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Zinc-promoted hydroxyallylation ofi-amidoalkyl arylsul-
fones4 using 3-bromo-propenyl methyl carbonatproceeds
smoothly in DMF at room temperature to afford high yields
of differentially protectedanti-1,2-amino alcohol$.

The everlasting interest in the stereoselective synthesis of 1,2-

amino alcohols is largely justified by their widespread occur-
rence in many bioactive natural produét&nantiomerically
enriched vicinal amino alcohols are also profitable starting
materials for the synthesis of many chiral catalysts and
auxiliaries that are used in several asymmetric procéesses.
Functionalization of alkenes by aminohydroxylation or by
nucleophilic ring opening of the corresponding epoxides rep-
resents a practical way to introduce these polar groups in a
preformed molecular framewofkA complementary strategy
consists of the assembling of structurally defined compounds
by reaction of carbon nucleophiles with electrophilic substrates
such as 2-amino aldehydé#ddition of carbanionic systems

to azomethine compounds also provides an efficient entry to
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various functionalized amino derivative3hus, 2-alkoxyimines

can generate 1,2-amino alcohols by reaction with various carbon
nucleophiles following the retrosynthetic path a depicted in
Scheme F.Alternatively, simple imino derivatives can be used
as substrates for the same process, providing dhatkoxy
carbanions are used as nucleophiles (Scheme 1, path b).
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Synthetic applications involving the latter strategy have been
somewhat limited by the paucity of simple reagents, equivalent
to thea-alkoxy carbanion synthon, showing a suitable reactivity
with imino derivatives. Indeed, carbanionic reagents endowed
with a marked basic character may produce a consistent
enolization when reacting with aldimines obtained from aliphatic
aldehyded. This drawback could be easily overcome by
exploiting less basic carbanionic systems to be used in connec-
tion with particularly reactive imino derivatives. The electro-
philicity of the azomethine carbon can be suitably tuned by a
proper choice of the substituent at the nitrogen atom, and the
electron-withdrawing properties of the acyl group makés
acylimines among the more reactive imino derivatives avaifable.
An efficient way to acceshl-acylimines is to carry out a base-
promoted elimination process involving a good leaving group
from N-acyl-a-substituted amines such asamidoalkyl sulfones
1.9 As a carbanionic counterpart, 3-bromo-propenyl aceate
when treated with metals such as zinc and indium, has been
revealed a profitable equivalent of 1-hydroxy allyl anion synthon
in the reaction with various carbonyl derivativés.

The viability of this synthetic approach has been recently
demonstrated by reaction of sulfongswith allyl bromide 2
that in the presence of zinc gives protected 1,2-amino alcohols
in satisfactory yields andnti diastereoselections (Scheme'®).
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Application of this procedure tdl-arylbenzaldimines using
3-bromo-1-benzoyloxy-1-propene in the presence of zinc metal
is also successful in providing the corresponding proteaied
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1,2-amino alcohol& However, the presence of an amino group
having a certain nucleophilic aptitude favors the partial migration
of the benzoyl moiety from the ester to the nitrogen atom,
leading to a regioisomeric mixture of 1,2-amino alcohol
derivatives. This trouble clearly calls for an additional synthetic
operation that involves hydrolysis of the benzoyl group from

the obtained adducts with consequent loss of the protection at

the hydroxy group.
We have recently shown that 3-bromo-propenyl methyl
carbonates offer several advantages with respec®tdooth in

terms of preparation and in terms of reactivity. The same zinc-

and indium-promoted Barbier-type hydroxyallylations of car-
bonyl compounds applied 18, indeed, did work even better
with 5, in terms of chemical yields, diastereoselectivity, and of
lack of internal migration of the carbonate grotip.

We now report an optimized method of wide applicability
for the synthesis of differentially protected 1,2-amino alcohols
6, based on the zinc-promoted hydroxyallylation @fami-
doalkyl arylsulfoneg} using 3-bromo-propenyl methyl carbonate
5in DMF at room temperature f® h (Scheme 3).

The results collected in Table 1 refer to a representative

variety of a-amidoalkyl arylsulfonegl. The R groups include
aromatic, primary and secondary alkyl groups, including func-
tionalized carbon chain (entries-8); the RC=0 substituent

ranges from classic Boc, Chz, and ethoxycarbonyl groups to

simple formyl. All reactions are characterized by very good
yields (78-99%) and, with the exception of entry 9, by excellent
simple diastereoselectivity, the mineynisomer being con-
stantly below the sensitivity of the NMR instrumentation.
Moreover, the use of DMF as the solvent is not critical, since
it can be replaced with THF whehdisplays a poor solubility
in DMF, giving good yields in the same reaction times (entries
2 and 7).

Two different synthetic strategies were adopted in order to
unambiguously assign the relatiggnor anti stereorelationship
of adducts6. Adducts6d,i were quantitatively transformed to
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L. Science of SynthesiBadwa, A., Ed.; Thieme: Stuttgart, 2004; Vol. 27,
pp 349-373.

(9) Petrini, M.Chem. Re. 2005 105, 3949-3977.

(10) (a) Lombardo, M.; Girotti, R.; Morganti, S.; Trombini, Org. Lett.
2001 3, 2981-2983. (b) Lombardo, M.; Girotti, R.; Morganti, S.; Trombini,
C. Chem. Commur2001, 2310-2311.
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TABLE 1. Zinc-Promoted Synthesis of 6

6, yield
entry R R Ar (9%0)2 6, anti:syn
1 c-CeH11 t-BuO Ph  6a 99 >95:5
2b n-C;His t-BuO Ph  6b, 87 >95:5
3 i-Bu t-BuO Ph  6c 99 >95:5
4 2-phenyl-ethyl BnO Ph 6d, 89 >95:5
5¢ 2-phenyl-ethyl BnO Ph 6d,91 98:2
6 (E)-3-nonenyl BnO Ph 6e 80 >95:5
7 5-chloro-pentyl BnO Ph 6f, 78 >95:5
8 2-phenylsulfonyl-ethyl  BnO Ph 6g, 83 >95:5
9 ethoxycarbonyl BnO Tol 6h, 98 65:35
10 4-methoxy-phenyl H Tol 6i, 97 >95:5
11 phenyl EtO Tol 6j,99 >95:5

a|solated yields after purification by flash chromatography on silica gel.
b Reaction in THF ¢ Reaction on 10 mmol scale.
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the corresponding aminoalcohadld,i by acidic hydrolysis, and
their spectral data were compared with the ones reported in the
literaturé®-14 (Scheme 4).

All other adducts were quantitatively converted to oxazoli-
dinones by a two-step procedure involving (i) the basic
hydrolysis of the methyl carbonate and (ii) NaH-promoted
cyclization (Scheme 5). The relatieés stereochemistry of the
oxazolidinonesa—c,e—g,j was unambiguously established by
IH NMR, since it is known that the signals for H4 and H5
protons constantly resonate at lower fieldsdiw8 (6 H4 3.80-
4.92,6 H5 5.00-5.17) with respect to the corresponding signals
for trans-8 (0 H4 3.47-3.85,0 H5 4.48-4.74)1415

Finally, we tested the zinc-promoted hydroxyallylation of
o-amidoalkyl arylsulfones with two chiral substrates. The
reaction with chirala-amidoalkylphenyl sulfonelk deriving
from p-glyceraldehyde afforded two diasteroisomers in the 85:
15 ratio with very good isolated yield (Scheme 6).
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2004 60, 3893-3914.
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T.; Thomas, EHelv. Chim. Actal1982 65, 1101-1133.
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Experimental Section

Synthesis of 6. General ProcedureMetallic zinc (0.08 g, 1.2
mmol) was added at 2 to a mixture of 3-bromo-propenyl methyl
carbonaté (0.145 mL, 1.2 mmol) and the appropriateamidoalkyl
arylsulfone (1 mmol) in DMF (2 mL). The heterogeneous solution
was vigorously stirred at the same temperature for 2 h, quenched
with saturated NECI aqueous solution (1 mL), and filtered on a
short pad of Celite. The filtered solution was dried on8@, and
evaporated at reduced pressure, and the residue was purified by
flash chromatography on silica eluting with cyclohexane/ethyl
acetate mixtures.

Synthesis of 6d (Table 1, Entry 5)Metallic zinc (0.165 g, 12
mmol) was slowly added added at’G to a mixture of 3-bromo-
propenyl methyl carbonae(1.45 mL, 12 mmol) and-amidoalkyl
arylsulfone 4d (4.095 g, 10 mmol) in DMF (20 mL). The
heterogeneous solution was vigorously stirred for 30 min &€ 0
and for 2 h at 20°C, quenched with saturated NEl aqueous
solution (2 mL), and filtered on a short pad of Celite. The filtered
solution was dried on MgS{£and evaporated at reduced pressure.
DMF was removed by distillation at reduced pressured.p
mmHg), and the residue was purified by flash chromatography on
silica eluting with cyclohexane/ethyl acetate 9:1. A first fraction
containing a 1:1 mixture ofyn6d and anti-6d (0.138 g, 3.6%)
was isolated, followed by a fraction containing pari-6d (3.36
g, 88%) as a white solid.

anti-2-(tert-Butoxycarbonylamino)-1-vinyl-2-cyclohexyleth-
yl Methyl Carbonate (anti-6a). Mp: 99—101°C. 'H NMR (300
MHz, CDCl): 6 1.09-1.36 (m, 6H), 1.44 (s, 9H), 1.541.86 (m,
5H), 3.79 (s, 3H), 3.653.87 (m, 1H), 4.42 (dJ = 10.4 Hz, 1H),
5.18 (t,J = 6.2 Hz, 1H), 5.33 (dJ = 10.6 Hz, 1H), 5.39 (dJ =
17.2 Hz, 1H), 5.82 (ddd] = 6.5/10.5/17.2 Hz, 1H):3C NMR (75
MHz, CDCL): ¢ 25.8, 25.9, 26.1, 27.8, 28.2, 29.5, 30.2, 38.3, 54.6,
56.4,78.1,79.1,119.2, 132.3, 154.8, 155.8 LS (70 eV): m/z
(%) 212 (4), 156 (52), 112 (61), 95 (14), 83 (3), 68 (8), 57 (100).
Anal. Calcd for G/H2gNOs (327.42): C 62.36, H 8.93, N 4.28.
Found: C 62.26, H 8.96, N 4.27

anti-2-(tert-Butoxycarbonylamino)-1-vinyl-nonyl Carbonate
(anti-6b). 'H NMR (300 MHz, CDC}): 6 0.88 (t,J = 7.0 Hz,
3H), 1.21-1.37 (m, 10H), 1.45 (s, 9H), 1.571.60 (m, 2H), 3.80
(s, 3H), 3.85 (dtJ = 1.3/4.6 Hz, 1H), 4.46 (d) = 9.3 Hz, 1H),

The absolute stereochemistry was determined by convertings 11-5 13 (m, 1H), 5.31 (dt) = 1.4/10.5 Hz, 1H), 5.61 (df =

the adducts to the corresponding oxazolidinongk) (and

1.4/17.3 Hz, 1H), 5.80 (ddd,= 6.1/10.6/17.2 Hz, 1H}3C NMR

comparing their spectral data with the ones reported in the (75 MHz, CDCE): ¢ 13.9, 22.5, 25.8, 28.2, 29.0, 29.2, 29.6, 31.6,

literature!®
The a-amidoalkyl arylsulfones4l deriving from N-Boc

52.7, 54.6, 79.2, 80.4, 118.5, 132.6, 155.0, 155.5—®IS (70
eV): miz(%) 228 (2), 212 (2), 172 (30), 128 (59), 69 (8), 57 (100).

phenylalanine gave again excellent results in terms of overall Anal. Calcd for GgHssNOs (343.46): C 62.95, H 9.68, N 4.08.

isolated yield but very poor diastereoselectivity (Scheme 7).

These results are in good agreement with the ones obtained in,vI

Found: C 62.93, H 9.65, N 4.09
anti-2-(tert-Butoxycarbonylamino)-1-vinyl-4-methylpentyl
ethyl Carbonate (anti-6¢). Mp: 52—54°C.*H NMR (200 MHz,

the reaction of the same sulfone with different nucleophiles, CDCh): 6 0.90 (d,d = 6.3 Hz, 3H), 0.93 (dJ = 6.3 Hz, 3H).
such as phenyl magnesium bromide or lithium enolates of acetic | 37 (broad t,) = 7.3 Hz, 2H), 1.45 (s, 9H), 1.621.78 (m, 1H)

acid esterd?

In conclusion, a highly efficient synthesis of differentially
protectedanti-4-amino-1-alken-3-0l6 has been reported, based
on the simple zinc-promoted-hydroxyallylation of a-ami-
doalkyl arylsulfoneg with 3-bromo-propenyl methyl carbonate
5. Products are obtained in very good isolated yields and in

most cases with excellent diastereoselectivity. The value of this
synthetic protocol was further integrated on one hand by the

complete deprotection @&to aminoalcohol§, and on the other
hand by a simple and high yielding two-step synthesisisf
4-substituted-5-vinyl-oxazolidinone® starting from the cor-
responding protected aminoalcoh@ls

(16) Giri, N.; Petrini, M.; Profeta, RJ. Org. Chem2004 69, 7303~
7308.
(17) Petrini, M.; Seri, M.Tetrahedron2006 62, 960-967.
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3.80 (s, 3H), 3.7#3.89 (m, 1H), 4.46 (d) = 9.5 Hz, 1H), 5.1%+
5.20 (m, 1H), 5.31 (dt) = 1.3/10.5 Hz, 1H), 5.35 (dt) = 1.3/
17.3 Hz, 1H), 5.80 (ddd] = 6.0/10.5/17.3 Hz, 1H}3C NMR (50
MHz, CDCk): 6 23.4,24.6, 28.3, 38.6,51.1, 54.8, 77.2, 80.8, 118.7,
132.6, 155.1, 155.5. GEMS (70 eV): m/z (%) 186 (7), 170 (4),
152 (3), 130 (53), 86 (69), 57 (100). Anal. Calcd forg8,NOs
(301.19): C 59.78, H 9.03, N 4.65. Found: C 59.82, H 9.01, N
4.67

anti-2-(Benzyloxycarbonylamino)-1-vinyl-4-phenylpropyl Meth-
yl Carbonate (anti-6d). Mp: 99—-100 °C. *H NMR (200 MHz,
CDCl): 6 1.63-1.85 (m, 1H), 1.852.01 (m, 1H), 2.55-2.92 (m,
2H), 3.83 (s, 3H), 3.944.14 (m, 1H), 4.85 (dJ = 9.3 Hz, 1H),
5.18 (s, 2H), 5.185.28 (m, 1H), 5.29-5.18 (m, 2H), 5.83 (ddd,
J = 6.0/10.5/16.8 Hz, 1H), 7.207.55 (m, 10H).23C NMR (75
MHz, CDCL): ¢ 31.6, 32.2, 53.2, 54.7, 66.8, 80.1, 119.0, 125.9,
128.0, 128.2, 128.3, 128.4, 132.1, 136.3, 141.1, 154.9, 156.6. GC
MS (70 eV): m/z (%) 199 (2), 160 (22), 132 (4), 117 (8), 104



(25), 91 (100), 77 (6), 71 (12), 65 (9), 59 (9). Anal. Calcd for
Ca2H2sNOs (383.44): C 68.91, H 6.57, N 3.65. Found: C 69.10,
H 6.55, N 3.64
anti-2-(Benzyloxycarbonylamino)-1-vinyl-E)-5-undecyl Meth-
yl Carbonate (anti-6e).'H NMR (200 MHz, CDC}): ¢ 0.89 (t,
J=5.9 Hz, 3H), 1.18-1.40 (m, 6H), 1.46-1.76 (m, 2H), 1.87
2.17 (m, 4H), 3.79 (s, 3H), 3.834.04 (m, 1H), 4.72 (dJ = 9.8
Hz, 1H), 5.11 (s, 2H), 5.145.23 (m, 1H), 5.255.52 (m, 4H),
5.82 (ddd,J = 6.2/10.6/17.0 Hz, 1H), 7.297.48 (m, 5H)13C NMR
(75 MHz, CDC}): 6 14.1, 22.5, 28.9, 29.2, 29.7, 31.4, 32.5, 53.0,

54.9, 66.9, 80.3, 119.1, 127.7, 128.1, 128.4, 128.5, 131.8, 132.1,

136.3, 155.0, 156.0. GEMS (70 eV): m/'z (%) 220 (7), 180 (39),
162 (7), 152 (14), 124 (20), 115 (9), 108 (8), 95 (31), 81(23), 69
(100), 55 (61). Anal. Calcd for £H33NOs (403.51): C 68.46, H
8.24, N 3.47. Found: C 68.71, H 8.26, N 3.46
anti-2-(Benzyloxycarbonylamino)-1-vinyl-7-chloroepthyl Meth-
yl Carbonate (anti-6f). 'H NMR (200 MHz, CDC}): ¢ 1.23—
1.54 (m, 6H), 1.641.84 (m, 2H), 3.51 (tJ = 6.5 Hz, 2H), 3.79
(s, 3H), 3.84-4.02 (m, 1H), 4.74 (d) = 9.2 Hz, 1H), 5.11 (s,
2H), 5.1+-5.22 (m, 1H), 5.32 (dt) = 1.4/10.4 Hz, 1H), 5.37 (dt,
J=1.4/16.9 Hz, 1H), 5.80 (ddd,= 6.1/10.4/16.9 Hz, 1H), 7.34
7.39 (m, 5H).13C NMR (75 MHz, CDC}): o 25.6, 26.9, 30.0,

32.7,45.2,53.6, 55.2, 67.2, 80.5, 119.5, 128.4, 128.5, 128.8, 132.4

136.6, 155.3, 156.4. GEMS (70 eV): m/'z (%) 200 (1), 172 (4),
160 (7), 141 (4), 126 (20), 124 (25), 116 (48), 115 (100), 81 (48),
71 (70), 69 (27), 59 (26), 55 (23). Anal. Calcd forgH26CINOs
(383.87): C 59.45, H 6.83, N 3.65. Found: C 59.55, H 6.81, N
3.64
anti-2-(Benzyloxycarbonylamino)-1-vinyl-4-benzenesulfonyl-
butyl Methyl Carbonate (anti-6g). Mp: 102—104°C. *H NMR
(300 MHz, CDC}): 6 1.79-1.98 (m, 1H), 2.03-2.21 (m, 1H),
3.11-3.22 (m, 2H), 3.79 (s, 3H), 3.884.02 (m, 1H), 4.91 (dJ =
9.6 Hz, 1H), 5.08 (s, 2H), 5.165.18 m, 1H), 5.34 (dtJ = 1.2/
10.6 Hz, 1H), 5.37 (dtJ = 1.2/17.3 Hz, 1H), 5.75 (ddd} = 6.0/
10.6/17.3 Hz, 1H), 7.267.44 (m, 4H), 7.58 (tJ = 7.4 Hz, 2H),
7.68 (t,J = 7.4 Hz, 1H), 7.89 (dJ = 7.4 Hz, 2H).13C NMR (75
MHz, CDCL): ¢ 22.8, 52.2, 53.0, 54.9, 66.9, 79.5, 119.7, 127.8,

127.9,128.0, 128.4, 129.2, 131.5, 133.7, 136.0, 138.8, 154.7, 156.0

GC—MS (70 eV): m/z (%) 281 (2), 207 (5), 197 (9), 153 (6), 143
(13), 142 (11), 126 (15), 125 (18), 112 (41), 95 (100), 77 (81), 68
(62), 57 (21), 51 (35). Anal. Calcd for@H,sNO;S (447.50): C
59.05, H 5.63, N 3.13. Found: C 58.88, H 5.65, N 3.13

2-(Benzyloxycarbonylamino)-1-vinyl-2-ethoxycarbonylethyl
Methyl Carbonate (6h). The title product was obtained in 98%
yield as a 65:35 mixture obyn and anti isomers after flash
chromatography on silica. See Supporting Information for copies
of 'H and3C NMR spectra.
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anti-2-(Formylamino)-1-vinyl-2-(4-methoxyphenyl)ethyl mE-
thyl Carbonate (anti-6i). *H NMR (300 MHz, CDC}): ¢ 3.81
(broad s, 6H), 5.285.47 (m, 4H), 5.63 (ddd) = 5.6/10.5/17.3
Hz, 1H), 6.1 (d,J = 8.5 Hz, 1H), 6.89 (dJ = 8.8 Hz, 2H), 7.25
(d, J = 8.8 Hz, 2H).13C NMR (75 MHz, CDC}): ¢ 53.4, 54.8,
55.1, 79.6, 113.9, 119.7, 128.0, 128.5, 131.5, 154.8, 159.1, 160.6.
GC—MS (70 eV): m/'z (%) 247 (8), 164 (100), 147 (15), 137 (22),
136 (25), 121 (18), 115 (11), 109 (21), 91 (16), 77 (21), 65 (8), 51
(8). Anal. Calcd for GsH;7NOs (279.29): C 60.21, H 6.14, N 5.02.
Found: C 60.18, H 6.16, N 5.01
anti-2-(ethoxycarbonylamino)-1-vinyl-2-phenylethyl methyl
carbonate @nti-6j). *H NMR (300 MHz, CDC}): 6 1.23 (t,J =
7.0 Hz, 3H), 3.80 (s, 3H), 4.11 (4,= 7.0 Hz, 2H), 4.99-5.10 (m,
1H), 5.24-5.46 (m, 4H), 5.60 (ddd) = 5.8/10.7/16.6 Hz, 1H),
7.24-7.39 (m, 5H).2*C NMR (50 MHz, CDC}): 6 14.4, 54.9,
57.2, 61.1, 79.8, 119.6, 127.2, 127.4, 127.8, 128.5, 131.3, 137.6,
154.9, 155.8. GEMS (70 eV): m/z (%) 178 (100), 134 (12), 132
(17), 115 (6), 106 (49), 104 (18), 91 (7), 79 (27), 77 (17), 59 (9).
Anal. Calcd for GsHi1gNOs (293.32): C 61.42, H 6.53, N 4.78.
Found: C 61.37, H 6.52, N 4.79

1-[tert-Butoxycarbonylamino-(2,2-dimethyl-1,3-dioxolan-4-yl)-

'methyl]-allyl Methyl Carbonate (6k). The title product was

obtained in 82% yield as a 85:15 mixture fnandanti isomers
after flash chromatography on silica. The crude reaction mixture
was directly cyclized to oxazolidinoneék, which can be easily
separated by flash chromatography on silica. See Supporting
Information for copies ofH and13C NMR spectra.

2-(tert-Butoxycarbonylamino-3-phenyl-propionylamino)-1-
vinyl-4-phenylbutyl Methyl Carbonate (61). The title product was
obtained in 92% yield as a 60:40 mixture fnandanti isomers
after flash chromatography on silica. See Supporting Information
for copies of'H and'3C NMR spectra.
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