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The first example of a diastereoselective thio-Ugi reaction with chiradethylbenzylamine is described.

The reaction results in formation of two diastereomers of thioamides, the major of which was isolated.
We have found that under similar conditions stereochemical results of the thio-Ugi reaction are opposite
to stereochemical results of the Ugi reaction. Several chiral thioamides were synthesized. The reaction
of thioamides with ammonia results in substituted amidines, which can be cyclized to imidazole derivatives
in aqueous HCI. The synthesis of chiral imidazole derivatives was elaborated. Using certain approaches,
both isomers of a key synthon in the synthesis of SB203386 (an orally bioactive HIV-1 protease inhibitor)
were prepared. The scope, limitations, and stereochemistry of the approach are discussed.

Introduction with lithiated imidazoled. Several imidazoles can be obtained
. . . starting from amino acid&® Several MCR approaches to
Imidazole is a common heterocyclic fragment of many imigazoles based on the TosMIC were described recéntly.

biologically important small molecules, such as histidine, consequently, new, efficient methodology for the preparation
histamine, adenine, etthere are also many effective pharma- ot imidazole derivatives would provide a valuable tool to

ceutical compounds and drugs containing the imidazole residuegynhetic organic chemists. This research is concerned with the

(Scheme 1}.Imidazoles containing a 2-aminoalkyl residue (for development of a new synthetic approach to imidazole deriva-
exampleB or C) are important building blocks for the synthesis tives, based on the Ugi reaction.

of different natural products such as SB20338%i6 an orally
bioactive HIV-1 protease inhibitdr2-Arylaminoalkylimidazoles

D (benzhydrylamine derivatives) containing an imidazole
residue are interesting drug-like substances for medicinal of the Ugi reaction is the synthesis of the different type of
chemistry.

. . . heterocycles. The thio-Ugi reaction (the Ugi MCR with
Th_ere IS no_g(_eneral metr_\od_for the synthesis of d|fferen_t thioacids) is an important approach to various thioanfidésch
funct|0|jalllzed imidazole derivatives. Several prptecteq g-aml- have been used as amide bond surrogates in a number of
noalkylimidazoles have been prepared by reaction of imidazo-
lium ylides (generated from N-substituted imidazole and,Byc

with imines? Another method is based on reaction of imines , (f) Torregrosa, R.; Pastor, . M.; Yus, Wetrahedror2005 61, 11148-
(5) Chen, J. J.; Zhang, Y.; Hammond, S.; Dewdney, N.; Ho, T.; Lin, X,;

The four-component Ugi reaction belongs to the most
interesting diversity-generating reactions of modern organic and
combinatorial chemistry. One of the most important applications
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(3) Zificsak, C. A.; Hlasta, D. JTetrahedron Lett2005 46, 4789~ (7) (a) Damling, A.; Ugi, I. Angew. Chem., Int. ER00Q 39, 3168-
4792. 3210. (b) Danling, A. Chem. Re. 2006 106, 17—89.

10.1021/jo0710300 CCC: $37.00 © 2007 American Chemical Society
7878 J. Org. Chem2007, 72, 7878-7885 Published on Web 09/13/2007



A Diastereoselecte Thio-Ugi Reaction ]OCArticle

SCHEME 1. Imidazole Derivatives in Nature and Medicine
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SCHEME 2. New Synthetic Approach to Imidazole Derivatives
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biologically active peptides and incorporated into different SCHEME 3.  Synthesis of the Thiopeptides
natural molecule8. Asymmetric multicomponent reactions

[
(AMCR_) ha\{e a great importa_nce and inte_rest fo_r ch_erﬁféts. —Q  NC RyNH, MeOH O\EO S
The thio-Ugi reaction has various synthetic applications, but —o>_ + CHSCOSH - N)KFRQ
no diastereoselectivity of the reactions has been investigated. Py rt HoO\w
However, development of diastereoselective thio-Ugi MCR can . R7™ "Rs Ac ) R

open new possibilities for organic and medicinal chemistry.
TABLE 1. Influence of Amine Component

Results and Discussion entry R R product  yield, %
It has been demonstrated that the Ugi reaction with thioacids 1 Bn 4-CIPh 2a 45
is an important approach to various thioamides. Thioamides are 2 PhCHCH, 4-CIPh 2b 53
: : 3 3,5-MePh 4-CIPh 2¢c 50
valuable precursors for many synthetic purposes. It is known 4 o |
. . . - NP -indolylCH,CH, i-Pr 2d 64
that thioamides react with ammoria,aminest? hydroxy- 5 cyclohexyl i-Pr 2 66
laminel® acetamidé? hydrazine!® and other nucleophiles. 6 Me2 i-Pr 2f 65
Recently, Kazmaier developed an effective method for synthesis 7 EtO % i-Pr 29 83
of the thiazole derivatives. The approach is based on the Ugi :@N
reaction with thioacids and 2,2-dimethoxyethylisocyanide, fol- EtO
lowed by cyclization under microwave irradiation using TMSI. a Hydrochloride was used.

In this paper, we elaborate a new effective method for the
synthesis of imidazoles bearing an aminoalkyl fragment in the ) ) ) . .
2-position. The synthesis is based on high reactivity of the generally in good yield with alkyl amines and electron-rich
thioamide bond in thiopeptides toward nucleophiles. We anilines. Anilines bearing electron-withdrawing groups (for
proposed that the thiopeptides prepared by the Ugi reaction usingex@mple, 4-F-aniline and 4-N&aniline) and sterically hindered
2,2-dimethoxyethylisocyanide can be converted to amidines by @lkyl amines BuNH,) were almost unreactive in this process.
treatment with ammonitt Subsequent heterocyclization and ~ Second, using a model benzylamine, isocyanideand
deprotection of nitrogen can open an effective synthetic way to thioacetic acid, we investigated the relationship between the
imidazole derivatives (Scheme ?).

First, we decided to investigate the synthetic scope and
limitations of the thio-Ugi reaction to prepare thioami@3he (11) (a) Shankaran, K.; Donnelly, K. L.: Shah, S. K.; Guthikonda, R.
influence of the amine and aldehyde components on the yield N.; MacCoss, M.; Humes, J. L.; Pacholok, S. G.; Grant, S. K.; Kellyc, T.
of the target thiopeptides was studied for this aim (Scheme 3). mgv\évcm’ ﬁ 51 E'(?rggi-ts'\geld-eigfnm“ 'éfgfooco‘él 1é‘vm 433%;5'4% (gtr’))sl

We have investigated the influence of the amine component 197 61441545, o ' yel =mpe. {Engl '
on the reaction using model 4-chlorobenzaldehyde or the (12)(a) Chambon, M.; Boucherle, Bull. Soc. Chim. Fr1954 907—
isobutyraldehyde, isocyanide and thioacetic acid (Table 1).  910. (b) Baguley, M. E.; Evidge, J. A. Chem. Soc1957 709-717. (c)

: ; o Mazharuddin, M.; Thyagarajan, Getrahedron1969 25, 517-525.
We found that target thioamideBa—g could be prepared (13) (a) Behringer, MJustus Liebigs Ann. Chenm957, 607, 67—76.

(b) Roslaya, G. IChem. Heterocycl. Compd. (Engl. Trapdl968 4, 326—

(10) Ramon, D. J.; Yus, MAngew. Chem., Int. EQR005 44, 1602-

(8) Kolb, J.; Beck, B.; Aimstetter, M.; Heck, S.; Herdtweck, E’;rbling, 327. (c) Millen, M. H.; Waters, W. AJ. Chem. Socl968 408-411. (d)
A. Mol. Div. 2003 6, 297—-313. Bushey, D. F.; Florenca, F. Q. Org. Chem198Q 45, 4198-4206.

(9) Sewald, N.; Jakubke, H.-Peptides: Chemistry and Biologwiley- (14) Elion, G. B.; Mueller, S.; Hitchings, G. H. Am. Chem. So4959
VCH: Weinheim, Germany, 2002; Chapter 7, pp 3398. 81, 1898-1901.
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SCHEME 4. Synthesis of Imidazoles SCHEME 5. Investigation of the Stereoselectivity
[ [ 5=4.68 5=4.51
0._0 0._0 : :
S NH N |+ |0
N)k(Rz AorB N)S/Rz HCI (conc.) [)\(Rz 0L 0 ¢ olo
Hol Ho N reflux N HN-R PhTNHZ thio-Ugi \[ J\)\ . \[ )Hk
Ac” Ry Ac” TRy ! -PrCHO N [ N 1
2 3 overall yield 60-70% 4 s CHCOSH HyCCO” HyCCO”
—Q  NC Ph Ph
A Ry = Ar, NH;OAC/EtOH, reflux; B Rz = Alk, NH4OAC/EtOH/ —o> RS sS
NHs(aq), reflux. 2q 2r
TABLE 2. Influence of Carbonyl Component, R = Bn TABLE 3. Imidazoles, Obtained by Acidic Cyclization
entry R R3 product yield, % thioa- yield,
i 0,
8 2-CIPh H a 5 entry mide R R, method product %
9 Ph H 2h 52 18 2a Bn 4-CIPh A 4a 61
10 3-MePh H 2i 57 19 2b PhCHCH;, 4-Cl-Ph A 4b 72
11 4-MeOPh H 2j 60 20 2f Me i-Pr B 4f 63
12 4-NO,Ph H 2k 15 21 29 EtO 5% i-Pr B 4g 64
13 2-thienyl H 2l 25 j@m
14 i-Pr H 2m 75 EtO
15 —(CHy)s— 2n 55 22 2h Bn Ph A 4h 67
16 —(CHz)a— 20 53 23 2 Bn 3-MePh A a4 61
17 N N 2p 48 24 2 Bn 4-MeOPh A 4] 59
Bn 25 2m Bn i-Pr B am 69
structure of carbonyl compounds and the yield of the thiopep- TABLE 4. Investigation of the Diastereoselectivity R,S'S,S)
tides (Table 2). It was found that the effect of the structure of 0.01 mol/L 0.1 moliL 1 mol/L
the carbonyl component on the reaction was very important. — ___3
. ; ) ) 22°C 1.42 256 2.02
Benzaldehydes without an electron-withdrawing group (entries  g-c 1.78 1.14 1.72
8—11) and aliphatic aldehydes and ketones (entries114 20°C 1.54 1.53 1.69
reacted smoothly. In general, the thio-Ugi reaction is a common
and effective approach to different thioamides. However, in the SCHEME 6. Determination of the Absolute

case of electron-poor and heteroaromatic aldehydes, yields Wersereochemistry

lower (entries 12 and 13). Owing to steric sensitivity of the

thio-Ugi reaction, acetophenone and diphenylketone did not give

any Ugi products.

With these endothiopeptide2 in hand, we began our
investigations toward the imidazole synthesis. Transformation
of thioamides in amidines is a well-known procé%gVe tested
several reagents, such as Hghas), NH(aq), NH,CI/EtOH, NHs-
(ag)/HgO, NH(aq)/(Hg(OAc)), and NHOAC/EtOH, and found
that NH,OAc in ethanol was the most effective reagent for such
amidine3 synthesis (Method A). If a thiopeptide contained alkyl
residue 2f, 2g, 2m), addition of aqueous ammonia in the
reaction mixture was necessary (Method B). AmidigR; =
Bn, R, = 4-CIPh) was isolated in a yield of 82% and was
characterized byH NMR and3C NMR spectra. Usin@, we
have investigated several reagents for cyclization (AcOH; CF
COOH, NH,CI, HCI, and others) and found that HCI (concd)
was the reagent of choice.

| | | |
o\[o S O\Eo o
H)J\)\ a H)KH\ b
_N _
PhCO j/ PhCO Nj/
Ph Ph

RS 2s RS 2u

0]
HOM
NH,

D-valine

a Conditions:(a) Hg(OACYEtOH; (b) HCI (6 M), reflux, 12 h.

concentrated HCI was accomplished by cleavage of the acetyl
group and gave directly unprotected 2-aminoalkylimidazdles

in good yield (Table 3). A few thioamides, such as the-
disubstituted thioamidezn—p, prepared from ketones or labile

in acidic conditions, and compound@d and?2| were not stable
and decomposed completely. In general, this method allows
synthesis of 2-aminoalkylimidazoles with different alkyl or aryl

Amidines are not very stable compounds, and they can be Substitutes.

transformed without isolation directly to imidazole derivatives

by reflux in aqueous HCI. This permitted the development of
short and straightforward syntheses of imidazoles directly from
thio-Ugi products (Scheme 4). Reactions of the thioamides with
NH4CI followed by cyclization of the amidines by reflux in

The thio-Ugi reaction has various synthetic applications, but
no diastereoselective modification of the reaction has been
investigated. A major obstacle to provide stereoinduction by
the Ugi reaction is that it consequently follows sometimes
different mechanisms under specific conditiéh€hiral amines

(15) (a) Polivka, Z.; Holubek, J.; Svatek, E.; Dlabac, A.; Pusek, D.;
Collect. Czech. Chem. Commuir983 48, 1465-1476. (b) Bock, M. G.;
DiPrado, R. M.; Evans, B. E.; Rittle, K. E.; Veber, D. . Med. Chem.
1988 31, 176-181. (c) Walser, A.; Flynn, T.; Mason, Q. Heterocycl.
Chem.1991 28, 1121-1125. (d) Kawakami, Y.; Kitani, H.; Yuasa, S.;
Abe, M.; Moriwaka, M.Eur. J. Med. Chem. Chim. Thet996 31, 683~
692.

(16) Kazmaier, U.; Ackerman, $rg. Biomol. Chem2005 3, 3184~
3187.
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(17) (a) Dirlam, J. P.; James, R. B.; Shoop, E.VOrg Chem1982
47, 2196-2199. (b) Matthews, D. P.; Whitten, J. P.; Mc Carthy, J. R.
Synthesid986 336-337. (c) Brown, R. S.; Clewley, R. G. Org. Chem.
1987 52, 1216-1218. (d) Merrett, J. H.; Spurden, W. C.; Thomas, A. W.;
Tong, B. P.; Whitcombe, I. WJ. Chem. Soc., Perkin Trans.1B88 61—
68. (e) Galeazzi, E.; Guzman, A.; Nava, J. L.; Liu, Y.; Maddox, M. L.;
Muchowski, J. M.J. Org. Chem1995 60, 1090-1092. (f) Huang, L. F;
Bauer, L.J. Heterocycl. Cheml997, 34, 1123-1130. (g) Reader, V. A.
Synlett1998 1077-1078.



A Diastereoselecte Thio-Ugi Reaction

JOC Article

SCHEME 7. Stereoselectivity of the Ugi and Thio-Ugi Reactioh
6=4.69 5=4.51 5=. 1.60 5=1.43
Lid i | i
T s O\[O s k )( s )( s k
_N _ -N .
PhCO phco™™ Phco™ PhCO N\(
Ph Ph Ph Ph
RS ss RS SS
2s 2s/2t=1.86 2t 2w 2w/2x = 1.83 2x
thio-Ugi
T crommrosz
X=8 X=$
—o nc Ph NHz iprcHO NG
— T +  PhCOXH \~/
—0 S
_ Ugi _
_X29—"c=om t°C=-ZN
5=:4.49 5=; 4.27 5=1.37 6=1.14
|0 | i i
olto \
TR, UL g L 5
) N N P TN
HoN HO N i N i N
PhCO” PhCO” PhCO” PhCO”
Ph Ph Ph Ph
RS SS RS SS
2u 2u/2v = 0.55 2v 2y 2y/2z = 0.49 2z

a|solated yields:2s (the less polar) 35%2u (the less polar) 26%2v (the more polar) 54%2y (the less polar) 28%; an2z (the more polar) 50%.

SCHEME 82
s o 0
t-Bu\NJ\FJ\ Na t-Bu. J\)\ +Bu. )\k
H 2)Separation H H
_N —— _N * _N
PhCO Phco™ Phco” Y~
Ph Ph Ph
2y 64% 2z 36%
2w/2x = 1.83 2y/2z =18

aConditions:(a) Hg(OAc), EtOH/H,0O, rt.

the reagents. It should be noted that the dependence is not linear.
The best ratio of diastereomerdg(2r 2.56) was observed in

0.1 M MeOH solution at-22 °C (Table 4). The ratio of the
isomers was determined by GCMS analysis of the reaction
mixtures. According to théH NMR spectrum, we assigned the
configuration of2g and2r by chemical shift of the @8(OMe),
proton.R,S-and S,Rdiastereomers hawe 4.68, andS,S-and
R,Rdiastereomers hawe4.51 (see below). Unfortunately, the
diastereomers could not be separated by column chromatogra-
phy. We postulated that replacement of thioacetic acid by

have been used several times to control the formation of a newiniopenzoic acid would permit us to isolate pure diastereomers.

stereogenic center in Ugi-4CRThe most common amine for
this aim was chiratt-methylbenzylamine, both enantiomers of

which were commercially available substances. Therefore, we

decided to investigate the stereochemistry of the thio-Ugi

Fortunately, the reaction with thiobenzoic acid under the
particular conditions resulted in two isomers (2:1 according
GCMS). The major isome2s (the more polar product) was
isolated by column chromatography in a yield of 35%. To

reaction to develop a new diastereoselective approach towardconfirm the stereochemistry, the major prod@stvas converted

imidazole synthesis. Usin@¥-a-methylbenzylamine as a model

to p-valine by transformation of the thioamide to an amide,

amine (Scheme 5), we investigated the dependence of Stereofollowed by acidic hydrolysis, giving this amino acid with]p,

selectivity of the model reaction by temperature and concentra-
tions of the reagents (all components were mixed in equimolar
amounts). We found that the ratio of diastereoisomers depends

significantly an both from temperature and concentrations of

(18) Zhu, J.; BienameH. Multicomponent ReactionsViley: Weinheim,
Germany, 2005.

(19) (@) Udgi, I.; Offerman, K. Angew. Chem., Int. Ed. Engl963 2,
624. (b) Ugi, I.; Offerman, K.; Herlinger, H.; Marquarding, D.Ann. Der
Chemiel967 709 1-10. (c) Ugi, I.; Kaufhold, G.L. Ann. Der Chemie
1967, 709, 11-28. (d) Madsen, U.; Frydenvang, K.; Ebert, B.; Johansen,
T. N.; Krogsgaard-Larsen, RI. Med. Chem.1996 39, 183-190. (e)
Ahmadian, H.; Neilsen, B.; Bumer-Osborne, H.; Johansen, T. N.; Stensbagl,
T. B.; Slgk, F. A.; Sekiyama, N.; Nakanishi, S.; Krogsgaard-Larsen, P.;
Madsen, UJ. Med. Chem1997, 40, 3700-3705. (f) Kelly, C. L.; Lawrie,

W. M. K.; Morgan, P.; Willis, C. L.Tetrahedron Lett200Q 41, 8001
8005. (g) Hebach, C.; Kazmaier, U. Chem. Soc., Chem. Commano3
596-597.

—26.04 € 0.42 M, 6 M HCI), in agreement with the literature
data (Scheme 6},
Consequently, the major produzs of the thio-Ugi reaction
is the R,Sdiastereomer. This result did not correlate with the
usual stereochemical result of the Ugi reaction, the major
product of which is theS,Sdiastereomer (under the same
conditions, T = —20°C, ¢ = 0.1 M, MeOH)#

We decided to study the stereochemistry of the Ugi reaction
and thio-Ugi under the same conditions (Scheme 7) to compare

(20) See for example: Miyabe, H.; Ushiro, C.; Ueda, M.; Yamakawa,
K.; Naito, T.J. Org. Chem200Q 65, 176-185.

(21) (a) Ugi, |.; Offerman, K.; Herlinger, H.; Marquarding, D. Ann.
Der Chemiel967 709, 1-10. (b) Kelly, C. L.; Lawrie, W. M. K.; Morgan,
P.; Willis, C. L. Tetrahedron Lett200Q 41, 8001-8005.
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SCHEME 9.
Mechanism A

PhTNHz

Gulevich et al.

Possible Mechanisms of the Ugi and Thio-Ugi Reactions

Q We oM
S Yeon H‘Nxﬁh M JePh
. ——|R @ H\EDK _RNC (S). - . Rl_} N° H
i-PrCHO | attack from | R ?\‘ AN N
+ ) )\ bottom side | 2 W I-H;l R;” i-Pr
i-Pr H R CO/O o
1
X o7
R{” “OH 5 ()6 S
Mechanism B
(0] Me
Ph_NH, Me,, o Me
H., <&
T R1)J\g Me attack from '\?AePh N H R /[< )<Ph
s H.®_2Ph_bottom side o«’H‘ﬁAH RaNC N (R N7 H
~ —_— —_— ~ Q —_—
+ K N M (ratedimiting) "\ ll\ substitution | Rz [ 7 4 N,
. “ISH  with inversion ) Rz i-Pr
i-PrCHO i-Pr)\H R1)\S i-Pr R,CO o
+
)CJ)\ 8 (R)9 (R)10 (R)11
R1 SH

the stereochemical results. Unexpectedly, we observed inversionSCHEME 10.
of the stereoselectivity upon replacement of benzoic acid by

thiobenzoic acid. Specific chemical shift of theH@Me),

proton could be used for assignment of the absolute stereo-

chemistry of2s—v by IH NMR analysis and characterization

of the absolute stereochemistry of the products of Ugi and thio-

Ugi reactions. Specifi® values of the thio product are 4.69
for R,S andS,R (29 and 4.51 forR,R andS,Sdiastereomers
(2t), while for similar Ugi products, they are 4.494) and 4.27
(2v), respectively. Thesé values can be used for assignment

of the absolute stereochemistry in cases of thioamides with other

substituents on the asymmetric center.
Additional verification of these unexpected results was done
using tert-butyl isocyanide (Scheme 7). To examine the ratio

of diastereomers, we transformed the crude mixture of thioa-

mides2w and2x to the mixture of oxo compound®y and?2z,

Synthesis of Chiral Imidazole Derivative3

[eXgge] N
Ph.__NH, \[ S </_ »\2\
T A
i-PrCHO Ao NH;
- R-4p
PhCOSH 1) thio-Ugi, a Pnco b, ¢
—Q NC—————— Ph ——  34%
>_/ 2) Separation 2s major RS
—d | | 37% N
0._0 [ \ \\
Ph._NH; \[ s k \ )
z H)H'\\\ H NH,
R _N " S-4p
PhCO™ Y 36%

Ph
2\ major SR
35%

aConditions: (a)T = —22°C; C = 0.1 M in MeOH; (b) NHOAc,

which could be isolated by column chromatography (Scheme NHs EtOH, reflux; (c) HCI (concd), reflux.

8). The major isomer in the mixture of amides w5 and the
major isomer in the mixture of thioamides w2w. This result

salts with the imines (Mechanism A) without further nucleo-

the thio-Ugi reaction. The assignment of the absolute stereo-

chemistry of2y and2z was based ofH NMR chemical shift
values fortert-butyl groups. Empirically, the chemical shift
values for thetert-butyl groups ofR,S and S,Rforms of this
compounds were in the range ®f1.3—1.4, whereas chemical
shifts forR,R andS,Sdiastereomers weke1.12? We detected
by 'H NMR spectra of the mixture &fw and2x (predominance
2w) that tert-butyl groups in thioamides also have specific
values, namely¢y 1.60 forR,S andS,R (2w) ando 1.43 for
R,R and S,Sdiastereomers2k). This NMR data can be used
for further configuration assignment.

We propose that preferable formation of fReliastereomer
in the thio-Ugi reaction with §-a-methylbenzylamine can be
explained in the detailed view of mechanism of the reaction.
There are a number of mechanisms of the Ugi reaction
described” We believe that the mechanisms of Ugi and thio-
Ugi reactions are different (Scheme 9). Carboxylic acids form

(22) (a) Marquarding, D.; Hoffman, P.; Heitzer, H.; UgiJl.Am. Chem.
So0c.197Q 92, 1969-1971. (b) Semple, J. E.; Wang, P. S.; Lysenko, Z;
Joullie M. M. J. Am. Chem. S0d.98Q 102 7505-7510.
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attack occurs from the less sterically hindered side, and product
7 having theS configuration is formed. In the case of the thio-
Ugi reaction (Mechanism B), the much more nucleophilic
thiocarboxylate attack® from the less sterically hindered side,
and intermediateR)-9 is formed. Furthermore, any3-type
nucleophilic substitution with inversion of configuration of the
formed stereocenter results 10 as theR-isomer. Therefore,
thioamide R)-11 is formed as the major diastereomer.

Using a diastereoselective method for the synthesis of chiral
thioamides2s (-R,9 and 24 (-S,R, we were successful in
obtaining both isomers afp, the key synthon in the synthesis
of SB203386 (an orally bioactive HIV-1 protease inhibitor;
Scheme 10). During acidic cyclization (6 M aqg HCI, reflux),
the a-methylbenzyl group, unlike the benzyl group, was
removed, and the reaction led directly to the target imidazole
in moderate yield. It should be noted that the proposed method
of synthesis of thedp is rather short, simple, and very
competitive compared to literature approaches. Starting from
both enantiomers oft-methylbenzylamine, botiR- and S
enantiomers ofip can be prepared very easily.
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Conclusion

In conclusion, we have studied for the first time a diastereo-
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(m, 1H), 4.62 (tJ = 5.6 Hz, 1H), 7.01 (s, 1H), 7.167.22 (m,
2H), 7.35 (dJ = 8.1 Hz, 2H), 8.2 (br s, 1H}:3C NMR (100 MHz,
CDCly) 6 20.2, 20.3, 22.5, 25.2, 28.0, 47.2, 54.1, 77.2, 100.9, 111.3,

selective thio-Ugi reaction and investigated the influence of 111.8,118.4, 119.5, 122.1, 122.5, 127.0, 136.2, 173.2, 202.7. Anal.
reaction conditions on the stereoselectivity. Chiral thioamides Calcd for GiH31N3O3S: C, 62.19; H, 7.70. Found: C, 62.40; H,
were prepared, and their absolute stereochemistry was deter+.64.

mined. It was found that stereochemistry of the thio-Ugi reaction

N-Cyclohexyl-N-(1-{[(2,2-dimethoxyethyl)amino]carbono-

was opposite to the Ugi reaction. On the basis of one method thioyl}-2-methylpropyl)acetamide (2e):yield 66%; yellow oil;

of synthesis of the thioamides, we developed a new effective
synthetic approach to imidazole derivatives. Starting from chiral

thioamides, both isomers of chiral imidazdlp, a key synthon

R 0.50 (2:1 hexanes/ethyl acetate); IR (film) 3430, 2950, 1740
cm™%; *H NMR (400 MHz, CDC}) ¢ 0.81 (d,J = 6.5 Hz, 3H),
1.03 (d,J = 6.5 Hz, 3H), 1.16-1.33 (m, 4H), 1.471.75 (m, 4H),
1.82-1.92 (m, 2H), 2.15 (s, 3H), 2.872.99 (m, 1H), 3.35 (s, 3H),

in the synthesis of SB203386, were synthesized. The scope,3 3¢ (s, 3H), 3.423.50 (m, 1H), 3.69-3.69 (M, 1H), 3.77-3.87
limitations, and stereochemistry of the approach were discussed(m, 2H), 4.57 (t,J = 5.56, 1H);3C NMR (100 MHz, CDC}) ¢

Experimental Section

Preparation of Isocyanide 1.lsocyanidel was obtained by a

20.5,21.0, 23.3, 24.7, 25.8, 26.0, 27.7,31.1, 32.7, 47.1, 53.5, 53.8,

60.9, 76.2, 100.6, 173.1, 204.4. Anal. Calcd farH3,N,03S: C,

59.27; H, 9.36. Found: C, 59.04; H, 9.46.
N-(1{[(2,2-Dimethoxyethyl)amino]carbonothioy} -2-methyl-

literature procedure from aminoacetaldehyde dimethylacetal as apropyl)- N-methylacetamide (2f):yield 71%; colorless oilR; 0.55

colorless liquid: yield 64%; bp 36C (1 Torr).Attention, heating

isocyanide 1 at a temperature higher than 8D can praoke an

explosion Spectroscopic data correlated with literature data.
General Procedure for Thio-Ugi Reaction.An aldehyde (1

(2:1 hexanesl/ethyl acetate); IR (film) 2950, 1740 émH NMR
(400 MHz, CDC}) 6 0.84 (d,J = 6.5 Hz, 3H), 0.93 (dJ = 6.5
Hz, 3 H), 2.07 (s, 3H), 2.472.60 (m, 1H), 3.04 (s, 3H), 3.34 (s,
3H), 3.35 (s, 3H), 3.753.85 (m, 2 H), 3.82.3.90 (m, 1H), 4.52

mmol) and an amine (1 mmol) were dissolved in methanol (5 mL) (t, J = 5.3 Hz, 1H);13C NMR (100 MHz, CDC}) ¢ 18.8, 19.7,
and stirred for 15 min at rt. Then the reaction mixture was cooled 22.2, 27.6, 46.4, 54.1, 77.4, 100.8, 172.6, 201.4. Anal. Calcd for

to 0°C, and the thioacetic acid (1 mmol) and isocyariiqé mmol)

Ci2H24N203S: C, 52.15; H, 8.75. Found: C, 52.17; H, 8.54.

were added. The mixtl_Jre stood overnight at room temperature._'l_’he N-[2-(3,4-Diethoxyphenyl)ethyl]N-(14{[(2,2-dimethoxyethyl)-
solvent was removed in vacuo, and the crude product was purified amino]carbonothioyl} -2-methylpropyl)acetamide (2g):yield 83%;

by column chromatography.
Investigation of the Stereoselectivity. Investigation of the

yellow oil; Rf 0.55 (2:1 hexanes/ethyl acetate); IR (film) 2950, 1750
cm % 'H NMR (400 MHz, CDC}) 6 0.90 (d,J = 6.5 Hz, 3H),

stereoselectivity was carried out according to a general procedure1.04 (d,J = 6.5 Hz, 3H), 1.36-1.45 (m, 6H), 2.00 (s, 3H), 2.70

for a thio-Ugi reaction usingS)-o-methylbenzylamine with dif-

3.00 (m, 3H), 3.36 (s, 3H), 3.37 (s, 3H), 3:-58.75 (m, 1H), 3.83

ferent temperatures and concentration. Crude mixtures were3.92 (m, 3H), 4.068-4.07 (m, 4H), 4.58 (tJ = 5.5 Hz, 1H), 6.65

analyzed by GCMS.

N-Benzyl-N-{ 1-(4-chlorophenyl)-2-[(2,2-dimethoxyethyl)amino]-
2-thioxoethyl} acetamide (2a):yield 45%; yellow oil;R; 0.55 (2:1
hexanes/ethyl acetate); IR (film) 2950, 1740¢mH NMR (400
MHz, CDCk) 6 2.22 (s, 3H), 3.35 (s, 3H), 3.38 (s, 3H), 3:80
3.85 (m, 2H), 4.54.8 (m, 3H), 6.04 (s, 1H), 7.037.08 (m, 2H),
and 7.15-7.28 (m, 7 H);33C NMR (100 MHz, CDC})  22.6,

6.80 (m, 3H);C NMR (100 MHz, CDC}) 6 14.8, 20.2, 25.3,
28.0, 35.2, 44.4, 47.1, 54.0, 54.6, 64.6, 64.7, 77.3, 100.8, 113.7,
114.4, 121.0, 130.7, 147.5, 148.8, 173.1, 202.5. Anal. Calcd for
ngH3gN205S: C, 60.76; H, 8.42. Found: C, 60.40; H, 8.64.
N-Benzyl-N-{2-[(2,2-dimethoxyethyl)amino]-1-phenyl-2-
thioxoethyl} acetamide (2h):yield 52%; colorless 0ilRs 0.55 (2:1
hexanes/ethyl acetate); IR (film) 2960, 1740¢mH NMR (400

47.0, 52.3, 54.2, 69.8, 100.7, 126.3, 127.1, 128.2, 128.3, 130.2,MHz, CDCk) ¢ 2.19 (s, 3H), 3.34 (s, 3H), 3.36 (s, 3H), 375

133.7, 134.0, 136.8, 172.8, 201.1. Anal. Calcd fopHGs
CIN,OsS: C, 59.92; H, 5.99. Found: C, 59.97; H, 5.84.
N-{1-(4-Chlorophenyl)-2-[(2,2-dimethoxyethyl)amino]-2-thiox-
oethyl}-N-(2-phenylethyl)acetamide (2b)yield 53%; white solid;
mp 89-90°C; R; 0.50 (2:1 hexanes/ethyl acetate); IR (film) 2950,
1740 cnt!; *H NMR (400 MHz, CDC}) ¢ 2.08 (s, 3H), 2.45
2.55 (m, 1H), 2.752.85 (m, 1H), 3.34 (s, 3H), 3.36 (s, 3H), 3:54
3.65 (m, 1H), 3.76-:3.90 (m, 3H), 4.57 (tJ = 5.3 Hz, 1 H), 6.04
(s, 1H), 7.03-7.08 (m, 2c), 7.147.37 (m, 7c), 9.0 (br s, 1H}C
NMR (100 MHz, CDC}) 0 22.3, 36.0, 47.4, 52.5, 54.3, 72.4, 100.9,

3.90 (m, 2H), 4.424.46 (m, 1H), 6.02 (s, 1H), 7-67.09 (m, 2H),

7.12-7.35 (m, 8H), 8.5 (br s, 1H}:3C NMR (100 MHz, CDC})

0 22.8, 47.2, 52.7, 54.3, 54.3, 70.6, 100.9, 126.6, 127.4, 127.7,

128.4, 128.5, 130.1, 133.7, 138.2, 172.8, 201.0. Anal. Calcd for

CoH26N20OsS: C, 65.26; H, 6.78. Found: C, 65.36; H, 6.49.
N-Benzyl-N-[2-[(2,2-dimethoxyethyl)amino]-1-(3-methylphe-

nyl)-2-thioxoethyllacetamide (2i):yield 57%; colorless oilR; 0.55

(2:1 hexanesl/ethyl acetate); IR (film) 2960, 1730 émH NMR

(400 MHz, CDC}) 6 2.15 (s, 3H), 2.18 (s, 3H), 3.32 (s, 3H), 3.35

(s, 3H), 3.82 (s, 2H), 4.454.80 (m, 3H), 6.17 (s, 1H), 6.967.20

126.7,128.6, 128.7, 128.8, 129.4, 134.4, 137.6, 138.8, 172.2, 201.0.(m, 9H), 8.2 (br s, 1H)*3C NMR (400 MHz, CDC}) 6 21.3, 22.7,

Anal. Calcd for GoH,7,CIN,OsS: C, 60.75; H, 6.26. Found: C,
60.70; H, 6.24.
N-Benzyl-N-[2-[(2,2-dimethoxyethyl)amino]-1-(3,5-dimeth-
ylphenyl)-2-thioxoethyl]acetamide (2c):yield 50%; colorless oil;
R: 0.60 (2:1 hexanes/ethyl acetate); IR (film) 2950, 1740 HEm
1H NMR (400 MHz, CDC}) ¢ 1.89 (s, 3H), 2.25 (s, 6H), 3.37 (s,
3H), 3.38 (s, 3H), 3.863.90 (m, 2H), 4.60 (tJ = 4.7 Hz, 1 H),
5.88 (s, 1H), 7.147.37 (m, 7H), 9.0 (br s, 1H%C NMR (100
MHz, CDCk) 6 21.1, 23.7, 47.3, 54.3, 76.2, 100.9, 117.6, 125.9,

47.2, 52.7, 54.4, 70.6, 101.0, 126.1, 126.5, 127.0, 128.3, 129.2,

130.1, 135.0, 138.2, 145.9, 157.9, 172.9, 202.5. Anal. Calcd for

CaH2gN203S: C, 65.97; H, 7.05. Found: C, 65.90, H, 6.95.
N-Benzyl-N-{ 2-[(2,2-dimethoxyethyl)amino]-1-(4-methoxyphe-

nyl)-2-thioxoethyl} acetamide (2j):yield 60%; colorless 0ilf 0.55

(2:1 hexanesl/ethyl acetate); IR (film) 2950, 1740 émH NMR

(400 MHz, CDC}) 6 2.12 (s, 3H), 3.32 (s, 3H), 3.34 (s, 3H), 3.71

(s, 3H), 3.77-3.85 (m, 2H), 4.56-4.80 (m, 3H), 6.17 (s, 1H), 6.67

(d,J= 7.6, 2H), 6.95 (d] = 7.6, 2H), 7.16-7.20 (m, 5H), 8.11

128.5,129.7, 130.1, 134.0, 139.4, 142.6, 172.2, 200.4. Anal. Calcd (br s, 1H);3C NMR (100 MHz, CDC}) ¢ 22.8, 47.2, 52.0, 54.4,

for C,2H27CIN2OsS: C, 60.75; H, 6.26. Found: C, 60.50; H, 6.04.
N-(1{[(2,2-Dimethoxyethyl)amino]carbonothioy} -2-methyl-
propyl)- N-[2-(1H-indol-3-yl)ethyl]lacetamide (2d): yield 64%;
yellow oil; R 0.55 (2:1 hexanes/ethyl acetate); IR (film) 3450, 2950,
1740 cnt?; 'H NMR (400 MHz, CDC}) 6 0.90 (d,J = 6.6 Hz,
3H), 1.04 (d,J = 6.6 Hz, 3H), 2.01 (s, 3H), 2.823.20 (m, 3H),
3.39 (s, 6H), 3.453.55 (m, 2H), 3.673.80 (m, 2H), 3.853.97

55.2,70.1, 101.0, 113.8, 126.4, 127.0, 128.3, 130.7, 159.5, 172.8,
202.2. Anal. Calcd for &H»gN-O4S: C, 63.44; H, 6.78. Found:
C, 63.38; H, 6.66.

N-Benzyl-N-{ 2-[(2,2-dimethoxyethyl)amino]-1-(4-nitrophenyl)-
2-thioxoethyl} acetamide (2k):yield 15%; colorless oilRs 0.55
(2:1 hexanes/ethyl acetate); IR (film) 2950, 1750 éniH NMR
(400 MHz, CDC}) 6 2.28 (s, 3H), 3.37 (s, 3H), 3.38 (s, 3H), 370
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3.90 (m, 2H), 4.554.60 (m, 1H), 4.75 (s, 2H), 5.90 (s, 1H), 712 N-((1R)-1<[(2,2-Dimethoxyethyl)amino]carbony} -2-methyl-
7.34 (m, 7H), 8.03 (dJ = 8.9, 2H), 9.1 (br s, 1H)*3C NMR (100 propyl)- N-[(1S)-1-phenylethyl]benzamide (2u):yield 26%; color-
MHz, CDCL) ¢ 22.9, 47.4, 54.2, 54.3, 72.6, 100.7, 123.4, 127.4, less oil;R; 0.6 (2:1 hexanes/ethyl acetate); IR (film) 2950, 1740
128.2, 128.3, 128.9, 142.8, 147.2, 172.8, 199.4. Anal. Calcd for cm™% *H NMR (400 MHz) ¢ 0.31 (d,J = 6.6 Hz, 3H), 0.76 (dJ
Co1HasN30sS: C, 58.45; H, 5.84. Found: C, 58.58; H, 5.76. = 6.6 Hz, 3H), 1.55 (dJ = 7.1 Hz, 3H), 2.87-3.00 (m, 1H), 3.26
N-Benzyl-N-{ 2-[(2,2-dimethoxyethyl)amino]-1-(2-thienyl)-2- 3.40 (m, 2H), 3.37 (s, 3H), 3.36 (s, 3H), 3:58.60 (m, 1H), 4.49
thioxoethyl} acetamide (21):yield 25%; colorless oilR; 0.55 (2:1 (t,J= 5.6 Hz, 1H), 5.06 (q) = 7.1 Hz, 1H), 7.277.35 (m, 5H),
hexanes/ethyl acetate); IR (film) 2970, 1740¢pitH NMR (400 7.42-7.52 (m, 5H), 8.4 (br s, 1H}:3C NMR (100 MHz, CDC})
MHz, CDCl) 6 2.12 (s, 3H), 3.34 (s, 3H), 3.35 (s, 3H), 370 017.4,19.7,19.8, 24.3,53.0, 53.7, 59.1, 68.7, 101.9, 125.5, 128 .4,
3.90 (M, 2H), 4.484.57 (m, 1H), 4.76-4.81 (m, 2H), 6.17 (s, 128.4, 128.9, 129.3, 137.7, 138.4, 173.4, 173082 —87.48 ¢
1H), 6.83 (m, 1H), 6.93 (m, 1H), 7.637.08 (m, 2H), 7.157.25 0.05 M, MeOH). Anal. Calcd for &H3,N,O4: C, 69.88; H, 7.82.
(m, 4H), 8.30 (br s, 1H)13C NMR (100 MHz, CDC}) ¢ 22.7, Found: C, 69.70; H, 7.53.
47.3, 54.2, 54.3, 66.8, 101.0, 126.4, 126.6, 127.3, 127.4, 128.5, N-((15)-1{[(2,2-Dimethoxyethyl)amino]carbony}-2-methyl-
129.4, 137.1, 140.1, 172.5, 200.5. Anal. Calcd f@sHG.N,0:Sy: propyl)-N-[(1S)-1-phenylethyllbenzamide (2v):yield 54%; color-
C, 58.14; H, 6.16. Found: C, 58.04; H, 6.26. less oil, crystallizes on standing; mp #1012 °C; R 0.4 (2:1
N-BenzylN-(1{[(2,2-dimethoxyethyl)amino]carbonothioy} - hexanes/ethyl acetate); IR (film) 2950, 1740¢mH NMR (400
2-methylpropyl)acetamide (2m):yield 75%; colorless oilR; 0.55 MHz) 4 1.00 (d,J = 6.6 Hz, 3H), 1.10 (dJ = 6.6 Hz, 3H), 1.65
(2:1 hexaneslethyl acetate); IR (film) 2950, 1740 émiH NMR (d, J = 6.8 Hz, 3H), 3.08-3.15 (m, 2H), 3.39 (s, 3H), 3.40 (s,
(400 MHz, CDCY) 6 0.68 (d.J = 6.5 Hz, 3H), 0.93 (dJ = 6.3 3H), 4.27 (t,J = 5.8 Hz, 1H), 5.13 () = 6.8 Hz, 1H), 7.77.35
Hz, 3H), 2.11 (S, 3H), 2.792.90 (m' 1H), 3.42 (S, GH), 3.7 (m, 5H), 7.48-7.60 (m, 5H), 8.4 (bl’ S, 1H)1';30 NMR (100 MHz,
3.83 (m, 2H), 3.823.90 (m, 1H), 4.55-4.65 (m, 3H), 7.26-7.35 CDClg) 6 16.7, 19.8, 20.7, 26.6, 40.2, 52.8, 54.0, 58.1, 69.5, 101.8,
30.9, 44.4, 46.9, 54.0, 100.8, 127.1, 172.6, 128.6, 135.1, 173.5,12.77 €0.05M, MeOH). Anal. Calcd for &HzN-Os: C, 69.88;

201.8. Anal. Calcd for GHogN,OsS: C, 61.33: H, 8.01. Found:  H» 7-82. Found: C, 69.80; H, 7.77.
C. 61.17 H. 8.04. N-{ (1R)-1-[(tert-Butylamino)carbonyl]-2-methylpropyl } -N-

[(19)-1-phenylethyl]benzamide (2y):yield 28%; colorless oilRs

0.6 (2:1 hexanes/ethyl acetate); IR (film) 2960, 1760 &ifH NMR
(400 MHz) 6 0.30 (d,J = 6.5 Hz, 3H), 0.77 (dJ = 6.5 Hz, 3H),
1.37 (s, 9H), 1.57 (dJ = 7.1 Hz, 3H), 2.85-2.95 (m, 1H), 3.05

(d, 3 =10.9 Hz, 1H), 5.11 (q) = 7.1 Hz, 1H), 7.23-7 35 (m,
5H), 7.42-7.55 (m, 5H), 8.2 (br s, 1H)}3C NMR (100 MHz,
CDCl;) 6 17.6, 19.7, 19.8, 27.5, 28.7, 50.5, 59.3, 70.2, 125.4, 128.4,
128.7, 129.1, 129.3, 137.8, 138.5, 172.4, 173.1. Anal. Calcd for
CoH3:NO,: C, 75.75; H, 8.48. Found: C, 75.55; H, 8.28 {h.

N-Benzyl-N-(1{[(2,2-dimethoxyethyl)amino]carbonothioy} -
cyclohexyl)acetamide (2n)yield 55%; white solid; mp 112113
°C (lit.® 115 °C); R 0.55 (2:1 hexanes/ethyl acetate); IR (film)
2950, 1740 cm!; 'H NMR (400 MHz, CDC}) 6 1.10-1.22 (m,
1H), 1.35-1.60 (m, 5H), 1.851.93 (m, 2H), 2.06 (s, 3H), 2.83
2.92 (m, 2H), 3.40 (s, 6H), 3.83 @,= 5.3 Hz, 2H), 4.60 (tJ =
5.3 Hz, 1H), 4.73 (s, 2H), 7.267.35 (m, 5H), 9.0 (br s, 1H):*C
NMR (100 MHz, CDC}) 6 22.8, 24.7, 25.2, 35.1, 47.3, 49.8, 54.1,

09.8 1011, 1259 1272 1288, 3938#%uln7cﬁ'5éZgg'giAgali(z:sézllCd N-((1S)-1< [(2,2-Dimethylpropylyamino]carbonyl} -2-methyl-
2071807232y BSHEy T 1T o 2o T B9C nropyl)-N-[(1S)-1-phenylethyllbenzamide (2z)yield 50%, color-
N-Benzyl-N-(1{[(2,2-dimethoxyethyl)amino]carbonothioy} - less oil; R 0.5 (2:1 hexanes/ethyl acetate); IR (film) 2960, 1760
cyclopentyl)acetamide (20)yield 53%; colorless oil, crystallized cmL; IH NMR (400 MHz) 6 1.00 (d,J = 6.6 Hz, 3H), 1.07 (d,)
on standing; mp 9697 °C; R: 0.55 (2:1 hexanes/ethyl acetate); IR — 6.6 Hz, 3H), 1.15 (s, 9H), 1.62 (d,= 6.8 Hz, 3H), 2.95-3.20
(fl|m) 2950, 1740 le; IH NMR (400 MHz, CDCE) 0 1.52— (m' 2H), 5.11 (qJ = 6.8 Hz, 1H)| 7.157 30 (m’ 5H), 7.457.60
1.63 (m, 4H), 1.871.98 (m, 2H), 1.99 (s, 3H), 2.872.97 (M, (1 5H), 8.3 (br s, 1H)*C NMR (100 MHz, CDC}) & 17.5, 19.7,
2H), 3.36 (s, 6H), 3.79 () = 5.3 Hz, 2H), 4.55 (1) = 5.3 Hz, 1938 20.6, 27.5, 28.6, 50.4, 59.2, 70.1, 125.4, 128.3, 128.6, 129.0,
1H), 4.72 (s, 2H), 7.157.35 (m, 5H), 8.8 (br s, 1H}*C NMR 129.3, 137.8, 138.4, 172.4, 173.1. Anal. Calcd feiGN,O,: C,
(100 MHz, CDC}) ¢ 23.5, 22.0, 37.9, 47.3, 52.0, 53.9, 77.3, 100.7, 75.75: H, 8.48. Found: C, 76.00; H, 8.69 &).
125.3, 126.9, 128.7, 138.6, 174.0, 205.9. Anal. Calcd for N-((].S)-l-{ [(2,2-Dimethoxyethyl)amino]carbonothioy} -2-me-
CioH26N205S: C, 62.61; H, 7.74. Found: C, 62.41; H, 7.65. thylpropyl)- N-[(1R)-1-phenylethyl]benzamide (2): yield 35%;
N-Benzyl-N-(1-benzyl-4{[(2,2-dimethoxyethyl)amino]- colorless oil;R; 0.4 (3:1 hexanes/ethyl acetate); IR (film) 2940,
carbonothioyl} piperidin-4-yl)acetamide (2p): yield 48%; color- 1750 cntl; H NMR (400 MHz) 6 0.37 (d,J = 6.7 Hz, 3H), 0.87
less oil;Rr 0.55 (2:1 hexanes/ethyl acetate); IR (film) 2950, 1750 (d, J = 6.7 Hz, 3H), 1.69 (dJ = 7.1, 3H), 2.96-3.00 (m, 1H),
cm~%; ™H NMR (400 MHz, CDC}) 6 2.02 (s, 3H), 2.052.20 (m, 3.43 (s, 3H), 3.42 (s, 3H), 3.7B.82 (m, 1H), 3.974.05 (m, 2H),
4H), 2.67 (dJ = 11.6 Hz, 2H), 3.13 (d) = 11.6 Hz, 2H), 3.35(s,  4.69 (t,J = 5.6 Hz, 1H), 5.12 (¢) = 7.1 Hz, 1H), 7.26-7.55 (m,
2H), 3.41 (s, 6H), 3.86 (t) = 5.3 Hz, 2H), 4.62 (tJ = 5.3 Hz, 10H); 13C NMR (100 MHz, CDC}) ¢ 19.0, 20.3, 20.6, 28.3, 47.2,
1H), 4.71 (s, 2H), 7.267.35 (m, 10H), 9.2 (br s, 1H}3C NMR 53.5, 54.0, 60.2, 75.2, 100.6, 128.5, 128.6, 128.9, 129.0, 129.5,
(100 MHz, CDC}) 6 14.1, 30.9, 34.6, 47.4, 50.0, 58.2, 62.4, 77.2, 137.5,138.23, 174.42, 205.42;])f% +177.02 € 0.05 M, MeOH).
105.8,121.8,125.9, 128.0, 128.5, 128.7, 128.8, 135.3, 136.4, 167.3 Anal. Calcd for GJH3N,05S: C, 67.26; H, 7.53. Found: C, 67.33;
203.4. Anal. Calcd for gH3sN30sS: C, 66.49; H, 7.51. Found: H, 7.66.
C, 66.31; H, 7.52. General Procedure for Hydrolysis of Thioamides: To the
N-((1R)-1<[(2,2-Dimethoxyethyl)amino]carbonothioyl -2-me- solution of thioamide€s (1 mmol) in ethanol was added a solution
thylpropyl)- N-[(1S)-1-phenylethyllbenzamide (2s):yield 37%; of the Hg(OAc) (318 mg, 1 mmol) in water (1 mL). The reaction
colorless oil;R 0.4 (3:1 hexanes/ethyl acetate); IR (film) 2940, mixture was stirred overnight, black precipitate was filtered off,
1750 cntt; IH NMR (400 MHz) 6 0.37 (d,J = 6.7 Hz, 3H), 0.87 and filtrate was evaporated and purified by column chromatography.
(d,J = 6.7 Hz, 3H), 1.69 (dJ = 7.1, 3H), 2.96-3.00 (m, 1H), The yield of amide2u was about 60%.
3.43 (s, 3H), 3.42 (s, 3H), 3.7RB.82 (m, 1H), 3.974.05 (m, 2H), A suspension of amid2u (1 mmol) was refluxedri 6 M HCI
4.70 (t,J = 5.6 Hz, 1H), 5.12 (9) = 7.1 Hz, 1H), 7.26-7.55 (m, (3 mL) for 6 h. A precipitate was filtered off. The reaction mixture
10H), 10.4 (br s, 1H)¥*C NMR (100 MHz, CDC}) 6 19.0, 20.3, was evaporated, and the residue was dissolved® (3 mL) and
20.6, 28.3, 47.2, 53.5, 54.0, 60.2, 75.2, 100.6, 128.5, 128.6, 128.9,extracted with CHCI, (2 x 5 mL). After evaporation of the aqueous
129.0, 129.5, 137.5, 138.23, 174.42, 205.422% —174.16 € 0.05 phase, recrystallization of the residue@) affordedn-valine: yield
M, MeOH). Anal. Calcd for GsH3:N,0OsS: C, 67.26; H, 7.53. 11%; [o]?% —26.04 € 0.42 M, 6 M HCI). The'H NMR spectrum
Found: C, 67.26; H, 7.33. and melting point correlated with literature data.
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A Diastereoselecte Thio-Ugi Reaction

N-Benzyl-N-{ 1-(4-chlorophenyl)-2-[(2,2-dimethoxyethyl)amino]-
2-iminoethyl} acetamide 3:Thioamide2a (1 mmol) was dissolved
in ethanol (10 mL). Then NKDAc (2 g) was added. The reaction
mixture was refluxed overnight. The solvent was removed in vacuo
above 40°C. The solid residue was treated it M aq KCOs.
The mixture was extracted witl M aq HCl,, dried over KCO;,
and the solvent was removed in vacuo. The ami@in&s obtained
(82%) as a gray solid: mp 16065 °C; Ry 0.55 (2:1 hexanes/
ethyl acetate); IR (Nujol) 2950, 1740 c) *H NMR (400 MHz,
CDCly) 6 2.42 (s, 3H), 3.34 (d) = 6.2 Hz, 1H), 3.50 (s, 6H), 4.43
(d,J=5.3 Hz, 2H), 4.95 (tJ = 5.5 Hz, 1H), 5.12 (s, 2H), 6.87
6.95 (m, 2H), 7.36-7.35 (m, 31), 7.46 (d,J = 8.6, 2H);:°C NMR
(100 MHz, CDC}) 6 11.5, 47.3, 48.9, 56.6, 77.0, 103.1, 125.37,

JOC Article

N-Benzyl-N-[1H-imidazol-2-yl(phenyl)methyllJamine (4h):
Method A; yield 67%; gray solid; mp 139120°C; R: 0.5 (4:1:0.1
acetonitrile/methanol/Nkfaq)); IR (Nujol) 3120 cm?; 'H NMR
(400 MHz, CDC¥) 6 3.3 (br s, NH), 5.74 (s, 2H), 6.947.02 (m,
2H), 7.23-7.30 (m, 3H), 7.3#7.50 (m, 7H), 9.1 (br s, 1H}3C
NMR (100 MHz, CDC}) 6 50.5, 77.2,120.4, 121.8, 125.2, 126.3,
128.6, 129.3, 129.8, 130.5, 133.4, 136.6. Anal. Calcd for
CiHiNs: C, 77.54; H, 6.51. Found: C, 77.16; H, 6.15.

N-Benzyl-N-[1H-imidazol-2-yl(3-methylphenyl)methyl]-
amine (4i): Method A; yield 61%; gray crystals; mp 13A31°C;
R 0.5 (4:1:0.1 acetonitrile/methanol/N¢q)); IR (Nujol) 3110
cm™%; IH NMR (400 MHz, CDC}) 6 2.31 (s, 3H), 3.3 (br s, NH),

128.4,128.8,129.3,131.7,133.9, 134.3, 139.2, 147.0, 172.7. Anal.5 70 (s, 2H), 6.97.6.99 (m, 2H), 7.14-7.33 (m, 5H), 7.52 (s, 2H),

Calcd for G1H,6CIN3Os: C, 62.45; H, 6.49. Found: C, 62.38; H,
6.56.

General Procedure for Imidazole Synthesis. Method A:A
thiopeptide (1 mmol) was dissolved in ethanol (10 mL). ThenNH
OAc (2 g) was added. The reaction mixture was held at reflux
overnight, and the solvent was removed in vacuo abovéGoO
The solid residue was dissolved in concd HCI (10 mL). The reaction

9.1 (br s, 1H);13C NMR (100 MHz, CDC}) 6 21.4, 50.5, 77.2,
120.2,122.0,124.0,125.1, 126.2, 126.4, 128.7, 129.3, 129.6, 131.3,
133.5, 136.3, 139.9. Anal. Calcd fordEl1sCINs: C, 69.34; H, 5.82.
Found: C, 69.50; H, 5.63.

N-Benzyl-N-[1H-imidazol-2-yl(4-methoxyphenyl)methyl]-
amine (4j): Method A; yield 59%; white solid; mp 114115 °C;

mixture was held at reflux overnight, and the solvent was removed R; 0.5 (4:1:0.1 acetonitrile/methanol/N{@q)); IR (Nujol) 3110

in vacuo. The residue was made alkaline with saturate@Q%
solution (10%), and the product was extracted with,Chl (3 x

10 mL). After drying the organic layer over,KOs, the solvent
was removed in vacuo, and the crude product was purified by
column chromatography.

Method B: A thiopeptide (1 mmol) was dissolved in ethanol
(10 mL). Then NHOAc (2 g) and ag NHK (2 mL) were added.
The reaction mixture was refluxed for 40 h, and the solvent was
removed in vacuo above AT. Further treatment was according
to Method A.

N-Benzyl-N-[(4-chlorophenyl)(1H-imidazol-2-yl)methyl]-
amine (4a): Method A, yield 61%; gray solid; mp 115117 °C;

R 0.5 (4:1:0.1 acetonitrile/methanol/N¢q)); IR (Nujol) 3130
cm1; *H NMR (400 MHz, CDC}) 6 3.3 (br s, NH), 5.60 (s, 2H),
6.87-7.03 (m, 2H), 7.257.45 (m, 7H), 7.56 (s, 2H), 9.0 (br s,
1H); 13C NMR (100 MHz, CDC}) 6 50.7, 77.2, 120.3, 121.9, 123.6,

cm™%; IH NMR (400 MHz, CDC¥}) 6 3.24 (s, 3H), 5.77 (s, 2H),
6.91-7.00 (m, 2H), 7.26-7.30 (m, 3H), 7.36:7.49 (m, 6H), 9.1

(br s, 1H);13C NMR (100 MHz, CDC}) 6 50.5, 77.2, 120.2, 121.8,
123.0, 126.2, 128.7,129.4, 129.5, 130.0, 133.1, 135.8, 136.4. Anal.
Calcd for GgH1gN3O: C, 73.69; H, 6.53. Found: C, 73.79; H, 6.20.

N-Benzyl-N-[1-(1H-imidazol-2-yl)-2-methylpropyl]amine (4m):
Method B; yield 69%; white solid; mp 127130 °C; R 0.5 (4:1:
0.1 acetonitrile/methanol/N§taq)); IR (Nujol) 3130 cm?; *H NMR
(400 MHz, CDC}) 6 1.25 (d,J = 6.9 Hz, 6H), 3.05-3.15 (m,
3H), 5.69 (s, 2H), 6.9%7.03 (m, 2H), 7.257.35 (m, 3H), 7.40
(s, 2H), 8.9 (br s, 1H)3C NMR (100 MHz, CDC}) ¢ 21.2, 24.5,
49.8, 77.2, 119.9, 121.8, 125.9, 128.7, 129.4, 133.0, 135.2. Anal.
Calcd for G4H19N3: C, 73.33; H, 8.35. Found: C, 73.07; H, 8.25.

[(1R)-1-(1H-Imidazol-2-yl)-2-methylpropyllamine (R)-4p:

126.2,128.7,129.4, 130.0, 130.5, 133.2, 136.8, 136.8. Anal. CalcdMethod B; yield 34%; yellow oil;R: 0.5 (4:1:0.1 acetonitrile/

for C17H16C|N3: C, 68.57; H, 5.32. Found: C, 68.40; H, 5.05.
N-[(4-Chlorophenyl)(1H-imidazol-2-yl)methyl]-2-phenyletha-
namine (4b): Method A, yield 72%; gray solid; mp 130131°C;
R 0.5 (4:1:0.1 acetonitrile/methanol/N¢q)); IR (Nujol) 3110
cm % 'H NMR (400 MHz, CDC}) 6 2.84 (t,J = 6.1 Hz, 2H),
3.03 (br s, NH), 4.72 () = 6.1 Hz, 2H), 6.756.80 (m, 2H),
7.10-7.20 (m, 3H), 7.28 (dJ = 8.4 Hz, 2H), 7.35-7.40 (m, 2H),
7.46 (d,J = 8.4 Hz, 2H), 8.9 (br s, 1H)}**C NMR (100 MHz,
CDCls) 6 35.5, 49.0, 77.2, 120.3, 121.5, 123.8, 127.6, 129.0, 130.1,
130.6, 135.5, 136.3, 36.8. Anal. Calcd forg81sCINs: C, 69.34;
H, 5.82. Found: C, 69.50; H, 5.63.
N-[1-(1H-Imidazol-2-yl)-2-methylpropyl]- N-methylamine (4f):
Method B; yield 63%; white solid; mp 130131°C; R; 0.5 (4:1:
0.1 acetonitrile/methanol/N§taq)); IR (Nujol) 3140 cm?; 1H NMR
(400 MHz, CDC}) 6 1.35 (d,J = 7.1 Hz, 6H), 3.16-3.25 (m,
3H), 4.01 (s, 3H), 7.35 (s, 2H), 8.8 (br s, 1H)C NMR (100 MHz,
CDCls) 0 20.9, 24.4, 33.5, 77.2, 119.6, 121.3, 128.9. Anal. Calcd
for CgHisNs: C, 62.71; H, 9.87. Found: C, 63.00; H, 10.12.
N-[2-(3,4-Diethoxyphenyl)ethyl]-N-[1-(1H-imidazol-2-yl)-2-
methylpropyllamine (4g): Method B; yield 64%; gray solid; mp
123-124C; R 0.5 (4:1:0.1 acetonitrile/methanol/Ntaq)); IR
(Nujol) 3140 cnm%; *H NMR (400 MHz, CDC}) 6 1.24 (d,J =
6.9 Hz, 6H), 1.33 (tJ = 7.1 Hz, 3H), 1.38 (tJ = 7.1 Hz, 3H),
2.75-2.85 (m, 2H), 2.90 (s, 1H), 3.00 d,= 6.9 Hz, 2H), 3.92 (q,
J = 7.1 Hz, 2H), 4.05 (g]) = 7.1 Hz, 2H), 4.57 (tJ = 6.9 Hz,
2H), 6.42 (d,J = 8.0 Hz, 1H), 6.51 (s, 1H), 6.70 (d,= 8.0 Hz,
1H), 7.35 (s, 2H), 8.6 (br s, 1H}3C NMR (100 MHz, CDC})

14.7,21.2, 24.3, 35.8, 48.4, 64.5, 64.7, 77.3, 113.7, 114.1, 121.0

121.7, 128.2, 129.0, 134.6, 148.3, 149.1. Anal. Calcd for
CigH29N30,: C, 68.85; H, 8.82. Found: C, 68.80; H, 8.60.

methanol/NH(aq)); IR (Nujol) 3140 cm?; 'H NMR (400 MHz,
CDCl) 6 0.91 (d,J = 6.8 Hz, 3H), 0.95 (dJ = 6.8 Hz, 3H), 1.9
(br s, 2H), 2.15-2.25 (m, 1H), 4.10 (dJ = 5.3 Hz, 1H), 7.22 (d,
J= 3.0 Hz, 1H), 7.70 (dJ = 3.0 Hz, 1H);3C NMR (100 MHz,
CDCl) 0 17.2, 19.4, 34.8, 59.6, 118.3, 142.3, 176}*)r —2.4
(c0.027 M, MeOH). Anal. Calcd for €4;13N3: C, 60.40; H, 9.41.
Found: C, 60.80; H, 9.67.

[(19)-1-(1H-Imidazol-2-yl)-2-methylpropyllamine (S)-4p: Method
B; yield 36%; yellow oil;R; 0.5 (4:1:0.1 acetonitrile/methanol/NH
(aq)); IR (Nujol) 3140 cm?; 'H NMR (400 MHz, CDC}) 6 0.91
(d, J = 6.8 Hz, 3H), 0.95 (dJ = 6.8 Hz, 3H), 1.9 (br s, 2H),
2.15-2.25 (m, 1H), 4.10 (dJ = 5.3 Hz, 1H), 7.22 (dJ = 3.3 Hz,
1H), 7.70 (d,J = 3.3 Hz, 1H);C NMR (100 MHz, CDC}) 6
17.2,19.4, 34.8,59.6, 118.3, 142.3, 17600} +2.8 (€ 0.03 M,
MeOH). Anal. Calcd for GHi3N3: C, 60.40; H, 9.41. Found: C,
60.74; H, 9.57.
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