N =
(A=

S

w TETRAHEDRON
Tetrahedron 54 (1998) 6571-6586

Pergamon

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd, All

Chiral f-Amino Sulfoxides. Synthesis, Configurational Assignment and
Conformationai Analysis Based on X-ray, CD, 'H NMR
and Theoretical Calculations

A. Lewanowicz", J. Lipifiski®, R. Siedlecka®, J. Skarzewski® * and F. Baert®

ar_ ru_ s St} LY
4

siisute of Physical and Theoreiical Chemisiry, Wroctaw University of Technoiogy,
Wybrzeze S. Wyspianskiego 27, 50-370 Wroctaw, Poland
® Institute of Organic Chemistry, Biochemistry and Biotechnology, Wroctaw University of Technology,
Wybrzeze S. Wyspianskiego 27, 50-370 Wroctaw, Poland
¢ Laboratoire de Dynamique et Structure de Materiaux Moleculaires, Universite des Sciences et Techniques de Lille Flandres
Artois, F-59635 Villeneuve d’Ascq Cedex, France

Received 19 February 1998; revised 6 April 1998; accepted 7 April 1998

Abstract: Enantiomerically pure » and / S-amino sulfoxides have been easily obtained from thc
respective homochiral a-amino alcohols. The absolute configuration at the created stereogenic centre
was assigned by CD spectra and by X-ray analysis. Conformational analysis of the title compounds was
carried oul using quantum chemical energy-geometry optimization. Thus established conformational
behavior explained the strongly configuration dependent NMR spectral patterns observed for the » and /

diastercomers. © 1998 Elsevier Science Ltd. All rights r 17
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constitute an interesting class of chiral building blocks for the construction of various important compounds.

The respective f-amino derivatives are rather scarcely used because they are usually prepared in a multistep

preparation of homochiral N-protected famino sulfoxides from the readily accessible optically active a-amino

alcohols.® The efficient thioether oxidation made the title compounds easily available, however, a question arose

NMR spectral patterns for two diastereomers. Similar spectral regularities have already been observed for other

diastereomeric ﬁ-mnctionalized sulfoxides with two stereogenic centers.*® The spectral analogy suggested that

the minor ones were # (e.g.. S. Rs) 3
i€ Miinor 018 WEIT W (.8., O, N\s).

This assignment has been confirmed by the tentative results of X-ray structural analysis.” The spectral regularities
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rms of
n(substituent)-—»d(suiﬁlr) electron state interactions, stabilizing the respective conformations.’ However, the same
pattern has also been observed for the cases where intramolecular hydrogen bonding played the significant role in

the general validity of the '"H NMR spectral pattern

stabilization the responsible e conformers ® In order to clari

rule for assigning diasiereomer configuration we undertook more detailed structural analysis of the synthesized

compounds.

of f-amino sulfoxides
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configurational assignment based on chiroptical properties and X—ray analysis. We aiso describe here the resuits

of conformational analysis performed for N—protected and deprotected derivatives using quantum chemical

computation. Thus obtained geom of the dominating conformers were applied for the simulation of 'H NMR
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spectra and the resuits were verified by a comparison with the recorded spectra.

RESULTS AND DISCUSSION

Synthesis

The synthetic routes used for the preparation of title compounds are presented in Scheme. For clarity,

syntheti s used for the aration mpoun:
transformations of derivatives with one configuration at the carbon atom only are depicted there. Both
enantiomers of the easily available a-amino alcohols 1-3 were N-protected as the corresponding carbamates and

benzamides 4—6. We found that the hahly

benzamides 1d that the high! selective N-af_‘.yla ion of 1-3 can be achieved hv addition of

chioroformate or benzoyi chioride to the methanoiic soiution of amino aicohol in the presence of soiid potassium

carbonate. Simple filtration and evaporation of solvent left the products suitable for the next reaction.

ive phenvl sulfides 7-9 using the
~¥r suthides =

N-Protected g-amino alcohols 4—6 were efficient y conv rted to the respecti
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Hata reagent (diphenyl disulfide and tributylphosphine) under the modified conditions (sealed ampoule, 76 °C,
72 h). The two-phase oxidation of the sulfides with the buffered sodium hypochlorite, mediated by 2,2,6,6-

tetramethvininervdine-1-oxvl (TEMPO) and notassium bromide at 0 °C led exclusivelv to the

tetramethylpiperydine-1-oxyl (TEMPQ) and potas: led exclusively
sulfoxides 10-12 (less polar, u, minor) and 13-15 (more polar, /, major, up to 88 % d.e.).* The use of other
oxidants (sodium periodate or m-chloroperbenzoic acid) gave both diastereomers in equal amounts.

isation or chromatogranhy readilv senarated two di
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was based on the 'H NMR spectral similarities, chiroptical properties and X-ray analysis (see below). N-tert-

Butoxycarbonyl derivatives 10a—12a and 13a-15a underwent acidolysis’ to give the corresponding free B-amino
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SUIIOXiOES 10—10 aild 17«41, ICSP
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i. R°COClI or R”’OCOClH / KyCO; in MeOH, r.t.; ii. (Boc),O, MeCN, r.t.; iii. (PhS),, BusP in THF, 76°C; iv.

NaOCl/ KBr /TEMPO, CH,Cl>-H-0, 0°C; v. CF4COOH in CH,Cl,, r.t. ; vi. 0-MeO,C(CsH,)COCI, Et:;N, THF,
0°C; vii. KOH, MeOH, r.t.

Saponification of the methyl ester 23 gave the optically pure acid 26. It is noteworthy that the observed

diastereospecific transformation opens a promising way for further synthetic applications.
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CONFIGURATIONAL ASSIGNMENT

Chiroptical Properties

Starting from homochiral R sulfides derived from D-q-amino acids we obtained major diastereomeric
sulfoxides exhibiting positive specific rotation (more polar), along with the minor sulfoxides of negative specific
rotation. When § sulfides derived from L-a-amino acids were used, major diastereomeric sulfoxides were also
more polar, but had negative specific rotation while the minor showed the positive one. It has been known for
decades that a correlation exists between the absolute configuration of sulfoxides and their chiroptical
properties.!! It was expressed in terms of the sings and rotational strengths of the appropriate Cotton effects
(CE). The phenylsulfinyl group is an inherently chiral chromophore and the sign of CE is determined solely by
the chirality of the chromophore. Its primary UV band (usually at 235-255 nm, log ¢ ca. 3.6) is optically active
with CE, Ag ca. 20. Also a shorter wavelength absorption band (ca. 220 nm, log & ca. 4.1) demonstrates CE of
similar amplitude but opposite sign. For the phenyl-sulfinyl group, a negative CE for the primary band
corresponds to the (S)-configuration.'"'> With all this in mind we measured the UV and CD spectra of our

diastereomeric sulfoxides. The results are shown in Table 1 and Fig. 1-3.

Table 1. Characteristic features of the absorption bands: UV and CD spectra *

Compound UV absorption properties Circular dichroism
Amax (107 &) A (Ag) A (0) A (Ag)
(S,Rs)-10 a 216 (13.4), 246 (5.50) 215(-30.7) 228 244 (21.0)
(R.Ss)-12 b 220 (13.7), 246 (8.60) 218 (25.3) 231 246 (-16.0)
(R,Ss)-12 d° 216 (7.72), 246 (5.36) 215 (28.2) 228 244 (-18.2)
(S,S5)-13 a 216 (13.4), 246 (4.72) 215 (37.9) 230 246 (-18.7)
(R,Rs)-13 b 218 (18.2), 248 (7.29) 218 (-26.6) 232 248 (15.0)
(R,Rs)-14 b 218 (18.8), 250 (7.89) 218 (-32.5) 232 250 (18.8)
(R.Rs)-15b 220 (15.0), 244 (8.44) 218(-329) 235 251 (16.2)
(S,Rg)-22 222 (35.0), 240 (12.1), 288 (1.80) 218(-28.7) 233 248 (12.5)
(S,Rs)-23 194 (37.8), 244 (7.86) 216 (-30.0) 230 247 (15.0)
(S,S5)-24 222 (37.0), 240 (11.4), 298 (1.90) 217 (24.3) 226 247 (-17.4)
(8,85)-25 218 (96.1), 242 (29.5), 294 (0.50) 216 (34.3) 230 247(-33.6)

* The spectra were recorded in acetonitrile at the concentration range of 10-10°M. ® Isobutyl carbamate N-protection was
used (X: CO,Bu-i).

In the absence of the other UV chromophore typical electronic and CD spectra were observed (Fig. 1),
disregarding the presence of the stereogenic carbon atom. Even in the presence of the additional UV-absorbing

he CD curve for one diastereomeric sulfoxide was almost mirror image of the curve for the other (Flg 2)

group the CD curve for one diastereomeric sulfoxide was almost mirror imag he curve fo t
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coupling CD spectrum. ~ However, also here CE for both UV-bands of inherently chiral phenylsulfinyl group

dominated the CD spectrum. On the other hand, the phthalimido and phenyl chromophores located at the
stereogenic carbon masked the presence of phenylsulfinyl function in the UV spectrum (Fig. 3). Two CE

observed as shoulders on the main CD curve (208 nm, +14
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absorption, but they are too weak to come from the exciton coupling. Resuits coliected in Table 1 allow for
unambiguous assignment of configuration at the created sulfur stereocentres. Thus the major diastereomers

formed from sulfides were /, i.e., S, S5 or R, Rs, and the minor were u, i.e., R, Ss or S, Rs.
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X-ray structure
Single crystal of (R, Ss )—12a, orthorhombic was grown from the n-hexane-toluene mixture by slow
solvent evaporation at room temperature. Space group was P2,2,2; with unit cell parameters: a = 9.067(1); b=

12.622(1); ¢ = 16.134(1) in angstroms. The structure was solved using SHELXS-86 program'* with R = 0.058
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Fig. 4. ORTEP drawing of (K 55)—1Za

Thus obtained molecular structure of 12Za is shown on Fig. 4. The absoiute configurations at both stereogenic

centers are indeed R, .Ss .

CONFORMATIONAL ANALYSIS

Quantum-chemical calculations

Quantum-chemical calculations were performed in order to examine molecular geometry of the possibly

P
)

most stable conformers for th
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calculated the ground-state geometry of all molecules using the semi-empirical MNDO method of Dewar et al'?
including the optional molecular mechanics correction for HCON linkages (keyword MMOK). Initially each of
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StTuciire was compiciery opiimiZea (auowing au oond 1 ngles to relax). The resultin

engths and all bond angles to relax). The resultin,
molecular geometry obtained in such way was in agreement with that of the X-ray structure.

The intramolecular interatomic distance for N-H-O-S non-bonded atoms obtained from both, X-ray
structure and theoretical calculations excluded intramolecular hydrogen bond. Moreover, the IR spectra of N-
protected B-amino sulfoxides measured at different concentrations showed in all cases free N-H stretching
vibration, thus eliminating any meaningful hydrogen bond interaction.

In the next step, the energy map as a function of two dihedral angles (@ = [C-C-5-0] and § = [H-
C-C-8)) of the molecules was calculated (e.g., see Fig. 5, 6, and 7). The resulting parameters for the respective

most stable conformers are presented in Table 2. The calculations confirmed the possibility of the existence of
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Fig. 5. Three dimensional plot of conformer’s population Fig. 6. Three dimensional plot of conformer’s population
for (R, S5)-12a. for (R,RS) 15a.

able 2. The most stable conformers their hea
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ta oy
in kcal/mol), dipole moments (# in D) and conformational
populations (xp).

f formation (AH»
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Molecule/ a b AH; u 3
conformation  (deg) (deg) (kcalimol) (D) &
10a 270 60 -17.51 3.02 1.00
11a 273 56 -12.97 3.43 1.00 o
12a 270 45 -50.22 2.79 1.00 B
18 275 55 28.65 497 1.00 1,
21 168 64 29.29 5.54 1.00
13al 120 60 -16.10 6.58 0.27 18al
13all 63 303 -16.19 3.40 0.32 pho\f ”\Tx
13a III 90 173 -16.34 492 0.41 P =
4.88 HON™ (o
14al 120 61 -12.08  6.97 0.42 RS N He =,
14a 11 87 300 -1227 406 0.58 1581
5.28%
i5al 120 60 -49.29 6.74 0.68 R‘ﬁm
15a 11 90 315 -48.76 431 0.28 NG
15a [1I 120 173 -47.58 4.18 0.04 v
5.96* H
* Averaged value

Fig. 7. The Newman projections of the
lower energy conformers of 12a and 15a.



It is therefore possible that even small modifications of these energies (due to, e.g. solute-solvent interactions)
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gy HUIUCIKG Ul iGaive avunuance O1 nese COMOImeErs, tnus coninouiing to ine NMK parameters of the
whole molecules. Additionally, the dipole moments calculated theoretically (Table 2) are in agreement with the

experimentally observed tendency, i.e. # isomers are less polar than the / ones.

NMR specira
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As it was already noied, we observed remarkabie differences in 'H NMR spectra (300 MHz, DMSO-d)
for both diastercomers, namely the differences of chemical shifts for the diastereotopic methylene hydrogens
PhS*(O)CHsHgC*Hx were ca. two times less for the major / isomer than for the minor # one. Also, the vicinal
coupling constants “Jax and “Jay differed for both diastereomers, being respectively 8.3-9.6 Hz and 4.1-5.8 Hz
for / and 11.0-12.9 Hz and 2.0-3.1 Hz for the u isomer (see: Table 3 and Experimental part). These different
NMR pattemns are parallel with the conformational behavior of both diastereomers. The vicinal coupling
ere calculated from eq. (1), where x, and *J, denote the popuiation and the "pure” vicinai spin-spin
coupling constants of the n-th conformer, respectively.

T=Zx°], (1)

The evaluation of the *J, has been carried out by means of the simple empirical Karplus-like equation (2).
T, = A cos’d, +R cosg, +C. (2)
We obtained A, B, and C parameters from the least-squares fit (R?, 0.99; SD, 0.676) of the experimental
coupling constants for the compounds, which according to our calculations possess only one conformational
minimum (10a, 11a, 12a, 18, and 21). The obtained values (in Hz) A = 7.42; B = -2 38; C = 2.39 are reasonable
and agree well with the standard Karplus data.'® The "pure” (eq. 2) and averaged according to eq.1 vicinal

coupling constants are presented in Table 3.

Table 3. The comparison of calculated and experimental values of vicinal coupling constants (in Hz )

Molecule Tax  lax Molecule oy Iax
10a calc. 2.9 12.2 14al calc. 30 12.2
exp. 27 11.5 14a ]I calc. 12.2 3.0

11a calc. 2.7 12.2 av. calc. 83 6.9
exp. 3.1 12.5 exp. 9.0 5.8

12a calc. 22 11.7 15al calc. 12.2 30
exp. 20 124 18a 11 calc, 22 11.7

13al calc. 31 122 15a I calc. 3.8 2.8
13a 11 calc iz.1 26 av._ calc, al 54
' exp. 9.6 4.1

13alll  calc. 36 29 18 calc. 26 121
av. calc 61 15 exp. 2.4 10.9

exp 6.9 79 21 calc. 3.1 12.2

exp. 3.9 87
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Thus the obtained results confirm general validity of the '"H NMR spectral pattern rule for assigning
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diastereomer configuration. Clearly, these of u configurations appear in one conformation with almost
antiperiplanar and synclinal vicinal hydrogen atoms (Fig. 7), so the relatively large and small coupling constants

are observed. In the case of / diastereomers, as a consequence of their existence in two or three low energy
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constants and increase the small ones (Fig. 7). The same conclusion about the conformational equilibrium for

two diastereomers of rac-1-phenyl-2-methylsulfinylethylamine has been drawn reasoning from the protonation
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B-hydroxy sulfoxides selected on the NMR spectra bases have led to the results similar to ours.® Thus, it seems

that the '"H NMR spectral pattern rule used for assigning diastereomer configuration*® is observed generally as a

.
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In summary, homochiral # and / f-amino sulfoxides are easily prepared from the optically active @-amino

alcohols. Conformational analysis for these compounds explains their strongly conﬁguration dependent 'H NMR

direct assignment of the absolute configuration at both stereogenic centers. This is also confirmed by the X-ray

structure determined for this type of compounds for the first time. We are currently investigating the use of the

EXPERIMENTAL PART

Melting points were determined using a Boetius hot-stage apparatus and are uncorrected. IR spectra were
recorded on a Perkin Elmer 1600 FTIR spectrophotometer. 'H NMR spectra were measured on a Bruker CPX
(300 MHz) spectrometer using TMS as an internal standard. Observed rotations at 578 nm were measured using

an Optical Activity Ltd. Model AA-5 automatic polarimeter. CD spectra were recorded with 2 JASCO J 600
an vpuwu ACHVILY LiG. MOae AA-5 gulomatiCc poianimeter. LU specira were recoraca wiln a JASLU v

instrument. Senarations of products bv hrnmatnoranhv were nerformed on silica cel 60 (230-400 mesh)
m ment. deparations of products by chromatography were performed on silica gel 00 (230-400 mesh)

d
nurchased from Merck or florisil from Fluka. Thin layer chromato graphy analyses were performed using silica
gel 60 precoated plates (Merck).

X-ray details:

Colourless crystals of 12a suitable for X-ray diffraction studies were grown by dissolving the compound
in n-hexane—toluene mixture, and then by the siow evaporation at room temperature. X-ray diffraction data
were collected at room temperature on Nonius CAD—4 computer controlled diffractometer with rotating anode

_____ PUR i P /G | N SRLY, Sy [, 7 o QPRI & JVPIRI, | RPN IO JEPISESL P Seus PIPIPIPIPPUPE Y SIRPP A AP PP TS pe
Ublllg _{VlUl\aI qiation withn @/ 4W SCai. viiil CCu paraiicics WEIEC Gl HHUInE vy lcdbl dJuaiC 1L 15 U1 HHC dOLLUL
dae of AL antarad safllantinme in ranea 10 ¢ MI- 180 Tha intancitioe ~f Son ctandard caflankinne wraea
angies o1 25 centerea renections in range 1V < J2W< 157, 1n¢ intensilies Oi 1nive stanaara reneclions were
measured everv 120 min. during the data collection. No sienificant intensity variation for standard reflections

ieasured every 120 min. cunng the cata cotlection. No sigmihicant intensity variation lor stancarc reflections

0<h<12,0< k <17,0<17<9. A total 1710 reflection were collected of which 823 reflection satisfying 7 > 3o (/)
were taken as observed. The structure was solved by Patterson method using SHELLXS-86 and refined by full-
matrix least—square technique using SHELX-76 and SHELXS-86 computer programs. Positions of the
hydrogen atoms were found using a difference Fourier map and refined isotropically. Anisotropic thermal
parameters were refined for non-hydrogen atoms. Least—square refinement with 192 variable parameters were



carried out by minimizing function L (| F,|-|F,|?), where F, and F, were observed and calculated structure
factors, @ = *(F,) + (aP)* + bP and P = [fiex of F, 0r ) + 2F 2. Final residual obtained at convergence is R =
0.58 and goodness of fit S = 1.097. Weight bases on counting statistics were used. The maximum A/c ratio was
0.15. In the final difference map the deepest hole A, = —0.15 eA” and the highest peak Afs,=0.21 €A~

Protection of the amino group with di-tert-butyi dicarbonate:
Di-tert-butyl dicarbonate (11.0 mmol, 2.42 g) was added in one portion to the solution of 10.0 mmol of

aminoalcohol in absolute acetonitrile (20 ml). The solution was stirred at room temperature during 3 hrs. Within

the first 2 hrs the evolution of CO, was observed. Then the solvent was removed under reduced pressure and the
product was purified by recrystallization or by chromatography.

Protection of the amino group with acid chloride or chloroformate:

Benzoyl chioride (or metnyi cmorotormate) 11.0 mmol (10% excess) was added in one portion to the
1 e <
1 s ;

1
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evaporated and the residue was dissolved in water (10 ml) and extracted with chloroform (4x10 ml). The
chloraform solution was washed with brine and dried over anhydrous Na;SO,. After removing the solvent the
crude product was purified by recrystallization or chromatography.

4a, yield 99%, m.p. 95.5-96.5 °C (toluene), [a]® =-28.5° (1.0, MeOH); lit."” m.p. 94-95 °C, [ar]® =~28.9°
(1.0, MeOH);

4b, yield 98%, m.p. 172.5-173.5 °C (toluene), [a]® =76.5° (0.9, MeOH); lit."® mp. 171-172°C, [a]® =77.3°
(0.356, EtOH);

(1%, CHCl,),

Sb, yield 98%, m.p. 179-180 °C (toluene), [@]® =19.2° (1.0, MeOH); lit.”' m.p. 181 °C, lit.” [a]¥ =19.7°
(0.15, EtOH);

8¢, yield 95%, m.p. 96-97 °C (toluene), 'H NMR (CDCl;): 7.39-7.26 (m, 5H, Ph); 5.42 (br s, 1H, NH), 4.85-
4.79 (m, 1H, *CH); 3.92-3.85 (m, 2H, CH,); 3.68 (s, 3H, Me); 2.13 (br s, 1H, OH); IR (KBr): 3343, 3066,
3031, 2942, 1686, 1537, 1288, 1058, 1025; [a]¥ =-55.0° (0.6, CHCLy);

6a, yield 88%, oil, '"H NMR (CDC13) 4.66 (br s, 1H, NH); 3.69 (dd, 1H, J,=10.91, J,=3.12Hz, CH,Hp), 3.60

(A4 1T T — 1nn1 1 —K AALY. LD 2 AR 20 fon l_l #("I_I\ ‘7AA Il-n-a 1T ('\LT\ 120_1 79 f+v« 11T (LI
uy, 111, Jl V.71, J27V.T9I1L, \JllAl.lBl .05, 37 (1, 1 Cllj, LU (UL O, 111, VIL), 1.0771./70 Q1L 111, i1},
1.45 (s, 9H, Bu-#); 0.94 (dd, 1H, J;= J;=6.5Hz, Me; ). IR (CCls): 3449, 2966, 2875, 1698, 1501, 1391, 1367,
1248, 1173, 1077, 1047, [a},ij’ =23.9.6° (1.34, CHCL);

ne, hexane), lit.” m. p. 75-77°C; [a]¥ =38.2° (1.1, CHCL);

D . L&

6¢, yield 95%, oil, 'H NMR (CDCl): 6.67 (s, 1H, NH), 4.44 (dd, 1H, J, = J,= 8.64 Hz, CH,Hj); 4.10 (dd, 1H,
J,=8.64, J,=6.33Hz, CH,Hg), 3.67 (s, 3H, Me), 3.65-3.58 (m, 1H, *CH), 1.78-1.68 (m, 1H, CH); 0.93 (dd, 6H,
11=18.40, J,=6.73Hz, Me;), TR (CHCL): 3269, 2967, 2877, 1751, 1408, 1242, 1051, [a]i;’ =-16.8° (2.42,
MeOH);
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Preparation of sulfides:
A solution of N-protected aminoalcohol (5.3 mmol), PhSSPh (3.53 g, 15.9 mmol) and Bu;P (5.2 ml, 21.1
mmol) in dry THF was placed under nitrogen in a reaction ampoule. The sealed ampoule was heated at 76°C for

'1"" hrs. Thereafier the mixture was diluted with ether and washed with 2M NaUl-i brine and dried over

‘n rous \Tn ARl e mernevmentinea dha meeda e d Ao TRIIi | PR, s

ihydrous Na,SO4. After evaporation, the crude product was purified by filiration through a pad of silica gel.

7a, yield 87%, m.p. 84.5-85.5°C (toluene), 'H NMR (CDCl): 7.36-7.16 (m, 10H, Ph); 4.66 (br s, 1H, NH),
4.11-4.00 (m, 1H, *CH); 3.03 ( d, 2H, J=5.4Hz, CH,S), 2.92 (d, 2H, J=6.6Hz, CH,Ph), 1.39 (s, 9H, Bu-7); IR
(KBr): 3372, 3058, 2979, 2924, 1693, 1679, 1525, 1173, 1040, 1024; [a]® =-20.0° (2.0, CCly), lit.** m.p. 80-
83°C;

7b, yield 70%, m.p. 161-162.5 °C (toluene), "H NMR (CDCls): 7.73-7.28 (m, 15H, Ph); 6.73 (d, 1H, J=5.8 Hz,
NH), 5.41 ( q, 1H, J=6.6 Hz, *CH); 3.51 (AB, 2H, J;=12.1, ],=13.6Hz, CH,S); IR (KBr): 3370, 3287, 3054,
3028, 1634, 1534, 1490, 1291, 1025; [@]® =-55.0° (2.0, THF), Anal. caled. for; C,H;NOS (347.47): C
76.05, H 6.09; found: C 76.12, H 6.01.

- _ I, I | n AD / - -

/€, yi€ld 8470, M.p. /U~
A11_ AD) fenn 1 :
Fo1i-A.V4A L, 10, Iy,

e

. e 1, (@

3440, 3350, 3064, 3029, 2955, 1728, 1503, 1242, 1040; [a
. Q

O NOLC N1 AN
~ 1711]91‘\120 [EAVS S, 4V

1.

8a, yield 82%, m.p. 64.5-65.5°C (toluene), 'H NMR (CDCly): 7.40-7.28 (m, 10H, Ph); 5.12 (br s, 1H, NH);
4.90-4.83 (m, 1H, *CH); 3.83 (d, 2H, J=6.4Hz, CH,S); 1.43 ( s, 9H, Bu-f); IR (CCL): 3383, 3061, 2977, 2931,
1699, 1513, 1248, 1171, 1045, 1024; [a]® =17.5° (2.0, CHCL); Anal. caled. for: Ci1sHxNO,S (329.46): C
69.27, H 7.04; found: C 69.18, H 7.08.

8b, yield 89%, m.p. 96-96.5 °C (toluene), 'H NMR (CDCL:): 7.71-7.18 (m, 15H, Ph); 6.67 (d, 1H, J=6.66Hz,
NH); 5.39 (¢, IH, J=6.70Hz, *CH); 3.53 (dd, 1H, Ji=13.68, J;=6. 94Hz CH,Hg), 3.45 (dd, 1H, J,=13 .68,

J,=6.11Hz, CHAHp), IR (KBr): 3370, 3287, 3054, 3028, 1634, 1534, 1291, 1024; [a]* =-55.0° (2.0, CHCl,),
Anal. calcd. for: C2H1oNOS (333.45): C 75.64, H 5.74; found: C "75.52,HS.79.

8¢, yield 85%, m.p. 73.5-74.5 °C (toluene), 'H NMR (CDCly): 7.40-7.29 (m, 10H, Ph); 5.30 (d, 1H, J=5.8 Hz,
NH); 4.90 (g, 1H, J=6.2Hz, *CH); 3.68 (s, 3H, Me); 3.34 (A;B, 2H, CH;S); IR (KBr): 3296, 3029, 2951, 2915,
1720, 1693, 1538, 1247, 1045, 1023; [a]? =-20.5° (2.0, CHCLy); Anal. caled. for: CigHi;;NO;S (287.38): C
66.87, H 5.96; found: C 66.90, H 5.95.

9a, yield 70%, m.p. 68-69 °C (toluene), 'H NMR (CDCly): 7.40-7.18 (m, SH, Ph); 4.59 (d, 1H, J=8Hz, NH);
3.68 (br s, 1H, *CH); 3.09 (d, 2H, J=5.2Hz, CH,S); 1.99-1.88 (m, 1H, CH); 1.44 (s, 9H, Bu-7); 0.93 (dd, 6H,
Ji= J=7.1Hz, Me,); IR (KBr): 3307, 3062, 2976, 2928, 2873, 1677, 1536, 1366, 1174, 1045, 1024;
[a]® =-20.0° (2.0, CCly); Anal. calcd. for: Ci6HasNO,S (295.44): C 65.05, H 8.53; found: C 65.09, H 8.50.

9b, yield 94%, m.p. 118,5-119 °C (toluene), 'H NMR (CDCl;): 7.68-7.18 (m, 10H, Ph); 6.18 (d, 1H, J=8.8Hz,

NH), 4.29-4.20 (m, iH, *CH), 3.27 (d, 2H, J=5.5Hz, CH,S); 2.17-2.05 (m, 1H, CH), 1.05 (dd, 6H, J;= 6.8
J,=7.2Hz, Me,); IR (KBr): 3310, 3058, 2962, 2935, 2869, 1635, 1530, 1346, 1184, 1026; [a]® =-63.5° (2.0,

TLNLY s 7

b
CHCl), Anal. calcd. for: CigHNOS (299.43). C

lor L0 Ba ) ry ~h 1N TTF 11
144U, H7 I found: C 72. iy, /.11

9c yie ld 80%, oil, 'H NMR (CDCL): 7.39-7 19( SH, I h) 1 (brs, 1H, NH) 3.72-3.68 (m, 1H, *CH); 3.65
(s. 3H, Me): 3.09 (d, 2H, J=5 76Hz, CH,S); 1.99-1.90 (m, [H, CH); 0.92 (dd, 6H, 1,=8 68, J;=6.83Hz, Me»); IR
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(CCL): 3447, 3349, 3063, 2964, 2875, 1729, 1506, 1481, 1228, 1092, 1026; [a]? =-12.5° (2.0, CHCL); Anal.
caled. for: C3HioNO,S (253.36): C 163 H 7.56; found: C 61.58, H 7.60.

sk was charged with a solution of the sulfide (1.5 mmol) in CH,Cl, (10 ml), TEMPO (2

Fa GRRAV R ISt N AR e PV ATeL @ Suwriieatisii UL AW Suauls 1. J i iX NOKAJN1T \ AV RRNLf, Vil

=
ro
G
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(225 m
0.015 mmol) and saturated agueous solution of NaHCO; (8 ml) containing KBr (18 mg, 0.15 mmol). To tl:;
cooled (0°C, ice—water bath) and well stirred mixture a solution of NaOCI (0.90 M) in saturated NaHCO; (2 ml)
was added dropwise. The mixture was stirred for 2-5 hrs at 0°C (monitored by TLC) and the layers were
separated. The aqueous phase was extracted with CH,Cl, (3x5 ml) and the combined organic phases were
washed with water, brine and dried (Na,SO,). The diastereomeric products were separated and purified by

chromatography on silica gel or recrystailization.

10a (R O\ viald 694 m n 124 §_124 § o M M=NIN LI NMR /ONDCLY- 7 Q0.7 QA (m VLT DhY. 7 §7_7 A9 {1 AT

bl CATTR ¥ Y v V70, lll.y. 1077, JT10V.J wUUvIvLLL )y, B2 LNIVLIN \\./U\zl}}. 1. 077,00 (111, <1, I ll], F.9751=71.7%« \lll, L1l
Ph); 7.28-7.13 (m, 5H, Ph);, 4.88 ( br s, 1H, NH); 4.17-4.08 (m, 1H,*CH); 3.41 (dd, 1H, };=14 5, J,=6 9Hz,
CHHp), 3.26 (dd, 1H, J)=14.5, ;=4 THz, CH,Hp), 3.05-2.94 (m, 2H, CHy), 1.38 (s, 9H, Bu-f); [a]} =
-1 48 ( BuOMe CHCI;,Z 5:2. ) Anal. caled. for: Cy0HasNO3S ( 48) C 66 82, H

10a (S.R), yield 8%, [a]? =115.0° (0.9, CHCl;); R=0.49 (f-BuOMe:CHCl3,2.5:2.0).

10b (R.S), yield 43%, m.p.166-167 °C (toluene/ CHCl;), 'H NMR (CDCL): 8.17 (br s, 1H, NH); 7.87-7.26 (m,
15H, Ph);4.81-4.75 (m, 1H, *CH); 3.52-3.45 (m, 1H, CH.\Hp); 3.24-3.09 (m, 1H, CH.Hz); 3.00 (br s, 2H,
CH,Ph); IR (CHCL): 3360, 3067, 2930, 1660, 1527, 1488, 1306, 1086, 1018; [a]® =-7.22° (1.0, CHCls),
Anal. calcd. for: CHyNO,S (363.47): C 72.70, H 5.82; found: C 72.58, H 5.84.

4 Y TN 11 Aann/ ~ 110 160 £ O £, 1 : 3 A Y VIV AN s <+ e LTT TR\ ™ 4™ /1 2TYTY T_O AYT

1UC (O, K), VI€IQ 3U%, M.P. 1105-118.0 "L (l0luene), n N (DMIDU) 7.08 (8, O, ¥h), 7.4/ (4,1 J=8.4112Z,
NI 792_7 12 fm ST DhYy A 18 A 1N {m 1T *OLN- 2 84 o 2T Na) 2 Q&7 24 (1 DT OCLI_ QY- 9D QN2 7D
INKR), 7.46~7.13 \ill, J11, Fii}, 7. 10-9.1V WL, 1K1, "UrKij, 3.54 (8, 501, Vi€, £.70-4.69 Il, 411, LI1235), 2.0VU-2L.74
{m 27H CH.Ph Y TR (KR« 245 N84 N9 2087 2010 1808 529 17261 10472 [~10 — 126 1° (1 47
\lll, il LA 1E I’ AR \Ml, FITHV, VST JV&), e 7t o P A 1v/0, TSy, DL\ Ry LTV LMJD 1TV, 1 \1‘—'I,

11a (S,R), yield 10%, m.p. 157-159 °C (toluene), 'H NMR (CDCls): 7.61-7.29 (m, 10H, Ph); 6.27 (br s, 1H,
NH), 5.20-5.16 (m, 1H,*CH); 3.17 (d, 2H, J=5.4Hz, CH,S); 1.43 (s, 9H, Bu-f); IR (KBr): 3365, 2973, 2922,
1679, 1509, 1248, 1166, 1035, 1020; [a]® =156.5° (0.66, CHCL3), R=0.51 (+-BuOMe:CHCl;,2.5:2.0); Anal
caled. for: CgH»NO;S (345.46): C 66.06, H 6.71; found: C 65.98, H 6.65.

11b (R.S), yield 14%, m.p. 184-185.5 °C (toluene), 'H NMR (DMSO): 9.21 (d, 1H, J=8.1Hz, NH), 7.94-7.70

(m, 4H, Ph); 7.63-7.53 (m, 6H, Ph), 7.42-7.22 (m, SH, Ph), 5.54-5.47 (m, 1H, *CH); 3.55 (dd, 1H, J,=

J,=12.5Hz, CH,Hjg); 3.06 (dd, 1H, J,=13.0, J,=3.0Hz, CHAHz); IR (CCL): 3360, 3066, 2928, 1659, 1527,
. 18

A0 (\ AT X N 31 A1 Anla

no= 1n10. r_120 ~1 £ YoV Fal SRV ») "I s 8 T TN ~ A
1488, 1306, 1087, 1018, [a], =-121.4° (0.906, CHCh); R=0.31(+-BuOMe:CHC13,2.5:2.0); Anal. calcd. for:
N XY O RTR L SN AN AESN M 10 XY O A O 1 I‘\Fln 1™ YY £ AN
CuHisNO,S (349.45). C 72.18, H 5.48, touna: C 72.12, H 5.40

11¢ (R.S), vield 2%, m.p.148.5-149.5 °C (toluene), 'H NMR (CDCls): 7.84-7.20 (m, 10H, Ph); 5.70-5.60 (m,
1H, NH), 5.14-5.08 (m, 1H, *CH); 3.72 (dd, 1H, J,=14.7, J,=9.0Hz, CHyHp); 3.50 (dd, 1H, 1,=14.7, J,=4 4Hz,
CH,Hy); IR (KBr): 3317, 3065, 2976, 2946, 1693, 1551, 1271, 1297, 1146, 1029; [a]? =-30.5° (2.3, CHCL),
R=0.38 (+-BuOMe:CHCl;,2.5:2.0); Anal. calcd. for: C,cH7NO;S (303.38): C 63.35, H 5.65; found: C 63 .28, H

5.69.

12a (R.S), yield 30%, m.p.155-156 °C (toluene), 'H NMR (DMSO): 7.63-7.54 (m., SH, Ph), 7.04 (d, 1H,
J=9.0Hz, NH), 3.84-3.75 (m, 1H, *CH); 2.86 (dd, 1H, J,;=J,=12.0Hz, CHHp), 2.69 (dd, 1H, J;=12.8,
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J;=2.0Hz, CHAH;g ); 1.82-1.71 (m, 1H, CH); 1.43 (s, 9H, Bu-7); 0.80 (dd, 6H, J,=6.8, J,=1.5Hz, Me,); IR
(KBr): 3248, 3056, 3027, 2968, 2930, 1699, 1530, 1249, 1171, 1044, 1015; [a]® =-154.9° (1.0, CHCl;);
Anal. caled. for: C16HysNO3S (311.44): C 61.71, H 8.09; found: C 61.62, H 8.02.
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12¢ (R.S), yield 30%, m.p. 100-101.5 °C (toluene/hexane), 'H NMR (CDCls): 7.59-7.55 (m, 2H, Ph); 7.47-7.42
(m, 3H, Ph); 5.40 (br s, 1H, NH); 3.81-3.79 (m, 1H, *CH); 3.61 (s, 3H, Me); 2.99-2.86 (m, 2H, CH,S); 2.10-
2.08 (m, 1H, CH); 0.92 (d, 6H, J=6.60Hz, Me;); IR (KBr): 3209, 3044, 2974, 2874, 1717, 1552, 1250, 1043,
1022; [a]® =-169.1° (0.98, CHCL;); Anal. caled. for: CisH1oNOsS (269.36): C 57.97, H 7.11; found: C 5788,
H 7.06.

13a (R,R), yield 88%, m.p. 140-141 °C (toluene), 'H NMR (CDCL): 7.68-7.65 (m, 2H, Ph); 7.55-7.51 (m,3H,
Dh\- ’1'.!1 ’I 14 Im :U DI..\ AON Me o TLT NI A 1T AN M 11T ROLN. 2 N £ ALY T—2£ 11T, MIT Y. D QL 743
DRLf, 7. 217 03 LI, Ui, 9.2V UL D, LI, INIL ), S 1 7=9. LV L LD, "Iy, 2.U3 (4, 201, J70, 1027, UIz), £.70 \UQ,
2H, 1,=13.7, ],=6.9Hz, CH,S); 1.38 (s,9H. Bu-f); IR (KBr): 3296, 3059, 3027. 3010, 2981. 2929 1701. 13
> 113/, 0 SAOZL, L), ! 5,700, DU, 18 UKD 32450, 2UDT, SULT, VY, AP81, AY¥.LY, 17V1, 1304,
1175, 1025 1a1® =65.0° (1.0, CHCL): R=037 (+-BuOMe CHCL. 2 52 0Y Anal caled for C..H..NO-S
5 s (¥1p | , EALI3), NV U-DUUNMICUNUIE,2.0°4.0),) AndL CAICG. IOTT UpfR2siNUsS
(359.48): C 66.82, H 7.01; found: C 66.64, H 6.98.

13a (S,5), yield 87%, [a]¥ =- 66.3° (0.98, CHCL); R=0.37 (--BuOMe:CHCl;,2.5:2.0).

13b (R,R), yield 49%, m.p.200-202 °C (toluene/ CHCL;), 'H NMR (DMSO): 8.55 (d, 1H, J=8.4Hz, NH); 7.73-
7.14 (m, 15H, Ph); 4.50-4.38 (m, 1H, *CH); 3.22 (dd, 1H, J;=13.1, J,=8.3Hz, CH.Hp), 3.10 (dd, 1H, J;=13.1,
J=5.3Hz, CH,Hp); 2.97 (brs, 1H, CH,Ph); 295 (d, 1H, J=2.2Hz, CH,Ph), IR (CHCL): 3345, 3066, 2928,
1659, 1527, 1488, 1286, 1086, 1029; [a]? =67.5° (2.0, CHCL), R=036 (-BuOMe:CHCl; hexane,
2.5:1.5:3.0); Anal. caled. for: C;;H21NO,S (363.47): C 72.70, H 5.82; found: C 72.50, H 5.87.

13¢(5,5), yield 59%, m.p. 132-132.5 °C (toluene), H N (DMSO0):7.65-7.56 (m., 5H, Ph); 7.38 (d, 1H,
T—Q ALY ANLIN. T 7 7T NO e ST DLY. 2 00 A 1LY T—& VT~ *OLIY 2 AA {o 20T AASY. 2 Q2 {:a ALY MIT C
JTO.94114, INIL), [.4l=1.V7 (il JK1, I}, 3.07 (\, 111, JTU.LILL, LUIl), 3.9% (D, OrL, VIT), 2.70 UIi, 411, L1129,
CHDhY 4120 __Q07° (10 CHCLY RBR=N22 (H#+ RuOMCHOL 2890V Anal pcalad  far O.H. NO.Q
AL12K ll,, luJD -— o7,/ \L.?, \411\.«13}, N V.40 \I"DUULVIC.\.-IL\_AQ, L.J."-.\J}, maiat walVAL. pLv N CIT7LLI0LYN 3D
(317.40): C 64.33, H 6.03; found: C 64,70, H6.12

14a (5.8), yield 80%, m.p. 160-162 °C (MeOH), 'H NMR (CDCL;): 7.70-7.49 (m, 5H, Ph); 7.33-7.26 (m, 5H,
Ph); 5.48 (br s, 1H, NH); 5.10-5.01 (m,1H,*CH), 3.29 (dd, 1H, J,=13.3, J;=9.5Hz, CH,Hpg); 3.08 (dd, 1H,
J1=13.3, J,=4.8Hz, CH Hg), 1.42 (s, SH, Bu-1); IR (KBr): 3365, 2973, 2922, 1679, 1509, 1248, 1166, 1035,
1020; [a]? =-65.0° (1.0, CHCL), R=0.41 (+-BuOMe:CHCl;,2.5:2.0); Anal. caled. for: CisH»NO:S (345.46):
C 66.06, H 6.71; found: C 66.29, H 6.56.

14b (R.R), yield 78%, m.p.163.5-164.5 °C (MeOH), 'H NMR (DMSO): 9.0 (d, 1H, J=8.4Hz, NH), 7.77-7.35
(m, 15H, Ph); 5.45-5.37 (m, 1H, *CH); 3.56 (dd, 1H, J,=13.0, J,=9.0Hz, CH,Hp); 3.33 (dd, 1H, J;=13.0,
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J1=13.4, J,=5.3Hz, CHaHs); IR (KBr): 3307, 3054, 2947, 2909, 1725, 1541, 1261, 1019; [a]® =43.2° (3.36,

CHCL); Re=0.23 (+- BuOMe:CHCL,2.5:2.0); Anal. caled. for: C;cH;7NO;S (303.38): C 63.35, H 5.65; found: C
63.20, H 5.70.

15a (R R), yield 68%, m.p.104-105 °C (toluene), 'H NMR (CDCl;): 7.77-7.51 (m, 5H, Ph); 4.85 (br s, 1H, NH);

3.69 (br s, 1H, *CH), 3. uz (t, 1H, J=13Hz, CHaHs); 2.99 (br s, 1H, CHAHp), 1.88-1.81 (m, 1H, CH), 1.46 (s,
7,

SH, Bu-?); 0.85 (dd, 6H, J,=8.4, J,=6.9Hz, Me,), IR (KBr): 3291, 3057, 2970, 2933, 1689, 1673, 1542, 1366,
1770 114 1n4AL- I'm'lm =121 N CHOLY B =NVT7 (4. R WAa- OO - havana 781 &1 &Y Anal anlad fae
1470, 11VUZ, 1UTJ, Uiy = 1400 (LU, LAdILLL), N V.&7 (B7 DUULY e s 13 CAa.llC sk . 1.0 1.0 ), Sdial, Al 1ul.
C.HNNOAC 11 A4V C A1 71T HLNO framnd- T AT A6 LIQ 11
16 X251NU3 DRI LLTTRY NN VL1, 11 0O.VZ, 1V, V ULLVUY, 110,11

15b (R.R), yield 62%, m.p.127-129 °C (toluene), 'H NMR (CDCL): 7.83-7.38 (m, 10H, Ph); 6.90 (d, 1H,
J=8.1Hz, NH); 4.38-4.28 (m, 1H, *CH); 3.18 (dd, 1H, },=13.45, 1,=9.9Hz, CH,Hp); 3.08 (dd, 1H, J;=13.45,
J;=4.39Hz, CH,Hp); 2.13-2.02 (m, 1H, CH); 0.92 (dd, 6H, ],=6.9, J,=0.8Hz, Me;); IR (KBr): 3301, 3059,
2955, 2868, 1630, 1531, 1032; [@]® = 41.0° (1.22, CHCl;); Re=0.14 (- BuOMe:CHCl;,2.5:2.0); Anal. calcd.
for: C1sH,:NO,S (315.43): C 68.54, H 6.71; found: C 68.35, H 6.72.

15¢ (R R), yield 60%, m.p. 70-71 °C (toluene/hexane), 'H NMR (CDCly): 7.74-7.71 (m, 2H, Ph); 7.58-7.50 (m,
3H, Ph), 5.01 (d, 1H, J=7.74Hz, NH), 3.85-3.75 (m, 1H, *CH); 3.68 (s, 3H, Me); 3.02 (dd, 1H, J,=13.39,
1,=9.0Hz, CH,Hp); 2.95 (dd, 1H, J,=13.39, J,=4.71Hz, CH,H; ); 1.94-1.88 (m, 1H, CH); 0.87 (dd, 6H,

1,=8.82, 1,=6.87Hz, Me,); IR (KBr): 3298, 3075, 2966, 2944, 2879, 1713, 1689, 1555, 1266, 1046, 1028;
[ =72.8° (1.02, CHCL), Anal. calcd. for: Ci3HioNO;S (269.36): C 57 97, H7.11: found: C 57.86, H 7.31,

Removing the Boc-protection:

The protected aminosulfoxide 1 mmol was added to the equimolar mixture of CF;COOH (100 mmol, 7.64
ml) and CH,Cl, (100 mmol, 6.64 ml). The solution was stirred at room temperature during about 45 min. The
reaction was monitored by TLC. After that time the solvent was evaporated under the reduced pressure from the
cold bath. 2MI of 3M NaOH was added to the residue and the mixture was extracted with chloroform (4x5 ml).
The organic layers were collected, washed with brine and dried over anhydrous Na,SO,
16 (R.S), yield 98%, oil, 'H NMR (CDCL): 7.61-7.58 (m, 2H, Ph); 7.53-7.49 (m, 3H, Ph); 7.30-7.12 (m, SH,
Ph); 3.66 (m, IH,*CH), 2.89 (dd, 1H, J;=13.3, 1,=2. 6Hz, CH,), 2 82 (dd, 1H, J=13.3, J,=5.5Hz, CHy), 2.71
(dd, 1H, J;=13.2, 1;=10.0Hz, CH,Hjg), 2.65 (dd, 1H, J,;=13.2, ],=8.2Hz, CH,Hg); 1.63 (s, 2H, NH,); IR (CCl,):
3380, 3066, 2972, 2885, 1612, 1447, 1085, 1030; [a] =-225.0° (0.2, CHCL3); R=0.39 (+-BuOMe:CHCl;:
MeOH, 1.5:1:1); Anal. calced. for: C;sH;;NOS (259.37). C 69.46, H 6.61; found: C 69.40, H 6.58.

17 (S,R), yield 99%, crystallizing on standing, 'H NMR (CDCL): 7.67-7.25 (m, 10H, Ph); 4.58-4.54 (m, 1H,
*CH); 3.01 (d, 1H, J=1.08Hz, CH,Hg); 2.99 (s, 1H, CHAHpg); 2.03 (s, 2H, NH,); IR (CCL): 3372, 3060, 2970,

1616, 1450, 1080, 1025; [a]® = 164.8° (0.54, CHCls); R=0.48 (+-BuOMe:CHCl;:MeOH, 1.5:1:1); Anal. calcd.
for; C14H sNOS (245.34): C 68.54, H 6.16; found: C 68.49, H 6.14.

18 (S,R), yield 98%, crystallizing on standing, 'H NMR (CDCLy): 7.67-7.27 (m, 5H, Ph); 3.25-3.19 (m, 1H,
*CH), 2.82 (dd, 1H, J;=13.0, J,=2.40Hz, CH,Hp); 2.61 (dd, 1H, J;=13.0, J,=10.85Hz, CH,Hp); 1.73-1.62 (m,
1H, CH), 1.57 (br s, 2H, NH;); 0.90 (dd, 6H, J,=11.5, J;=6.8Hz, Me,), IR (CCl): 3386, 3063, 2962, 2874,

_ «©
1584, 1478, 1444, 1088, 1045, [a]® =240.1° (1.52, CHCl); Anal. caled. for: C1H;7NOS (211.32): C 62.52, H
8.11; found: C 62.50, H 8.13.

19 (R R), yield 97%, oil, '"H NMR (CDCL): 7.64-7.60 (m, 2H, Ph); 7.50-7.48 (m, 3H, Ph); 7.29- 7.15 (m, 5H,
Ph), 3.60-3.56 (m, 1H, *CH); 2.91 (dd,1H, J,=13.1, J,=7.7Hz, CHy); 2.89 (dd, 1H, J;=13.1, J,=5.3Hz, CH,);
2.78 (dd,1H, J,=13.1, J,=4.6Hz, CHaHg); 2.72 (dd, 1H, J;=13.1, J,=4.6Hz, CH,Hy); 1.55 (s, 2H, NHy), IR
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(CCly): 3372, 3064, 2970, 2880, 1610, 1438, 1070, 1030; [a]f)g =116.0° (0.63, CHCIl;), Anai. caicd. for
CisH7NOS (259.37): C 69.46, H 6.61; found: C 69.42, H 6.59

20 (S vield . mn 91.03 °C (CHOL/havane) TH NMR (CNCLY T 6.7 96 (m 10H PhYy 4 KN4 §& (m
M \AFphT Jo JAWENE SNF W, 2. y AT AT A \\all\/l ll\fﬂﬂll\.’], L1 1LVNIVIEN \\/U\gljl. J.OUVT 1 L av \lll, lULl’ ' s ll}’ T.UuUTT. 2V \lll,
1H, *CH); 3.19 (dd,1H, J,=13.06, J,=8.43Hz, CHHp); 2.92 (dd,1H, J;=13.06, J,=5.12Hz, CH,Hg), 191 (s,
2H, NH;); IR (KBr): 3328, 3142, 2870, 1616, 1443, 1085, 1032 [ﬁ]zﬁo =-93.5° (1.36, CHCL), R=0.43 (z-
BuOMe:CHCl;:MeOH, 1.5:1:1); Anal. calcd. for C1aHsNOS (245.34): C 68.54, H 6.16; found: C 68.50, H

6.13.

21 (S,S), yield 97%, oil, 'H NMR (CDCls): 7.63-7.43 (m, 5H, Ph); 3.06-3.00 (m, 1H, *CH); 2.79 (dd, 1H,
J,=13.16, 1,=8.73Hz, CH,Hz); 2.71 (dd, 1H, J;=13.16, J,=3.87Hz, CHAHp); 1.70-1.59 (m, 1H, CH); 1.57 (s,
2H, NH,); 0.83 (dd, 6H, J;=9.76, J,=6.83Hz, Me;); IR (CCly): 3380, 3060, 2963, 2876, 1586, 1480, 1440,

120 1AN Q0 71 A AT AL N £~ A TYT O P s

1u8", [a], =—129.8° (1.04, CHCIl;), Anal. caicd. for: C;;H;7NOS (211.32): C 62.52, H 8.11, found: C 62.50,
8.10.

I

Introduction of the phthaloyl function to the amino group:

The solution of 10.0 mmol of o-methoxycarbonylbenzoyl chloride (1.99 g) in THF (50 ml) was added
dropwise to the cold solution of 10.0 mmol of aminosulfoxide and 12.0 mmol Et;N (1.7 ml) in THF (100 ml).
The solution was stirred for 1 hr in 0°C. After that the solution was poured to the ice - water mixture ( about
200 ml) and left overnight. The water solution was extracted with ethyl acetate (4x50 ml). Organic solution was
washed with brine and dried over anhydrous Na,SO,. After evaporation under reduced pressure the crude
product was purified by crystallization from toluene.
), yield 70%, oil, '"H NMR (CDCL); 7.85-7.

W0y vu A3 LVAVERN Rl

2 26
*CH); 4.50 (1, 1H, J=3.34Hz, CH,Hp), 3.91 (s, 3H, Me); 3.30 (dd 1H, J,=13. ,
(CCly):3340, 3063, 2955, 2890, 1732, 1638, 1550, 1262, 1080, 1040; [a]® =39.0° (1.0, CHCly); Anal. cal

{m SH Ar NHY 502
\ A lot

1y lJlJ lu, INKRj, <.

23 (S,R), yield 73%, m.p. 148-150 °C (CHCly/hexane), ‘H NMR (CDCL): 7.88-7.52 (m, 9H, Ar); 6.98 (d, 1H,
J=8.5Hz, NH); 4.33-4.27 (m, 1H, *CH); 3.87 (s, 3H, Me); 3.17 (d, 2H, J=5.3Hz, CH,); 2.46-2.39 (m, 1H, CH);
1.13 (dd, 6H, J,=6.57, J;=5.73Hz, Me,), IR (KBr): 3332, 3065, 2957, 2890, 1733, 1638, 1291, 1043;
[a]® =155.50° (0.85, CHCL); Anal. caled. for: CHxNO,S (373.47): C 64.32, H 6.21; found: C 64.28, H

25 (S,5), yield 86%, m.p. 127.5-128.5 °C (CHCly/hexane), 'H NMR (CDCL): 7.74-7.65 (m, 4H, Pht); 7.54 (d,
2H, J=7.7Hz, H,); 7.30 (t, 2H, J=7.7THz, Ha); 7.15 (t, 1H, J=7.5Hz, H;), 4.39 (m, 1H, *CH); 3.92 (dd,1H,
J1=14.2, J,=10.8Hz, CH,H3); 3.29 (dd,1H, J,=14.2, J,=2.55Hz, CH,Hg); 2.42-2.27 (m, 1H, CH); 0.91 (dd, 6H,
1,=40.0, ],=6.7THz, Me,); IR (KBr): 3050, 2957, 2868, 1770, 1710, 1389, 1364, 1080, 1039, [a]® =-77.0° (1.0,
CHCL); R=0.50 (+-BuOMe:CHCl;,2.5:2.0); Anal. calcd. for: CioH;oNOsS (341.41): C 66.83, H 5.61; found: C
66.72, H 5.64.

Hydrolysis of 23:

Tho actor 23 nf
1 (0

<9
SLWIR Wi 1 8 A, IS L P W S
added. The solution was stirred overnight t room temoerature The the solvent was ev. anorated

6 g) was

1(0.05
nd the residue



was dissolved in water. The solution was acidified with citric acid and extracted with chloroform (4 x 5 ml). The
organic solution was dried over anhydrous Na,SO.. After evaporation the crude acid 26 (92% yield) was
spectroscopicaly tested.

26 (S,R), m.p. 155-157 °C, '"H NMR (DMSO): 12.90 (br s, 1H, COOH);, 8.48 (d, 1H, J=7 47Hz, NH); 7.77-7.50

(m, 9H, Ar), 4.29-420 (m, 1H, *CH); 3.09 (dd, 1H, J,=13.1, J,=11.9 Hz, CH,Hg), 2.80 (dd, J;=13.1,

J2=2.65Hz, CHpHp ); 1.99-1.96 (m, 1H, CH); 0.89 (dd, 6H, J,=6.8, J,=3.07Hz, Me,); IR (KBr): 3288, 3056,

2964, 2928, 1708, 1636, 1539, 1271, 1084, 990; [aly =109.5° (1.0, MeOH); Anal. caled. for: CioHaNO,S

(359.44). C 63.49, H 5.89; found: C 63.46, H 587
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