,
V. A,; Uozumi, Y. Tetrahedron Lett1996 37, 4969-4972. (d) Lin, Y.-
R.; Zhou, X.-T.; Dai, L.-X.; Sun, JJ. Org. Chem1997, 62, 1799-1834.
(e) Hsiao, Y.; Hegedus, L. Sl. Org. Chem 1997, 62, 3586-3591. (f)
Jung, M. E.; Huang, AOrg. Lett.200Q 2, 2659-2661.

(4) (@) Herrmann, W. A.; Weskamp, T.;'Bm, V. P. W.Adv. Organomet.
Chem.2001 48, 1-69. (b) Pytkowicz, J.; Roland, S.; Mangeney, P.
Organomet. Chem2001, 631, 157-163. (c) Roland, S.; Auduoin, M.;
Mangeney, POrganometallics2004 23, 3075-3078. (d) Kingsbury, J.
S.; Hoveyda, A. HJ. Am. Chem. So@005 127, 4510-4517.
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Chem—Eur. J. 2004 10, 3747-3760. (i) Arai, T.; Mizukami, T.;
Yokoyama, N.; Nakazato, D.; Yanagisawa, $ynlett2005 2670-2672.
() Anilkumar, G.; Bhor, S.; Tse, M. K.; Klawonn, M.; Bitterlich, B.; Beller,
M. Tetrahedron: AsymmetB005 16, 3536-3561. (k) Bhor, S.; Anilkumar,
G.; Tse, M. K.; Klawonn, M.; Dbler, C.; Bitterlich, B.; Grotevendt, A.;
Beller. M. Org. Lett.2005 7, 3393-3396. (I) Weiss, M. E.; Fischer, D. F.;
Xin, Z.-Q.; Jautze, S.; Schweizer, W. B.; PetersARgew. Chem., Int. Ed.
2006 45, 5694-5698. (m) Ma, K.; You, JChem=—Eur. J. 2007, 13, 1863~
1871. (n) Jautze, S.; Seiler, P.; PetersARgew. Chem., Int. EQ007, 46,
1260-1264. (0) Arai, T.; Mizukami, T.; Yanagisawa, Qrg. Lett 2007,
9, 1145-1147.

(6) For reviews on oxazoline-containing ligands, see: (a) Ghosh, A. K.;
Mathivanan, P.; Cappiello, Jetrahedron: Asymmetrd©98 9, 1-45. (b)
McManus, H. A.; Guiry, P. lChem. Re. 2004 104, 4151-4202. (c) Zhou,
J.; Tang, Y.Chem. Soc. Re 2005 34, 664-676. (d) Desimoni, G.; Faita,
G.; Jgrgensen, K. AChem. Re. 2006 106, 3561-3651.
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SCHEME 1. Discussed Synthetic Approaches toward 2-Imidazolines
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SCHEME 2. Multicomponent Synthesis of H-2-Imidazolines
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strength by changing the N1 substituent can be achieved oversynthesis of 2-imidazoline2:25> For example, a well-known
a much wider rangg. approach involves the reaction of isocyanoacetateslithiated

2-Imidazolines are also of considerable importance because
of their wide variety of biological activities. For example, several  (7) (a) Jones, R. C. F.; Turner, |.; Howard, KTétrahedron Lett1993
2-imidazolines have a high affinity for imidazoline binding sites 34 6329-6332. (b) Jones, R. C. F.; Howard, K. J.; Snaith, J&rahedron
(IBS).2 which are involved in regulation of blood pressure, &83812358%,7_1;%1710. (c) Langlois, Y.; Dalko, P. U. Org. Chem
insulin secretion control, hypertension, and numerous human (g) (a)' Ferfiadez, B. M.: Perillo, I. A.: Lamdan, S. Chem. SogPerkin
brgir_l disorders such as depress?o_n, ne_urpdege_neration, anCLIrags. 2lg?stngI?._S]-gg4C£1ti)r)r1E:grLi(ggéJ4;()$50—r1120a7|$L E.;Ambach, J.-
opioid tole_rance/depender\%fén addition, 2-imidazolines have .’(96)‘(:qutlgauet, P.'; Feldman, 'J.; SchwartzJJPharhacoI. Exp. Ther.
been studied for modulation of the estrogen recéptmd the 1984 230, 232-236.

o2-adrenocepto¥? Furthermore, 2-imidazolines have been (10) For a review about imidazoline binding sites and their ligands, see:

studied as, among others, antihyperglycetianti-inflamma- Da(fff)”g)'% qut qusgi,lit";/'eg-_ ggﬁm%ﬂt ?9\‘}0%4#2?32;6&1%(’ Chem
14 i wv@2,15 i » Ny y Ry » R , Ol . .
tory,** antihypertensivé?1> antihypercholesterolemi€, and 2002, 45, 3356-3365. (b) von Rauch, M.; Schlenk, M.: Gust, R.Med.

antidepressaht agents. 2-Imidazolines are also used as con- chem.2004 47, 915-927. (c) von Rauch, M.; Busch, S.; Gust, RMed.

venient building blocks for the synthesis of azapenams, (bis)- Chem 2005 48, 466-474. . . .

dioxocyclams, and diazepinon&s.Suitably functionalized (12) Schiger, U.; Burgdorf, C.; Engelhardt, A.; Kurz, T.; Richardt, &.

- . . . . ., Pharmacol. Exp. Ther2002 303 1163-1170.

2-|m|.dazoI|nes are .easny cpnverted to 2,3-d|§1m|r)o acids, which * (13 (a) Doyle, M. E.; Egan, J. MPharmacol. Re. 2003 55, 105-

are incorporated in a wide range of antibiotics and other 131. (b) Rondu, F.; le Bihan, G.; Wang, X.; Lamouri, A.; Touboul, E.;

biologically active com oundlsg.Moreover, a series of hiahl Dive, G.; BeIIahser_\e, T.; Pfeiffer, B.; Renard, P Guardiola-Lemaitre, B.;
g y S p . gnly Manechez, D.; Penicaud, L.; Ktorza, A.; Godfroid, JJ:z-Med. Chem1997,

substitutedcis-imidazoline analogues called nutlins (Nutley 45 3793-3503.

inhibitors) have been successfully screened as inhibitors of (14) Ueno, M.; Imaizumi, K.; Sugita, T.; Takata, |.; Takeshita, Ikt

MDM2, a protein that negatively modulates the transcriptional J- kTg;lznfpgafmaCOth% |1:7,Id597*60§- 1999 58, 799-812. (b)

P HH H a ousquet, ., Felaman, rugs 3 .
activity and Stab'_"tY of the pS3 tumor suppressor pr(_)l?@ln. Touzeau, F.; Arrault, A.; Guillaumet, G.; Scalbert, E.; Pfeiffer, B.; Rettori,
Consequently, 2-imidazolines are an attractive synthetic targetm.-c.: Renard, P.; Meur, J.-Y.J. Med. Chem2003 46, 1962-1979.
for several areas of chemical and pharmaceutical research. (16) Li, H.-Y.; Drummond, S.; DelLucca, |.; Boswell, G. Aetrahedron

- ; e ; ; 1996 52, 11153-11162.
. A traditional Synthgtlc_aggroaph t_oward 2 |_m|_dazt_)I|nes is the (17) Cordi, A. A.; Berque-Bestel, |.; Persigand, T.; Lacoste, J.-M.;
ring closure of 1,2-diamines,which is rather limited in scope.  Newman-Tancredi, A.: Audinot, V.: Millan, M. 1. Med. Chem2001,

In addition to this, a range of methods are available for the 44, 787-805.
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SCHEME 3

N32804
Solvent, r.t, 21h

0]
4d + 20 eq)]\ *+ 1.2eq HyN
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7

isocyanides with imines (Scheme 1, Method?RIn a related
procedure, tosylmethyl isocyanide (TosMIC) can be employed
(Method 11). Some catalytic diastereo- and enantioselective

JOC Article

(2 mol% AgOAc) N

e mol% AGOAC) )
N
5d

O,N

isocyanided to (protonated) imine followed by ring closure
of intermediatéA. However, a concerted cycloaddition®&and
deprotonated! to produce5 cannot be excludetf.

routes toward 2-imidazolines using chiral ferrocene-based  Although the application of the simplest isocyanoacetéde (
catalysts have also been reported, although this only provedr4 = CO,Me, s = H) did not give satisfying results, somewhat

successful wheN-tosylimines were employed (Method IA3b-f

A powerful alternative strategy for the rapid introduction of
molecular diversity involves multicomponent reactions (MCRs).
A recently reported multicomponent synthesis of 2-imidazolines
involves the TMSCI-mediated 1,3-dipolar cycloaddition of
oxazolones to in situ generated imines, which affords C2-

more reactive isocyanidedl{ and4c) provide the corresponding
2-imidazolines smoothly using DCM as the solvent. In both the
amine and the aldehyde components, a wide variety of aliphatic,
aromatic, heteroaromatic, and olefinic substituents are allowed.
When4b was applied, the diastereoselectivity of the reaction
was only moderate but always in favor of the isomers with the

substituted 2-imidazolines diastereoselectively (Scheme 1, Methodlarge substituents cis to each other. The scope of the MCR was
IV).25 The diastereochemical outcome of the reaction is dictated considerably extended by the application of ketones as the

by the oxazolone substituents. Recently, we have also contrib-

uted in this area and reported a flexible MCR for the synthesis
of 2H-2-imidazolines suitable for combinatorial applicatiéns.

In situ preformation of the imine by stirring an aldehyde and a
primary amine in DCM followed by the addition of aracidic
isonitrile afforded the corresponding 2-imidazolines in moderate
to good yields (Scheme 2). The mechanism for this MCR
probably involves a Mannich-type addition of deprotonated

(18) (a) Betschart, C.; Hegedus, L. . Am. Chem. Sod992 114
5010-5017. (b) Hsiao, Y.; Hegedus, L. $. Org. Chem1997, 62, 3586~
3591.

(19) (a) Dunn, P. J.; Haner, R.; Rapoport, H.Org. Chem199Q 55,
5017-5025 and references therein. (b) Han, H.; Yoon, J.; Janda, K. D.
Org. Chem.1998 63, 2045-2048.

(20) Vassilev, L. T.; Vu, B. T.; Graves, B.; Carvajal, D.; Podlaski, F.;
Filipovic, Z.; Kong, N.; Kammlott, U.; Lukacs, C.; Klein, C.; Fotouhi, N.;
Liu, E. A. Science2004 303, 844—-848.

(21) (a) Riebsomer, J. L1. Am. Chem. S0d.948 70, 1629-1631 and
references therein. (b) Jones, R. C. F.; Howard, K. J.; Snaith, J. S.
Tetrahedron Lett1996 37, 1707-1710. (c) Fujioka, H.; Murai, K.; Ohba,
Y.; Hiramatsu, A.; Kita, Y.Tetrahedron Lett2005 46, 2197-2199. (d)
Gogoi, P.; Konwar, DTetrahedron Lett2006 47, 79—-82. (e) Ishihara,
M.; Togo, H. Synlett2006 2, 227-230. (f) Sayam, SSynlett2006 2,
1479-1484. (g) Ishihara, M.; Togo, H.etrahedror?007, 63, 1474-1480.

(22) (a) Meyer, R.; Schtkopf, U.; Bohme, P Liebigs Ann. Chenl977,
1183-1193. For later applications, see: (b) Hayashi, T.; Kishi,
Soloshonok, V. A.; Uozumi, YTetrahedron Lett1996 37, 4969-4972.
(c) Lin, Y.-R.; Zhou, X.-T.; Dai, L.-X.; Sun, JJ. Org. Chem1997, 62,
1799-1803. (d) Zhou, X.-T.; Lin, Y.-R.; Dai, L.-XTetrahedron: Asym-
metry1999 10, 855-862. (e) Zhou, X.-T.; Lin, Y.-R.; Dai, L.-X.; Sun, J.;
Xia, L.-J.; Tang, M.-H.J. Org. Chem1999 64, 1331-1334. (f) Benito-
Garagorri, D.; BocoKicV.; Kirchner, K. Tetrahedron Lett2006 47, 8641~
8644.

(23) van Leusen, A. M.; Wildeman, J.; Oldenziel, O.H.Org. Chem.
1977 42, 1153-1159.

(24) (a) Dghaym, R. D.; Dhawan, R.; Arndtsen, B. Angew. Chem.,
Int. Ed 2001, 40, 3228-3230. (b) You, S.-L.; Kelly, J. WOrg. Lett 2004
6, 1681-1683. (c) Concelln, J. M.; Riego, E.; Suaz, J. R.; Gafa-Granda,
S.; Diaz, M. R.Org. Lett 2004 6, 4499-4501. (d) Gandhi, S.; Bisai, A.;
Prasad, B. A. B.; Singh, V. KJ. Org. Chem2007, 72, 2133-2142.

(25) (a) Peddibhotla, S.; Jayakumar, S.; Tepe, Ord. Lett.2002 4,
3533-3535. (b) Peddibhotla, S.; Tepe, JSynthesi003 9, 1433-1440.
(c) Sharma, V.; Tepe, J. @rg. Lett 2005 7, 5091-5094.

(26) (a) Orru, R. V. A,; de Greef, MSynthesi2003 1471-1499. (b)
Domling, A.; Ugi, I. Angew. Chem.Int. Ed. 2000 39, 3168-3210. (c)
Bienaymie H.; Hulme, C.; Oddon, G.; Schmitt, Ehem—Eur. J.200Q 6,
3321-3329. (d) Zhu, JEur. J. Org. Chem2003 7, 1133-1144.

(27) Bon, R. S.; Hong, C.; Bouma, M. J.; Schmitz, R. F.; de Kanter, F.
J. J.; Lutz, M.; Spek, A. L.; Orru, R. V. AOrg. Lett 2003 5, 3759-3762.

E.;

carbonyl input. However, in these cases the use of catalytic
amounts of AgOAc was found to be essentfahlso, the use

of p-nitrobenzyl isocyanide4(d) in our MCR was only suc-
cessful in the presence of AgOAc. However, the use of allyl
isocyanide 4€) remained without success. Density functional
theory calculations showed that the proton affinity, the energy
of the HOMO of thea-anion, as well as the contribution of the
carbanion (p orbital in the HOMO are important features that
can rationalize the reactivity of the various isocyanides. This
led us to believe that the type of solvent used plays a crucial
role in the performance of this three-component condensation
reaction. Thus far, DCM was the solvent of choice to obtain
optimal yields of 2-imidazolines. However, withb as the
isocyanide input, MeOH, toluene, and DCM are all solvents in
which the MCR runs efficientl¥? Furthermore, preliminary
studies for isocyanidda, which otherwise reacts sluggishly,
indicate that the MCR can yield a 2-imidazoline using MeOH
as the solvent, albeit in moderate yield. These considerations
prompted us to study the influence of the solvent on the
performance of the three-component reaction (3-CR) for 2-imi-
dazolines. In particular, the relation between the solvent used
and the scope of compatible isocyanide inputs was investigated
in more detail. The results of this study are presented here.

Results and Discussion

From our earlier studies, it was known thahitrobenzyl-
isocyanide 4d) and acetonef] are relatively poor inputs for
the 3-CR. Using DCM as the solvent, we found that the
corresponding 2-imidazolines were only formed in the presence
of AgOAc28 Consequently, we decided to use the reaction
betweerp-nitrobenzylisocyanidedd), acetone ), and benzy-
lamine (7) for the synthesis of imidazolin&d to study the
influence of the type of solvent on the performance of the 3-CR
(Scheme 3). We studied the reaction in 14 different solvents
ranging from polar aprotic and polar protic to very apolar. All
experiments were performed at a concentration of 0.1 Midof

(28) Bon, R. S.; van Vliet, B.; Sprenkels, N. E.; Schmitz, R. F.; de Kanter,
F. J.J.; Stevens, C. V.; Swart, M.; Bickelhaupt, F. M.; Groen, M. B.; Orru,
R. V. A. J. Org. Chem2005 70, 3542-3553.
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021 h
B 21h (2 mol% AgOAG)

Conversion (%)

100
80-H
60
40

20-

Solvent e

FIGURE 1. Conversion of the MCR for imidazolingd using4d, 6, and7 in different solvents.

TABLE 1. Data Solvent Study without AgOAG the 3-CR proceeds smoothly. In all solvents, a conversion
conversion (%) after between 80 and 100% was observed (Figure 1, black bars).

However, under these conditions, no general trends for the

conversion of the isocyanidéd in relation to the nature of the

entry  solvent u/DP € E;d 0.25h 2h 5h 2lh

; Bmg o ?é-g% ?ﬁ-zzi %-iii 12 121 ‘jé %‘i investigated solvents could be observed. In the absence of the

3 THE 175 752 0.207 1 5 17 55 AgOAC catalyst, howeyer, the reaction was found to be strongly

4 EtOH 169 25.3 0.654 0 5 16 53 solvent dependent (Figure 1, white bars). As reported previ-

5 MeCN 392 3664 0460 O 5 15 48 ously?28 2-imidazoline5d could not be detected in DCM. Also,

6  MeOH 170 330 0.762 2 5 15 46 in chloroform and 1,2-dichloroethangd was not formed,

; 'éPrOH 1.56 20.18 = 0.546 0 3 11 %0 suggesting that chlorinated solvents should be avoided for this

tOAC 1.78 6.08 0.228 0 3 10 38 o _ :

9 DME 730 0231 0 2 8 35 combination of inputs. In all other solvents studied, product
10 EtO 115 427 0.117 0 1 2 12 formation was observed even without the use of AgOAc (Figure
11  toluene  0.37  2.38 0.099 0 0 © 6 1 and Table 1).

12 (CHCl), 1.80 10.42 0.327 0 0 © 0 - .
13 CHCl, 160 893 0309 0 o 0 o The data generally indicate a correlation between solvent
14  CHCk 1.04 10.6 0.259 0 0 0 0 polarity and conversion. The conversions are definitely higher

a i . . in polar (aprotic) solvents such as DMSO and DMF compared
All reactions were performed in duplicate at 0.5 mmol scale (0.1 M). toth : | | t h as tol The initial -
Reported conversions are the mean values of duplicate expenments._0 0se In apolar solven SSUC_ astoluene. 1he inia conversmn
Reproducibility was usually within 3% variation. Conversions were in DMSO seems somewhat higher as compared to that in DMF
determined by HPLC: Pathfinder AS column, dPAc buffer (pH 7.32)/ (Table 1, entries 1 and 2). However, in DMSO formatiorbdf
;Ciﬁt%rgt?r'r']em§625n3d7)2v,§%ﬁrvot-igh’:r"-)’l m:ns-“dlézéom?;'”zve?:n%m)'Z?eg‘:r-s: stops at 61%, whereas in DMB® was formed in 94% after 21

y y y Oy . y Uu: 31 . _ .
dipole moment in debye uni. ce: dielectric constant (relative permit- h (entry 1)** Although in general the _3 CR performs better In_
tivity);29 at 203 K unless stated otherwiskE": dimensionless normalized ~ MOre polar solvents, no clear relation between electrostatic
solvent polarity scale, using® (1.000) and TMS (0.000) as extreme polar ~parameters such as the dipole momeuiDj or the dielectric
amfi nonpolar reference solvents (measured &C2&nd 1 barf? © At 295 constant €) of the solvent and the conversion can be concluded.
K. TAt 296 K. 9 At 298 K. For example, conversions were found to be higher in THF than

in MeOH, EtOH, or MeCN (entries -36). Because the

to ensure that the isocyanide was completely dissolved. Fur-€lectrostatic approach neglects specific solute/solvent interac-
thermore, all reactions were run in duplicate in the presence tions, it often fails in correlating observed solvent effects with
and in the absence of AgOAc. The formatiorbdfwas followed physical solvent parametet& Reichardt and Harbusch-@wert

in time by HPLC using 2,2dinitrobiphenyl as internal standard.  introduced a multiparameter solvent polarity scalg)(to

In all cases, aceton&) was added as the final component to define “solvent polarity” as the overall solvation capability (or
examine the performance of the MCR without preformation of solvation power$® However, also no clear correlation between
the imine. The data are summarized in Figure 1 and Table 1.the normalized dimensionlesS; values and the conversion

In the majority of the solvents used, 2-imidazolie could
be detected after 21 h at room temperature, which demonstrates (29) Lide, D. R.CRC Handbook of Chemistry and Physigrd ed.;
that the MCR can be performed without in situ preformation CRC Press: Boca Raton, FL, 2002.

i i (30) (a) Reichardt, CChem. Re. 1994 94, 2319-2358. (b) Reichardt,
of the imine. Also, all solvents were used as purchased and dldcl; Harbusch-Gmert. E. Liebigs Ann. Chemi983 721743,

not require _drying b_efore use, which shows that the experimental ~"(31) Thirty-five percent of unreactetti could be isolated from a separate
procedure indeed is very robust. In the presence of AQOAc, reaction at 2 mmol scale.

6138 J. Org. Chem.Vol. 72, No. 16, 2007
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TABLE 2. Solvent Study for the MCR Using Methyl SCHEME 4. o-lsocyano Esters Synthesis
Isocyanoacetate (4d&) i SOCI,, MeOH
R! 3h, reflux R!
Nast4 HO ji Nach3
4a+ 6 + 7 Solentrt2ih N NH, /OTH\NHz
20eq. 15eq ° N/> 10 1 o
- 8g: R'=Me, 8h: R'=Et, 9g: (46%), 9h: (73%),
O 5a 8i: R'=Bz, 8j: R'=i-Bu 9i: (98%), 9j: (100%)
Ty
conversion (%) after )J\o R' O POCl, EtsN
entry solvent 2h 5h 24h DCM, 2h, r.t. /O\H)\NJ\H THF, 2h, 0°C |
1 MeOH 87 98 98 o H
2 EtOH 81 98 98 s
3 i-PrOH 59 83 83 R’ 10 g3: (100%)
4 DCM 24 48 92 0 7])\
5 EtOAC 33 45 82 NC
6 THF 23 35 86 o
7 MeCN 30 33 52 4g: (62%), 4h: (77%),
8 DMF 62 64 74 4i: (75%), 4j: (91%)

a Reactions were performed at 0.5 mmol scale (0.2 M). Acetéheds

added as the final substrate to prevent the preformation of imine. TABLE 3. Scope of Compatiblea-Acidic Isocyanoacetates

Conversions were determined by NMR. P Transesterification was
observed %alethyl ester= 45:55 after 5 h). (0]
~O + 6 + 7 />
could be observed. It should be realized that three different R 20eq. 1.5eq MeOH,rt Rz/O N
reactions proceed in one pot for the investigated 3-CR: initial 4a, -k o R 5a. f-K
imine formation, subsequent Mannich-type addition, followed ’
by cyclocondensation. The kinetics may differ for unrelated A
solvents and may therefore be hard to establish precisely. This _conversio
(isolated yield§y

probably also accounts for the fac;t that.the 3-CR uslhg ~ entry isonitrle R R2 time (%)
isobutyraldehyde, and isopropylamine as inputs performs simi-
larly well in MeOH, tol d DCM ted b s Ho Me o Sh %8(89)
arly well in MeOH, toluene, an , as was reported by us 5 af H tBu 22h 100 (98)
earlier?’ 3 4qg Me Me 22h 96 (80)

These observations led us to reinvestigate the performance 43 49 Me  Me  48h 93 (90)
of the 3-CR using methyl isocyanoacetate)(as the isocyanide g 'e iﬁ '\E"te mg 422 g(l) gg))
input.(TabIe 2). When this isocyanidp was combined in one Zi Bn Me 48 h 100 (quantitative)
pot with benzaldehyde and benzylamiig, the corresponding 8 4 i-Bu  Me 48 h 82 (77)
2-imidazoline was only formed in poor yield$.To directly 9 4k i-Pr  Me 4weeks 84 (57)
compare the 3-CR usingg, with the reaction affordingd as 10";";9 4k i-Pr  Me  4weeks 66 -
described aboved4a was combined with acetoné)(as the e K I-Pr Me 2weeks 100 (quantitative)
carbonyl component and using a similar protocol as for the aUnless stated otherwise, reactions were performed at 1.0 mmol scale

3-CR using4b. In contrast to our earlier findings, conversion (0.2 M). Acetone §) was added as the final substrate to prevent preformation

L . of imine. ® Conversions were determined by NMR. ¢ Isolated yield was
of 4ato the 2-imidazolinesa went smoothly at room temper- determined from a separate reaction at 2.0 mmol sé8ebstrates were

ature_ using a range Of_ d_iffere_nt solvents (Table 2). Apparently, mixed at a 1:1:1 ratio, workup by extraction onfyReaction performed at
the difference in reactivity arises from the carbonyl component 2.0 M, 2.0 mmol scalé.In the presence of 2 mol % AgOA&In the

used. Presumably, the electrophilicity of the (protonated) Presence of 10 mol % AgOAc.
intermediate imine determines the efficiency of the subsequent
Mannich-type addition of the-acidic isocyanide. were used as input for the MCR together with acetd@)eaqid
As noted above, the conversions after 24 h for the MCR using benzylamine 7) in MeOH as the solvent (Table 3). Generally,
4a were good to excellent. The results show thatra®té the the a-isocyano esters were prepared via slight modifications of
reaction was almost complete in MeOH and EtOH (87 and 81% standard protocol¥,32in three steps from their corresponding
conversion, respectively). However, in other solvents the 3-CR a-amino acids, without the use of chromatographic purification
proceeds more slowly. Thus, whéais used as the isocyanide  (Scheme 4).
input, protic polar solvents give optimal conversions. After the Al isocyanides afforded the desired 2-imidazolirfesf —k
initial deprotonation of4a by, for example, the imine, the in good to excellent isolated yields (Table 3). For example,
resulting anion may be more efficiently stabilized by hydrogen application of4f with a sterically demanding substituertt gave
bonding with the solvent, resulting in a higher concentration of the corresponding 2-imidazoliri in 98% isolated yield (entry
the reactive species. 2). However, it should be noted that to reach completion the
Scope of Compatible IsocyanidesThe results described  reaction took 22 h at room temperature. In addition, the use of
above show that the MCR using methyl isocyanoacetép (  isocyanidedg, with a methyl group at the-carbon, resulted in
in MeOH is complete withi 5 h even without the use of a  a similarly efficient but somewhat slow reaction (entry 3). The
catalyst. Therefore, we decided to explore the scope of compat-conversion was high (96%), but the prodGgtwas only isolated
ible isocyanides in this reaction in further detail. Thus, six
additionala-isocyano estergli{—k) with differento-substituents (32) Obrecht, R.; Herrmann, R.; Ugi, Synthesis1985 400-402.
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in 80% yield. According to théH NMR spectrum of the crude  and 2,2-dinitrobiphenyl (0.17 M) in DCM) or stock solutio (4d
reaction mixture, this MCR proceeds without the formation of (0.50 M), 2,2-dinitrobiphenyl (0.17 M) and AgOAc (0.010 M) in
any side products. Therefore, the observed loss of material most2CM) was transferred to a 10-mL reaction vial and evaporated to
likely occurs during the purification by column chromatography. dryness under reduced pressure. Five m||||||lters of the appropriate
However, column chromatography can be avoided by mixing S0Ivent. 100 mg of N&Q,, 65uL of benzylamine 1) (0.60 mmol,

: . : : : 1.2 equiv), and 7L of acetone §) (1.0 mmol, 2.0 equiv) were
the isocyanidég, acetone®), and benzylamine7) in equimolar

Af h . impl . d . added, and the reaction mixture was stirred for 21 h. Aliquots (40
amounts. After the reaction, simple extraction an evaporatlonul_) were taken 0.25. 1, 2, 5, and 21 h after the addition of acetone,

of solvents then affords the corresponding 2-imidazotigén quenched in a 0.1 M (aq) HCI/MeCN mixture (30:70), and analyzed

good isolated yield (entry 4). The slower conversion (93% after py HPLC (Shimadzu Pathfinder AS column (1504.6 mm), NH-

48 h) arising from the lower concentration of the intermediate OAc buffer (pH 7.32)/acetonitrile (63:37), 3€, 1.0 mL/min.4d

imine was compensated by performing the reaction at 2.0 M (2.0 min, 274 nm)5d (4.8 min, 267 nm), and 2'linitrobiphenyl

concentration. At this concentration, a similar conversion (91%, (I.S., 10.9 min, 264 nm)).

entry 5) was already observed af&h atroom temperature, General Procedure 2: Reaction of 4a, 6, and 7 in Different

thus resulting in a faster, easier, and more resource-efficientSolvents.A 10-mL reaction vial was charged with isocyanida

protocol for the 3-CR. (0.50 mmol), the appropriate solvent (2.5 mL),28@ (50 mg),
The results presented in Table 3 also show that reaction ratesbﬁnéélammi-g (65“|L’/S|‘.1 mgt, 0'2600 anmOI)' "’tng acgtosné) ((5524

decrease as the steric bulk of thesubstituents Rincreases. uL, 59 mg, 1.0 mmol). Aliquots (200L) were taken 2, 5, an

. ; . . - ~92=>  h after the addition of acetone, filtered, evaporated to dryness, and
When isocyanidegh—j were used as starting materials in this analyzed by*H NMR (CDCly).

reactlonz generall_y 48 h are required to_achleve good to excellent  General Procedure 3: Synthesis of Isocyanides (4g). Unless
conversion (entries 68). The conversions toward the corre-  stated otherwise, SOL{18.0 mL, 29.4 g, 245 mmol) was added
sponding imidazoline$h—j decrease in the order of!R= dropwise at O°C to a stirred solution of the corresponding amino
benzyl> ethyl > i-butyl. This suggests that, in addition to steric acid8g—j (or amino acidHCI salt) (100 mmol) in methanol (190
effects, also electronic effects of thé Bubstituent influence ~ mL). The reaction mixture was heated ®h atreflux temperature
the progress of our 3-CR. The reaction with isocyarik¢with followed by evaporation of all volatiles under reduced pressure to
R! = isopropyl) seems to approach the limits for this MCR. p_roduce the_: methyl estiCl salt as a colorless solid in quantitative
After stirring 4k, acetoneg), and benzylaminerj for two weeks yield. Semisaturated N&G; (aq) (100 mL) was added, and the
in MeOH at room temperature, we could detect only unreacted mixture was extracted with DCM (# 100 mL). The organic layers

. . P T - only -~~~ were combined and dried over MgaRemoval of the solvent
isocyanidetk and the corresponding imine. Heating the reaction

X ; ' under reduced pressure allowed isolation of the corresponding
mixture at reflux temperature for 2 weeks also did not resultin methyl estei9g—j (46—100%).

the formation of detectable amounts of 2-imidazolibk. Acetic formic anhydride (prepared by stirring 1 equiv of acetic
However, when AgOAc was added as catalyst, 2-imidazoline anhydride and 1.1 equiv of formic acidrf@ h at 55°C; 15 mL,

5k was found in a very acceptable 84% conversion, although a 16.8 g, 110 mmol) was added dropwise &t0to a stirred solution

long reaction time (4 weeks) was required to achieve this of the appropriate methyl est@g—j (50 mmol) in DCM (135 mL),
conversion. |ncreasing the concentrations of the inputs did not and the mixture was stirredrf@ h atroom temperature. All volatiles )
result in a significant improvement (entry 10), but using Were evaporated under reduced pressure, and the corresponding

; e .~ formamidel0g—j was isolated in quantitative yield.

increased amounts of AgOAc (10 mol %) afforded 2-imidazoline . )

5k quantitatively after 29weeI£s (entry :21)_ 'A solution of POC} (2.9 mL, 4.8 9. 31 mmol) in THF (60 mL,.
dried over KOH) was added dropwise to a solution of a formamide

) 10g-j (25 mmol) in EgN (17 mL) and THF (60 mL, dried over

Conclusions KOH) at—78 °C. The reaction mixture was stirredrfd h at 0°C,

: : . : . and the resulting red mixture was added to cofDH60 mL) and
Depending on the isocyanide used, optimal yields for the extracted with BO (3 x 60 mL). The organic layers were

_thre_e-component synthesis dﬂz-i_midazolines are observed combined, washed with 4@ (2 x 50 mL), dried (MgSQ), filtered,

in different solvents. Although a wide range of solvents can be 5 concentrated in vacuo to yield the desired (racemic) isonitrile
used efficiently as the reaction medium, in general, MeOH 4g-j (65-91%), which was sufficiently pure for follow-up
proved to be a good to excellent solvent for the MCR. AgOAC chemistry.

is an efficient catalyst for this reaction; however, most of the  (4)-Methyl 2-Isocyanopropanoate (4g$® General procedure
reactions performed very well without this catalyst. In this MCR 3 was followed usingL-alanine 8g) (8.91 g, 100.0 mmol) to give
the solvents can be used as purchased, and in situ preformatiorf+)-4g (1.74 g, 15.4 mmol, 62%) as a red dil NMR (250.13

of the imine is not necessary. With MeOH as the solvent, it MHz, CDCE) 6 (ppm) 4.34 (q.%) = 7.2 Hz, 1H), 3.83 (s, 3H),
was possible to considerably expand the range of Compatible%bg%%?:;{éﬁié 53"222(3){ lgg ?’,\l'(\/éi(éf%-?éh‘ﬂ)Hzl,Q%D%)lgﬁ
isocyanides toward less-acidic isocyanides. Further process : ! . vt g o A
simplification was achieved by performing the reaction at higher :\l/TS(}((gr)%Se%g)ﬁ)z’ (°2A31)4§6((Sl)(’)3)7[5|\/? _(SC):N1|_|43§57(§] ()201)2[%},6ng(¥)2]§“1
concentrations and avoiding purification by column chroma- gg (25)‘ [GH05] . ' '
tography, resulting in a fast, easy to perform, and resource- (4.\ethyl 2-Isocyanobutanoate (4h)General procedure 3 was
efficient prOtOCOl for this 3-CR. The h|gh conversions, absence followed Starting from dki_aminobutyrate hydroch|or|d@h-HC|)

of side products, and large range of compatible reaction media(5.0 g, 32.5 mmol). The dehydration step was performed at 23.6

makes in situ follow-up chemistry for this MCR feasible. mmol scale, furnishing+)-4h (2.31 g, 18.2 mmol, 77%) as a red
oil. 1H NMR (250.13 MHz, CDCJ) 6 (ppm) 4.24 (dd3] = 5.4
Experimental Section Hz,3] = 7.4 Hz, 1H), 3.82 (s, 3H), 2.031.93 (m, 2H), 1.09 (£J

= 7.4 Hz, 3H);23C{'H} NMR (100.62 MHz, CDGJ) ¢ (ppm) 167.1
For the general experimental section, see the Supporting Infor-

mation. ) ) ) (33) (a) Maeda, I.; Togo, K.; Yoshida, Bull. Chem. Soc. Jpri971
General Procedure 1: Reaction of 4d, 6, and 7 in Different  44,1407-1410. (b) Uban, R.; Marquarding, D.; Seidel, P.; Ugi, |.; Weinel,
Solvents.One milliliter of either stock solutiori (4d (0.50 M) A. Chem. Ber1977, 110, 2012-2015.
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(C), 160.1 (C), 57.7 (CH), 53.2 (G} 26.3 (CH), 9.6 (CHy); IR
(KBr) 2980 (s), 2149 (s), 1757 (s), 1439 (m), 1212 (m)eénMS
(El, 70 eV)m/z (%) 100 (58) [M— CHN]*, 86 (80) [M — C,H3N] ™,
72 (6) [GH402]", 58 (100) [GH20,] "

(£)-Methyl 2-Isocyano-3-phenylpropanoate (4if334General
procedure 3 was followed usingphenylalaninegi) (16.5 g, 100.0
mmol) to give(+)-4i (3.56 g, 18.8 mmol, 75%) as a colorless solid.
Mp: 43-45°C; *H NMR (250.13 MHz, CDGJ) 6 (ppm) 7.35-
7.23 (m, 5H), 4.47 (dd3J = 5.0 Hz,3) = 8.2 Hz, 1H), 3.78 (s,
3H), 3.30-3.03 (m, 2H);*3C{*H} NMR (100.62 MHz, CDCJ) ¢
(ppm) 166.5 (C), 161.1 (C), 134.3 (C), 129.2 (2 CH), 128.8 (2 CH),
127.8 (CH), 58.0 (CH), 53.4 (C§}l 38.9 (CH); IR (KBr) 3296
(br, s), 2950 (m), 2155 (s), 1755 (s), 1444 (m), 1221 (m)&m
MS (El, 70 eV)m/z (%) 162 (5) [M — CHN]*, 157 (10) [M —
CH4O]*, 130 (48) [M — CH3O,] ", 91 (100) [GH/]*, 77 (16)
[CeHs] ™.

(£)-Methyl 2-1socyano-4-methylpentanoate (4j$33>General
procedure 3 was followed usingL-leucine 8j) (13.1 g, 100.0
mmol) to give(+)-4j (3.53 g, 22.7 mmol, 91%) as a red oiH
NMR (250.13 MHz, CDCJ) o (ppm) 4.28 (dd3J = 4.7 Hz,3J =
9.6 Hz, 1H), 3.82 (s, 3H), 1.941.80 (m, 2H), 1.72 (m, 1H), 0.98
(m, 6H); 13C{*H} NMR (100.62 MHz, CDCJ)  (ppm) 167.6 (C),
160.1 (C), 55.1 (CH), 53.2 (G}l 41.3 (CH), 24.8, 22.5, and 20.9
(2 CHz; and CH); IR (KBr) 3337 (w), 2956 (s), 2148 (s), 1756 (s),
1469 (m), 1273 (m) cmt; MS (El, 70 eV)m/z (%) 128 (80) [M—
CHNI]*, 114 (10) [M— C,H3N]t, 99 (14) [M — C4Hg]*, 86 (100)
[M — C4HN] ™.

General Procedure 4: Synthesis of 2-Imidazolines 5a;ik.

An isocyanidedaf—k (2.0 mmol), benzylamine7§ (330uL, 321

mg, 3.0 mmol, 1.5 equiv), aceton®) (300xL, 232 mg, 4.0 mmol,

2.0 equiv), and MgS@(200 mg) were stirred in methanol (10 mL)
until complete consumption @f (monitored by'H NMR). Water

(15 mL) was added, and the resulting mixture was extracted with
DCM (3 x 10 mL). The organic layers were combined, dried
(MgSQy), filtered, and concentrated, and the resulting 2-imidazoline
was purified by column chromatography 8k, EtOAc/MeOH
gradient, unless stated otherwise).

Methyl 1-Benzyl-5,5-dimethyl-4,5-dihydro-1H-imidazole-4-
carboxylate (5a)??2 General procedure 4 was followed usifg
(198 mg, 2.0 mmol). Five-hour reaction time followed by column
chromatography (Si© 5% MeOH in EtOAc containing 0.33%
Et:N, R 0.16) furnishedba (440 mg, 1.8 mmol, 89%) as a yellow
oil.

H NMR (250.13 MHz, CDGJ) 6 (ppm) 7.377.29 (m, 5H),
6.88 (d,%) = 1.3 Hz, 1H), 4.44 (d4) = 1.3 Hz, 1H), 4.23 (d2) =
15.1 Hz, 1H), 4.18 (d2) = 15.1 Hz, 1H), 3.76 (s, 3H), 1.35 (s,
3H), 1.10 (s, 3H);®*C{*H} NMR (62.90 MHz, CDC}) 6 (ppm)
171.5 (C), 156.7 (CH), 137.8 (C), 128.7 (2 CH), 127.7 (2 CH),
127.7 (CH), 79.0 (CH), 64.7 (C), 51.9 (GH 46.0 (CH), 27.2
(CHs), 20.1 (CH); IR (KBr) 3010 (m), 2854 (s), 1957 (w), 1747
(s), 1598 (s) cm’; MS (El, 70 eV)m/z (%) 246 (12) [M]", 231
(4) [M — CHz]t, 187 (98) [M— C,H30,]*, 155 (4) [M— C/H;] ™,

91 (100) [GH7]*; HR-MS (EI, 70 eV) calcd for €H1gN,O, (M)
246.13683, found 246.13682.

tert-Butyl 1-Benzyl-5,5-dimethyl-4,5-dihydro-1H-imidazole-
4-carboxylate (5f). General procedure 4 was followed usid§
(282 mg, 2.0 mmol). After 22 h reaction timéf (567 mg, 1.9
mmol, 98%) could be isolated as a colorless solid.

Mp: 87—90°C; H NMR (250.13 MHz, CDGJ) d (ppm) 7.33-
7.27 (m, 5H), 6.87 (dJ = 1.2 Hz, 1H), 4.29 (d}J = 1.2 Hz, 1H),
4.21 (d,2J = 15.2 Hz, 1H), 4.17 (d2 = 15.2 Hz, 1H), 1.49 (s,

(34) (a) Failli, A.; Nelson, V.; Immer, H.; Gotz, MCan. J. Chem1973
51, 2769-2772. (b) Seebach, D.; Adam, G.; Gees, T.; Schiess, M.; Weigand,
W. Chem. Ber1988 121, 507-518. (c) Takiguchi, K.; Yamada, K.; Suzuki,
M.; Nunami, K. I.; Hayashi, K.; Matsumoto, KAgric. Biol. Chem 1989
53, 77-82.

(35) Owens, T. D.; Araldi, G.-L.; Nutt, R. F.; Semple, J.Tetrahedron
Lett. 2001, 42, 6271-6274.
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9H), 1.32 (s, 3H), 1.15 (s, 3H}3C{'H} NMR (62.90 MHz, CDC})

o (ppm) 170.0 (C), 156.4 (CH), 138.1 (C), 128.7 (2 CH), 127.6 (2
CH), 127.6 (CH), 81.2 (C), 79.3 (CH), 64.5 (C), 45.9 (§}+28.1

(3 CHg), 27.2 (CH), 20.0 (CH); IR (KBr) 2977 (m), 2840 (w),
1744 (s), 1589 (s), 1152 (s) cr MS (El, 70 eV)m/z (%) 288 (2)
[M]*, 187 (100) [M— CsHgO;]*, 91 (65) [GH7]t; HR-MS (EI,

70 eV) calcd for G/H,4N,0, (MT) 288.18378, found 288.18346.

Methyl 1-Benzyl-4,5,5-trimethyl-4,5-dihydro-1H-imidazole-
4-carboxylate (5g).General procedure 4 was followed usidg
(226 mg, 2.0 mmol). Twenty-two hour reaction time followed by
column chromatography (403, EtOAc, R; 0.30) furnishedbg (417
mg, 1.6 mmol, 80%) as a yellow oil.

1H NMR (250.13 MHz, CDGJ) 6 (ppm) 7.377.29 (m, 5H),
6.81 (s, 1H), 4.19 (d2J = 15.2 Hz, 1H), 4.13 (d2J = 15.2 Hz,
1H), 3.75 (s, 3H), 1.36 (s, 3H), 1.25 (s, 3H), 1.05 (s, 3AF{ *H}
NMR (62.90 MHz, CDC}) 6 (ppm) 174.0 (C), 154.9 (CH), 138.2
(C), 128.7 (2 CH), 127.6 (CH), 127.5 (2 CH), 78.9 (C), 66.3 (C),
51.9 (CH), 45.8 (CH), 21.0 (CH), 20.9 (CH), 20.5 (CH); IR
(KBr) 3016 (m), 2840 (s), 1959 (w), 1731 (s), 1600 (s) énpMS
(El, 70 eV)m/z (%) 260 (2) [M]", 201 (100) [M— C,H30,]*, 169
(6) [M — C;H7] ", 91 (48) [GH;]™; HR-MS (El, 70 eV) calcd for
C1sH20N20, (MT) 260.15248, found 260.15237.

Alternatively,4g (226 mg, 2.0 mmol), benzylamin&)((220uL,
214 mg, 2.0 mmol), acetoné)((150xL, 116 mg, 2.0 mmol), and
MgSQO, (100 mg) were stirred in methanol (1 mL)rf8 h atroom
temperature. Water (15 mL) was added, and the resulting mixture
was extracted with DCM (3« 10 mL). The organic layers were
combined, dried (MgSg), filtered, and concentrated to yield pure
49 (464 mg, 1.78 mmol, 89%).

Methyl 1-Benzyl-4-ethyl-5,5-dimethyl-4,5-dihydro-1H-imida-
zole-4-carboxylate (5h).General procedure 4 was followed using
4h (250 mg, 2.0 mmol). Forty-eight hour reaction time followed
by column chromatography (ADs;, EtOAc/pentane (5%) 0.63)
furnished5h (399 mg, 1.5 mmol, 73%) as a pale yellow oil.

IH NMR (250.13 MHz, CDGJ) 6 (ppm) 7.37-7.28 (m, 5H),
6.81 (s, 1H), 4.20 (d?J = 15.2 Hz, 1H), 4.11 (d2J = 15.2 Hz,
1H), 3.76 (s, 3H), 1.941.86 (m, 1H), 1.63-1.55 (m, 1H), 1.25
(s, 3H), 1.04 (s, 3H), 0.96 (8J = 7.4 Hz, 3H);13C{H} NMR
(62.90 MHz, CDC}) 6 (ppm) 173.5 (C), 154.9 (CH), 138.3 (C),
128.7 (2 CH), 127.6 (CH), 127.6 (2 CH), 82.8 (C), 66.7 (C), 51.7
(CHy), 45.8 (CH), 28.1 (CH), 21.2 (CH), 20.4 (CH), 9.2 (CHy);

IR (KBr) 3205 (w), 2877 (m), 1951 (w), 1747 (s), 1598 (s), 1456
(m), 1253 (m) cm?; MS (El, 70 eV)m/z (%) 274 (2) [M]", 245
(2) [M — C,Hg] ™, 215 (100) [M— C;H30,]*, 183 (6) [M— C7H7] T,

91 (58) [GH7]*; HR-MS (EI, 70 eV) calcd for @H2N.0, (M*)
274.16813, found 274.16719.

Methyl 1,4-Dibenzyl-5,5-dimethyl-4,5-dihydro-1H-imidazole-
4-carboxylate (5i). General procedure 4 was followed usiig378
mg, 2.0 mmol). Forty-eight hour reaction time followed by column
chromatography (ADs, EtOAc/pentane (10%J)3 0.44) furnished
5i (706 mg, quantitative) as a pale yellow oil.

1H NMR (250.13 MHz, CDGJ) 6 (ppm) 7.377.18 (m, 10H),
6.87 (s, 1H), 4.24 (d?) = 15.1 Hz, 1H), 4.14 (d?J = 15.1 Hz,
1H), 3.59 (s, 3H), 3.15 (&) = 12.8 Hz, 1H), 2.87 (d2J = 12.8
Hz, 1H), 1.41 (s, 3H), 1.08 (s, 3H}¥C{H} NMR (62.90 MHz,
CDCl) 0 (ppm) 172.7 (C), 154.7 (CH), 138.3 (C), 137.0 (C), 130.5
(2 CH), 128.7 (2 CH), 127.7 (2 CH), 127.6 (CH), 127.6 (2 CH),
126.3 (CH), 82.9 (C), 67.3 (C), 51.5 (GH45.8 (CH), 40.7 (CH),
20.9 (CHy), 20.5 (CHy); IR (KBr) 3029 (m), 2971 (m), 2947 (m),
1950 (w), 1877 (w), 1750 (s), 1718 (s), 1598 (s), 1495 (m), 1215
(br, s) cnt!; MS (El, 70 eV)mVz (%) 366 (1) [M]", 277 (16) [M
- C2H302]+, 245 (100) [M_ C7H7]+, 91 (70) [QH7]+; HR-MS
(El, 70 eV) calcd for GiH24N,0, (M ™) 366.18378, found 366.18473.

Methyl 1-Benzyl-4-isobutyl-5,5-dimethyl-4,5-dihydro-H-imi-
dazole-4-carboxylate (5j) General procedure 4 was followed using
4j (310 mg, 2.0 mmol). After 48 h reaction tim#j, (466 mg, 1.54
mmol, 77%) could be isolated as a pale yellow oil.

IH NMR (250.13 MHz, CDGJ) 6 (ppm) 7.38-7.29 (m, 5H),
6.78 (s, 1H), 4.18 (d?) = 15.2 Hz, 1H), 4.09 (d?J = 15.2 Hz,
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1H), 3.75 (s, 3H), 1.88 (m, 1H), 1.71 (d&]l = 12.9 Hz,3) = 6.8
Hz, 1H), 1.59 (dd2J = 12.9 Hz,%J = 6.8 Hz, 1H), 1.23 (s, 3H),
1.00 (s, 3H), 0.94 (c?J = 6.6 Hz, 3H), 0.85 (d3J = 6.6 Hz, 3H);
13C{H} NMR (62.90 MHz, CDC}) 6 (ppm) 174.1 (C), 154.6 (CH),
138.4 (C), 128.7 (2 CH), 127.6 (2 CH), 127.6 (CH), 81.4 (C), 67.5
(C), 51.6 (CH), 45.8 (CH), 42.7 (CH), 25.1 (CH), 24.5 (CH),
22.6 (CH), 20.6 (CH), 20.0 (CH); IR (KBr) 3160 (w), 2950 (w),
2867 (w), 1747 (s), 1598 (s), 1454 (m), 1035 (s)yénMS (EI, 70
eV) m/z (%) 302 (2) [M]", 287 (22) [M— CHg]™, 243 (68) [M—
C,H30,]*, 231 (18) [M — CsHyq]*, 211 (10) [M— C/H;]*, 187
(20) [M — CgH110,] 1, 91 (100) [GHA] t; HR-MS (EI, 70 eV) calcd
for C1gH26N-00 (MJr) 302.19943, found 302.19953.

Methyl 1-Benzyl-4-isopropyl-5,5-dimethyl-4,5-dihydro-H-
imidazole-4-carboxylate (5k).General procedure 4 was followed
using4k (282 mg, 2.0 mmol) and AgOAc (6.6 mg, 0.04 mmol, 2
mol %). After 4 weeks reaction timék (328 mg, 1.1 mmol, 57%)
could be isolated as a yellow oil.

H NMR (250.13 MHz, CDGJ) 6 (ppm) 7.37-7.28 (m, 5H),
6.86 (s, 1H), 4.14 (d?J = 14.6 Hz, 1H), 4.08 (d2J = 14.6 Hz,
1H), 3.75 (s, 3H), 2.29 (hpJ = 6.6 Hz, 1H), 1.35 (s, 3H), 1.04
(s, 3H), 0.96 (d3J = 6.6 Hz, 3H), 0.89 (d3J = 6.6 Hz, 3H);
13C{1H} NMR (62.90 MHz, CDC}) 6 (ppm) 174.0 (C), 155.2 (CH),
137.8 (C), 128.7 (2 CH), 128.1 (2 CH), 127.7 (CH), 85.5 (C), 66.3
(C), 51.4 (CH), 46.2 (CH), 32.8 (CH), 22.4 (Ch), 19.3 (CH),
19.2 (CH), 17.3 (CH); IR (KBr) 3019 (w), 2821 (s), 1956 (w),
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1747 (s), 1598 (m), 1454 (m), 1043 (m) cMS (El, 70 eV)m/z
(%) 288 (4) [MI", 245 (100) [M — CzH;]*, 229 (69) [M —
C,H30O,] ", 197 (6) [M — C;H7]™, 187 (19) [M — CsHgO,] ™, 91
(78) [CH7]T; HR-MS (EI, 70 eV) calcd for €H240,N, (MT)
288.18378, found 288.18354.

Alternatively,4k (282 mg, 2.0 mmol), benzylamin&)((220uL,
214 mg, 2.0 mmol), acetoné)( (150 uL, 116 mg, 2.0 mmol),
AgOAc (33.3 mg, 0.2 mmol, 10 mol %), and Mg$Q@.00 mg)
were stirred in methanol (1 mL) for 2 weeks at room temperature.
Water (15 mL) was added, and the resulting mixture was extracted
with DCM (3 x 10 mL). The organic layers were combined, dried
(MgSQy), filtered, and concentrated to yield pusk (578 mg, 2.0
mmol, quantitative).
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