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Abstract: Various heterocycles 3a-h can be readily metallated and condenscd with a variety of organic nitriles to
afford C-protected B-enamino acid derivatives 1 (or 2). Procedures for alkylation of compounds 1 to obtain 2 as
well as a "one-pot” preparation of 2 from 3 arc also described. © 1999 Eisevier Science Ltd. All rights reserved.
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The chemistry of B-amino acids and their derivatives has received increasing attention during
the last few years [1]. This is partly due to the fact that B-amino acids are components of a
variety of metabolites [2] [3]. On the other hand, B-peptides are an emerging class of
unnatural biopolymers with surprising secondary structural propensities [4] [5]; for example,
self-assembling cyclic B*-peptide nanotubes can act as artificial transmembrane ion channels
[6]. Moreover, B-amino «,B-unsaturated acid derivatives, particularly esters, have also found
widespread use in the synthesis of naturally occurring compounds such as alkaloids [7] and
antibiotics [8], and as important building blocks for the synthesis of biomolecules. They have
also been employed as synthons in stereoselective synthesis [9] as well as precursors to
primary amines with pharmacological properties [10].

Several different strategies have been developed for the synthesis of f-amino o,B-unsaturated
esters: a) condensation reactions between B-ketoesters and amines [11], including aza-Wittig
type reactions [1?]‘ b) addition of ester enohtes to nitriles (the Blaise reaction [13] strongly
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carbonic acid derivatives [18], although in the formation of the N-

alkoxvcarbonyl com poun nd is sometimes a (‘ane[mg side reac
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We have focused our research interest on the synthesis of C-protected B-enamino acids which
are potential precursors to fB-amino acids (Scheme 1), and we have considered the
employment of heterocyclic systems as protecting groups for the carboxyl functional group.
Among the several options presented in the literature [20], we have centred our efforts in the
Al oxazoline moietv. The chemictry of thic hateracvelic functionality hae hean widely
“ TVAQLUaY aliviLey . A RIV VaaliiaiSed y VI WY MVAWA VW Y WL AULIVUVIIUIEL 1Ay vwulil wnucl_y
develoned bv Mevers 1211 and it has been commonly adonted mainly due ta the eace af ite
N~V N Py- v VRS Al QAR IL GRS UlAar VULV Y QUL aRakdi i VU LU WUiv Waon Vi 1L
synthesis, its stability and the smooth conditions required to transform it into other functional
groups or heterocycles [21], [22]
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In this paper we present our studies on the metaiation and further treatment with nitriles not
only of A’-oxazolines but also of A’-thia- and imidazolines 3a-h (Figure 1). We also describe
the alkylation in the o-position of the f-enamino acid derivatives obtained [23].
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Results and Discussion

t and imidazoiine
n Scheme 1 (Raut e a and Route b), are possnble
The

for the preparation of C-pr‘o‘e“-t'"d ﬁ—enanmo acid derivatives 1 (or 2). The B-oxoderivatives

employed as starting miateris al in Route a can be easily prepared [24]; however, earlier reports

indicated that their aminolysis under different conditions do not yield compounds 1 (or 2)

[25].

Route b seems to be, a priori, a more attractive and direct route to compounds 1 (or 2). It
represents a modlﬁed Blaise reaction that consists of the addition of a nitrile to an azaenolate,

The addition of different nitriles to the heterocyclic azaenolate derived from 3a-h

(base/heterocycle/nitrile ratio: 1.25/1.1/1.0) in dry THF usually at low temperature (- 78 °C
0—-50°Cor — 78 °C to r.t.,) gave the anionic intermediate I in relatively short reaction
times (2-5 h) (Scheme 2). After quenching with aqueous saturated NH,CI, intermediate I
evolved to a single reaction product 1 (or 2), that was isolated in the B tautomeric form,
probably due to the additional stabilisation resulting for the possibility of intramolecular
hydrogen bonding [26]. Tautomer o was never detected by NMR, independently of the nature
of the substituents of both heterocycle and nitrile.
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Scheme 2

Compounds 1 (or 2) prepared are listed in Table 1 and were obtained in good yields, except
in some cases when aliphatic nitriles (entries 8-12) or thiazoline 3g (entries 30-31) were
employed.

The reaction presents two important features: the base used to generate the azaenolate and the
stamuty, both mermal and temporal of the azaenolate. Kegarcung the Dase c,ugnuy better
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thermal stability, it should be pointed out that when n-Buli was employed, it was necessary to
: o N 4
keep the temperature in the range between — 78 °C and — 50 °C while the LDA generated

azaenolate was stable to higher temperatures (up to r. t.) and longer reaction times [27]
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Table 1. C-Protected N-unsubstituted B-enaminoacids 1 and 2 from 3 and nitriles.

Entry 3 R! R? ior2 Yield (%)
Method A® Method B®

1 3a H Ph ia 85(72)
2 3a H p-MeCgH, 1b 84 88 (75)
3 3a H p-MeOCH, 1lc 95 (80)
4 3a H 2-Furyl 1d 82(57)

5 3a H 2-Pyridyl le 60 (54)

6 3a H 4-Pyridyl if 89 (73)
7 3a H 2-Thiophenyl 1g 85 (80)
8 3a H ¢-C,H, 1h 78 (68)

9 3a H c-CHy, 1i 70(53)

10 3a H i-Pr 1j 78 (60)

11 3a H Et 1k 76 (56)

12 3a H CH;0CH, 11 74 (67)

13 3a H p-FCH, 1m 83 (700

14 3a H 0-MeSCH, In 85(71)
15 3b H Ph 1o 90 (79)

16 3b H p-MeCgH, 1p 89 (72) 72
17 3 H p-McOCgH, 1q 76 (54)
18 3b H 2-Furyl 1r 95 (78)
19 3b H 2-Naphtyl 1s 92 (80)
20 3¢ 11 p-MeCH, 1t 78 (60) 68
21 3d H 4-Pyridyl 1lu 93 (81)
22 3e Me Ph 2a 98 (85)
23 3e Me p-MeCgH, Zb 77 (65) 66
24 3e Me p-MeOCH, 2c¢ 85 (70)
25 3e Me 2-Furyl 2d 74 (62)

26 3f Bn 4-Pyridyl 2e 82 (69)

27 3g H Ph 1v 95 (52)° 67
28 3g H p-MeCgH, iw 95 (86)

29 3g H P-MeOCH, 1x 76 80 (68)
30 3g H 2-Furyl 1y 3524
31 3g H -CH; 1z 62 (48)

32 3h H p-MeCH, 1p 87 (64)

? Crude yield. In parenthesis isolated yield.
® Method A = n-BuLi. Method B = LDA.
* During chromatographic purification partial hydrolysis to the corresponding B-ketoderivative was observed.
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This methodology is of wide appiication regarding both the nitrile and the heterocyciic
compound. In the case of i Imadzoune derivatives [28], starting materiali was recovered
unchanged when the free amino imidazoline 3i was treated with two eqmvalcnts of base
TTMAY and enthoamiant additian Af niteila: hasrasras nnmnlacmiant ~f amd N

Uy dila SuosCquiiin aGliuoil 01 Niuuic, nowovdr, l.ll Cil u)yul i vl bP -l‘ﬂ plUleu:u
imidazoline 3h resulted in an 87% yield of compound 1p (Table 1, entry 32)

Also, the excellent yields obtained when chiral non-racemic oxazolines 3¢,d were employed
(Table 1, entries 20-21) identify this reaction as a potential tool for the stereoselective

synthesis of enantiomerically pure B-amino acids.

Compounds 1 (or 2) were characterised by 'H and "C-NMR and MS. The configuration of
the double bond was found to be Z by NOE experiments performed on compound 1a. This
configuration allows the afore mentioned possibility of formation of stabilising hydrogen
bonding in a similar manner as has been observed for related systems [29].

In order to confirm the experimental results, a theoretical study was performed with both
semiempirical (AM1) and ab initio (Hartree-Fock) calculations. Geometries were fully
optimised with the standard basis set 3-21G at the Hartree-Fock level and energies were
evaluated at the HF/6-31G™ level over the previously optimised structures by using the
GAUSSIAN 94 program package [30]. Total (Hartree) and relative (Kcal/mol) energies of
optimised structures corresponding to compounds 1a, 1h, 1k and 1w are given in Table 2.
Some of the possible geometries for compounds 1 are showed in Figure 2.
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1[(E)-s-trans) 1E 1E
Figure 2

Structures 1a,, 1h,, 1k, and 1®, corresponding to (Z)-s-cis isomers are 10.6, 6.3, 6.8 and
12.2 Kcal/mol respectively more stable than the corresponding (E)-s-cis isomers 1a,, 1h,,
1k,, and 1®,. These results are in complete agreement with the NMR experiments

commented before. Also, structures la,, 1h,, 1k,, and 1w, were 3.9, 4.0, 4.3 and 7.1
X nrnl e 1 1 1 -~ /7)) + a tanmvare 1o 1L 18 PR [, RPN 21
NCdVINOI HC (4/-5-1rdns 15011KCTS 145, 1113y 1K;, dld 1W;,, even Ul()llg mne

L
intramolecular interaction between N-H(7) and N(6)-H(7) in all the calculated structures is
weaker than the interaction between N-H(7) and O(5)-H(7) (for example 1.957 A in 1h, vs
1.919 A in 1h,) (Figure 3). In a similar way, iminic structures E and E' are, in all cases, less
stable than the corresponding (Z)-s-cis. This fact is also in accordance with the experimental
results as the iminic tautomers 1o were not detected by NMR spectroscopy (see Table 2).
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Table 2. Total (Hartree) and relative (Kcal/mol) energies of optimised structures corresponding te
compounds 1a, th, 1k and 1w .
E,. Ew
Structure AM1 HF/3-21G HE/6-31G** AMi HF/3-21G  ygpsc 3169
1/13-21G 113-21G

la  1a,[(Z)-s-cis] 0.03288 -603.90145 -607.28338 0.0 0.0 0.0
1a,[(E)-s-cis] 0.04159 -603.88108 -607.26646 55 12.8 10
1a,[(Z)-s-trans) 0.03529 -603.89655 -607.27720 LS 31 39

ih 10, ({Z)-s-cis] 0.02635 45(.88571 -453.63743 0.0 0.0 0.0
1h,[(E)-s-cis] 0.03452 490.87434 -493.62654 5.1 7.1 6.8
1h;|(Z)-s-trans] 0.02930 -490.88017 -493.63063 1.8 35 4.3
1h [(F)] 0.03313 -490.86792 -493.63401 4.2 11.2 2.1
1L {E")] 0.03293 -490.86533 -493.63150 4.1 12.8 3.5

1k  1k,[(Z)-s-cis] -0.03078 -453.27418 -455.80573 0.0 0.0 0.0
1k,[(E)-s-cis] -0.02331 -453.26291 -455.79574 4.7 7.1 6.3
1k,[(Z)-s-trans| -0.02834 -453.26912 -455.79940 1.5 3.2 4.0
1k,[(£)] -0.02156 -453.26016 -455.79303 5.8 8.8 8.0

i0® 10,[(Z)-s-cis] 0.03220 -774.39188 -778.45412 0.0 0.0 0.0
10,[(E)-s-cis] 0.03758 -774.36771 -778.43466 34 15.2 12.2
104[(Z)-s-trans]) 0.03911 -774.37729 -778.44276 43 9.2 7.1
10,[(E)] 0.03786 -774.37636 -778.44085 34 9.7 83

a S‘molp point energies at HF/6-31G¥//3-21G level.

£ pul wWigits a8 O O-L AT IS

® 3: 2-(4,5-dihydro-1,3-thiazol-2-yl)-1-buten-2-amine; model compound (not synthesised).

ii) Alkylation reaction of C-protected N-unsubstituted pB-enamino acids 1.
Compounds 2 can be prepared using two different strategies (Route ¢ and Route d, Scheme
3). Route ¢ implies the reaction of a 2-alkyl-A’-oxa- or thiazoline 3 with a nitrile and requires
the availability of the appropriate heterocycle 3. A limited number of alkylated heterocycles
3 are commercially available and some others can be obtained by heterocyclization reactions

o

or by lengmenlng the neterocycle side chain [jl J. In ract Route ¢ u( # H) is a particular case

PR, JUPRSIPS TSt i DS » PR nl
Ul UIC plCVlUUbly UC&LIIUCU lIlCL[lUUUlUgy \[‘(UM[C l), .K - l‘l), UUl lll L[llS case S[ronger

deprotonating conditions are required and lower reaction yields are obtained due to the lower

£ th vl Al g thinzalinag 2 ( + 21776 Takla 1)
aC"I‘fy of the o hfy'di"ﬁg%ﬂ O1 i L'alx\:yl'u -0Xa- or thiazoiines 5 \acc entries 2 Li-20, 1a01l 1),

Hz
G.—N Route ¢ —N Route d Hs
O, = || =— oy )5
X \R1 X S
3 (R 2 H) 2(X=0,9) 1
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Figure 3

On the other hand, Route d consists of the alkylation of B-amino o, f-unsaturated oxa- and

thiazolines 1 with alkyl halides and represents the first example of the reactivity of

compounds 1. Alkylation of related systems such as B-enamino esters [32] and 4-amino-1-

azadlenes [33] is already well documented.

treatment of comnounds 1 with n-BuLi at 0 °C in THF generated anion I (Scheme 2)
oximately one hour, a solution of alkyl halide (ratio ‘n-BuLi/I/R'Y: 1.1/1.0/1.2) in

dded and stirring was continued at room temperature until disappearance of the

ed by TLC (Scheme 4). After quenching and working-up of the

btaine d n good to moderate v1elds (T able 3).

i mgte_rlal was detected in less than 10% On the other
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A1 e

G r—N '\{Hz
Y

B One-pot

Entry 1 R! R? Y 2° Yield (%) Yield (%)°
1 1a Me Ph I 2a 76
2 1b Me p-MeCH, 1 2b 80 96
3 1c Me p-MeOCH, I 2¢ 68
4 1a i-Pr Ph Br 2f 70
3 1a Allyl Ph Br 2g 83
6 1b n-Pr p-MeCH, I 2h 78 (81)° 94
7 ib n-Pr p-MeCH, Br 2h 75
8 1b n-Bu p-MeCH, I 2i 70 (79)¢ 96
9 1b Bn p-McCcH, Br 2j 70 (75)° 92
10 1b Bn p-McCH, Cl 2 53
11 1b Allyl p-MeCH, Br 2k 70 84
12 1b PhS p-McCH, PhS 21 90
13 1b PhSe p-MeCH, PhSe 2m 65
14 1b CH,CO,EL p-McC.H, Br 2n 95
15 le Allyl p-MeOCH, Br 2o 75
16 1f Me 4-Pyridyl 2p 85
17 lo Mc Ph I 2q 84
18 1p n-Pr p-MeCgH, I 2r 83
19 1t Me p-MeCH, I 2s 95
20 1w n-Pr p-MeCH, I 2t 78 82
21 1w Allyl p-MeCH, Br 2u 70
22 1x n-Pr p-MeOCH, I 2v 95
* For compounds 2d and 2e sec Table 1.
® Yields after purification.

° Reaction carried out with TMEDA as co-solvent.



Several variations were performed to improve the results indicated that: a) the addition of
TMEDA as co-solvent resulted in slightly higher reaction yields (see entries 6, 8, 9) and b) a
slight excess of alkyl halide should be used; when the reaction was carried out in an
equimolecular way lower yields were obtained, while dialkylated products were observed
when two or more equivalents of R'Y were empioyed also iowcring the reaction yieid

U 34

Once the reaction conditions were perrecuy established we decided to perrorm a one-pot
on JE PR L T R, o

reaction in order to obtain dleldLCU LOIIlpUUDUb 2 uxrculy from 3.
_p-to luonitrile was added to the oxa- or thiazoline azaenolate
fod 1 .
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to — 50 °C); after

ra ati [o N
h, a qllght excess of the electrophile (elg
Alkylated compounds 2 were isolated after hydrolysis and work- -up (Scheme 4).

The results in Table 3 (entries 2, 6, 8, 9, 11, 20) indicate that the “one-por” procedure is
more efficient than the two steps method, avoiding time of purification and isolation of
intermediates 1 and improving the overall yield.

In conclusion, 2-alkyl-A>-oxazoline, 2-methyl-a’-thia- and imidazoline azaenolate addition to
nitriles constitutes a simple and efficient procedure to prepare C-protected N-unsubstituted B-
enamino acid derivatives 1 (or 2) in high yield and with complete regioselectivity. The
stereochemistry of the obtained compounds was found to be Z (E for 21 and 2m) by NMR
and by theoretical (ab initio) calculations. Compounds 1 can be easiiy C- alkylated in high
yields and w1th complete regloselectlwty Fmally an alternatlve one pot method to

General. THF was distilled under argon from sodium/benzophenone ketyl as drying agent.
Diisopropylamine, used to generate LDA, was refluxed over KOH dlstllled and sfored under
argon at 4 °C. Solvents used in extractions and in chromatographic columns were distilled
prior to use. All other reagents were commercially available and were used without further
purification. (4R,5S)-cis-2,4-Dimethyl-5-phenyloxazoline (3d) was prepared according to
methods described in the literature [31]. Compounds were visualised on analytical thin layer
chromatograms (TLC) by UV light (254 nm). thca gel (60 A) for flash chromatography and
basic aluminium oxide (70-290
mesh). Mass prLerl data, 10W-f
were 1

mass spectroscopy (HRMS) we eV in a VG AUTOSPEC
p Py (

/0
spectrometer. Infrared spectra (cm") were obtained on a FT IR spe ctrometer Elemental
analysis were performed at CID-CSIC (Barcelona) and Facultad de Ciencias (Universidad de
Zaragoza) nucroanalysxs service.

All reactions which required an inert atmosphere were conducted under dry argon, and the
glassware was oven dried (120 °C), evacuated, and purged with argon. Temperatures are
reported as bath temperatures. Melting points are reported uncorrected and were measured
on a Cambridge Instruments apparatus using open capillary tubes. 'H NMR spectra were
recorded with a Bruker AC-250 or a Varian Gemini-300 instrument, with tetramethylsilane
as the internal standard. '"H NMR: splitting pattern abbreviations are: s, singlet; bs, broad
singlet; d, doublet; t, triplet; g, quartet; m, multiplet. “C NMR: mulUphcmes were

1

determined by DEPT, abbreviations are: q, CH;; t, CH,; d, CH; s, C, except for compound
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1m where a C signal appears as a doublet due to C-F coupling. Compounds 1k and 10 have
been previously described [25].

Computational Methods. Computational calculations were performed with the
GAUSSIAN 94 program package [30]. Structures were optimised at HF/3-21G level of theory
and energies were evaluated at HF/6-31G* level of theory. All the calculations were
performed on a Silicon Graphics Indigo-Iris, Indigo or Cray XMP-Unicos supercomputer.
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General Procedure., Method A. n-Buli (175 mmol, 2.5 M in hexane) was added
I<Ts LVEIQRL . D i L. ve il LCAAIIC QLGN

a
dropwise to a solution of 3a-h (154 mmol) in THF (25 mL) at - 78 °C under inert
atmosphere. The reaction was turned yellow/orange, depending on the starting material, as
the azaenolate was formed. After 45 min to 1 h at — 78 °C a solution of nitrile (14.0 mmol) in
THF (10 mL) was added and the colour of the reaction rapidly changed. The reaction was
monitored by TLC, and in most cases proceeded cleanly at low temperature; however, for
some aliphatic nitriles, it was necessary to allow the reaction mixture to reach room
temperature. In any case, after 2-4 h an aqueous saturated NH,Cl solution was added and the
mixture was extracted with CH,Cl, (3 x 40 mL). The combined organic layer was washed
several times with saturated brine (20 mL, each time) and dried over anhydrous Na,SO,.
[
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were purified by flash chromatoeranhy or bv distillation under reduced pressure. Thus
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compounds 1 (or 2) were prepared in the yxelds reported in Table 1

General Procedure. Method B. LDA was generated by dropwise adding n-BuLi (17.5
mmol, 2.5 M in hexane) to a solution of dusopropylamlne ( i7.5 mmol) in dry THF (10 mL)
at — 20 °C and stirring for 30 min. The reaction flask was cooled to — 78 °C, a solution of
compound 3a-h (15.4 mmol) in dry THF (10 mL) was added dropwise and the reaction
mixture was kept at — 78 °C for 45 min-1 h. A solution of nitrile (14.0 mmol) in dry THF
(10 mL) was then added at that temperature and stirring was maintained for 2-4 h as the
reaction flask was allowed to reach room temperature. Changes of colour were observed, and
work-up and purification were carried out, as has been described for method A.

(73 V. (A K NMihudea. 1 2 Aavaral .V w1V 1T mnhamagl 1T aéham 1T amalean (1A M/ hien on1lA
(£)-4-(4,5-Dinyadro-i,5-0Xazoi-2-yi)-i-pnenyi-i-etnen-i- amine (1aj. wiite s0I1id.
M &£ .Q O LI NIMR M50 MITY 8 T &) T AL (v S LIV £&N (he O LI NLIY AQA fa 1 LIN
Mp 20-5 "C) i NMIR (20U MinzZ) o /.02-7.50 (M, 5 1), 0.5V (bS, 2 1, \N,), 4.94 (s, 1 1),
13

416 (t, J=84, 2 H),3.97 (t, / = 84, 2 H); “C NMR (62.8 MHz) 64.0 (s), 155.5 (s),
1270 (¢} 1204 (A 192 A (AY 126 (A RQ1 1 fAY AS A Y S84 2 (+}+ TD (KR 240Q 2174
151.7 8}, 14759\, 140.0 \{(y, 120.7 \Gy, 61.1 ({0, 03.54 (), 539.5 (), 1Ix \ADI) 54206, 51170,
1627, 1608 MS (m/z) 188 (M*), 187 (100%). Anal, Calcd for C, H,N.O: C, 70.21; A 1R
ANVL Ty 2 UVO, V2 WA,y a00 4 Jy 2O LA VAV LY 1 ALGL, NRIVW AVE AR NNV Ny TVl ARy V.0,
N, 1489 Found: C, 69.97; H, 6.41; N, 14.81.

(Z)-2-(4,5-Dihydro-1,3-0xazol-2-yl)-1-(4-methylphenyl)-1-ethen-1-amine (1b
White solid. Mp 85 7 °C 'H NMR (250 MHz) 6 7.45(d, J =8.5,2 H), 7.20 (d, /= 8.5, 2 |
6.8 (bs, 2 H, NHz), 495, 1 H), 422 (t, J=8.8, 2 H), 4.00 (t, J= 8.8, 2 H), 2.37 (s, 3
PC NMR (62.8 MHz) § 166.4 (s), 155.5 (s), 139.2 (s), 134.3 (s), 128.8 (d), 125.3 (d), 7
(d), 65.1 (t), 53.7 (t), 20.6 (q); IR (KBr) 3383, 3204, 1631, 1593. MS (m/z) 202 (M"), 201
(100%) Anal. Caled for CLZHMN_O C, 71.26; H 693 N, 13.86. Found: C, 71.25; H, 6.96;
N, 13.90.
(Z)-2-(4,5-Dihydro-1,3-0xazol-2-yl)-1-(4-methoxyphenyl)-1-ethen-1-amine
(1c). White solid. Mp 66-8 °C;'H NMR (250 MHz) § 7.49 (d, J = 9.0, 2 H), 6.91 (d, J = 9.0,

o
\—

15 =z



2 H), 6.5 (bs, 2 H, NH,), 4.89 (s, |
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H); PC NMR (62.8 MHz) 8 166.7 (s), 160.
4 .

s
—
- G
bl
[ §2
N N
O
p— >
=
=
)
=R
(o]
(oW
by
O
0
__:
'AP"
3
@
Y
@

=
O e

O\ Un -

"1

R PEOa

1 T

o 2T 2
<
=
o
9]

L]
™
]
~
;IB
U
-

»
iy
Z
]
Ch
Rl
N

»
o
[ =]

o
I
o
@
O
n Z
_
N

u
»
-
L4

(F%)
11
olk
=
=~
e
0z
o\ N
O~
2 3
NS
&
]
(@]

-

T
W
o
»
zZ o
| ]
L

W~
N
S
]
N
]
-
o~
n
1
S
Ir \l

=
=
& —
i
&
~J
- !
el
9
oy
(o
o~
2
()

&
R
~
) [—
;-F
[\
£
Z
E
LI\
[
(U8 ]

NMR (62 8 MHz) ) 166 8 (s) 151. 9 (s), 151 2 (s) 148. 5 (d) 1364 (d) ]23 8 (d) 1196 (d),
79.5 (d), 65.6 (1), 54.5 (t); IR (KBr) 3374, 3269, 1628, 1589, MS (m/z) 189 (M*), 188
(100%). Anal. Calcd for C,;H;;N,0: C, 63.49; H, 5.82; N, 22.22. Found: C, 63.39; H, 5.89;
N, 22.17.

(Z)-2-(4,5-Dihydro-1,3-0xazol-2-yl)-1-(4-pyridyl)-1-ethen-1-amine (1f). Brown
solid. Mp 112-5 °C; 'H NMR (250 MHz) § 8.66 (d, J = 6.0, 2 H), 7.43 (d, J = 6.0, 2 H), 6.5
(bs, 2 H, NH,), 5.06 (s, 1 H), 4.20 (t, J = 8.4, 2 H), 4.03 (t, /= 8.4, 2 H); *C NMR (62.8
MHz) § 166.5 (s), 152.6 (s), 150.6 (s), 145.5 (d), 120.5 (d), 83.6 (d), 66.0 (t), 54.6 (t); IR
(KBr) 3380, 3245, 1625, 1617. HRMS caled for C,,H,,N,0 189.0902, found 189.0896.
(Z)-2-(4,5- Dihydro -1,3-0xazol-2-yl)-1-(2-thienyl)-1-ethen-1-amine (1g). Yelow
solid. Mp 88-91 °C;'H NMR (250 MHz) § 7.19 (m, 2 H), 6.96 (m, 1 H), 6.50 (bs, 2 H, NH,),
4.98 (s, 1 H), 4.08 (t, J = 8.3, 2 H), 3.87 (t, /= 8.3, 2 H); PC NMR (62.8 MHz) § 166.6 (s),
148.7 (s), 141.0 (s), 1278 (s), 126.5 (d) 125.0 (d) 81.8 (d) 65.8 (t), 54.7 (1); IR (KBr)

3397, 3282, 1628, 1576. HRMS calcd for Lgl‘lml\l—yUb 194.0513, found 193.9971. Anal. Calcd
for CoH,(N,0S: C, 55.67; H, 5.15; N, 14.43. Found: C, 55.57; H, 5.12; N, 14.49
(Z)-1-Cyclopropyl-2-(4,5-dihydro-1,3-oxazol-2-yl)-1-ethen-1-amine (1h). White
solid. Mp 72-4 °C; 'H NMR (250 MHz) § 6.20 (bs, 2 H, NH,), 445 (s, 1 H), 4.11 (t, J = 8.6, 2
H), 3.87 (t, / = 8.6, 2 H), 1.45 (m, 1 H), 0.80 (m, 2 H), 0.68 (m, 2 H); “C NMR (62.8 MHz)
8 166.6 (s), 159.2 (s), 77.4 (d), 65.1 (d), 54.0 (1), 15.4 (1), 6.3 (); IR (KBr) 3447, 3352,
1629, 1565. MS (m/z) 152 (M~), 151 (100%). HRMS calcd for C;H,,N,O 152.0949, found
152.0955. Anal. Caled for CgH|,N,O: C, 63.15; H, 7.89; N, 18.42. Found: C, 63.27; H, 7.64;
N, 18.51.

(7) 1-Cyclohexyl-2-(4,5-dihydro-1,3-0xazol-2-yl)-1-ethen-1-amine (1i). Pale
yelow oil, purlﬁed by flash chromatography on basic Al,O, (hexane/AcOEt: 3/1); 'H NMR
(250 MHz) 6 4.54 (s, 1 H), 4.01 (t, /= 8.3, 2 H), 3.90 (t, J = 8.3, 2 H), 2.12-1.61 (m, 6 H),
1.43-1.10 (m, 5 H), a bs signal corresponding to the 2 H of the NH, group was not observed,
PC NMR (62.8 MHz) § 167.0 (s), 163.1 (s), 77.5 (d), 65.1 (t), 54.1 (1), 44.7 (d), 32.9 (1),
31.6 (1), 25.7 (t); MS (m/z) 194 (M*), 111 (100%). Anal. Caled for C,H,,N,O: C, 68.04; H,
9.28; N, 14.43. Found: C, 67.83; H, 9.04; N, 14.21.

(Z)-1-(4,5-Dihydro-1,3-0xazol-2-yl)-3-methyl-1-buten-2-amine (1j). Pale yelow
oil. Bp 150-2 °C (10° Torr.); '"H NMR (250 MHz) § 4.47 (s, 1 H), 4.10 (t, J = 7.8, 2 H), 3.86
(t, J=7.8,2H), 2.34 (m, 1 H), 1.13 (d, J = 6.6, 6 H), a bs signal corresponding to the 2 H of
the NH, group was not observed; "C NMR (62.8 MHz) § 166.9 (s), 163.8 (s), 77.1 (d), 65.1
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(), 54.2 (1), 34.3 (d), 21.1 (q); IR (neat) 3432, 3325, 1621, 1578. MS (m/z) 154 (M"), 111
(100%). Anal. Calcd for C;H,N,O: C, 62.34; H, 9.09; N, 18.18. Found: C, 62.06; H, 8.86; N,
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FN,O: C, 6407 534N1350 FoundC6411H539N 1365
(Z) 2 (4, 5 Dihydro-1, 3 oxazol-2-yl)-1-(2-thiamethylphenyl)-1-ethen-1-amine
(In). Yelow solid. Mp 59-60 °C; '"H NMR (250 MHz) & 7.34-7.15 (m, 4 H), 4.70 (s, 1 H),
422 (t, /J=8.3, 2H),4.02 (t, J=8.3,2 H), 2.44 (s, 3 H), a bs signal corresponding to the 2
H of the NH, group was not observed; ?C NMR (62.8 MHz) § 166.7 (s), 154.9 (s), 137.5 (s),
137.0 (s), 129.5 (d), 129.0 (d), 125.9 (d), 125.0 (d), 83.8 (d), 65.7 (1), 54.6 (1), 16.2 (q); IR
(KBr) 3357, 3264, 1619, 1570. HRMS calcd for C,,H,,N,0S 234.0827, found 234.0827.
(Z)-2-(4,5-Dihydro-4,4-dimethyl-1,3-oxazol- 2- -yD)-1-(4-methylphenyl)-1-ethen-
1-amine (1p). White solid. Mp 58-60 °C; 'H NMR (250 MHz) 8 7.40 (d, J = 8.5, 2 H), 7.15
(d, J=8.5,2 H), (6.50 (bs, 2 H, NH,), 4.78 (s, 1 H), 3.79 (s, 2 H), 2.29 (s, 3 H), 1.25 (s, 6
H); "C NMR (62.8 MHz) § 164.9 (s), 155.3 (s), 139.4 (s), 135.1 (s), 129.2 (d), 125.7 (d),
80.8 (d), 77.1 (1), 66.7 (s), 28.8 (q), 21.1 (q); IR (KBr) 3397, 3206, 1628, 1573. HRMS calcd
for C,,H;N,O 230.1419, found 230.1410.
(Z)-2-(4,5-Dihydro-4,4-dimethyi-1,3- oxazoi 2-yl)-1-(4-methoxyphenyl)-1-
ethen-1-amine (1q). White solid. Mp 63-7 °C; 'H NMR (250 MHz) 6 7.46 (d, J = 9.0, 2 H),
6.78 (d, J=9.0, 2 H), 6.50 (bs, 2 H, NH,), 4.74 (s, 1 H), 3.77 (s, 2 H), 3.71 (s, 3 H), 1.23 (s,
6 H), BC NMR (62.8 MHz) § 164.1 (s), 160.3 (s), 154.8 (s), 133.7 (s), 130.2 (d), 127.0 (d),

13.7 (d), 80.3 (d), 76.9 (1), 66.5 (s), 55.0 (q), 28.7 (q); IR (KBr) 3392, 3283, 1632, 1604.

A

-
]
4

Rv S caiced for C,,H,;N,0, 246.1368, found 246.1365.

(7N .Y (A & Mihodewn A A At ndtbhho, b 1T 2 0 o 1 7% I\ 1T /9 £.. . Iy 1 el . 1T . __. ! . .
\L J=a= (2,5~ inyaro-4,2-GiiMcuiyi-1,3-0X3Z01-~2-yi )= 1 ={&-1Ury1j-1-€Lneén-1~-amimne
(1r). White solid. Mp 49-51 °C; 'H NMR (250 MHz) § 7.40 (d, J = 1.8, 1 H), 6.64 (d, J =
3.3, 1 H), 6.50 (bs, 2 H, NH,), 6.43 (dd, /=33, 1.8 1 H), 5.06 (s, 1 H), 3.85 (s, 2 H), 1.30
e & LN BONMD (69 Q MLIZY S 184N /o) 16072 feY 18N £ 1AAD (oY 1A Q (AN 1117
oy U 11, O INIVIIN \VL.0 IVILLL) O 1UT.Y (D), 1UVLD D), 1I0U.L D), .4 D), 1947 \U), 111.]
(d), 107.6 (d), 79.1 (d), 77.2 (1), 66.4 (s), 28.9 (q); IR (KBr) 3388, 3227, 1639, 1595. HRMS
(Z)-2-(4,5-Di.-ydre-4.4-dimet.-y!-1,3-vxazol-2-y!)-1-(l-paphty!)-l-et..ep-l—
amine (1s). Yelow oil, purified by flash chromatography on basic Al,O, (hexane/AcOEt:
3/1); 'H NMR (250 MHz) 8 8.25 (m, 1 H), 7.71 (m, 1 H), 7.45-7.35 (m, 7 H, 5 H_,, + NH,),
4.65 (s, 1 H), 3.78 (s, 2 H), 1.27 (s, 6 H); "C NMR (62.8 MHz) & 164.7 (s), 155.6 (s), 137.4
(s), 134.2 (s), 131.2 (s), 128.8 (d), 127.0 (d), 126.7 (d), 126.3 (d), 125.8 (d), 84.7 (d), 77.4
(t), 67.6 (s), 26.7 (q). Anal. Calcd for C”HISN_O C 76. 69; H, 677 N, 10.52. Found: C,

76.37; H, 6.44; N, 10.29.
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(Z)-2-[(48,55)-4,5-Dihydro-4-methoxymethyl-5-phenyl-1,3-oxazol-2-yl)]-1-(4-
methylphenyl)-1-ethen-1-amine (1t). Pale yelow oil, purified by flash chromatography
on basic ALO, (hexane/AcOEt 3/1); '"H NMR (250 MHz) 6 7.50-7.10 (m, 9 H), 5.18 (d, J =

7.5,1H),493 (s, 1 H), 420 (m, 1 H), 3.59 (dd, /=92, 44, 1 H), 3.43 (dd, /=92, 7.3, 1
YIN D90 /7. D TYIN, AN /. M TI 1 . F'_ . 4L AMATYY L. WYYV _ .
—*:(;r_.,, — 3 i | (i Wl (. D PR DRy (S ) (e—

PR N, NIRAD 77 O NALYY & 144 72 (2N 1&8L£ 1 £-) 1A1 A 7Fa) 1200 A 1.\ TAA ™1 1)\ 190 1
Uuwlvcu, ’C NMR (0£4.0 MZ) 0 100.5 (8), 150.1 (8), 141.4 (S), 157.4 (§), 134.7 (8), 1LY.1
(d), 128.3 (d), 127.5 (d), 125.7 (d), 125.6 (d), 125.3 (d), 81.4 (d), 80.0 (d), 75.2 (v), 74.2
AN Q O 7.\ MO f~\e TD fomnne QAL ANLO 1£N£L 1£N1 I'...125 &7 1 . 1 & MIIM . WNAC
1a4j), Jo.o (), <U.¥ (§J, IR (HI€Al) 53403, 3200, 1040, 10VL, [G] p+ 3/7.1 (€ 1.5, Call); M
Ve I N YN IR AN lolwie BWE WaVa¥er AN A .1 7Y 1_ 1 0. . M TY AT M £ A £ Trr ~ ON AT O N ) S . I
(M/Z) DL4 \UVL1 ), 271 (1UU70). AL LadlCd TO0T U,nllss) 2U2. L, /4.00, , 0.09; IN, 3.0Y., rounda:
™ T4 27. L £ 7. N Q&N

, /4.01/, 1, O.0OZ; IN, 0.DU

1-ethen-1-amine (1u). Clear brown oil, pt ri_zed by fhch chmm.atocrﬂnhv on b_A > Al
2

(hexane/ AcOEt: 3/1); '"H NMR (250 MHZ)r 8.69- 8,66 (m, 2 H), 7,49 7.47 (m,

(d J 68 3H) 13’C NMR (628MHZ)51652(S) 1528(8) 1505((1) 1454 (S
128.3 (d), 127.8 (d), 126.3 (d), 120.5 (d), 83.2 (d), 82.3 (d), 65.1 (d),

vvvvvvvvvv LAV P QL W/ L&

18
62.88 (c 0.66, CHCL); IR (neat) 3467, 3367, 1638, 1545. HRMS calcd

vvvvvvvvvvvvvv VAL 2T LI RA VLS (N R W

279. 1371 found 279. 136() Anal Calcd for C”HHN O: C, 73.11; H, 6.09; N, 15.05. Found:
C,73.07; H, 6.13; N, 15.10.
(Z)-2-(4,5-Dihydro-1,3-thiazol-2-yl)-1-phenyl-1-ethen-1-amine (1v). Yelow
solid. Mp 26-8 °C; '"H NMR (250 MHz) § 7.43 (m, 2 H), 7.29 (m, 3 H), 6.80 (bs, 2 H, NH,),
5.06 (s, 1 H), 425 (t, J=8.5,2 H), 3.12 (t, J= 8.5, 2 H); "C NMR (62.8 MHz) 5 167.1 (s),
153.7 (s), 138.0 (s), 129.0 (d), 126.3 (d), 125.9 (d), 89.0 (d), 64.5 (1), 32.8 (t); IR (KBr)
3417, 3206, 1618, 1583. MS (m/z) 204 (M"*, 100%). Arnal. Calcd for C,,H,N,S: C, 64.70; H,
5.88; N, 13.72. Found: C, 64.81; H, 5.79; N, 13.78.
(Z)-2-(4,5-Dihydro-1,3-thiazol-2-yl)-1-(4-methylphenyl)-1-ethen-1-amine (1w).
Yelow solid. Mp 70-2 °C; 'H NMR (250 MHz) § 7.41 (d, J = 9.0, 2 H), 7.16 (d, J = 9.0, 2 H),
6.85 (bs, 2 H, NH,), 5.13 (s, 1 H), 4.33 (t, /= 8.5, 2 H), 3.20 (t, J= 8.5, 2 H), 2.36 (s, 3 H);
BC NMR (62.8 MHz) 6 167.3 (s), 153.8 (s), 139.9 (s), 135.2 (s), 129.6 (d), 126.2 (d), 88.5
(d), 64.7 (t), 33.0 (1), 21.5 (q); IR (KBr) 3458 3159, 1609, 1544. MS (m/z) 218 (M*), 217
(100%); Anal. Calcd for C,,H,N,S: C, 66.05; H, 6.42; N, 12.84. Found: C, 66.11; H, 6.35; N,
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8 N, 11. 96 Found: .
(Z)- 2 (4,5- Dlhvdro 1,3- thlazol 2-yl)-1-(2- f ethen 1-amine (1y). Yelow
solid. Mp 37-9 °C 'H NMR (250 MHZ) 57.44 (d, J 1 H), 6.70 (bs, 2 H, NH,), 6.64 (d, J
=3.2,1H),643(dd,J=3.2,1.51H),534(, 1 H), 432 (t, J=75,2H),320(, /=175,
2 H); "C NMR (62.8 MHz) & 167.0 (s), 150.2 (s), 143.4 (d), 143.0 (s), 112.1 (d), 108.3 (d),
86.5 (d), 64.9 (1), 35.6 (1); IR (KBr) 3369, 3274, 1626, 1590. MS (m/z) 218 (M"), 217
(100%); HRMS calcd for C,H,,N,OS 194.0513, found 194.0508.

(Z)-1-Cyclopropyl-2-(4,5-dihydro-1,3-thiazol-2-yl)-1-ethen-1-amine (1z). White
solid. Mp 50-2 °C; '"H NMR (250 MHz) § 6.52 (bs, 2 H, NH,), 4.69 (s, 1 H), 4.25 (t, J = 8.2,
2 H), 3.18 (t, /= 8.2, 2 H), 1.45 (m, 1 H), 0.82 (m, 2 H), 0.71 (m, 2 H); *C NMR (62.8
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MHz) & 166.6 (s), 157.3 (s), 85.5 (d), 64.3 (1), 32.6 (t), 15.4 (v), 6.50 (1); IR (KBr) 3446,
3248, 1600, 1546. HKMD calcd for Lsul,sz 168.0721, found 168.0718.

(Z)- 2-(1 -Benzyi-4,5-dihydro-1H-2- 1mmazonyi i1-(4-methyiphenyl)-i-ethen-1-
clow solid. Mp 66-9 °C; 'H NMR (250 MHz) & 7.44-7.16 (m 9 H) 495 (s
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(Z)-2- (4 5 Dlhydro 1 3 oxazo 2 l)
(2b). White solid. Mp 125-7 °C; 'H NMR (250 MHz) 5 7.27 (m, 4 H) 6.53 (bs 2 H, NH,),
411 (t,/J=8.8,2H),393(t,J= 88 2 H), 2.10 (s, 3 H), 1.61 (s, 3 H); '3CNMR (62.8 MH?)
5 168.5 (s), 152.8 (s), 138.1 (s), 136.0 (s), 128.8 (d), 127.9 (d), 87.3 (s), 65.4 (1), 53.4 (1),
21.1 (q), 14.3 (q); IR (KBr) 3343, 3278, 1625, 1583. MS (m/z) 216 (M"), 215 (100%). Anal.
Calcd for C,;H,(N,O: C, 72.22; H, 7.41; N, 12.96. Found: C, 72.23; H, 7.44; N, 12.98.
(Z)-2-(4,5-Dihydro-1,3-0xazol-2-yl)-1-(4-methoxyphenyl)-1-propen-1-amine
(2¢). White solid. Mp 81-4 °C; 'H NMR (250 MHz) & 7.22 (d, J = 8.8, 2 H), 6.82 (d, J = 8.8,
2H), 630 (bs,2H,NH,), 4.12(t, J=7.7,2 H), 396 (t, /=7.7,2 H), 3.70 (s, 3 H), 1.64 (s, 3
H); "C NMR (62.8 MHz) § 168.0 (s), 159.5 (s), 152.6 (s), 132.0 (s), 129.4 (d), 113.5 (d),
86.0 (s), 65.4 (1), 55.1 (1), 54.4 (q), 14.4 (q9); IR (KBr) 3451, 3281, 1631, 1591. HRMS calcd
for C;H(N,0O, 232.1211, found 232.1217.
(Z)-2-(4,5-Dihydro-1,3-0xazol-2-yl)-1-(2-furyl)-1-propen-1-amine (2d). Yelow
solid. Mp 57-9 °C; '"H NMR (250 MHz) § 7.50 (d, J = 1.5, 1 H), 6.70 (bs, 2 H, NH,), 6.59 (d,
J=31,1H), 648 (dd,/J=3.1,15,1H),4.19(, J=7.8, 2 H), 4.05 (t, J=7.8, 2 H), 1.98
(s, 3 H); ®C NMR (62.8 MHz) & 168.8 (s), 150.0 (s), 141.7 (d), 141.1 (s), 111.7 (d), 111.5
(d), 88.2 (s), 65.5 (1), 54.7 (t), 14.4 (q); IR (KBr) 3355 (br), 1676, 1565. HRMS calcd for
C,oH;;N,0, 192.0898, found 192.0898. Anal. Calcd for C,;H,N,0,: C, 62.50; H, 6.25; N,

14.58. Found: C, 62.48; H, 6.32; N, 14.62.

P]
:I:
Z
O
o
4:‘.
II\.)
O\ »
I: »
b-)
OO
53\
"TJ
Q..
O

(Z)-2-(4,5-Dihydro-4,4-dimethyi-1,3-0xazoi-2-yi)-3-phenyl-1-(4-pyridyl)-1i-
propen-1-amine (2e). Yelow solid. Mp 160-3 °C; 'H NMR (250 MHz) & 8.56 (m, 2 H),
7.22-7.00 (m, 7 H), 3.80 (s, 2 H), 3.44 (s, 2 H), 1.33 (s, 6 H), a bs signal corresponding to
b N LY o el ATET oo o e b1, 137 WIRATY 4N O RNAYYN © 18 & fN 181 A 7N
uic 2 r ol uic 1\1‘12 Iou Wdd 11Ot ODSCIvVEU,  INWVIIK (DZ.0 IVIRZ) 0 100.0 (§), 101.4 (S),
150G.2 (d), 146.4 (s), 142.8 (s), 128.3 (d), 127.7 (d), 125.6 (d), 122.9 (d), 92.0 (s), 77.3 (1),
67.2 (s), 33.7 (1), 29.1 (g); IR (KBr) 3410, 3270, 1634, 1601. HRMS caled for C,oH,N,O
307.1684, found 307.1686. Anal. Calcd for C,;H, N,O: C, 74.26; H, 6.84; N, 13.68. Found
C,74.31, H, 6.79; N, 13.60.

a-Alkylation of B-amine o,B-unsaturated A’-oxazoline and A’-thiazoline

derivatives 1. General Procedure. n-BuLi (2.92 mmol, 2.5 M in hexane) was added
dropwise to a solution of the corresponding oxa or thiazoline derivative 1 (2.65 mmol) in
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THF (10 mL) at O °C under inert atmosphere. After stirring the reaction for 15 min. at room
temperature, a solution of TMEDA (3.90 mmol) in THF (10 mL) was added and stirring was
maintained for 1-1.5 h (Table 3, entries 6, 8 and 9) The reaction mixture was cooled down

a N O ___ 3 amt a0 L1

to U “C ana a soiuiion of the corre sponmng alkyl halide (3.18 mmOI) in THF (lU mil) was

added and allowed to react for 10-14 h at room temperaﬁire After quencmng with aqueous

saturated NH,Cl solution, the reaction mixture was extracted with CH,Cl, (3 x 40 mL). The
i a

shed several times with saturated brine (20 mL, each time)
and dried over anhydrous Na,SO,. Solvents were evaporated under reduced pressure to give a
solid or oily residue. Solid residues were rinsed w1th a hexane/ethanol mixture, filtered and
recrystallized. Oily residues were purified by flash chromatography or by dxstlllatlon under
reduced pressure. Thus compounds 2 were prepared in the yields reported in Table 3.

Compounds 2a-e have already been synthesised from heterocycles 3.

Synthesis of compounds 2 by "one-pot" nitrile addition-alkylation from
heterocycies 3a or 3g. General Procedure. LDA was prepared by adding n-BuLi (17.5
mmol, 2.5 M in hexane) dropmse to a solution of dusopropylarmne (17.5 mmol) in dry THF

n T O™ .1 et . L. NN . PR £ e Te o T o)

at n - : o
(10 mL) at — 20 °C and stirring for 30 min. After cooling the reacuon flask to - 78 °C, a
solution of compound 3a or 3g (15.4 mmol) in dry THF (10 mL) was introduced dropwise
via an addition funnel and the reaction 'Yture was kept at — 78 °C for 45 min-1 h. A

solution of nitrile (14.0 mmol) in dry T F (10 mL) was then added and stirring was
maintained for 2 h at that temperature. The corresponding alkyl halide (23.1 mmol) was
dissolved in THF (10 mL) and added and stirring was continued for 3 h at room temperature
or until TLC evidenced consumption of intermediate I (R' = H) (Scheme 2). Work-uo and

purification as described before (vide supra) yielded compounds 2 as reported in Table 3.

(£)-2-(4,5-Dihydro-1,3-0xazol-2-yl)-3-methyl-1-phenyl-1-buten-1-amine (2f_).
Pale yelow oil, purified by flash chromatography on basic Al,O, (hexane/AcOEt: 3/1); 'H

. orrr ~ -

NMR (250 MHz) & 7.28-7.24 (m, 5 H), 6.50 (bs, 2 H, NH,), 4.17 (t, J= 9.0, 2 H), 3.83 (t, J =
9.0, 2 H), 2.31 (m, 1 H), 0.99 (d, J = 7.0, 6 H); "C NMR (62.8 MHz) § 169.5 (s), 153.4 (s),

140.3 (s), 128.8 (d), 128.7 (d), 128.3 (d), 99.1 (s), 65.8 (t), 54.0 (v), 29.7 (d), 22.7 (q@); IR
, 3356, 1613, 1537. HRMS calcd for L,4n131\42u 230.1419, found 230.1416.
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-oxazol-2-yl)-1-phenyl-1,4-pentadien-i-amine (2g).
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244, 15’75 found 244.1579.
(£)-2-(4,5-Dihydro-1,3-0xazol-2-yl)-1-(4-methylphenyl)-1-hexen-1-amine (2i).
Pale yelow oil, purified by flash chromatography on basic Al,O, (hexane/AcOEt: 3/1);
NMR (250 MHz) 6 7.30-6.60 (m, 4 H), 6.50 (bs, 2 H, NH,), 4.16 (t, J = 8.3, 2 H), 4.04 (¢, J

\O
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t, 2 H), 1.28 (m, 2 H), 1.12 (m, 2 H), 0.73 (t, 3 H); “C NMR

.3, 2 H), 2.37 (s, 3 H), 2.03 (1,
(62.8 MHz) 5 168.8 (s), 153.6 (s‘ 138.2 (s), 136.3 (s), 129.0 (d), 128.0 (d), 93.5 (s), 65.6 (1),
54.5 (t), 33.7 (1), 28.3 (1), 22.6 (q), 21.4 (1), 14.0 (q); IR (neat) 3298 (br), 1647, 1610.
HRMS calcd for C,(H,,N,0 258.1732, found 258.1732.
(Z)-2-(4,5-Dihydro-1,3-0xazol-2-yl)-1-(4-methylphenyl)-3-phenyl-1-propen-1-
amine (2j). White solid. Mp 59-62 °C; '"H NMR (250 MHz) & 7.40-6.90 (m, 9 H), 4.20-3.90
(m, 6 H), 3.50 (s, 2 H), 2.39 (s, 3 H), a bs signal corresponding to the 2 H of the NH, group
was not cbserved; "C NMR (62.8 MHz) 5 168.5 (s), 154.9 (s), 143.3 (s), 138.5 (s), 135.7 (s),
129.0 (d), 127.9 (d), 127.75 (d), 127.73 (d), 125.1(d), 90.8 (s), 65.6 (1), 54.4 (1), 34.0 (1),
21.2 (g); IR (KBr) 3470, 3397, 1619, 1582. HRMS calcd for C,H,;N,O 292.1575, found
292.1576

(Z)-2-(4,5-Dihydro-1,3-0xazol-2-yl)-1-(4-methylphenyl)-1,4-pentadien-1-amine
(2k). White solid. Mp 102-5 °C; 'H NMR (250 MHz) 3 7.27 (d, J= 7.8, 2 H), 7.18 (d, J =
7.8, 2 H), 6.60 (bs, 2 H, NH,), 5.88-5.80 (m, 1 H), 4.95-4.85 (m, 2 H), 4.20 (t, J = 8.5, 2 H),
4.05 (t, J = 8.5,2 H), 2.82 (d, J = 5,7, 2 H), 2.37 (s, 3 H); ”C NMR (62.8 MHz) & 168.3 (s),
154.5 (s), 139.3 (s), 138.3 (s), 135.7 (d), 128.8 (d), 127.7 (d), 113.4 (1), 90.1 (s), 65.5 (t),
54.3 (), 32.5 (1), 21.2 (q); IR (KBr) 3354, 3298, 3075, 1684, 1642, 1608. HRMS calcd for
C,sH;;N,O 242.1419, found 242.1392. Anal. Caled for C,H;N,O: C, 74.38; H, 7.44; N,
11.57. Found: C, 74.17; H, 7.31; N, 11.32.

(E)-2-(4,5- Dlhydro -1,3-o0xazol-2-yl)-1-(4- methylphenyl) -2-phenylsulfanyl-1-
ethen-1-amine (2I). White solid. Mp 146-8 °C; 'H NMR (250 MHz) § 7.30-7.00 (m, 9 H),
5.20 (bs, 2 H, NHZ),4ZU(t J=7175,2H),409(,J="75,2H), 232, 3 H); BC NMR (62.8
MHz) 8§ 169.0 (s), 165.6 (s), 142.3 (s), 140.0 (s), 135.9 (s), 129.4 (d), 129.2 (d), 128.0 (d),
125.2 (d) 1247 (d) 81.3 (s), 66.9 (t) 55 6 (t) 22. ( ); IR (KBr) 3476, 3414, 1594, 1493.
cd H;N,OS 310.1 Anal. Calcd for C;H;N,O0S: C,
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Ethvl (Z)-4-amino-3-(4,5-Dihydro-1,3-0xazol-2-yl)-4-(4-methylphenyl)-3-
butenoate (2n). White solid. Mp 50-3 °C; 'H NMR (250 MHz) 8 7.27 (d, J = 8.6, 2 H), 7.16
(d, J = 8.6, 2 H), 4.20-3.99 (m, 6 H), 3.06 (s, 3 H), 2.35 (s, 3 H), 1.20 (t, 3 H), a bs signal
corresponding to the 2 H of the NH, group was not observed; "C NMR (62.8 MHz) § 174.2
(s), 168.2 (s), 156.3 (s), 139.4 (s), 135.8 (s), 129.8 (d), 128.4 (d), 86.9 (s), 66.4 (1), 60.9 (1),
55.2 (1), 35.4 (1), 22.0 (q), 14.9 (q); IR (KBr) 3402, 3228, 1732, 1626. HRMS calcd for
C6HyoN,O; 288.1473, found 288.1484. Anal. Calcd for C,(H,(N,0,: C, 66.66; H, 6.94; N,
9.72. Found: C, 66.27; H, 6.78; N, 9.75.

(Z)-2-(4,5-Dihydro-1,3-oxazol- 2-yl) 1-(4-methoxyphenyl)-1,4-pentadien-1-

amine (20). White solid. Mp 81-3 °C; ‘H NMR (250 MHz) § 7.27 (d, J = 8.8, 2 H), 6.85 (d,

OO0 A TEy i aYa T~ ~ ooy

J=2828,2H), 590-5.80 (m, I H), 4.95-4.84 (m, 2 H), 4.19 (t, /= 8.5, 2 H), 4.16 (t, J = 8.5,
2 H), 397 (s, 3H), 280 (d, /J=15.7,2H), abs 31gnal couespondmg to the 2 H of the NH,
sroup was not b A 137V ONINADY 72 Q RATTN @ 1/'1 o /N 101 1nn o ,1\
group was not ooservea; U NIVIK (62.6 Mnrz) o 10/.8 (§), 13Y9.1 (s), 153.7 (s), 8.8 (a),
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130.5 (s), 128.5 (d), 112.8 (d), 112.9 (t), 89.4 (s), 65.0 (t), 54.7 (t), 53.8 (q), 32.0 (1); IR

(KBr) 3451, 3379, 1618, 1547. HRMS calcd for C,;H,;N,O, 258.1368, found 258.1359.

Z)-2-(4,5- Dlhydro -1,3-0xazol-2-yl)-1-(4- pyrldyl)- -propen- -1-amine (2p).
Brown solid. Mp 113-4 °C; '"H NMR (250 MHz) & 8.64 (d, J= 4.4, 2 H), 7.28 (d, J = 44, 2
H), 6.50 (bs, 2 H, NH,), 4.22 (t, / = 8.5, 2 H), 4.06 ’t, J=8.5, 2 H), 1.69 (s, 3 H); “C NMR
IKHOIEY\QI( 1 =\ 1N 1 7.\ 1 AN £ £\ 1AL £ 73N 177 N 7.3\ oNn N 7.\ L& L £\ A £ i\
(62.8 MHz) 3 168.1 (s), 150.1 (s), 149.6 (s), 146.6 (d), 123.0 (d), 89.0 (s), 65.6 (1), 54.5 (1),
14.2 (q); IR (KBr) 3336, 3164, 1627, 1599. HRMS calcd for C,H,;N,O 203.1058, found
MY 1NL)

LT AVI L.

(7ZY¥a2u(d 8S.Dihvdro.d dedimethvl.1 3.ovazals2-vIielanhenvlelionronan.t.amine
\u} r \1’d ‘.III.IJ Wi A W " L] “llll‘f‘llJ L 3 L’N A IASMEINTA -t J ll A l.'ll\’llJ a F t’l vt’\tll A S EEE N EE W
(20} White calid Mn SR.A1 °C- 'TH NMR (250 MHEHA 8§ 726 (¢ 8 HY 650 (he 2 H NH)
\&\l]‘ YV A1l ORI, lvly PAS pa v § Ny LA I VNIVAEN \&JU 1'1111_4] LV B A AW | \O, «t LAI, AV POU AW \UO, L LRy 1‘112],
3.88 (s, 3 H), 1.68 (s, 3 H), 1.34 (s, 6 H); C NMR (62.8 MHz) § 166.1 (s), 152.7 (s), 139.3
(o 1DQ A (AN Q7 Q 7oy TT7 2 4N KT 1 oY NOD -\ 1A A f~\. TD /DR 2410 2180 1£M712
8), 1£0.4 (G, 6/.60(8), i1i.3 (), O/.1 \8), £7.2 ({{), 195 ({); IN \RDIJ D41y, 31506, 1043,
1555. HRMS calcd for C, ,H;;N,0O 230.1419, found 230.1420.

(Z)-2-(4,5- Dihydrn-d 4. dim_pthyl -1.3. gxazg!-z-yl) -1-(4-m pthylp__g__y!)-l-
penten-1-amine (2r). White solid. Mp 63-6 °C; 'H NMR (250 MHz) & 7.21-7.00 (m, 4 H),

3.79 (s, 2 H), 2.29 (s, 3 H), 1.91 (t, 2 H), 1.26 (s, 6 H), 1.25 (m, 2 H), ()66( 3 H), a bs
signal corresponding to the 2 H of the NH, group was not observed; 3C NMR ( 62.8 MHz) §
166.1 (s), 153.2 (s), 138.0 (s), 136.4 (s), 1289 (d), 128.0 (d), 93.4 (s), 76.5 (1), 66.7 (s),
30.5 (v), 28.0 (1), 24.6 (1), 21.3 (q), 14.0 (q); HRMS calcd for C,;H,,N,O 272.1888, found
272.1897.
(Z)-2-[(45,55)-4,5-Dihydro-4-methoxymethyl-5-phenyl-1,3-oxazol-2-yl)]-1-(4-
methylphenyl)-1-propen-1-amine  (2s). Pale yelow oil, purified by flash
chromatography on basic AL,O, (hexane/AcOEt: 3/1); 'H NMR (250 MHz) § 7.53-7.18 (m, 9
H),5.25(d,J=7.5,1H),4.26 (m, 1 H), 3.65(dd, /J=9.1,4.3,1 H), 3.58 (dd, /=9.1, 7.3 1
H), 3.43 (s, 3 H), 2.33 (s, 3 H), 1.80 (s, 3 H), a bs signal corresponding to the 2 H of the NH,
group was not observed; "C NMR (62.8 MHz) § 168.4 (s), 153.9 (s), 141.8 (s), 138.5 (s),
136.2 (s), 129.2 (d), 128.7 (d), 128.3 (d) 127 9 (d), 125.6 (d), 87.2 (s), 81.8 (d), 75.6 (t),
74.7 (d), 59.5 (q), 21.5 (q), 14.6 (q); [a]®p + 28.3 (c 0.54, CHCL,); IR (neat) 3451, 3273,

o~ - AA’ o3 - ~n

1625, 1604. HRMS calcd for L21H24N2U2 336.1837, found 336.1828. Anal. Calcd for

C, H,,N,O,: C, 75.00; H, 7.14; N, 8.33. Found: C, '/'4 68; H, 7.18; N, 8.25

(Z)-2-(4,5-Di hydro -1,3-thiazol-2-yl)-1-(4-methylphenyl)-1-penten-1-amine

(Y4 Dala valAawr il 11 «F‘nrl Iy flach AheArmataaramhey An hacia AT N lAavama FA AMNDCe. 2710\
\Avl.} 1idaic ybl W Ull, Pulll u Uy 11dadil L1 uuuuuuglayuy Uil DdAdIV I‘\l2U3 \IICALUICII'XLULL. .)ll},
I NMR (SO MUY S 72207185 (m 4 HY 6 20 (he 2 NHY A2 (+ J—~RQQ 27 HY 21AK (¢t
L1 ANIVIIN \&JWV UVER AL ) U 1. JUT T 0 0 (1Ll TF 11 ), V.UW (UDy & 11, LNLIa ), T.J0U L, J .0, & 11}, J.1VU (L,
FT=RR 2H).237(s.3H)Y. 204 (t. 2H). 136 (m 2HY 070 (t J=68 3 H) BC NMR (67 8
v Veldy & AAJg beend ] \Uy o/ AAJy dus /T \Ly b AAJy Ao/ \Bily &w A8 Jy ViV \Ly v Val, o7 21 ), S LNUVAIN VL U
MHz) 6 172.4 (s), 152.9 (s), 139.0 (s), 137.2 (s), 129.8 (d), 128.9 (d), 100.4 (s), 65.0 (1),
345 (1), 327 (1). 259 (t). 215 (a). 147 (a) Anal Caled for C..H.N.S- C. 69 23: 7 69-
SR (V) el \V)y sl \V)y sdans \MJy & Tl \M/e 4 a2aRar iAW AUR N §ARIA YOS Ny WS uiady Ady T .7,
N, 10.27. Found: C, 69.55; H, 7.51; N, 10.83.

(Z)-2-(4,5-Dihydro-1,3-thiazol-2-yl)-1-(4-methylphenyl)-1,4-pentadien-1-amine
(2u). White solid. Mp 54-6 °C; 'H NMR (250 MHz) § 7.28-7.10 (m, 4 H), 6.91 (bs, 2 H,
NH,), 5.79 (m, 1 H), 490(m 2 H),4.32(,J=8.8,2H), 3.15 (t, /= 8.8, 2H) 280, J=
5.7, 2 H), 2.32 (s, 3 H); BC NMR (62.8 MHz) & 171.5 (s), 153.2 (s), 138.9 (d) 138.4 (s),
135.9 (s), 128.9 (d), 127.6 (d), 114.4 (v), 96.1 (s), 64.2 (1), 36.0 (1), 32.1 (1), 21.2 (q); IR
(KBr) 3451, 3293, 1592, 1559. HRMS calcd for C,;H;{N,S 258.1190, found 258.1196.
(Z)-2-(4,5-Dihydro-1,3-oxazol-2-yl)-1-(4-methoxyphenyl)-1-penten-1-amine
(2v). Pale yelow oil, purified by flash chromatography on basic Al,O, (hexane/AcOEt: 3/1);
'H NMR (250 MHz) & 7.28 (d, /= 8.6, 2 H), 6.90 (d, J = 8.6, 2 H), 6.87 (bs, 2 H, NH,), 4.36
(t,2H),3.82(s,3H),3.16(, J=8.1,2H),2.05(, /J=8.1,2H), 1.36 (m, 2 H), 0.71 (t, J =
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