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these compounds is an attractive objective in chemical synthesis.
In the recent literature, someS-unsaturate@-amino ketones
were synthesized by the aza Bawlidillman reaction of
N-sulfonated imines with methyl vinyl ketone in the presence
of catalytic amounts of Lewis bases such as triphenylphosphine
Receied Naoember 10, 2005 or DABCO?

We propose here a hew approactuig-unsaturate@-amino
ketone derivatives, based on our previous results, obtained in
the amination reaction of electron-poor olefins, using ethyl
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Q QOE N-{ [(4-nitrobenzene)sulfonyl]oXycarbamate (NSONHCAEL) 1.
o) NaH BOEt  pase . .
B.OEt R OEt — » In recent years, we have reported that the reaction of either
R OEt ICH,SiMe; Sive, dehvde B-silylateda,B-unsaturated carboxylaf@sr phosponatégwith
Sac dac s 1 and solid CaO gives rise td-(ethoxycarbonyl)3-amino-oa.-
methylene esters, through the formation of an intermediate
0 Ry O NHCO-Et aziridine and its subsequent ring opening. On these bases, we
R™NF _NsONHCO,EtCa0 2 felt that the extension of the above amination procedure to other
; ) R4 functionalized allylsilanes, as compoun@scould result in a
races of acid .
SiMes new approach toN-(ethoxycarbonyl)3-aminoo-methylene
2a-i 3a-i ketones such a3 (Scheme 1).

. . Allylsilanes have emerged as useful intermediates in organic
p-Ketoallylsilanes are synthesized by the HOoFREMmMONS gy yinesis. They are extensively used in carbonyl addition

rea_ction starting from novel si_IyIated ketopho_sphonates and aactiong and coupling reactiofsand have been recently
various aldehydes. The reactions/bketoallylsilanes with  employed as key intermediates for the total synthesis of natural
NsONHCQEt and CaO produce-methyleneN-(ethoxy- products? In particular, allylsilanes bearing a carbonyl group
carbonyl)$-amino ketones through the ring opening of the at thes-position, as ir2, are interesting because they can react
intermediate aziridine, which is favored by the presence of either with nucleophilé§ or with electrophiles! Known

the trimethylsilyl group. With chirajj-ketoallylsilanes we literature procedures for their synthesis, catalyzed by transition-
obtained a stereoselective amination reaction with a 90% metal complexes, are those reported by Kang and co-workers,

diastereomeric excess-MethyleneN-(ethoxycarbonyl)3- who proposed a methodology based on the palladium-catalyzed
amino ketones are isolated in-380% yields and character-  cross-coupling of 2-trimethylstannyl-3-trimethylsilylpropene
ized. with organic halide® or the new phosphine-free palladium-

catalyzed three-component assembly of allenes, acyl chlorides,

and hexamethyldisilane, recently developed by Cheng’s group.
B-Amino carbonyl moieties are found as structural subunits This procedure led to the synthesis of some reketoallyl-

of natural and synthetic products such as alkaloids and po-silanes in good yield% Another efficient palladium-catalyzed

liketides' and can be used in the synthesis of 1,3-amino alcohols

andp-amino acid$. Somef-amino ketone derivatives such as (5) Shi, M. Xu, Y. M. J. Org. Chem2003 68, 4784-4790.

a-alkyl-3-dimethylaminopropiophenones are reported to have  (6) (a) Gasperi, T.; Loreto, M. A; Tardella, P. Aetrahedron Lett2003

analgesic and bacteriostatic properfiés addition, unsaturated 44 8467-8470. (b) Loreto, M. A.; Pompili, C.; Tardella, P. Aetrahedron
2001, 57, 4423-4427.

f-amino ketones are interesting products, i.e., N-substituted ™™ 7)) penmark, S. E.; Fu, &hem. Re. 2003 103 2763-2794. (b)
o-(aminomethyl)acrylophenones are reported to be weak inhibi- Kennedy, J. W. J.; Hall, D. GAngew. Chem., Int. E®003 42, 4732~
tors of colchicine binding and markedly decrease the serum 4739.

: ; e (8) Hiyama, T. InMetal-Catalyzed-Cross-Coupling ReactipBsederich,
cholesterol, triglyceride, and phospholipid levels of fats. F., Stang, P. J., Eds.: Wiley-VHC: Weinheim, 1998; Chapter 10.

Therefore, the development of methods for the preparation of (g) (a) Peng, . H.; Woerpel, K. £Org. Lett.2002 4, 2945-2948. (b)
Angle, S. R.; EI-Said, N. AJ. Am. Chem. So002 124, 3608-3613. (c)
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' Dipartimento di Chimica, Universitid_a Sapienza”. 3989-4004.

*Istituto C.N.R. di Chimica Biomolecolare, Sezione Roma, Dipartimento di (11) (a) Kuroda, C.; Honda, S.; Nagura, Y.; Koshio, H.; Shibue, T,
Chimica, Universitd'La Sapienza”. Takeshita, TTetrahedron2004 60, 319-331. (b) Kuroda, C.; Kasahara,
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TABLE 1. Synthesis of Substrates 2: Conditions and Yields

Entry R R, Method® 2 total isolated yield (%)| Z/E
a Ph H A 85% -
b Me H A 70% -
c Et H A 75% -
d Me Ph B 30% 1
e Et Ph B 35% 71
f Me Me B 38% 71
I Et Me B 35% 1
h M HEY B 449% 101

(] 0% 0
i Et Hg;\£ B 40% 10/1
aMethod A: 50% NaOH/ChCI/37% HCO. Method B: NaH/DME/aldehyde/anhydrous conditions.
SCHEME 2. Synthesis of Novel Silylated Emmons reaction (Table 1). For substra?es-c, the Horner-
p-Ketophosphonates 4 Emmons reaction was carried out in a two-phase system using
o o 50% aqueous NaOH as base in £} and a 37% formaldehyde
ﬁ OFt 1. NaH, DME, 0° R thEtt aqueous solution (method A). For the substra2ds-g, we
R OEt 2. ICH,SiMes reflux _ needed NaH irl dry DME at room temperature (method B) to
‘ SiMes obtain the desired allylsilanes (Scheme 3). In these last cases,
Sa-c 4a-c we obtained th& isomer as the main product and only a very
aR=Ph; b R=Me; ¢ R=Et small amount of theE isomer. TheZ isomers were separated

) ~and purified by chromatography on silica gel. Spectroscopic
synthesis has recently been reported by Kabalka and consist$yata confirm their structure.

of the reaction of the BaylisHillman acetate adduct with
hexamethyldisilané*

In our case,-ketoallylsilanes2 were prepared by the
Horner—Emmons reaction between aldehydes and novel sily-
lated g-ketophosphonate4 These last compounds were syn-
thesized in turn by alkylation of commercially available
pB-ketophosphonate§ with iodomethyltrimethylsilane in the
presence of NaH, according to the procedure reported for the
alkylation of the triethylphosphonoacetate (see Schenieé 2).

After chromatography on silica gel, producisa—c were
isolated in a yields ranging from 40 to 45% (see the Experi-
mental Section for full spectroscopic characterization). Byprod-
ucts6 and 7 were also found (Figure 1).

Starting from the good results obtained in the synthesis of
p-ketoallylsilanes2a—g, we focused our interest on chiral
substrates. In particular, using theglyceraldehyde acetonide,
we prepared theSj-4-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-tri-
methylsilanylmethyl-3-alken-2-onéh and2i (Table 1) using
the hypothesis that the presence of a resident chiedrbon
in the acetonide structure should allow the stereoselective
introduction of the aziridine ring in the reaction with NSONHEO
Et, providing a new route to optically actiy&amino ketone
derivatives after ring opening and removal of the trimethylsilyl
group.

The amination reactions on substra$Z isomers) were
carried out in CHCI, by adding NsONHC@Et and CaO

o o o o portionwise, according to the reported procedureaching the
B.OEt p.OEt molar ratio shown in Table 2. After addition of-& equiv of
R)H/ OFEt R OFt reagents and short reaction times, we observed the complete
disappearance of the starting material and the formation of the
8 7 intermediateN-(ethoxycarbonyl)aziridine, detected in the crude
FIGURE 1. Byproducts of the synthesis df reaction mixture by"H NMR.

In the presence of traces of acid, removal of the trimethylsilyl
The best reaction conditions were found using DME as group occurred and the corresponding unsaturgtenino
solvent and 78 h of heating. All attempts to improve the yields ketone derivative8 were isolated. In all cases, the trimethylsilyl
of alkylation reaction, e.g., by using THF or toluene as solvent, group plays a key role in driving and facilitating the aziridine
failed; in the first case, the reflux temperature was too low to ring opening (Scheme 4).
promote the reaction, and in the second one, higher temperature All compounds3a—i were purified by chromatography on

and long reaction times led to extensive decomposition. silica gel, and their structure was confirmed %y NMR and
With the novel silylated ketophosphonatésn hand, we 13C NMR analysis.
proceeded to prepare the allylsilar2shrough the Horner The amination reaction performed on the chiral substrates
- - 2h and 2i (mixture of Z/E isomers = 10/1) was highly
) 4(%)25?22”‘3' G. W.; Venkataiah, B.; Dong, Grganometallic2005 diastereoselective; in fact, we obtained one diastereomer with
(15) Henning, R.; Hoffmann, H. M. Retrahedron Lett1982 23, 2305~ a 90% of diastereomeric excess in both reactions. The main
2308. diastereomer was easily isolated by chromatography on silica
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SCHEME 3. Synthesis of Allylsilanes 2

o)
1. NaOH, CH,Cl, R)kf
2. HyCO 37%, rt .
(method A) SiMes
(0} 2a-c
o o 1. NaH, DME b.OEt
M _BOEt ——— R OEt
R OEt 2. ICH,SiMej, reflux
SiMes;
5a-c 4a-c ¢}
1. NaH, DME, 0°
e VS Y R,
a R=Ph; b R= Me; ¢ R= Et 2. R4CHO, DME, rt
(method B) SiMe3
2d-i

2d R= Me, R{= Ph; 2e R= Et, R4= Ph;
2f R=Me, R= Mg; 2g R=Et, R1= Me; .

C

H . HE™
2h R=Me, Ri="§_0 ; 2iR=FEt, R= 078

TABLE 2. Synthesis offf-Amino Ketone Derivatives 3: Conditions and Yields

Entry R R, 2/NsONHCO,Et/Ca0 | 3 isolated yields (%) D‘“‘f;‘t"i‘;'""'m
a Ph H 1:3.5:3.5 39% -
b Me H 1:3.5:3.5 31% -

c Et H 1:3.5:3.5 34% -
d Me Ph 1:6:6 41% -
e Et Ph 1:6:6 30% -
f Me Me 1:4:4 34% -
g Et Me 1:4:4 44% -
cN
ho| Me " 9J 1:5.5:5.5 60% 95/
i Et ”g;\a 1:5.5:5.5 45% 95/5
SCHEME 4. Synthesis off-Amino Ketone Derivatives 3
o H o GOkt
R™ g1 1/Ca0 N p traces of acid @ NHCORE
_ R S
CH,Cly ) R R Ny
SiME3 SiMe3
2a-i intermediate aziridine 3a-i

gel with high purity,3h, [a]?% = +10.7 € 3,CHCE); 3i, [0]?%
= +7.1 (¢ 3.6,CHC}). As far as the stereoselectivity of the

In conclusion, in this work we propose a new simple synthetic
route for the preparation ofi-methylenes-amino ketone

reaction is concerned, in the hypothesis that the amination derivatives by the amination reaction @kketoallylsilanes

reaction occurs by an aza Michael mechantéme believe that
products are formed preferentially throughfae attack on
compounds2h—i according to that reported by other authors
for similar chiraly,0-dialkoxy unsaturated keton&s.

Removal of the isopropylidene protecting group3i and

obtained in turn from readily availabfeketophosphonates and
aldehydes. Using an optically active aldehyde suchbas
glyceraldehyde acetonide, this route allowed us to obtain new
chiral g-ketoallylsilanes and, after amination reaction, optically
active f-amino ketone derivatives with a very good diastereo-

3i could allow us to get precursors of unsaturated optically active meric excess.
amino derivatives as amino alcohols or 3-branched-amino
sugars-’ Thus, we are encouraged to continue our investigation Experimental Section

in this field.

(16) Colantoni, D.; Fioravanti, S.; Pellacani, L.; Tardella, P.Qg.
Lett. 2004 6, 197—200.
(17) (a) Dondoni, A.; Marra, A.; Boscarato, £&hem. Eur. J1999 5,

3562-3572. (b) Lima, P. G.; Caruso, R. R. B.; Alves, S. O.; Pesso, R. F.;

General Procedure for the Synthesis of Silylated Ketophos-
phonates 4a-c. (2-Oxo-1-trimethylsilanylmethylpropyl)phos-
phonic Acid Diethyl Ester (4b). To 60% NaH (495 mg, 11.34
mmol; suspension in mineral oil) in anhydrous DME (12 mL) was
added ketophosphonai® (2 g, 10.30 mmol) in anhydrous DME

Mendonca-Silva, D. L.; Nunes, R. J.; Noe F.; Castroc, N. G.; Costaa, P. R. (6 mL) dropwise, under argon at°C. After 1 h at 0°C and 1 h

R. Bioorg. Med. Chem. Let2004 1, 4399-4403.

at room temperature, a solution of iodomethyltrimethylsilane (8.8
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g, 41.20 mmol) in anhydrous DME (21 mL) was added, and the the pureZisomer (98 mg, 0.40 mmol) as a yellow oil, and a mixture
resulting mixture was heated to 7Q. After being stirred for 78 of E/Z isomers (16 mg, 0.06 mmol) in a ratio of 4/1 (35% total
h, the mixture was poured into saturated ammonium chloride yield). Spectral data o2e €): IR (CHCl;) 1672, 1660 cm?; H
solution, and the aqueous phase was extracted wid.Efhe NMR (CDCl;, 200 MHz) 6 —0.02 (s, 9H), 1.19 (tJ = 7.3 Hz,
combined organic phases were washed with brine and dried over3H), 2.18 (s, 2H), 2.86 (q] = 7.3 Hz, 2H), 7.28-7.42 (m, 6H);
NaSOQ,. After solvent evaporation, the crude was purified by 3C NMR (CDCk, 50 MHz)6 —1.9, 8.4, 15.7, 29.3, 126.6, 127.3,
chromatography on silica gel (hexane/aceten@/3) to obtain the 127.9, 133.4, 135.5, 140.0, 201.9; 6@IS m/z 246 [M*] (18.8),
product4b as a yellowish oil (1 g, 4 mmol, 40% yield): IR (CH{I 73 (100); HRMS calcd for gH,,NaOSim/z 269.1338, foundr/z
1719, 1252 cmt; *H NMR (CDCl;, 200 MHz) 6 —0.07 (s, 9H), 269.1333.

0.83-0.99 (m, 1H), 1.26-1.38 (m, 7H), 2.29 (s, 3H), 3.14 (dddl, General Procedure for the Synthesis ofi--Methylene3-amino
=24.9Hz,J=11.7 Hz,J = 2.2 Hz, 1H), 3.98-4.15 (m, 4H);:3C Ketone Derivatives 3a-i. (2-Benzoylallyl)carbamic Acid Ethyl
NMR (CDCl;, 50 MHz)6 —1.6, 12.3 (dJccp = 6.1 Hz), 16.2 (d, Ester (3a).To a stirred solution of the substra?a (151 mg, 0.69
Jecor= 7.6 Hz), 30.7, 49.0 (dJcp = 122.1 Hz), 62.5 (dJcopr = mmol) in CHCI, (0.2 mL) were added NsSONHGE&t (201 mg,
3.0 Hz), 62.7 (dJcop = 3.0 Hz), 203.7; GEMS m/z 280 [M*] 0.69 mmol) and CaO (39 mg, 0.69 mmol) every hour, reaching
(5.7%), 165 (100); HRMS calcd for,gH,sNaO,PSinVz 303.1157, the molar ratio substrate/NsSONHG@E}/CaO up to 1:3.5:3.5.

found my/z 303.1150. Because the reaction was exothermic, during the addition the flask
General Procedure for the Synthesis of3-Ketoallylsilanes was cooled in a water bath to avoid overheating. After 4 h, pentane
2a—c (Method A). 1-Phenyl-2-trimethylsilanylmethylpropenone was added. The organic phase was filtered, concentrated under

(2a)12To a stirred solution of the substrata (300 mg, 0.88 mmol) vacuum and dissolved in CHELIAfter 24 h, the solvent was
in dichloromethane (1 mL) was added dropwise a 50% (w/w) evaporated, and the mixture was chromatographed on silica gel
sodium hydroxide aqueous solution (1.05 mL). Afleh atroom (hexane/ethyl acetate 6:4) to obtain the prod&as a yellow oil
temperature, a 37% (w/w) formaldehyde agqueous solution (73 mg, (63 mg, 0.27 mmol, 39% yield): IR (CHgI3500, 1715 cm?; 1H
0.90 mmol) was added dropwise, and the resulting heterogeneousNMR (CDCls;, 200 MHz) 6 1.23 (t,J = 7.3 Hz, 3H), 4.07#4.17
mixture was stirred for 6 h. Then the mixture was extracted with (m, 4H), 5.33 (br, 1H), 5.79 (s, 1H), 6.11 (s, 1H), 74075 (m,
dichloromethane, and the organic phase was dried oveB®la 5H); 13C NMR (CDCk, 50 MHz) 6 13.4, 41.3,59.7, 126.4, 127.1,
and evaporated under vacuum. The prodiactvas obtained pure 128.2, 131.2, 136.3, 143.1, 155.5, 196.2;-@@S m/z 233 [M']
as a yellow oil (163 mg, 0.75 mmol, 85% yield): IR (CHLC1680 (3.7), 105 (100); HRMS calcd for gH1sNNaO; mvVz 256.0950,
cm1; IH NMR (CDCls, 200 MHz) 6 0.06 (s, 9H), 2.03 (s, 2H),  found m/z 256.0958.

5.50 (s, 1H), 5.72 (s, 1H), 7.39.75 (m, 5H); GG-MS m/z 218
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mg, 1.33 mmol) in anhydrous DME (0.3 mL) dropwise, under argon
at 0°C. After 1 h at 0°C and 1 h aroom temperature, a solution

of benzaldehyde (310 mg, 2.93 mmol) in anhydrous DME (0.8 mL)
was added at OC, and the resulting mixture was stirred at room
temperature. After being stirred for 10 h, the mixture was poured
into saturated ammonium chloride solution, and the aqueous phas
was extracted with EO. The combined organic phases were dried
over NaSQ;. After solvent evaporation, the crude was purified by
chromatography on silica gel (hexane/diethyl ethed8/2) to obtain JO052330D

Supporting Information Available: General experimental
methods, procedures for the synthesigdetophosphonateta—
¢, -ketoallylsilanes2a—i, and5-amino ketone derivative3a—i,
their characterization data, and copiesdf NMR spectra. This
€material is available free of charge via the Internet at http:/
pubs.acs.org.
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