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Starting Materials: Mst starting materials were known conpounds
(1a-n, Y 1m 112 2031) and their synthesis was carried out follow ng
procedures previously reported except for hydrocinnamal dehyde
derived sul finimne 1i:

(S)-(+)-N-(3-Phenyl propylidene)-p-toluenesul finamde, 1li. A 50 nL
round-bottoned flask fitted with a stirring bar and a condenser
was charged wth anhydrous CHdO, (12 nl/muol), (S)-(+)-p-
t ol uenesul fi nam de (186 ny, 1.20 nmol ) , 1 equi v of
hydr oci nnamal dehyde (161 ng, 0.16 nL, 1.20 mml) and 5 equiv of
Ti(CEt),s (1370 ng, 1.25 nli, 6.00 mmol). The mxture was refluxed
until starting material disappearance nonitored by TLC (4 h 30
mn). The reaction was quenched at 0 °C with HO (12 nL/mol),
filtered through celite and the |ayers were separated. The aqueous
| ayer was washed with CHCO, (2 x 8 nL/mmol) and the organic
extracts were washed wth a saturated solution of Nad (5
m./mmol), dried over Na,SO,, filtered and concentrated under
reduced pressure to give a crude product that was purified by
col um chromat ography on silica gel (5-20% Et OAc- hexane) affording
275 ng (85% of pure sulfinimne 1li as a colorless oil. Conpound
1i: R = 0.15 (15% Et OAc- hexane); [a] %, = +196.4 (¢ = 1.37); H NWR
(200 MHz, CDOl3): & =8.26 (t, 1 H J = 4.2 Hz, H1), 7.48 (d, 2 H,
J = 8.2 Hz, Ar-H), 7.11-7.28 (m 7 H Ar-H), 2.89-2.97 (m 2 H
CHy), 2.74-2.84 (m 2 H CH), 2.38 (s, 3 H M-Tol); BC NWR (75

MHz, CDCl3): o = 166.2, 141.6, 140.2, 137.0, 129.7 (2 O, 128.8 (2

C), 128.3 (2 O, 126.2, 125.6 (2 C), 37.3, 31.5, 21.4; IR (film: v
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= 3027, 2923, 1724, 1621, 1495, 1453, 1261, 11778, 1098, 1074,

1017, 810, 749, 700 cm®*; MS(ES): miz (%: 272 [M:1]+ (1009 .

Gener al Procedure for t he 1, 3- D pol ar Cycl oaddi ti on of
Sulfinimnes wth Azonethine Ylides: A 100 nL round-bottoned flask
fitted with a stirring bar and a rubber septum under an
at nosphere of Argon, was charged with anhydrous THF (5 nL/mmuol)

and 2.1 equiv of iPr,NH The mxture was cooled to 0 °C and 2.1

equiv of nBuLi was added dropwi se. The reaction mxture was
stirred at 0 °C for 10 min and then cooled to —+48 °C and stirred
for 10 additional mn. A solution of 2.0 equiv of the N
(benzyl i dene) am noester, in THF (5 nL/mol), previously dried over
4 A sieves, was added dropw se. The reaction nixture was stirred
at 48 °C for 25 mn and then a solution of 1 equiv of the
corresponding sulfinimne in THF (5 nlL/mmol), previously dried
over 4 A sieves, was added dropwise. The reaction vessel was
seal ed under argon and placed in a refrigerator (ca. 4 °C). After
20 h, the reaction was quenched with a saturated solution of NH,C
(4 m/pmol), diluted with EtQAc (8 nL/mmol) and the |ayers were
separated. The aqueous |ayer was extracted wth EtQAc and the
conbi ned organic extracts were washed with a saturated sol ution of
NaCl (4 nL/mmol), dried over anhydrous Na,SO,, filtered and
concentrated under reduced pressure to give a crude product, which
was purified by columm chromatography on silica gel, wusing the

appropriate m xture of solvents.
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(= - Met hyl [(2S, 4R, 5R, Sg) - 4- benzyl - 2, 5- di phenyl - 1- ( p-

tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 3a, and nethyl
[ (2R, 4S, 5S, Sg) - 4- benzyl - 2, 5-di phenyl -1-(p-tolylsul finyl)-1, 3-

i m dazol i din-4-yl]carboxylate, 4a. From a solution of LDA, [iProNH
(27 pL, 21 ng, 0.21 mol) and nBuLi (1.31 M 0.16 mi, 0.21 mol)]
with a solution of nethyl 2-benzyl-2-(benzylideneam no)acetate
(2a, 53 ng, 0.20 mmol) and a solution of (S)-(+)-N benzylidene-p-
tol uenesul finamde (l1a, 24 ng, O0.10 mmol), according to the
general procedure (20 h) a 95:5 mxture of cycloadducts 3a and 4a
(55% and 15% of starting naterial la was obtained after
purification by chromatography (5-30% EtQAc-hexane). From this
m xture of 3a and 4a, pure 3a (25 ng, 50% was obtained by
recrystallization (20% Et 2O hexane) as a white solid. Conpound 3a:
R = 0.43 (30% Et OAc-hexane); mp. 155-159 °C, [a]?% = —71.8 (c =
1.10): H NWMR (300 MHz, CDCl3): & = 7.80 (dm J = 6.7 Hz, 2 H Ar-
H, 7.44-7.54 (m 3 H Ar-H), 7.16-7.26 (m 7 H Ar-H), 7.16-7.26
(m 7 H A-H, 6.88-6.97 (m 3 H A-H, 6.82 (d, J = 7.9 Hz, 4
H A-H), 592 (d, J = 11.5 H, 1 H HZ2), 4.75 (s, 1 H H5),
3.40 (s, 2 H CHPh), 3.37 (d, J = 11.2 Hz, 1 H NH3), 2.97 (s, 3
H COM), 2.16 (s, 3 H M-Tol); DNCE between H 2/ (CH;) Bn: 4.3%
H2/H5 1.3% H2/Ar-H (7.80): 4.3% H5/(CH)Bn: 4.0% H 5/ H 2:
0.8% HO5/Ar-H (6.82): 3.0% *C NWMR (50 MHz, CDd3): & = 170.5,
141.0, 140.2, 138.5, 138.2, 136.3, 130.2, 129.2, 129.0 (2 O,
128.7 (2 C), 128.0 (2 ©), 127.7 (2 ©, 127.6 (2 C, 127.1 (2 O,
126.7, 126.6 (2 C, 125.2 (2 ©, 77.2, 76.0, 65.7, 51.5, 40.6,

21.1; IR (KBr): v = 3450, 3020, 2940, 1740 (C=0), 1600, 1490, 1450,
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1430, 1260, 1210, 1090, 1070, 860, 810, 750, 700 cnt*; MS(El): mz

(%9: 511 [Mr1]t (11), 371 (7), 311 (10), 279 (17), 268 (58), 247
(25), 208 (38), 176 (100), 139 (81), 116 (60), 91 (83), 77 (55);
el enental analysis calcd (%9 GCzHygNbO33S (510.63): C 72.91, H 5.92,
N 5.49, S 6.28; found: C 72.62, H 5.69, N 5.21, S 5.91. Conpound
4a (partial data): R = 0.39 (30% Et OAc- hexane): 'H NWR (300 MHz,
CDClg): & =5.77 (d, J = 11.6 Hz, 1 H H2), 503 (s, 1 H H5),
3.43 (s, 2 H CHPh), 3.25 (d, J = 11.6 Hz, 1 H NH3), 3.10 (s, 3
H COM), 2.16 (s, 3 H Me-Tol). Conpound 3a’ (partial data): R =
0.46 (30% Et OAc- hexane); *H NMR (300 MHz, CDCl3): & = 7.80-7.84 (m
2 H A-H, 7.46-7.58 (m 3 H Ar-H), 7.21-7.31 (m 7 H Ar-H

6.82-7.00 (m 7 H Ar-H), 594 (d, J = 11.5 Hz, 1 H H2), 5.03
(s, 1 H H5), 3.40 (m 2 H CHPh), 3.09 (d, J = 10.9 Hz, 1 H N+
3), 2.19 (s, 3 H Me-Tol), 1.05-1.15 (m 4 H CH,-n-Bu), 0.70-0.80
(m 3 H Me-n-Bu); BC NWR (50 MHz, CDO 3): & = 170.2, 140.9, 140.3,
138.5, 138.3, 136.4, 130.2 (2 C©), 129.2, 128.9 (2 C), 128.6 (2 O,
127.9 (2 ©, 127.7 (4 C, 127.2 (2 C), 126.7, 126.6, 125.3 (2 O,

77.2, 75.7, 75.7, 65.7, 64.9, 40.7, 29.9, 21.1, 18.9, 13.5.

(—- Met hyl [(2S, 4R 5R, Sg) - 4- et hyl - 2, 5- di phenyl - 1- ( p-
tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 3b, and nethyl
[ (2R, 4S, 5S, Sg) - 4- net hyl - 2, 5-di phenyl - 1-(p-tolyl sul finyl)-1, 3-

i m dazol i din-4-yl]carboxylate, 4b. From a solution of LDA, [iProNH
(27 pL, 21 nmg, 0.21 mol) and nBuLi (1.61 M 0.13 mL, 0.21 mol)]
with a solution of nethyl 2-(benzylideneam no)propanoate (2b, 38

ny, 0.20 mmol) and a solution of (S)-(+)-N benzylidene-p-
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toluenesul finamde (l1la, 24 ng, 0.10 mmol), according to the
general procedure (20 h) a 95:5 mxture of cycloadducts 3b and 4b
(5399 and 25% of starting nmaterial la was obtained after
purification by chromatography (5-30% EtQOAc-hexane). From this
m xture of 3b and 4b, pure 3b (20 ng, 47% was obtained by
recrystallization (20% Et,O hexane) as a white solid. Conpound 3b:
R = 0.16 (30% Et OAc-hexane); mp. 190-191 °C, [a]?® = —99.2 (¢ =
0.68); 'H NWVR (300 MHz, CDCl3): & = 7.78-7.81 (m 2 H Ar-H, 7.45-
7.50 (m 3 H Ar-H), 7.20 (d, 2 H J = 8.2 Hz, Ar-H), 6.88-6.99
(m 3 H AH, 6.77-6.82 (m 4 H Ar-H), 572 (d, 1 H J = 12.5
Hz, H2), 4.62 (s, 1 H H5), 3.57 (d, 1 H J = 12.4 Hz, NH3),
3.02 (s, 3 H COM), 2.14 (s, 3 H M-Tol), 1.68 (s, 3 H M-C4);
13C NWR (50 Mz, CDbdg3): & = 171.7, 140.9, 140.2, 138.7, 138.2,
129.1, 129.0 (2 C©), 128.6 (2 C), 127.6 (2 C, 127.3 (2 C, 127.1
(2 O, 126.6, 125.2 (2 C), 77.9, 71.4, 65.6, 51.7, 23.2, 21.0; IR
(CDC3): v = 3350, 3025, 1735, 1590, 1215, 760 cm?; MS(El): mz
(%: 343 (2), 244 (2), 235 (9), 194 (21), 191 (100), 139 (50), 131
(65), 91 (64), 77 (59), 65 (44), 51 (33); elenental analysis calcd
(% CosHpgNoOsS (434.54): C 69.10, H 6.03, N 6.45, S 7.38; found: C
68.76, H 6.06, N 6.25, S 7.06. Conpound 4b (partial data): H NWR
(300 MHz, CDCl3): & =5.60 (d, 1 H J = 12.6 Hz, H2), 4.90 (s, 1

H H5), 3.15 (s, 3 H COM), 2.15 (s, 3 H, M-Tol).

(= - Met hyl [(2S, 4R, 5R, Sg) - 4- ( 2- net hyl ) pr opyl - 5- p- ni t r ophenyl - 2-
phenyl - 1- (p-tol yl sul finyl)-1, 3-i mdazol i di n-4-yl ] carboxyl ate, 3d,

and nmet hyl [ (2R, 4S, 5S, Sg) - 4- (2- net hyl ) pr opyl - 5- p- ni t r ophenyl - 2-
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phenyl - 1- (p-tol yl sul finyl)-1, 3-i m dazol i di n-4-yl ] car boxyl at e, 4d.

Froma solution of LDA, [iProNH (51 pL, 40 ng, 0.39 nmmol) and nBuLi
(.60 M 0.20 nm, 0.32 mol)] wth a solution of nethyl 2-(2-
net hyl propyl ) - 2- (benzyl i deneam no) acetate (2c, 70 ng, 0.30 nmol)
and a sol ution of (S)-(+)-Np-nitrobenzylidene-p-
tol uenesul finamde (1b, 43 ng, 0.15 mol), according to the
general procedure (20 h) a 98:2 mxture of cycloadducts 3d and 4d
(709 and traces of sulfinimne 1lb was obtained after purification
by chronmat ography (5-30% EtQAc-hexane). From this mxture of 3d
and 4d, pure 3d (47 ng, 60% was obtained by recrystallization
(hexane) as a pale yellow solid. Conpound 3d: R = 0.20 (15% Et OAc-
hexane): mp. 72-76 °C, [a] %, = —244.3 (¢ = 0.46);: H NWR (300 Mz,
CDClg): 8=7.79 (d, 2 H J=8.5H, A-H, 7.74 (d, 2 H J = 8.3
Hz, Ar-H), 7.48-7.57 (m 3 H Ar-H), 7.17 (d, 2 H J = 8.2 Hz, Ar-
H, 6.96 (dm 2 H J = 8.0 Hz, Ar-H), 6.81 (d, 2 H J = 8.2 H,
Ar-H), 5.66 (d, 1 H J = 12.3 H, H2), 4.64 (s, 1 H H5), 3.48
(d, 1 H J = 12.4 Hz, NH3), 3.04 (s, 3 H COM), 2.13 (s, 3 H,
Me-Tol), 2.08 (m 2 H H1'), 1.84 (m 1 H HZ2), 1.06 (d, 3 H J
= 6.6 Hz, H3'), 0.78 (d, 3 H J = 6.7 Hz, H3); 13C NVR (50 Mz,
CDCl 3): & = 171.6, 147.8, 146.4, 141.7, 138.8, 137.7, 129.4, 129.1
(2 O, 128.8 (2 ©), 128.4 (4 C, 127.4, 125.0 (2 C, 122.2 (2 O,
78.3, 74.9, 65.4, 51.7, 43.6, 24.8, 24.1, 22.2, 21.0; IR (CDCl3): v
= 3320, 2960, 2880, 1745 (C=0O, 1600, 1525, 1495, 1455, 1350,
1260, 1235, 1155, 1095, 1070, 1030, 950, 860, 700 cm*; MS(El): mz
(%: 445 (4), 444 (16), 322 (100), 276 (43), 246 (9), 238 (11),

190 (19), 155 (16), 130 (18), 103 (25), 91 (42), 89 (21), 77 (18);
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el emrental analysis calcd (% CygHyiNsG5S (521.63): C 64.47, H 5.99,

N 8.06, S 6.15, found: C 64.29, H 6.06, N 7.90, S 6.31. Conpound
4d (partial data): H NVR (300 MHz, CDOl3): & = 5.60 (d, 1 H J =

12.3 Hz, H2), 4.87 (s, 1 H H5), 3.17 (s, 3 H COM).

(= - Met hyl [ (2S, 4R, 5S, Sg) - 4- benzyl -5- (2-furyl)-2-phenyl - 1- (p-
tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 3f, and nethyl
[ (2R, 4S, 5R, Sg) - 4- benzyl - 2- phenyl -5- (2-furyl)-1-(p-tolyl sul finyl)-

1, 3-imdazolidin-4-yl]carboxylate, 4f. From a solution of LDA
[iProNH (94 pL, 73 ng, 0.72 mol) and nBuLi (1.6 M 0.40 ni, 0.60
mol)] with a solution of nethyl 2-benzyl-2-(benzylidenean no)
acetate (2a, 160 ng, 0.60 mml) and a solution of (S)-(+)-N(2-
furyl met hyl i dene) - p-tol uenesul finamde (1d, 70 ng, 0.30 mol),
according to the general procedure (17 h), a 98:2 mxture of
cycl oadducts  3f and 4f at 50% conversion was obtained.
Purification by chromatography (5-50% EtOAc-hexane) gave pure
cycl oadduct 3f (54 ny, 37% and starting material 1d (24 ng, 33%.

Compound 3f: R = 0.25 (20% Et OAc-hexane); mp. 138-139 °C (50%
Et ,O hexane); [a]%°, = —¥0.8 (¢ = 0.90); *H NWR (300 MHz, CDCl3): &
= 7.79 (dm J = 8.1 Hz, 2 H Ar-H, 7.38-7.50 (m 3 H Ar-H),

7.16-7.30 (m 7 H Ar-H), 7.14 (dd, J = 1.8, 0.8 Hz, 1 H, Ar-H),

7.02 (dm J = 7.9 Hz, 2 H Ar-H), 5.93 (dd, J = 3.3, 1.8 Hz, 1 H,
Ar-H), 5.83 (d, J = 11.8 Hz, 1 H, H?2), 5.38 (dd, J = 3.3, 0.8 Hz,
1 H A-H, 4.86 (s, 1 H H5), 3.43 (dd, J = 11.7, 1.3 Hz, 1 H,
NH-3), 3.37 (d, J = 14.4 Hz, 1 H, CHPh), 3.29 (dd, J = 14.4, 1.3

Hz, 1 H CHPh), 3.27 (s, 3 H COM), 2.28 (s, 3 H M-Tol); *C
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NVR (50 MHz, CDCl3): & = 170.2, 152.7, 141.5, 140.9, 139.8, 138.9,

136.1, 130.1 (2 C), 129.2, 128.9 (2 C), 128.8 (2 C), 128.8 (2 O,
128.0, 126.7, 125.0 (2 ¢, 109.8, 107.3, 78.6, 75.0, 58.7, 51.9,
39.9, 21.2; IR (CDO3): v = 3320, 3030, 2960, 2920, 1745 (C=0O,
1605, 1595, 1495, 1460, 1430, 1340, 1260, 1210, 1150, 1120, 1090,
1070, 1040, 1010, 960, 850, 700 cn™; elenental analysis calcd (%
CootbsNeOS (500.61): C 69.58, H 5.64, N 5.59, S 6.41; found: C

69.72, H5.64, N 5.50, S 6.23.

(%) - Met hyl [(2S, 4R, 5R) - 4- benzyl - 2, 5-di phenyl - 1- (p-tol yl sul fonyl ) -
1, 3-i m dazol i di n-4-yl ] carboxyl at e, (%) - 5a, and (%) - met hyl
(2S, 4S, 5R) - 4- benzyl - 2, 5-di phenyl - 1- (p-tol yl sul fonyl)-1, 3-

i mdazolidin-4-yl]carboxylate, (%)-12a. From a solution of LDA,

iProNH (170 pbL, 131 ng, 1.30 nmmol) and nBuLi (0.70 M 1.70 nm, 1.20

nmol ) with a sol ution of nmet hyl 2- benzyl - 2-
(benzyl i deneam no) acetate (267 ng, 1.00 mml) and a solution of N
benzyl i dene- p-t ol uenesul f onam de (1m 130 ny, 0.50 nmol ),
according to the general procedure (—48 °Cto 50 °C, 1 h 30 mn),
an 89:11 mxture of cycloadducts (%)-5a and ()-12a and about 10%
of mnor products tentatively assigned as sulfonyl diam noesters
was obtained. Purification by chromatography (5-20% Et OAc- hexane)
gave pure cycloadduct (£)-5a (117 ng, 469 and (%)-12a (10 ng, 4%
as white solids with spectral data identical to that found for

optically pure products.
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General Procedure for the Lewis Acid Catalyzed Condensation
between Imnoester Enolates and p-Tolylsulfinimnes. A 100 nL
round- bottoned flask fitted with a stirring bar and a rubber
septum under an atnosphere of Argon, was charged w th anhydrous
THF (5 nmb/mol of sulfinimne) and 2.6 equiv of iPr,NH The m xture
was cooled to O °C and 2.1 equiv of nBuLi was added dropw se. The
reaction mxture was stirred at 0 °C for 10 mn and then cooled to
—+8 °C and stirred for 10 additional mn. A solution of 2.0 equiv
of the N (benzylidene)am noester, in THF (5 nli/ mol of
sulfinimne), ©previously dried over 4 A sieves, was added
dropwi se. The reaction mxture was stirred at —¥8 °C for 25-30 mn
and then a solution of 1 equiv of the corresponding sulfinimne in

THF (5 nmi/mmol), previously dried over 4 A sieves, was added

dropwi se followed by 3.25 equiv of freshly distilled BFs; OEt,. Upon
addition of the Lewis acid, the orange reaction mxture turned
pal e yellow and the m xture was allowed to warmup slowy to ca. —
20 °C until disappearance of starting material (15 mn-3 h). The
reaction was then quenched with a 5% solution of NaHCQ, (6
m./ mmol ). When the mxture had reached about 0 °C the |ayers were
separated and the organic phase was washed with a saturated
solution of NaCl (4 nL/mmol). The aqueous |ayer was extracted
twice wwth CH,d, and the conbined organic extracts were dried over
anhydrous Na,SO,, filtered and concentrated under reduced pressure
to give a crude product as a yellow oil. This crude mxture was
dissolved in CHO3; (0.1 M and the ensuing cyclization was

monitored by 'H NVR After 2-4 days, the mixture was purified by
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col um chromat ography on silica gel, using the appropriate m xture
of solvents as eluent. In an alternative procedure, 0.5 equiv of
PhCHO and MySO, (1.3 g/mmol) was added to the CHO 3 solution to
accelerate the cyclization. In all experinments, variable anounts
of a related imdazolidine formed by dinerization of the

i m noester was al so obt ai ned.

(= - Met hyl [(2S, 4S, 5R, Sg) - 2, 5-di phenyl -1-(p-tolylsul finyl)-1, 3-
i m dazol i di n-4-yl]carboxylate, 7a, and nethyl [(2R 4R 5S,Sg)-2, 5-
di phenyl -1- (p-tolyl sul finyl)-1,3-imdazolidin-4-yl]carboxyl ate,

8a. From a solution of LDA, [iProNH (1.052 g, 1.46 ni, 10.40 nmmol)
and nBuLi (1.60 M 7.80 niL, 9.00 mmol)], with a solution of mnethyl
2- (benzyl i deneam no) acetate (2d, 1.418 g, 8.00 mol) and a
solution of (S)-(+)-Nbenzylidene-p-toluenesulfinamde (1la, 973
ng, 4.00 mmol) adding BFz-CEt, (1.845 g, 1.65 niL, 13.00 mmol)
according to the general procedure, (1 h) an 83:17 mxture of
cycl oadducts 7a and 8a was obtained, along wth about 5% of
sul finyl di am noesters after st andi ng in CHd 3 (3 days) .
Purification by chromatography (30-100% Et,O hexane) gave a pure
m xture of 7a and 8a (1.425 g, 85%. From this mxture, a pure
sanple of 7a (20 ng) and a sanple enriched in 8a was obtained by a
second careful chromatography (CHC 3-Et3N-EtOH, 20:0.04:0.1) as

colorless oils. Conpound  7a: R = 0.19 (CHA ;- Et ;N-Et OH,
20:0.04:0.1); R = 0.13 (60% Et,O hexane); [a]®; = —42.3 (¢ =
0.88); H NMR (300 MHz, CDO3): & = 7.74 (d, J = 7.2 Hz, 2 H Ar-

H, 7.25-7.51 (m 6 H Ar-H), 6.90-6.95 (m 1 H Ar-H), 6.84-6.90
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(m 3 H A-H), 6.64 (d, J = 7.8 Hz, 2 H Ar-H, 6.03 (s, 1 H H

2), 4.88 (d, J = 5.9 Hz, 1 H H5), 3.84 (d, J = 5.7 H, 1 H H
4), 3.75 (s, 3 H COM), 3.20 (br s, 1 H NH3), 2.18 (s, 3 H M-
Tol); DNOE between H2/NH3: 4.6% H2/H4. 1.9% H2/H5 1.9%
H2/ Ar-H (6.64): -1.6% H2/Ar-H (7.74): 3.7% HA4/NH -19.6% H
4/H5 2.3% H4/H2: 2.3% HA4/A-H (6.64): 3.4% H4/A-H
(7.74): 1.4% H5/H4 3.7% HS5/ A-H (6.64): 5. 7% HS5 A-H
(7.24): 2.6% Ar-H (6.64)/H4: 5.5% Ar-H (6.64)/H5 11.9% Ar-H
(6.64)/Ar-H (7.25): 2.3% Ar-H (6.64)/Ar-H (7.74): 2.7% C NWR
(50 MHz, CDClg3): & = 171.3, 141.2, 141.1, 140.2, 139.1, 128.8 (2
C, 128.7 (2 C, 128.6 (2 C, 127.7 (2 ©, 127.4, 127.0 (2 O,
126.5, 125.6 (2 C), 80.5, 68.8, 60.4, 52.5, 21.1; IR (CHd3): v =
3130, 2920, 2890, 2810, 2790, 1680, 1530, 1425, 1380, 1150, 1055,
1020, 1000, 860, 840, 680, 630, 600 cm™ MS(ES): mz (%: 443
[ MFNa] * (100); elenental analysis calcd (% CuHoaNoO3S (420.52): C
68.55, H 5.75, N 6.66, S 7.63, found: C 68.27, H 5.99, N 6.92, S
7.30. Conmpound 8a (partial data from a 14:86 mxture): R = 0.17
(CHO 5- Et sN-Et OH, 20:0.04:0.1); R = 0.13 (60% Et,O hexane); 'H NMR
(300 MHz, CDOl3): 8 =5.93 (s, 1 H HZ2), 507 (d, J =7.2 H, 1 H,
H5), 4.01 (d, J =7.2 Hz, 1 H H4), 3.76 (s, 3 H COM),2.28 (s,
3 H M-Tol). Partial data of nethyl 2-am no-3-phenyl-3-(p-
tol yl sul fi nyl am no) pr opanoat e (from t he m xture of N-
sul finyl di ami noesters): R = 0.24 (25:1 CHC »-MeOH); 'H NWVR (300
Mz, CDCl3): & = 7.40 (d,J = 8.3, 2 H Ar-H), 7.07-7.24 (m 7 H

Ar-H), 5.48 (d, J = 7.6 Hz, 1 H S NH, 4.71 (dd, J = 7.6, 4.0 Hz,
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1 H H3), 3.81 (d, J =4.0H, 1 H H2), 3.73 (s, 3 H COM),

2.29 (s, 3 H Me-Tol), 1.54 (br s, 2 H NH).

Met hyl [(2S, 4S, 5R, Sg) - 2- ( p- met hoxyphenyl ) - 5- phenyl - 1- ( p-
tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 7b, and nethyl
[ (2R, 4R, 5S, Sg) - 2- ( p- met hoxyphenyl ) - 5- phenyl - 1- (p-tol yl sul finyl) -

1, 3-imdazolidin-4-yl]carboxylate, 8b. From a solution of LDA,
[iProNH (110 pL, 71 ng, 0.78 mmol) and nBuLi (1.60 M 0.40 ni, 0.63
mol )], Wi th a sol ution of nmet hyl 2-(p-
met hoxybenzyl i deneam no) acetate (2e, 124 ny, 0.60 nmmol) and a
solution of (S)-(+)-Nbenzylidene-p-toluenesul finamde (la, 73 ny,
0.30 nmol), adding BF3-OEt, (123 ng, 0.12 nL, 0.98 mmol) according
to the general procedure (2 h 30 mn), an 87:13 mxture of
cycl oadducts 7b and 8b (71 ng, 53% contamnated with a snall
anount of p-nmethoxybenzal dehyde was obtained after purification by
chromat ography (0-20% Et,OCH,C ). Therefore it appears that
cycloadducts 7b and 8b are noderately unstable wunder these
conditions. Conpound 7b, from the mxture: R = 0.23 (10% Et.,O
CH,C 5): 'H NWVR (300 MHz, CDOl3): & =7.65 (d, J = 8.7 Hz, 2 H Ar-
H, 7.23 (d, J = 7.6 Hz, 2 H Ar-H), 6.83-7.01 (m 7 H Ar-H),
6.67 (d, J = 6.8 Hz, 2 H Ar-H), 5.95 (s, 1 H H2), 4.87 (d, J =
5.5 Hz, 1 H, H5), 3.85 (s, 3 H OM), 3.75 (s, 3 H COM), 3.69-
3.87 (m 1 H H4), 2.17 (s, 3 H M-Tol); ¥C NWR (50 MHz, CDd 3):
0 = 171.4, 159.9, 141.5, 141.0, 139.0, 132.1, 128.7 (4 O, 127.7 (2
C, 127.3, 127.0 (2 C, 126.5 125.6 (2 C, 114.0 (2 C, 80.1,

68.7, 60.1, 55.3, 52.5 21.1; IR (Cd4): v = 3300, 3010, 2990,
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2940, 2910, 2820, 1740, 1600, 1500, 1440, 1290, 1240, 1200, 1160,

1080, 1060, 1020, 900, 690 cm™. Conpound 8b (partial data fromthe
mxture): R = 0.23 (10% Et,O-CH,d ,);: *H NWR (300 MHz, CDCOl3): & =
6.56 (d, J =88 Hz, 2 H Ar-H), 588 (s, 1 H H2), 2.29 (s, 3 H,

Me- Tol ).

(= - Met hyl [ (2S, 4S, 5R, Sg) ) - 5- ( p- net hoxyphenyl ) - 2- phenyl - 1- ( p-
tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 7c, and nethyl
[ (2R, 4R, 5S, Sg) - 4- ( p- met hoxyphenyl ) - 2- phenyl - 1- (p-tol yl sul fi nyl) -

1, 3-imdazolidin-4-yl]carboxylate, 8c. From a solution of LDA,
[iProNH (110 pL, 71 ng, 0.78 mmol) and nBuLi (1.25 M 0.50 nL, 0.63
nmmol )], with a solution of nethyl 2-(benzylideneam no)acetate (2d,
107 ny, 0. 60 nmol ) and a sol ution of (S)-(+)-N(p-
met hoxybenzyl i dene) - p-t ol uenesul fi nam de (l1e, 82 ng, 0.30 nmol),
adding BFz-CEt, (123 ng, 0.12 m, 0.98 mmol) according to the
general procedure (3 h) a 76:24 mxture of cycloadducts 7c and 8c
(90 ng, 67% was obtained after purification by chromatography
(40-100% Et ,O hexane). Fromthis mxture, pure 7c (67 ng, 50% and
pure 8c (3 ng) were obtained as colorless oils by a second careful
chromat ography (CHO 3). Conpound 7c¢: R = 0.27 (CHd3):; [a]?% = —
42.1 (¢ = 0.69); 'H NVR (300 Mz, CDOl3): & =7.67 (d, 2 H J =7.4
Hz, Ar-H), 7.36-7.45 (m 3 H Ar-H, 7.24 (m 2 H Ar-H), 6.88 (d,
2 H J=288H, A-H, 6.50 (d, 2 H J = 8.8 Hz, Ar-H), 6.39 (d,
2 H J=28.6H, A-H, 599 (d, 1 H J=6.7 H, H2), 4.80 (d, 1
H J =6.0 H, H5), 3.72 (s, 3 H OM), 3.69-3.81 (m 1 H, H4),

3.63 (s, 3 H OM), 3.17 (t, 1 H J = 8.2 Hz, N+3), 2.19 (s, 3
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H Me-Tol); C NWR (50 MHz, CDO 3): & = 171.4, 158.4, 141.0, 140.4,

139.2, 133.4, 128.8 (2 C), 128.7 (2 C), 128.5, 128.3 (2 C), 127.4
(2 O, 125.7 (2 C, 113.1 (2 C), 80.5 68.7, 60.1, 55.2, 52.5,
21.2; IR (Cdy,4): v = 3300, 2920, 2900, 1730, 1590, 1500, 1480,
1430, 1230, 1160, 1070, 1050, 1030, 910, 890, 680 cnt*; MS(El): mlz
(%: 274 (38), 251 (6), 224 (16), 176 (13), 139 (100), 117 (35),
104 (7), 91 (35), 77 (15), 65 (18); MS(APCI): mz (%: 451 [M1]*
(1009 . Conpound 8c (partial data): R = 0.23 (CHd3); *H NMR (300
Mz, CDO3): 8=7.39 (d, 2 H J =85H, A-H), 7.26 (d, 2 H J =
6.6 Hz, Ar-H), 6.94-7.09 (m 7 H, Ar-H), 6.86 (d, 2 H J = 8.5 Hz,
Ar-H), 5.90 (s, 1 H H2), 499 (d, 1 H J = 7.6 H, H5), 3.95
(d, 1 H J =7.6 H, H4), 3.80 (s, 3 H OM), 3.75 (s, 3 H O

Me), 2.27 (s, 3 H Me-Tol).

(= - Met hyl [ (2S, 4S, 5R, Ss) - 5- (p- chl or ophenyl ) - 2- phenyl - 1- ( p-
tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 7d, and nethyl
[ (2R, 4R, 5S, Sg) - 5- ( p- chl orophenyl ) - 2- phenyl - 1- (p-tol yl sul finyl)-1, 3-
i m dazol i din-4-yl]carboxylate, 8d. From a solution of LDA, [iProNH
(110 pL, 71 ng, 0.78 mml) and nBuLi (1.42 M 0.44 ni, O0.63
nmml )], with a solution of nethyl 2-(benzylideneam no)acetate (2d,
107 ny, 0. 60 nmol ) and a sol ution of (S)-(+)-N(p-
chl or obenzyl i dene) - p-tol uenesul finamde (1f, 83 ngy, 0.30 mol),
adding BFsz-CEt, (123 ngy, O0.12 nL, 0.98 mmol) according to the
general procedure (5 h), a 90:10 m xture of cycloadducts 7d and 8d
(83 ng, 61% was obtained after purification by chromatography

(50-100% CH,A ,- hexane, then 2-20% Et,O0CHO ). From this m xture,
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pure 7d (68 ngy, 50% was obtained as a colorless oil by a second
careful chromatography and preparative TLC (3% Et,O hexane).
Conpound 7d: R = 0.30 (10% Et,O CH,CO 5); [a]?°, = —59.8 (¢ = 0.51);
'H NMR (300 MHz, CDOl3): 6 =7.71 (d, 2 H J =7.3 Hz, Ar-H), 7.37-
7.47 (m 3 H Ar-H, 7.24 (d, 4 H J = 8.0 Hz, Ar-H), 6.91 (d, 2
H J =83 H, A-H, 6.55 (d, 2 H J =8.3 H, Ar-H, 6.02 (d, 1
H J=7.0H, H2), 4.83(d, 1 H J=6.0 H, H5), 3.75-3.81 (m
1 H H4), 3.75 (s, 3 H COM), 3.21 (t, 1 H J = 7.8 Hz, NH3),
2.23 (s, 3 H Me-Tol): ¥C NW (50 MHz, CDdj3): & = 171.1, 141.5,
140. 1, 139.8, 139.0, 132.5, 128.9 (2 C), 128.8 (2 C), 128.7, 128.5
(2 O, 127.8 (2 ©, 127.3 (2 C, 125.6 (2 C), 80.5, 68.6, 59.7,
52.6, 21.1; IR (Cdy4: v = 3250, 3000, 2910, 2890, 2800, 1720,
1465, 1420, 1235, 1190, 1150, 1070, 1045, 990, 910, 890, 680 cm;
MB(EI): mz (%: 363 (9), 177 (56), 139 (100), 117 (49), 91 (36),
77 (10); elenental analysis calcd (% GCsHsCO NS (454.97): C
63.36, H5.10, d 7.79, N 6.16, S 7.05, found: C 63.57, H 5.23, d
7.57, N 6.03, S 7.28. Conpound 8d (partial data): R = 0.26 (10%
Et ,O- CH,d 5): 'H NWVR (300 MHz, CDd3): & = 5.94 (s, 1 H H2), 5.01
(d, 1 H J = 7.2 Hz, H5), 3.77 (s, 3 H COM), 2.30 (s, 3 H M-

Tol ).

Met hyl [ (2S, 4S, 5R, Sg) - 5- (p-fl uorophenyl ) - 2- phenyl - 1- ( p-
tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 7e, and nmethyl
[ (2R 4R, 5S, Sg) - 5- (p-f 1 uorophenyl ) - 2- phenyl - 1- (p-tol yl sul finyl)-1, 3-
i m dazol i din-4-yl]carboxylate, 8e. From a solution of LDA, [iProNH

(0.17 nL, 121 ny, 1.20 mol) and nBuLi (2.0 M 0.60 nmi, 1.20



17

mmol )], with a solution of nethyl 2-(benzylideneam no)acetate (2d,
177 ny, 1.00 nmol ) and a sol ution of (S)-(+)-N(p-
fl uorobenzyl i dene) - p-tol uenesul finamde (1g, 131 ng, 0.50 mmol),
adding BFz-CEt, (231 ng, 0.20 nL, 1.625 mmol) according to the
general procedure (10 mn), an 83:17 mxture of cycloadducts 7e
and 8e (145 ng, 669 was obtained after purification by
chr omat ogr aphy (80-100% CH,O »- hexane, then 0-30% Et,O CHC ,) as a
colorless oil. Hghly enriched imdazolidine 7e (87 ng, 40% was
obtained by a second careful chromatography (Et,O hexane-Et 3N,
75:25:0.1). Compound 7e: R = 0.22 (75:25:0.1 Et,O hexane-Et3N),
0.42 (20% Et ,0 CH,O ,); 'H NVR (300 MHz, CDCOl3): & 7.72 (m 2 H, Ar-
H, 7.38-7.48 (m 3 H Ar-H), 7.26 (d, 2 H J = 7.8 Hz, Ar-H),
6.91 (d, 2 H J = 7.8 Hz, Ar-H), 6.54-6.59 (m 4 H Ar-H), 6.02
(s, 1 H H2), 4.85(d, 1 H J =6.1 H, H5), 3.80 (m 1 H H4),
3.75 (s, 3 H COM), 3.22 (s, 1 H N+3), 2.21 (s, 3 H Me-Tol);

BC NWR (75 MHz, CDO3): & = 171.1, 161.6 (d, 1 C, J GF = 245.2

i pso
Hz), 141.3, 140.1, 139.0, 137.0 (2 ©), 128.8 (4 O, 128.7 (2 O,
128.6 (2 C), 127.3, 125.6 (2 O, 114.4 (d, 2 C J, CGF= 21.4 Hz),
80.5, 68.7, 59.7, 52.6, 21.1; IR (CHO3): v = 3309, 3029, 2953,
1742, 1604, 1509, 1492, 1448, 1222, 1091, 1069, 931, 911, 839,
809, 757, 699 cnm. MS (ES): mz (%:899 [2M+Na] *.(44), 439 [Mr1]+
(100). Compound 8e (partial data from the mxture): R = 0.17
(Et ,O hexane-Et 3N, 75:25:0.1); 'H NVR (300 MHz, CDCl3): & = 5.96 (s,
1H H2), 502 (d 1H J=173H, H5), 3.76 (s, 3 H COM),

2.29 (s, 3 H Me-Tol).
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Met hyl [(2S, 4S, 5R, Sg) - 5- (1- naphtyl ) -2-phenyl -1-(p-tol yl sul finyl)-

1,3-imdazolidin-4-yl)]carboxylate, 7g, and nethyl [(2R 4R 5S, Ss)-
5- (1- naphtyl)-2-phenyl -1-(p-tolylsul finyl)-1,3-im dazolidin-4-

yl )] carboxyl ate, 8g9. Froma solution of LDA [iProNH (52 pL, 37 ny,
0.369 mmol) and nBuLi (1.6 M 0.20 nL, 0.312 mol)], wth a
solution of nethyl 2-(benzylideneam no)acetate (2d, 50 ny, O0.284
nmol ) and a solution of (S)-(+)-N1-napht hyl net hyl i dene- p-
tol uenesul fi nam de (1h, 40 ng, 0.142 mml), adding BFs- CEt, (65 ny,

58 puL, 0.461 mmol) according to the general procedure (10 mn) and

adding 0.5 equiv of PhCHO (7 pL, 7 ng, 0.071 mmol) and 1.3 g/ nmol
of sulfinimne of MgJSO, (185 ny), an 83:17 m xture of cycl oadducts
79 and 8g (47 ng, 72% was obtained after purification by
chromat ography (30-60% Et,O hexane) as a yellowsh oil. A second
chr omat ogr aphy (0-30% Et ,O CHO 3) afforded i m dazolidine 7g (33 ng,
50%, along with a very snmall anount of imnoester dinmer (3% that
coul d not be separated by chromat ographic nethods. Conpound 79: R
= 0.24 (80% Et,O hexane); *H NVR (300 MHz, CDO3): & = 8.07 (d, J =
7.3 Hz, 1 H A-H, 7.83 (d, J = 7.3 Hz, 2 H A-H,7.67 (m 1 H,
Ar-H), 7.58-7.36 (m 6 H Ar-H), 7.23 (m 2 H Ar-H), 7.12 (m 2

H Ar-H, 6.50 (d, J

8.1 H, 2 H A-H, 6.03 (br s, 1 H H2)),
5.89 (d, J = 4.6 Hz, 1 H H5), 3.98 (br s, 1 H H4), 3.79 (s, 3
H COM), 1.88 (s, 3 H M-Tol); DNOE between H2/ Ar-H (7.83):
1.2% H4/Ar-H (8.07): 1.99% H4/Ar-H (7.83): 0.5% H4/Ar-H
(7.23): 0.7% H4/H5 1.9% HS5/A-H (8.07): 7.0% HS5/A-H
(7.23): 2.5% H5/H4 6.9% A-H (6.50)/ArH (7.12): 1.5% Ar-H

(6.50)/Me-Tol: 0.7% 2C NMR (50 MHz, CDO3): & = 171.8, 140.86,
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139.7, 138.6, 137.0, 133.2, 128.9, 128.8 (2 C), 128.4, 128.3 (2

O, 127.5 (2 C, 127.4, 125.7, 125.4, 125.3, 125.0 (2 O, 124.8,
123.1, 79.7, 68.1, 56.3, 52.8, 20.8; IR (KBr): v = 3436, 3055,
2923, 1739, 1597, 1492, 1448, 1262, 1206, 1091, 1068, 799, 777,
700 cm*; MS(ES): mz (%: 471 [M+1]* (100); Conpound 8g (parti al
data from the nixture): R = 0.20 (80% Et,O hexane); 'H NVR (200
Mz, CDCl3): 8 =6.65 (d, J = 8.2 Hz, 2 H Ar-H), 6.07 (s, 1 H H

2), 5.94 (br s, 1 H H5), 2.26 (s, 3 H M-Tol).

(+) - Met hyl [(2S, 4S, 5R, Sg) - 2- phenyl - 5- (2- phenyl et hyl ) - 1- ( p-
tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 7h, and nethyl
[ (2R, 4R, 5S, Sg) - 2- phenyl - 5- ( 2- phenyl et hyl )-1-(p-tol yl sul finyl)-1, 3-

i m dazol i din-4-yl]carboxylate, 8h. From a solution of LDA, [iProNH
(1.46 n, 1.052 g, 10.40 mmol) and nBuLi (1.6 M 5.5 niL, 8.80
mmol )], with a solution of nethyl 2-(benzylideneam no)acetate (2d,
1.418 g, 8. 00 nmol ) and a solution of (S)-(+)-N(3-
phenyl propyl i dene) - p-t ol uenesul finamde (1i, 966 ngy, 4.00 mol),
adding BF3-OEt, (1.845 g, 1.65 nL, 13.00 mml) according to the
general procedure (10 mn), a 98:2 mxture of cycloadducts 7h and
8h (1.490 g, 83% was obt ai ned after purification by
chromat ography (25-60% Et,O hexane) as a white foam Pur e
i mdazolidine 7h (1.075 g, 60% was obtained by recrystallization
from Et,O hexane. Conmpound 7h: R = 0.25 (50% Et,O0 hexane); mp.
116-119 °C [(#)-7h]; mp. 125-127 °C [(+)-7h]; [a]?p = +19.6 (c =
0.23); 'H NWVR (300 MHz, CDO3): & = 7.62 (d, J = 7.3 Hz, 2 H Ar-

H, 7.51 (d, J = 8.2 Hz, 2 H Ar-H), 7.32-7.41 (m 3 H Ar-H,
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7.26 (d, J = 8.2 H, 2 H A-H, 7.12 (m 3 H A-H, 6.69 (dm J

8.3 Hz, 2 H Ar-H, 5.94 (s, 1 H H2), 4.01 (ddd, J = 8.9, 5.0,
3.8 Hz, 1 H HJ5), 3.83 (s, 3 H COM), 3.69 (d, J = 3.8 Hz, 1 H,
H4), 3.08 (br s, 1 H NH#3), 2.40 (s, 3 H Me-Tol), 2.12 (t, J =
8.7 Hz, 2 H, CHPh), 1.36-1.46 (m 1 H H1b'), 1.04-1.18 (m 1 H,
H1la'); ¥C NWR (50 MHz, CDCl3): & = 171.7, 141.3, 140.8, 140.6,
140.4 , 129.3 (2 ©), 128.2 (2 C), 128.1, 127.9 (2 C), 127.8 (2 O,
126.8 (2 C), 125.5, 125.1(2 C), 80.7, 65.1, 56.9, 52.3, 37.7,
32.0, 21.1; IR (CHO3): v = 3312, 3027, 2952, 1741, 1601, 1493,
1454, 1206, 1091, 1069, 910, 812, 736, 690 cm*, M5 (ES): mz (%:
471 [MtNa]* (100); elenental analysis calcd (%9 CythgNbO3S
(448.61): C 69.60, H 6.30, N 6.24, S 7.15; found: C 69.85, H 6.57,
N 6.51, S 7.34. Conpound 8h (partial data fromthe mxture): R =
0.25 (50% Et,O hexane); 'H NVR (300 MHz, CDCl3): & = 5.89 (s, 1 H,
H2), 3.81 (s, 3 H COM), 3.52 (d, J = 3.2 Hz, 1 H H4), 2.35

(s, 3 H M-Tol).

(+)-Methyl [(2S,4S,5R, Ss)-5-ethyl-2-phenyl-1-(p-tolylsulfinyl)-1, 3-
i m dazol idin-4-yl]carboxylate, 7i, and methyl [(2R 4R 5S, Sg)-5-
et hyl - 2- phenyl -1-(p-tol yl sul finyl)-1, 3-imdazolidin-4-

yl ] carboxylate, 8i. Foma solution of LDA [iProNH (0.44 ni, 316 ny,
3.12 mmol) and nBuLi (1.16 M 2.28 ni, 2.64 mol)], wth a
solution of nmethyl 2-(benzylideneam no)acetate (2d, 425 ng, 2.40
nmol ) and a sol ution of (S)-(+)-N(propylidene)-p-
toluenesul finamde (1j, 234 ng, 1.20 mmol), adding BF3 CEt, (554

ng, 0.49 nL, 3.90 mmol) according to the general procedure (10
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mn), a 95:5 mxture of cycloadducts 7i and 8i was obtained which
gave pure 7i (100 ng, 22% and a m xture of im dazolidines 7i and
8i (188 ny, 42% (64% global vyield), after purification by
chr omat ography (30-100% Et,O hexane) as colorless oils. Conmpound
7i: R = 0.36 (Et,0; [a]?°, = +10.5 (¢ = 1.15); H NWVR (300 MHz,
CDCl3): 8 =7.58(d, 2 H J=28.4H, A-H), 7.53 (d, 2 H J=38.2,
Ar-H), 7.24-7.41 (m 5 H Ar-H), 5.91 (s, 1 H HZ2), 3.86 (m 1 H
H5), 3.80 (s, 3 H COM), 3.61 (d, 1 H J = 4.0 Hz, H4), 3.00
(br s, 1 H NH#H3), 2.38 (s, 3 H M-Tol), 1.04-1.11 (m 1 H CH,
Et), 0.80-0.88 (m 1 H CH, Et), 0.42 (t, 3 H J =7.4 Hz, CH, Et);
13C NWVR (75 MHz, CDO 3): & = 172.1, 141.5, 141.0, 129.5 (3 C), 128.4
(2 ©, 128.2, 127.1 (2 C), 125.5 (2 C), 81l.1, 66.1, 59.0, 52.5,
28.9, 21.4, 10.2; IR (COy4): v = 3260, 2980, 2900, 2880, 2820,
1710, 1620, 1570, 1460, 1420, 1180, 1100, 1070, 1040, 910, 880

cm* M5 (ES): mz (%: 767 [2MrNa]* (14), 395 [MtNa]* (100):
el emrental analysis calcd (% CyotosNoO3S (372.48): C 69.49, H 6.49,
N 7.52, S 8.61; found: C 69.72, H 6.68, N 7.24, S 8.33. Conpound
8i (partial data fromthe mixture): R = 0.36 (Et,O; H NVR (400

Mz, CDCl3): &6 =5.75 (s, 1 H H2).

(+) - Met hyl [ (2S, 4S, 5R Ss) - 2- phenyl -5- (i -propyl)-1-(p-
tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 7j, and nethyl
[ (2R, 4R, 5S, Sg) - 2- phenyl -5- (i -propyl )-1-(p-tolylsulfinyl)-1, 3-

i m dazol idin-4-yl]carboxylate, 8. Foma solution of LDA [iProNH (3.6
equiv, 0.10 nm., 73 ng, 0.72 mmol) and nBuLi (3.1 equiv, 1.35 M

0. 46 m., 0.62 mol )], wth a solution of nmet hyl 2-
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(benzyl i deneam no) acetate (2d, 3.0 equiv, 106 ng, 0.60 mml) and a

solution of (S)-(+)-N(i-butylidene)-p-toluenesul finam de (1k, 42
ng, 0.20 mml), adding BFs- OEt, (4.25 equiv, 121 ng, 0.11 nL, O0.85
nmmol ) according to the general procedure (10 mn), a 955 mxture
of cycloadducts 7] and 8y (72 ng, 93% was obtained after
purification by chromatography (30-100% Et,0O hexane) as a white
foam that crystallized from hexane and was recrystallized fromEt,O
to yield pure imdazolidine 7j (46 nmg, 60% . Conpound 7j: R = 0.31
(80% Et,O hexane); mp. 139-140 °C, [a]?°, = +52.5 (¢ = 1.09); H
NVR (400 MHz, CDCl3): & = 7.60 (d, 2 H, J = 8.0 Hz, Ar-H), 7.50 (d,
2 H J=28.2H, A-H, 7.22-7.38 (m 5 H Ar-H, 584 (s, 1 H H
2), 3.82 (s, 3 H COM), 3.75-3.81 (m 2 H, H4, H5), 2.89 (br s,
1 H NH3), 2.38 (s, 3 H M-Tol), 0.82-0.93 (m 1 H CH iPr),
0.69 (d, 3 H J =6.6 Hz, Me iPr), 0.35 (d, 3 H J =6.7 Hz, M

iPr; 'H NVR (400 MHz, CiDg): & = 7.59 (d, 2 H, J

8.3 Hz, Ar-H),
7.48 (d, 2 H J = 8.3 H, Ar-H), 7.03-7.16 (m 3 H Ar-H), 6.75
(d, 2 H J =7.8H, A-H, 583 (s, 1 H H2), 3.95 (dd, 1 H J =
7.7, 3.2 Hz, H5), 3.55 (d, 2 H J = 2.7 Hz, H4), 3.44 (s, 3 H,
COMe), 2.95 (br s, 1 H NH3), 1.82 (s, 3 H M-Tol), 0.82-0.93
(m 1 H CHiPr), 0.60 (d, 3 H J =6.7 Hz, M iPr), 0.28 (d, 3 H,
J = 6.9 H,, Me iPr); 3C NWR (75 Mz, CDOl3): & = 173.4, 142.3,
141.4, 141.2, 130.1 (2 ©), 129.1 (2 C), 129.0, 127.8 (2 O, 125.9,
81.6, 63.7, 63.4, 53.7, 32.7, 22.1, 20.4, 18.8; IR (CHO 3CO4): v
= 3620, 3420, 3300, 3000, 2920, 2820, 2700, 2410, 1940, 1845,

1790, 1720, 1575, 1470, 1430, 1350, 1180, 1070, 790, 730, 680, 640

cm*; MS (ES): miz (%: 387 [Mr1]* (100); elenental analysis calcd
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(% CoiHheNoO3S (386.51): C 65.26, H 6.78, N 7.25, S 8.30; found: C

65.07, H 6.43, N 7.56, S 8.53. Conmpound 8] (partial data from the
mxture): R = 0.30 (80% Et,O hexane): 'H NWVR (300 MHz, CDCl3): & =
5.75 (s, 1 H H2), 3.82 (s, 3 H COM), 2.31 (s, 3 H M-Tol),
1.48 (m 1 H CHiPr), 1.07 (d, 3 H J =6.7 Hz, Me iPr), 0.97 (d,

1H J=6.7Hz, MeiPr).

(= - Met hyl [ (2S, 4S, 5R, Sg) - 4- benzyl - 2, 5-di phenyl - 1- ( p-
tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 9a, and 3a, 4a,
11a and 10a. Froma solution of LDA, [iProNH (2.2 equiv, 89 ng, 116
uL, 0.88 nmmol) and nBuLi (2.2 equiv, 1.6 M 0.55 nL, 0.88 mml)],
with a solution of nethyl 2-benzyl-2-(benzylideneam no)acetate

(2a, 214 ng, 0.80 mmol) and a solution of (S)-(+)-N benzylidene-p-

tol uenesul finamde (la, 96 ng, 0.4 mml), adding BFsz- OEt, (3.25
equiv, 93 ng, 0.084 n, 0.65 mol) according to the general
procedure (—+#8 °C, 1 h, to rt over 12 h), a 12:12:64:12 m xture of
cycl oadduct s 3a: 4a: 9a: 11a was obt ai ned. Purification by
chromat ography (5-30% Et OAc- hexane) gave 3a+4a, (41 ng, 20% as a
white solid, 9a as a colorless oil (47 ng, 25%, a mxture of 1la,
9a and m nor anpunts of its epiner at the amnal (84 ng, 42% as a
colorless oil and starting material (5%, (87% conbined yield).
Pure 9a was also obtained by preparative TLC (30% Et OAc- hexane)
from the mxture of 1lla, 9a and its epiner at the amnal and
recrystallization from 20% Et OAc- hexane. A simlar procedure was
followed using Cp,TiC, (1.5 equiv) instead of BFs; Et,O yielding

4a:9a:11la in a 30:60:10 ratio (conbined yield 88%. W were able
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to isolate pure 4a (25% by chromatography of this mxture. Wen

Tid,; was enployed as Lewis acid a mxture of 4a:9a:l0a:lla
(4:30:62:4; conbined yield 54% . Sulfenam de 10a was isolated pure
fromthis mxture (369 and was fully characterized. Conpound 9a:
R = 0.22 (30% Et OAc-hexane); mp. 62-65 °C, [a]?°p = —16.1 (c =
1.8); 'H NVR (300 MHz, CDCl3): & =7.83 (d, 2 H J =7.9 Hz, Ar-H),
7.43-7.53 (m 3 H Ar-H), 7.07-7.17 (m 5 H Ar-H), 7.04 (br s, 5
H A-H, 6.96 (dm 2 H Ar-H), 6.80 (d, 2 H J = 8.0 Hz, Ar-H),
5.71 (d, 1 H J = 4.5 Hz, H2), 522 (s, 1 H H5), 3.81 (s, 3 H,
CO,Me), 2.90 (d, 1 H J = 4.8 Hz, NH3), 2.55 (d, 1 H J = 13.3 Hz,
CH,-Ph), 2.15 (s, 3 H Me-Tol), 2.15 (d, 1 H, J = 13.3 Hz, CH,-Ph);
DNOCE between H2/NH 7.7% H2/H5 3.4% H2/ArH (6.80): —.3%
H2/ Ar-H (7.04): -3.4% H2/AH (7.83): 5.2% H5 H2: 1.0% H
5/CH,Ph (2.55): 2.0% HG5/A-H (7.07-7.17): 2.1% OWe/H2: 3.9%
Ove/H5: 2.6% NHH5 1.3% NH/H2: 18.6% NHAr-H (6.96): 3.4%
Ar-H (6.80)/H5 3.4% Ar-H (6.80)/Me-Tol: 1.2% Ar-H (6.80)/Ar-H
(6.96-7.04): -7.2, Ar-H (7.83)/H5: 0.8% Ar-H (7.83)/H2: 2.3%
Ar-H (7.83)/Ar-H (7.04): -1.6% Ar-H (7.83)/Ar-H (7.43-7.53):
2.0% C NWR (50 MHz, CDCl3): & = 174.2, 140.7, 140.3, 139.5,
138.8, 136.0, 129.3 (2 ©), 128.9, 128.7 (2 C), 128.6 (2 C, 128.5
(2 O, 128.3 (2 ©, 128.1 (2 C), 127.4 (2 C), 126.9, 126.7, 125.6
(2 ¢, 76.0, 73.3, 61.9, 52.7, 42.6, 21.1; IR (KBr): v = 3460,
3340, 3060, 3030, 2960, 2930, 2860, 1740, 1605, 1495, 1455, 1435,
1400, 1260, 1210, 1180, 1085, 1070, 1030, 1020, 810, 700 cnt; MS
(EI): mz (%: 511 [M:1]* (0.1), 419 (0.34), 311 (14), 267 (46),

207 (25), 139 (30), 91 (100), 77 (18); elenental analysis calcd
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(% CaiHsoNoOsS (510.63): C 72.91, H 5.92, N 5.49, S 6.28; found: C

72.62, H 5.69, N 5. 30, S 6.04. Parti al data of nethyl
[ (2R 4R, 5R, Sg) - 4- benzyl - 2, 5- di phenyl - 1- (p-tolyl sul finyl)-1, 3-

i mdazolidin-4-yl]carboxylate (epinmer at the amnal of 9a, from
the mixture): R = 0.19 (30% EtOAc-hexane); *'H NWR (300 Mz,
CDClg): & = 7.05-7.40 (m 19 H, Ar-H), 5.95 (d, 1 H J =6.0 H, H
2), 4.64 (s, 1 H HS5), 3.24 (d, 1 H J = 13.0 Hz, CHPh), 3.13 (s,
3 H COM), 3.05 (d, 1 H J = 13.0 Hz, CH,Ph), 2.37 (s, 3 H M-
Tol). Partial data of nethyl [(2R 4R 5S, Ss)-4-benzyl-2,5-di phenyl -
1-(p-tolylsulfinyl)-1, 3-imdazolidin-4-yl]carboxyl ate, lla (from
the mixture): R = 0.22 (30% EtOAc-hexane); *'H NWR (300 Mz,
CDCl3): 8 =6.77 7.75 (m 19 H, Ar-H), 5.64 (s, 1 H H2), 5.48 (s,
1 H HS5), 3.77 (s, 3 H COM), 2.85 (br s, 1 H NH3), 2.70 (d, 1
H J = 13.3 Hz, CHPh), 2.30 (d, 1 H J = 13.2 Hz, CHPh), 2.18 (s,
3 H Me-Tol). Conpound 4a: R = 0.39 (30% EtOAc-hexane): [a]?% =
+17.0 (¢ = 1.5); H NMR (300 MHz, CDCl3): & =7.52 (d, 2 H J =17.8
Hz, Ar-H), 7.33-7.44 (m 3 H Ar-H), 7.10-7.30 (m 9 H Ar-H),
6.95-7.07 (m 3 H Ar-H), 6.80 (d, 2 H J = 8.0 Hz, Ar-H), 5.77
(d, 1 H J = 11.6 Hz, H2), 503 (s, 1 H HS5), 3.43 (br s, 2 H,
CH,Ph), 3.25 (d, 1 H J = 11.6 Hz, NH3), 3.10 (s, 3 H COM),
2.17 (s, 3 H Me-Tol); C NWR (50 MHz, CDCOl3): & = 171.2, 140.9,
139.9, 138.3, 138.2, 136.4, 130.5 (2 C), 128.7 (2 C), 128.3 (2 O,
128.2, 128.1 (2 C), 127.9 (6 C), 127.6, 126.7, 125.4 (2 C), 75.2,
75.1, 72.1, 51.7, 41.8, 21.1; IR (KBr): v = 3430, 3060, 3025,
2945, 1740, 1600, 1495, 1455, 1430, 1260, 1210, 1125, 1095, 1070,

1030, 815, 755, 700 cnt*; Ms (El): mz (%: 493 (10), 451 (25), 267
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(25), 195 (22), 176 (60), 139 (82), 116 (38), 91 (100), 77 (55);

el enental analysis calcd (99 GCzHygNbO3S (510.63): C 72.91, H 5.92,
N 5.49, S 6.28; found: C 73.20, H 5.68, N 5.43, S 5.98. Conpound
10a: R = 0.75 (CH,d ,); mp. 148-149 °C, [a]%y = —84.6 (¢ = 0.76);
'H NMR (300 MHz, CDO3): & = 7.69 (dm 2 H, J = 6.4 Hz, Ar-H), 7.58
(d, 2 H J =7.1 H, Ar-H, 7.36-7.50 (m 6 H Ar-H), 7.07-7.13
(m 7 H A-H, 6.91-6.94 (m 2 H Ar-H, 4.91 (s, 1 H H2), 4.51
(s, 1 H H5), 3.55 (s, 3 H COM), 2.66 (br s, 1 H NH3), 2.54
(d, 1 H J = 13.2 Hz, CHPh), 2.42 (d, 1 H J = 13.2 Hz, CH,Ph),
2.32 (s, 3 H M-Tol); BC NWR (50 MHz, CDd3): & = 175.2, 140.1
139.2, 137.7, 136.1, 134.3, 129.6 (2 C), 129.5 (2 O, 129.4 (2 O,
128.8, 128.4 (2 O, 128.1 (4 ©, 128.0, 126.7, 79.4, 73.0, 70.8,
52.1, 43.5, 21.2; IR (KBr): v = 3450, 3375, 3070, 3035, 2950, 1730,
1600, 1495, 1455, 1435, 1400, 1245, 1215, 1090, 835, 810, 700 cm?;
MS (El): mz (%: 267 (100), 207 (68), 194 (13), 123 (16), 91

(83), 77 (12).

(= - Met hyl [(2S, 4S, 5R, Sg) - 5- (p- chl or ophenyl ) - 4- et hyl - 2- phenyl - 1-
(p-tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxyl ate, 9b, nmet hyl
[ (2S, 4R, 5R, Ss) - 5- (p- chl or ophenyl ) - 2- phenyl - 4- net hyl - 1- ( p-

tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 3g, and nethyl
[ (2R, 4R, 5S, Sg) - 5- ( p- chl or ophenyl ) - 4- net hyl - 2- phenyl - 1- ( p-

tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxyl at e, 4q9. From a
solution of LDA, [iProNH (40 ng, 51 pL, 0.39 mmol) and nBuLi (1.6
M 0.20 nm, 0.32 mol)], wth a solution of nethyl 2-

(benzyl i deneam no) propanoate (2b, 57 ng, 0.30 nmol) and a sol ution



27
of (S)-(+)-N(p-chlorobenzylidene)-p-toluenesul finamde (1f, 42

ng, 0.15 mol), adding BFsz- OEt, (70 ng, 60 pL, 0.49 mmol) according
to the general procedure (30 mn), a 63:22:15 mxture of
cycl oadducts 9b, 3g and 11b was obtained. Purification by
chr omat ogr aphy (5-100% Et OAc- hexane) gave starting material (6 ng,
14% and mxture of cycloadducts (55 ng, 80%. A second
chr omat ogr aphy (30-65% Et ,O hexane) gave pure 9b (25 ng, 35% as a
white solid that was recrystallized from 25% Et ,O hexane. Conpound
9b: R = 0.33 (75% Et,O hexane); mp. 88-89 °C, [a]?®p = —20.7 (c =
0.40); 'H NMR (200 MHz, CDCl3): & = 7.76 (dd, 2 H, J = 8.0, 2.0 Hz,
Ar-H)y, 7.42-7.53 (m 3 H, Ar-H), 7.13 (d, 2 H J = 8.2 Hz, Ar-H),
6.88-6.99 (m 4 H A-H, 6.84 (d, 2 H J = 8.0 H, Ar-H, 5.68
(s, 1 H H2), 516 (s, 1 H H5), 3.90 (s, 3 H COM), 3.09 (s, 1
H NH3), 2.19 (s, 3 H Me-Tol), 0.86 (s, 3 H M):; ¥C NW (50
MHz, CDCl3): & = 175.5, 141.2, 139.4, 138.9, 138.4, 132.6, 129.6 (2
C), 129.1, 128.8 (2 C), 128.7 (2 ©, 127.9 (2 ©, 127.5 (2 O,
123.4 (2 ¢, 76.5, 69.2, 60.7, 53.2, 22.3, 21.1; IR (Cdy,): v =
3340, 3040, 2960, 1740, 1600, 1495, 1460, 1440, 1245, 1110, 1090,
1070, 1020, 840, 700 cm*. Conpound 11b (partial data): R = 0.26
(75% Et ,O0- hexane); 'H NWVR (200 MHz, CDCl3): & = 5.60 (s, 1 H H2),
4.83 (s, 1 H H5), 3.85 (s, 3 H COM), 2.39 (s, 3 H M-Tol),
0.94 (s, 3 H M). Conpound3g (partial data): R = 0.26 (75% Et,O
hexane). H NMR (200 MHz, CDCl3): & = 5.64 (s, 1 H HZ2), 536 (s, 1
H H5), 3.21 (s, 3 H COM), 2.16 (s, 3 H M-Tol), 1.69 (s, 3 H,

Me) .
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Met hyl [ (2S, 4S, 5R, Sg) - 4- met hyl - 2- phenyl - 5- (i - propyl ) - 1-(p-
tolylsulfinyl)-1,3-imdazolidin-4-yl] carboxylate, 9c, and (—-
nmet hyl [ (2S, 4R, 5R, Sg) - 4- net hyl - 2- phenyl - 5- (i - propyl ) - 1- ( p-
tolylsulfinyl)-1,3-imdazolidin-4-yl] car boxyl at e, 3h. From a
solution of LDA, [3.6 equiv. iProNH (76 ng , 0.13 niL, 0.90 mmol)
and nBuLi (3.2 equiv 2.0 M 0.40 nL, 0.80 mml)], with a solution
of methyl 2-(benzylideneam no)propanoate (2b, 133 ng, 0.75 mmol)
and a solution of (S)-(+)-N(i-butylidene)-p-toluenesulfinam de
(1k, 52 ng, 0.25 mmol), adding BFz-OEt, (4 equiv, 142 ng, 0.13 ni,
1.00 nmmol) according to the general procedure (3 h), a 16:84
m xture of 1imdazolidines syn(3h):anti(9c+epiner at C2) was
obtai ned. Purification by chromatography (30-100% Et ,O hexane) gave
a m xture of t he above cycl oadduct s (80 ny, 8099 .
Recrystallization of this mxture (5% CHO ,- hexane), gave pure 3h
(10 ng, 109 and an inseparable m xture of 9¢c and its epiner at C
2. W have noticed that epinerization at the amnal is especially
slow for 9c and nmay be pronoted by silica gel. These m xtures have
been used for reduction with LiAlH, to give 17e, thus securing the
structural assignments. Conmpound 3h: R = 0.42 (Et,O; mp. 144-145
°C. [a]?®p = —17.6 (¢ = 0.50); 'H NWR (300 MHz, CDO3): & = 7.27 (d,
2 H J=283H, A-H, 6.76-7.02 (m 7 H Ar-H), 5.40 (d, 1 H J
= 9.3 Hz, H2), 3.74 (s, 3 H CoM), 3.61 (d, 1 H J=17.8H, H
5), 2.97 (d, 1H J = 10.8 Hz, NH3), 2.13 (s, 3 H Me-Tol), 2.01
(m 1 H CHiPr), 1.64 (s, 3 H M), 1.20 (d, 3 H J = 6.6 H, M

iPr), 0.98 (d, 3 H J = 6.6 Hz, Me iPr); DNCE between M/ H5:
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2.0% Me/H2: 1.9% H5/ M (0.98): 1.2% H5/ M (1.20): 0.5% H

5 Me: 1.5% HS5/CH (i-Pr): 2.6% H5/H2: 0.7% H2/Me: 2.4% H
2INH 2.2% H2/H5 1.2% H2/AH (6.82): 2.6% H2/Ar-H (7.27):
1.2% Ar-H (7.27)/Me (0.98): 0.1% Ar-H (7.27)/Me (1.20): 0.3%
Ar-H (7.27)/H2: 0.4% Ar-H (7.27)/Ar-H (6.80): 1.1% C NWR (50
MHz, CDCl3): & = 172.8, 141.1, 139.8, 138.5, 128.6 (2 O, 127.7 (2
o, 127.2, 127.0 (2 O, 125.5 (2 ¢, 71.3, 68.0, 52.4, 30.9, 23.0,
21.2, 20.2; IR (COy4): v = 3438, 2987, 1721, 1435, 1287, 1260,
1152, 1087, 1066, 1044, 941, 816, 784, 761, 742, 702, 592 cm?; M
(APCl1): mz (%: 401 [Mr1]*t (80), 261 [Mrl-(SO p-Tol +1)]* (100),
192 (30), 132 (28); elenental analysis calcd (% CyHgNbO3S
(400.59): C 65.96, H 7.06, N 6.99, S 8.00; found: C 66.04, H 7.18,
N 7.20, S 8.13. Conpound 9c (partial data fromthe nmixture): *H NWVR
(300 MHz, CDOl3): 8 =5.72 (s, 1 H H2), 3.98(d, 1 H J = 6.4 Hz,
H5), 3.86 (s, 3 H COM), 2.35 (s, 3 H M-Tol), 1.44 (s, 3 H,
Me), 0.53 (d, 3 H J =6.8 Hz, M iPr), 0.30 (d, 3 H J = 6.7 H,
Me iPr). Partial data of the epimer at C: 'H NVR (300 MHz, CDd 3):
=540 (s, 1 H H2), 1.53 (s, 3 H M), 1.33 (d, 3 H J =6.1

Hz, Me iPr), 0.94 (d, 3 H J =6.5Hz, M iPr).

(%) - Met hyl [(2S, 4R, 5R) - 4- benzyl - 2, 5-di phenyl - 1- (p-tol yl sul fonyl) -
1, 3-imdazolidi n-4-yl]carboxyl ate, (%) -5a, and (%) - net hyl
[ (2S, 4S, 5R) - 4- benzyl - 2, 5-di phenyl -1- (p-tol yl sul fonyl)-1, 3-

i mdazol idin-4-yl]carboxylate, (%)-12a. From a solution of LDA,
[iProNH (421 ng, 0.54 nl, 4.16 mol) and nBuLi (1.6 M 2.10 mi,

3.36 mmol )], Wwith a solution of met hyl 2- benzyl - 2-
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(benzyl i deneam no) acetate (2a, 855 ng, 3.20 nmmol) and a solution

of N-(benzylidene)-p-tol uenesul fonamde (1m 519 ny, 2.00 mmol),

adding BFs3-CEt, (922 ng, 0.80 nL, 6.50 mmol) according to the
general procedure (2 h 30 mn), a 67:33 mxture of imdazolidines
(x)-5a and (%)-12a was obtained. Purification by chromatography
(5-100% Et OAc- hexane) gave pure (x)-5a (134 ng, 13% and a 39:61
m xture of cycloadducts (%)-12a and (z)-5a (780 ngy, 759%.
Recrystallization from 20% CH,C »,- hexane gave pure (x)-5a (357 ng,
34% as a white solid. Concentration of the nother |iquours gave
(x)-12a (230 ng, 22%. The data found for (x)-5a and (%)-12a was

identical to that obtained before for optically pure conpounds.

(x)-Methyl (2R, 3R)-2-am no- 3-phenyl - 3-t osyl am nopropanoate, (zx)-13
ant i and (%) - net hyl (2S, 3R) - 2- am no- 3- phenyl - 3-
t osyl am nopropanoate, (%)-13 syn. From a solution of LDA, [iPr,NH
(100 ngy, 0.14 nL, 0.993 mml) and nBuLi (1.6 M 0.50 ni, 0.800
mol )], Wi th a sol ution of nmet hyl 2- benzyl - 2-
(benzyl i deneam no) acetate (2a, 135 ng, 0.764 mmol) and a sol ution
of N-(benzylidene)-p-tol uenesul fonamde (1m 99 ng, 0.382 mmol),
adding BF3-OEt, (176 ngy, 0.16 nL, 1.241 mol) according to the
general procedure (45 mn), a 70:30 mxture of tosyldi am noesters
(x)-13 anti and (%)-13 syn was obtained. Purification by
chromat ography (5-30% Et, O CHCO ,, then 5% MeOH Et, O gave (%)-13
anti and (x)-13 syn (109 ng, 75%; a second chromatography (0-2%
MeOH CH,Cl ;) and recrystallization from 20% EtOAc-hexane gave

m xtures enriched in (%)-13 anti or (x)-13 syn. The structural
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assignment is tentative. Conmpound (%)-13 anti (from a 90:10
mxture): R = 0.23 (2% MeOH-CH,d ,); *H NMR (300 MHz, CDOl3): & =
7.51 (d, 2 H J = 8.3 H, Ar-H), 6.94-7.20 (m 7 H Ar-H), 6.15
(br s, 1 H SNH, 4.8 (d, 1 H J =4.2 H, H3), 3.72 (d, 1 H J
= 4.4 Hz, H2), 3.59 (s, 3 H COM), 2.29 (s, 3 H M-Tol), 1.75
(br s, 2 H NH); C NWR (50 MHz, CDCl3): & = 172.8, 143.0, 137.9,
136.0, 129.3 (2 C), 128.3 (2 C), 127.9, 127.0 (2 ©, 126.9 (2 O,
58.8, 58.5, 52.2, 21.3; IR (KBr): v = 3431, 1736, 1629, 1455, 1324,
1213, 1160, 1091, 810, 703, 655, 562 cm'; M5 (ES): mz (%: 697
[2MF1] T (34), 349 [Mr1]™* (100). Conpound (#)-13 syn (from a 90:10
mxture): R = 0.19 (2% MeOHCH,d ,); *H NMR (300 MHz, CDOl3): & =
7.51 (d, 2 H J = 8.3 Hz, Ar-H), 7.00-7.20 (m 7 H Ar-H), 6.00
(br s, 1 H SNH, 472 (d, 1 H J =4.2 H, H3), 3.69 (d, 1 H J

= 4.2 Hz, H2), 3.51 (s, 3 H COM), 1.75 (br s, 2 H NH).

General Procedure for Oxidation of Sulfinamdes to Sulfonam des
with nCPBA. To a solution of the sulfinamde in CHO, (10 nl/ mmol)
was added 1.5-3.0 equiv of 70% nCPBA, at 0 °C and under an argon
at nosphere. The reaction mxture was allowed to warm up slowy to
rt and nonitored by TLC. The reaction was quenched with 1 M
aqueous NaS;,0O; (5 nmi/mmol), a saturated solution of NaHCO; (3
m./mmol) and HO (4 niL/mmol), diluted with EtOAc (8 nL/nmol), the
| ayers were separated and the aqueous |ayer was extracted wth
EtOAc (3 tinmes, 5 niL/mmol). The organic |ayer was washed with a

saturated solution of NaCl (4 niL/mmol), dried over MSQOy, filtered
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and concentrated under reduced pressure to give a crude product

that was purified by colum chronat ography.

(= - Met hyl [(2S, 4S, 5R) - 4- benzyl - 2, 5-di phenyl -1- (p-tol yl sul fonyl) -
1, 3-imdazolidin-4-yl]carboxylate, 12a. From sulfinam de 9a (37
ng, 0.072 mmol) and nCPBA (37 ngy, 0.217 mol), according to the
general procedure (12 h), sulfonamde 12a (24.2 ng, 67% was
obt ai ned after chromatography (50% CH,d ,- hexane-20% Et OAc- CH,d )
as a viscous oil, that was recrystallized fromEt,Oto give a white
solid. Conpound 12a: R = 0.28 (30% Et OAc- hexane); mp. 56-58 °C;
[a] %5 = 9.7 (¢ = 1.2); *H NVR (300 MHz, CDOl3): & = 7.69-7.70 (m 2
H Ar-H), 7.58 (d, 2 H J = 6.4 Hz, Ar-H), 7.26-7.40 (m 8 H, Ar-
H, 7.05-7.13 (m 5 H Ar-H), 6.86-6.89 (m 2 H Ar-H), 5.52 (d, 1
H J =54H, H2), 537 (s, 1 H H5), 3.44 (s, 3 H COM), 2.76
(d, 1 H J =55H, NH3), 2.61 (d, 1 H J = 13.5 Hz, CHPh), 2.33
(s, 3 H M-Tol), 2.16 (d, 1 H J = 13.4 Hz, CHPh); *C NMR (50
MHz, CDCl3): & = 172.5, 143.2, 139.1, 138.3, 135.5, 129.5, 129.3 (2
O, 129.1 (2 ©, 128.9, 128.6 (2 C), 128.3 (4 O, 128.2 (2 O,
128.1 (2 ©, 127.9 (2 ©, 127.1, 75.8, 72.3, 52.4, 42.6, 21.5; IR
(CHA 3): v = 3350, 3040, 2950, 2880, 1740, 1600, 1500, 1460, 1405,
1360, 1220, 1170, 1095, 1025, 760, 705, 670 cm™; Ms (El): mz (9:
523 (0.2), 465 (2), 433 (2), 369 (3), 259 (3), 208 (6), 176 (18),

155 (30), 116 (14), 91 (100), 65 (42).

Ceneral Procedure for the Reaction between Sulfinylimdazolidines

and Li Al Hs. A round-bottoned flask was charged wi th anhydrous Et,O
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or THF (6 nmi/mmol of imdazolidine) and 3-9 equiv of LiAH was

added. After 10 mn, the resulting suspension was cooled to 0 °C
and a solution of the correspondi ng i mdazolidine in anhydrous Et,0O
or THF (4 nlL/mmol), was added dropwi se and the reaction mxture
was stirred at room tenperature and nonitored by TLC. Wen the
reaction had reached conpletion (2-18 h), the m xture was quenched
with a saturated NaHCO; solution (4 ni/mmol), HO (4 ni/mmol) and
diluted with CHC, (8 nlL/mmol). The resulting suspension was
filtered through celite and the residue was thoroughly washed with
CH,d, and the layers were separated. The aqueous |ayer was
extracted with CHCd, (3 tinmes, 8 nL/mmol), The conbined organic
extracts were washed with a saturated NaC solution (4 ni/mol),
dried over anhydrous Na,SOQ,, filtered and concentrated under
reduced pressure to give a crude product, which was purified by

chromat ography on silica gel.

(+)-[ (2R, 3R, Sg) - 2- Benzyl - 2- (benzyl am no) - 3- phenyl - 3- ( p-

tol yl sul finyl am no) propan-1-ol, 17a and (—-[(2S, 4R, 5R)-4-benzyl -
2, 5-di phenyl - 1- (p-tol yl sul fenyl)-1, 3-i m dazol i di n-4-yl ] met hanol
l4a. From a suspension of LiAlH; (6 equiv, 18 ng, 0.46 mmol) in
Et ,O and sulfinamde 3a (40 ng, 0.08 mml), wth addition of 3
equiv of LiAlH,; after 1 h at rt, according to the general procedure
(18 h), after chronmatography (25-100% Et ,O hexane), sulfenam de 14a
(24 ny, 65% was obtained as a colorless oil. Additionally we have
observed the formation of variable anobunts of 17a depending on the

experinental conditions and the batch of LiAH, enployed. For
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exanple, from a suspension of LiAlH; (4 equiv, 15 ng, 0.404 mol)

in THF and sulfinanm de 3a (52 ng, 0.101 mmol), with addition of 3
equiv of LiAlH, after 1 h at 20 °C, according to the general

procedure (—=20 °C to 5 °C, 23 h), after chromatography (0-5%
i ProHCHA ,), sulfenamde 14a (4 ng, 9% and sulfinamde 17a (20
ng, 42% were obtained as colorless oil and a white solid

respectively. Conpound 14a: R = 0.26 (30% Et OAc- hexane); R = 0.47

(75% Et,O hexane); [a]?’, = —36.3 (c = 0.90); *H NWVR (300 Mz,

CDCl g): & = 7.59-7.62 (m 2 H, Ar-H, 7.05-7.49 (m 17, Ar-H), 4.66
(s, 1 H H2), 4.13 (s, 1 H H5), 3.21 (d, J = 11.7 Hz, 1 H,
CH,OH), 3.11 (d, J = 11.7 Hz, 1 H CHOH), 2.73 (s, 2 H CHPh),
2.40 (s, 3 H Me-Tol), 1.50-2.00 (br s, 2 H NH, OH; 3C NWR (50
MHz, CDCl3): & = 140.0, 139.7, 137.5, 136.5, 136.2, 130.9 (4 O,
129.5 (2 C), 128.7 (2 C, 128.1 (2 O, 127.9 (4 C, 126.8 (2 O,
126.5 (2 O, 79.1, 71.1, 66.4, 65.6, 42.4, 21.4,; IR (Cd,): v =
3400, 2920, 2850, 1490, 1455, 1060, 1030, 790, 750, 700, 610 cm?;
el emrental analysis calcd (% GCgoHsoNoOS (466.64): C 77.22, H 6.48, N
6.00, S 6.87; found: C 77.01, H 6.35, N 5.83, S 6.59. Conpound

17a: R = 0.33 (5% iPrOHCHO,): mp. 167-170 °C, [a]®°, = +25.8 (¢

0.41); *H NWMR (300 MHz, CDO3): &

7.21-7.38 (m 12 H, Ar-H),

6.99-7.18 (m 5 H Ar-H), 6.90 (d, J

8.1 Hz, 2 H Ar-H), 6.06 (d,

J=6.1H, 1 H SNH, 464 (d, J =6.3 H, 1 H H3), 4.03 (d, J

12.0 Hz, 1 H N-CHPh), 3.94 (d, J = 12.0 Hz, 1 H N CHPh), 3.60
(d, J = 11.7 Hz, 1 H CHOH), 3.39 (d, J = 11.7 Hz, 1 H, CHOH),
2.77 (d, J = 14.2 Hz, 1 H, CHPh), 2.64 (d, J = 14.2 Hz, 1 H,

CHPh), 2.23 (s, 3 H Me-Tol), 1.98 (br s, 1 H NHor OH, 1.40 (br
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s, 1 H NHor OH:; C NWR (75 MHz, CDd3): & = 140.8, 140.4, 140.1,

139.6, 136.7, 130.4 (2 C), 128.8 (4 C), 128.5 (2 C), 128.4 (2 O,
128.1 (2 ©, 127.7 (2 C), 127.0, 126.9, 126.6, 125.6 (2 C), 64.8,
61.3, 58.6, 45.6, 37.7, 21.2; IR (KBr): v = 3430, 2922, 1631, 1493,
1453, 1261, 1086, 1042, 806, 740, 703 cm*; MS(ES): mz (%: 485

[ MF1] + (100).

React i on of (-methyl [ (2S, 4R, 5R, Sg) - 4- benzyl - 2- phenyl - 5- ( 3-
pyridyl)-1-(p-tolylsulfinyl)-1,3-imdazolidin-4-yl]carboxylate, 3e
with LiAlH,. From a suspension of LiAHy (4 equiv, 18 ng, 0.476
nmol) in Et,OTHF 9:1 and cycloadduct 3e (61 ng, 0.119 mol),
according to the general procedure (20 h), a 30:50:20 m xture of
al cohols 14b: 14c:17b was obtained. Purification by chronatography
(0-20% MeOH Et ,0), gave pure alcohol 17b (7 nmg, 129% and a m xture
of 14b and 14c (32 ny, 57%. Conpound 14b (partial data from a
90:10 mixture): *H NVR (300 MHz, CDCl3): & = 6.75-8.52 (m 18 H,
Ar-H), 4.69 (s, 1 H H2), 412 (s, 1 H H5), 3.18 (d, 1 H J =
11.0 Hz, CH,OH), 3.05 (d, 1 H J = 11.2 Hz, CH,OH), 2.86 (d, 1 H J
= 13.7 Hz, CH,Ph), 2.69 (d, 1 H J = 13.7 Hz, CH,Ph), 2.39 (s, 3 H,

Me-Tol); 23C NMR (50 MHz, CDCl3): &= 151.2, 149.0, 140.3, 139.4,

79.1, 68.9, 66.1, 65.5, 42.1, 21.4; IR (film: v = 3292, 3028,
2923, 1595, 1493 1454, 1428, 1066, 1028, 812, 756, 700 cnm*; MS
(ES): mz (%9: 468 [M1]" (100). Conpound 14c (partial data from a
1:1 mixture): *H NWVR (300 MHz, CDO3): & = 5.97 (s, 1 H H2), 4.92
(s, 1 H H5), 3.17 (br s, 2 H CHPh), 3.05 (d, 1 H J = 10.7 Hz,

CHPh), 2.97 (d, 1 H J = 11.3 Hz, CHPh), 2.12 (s, 3 H Me-Tol);
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13C N\R (50 MHz, CDO 3): & = 68.6, 63.1, 60.1, 53.4, 39.4, 21.1; M

(ES): mz (%: 484 [Mr1]* (100). Conpound 17b: R = 0.29 (5% MeOH
CH,O,): mp. 154-157 °C, [a]?°, = +5.9 (¢ = 0.76); *H NMR (300 MHz,
CDA3): 8=28.32(dd, 1 H J = 4.6, 1.5 Hz, Ar-H), 8.16 (br s, 1 H,
Ar-H), 7.10-7.50 (m 13 H, Ar-H), 7.01 (dd, 1 H J = 8.1, 4.6 Hz,
Ar-H), 6.92 (d, 2 H J =7.8 Hz, Ar-H), 6.40 (d, 1 H J = 6.4 Hz,
S-NH), 4.69 (d, 1 H J = 6.4 H, H3), 4.11 (d, 1 H J = 12.2 Hz,
N-CHPh), 4.02 (d, 1 H J = 12.2 Hz, N-CHPh), 3.63 (d, 1 H J =
12.0 Hz, CH,OH), 3.50 (d, 1 H, J = 12.0 Hz, CH,OH), 2.80 (d, 1 H, J
= 14.7 Hz, CH,Ph), 2.60 (d, 1 H J = 14.7 Hz, CH,Ph), 2.23 (s, 3 H,
Me-Tol), 2.15 (br s, 2 H NH, OH); ¥C NWR (75 MHz, CD3): & =
150.2, 147.9, 141.1, 140.2, 139.3, 136.5, 136.1, 135.6, 130.2 (2
O, 129.0 (2 C), 128.6 (2 O, 128.1 (2 O, 127.2, 126.9, 125.6 (2
C), 122.4, 64.5, 61.1, 55.6, 45.4, 37.4, 21.2; IR (KBr): v = 3326,
3025, 2923, 1600, 1576, 1494, 1477, 1452, 1423, 1316, 1243, 1086,
1045, 890, 812, 742, 702 cm?*; MS(ES): miz (%: 993 [2M+Na]* (13),

508 [ MeNa] * (41), 486 [M+1]*+ (100).

Reaction of (x) - met hyl [(2S, 4R, 5R) - 4- benzyl - 2, 5- di phenyl - 1- ( p-
tol yl sul fonyl)-1, 3-i m dazol i di n-4-yl ] car boxyl at e, () -5a wth
Li AlH,. From a suspension of LiAlHy (3.25 equiv, 14 ng, 0.384 mmol)
in THF and sulfonamde (%)-5a (62 ng, 0.118 mol), according to
the general procedure (=20 °C to 0 ©°C, 45 mn), after
chromat ography (20-75% Et OAc- hexane), sulfonam de (%)-14d (10 ny,
17% was obtained as a white solid, further recrystallized from

25% CH,d ,- hexane, along with starting material (2.5 ng, 4% and N
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sul f onyl di am noal cohol 17c (24 ng, 41%. Conpound (%)-14d: R =

0.20 (30% Et OAc-hexane); mp. 97-99 °C, H NVMR (300 MHz, CDCl3): &
=7.74 (d, 2 H J =7.2 Hz, Ar-H), 7.16-7.44 (m 15 H, Ar-H), 7.07
(d, 2 H J =8.0 Hz, Ar-H), 5.78 (d, 1 H J = 10.1 Hz, H2), 4.77
(s, 1 H H5), 3.07 (dd, 1 H J = 11.8, 3.8 Hz, CH,OH), 2.95 (d, 1
H J = 13.9 Hz, CHPh), 2.76 (dd, 1 H J = 11.8, 9.9 Hz, CH,OH),
2.73 (d, 1 H J =13.9 Hz, CHPh), 2.62 (d, 1 H J = 9.9 Hz, NH3),
2.35 (s, 3 H M-Tol), 1.01 (dd, 1 H J = 9.9, 3.8 Hz, OH); 13C NMR
(50 MHz, CDClg3): & = 143.6, 140.2, 137.9, 135.5, 134.6, 130.8 (2
C), 129.5 (2 C), 128.6 (2 C), 128.5 (2 O, 127.9 (2 C), 127.8 (2
o, 127.4 (2 ¢, 127.0 (2 ©, 126.9, 77.0, 69.0, 63.0, 53.4, 39.7,
21.5; IR (KBr): v = 3480, 3320, 3060, 3030, 2920, 1600, 1490,
1450, 1345, 1305, 1265, 1200, 1165, 1095, 1055, 1040, 1030, 1020,
995, 930, 860, 830, 805, 775, 760, 745, 735, 730, 700, 680, 665

cm?; elemental analysis calcd (% CioHgoNbO;S (498.65): C 72.26, H
6.06, N 5.62, S 6.43; found: C 71.90, H 5.71, N 5.30, S 5.00.
Compound (x)-17c: R = 0.10 (30% EtQAc-hexane); mp. 178-180 °C
(25% Et ,O0- hexane); 'H NWR (CDO 3 300 MHz): & = 7.43 (dm 2 H J =
7.9 Hz, Ar-H), 7.19-7.37 (m 7 H, Ar-H), 7.03-7.13 (m 8 H, Ar-H),
6.88 (dm 2 H J = 7.9 Hz, Ar-H), 6.50 (br s, 1 H NH3), 4.72 (s,
1 H H3), 4.04 (d, 1 H J =11.3 Hz, NCH-Ph), 3.98 (d, 1 H J =
11.5 Hz, N-CH-Ph), 3.51 (d, 1 H, J = 12.0 Hz, CH.-OH), 3.25 (d, 1
H J = 11.5 Hz, CH-OH), 2.97 (d, 1 H J = 14.0 Hz, CH-Ph), 2.50
(d, 1 H J = 14.0 Hz, CH-Ph), 2.25 (s, 3 H Me-Tol), 1.64 (br s, 2
H NH2, Of):; ¥C NWR (CDCl3 50 MHz): & = 142.3, 140.0, 138.0,

137.1, 137.0, 136.2, 130.4, 128.9 (2 O, 128.8 (2 O, 128.6, 128.3
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(2 C, 128.0 (2 C, 127.3, 127.2, 126.8 (2 C), 65.4, 62.5 61.0,

45.4, 37.3, 21.3; IR (KBr): v = 3460, 3310, 3280, 3060, 3030,
2950, 2860, 1600, 1495, 1470, 1455, 1425, 1360, 1330, 1210, 1180,
1160, 1090, 1055, 1030, 925, 910, 880, 835, 810, 760, 755, 735,
705, 670 cm®; elenmental analysis calcd (% GCsoHsNoO;S (500.36): C
71.96, H 6.45, N 5.60, S 6.40; found: C 71.58, H 6.07, N 5.25, S

6. 02.

(%)-(2S,4S,5R) - 4- Benzyl - 2, 5-di phenyl - 1- (p-tol yl sul fonyl)-1, 3-

i mdazolidin-4-yl-nmethanol, (£)-15b, and (z)-N{(R-[(2R, 4S)-4-
benzyl - 2- phenyl oxazol i di n- 4-yl ] phenyl met hyl } - p-t ol uenesul f onam de,

(x)-16. From a suspension of LiAlH; (3 equiv, 13 ng, 0.354 mmol) in
THF and cycl oadduct (zx)-12a (62 ng, 0.117 mol), according to the
general procedure (—20 °C, then 0 °C, 10 mn), an 80:20 m xture of
al cohol (%)-15b and (%)-16, along with a small anmount of (zx)-17d,
was obtained. Purification by chromatography (5-50% Et QAc-hexane),
gave pure alcohol (%)-17d (10 ng, 17% and (x)-15b (48 ny, 82%
contamnated with traces of (%)-16. Upon recrystallization (25%
CH,d ,- hexane), conplete formation of (%)-16 was observed (1H NWR)
and, wupon standing in CHCO , solution, formation of (%)-15b was
observed. Compound (#)-15b: R = 0.21 (5% Et QAc- CH,Cl ) H NVR (200
Mz, CDCOl3): & = 6.68-7.77 (m 19 H Ar-H), 5.59 (s, 1 H H?2),
4.93 (s, 1 H HD5), 3.22 (br s, 2 H CHOH, 2.47 (d, 1 H J = 13.9
Hz, CH,Ph), 2.34 (s, 3 H Me-Tol), 2.17 (d, 1 H J = 14.1 H,
CH,Ph): 3C NWMR (50 MHz, CDO 3, partial data fromthe mixture): & =

78.0, 62.0, 39.6, 21.5. Conpound (%)-16: R = 0.21 (5% Et OAc-



39
CH 5); 'H NVR (200 MHz, CDO 3): & = 7.55 (d, 2 H J = 8.1 Hz, Ar-
H, 7.10-7.38 (m 13 H, Ar-H), 6.97 (m 2 H Ar-H, 6.66 (dm 2 H,
J=28.1H, A-H, 594 (d, 1 H J =23.9 H, H2), 4.83 (d, 2 H J
= 11.0 Hz, CHN, NH), 4.14 (d, 1 H J = 4.0 Hz, NH1), 4.05 (d, 1

H J

8.8 Hz, CH,OH), 3.78 (d, 1 H J = 8.9 Hz, CHOH), 2.79 (d, 1

H J

14.1 Hz, CHPh), 2.53 (d, 1 H, J = 13.8 Hz, CH,Ph), 2.37 (s,
3 H Me-Tol); ®¥C NWR (50 Mz, CDOj; partial data from the
m xture): o6 = 92.3, 70.1, 61.6, 38.1, 21.5; IR (film: v = 3307,
3063, 3030, 2926, 1599, 1495, 1454, 1332, 1216, 1160, 1091, 1055,
1029, 918, 813, 754, 700, 665 cml M5 (ES): mz (%: 533

[ MENH,OH] * (58), 499 [M+1]* (73), 497 [M-]* (100).

(—-(2S, 3R, Sg) - 2- (Benzyl am no) - 3- phenyl - 3- ( p-

tol yl sul fi nyl am no) propan- 1- ol , 17f, and (2R, 3S, Sg) - 2-
(benzyl am no) - 3- phenyl - 3- (p-tol yl sul fi nyl am no) pr opan-1-ol, 17f°
From a suspension of LiAH (287 ng, 7.56 mmol) in Et,O0 and an
84:16 mxture of 7a and 8a (795 ngy, 1.89 mmol), according to the
general procedure (2 h), diamnoalcohols 17f and 17f' were
obtained. Purification by chromatography (CH,O, to 1:20 EtOH+
CH,Cd ,) afforded 257 nmg (0.65 mmol) of diam noal cohol 17f as a
white solid and 380 ng (0.96 nmmol) of a m xture of diam noal cohol s
17f and 17f' (85% conbined yield), which after recrystallization
fromEt,O0 CH,O,, afforded 300 ng of pure diam noal cohol 17f (40%.
This reaction has also been carried out using pure 7a as starting
material with parallel results (83%; however, sonetinmes we have

found convenient to carry out the reduction of the mxture of



40

di astereoners 7/8 due to their tedious separation. Conpound 17f: R
= 0.18 (Et,0:; mp. 134-135 °C, [a]?®, = —226.7 (¢ = 0.80): H NWR
(200 MHz, CDCl3): & = 7.38 (d, 2 H, J = 8.3 Hz, Ar-H), 7.13-7.25
(m 6 H Ar-H, 6.99-7.08 (m 6 H Ar-H, 564 (d, 1 H J = 7.5
Hz, S-NH), 4.45 (dd, 1 H J = 7.5, 3.5 H, H3), 3.56 (m 2 H,

CH,OH), 3.51 (d, 1 H J

Hz, CH,Ph), 2.88 (ddd, 1 H J = 8.8, 5.3, 3.5 Hz, H2), 2.25 (s, 3

13.3 Hz, CHPh), 3.36 (d, 1 H J = 13.3

H Me-Tol), 1.60 (br s, 1 H Bn-NH); 13C NWR (50 MHz, CDCl3): & =
141.5, 141.1, 139.8, 139.1, 129.1 (2 C), 128.4 (2 C), 128.1 (2 O,
127.9 (2 ©, 127.1, 126.8, 126.6 (2 C), 126.2 (2 C), 62.8, 60.9,
53.0, 51.9, 21.1; IR (KBr): v = 3390, 3180, 2940, 2860, 1630, 1490,
1460, 1450, 1425, 1340, 1260, 1200, 1175, 1080, 1055, 1030, 950,
920, 890, 850, 830, 810, 750, 700 cm*, M (El): mz (%: 303 (1),
285 (3), 278 (1), 223 (6), 150 (97), 106 (31), 92 (20), 91 (100),
77 (13), 65 (16), 51 (4); elenental analysis calcd (% CytheNoOS
(394.53): C 70.02, H6.64, N 7.10, S 6.13; found: C 69.93, H 6.56,

N 7.16, S 6.01. Conpound 17f' (partial data): R = 0.12 (Et,0; H
NVR (200 MHz, CDCl3): & = 5.40 (d, 1 H J = 7.5 Hz, S NH), 4.70

(dd, 1 H J

7.5, 3.5 Hz, H3), 2.44 (s, 3 H Me-Tol).

(3-(2S, 3R, Sg) - 2- (benzyl am no) - 3- p- f | uor ophenyl - 3- (p-

tol yl sul finyl am no) propan-1-ol, 1749, and (H)-(2R, 3S, Sg) - 2-
(benzyl am no) - 3- p- f | uor ophenyl - 3- (p-tol yl sul fi nyl am no) propan- 1-

ol, 17g'. From a suspension of LiAlH; (33 ng, 0.88 mmmol) in Et,0
and an 83:17 m xture of 7e and 8e (95 ng, 0.22 mmol), according to

the general procedure (2 h), diamnoalcohols 17g and 179" were
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obt ai ned. Purification by chromatography (0-3% EtOH CHJ »)

af forded di am noal cohol 17g (40 ng, 0.10 nmol, 45% as a white
solid, further recrystallized from Et,0 and a mxture of
di am noal cohols 17g and 17g' (23 ng, 0.06 nmol, 27% 72% conbi ned
yield). Chromatography of this m xture (1:40 EtOH4+ CH,d ,) gave pure
di am noal cohol 17g' (7 ng) as a colorless oil. This reaction has
been carried out on a mxture of 7e and 8e to avoid their tedious
separation; this has led to the characterization of 17g°. Conpound
179: R = 0.32 (1:40 EtOHCHC 5); mp. 122-124 °C, [a]?°p = —455.0
(c = 1.49); H NWR (400 MHz, CDd3): & = 7.33 (d, 2 H J = 8.1 Hz,
Ar-H)y, 7.18-7.28 (m 3 H Ar-H), 6.94-7.06 (m 6 H Ar-H), 6.84
(apt, 2 H J =87 H, Ar-H), 563 (d, 1 H J = 7.5 H, SNH,
4.42 (dd, 1 H J = 7.3, 3.5 Hz, H3), 4.30 (br s, 1 H O, 3.57
(dd, 1 H J = 11.7, 4.6 H, H1), 3.50 (m 1 H H1), 3.48 (d, 1
H J = 13.4 Hz, CHhPh), 3.33 (d, 1 H J = 13.4 Hz, CHPh), 2.81
(ddd, 1 H J = 8.2 Hz, 4.6 Hz, 3.5 Hz, H2), 2.24 (s, 3 H M-
Tol), 1.56 (br s, 1 H Bn-NH); 13C NWR (50 MHz, CDCl3): & = 161.7
(1 C d, Jipso GF = 245.3 Hz), 141.3, 139.9, 139.4, 137.5, 129.1 (2
C, 128.5 (2 C, 128.2 (2 C, d, Jn CGF = 8.0 Hz), 127.9 (2 O,
127.2, 126.1 (2 C, 114.9 (2 C, d, Jo GF = 21.5 Hz), 63.1, 61.1,
52.4, 52.2, 21.1; IR (KBr): v = 3401, 1690, 1508, 1221, 1037 cm;
MS (ES): mz (%: 413 [M+1]™* (100); elenental analysis calcd (%
CostpsFN,O,S (412.57): C 66.95, H 6.12, N 6.79, S 7.77; found: C
66.72, H6.11, N 6.73, S 8.02. Compound 17g': R = 0.30 (1:40 EtOH+
CH,C ) : [a]?°, = +63.6 (¢ = 1.38); H NWVR (300 MHz, CDCl3): & = 7.56

(d, 2 H J = 8.2 H,, Ar-H), 7.16-7.38 (m 7 H, Ar-H, 7.02-7.10
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(m 4 H A-H), 541 (d, 1 H J = 4.4 Hz, SSNH), 4.65 (dd, 1 H, J

= 6.3, 4.5 Hz, H3), 3.60-3.71 (m 1 H H1), 3.65 (d, 1 H J =
13.4 Hz, CHPh), 3.50 (m 1 H H1), 3.48 (d, 1 H J = 13.4 Hz,
CHPh), 2.77 (m 1 H H2), 2.42 (s, 3 H M-Tol), 1.65 (br s, 1 H,
Bn-NH); C NWR (50 MHz, CDO3): & = 162.3 (d, 1 C, Jipso GF = 246.4
Hz), 142.1, 141.5, 139.9, 136.1 (d, 1 C, J, GF = 3.0 Hz), 129.6 (2
O, 129.5 (d, 2 C, Jn GF = 9.9 Hz), 128.3 (2 C, 128.1 (2 O,
127.0, 125.2 (2 C), 115.5 (d, 2 C, J, GF = 21.3 Hz), 62.8, 59.2,

58.0, 51.2, 21.4; IR (KBr): v = 3435, 2920, 1631, 1508, 1223, 1045

cm?*; M5 (ES): mz (9%: 413 [M+1]* (100).

(3-(2S, 3R, Sg) - 2- benzyl am no- 3- ( 3-pyridyl)-3-(p-
tol yl sul fi nyl am no) propan-1-ol, 17h. LiAIH; (8 ng, 0.20 mml) was
added to a suspension of 7f (21 ng, 0.05 mmol) in anhydrous Et,0O

(15 ni/mol). Standard work-up according to the general procedure
(7 h) gave N benzyldi am noal cohol 17h (14 ng, 71% as a colorless
oil after chromatography (2.5-15% EtOHEt,0 . Conpound 17h: R =
0.23 (10% EtOH-Et,0; [a]?%, = —210.7 (c = 0.84); 'H NWR (300 MHz,
CDCl3): 8 =8.37 (dm J = 4.6 Hz, 1 H Ar-H), 8.29 (d, J = 2.0 Hz,
1 H A-H, 7.34 (m 3 H A-H), 7.21-7.23 (m 3 H Ar-H, 7.03-
7.08 (m 3 H A-H, 7.01 (d, J =7.9 H, 2 H A-H, 568 (d, J =
7.3 Hz, 1 H S-NH), 4.48 (dd, J = 7.1, 3.0 Hz, 1 H H3), 3.48-
3.63 (m 2 H CHOH), 3.45 (d, J = 13.2 Hz, 1 H CHPh), 3.31 (d, J

= 13.2 Hz, 1 H CHPh), 2.82-2.88 (m 1 H H2), 2.23 (s, 3 H M-
Tol); 13C NWR (50 Mz, CDOl3): & = 148.5, 148.1, 141.5, 139.5,

139.0, 137.4, 134.3, 129.2 (2 C), 128.5 (2 C), 127.9 (2 O, 127.3,
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126.0 (2 C), 122.8, 62.9, 61.1, 52.4, 50.8, 21.2; IR (Cdyg: v =

3300, 3000, 2900, 2820, 1560, 1480, 1430, 1410, 1120, 1080 cnt*; M
(El): mz (%: 150 (51), 139 (19), 108 (15), 91 (100), 65 (10);
el emrental analysis calcd (% CyoHosNsO,S (395.52): C 66.81, H 6.37,

N 10.62, S 8.11; found: C 66.93, H 6.05 N 10.51, S 8. 35.

(+)-(2S, 3R, Sg) - 2- (Benzyl am no) - 3- (p-tol yl sul fi nyl am no) pent an-1-ol,
17), and (2S, 3S, Sg) - 2- (benzyl am no) - 3-(p-tol yl sul finyl am no) pent an-
l-ol, 17j'. From a suspension of LiAlH; (480 ng, 12.64 mol) in
Et, O and 7i (1179 ng, 3.16 nmmol), according to the general
procedure (4 h 30 mn), di am noal cohol 17j was obt ai ned.
Purification by chr omat ogr aphy (0-5% MeOH CHA ») af f or ded
di am noal cohol 17; (866 nmg, 2.50 mmol, 79% . This reaction has
al so been carried out with a 90:10 m xture of 7i and 8i which has
allowed to isolate and characterize after chromatography (15%
MeCOH- t ol uene) di am noal cohol 17" (10 ng). Conpound 17j: R = 0.37
(5% MeOH-CH,d ,); [a]?°, = +21.5 (¢ = 1.11); H NWR (300 MHz,
CDCl3): & =7.54 (d, 2 H J =8.3 H, A-H), 7.26 (m 7 H Ar-H),
4.94 (d, 1 H J =8.4 H, SNH, 3.87 (d, 1 H J = 13.0 Hz, CH,Ph),
3.73 (d, 1 H J = 13.0 Hz, CHPh), 3.60 (m 2 H 2 H1), 3.17 (m
1H, H3), 2.67 (ddd, 1 H J = 5.1, 3.4, 2.1 Hz, H2), 2.39 (s, 3
H Me-Tol), 1.27-1.42 (m 1 H H4), 1.13-1.25 (m 1 H H4), 0.50
(t, 3 H J =7.4 Hz, CHy Et); 13C NWR (75 MHz, CDCl3): & = 141.4,
140.3, 140.1, 129.4 (2 C), 128.5 (2 C), 128.2 (2 C), 127.2, 125.9
(2 C, 61.4, 58.6, 53.1, 52.9, 27.0, 21.4, 10.2; IR (film:v =

3307, 3027, 2929, 2874, 1597, 1493, 1453, 1261, 1086, 1045, 812,
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737, 699 cm?; M5 (ES): mz (%: 347 [M1l]* (100): elenental

anal ysis calcd (% CigtHhgNbO,S (346.54): C 65.89, H 7.57, N 8.09, S
9.20; found: C 65.74, H 7.80, N 8.11, S 9.43. Conpound 17j': R =
0.37 (30% MeOH-tol uene); *H NVR (300 MHz, CDO3): & = 7.59 (d, 2 H,
J =8.2 H, A-H), 7.21-7.32 (m 7 H Ar-H, 4.54 (d, 1 H J = 8.9
Hz, SNH), 3.79 (d, 1 H J = 13.3 Hz, CHPh), 3.68 (d, 1 H J =
13.3 Hz, CH,Ph), 3.61 (dd, 1 H J = 11.1, 4.3 Hz, H1), 3.53 (dd, 1
H J=11.1, 5.5 Hz, H1), 3.42 (m 1 H H3), 2.60 (m 1 H H2)),
2.37 (s, 3 H M-Tol), 1.59 (quint, 1 H J = 7.2 H, H4), 0.99
(t, 3 H J =7.4 Hz, CHy Et); 13C NWR (75 MHz, CDCl3): & = 142.5,
141.5, 140.1, 129.6 (2 C), 128.4 (2 C), 128.2 (2 C), 127.0, 125.4
(2 ¢, 60.1, 59.6, 59.1, 51.2, 27.1, 21.3, 11.1; IR (KBr):v =
3427, 3289, 3210, 2963, 2920, 2869, 1627, 1595, 1490, 1452, 1414,
1378, 1085, 1033, 816, 734, 695 cn*; MS (ES): mz (%: 347 [M1]*

(1009 .

(+)-(2S, 3R, Sg) - 2- (benzyl am no) - 4- net hyl - 3- (p-

tol yl sul finyl am no) pentan-1-ol, 17k. From a suspension of LiAl H
(140 ng, 3.68 mmol) in Et,O0 and 7] (357 ng, 0.92 mml), according
to the general procedure (5 h), diam noalcohol 17k was obtained.
Purification by chr omat ogr aphy (0-5% MeOH CHA ») af f or ded
di am noal cohol 17k (250 ngy, 0.69 mmol, 75% as a white foam
Conpound 17k: R = 0.27 (5% MeOH CH,d 5); [a]?°p, = +58.8 (¢ = 0.98);
'H NMR (300 MHz, CDCl3): 6 =7.53 (d, 2 H 2 H J=28.2 H, A-H,
7.25-7.32 (m 7 H Ar-H), 500 (d, 1 H J = 8.7 Hz, S-NH), 3.89

(d, 1 H J = 12.9 Hz, CHPh), 3.71 (d, 1 H J = 12.8 Hz, CHPh),
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3.67 (dd, 1 H J = 11.6, 6.0 Hz, H1), 3.59 (dd, 1 H J = 11.6,

3.6 Hz, H1), 3.02 (m 1 H H3), 2.64 (m 1 H H2), 2.60 (br s,
2 H Bn-NH OH), 2.39 (s, 3 H M-Tol), 1.48 (m 1 H CH iPr),
0.59 (d, 3 H J =6.7 Hz, M iPr), 0.51 (d, 3 H J = 6.8 H, M
iPr); 13C NVR (50 Mz, CDCl3): & = 141.6, 140.4, 140.1, 129.4 (2
C), 128.5 (2 C), 128.3 (2 C), 127.2, 125.9 (2 C, 62.5 57.7,
56.5, 52.5 31.4, 21.4, 19.3, 18.4; IR (film: v = 3307, 2925,
1592, 1493, 1453, 1086, 1050, 811, 752, 699 cnt M (ES): mz (%:

361 [ M+1]* (100).

(+)-(2S, 3R, Sg) - 2- (Benzyl am no) - 2, 4- di net hyl - 3- (p-

tol yl sul finyl am no)pentan-1-ol, 17e. From a suspension of LiAlH
(311 ng, 8.20 nmmol) in Et,O0 and (821 ng, 2.05 mmol) of an 80: 20
m xture of 9c and its epimer at C? according to the general
procedure (15 h), diam noal cohol 17e was obtained. Purification by
chromat ography (0-5% MeOH CH, O ,) afforded di am noal cohol 17e (483
ng, 1.29 mmol, 63% as a white solid further recrystallized from
Et O This experinment is an additional proof of our structural
assignnent of 9c and its epiner at C2. Compound 17e: R = 0.25 (5%
Et O+ CH,A ,); mp. 128-131 °C, [0a]? = +15.0 (¢ = 1.35); *'H NWR
(300 MHz, CDCl3): & = 7.53 (d, 2 H J =8.2 H, Ar-H), 7.33 (m 5
H Ar-H), 7.25 (d, 2 H J =8.2 Hz, Ar-H), 4.67 (d, 1 H J = 9.5
Hz, S-NH), 3.67 (s, 2 H H1), 3.59 (d, 1 H J = 11.2 Hz, CH,Ph),
3.45 (d, 1 H J = 11.2 Hz, CHPh), 3.25 (dd, 1H, J = 9.5, 1.9 Hz,
H3), 2.38 (s, 3 H M-Tol), 1.88 (dquint, 1 H J = 6.8, 1.9 Hz,

H4), 1.16 (s, 3 H M), 0.77 (d, 3 H J =6.9 H, M iPr), 0.57



46
(d, 3 H J =6.9 H, Me iPr); 13C NMR (50 Mz, CDOl3): & = 142.1,

141.6, 140.6, 129.5, 128.5 (2 C), 128.1 (2 C), 127.1, 125.6 (2 O,
64.8, 60.9, 60.6, 45.9, 26.8, 22.9, 21.4, 18.7, 18.6; IR (KBr): v =
3430, 2945, 1464, 1091, 1069, 1040, 814, 747, 702 cm* M (ES):
mz (%:397 [M:Na] *(52), 375 [Mrl1l]t (100); elenental analysis
calcd (% CoHoNoO,S (374.54): C 67.34, H 8.07, N 7.48, S 8.56;

found: C 67.09, H 8.13, N 7.58, S 8.25.

(x)-(2S, 3R) - 2- Benzyl - 2- benzyl am no- 3- phenyl - 3- ( p-

t ol yl sul f onyl am no) propan-1-ol, (%)-17d. From a suspension of 3
equiv of LiAlH; (11 ng, 0.300 nmmol) in Et,0 and 10% THF and 12a (53
ng, 0.100 mol), according to the general procedure (2 h),
di am noal cohol 17d was obtained. Purification by chronatography
(15-75% Et,O hexane) afforded diam noalcohol 17d (38 ng, 0.076
mmol, 75% as a white solid further recrystallized from Et,0O
Conpound 17d: R = 0.15 (50% Et,O hexane); mp. 130-131 °C, H NW\R
(200 MHz, CDCl3): & = 7.40 (d, 2 H J = 8.3 Hz, Ar-H), 7.11-7.28
(m 15 H, Ar-H), 6.95 (d, 2 H J = 8.2 Hz, Ar-H), 6.30 (br s, 1 H,
SNH), 4.57 (s, 1 H H3), 3.78 (dd, 1 H J = 9.9, 3.0 H, N
CH,Ph), 3.61 (dd, 1 H J = 9.9, 6.5 Hz, NNCHPh), 3.49 (d, 1 H J =
12.3 Hz, CH,OH), 3.39 (d, 1 H J = 12.3 Hz, CHOH), 3.02 (d, 1 H J
= 13.8 Hz, CHPh), 2.46 (d, 1 H J = 13.8 Hz, CH,Ph), 2.26 (s, 3 H,
Me-Tol), 2.09 (s, 1 H NH); *3C NWR (50 MHz, CDO3): & = 142.09,
140.2, 137.0, 130.5 (2 C), 129.1 (2 C), 128.6 (2 C, 128.5 (2 O,
128.4 (2 C), 128.2, 128.0 (2 C©, 127.7 (2 C), 127.5, 127.1 (2 O,

126.8, 125.3, 62.9, 61.8, 60.7, 45.9, 39.5, 21.3; IR (KBr): v =
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3520, 3300, 3060, 3030, 2940, 1600, 1495, 1420, 1350, 1330, 1305,

1290, 1165, 1090, 1060, 1025, 930, 805, 760, 750, 740, 705, 680,
660 cm*. M5 (ES): mz (%: 501 [Mt1l]* (100); elenental analysis
calcd (% GCzoHz2NbO3S (500.66): C 71.96, H 6.45, N 5.60, S 6.40;

found: C 72.21, H6.70, N5.89, S 6.21.

General Procedure for the Reaction between Sulfinylimdazolidines
and NaBH4/ Lil. A round-bottoned flask was charged w th anhydrous
THF (2 ni/mol of imdazolidine) and 2-3 equiv of Lil was added,
foll owed by 2-3 equiv of NaBH;. The resulting suspension was cool ed
to 0 °C and a solution of the corresponding imdazolidine in
anhydrous THF (6 ni/mmol), was added dropwi se and the reaction
m xture was stirred at 0 °C (30 mn) and at room tenperature and
nonitored by TLC. Wen the reaction had reached conpletion, (2-3
h), the m xture was quenched with a 5% NaHCO; sol ution (2 ni/mmmol)
and diluted with CH,d , (8 nL/nmmol) and the |ayers were separated.
The aqueous | ayer was extracted with CHO, (3 tines, 8 niL/mmol) .
The conbined organic extracts were washed with a saturated Nad
solution (4 nL/mmol), dried over anhydrous Na,SQu, filtered and
concentrated under reduced pressure to give a crude product, which

was purified by colum chromatography on silica gel.

(>-[(2S, 4S, 5R, Sg) - 2, 5-Di phenyl -1-(p-tolyl sulfinyl)-1, 3-
i m dazol i din-4-yl]nmethanol, 15c, and [(2R 4R 5S, Ss)- 2, 5-di phenyl -
1-(p-tolylsulfinyl)-1, 3-imdazolidin-4-yl]nethanol, 15c’. From Lil

(128 ng, 0.96 nmmol) in THF, with NaBH; (38 ng, 0.96 mmol) and a
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77:23 mxture of 7a and 8a (200 ng, 0.48 mmol), according to the

general procedure (2 h), a 77:23 mxture of alcohols 15c and 15c’
(144 ngy, 78% was obtained after chromatography (80-100% Et,O
CH,Cl , then 2% Et OH Et,0) as a colorless oil. A pure sanple of 15c
(5599 and enriched sanples of 15¢’ (10:90) were obtained by a
second careful chromatography. Wen this reaction was carried out
in refluxing THF, a 50:12:30:8 mxture of 15c, 15¢° and N
benzyl di am noal cohols 17f and 17f° was obtained. Wen 15¢c was
treated with LiAIH, in Et,O at 0 °C conplete conversion to 17f was
observed. Conpound 15c: R = 0.24 (75% Et QAc-hexane); R = 0.66 (3%
Et OH-Et,0); [a]®®, = —63.9 (¢ = 0.23); 'H NWR (300 MHz, CDO3): & =
7.76 (dm 2 H J = 7.4 Hz, Ar-H), 7.24-7.48 (m 6 H Ar-H), 6.84-
7.00 (m 4 H Ar-H), 6.66 (dm 2 H J = 7.4 Hz, Ar-H), 5.94 (s, 1
H H2), 4.65 (d, 1 H J=55H, H5), 3.71-3.76 (m 2 H CHOH),
3.27 (9, 1 H J =5.6 H, H4), 2.70 (br s, 2 H NH, OH, 2.17 (s,
3 H Me-Tol); 13C NWR (50 Mz, CDCl3): & = 142.0, 141.1, 140.2,
138.9, 128.8 (4 C), 127.7 (2 C), 127.3 (2 ©O), 127.0, 126.8 (2 O,
126.2, 125.5 (2 C), 80.1, 69.1, 61.2, 58.6, 21.1; IR (Cd,): v =
3400, 3070, 3030, 2960, 1650, 1600, 1495, 1455, 1260, 1200, 1090,
1065, 1040, 1020, 950, 910, 870, 700 cm*; MS (ES): mz (%: 807
[2MFNa] © (19), 393 [M+1]* (100). Conpound 15¢’ (partial data): R =
0.24 (75% Et OAc-hexane); R = 0.59 (3% Et O+ Et,0; 'H NVR (300 Mz,
CDClg): & =5.77 (s, 1 H H2), 4.92 (d, 1 H J = 7.3 Hz, HD5),

2.23 (s, 3 H Me-Tol).
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(2)-[(2S, 4S, 5R, Sg) - 5- p- Fl uor ophenyl - 2- phenyl - 1- (p-tol yl sul finyl) -

1, 3-imdazol i di n-4-yl ] net hanol , 15d and (%)-[(2R 4R 5S, Sg)-5-p-
fl uor ophenyl - 2- phenyl - 1- (p-tol yl sul finyl)-1, 3-i m dazol i di n-4-

yl ] met hanol, 15d°. From Lil (128 ng, 0.96 mmol) in THF, with NaBH,
(38 ng, 0.96 mml) and an 83:17 m xture of 7e and 8e (210 ng, O0.48
mmol ), according to the general procedure (45 mn), an 83:17
m xture of alcohols 15d and 15d° (139 ng, 71% was obtained after
chromat ography (40:1 CHC ,-EtOH) as a white foam Pure al cohol 15d
(78 ng, 40% was obtained by recrystallization from 30% Et,O
hexane. This reaction has been carried out using a mxture of 7e
and 8e to avoid their tedious separation; this has lead to the
partial characterization of 15d°. Conpound 15d: R = 0.22 (30:1
CHC ,-EtOH): mp. 120-121 °C, *H NMR (300 Mz, CDd 3): & = 7.75 (d,
J =7.6 HZ, 2 H Ar-H), 7.37-7.51 (m 3 H Ar-H), 7.30 (m 2 H,
Ar-H), 6.90 (d, J = 7.8 Hz, 2 H Ar-H), 6.54-6.64 (m 4 H, Ar-H,
5.97 (s, 1 H H2), 4.69 (d J =6.2 Hz, 1 H H5), 3.79 (dd, J =
11.6, 1 H 4.2 Hz, CH,OH), 3.68 (dd, J = 11.6, 5.5 Hz, 1 H CHOH),
3.20 (ap g, J = 5.7 H, 3 H H4, N+3, OH, 2.21 (s, 3 H M-
Tol); '3C NMR (50 MHz, CDO3): & = 161.4 (1 C d, Jipso = 244.9 Hz),
141. 3, 140.4, 138.7, 137.6, 128.8 (4 O, 128.5 (2 C, d, IJn GF =

8.0 Hz), 128.4, 127.1 (2 O, 125.5 (2 O, 114.4 (2 C, d, Jo GF

21.4 Hz), 80.2, 69.1, 60.6, 57.9, 21.1; IR (KBr): v = 3309, 2924,
1603, 1509, 1450, 1221, 1086, 1040, 947, 826, 745, 528 cm?;
MB(ES): mz (%: 843 [2M#Na]*t (9), 411 [Mr1]*t (100), 323 (27);
el emental analysis calcd (% GCy3HhsNoO,FS (410.55): C 67.28, H 5. 66,

N 6.82, S 7.81; found: C 66.90, H 5.60, N 6.76, S 7.77. Conpound
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21b’ (partial data from an 83:17 mxture): R = 0.17 (30:1 CHJ »,-

EtOH): 'H NWVR (300 MHz, CDCl3): & = 5.79 (s, 1 H H2), 4.94 (d, J

= 7.6 H, 1 H H5), 3.36 (m 1 H CHOH), 2.25 (s, 3 H Me-Tol).

Gener al Procedure for p- Ni t robenzoyl ati on of Sul fi nyl
| m dazolidinyl Alcohols. To a cold (0 °C) solution of 1 equiv of
al cohol in CHCO, (10-40 ni/mml) was added EtsN (4.4 equiv)
followed by p-nitrobenzoyl chloride (2 equiv) and a catalytic
anount of DMAP (2-3 crystals) and the reaction m xture was stirred
at O °C and nonitored by TLC  until starting materi al
di sappearance. Then, the reaction was quenched with a saturated
solution of NaCl (4 nL/mml), diluted with of CHO, (4 nL/mmol)
and the l|ayers were separated. The aqueous |ayer was extracted
with CH,O, and the conbined organic extracts were washed with a
saturated solution of Nad (4 nL/mml), dried over Na,SO, and
concentrated under reduced pressure to give a crude product that

was chromat ogr aphed to give the correspondi ng p-nitrobenzoate.

(+)-p-Ntrobenzoate of (+)-[(2S,4S,5R Sg)-4-benzyl -2, 5-di phenyl - 1-
(p-tolylsulfinyl)-1,3-imdazolidin-4-yl]nethanol, 15a' . From
sul finylimdazolidine 15a (20 ng, 0.04 mmol), Et3N (2.2 equiv, 9.4
ng, 13 pupL, 0.09 mml), DVAP (two crystals) and p-nitrobenzoyl
chloride (2 equiv, 16 ng, 0.08 mvl) in 0.5 nL of CH,O,, follow ng
t he general procedure (30 mn), after chromatography (5-50% Et OAc-
hexane), p-nitrobenzoate 15a' (24 ng, 92% was obtained as a white

solid that was recrystallized from Et,O to give pure 15a" (20 ng,
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7699 . A second recrystallization fromiPrOH gave suitable crystals

for X-ray diffraction analysis. Conpound 15a': R = 0.34 (30%
Et OAc- hexane); mp. 163-165 °C (Et,0; [0o]?% = +41.9 (c = 0.87); 'H
NVR (300 MHz, CDCl3): & =8.30 (d, 2 H J =8.9 Hz, Ar-H), 8.09 (d,
2 H J =289 H, A-H, 7.80-7.83 (m 2 H Ar-H), 7.44-7.56 (m 3
H Ar-H), 7.01-7.16 (m 10 H, Ar-H), 6.90-6.94 (m 1 H Ar-H),
6.80 (d, 2 H J =282 H, A-H), 580 (s, 1 H H2), 4.88 (s, 1 H,
H5), 450 (d, 1 H J =11.2 Hz, CH,OH), 4.36 (d, 1 H J = 11.1 Hz,
CH,OH), 2.57 (br s, 1 H, NH3), 2.40 (d, 1 H J = 14.2 Hz, CH,Ph),
2.20 (d, 1 H J = 14.3 Hz, CH,Ph), 2.16 (s, 3 H, Me-Tol); 13C NMR
(50 MHz, CDOl3): & = 163.9, 150.6, 140.9, 140.2, 139.5, 138.7,
136.5, 135.5, 130.9, 130.7 (2 ©), 129.9, 129.8 (2 C, 129.2 (2 O,
128.9, 128.8 (2 C), 128.6 (2 C), 128.3 (2 C), 128.2 (2 O, 127.9
(2 O, 127.7 (2 C, 126.8, 126.7, 125.3, 123.7 (2 C), 123.6, 66.4,
65.6, 62.5, 41.9, 21.1; IR (COy4): v = 3350, 3120, 2935, 1735,
1600, 1530, 1450, 1350, 1270, 1120, 1090, 1070, 700, 610 cm?;
el emrental analysis calcd (% GCs7H3sNsG5S (631.74): C 70.34, H 5.27,

N 6.65, S 5.08; found: C 70.46, H 5.26, N 6.69, S 5.04.

(x)-p-N trobenzoate of (%)-[(2S, 4S, 5R)-4-benzyl-2,5-di phenyl -1-(p-
tol yl sul fonyl)-im dazolidi n-4-yl ] nmethanol, (%)-15f. From
sul fonylim dazolidine (+)-15b (18 ng, 0.037 mmol ), Et3N (3.0 equiv,
22 nmg, 30 pL, 0.22 mmol), DVAP (two crystals) and p-nitrobenzoyl
chloride (2.7 equiv, 19 ng, 0.10 mmol) in 2 nL of CH,O,, follow ng
the general procedure (30 mn), after chromatography (15-75%

Et OAc- hexane), p-nitrobenzoate (%)-15f (16 ng, 68% was obtained
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as a white solid further recrystallized from 25% Et,0 hexane.

Conpound (#)-15f: R = 0.29 (20% Et OAc- hexane); mp. 127-128 °C, H
NMR (300 MHz, CDCl3): & =8.40 (d, 2 H J =8.5 Hz, Ar-H), 8.18 (d,
2 H J =286 H, A-H, 7.68 (m 2 H Ar-H), 7.35-7.44 (m 10 H,
Ar-H), 6.95-7.09 (m 5 H Ar-H), 6.81 (m 2 H Ar-H), 5.66 (d, 1

H J =9.6 H, H2), 505 (s, 1 H H5), 3.93 (d, 1 H J = 11.4

Hz, CHOH), 3.55 (d, 1 H J = 11.5 Hz, CHOH), 2.49 (d, 1 H, J
14.2 Hz, CHPh), 2.39 (d, 1 H J = 9.6 Hz, NH3), 2.27 (s, 3 H M-
Tol), 2.09 (d, 1 H J = 14.5 Hz, CHyPh); 13C NMR (50 MHz, CDOl3): &
= 143.9, 139.0, 138.8, 135.5, 135.0, 134.8, 130.6 (2 O, 129.8(2
O, 129.3 (2 C, 129.0, 128.7 (2 C), 128.6 (2 ©C), 128.4 (2 O,
128.3 (2 ©), 127.7 (2 ©, 127.6 (2 C, 126.9, 123.9 (2 C), 123.5,
78.5, 69.3, 66.6, 65.8, 41.5, 21.5 quaternary carbons not detected
due to lack of material; IR (COy,4): v = 3330, 3100, 3060, 3040,
2960, 2930, 2860, 1745, 1700, 1575, 1495, 1430, 1265, 1210, 1090,

1070, 1020, 960, 940, 700 cnT*.

General Procedure for Desulfinylation and Sol volysis with TFA. To
a solution of 1 equiv of substrate in MeOH (10-20 ni/muol, in sone
cases of scarce solubility in MeOH, 10-20% of CH,Cl , was enpl oyed)
was added 5-10 equiv trifluoroacetic acid (TFA) and the reaction
mxture was stirred at rt and nonitored by TLC (this often
required spotting from aliquots worked-up with saturated aqueous
KoCO3) . Upon conpletion (5-24 h), the solvent was renpoved in vacuo,
the residue was diluted with CHO , (10 niL/mmol) and extracted with

15% aqueous HO (2 x 10 ni/mmol), the conbi ned aqueous |ayer was
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cooled to 5 °C, and CH,O, (10 nL/mvol) was added. The resulting

bi phasic solution was carefully neutralized wth solid NaHCO; to
pH 7.5-9, the organic |layer was separated, and the aqueous | ayer
was extracted with CHO, (2 x 5 nb/mol). The conbined organic
extracts were washed wth water (4 niL/mmol) and brine (6 ni/mol),
dried (Na,SO;), concentrated and purified by colum chronatography
on silica gel. Alternatively, upon conpletion of the reaction,
solid NaOH (ca. 7.5 nmmol/mmol of starting nmaterial) was added and
the m xture was stirred at rt (ca. 10 h), the solvent was renoved

under reduced pressure and the residue was taken up in CHC , and

then 10-20% EtOH CH,O 5, and filtered through a short plug of silica

gel .

(- (2S, 3R) - 2- Benzyl - 2, 3-di am no- 3- phenyl - propan- 1- ol , 18b. From
sul finam de 15a (10 ng, 0.0207 nmol), with 5 equiv of TFA (8 uL,
11.8 ng, 0.103 mml) in MOH according to the general procedure
(15 h), diamnoalcohol 18b (5.3 ng, 95% was obtained as a
colorless oil after chromatography (0-65% MeOHEt,O. In the early
experiments, isolation was carried out with EtOAc instead of CHO ,
and this resulted in the isolation of a nonoacetyl ated
di am noal cohol, tentatively assigned as acetylated at N. Conpound

18b: R = 0.18 (30% MeOHEt,0; [a]®*» = —6.9 (¢ = 0.43); 'H NWR

(300 MMz, CDClg): & = 7.46 (d, 2 H J = 8.3 Hz, Ar-H), 7.25-7.38

(m 8 H Ar-H), 4.11 (s, 1 H H3), 3.43 (d, 1 H J = 11.2 H,

CHOH), 3.28 (d, 1 H, J = 11.1 Hz, CHOH), 3.10 (d, 1 H J = 13.1,

CH,Ph), 2.57 (d, 1 H J 13.1 Hz, CHPh), 2.10-2.30 (br s, 5 H 2
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NH,, OH); 3C NWR (50 MHz, CDCl3): & = 140.9, 136.5, 130.8 (2 O,

128.3 (2 ©), 128.2 (2 C), 128.1 (2 C), 127.9, 126.7, 67.6, 63.7,
56.2, 41.4; IR (Cdy,4): v = 3350, 2930, 2850, 1590, 1490, 1450, 700
cm® M (El): mz (%: 256 (0.4), 209 (4), 195 (8), 165 (9), 151
(11), 150 (40), 133 (25), 106 (43), 91 (100), 77 (31), 69 (23), 57
(34), 55 (27). Partial data of nonoacetyl ated di am noal cohol: R =
0.30 (30% MeOHEtOAc); *H NWMR (200 MHz, CDCOl3): & = 7.00-7.40 (m
10 H, Ar-H), 4.40 (q, 1 H J = 5.6 Hz, NHCOWw), 3.93 (s, 1 H CH
NH, 3.73 (d, 1 H J = 11.5 Hz, CHOH), 3.46 (d, 1 H J = 11.5 Hz,
CH,OH), 2.57 (d, 1 H J = 13.6 Hz, CHPh), 2.33 (d, 1 H J = 13.5
Hz, CHPh), 1.85-2.30 (br s, 3 H N+, OH, 1.36 (d, 3 H J = 5.6

Hz, MeCO NH).

(%) -(2S, 3R) - 2- Am no- 2- benzyl - 3- phenyl - 3- (p-

t ol yl sul f onyl am no) pr opan-1-ol, (%)-18c. From sul f onyl
i mdazolidine (+)-15b (20 ng, 0.04 nmol), with 10 equiv of TFA (46
nmg, 31 pL, 0.40 mml) in MeCOH according to the general procedure
(24 h), diamnoalcohol (%)-18c (10 ngy, 75% was obtained after
chromat ography (0-10% EtOHCH,C,) as a white solid that was

recrystallized from 5% Et ,O0 CH,C ,. Conpound (*)-18c: R = 0.26 (5%

EtOH-CH,O ,); mp. 140-142 °C, 'H NWVR (300 MHz, CDCl3): & = 7.43
(dm 2 H J = 8.3 Hz, Ar-H), 7.18-7.27 (m 3 H, Ar-H, 7.11-7.16
(m 3 H A-H, 7.05-7.09 (m 4 H A-H, 6.99 (dm 2 H J = 8.5
Hz, Ar-H), 5.88 (br d, 1 H J = 8.4 Hz, NH, 4.42 (d, J = 8.4 Hz,
1 H H3), 3.57 (br d, 1 H J =11.1 Hz, CHOH), 3.09 (dd, 1 H, J =

11.1, 7.0 Hz, CHOH), 2.91 (d, 1 H J = 13.3 Hz, CHPh), 2.61 (br
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t, 1 H O, 2.28 (s, 3 H M-Tol), 2.03 (d, 1 H J = 13.4 Hz,

CHPh): ¥C NWR (75 MHz, CDCl3): & = 143.0, 136.7, 136.4, 135.5,
130.8 (2 C), 129.1 (2 ©O, 128.4 (2 O, 128.3 (2 ©, 128.1 (2 O,
127.5, 127.0 (2 O, 126.8, 62.8, 60.8, 49.5 (2 C), 40.0, 21.4; IR
(KBr): v = 3525, 3060, 2925, 2874, 1754, 1599, 1495, 1455, 1321,
1151, 1090, 1064, 921, 812, 761, 705 cm?; MS(ES): mz (%: 411

[ MF1] + (1009 .

(x)-p-N trobenzoate of (2S, 3R) - 2- am no- 2- benzyl - 3- phenyl - 3- (p-
t ol yl sul f onyl am no) pr opan- 1- ol , (+)-18d. From sul f onyl
i mdazolidine (x)-15f (7 nmg, 0.01 mmol), with 8 equiv of TFA (9
ng, 6 pL, 0.08 mmol) in MeOH according to the general procedure
(48 h), diam noalcohol (%)-18d (5.0 ng, 89% was obtained after
chromat ography (50% CH,O ,- hexane then Et,0O as a white solid that
was recrystallized from 10% Et,O hexane. Conpound (%)-18d: R =
0.20 (CH,O ,); mp. 180-182 °C, 'H NMR (300 MHz, CDOg): & = 8.32
(dm J = 8.9 Hz, 2 H Ar-H), 812 (dm J = 9.0 Hz, 2 H Ar-H,
7.40 (dm J = 8.3 Hz, 2 H Ar-H), 7.12-7.24 (m 8 H, Ar-H), 6.93-
7.00 (m 4 H A-H, 594 (d, J = 9.5 Hz, 1 H NH, 4.54 (d, J =
6.7 Hz, 1 H H3), 4.22 (d, J = 11.2 Hz, 1 H CHOH), 3.90 (d, J =
11.2 Hz, 1 H, CH,OH), 2.78 (d, J = 13.6 Hz, 1 H, CHPh), 2.38 (d, J
= 13.7 Hz, 1 H CHpPh), 2.25 (s, 3 H Me-Tol), 1.06 (br s, 2 H,
NHy); 13C NMR (50 MHz, CDCl3): & = 169.3, 150.0, 142.9, 140.2,
136.4, 135.1, 130.7 (2 C), 130.3 (2 C), 129.8, 129.1 (2 C), 128.6
(2 O, 128.5 (2 C, 128.3 (2 C), 128.0, 127.2, 127.0 (2 C), 123.7

(2 ¢, 66.5 61.7, 57.2, 43.1, 21.4; IR (KBr): v = 3370, 3270,
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2930, 2860, 1750, 1600, 1530, 1495, 1455, 1390, 1310, 1210, 1160,

1095, 1015, 900, 820, 705, 660 cnm™; elenental analysis calcd (%
CaoHogN3sOsS (559.65): C 64.39, H 5.22, N 7.51, S 5.73; found: C

64.09, H 4.98, N 7.20, S 5.44.

(- (2S, 3R) - 3- Ami no- 2- (benzyl am no) - 2, 4- di net hyl pent an- 1- ol , 18e.
From sul fi nyl di am noal cohol 17e (94 ng, 0.251 mol), with 5 equiv
of TFA (97 L, 1.255 mmol) in MOH according to the general
procedure (rt, 17 h; reflux, 7 h adding other 3 equiv of TFA),
di am noal cohol 18e (46 ngy, 0.20 mml, 80% was obtained after
chromat ography (0-30% MeOH-CH,Cl,) as a colorless oil. Conpound
18e: R = 0.20 (20% MeOH CH, O ,); [a]?% = —3.9 (¢ = 0.90); H NWR
(300 MHz, CDCl3): & = 7.21-7.36 (m 5 H Ar-H, 3.73 (d, 1 H J =

12.2 Hz, CHPh), 3.68 (d, 1 H J

11.0 Hz, H 1), 3.65 (d, 1 H J =
12.2 Hz, CHPh), 3.48 (d, 1 H J = 11.0 Hz, H1), 2.63 ( d, 1 H J
= 2.2 Hz, H3), 2.47 (br s, 4 H -N+, Bn-NH, OH), 2.03 (dsept, 1
H J=6.8 2.2 H, CHiPr), 1.01 (s, 3 H M), 0.95 (d, 3 H J =
6.8 Hz, Me iPr), 0.90 (d, 3 H J = 6.8 Hz, M iPr); 13C NMR (50

Mz, CDO3): & = 141.3, 128.3 (2 C), 128.2 (2 ©, 126.7, 68.5,
63.3, 58.2, 46.1, 28.3, 22.6, 18.8, 16.2: IR (film: v = 3338,

2932, 2859, 1450, 1060, 968, 733 cm*; Ms (ES): mz (%: 237 [M+1]t
(100% ; elenental analysis calcd (%9 Ci4HsNO (236.35): C 71.14, H

10.23, N 11.85; found: C 71.27, H 10.28, N 11.74.
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