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The synthesis of nitrosoalkenes derived from phosphine oxides and phosphonates generated through base-
mediated dehydrohalogenations of readily availablralooximes is reported. These highly reactive
intermediates act as Michael acceptors toward nucleophilic reagents such as ammonia, amines, and optically
active amino esters, furnishing-amino phosphine oxides and phosphonates in a highly regioselective

fashion.

Introduction

Oximes have great potential not only as intermediates in
organic synthesi€ and in the preparation of natural products
such as erythromycin derivativiand perhydrohistrionicotoxiA
but also for their industrial applications in the areas of
agrochemicalé42 medicinal chemistry? toxicology?¢d and in
the preparation of cephalosporin derivatives with potent anti-
bacterial activity’¢ Likewise, there has been a great deal of

# Dedicated to Prof. Vicente Gotor on the occasion of his 60th birthday.
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Chim. Actal977, 60, 2294-2302.
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K.; Kassa, JJ. Appl. Toxicol2006 26, 64—71. (e) Bateson, J. H.; Burton,
G.; Fell, C. M.; Smulders, C. Hl. Antibiot 1994 47, 253-256.
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recently renewed interest in nitroso compounds due to their
applications in catalytic or cycloaddition proces3dsitroso-
alkenes |, see Figure 1) are functionalized nitroso derivatives,
and the presence of an adjacent double bond in conjugation with
the nitroso moiety introduces new reactivity centers in these
substrates and then increases the synthetic value of these
compounds. Therefore, the usefulness of nitrosoalkgheas
conjugate addition acceptotspupled with the easy conversion

of the nitroso group into other functionalities, such as oximes
and ketone$§,or their ability to act as dienes in hetero-Diels
Alder reactions for the preparation of 1,2-oxazine derivaties,
has been reported. Examples of nitrosoalkenes with substitution

(5) For recent reviews, see: (a) Yamamoto, Y.; YamamotdEit. J.
Org. Chem.2006 2031-2043. (b) Yamamoto, H.; Nimiyama, NChem.
Commun.2005 3514-3525. (c) Gowenlock, B. G.; Richter-Addo, G. B.
Chem. Re. 2004 104 3315-3340. (d) Adam, W.; Krebs, GChem. Re.
2003 103 4131-4146.

(6) For an excellent review, see: Gilchrist, T.Chem. Soc. Re1983
12, 53-73.

(7) (a) Tishkov, A. A.; Lesiv, A. V.; Khomutova, Y. A.; Strelenko, Y.
A.; Nesterov, |. D.; Antipin, M. Y.; loffe, S. L.; Denmark, S. B. Org.
Chem 2003 68, 9477-9480. (b) Trewartha, G.; Burrows, J. N.; Barret, A.
G. M. Tetrahedron Lett2005 46, 3553-3556.

(8) For a review, see: Corsaro, A.; Chiacchio, U.; PistaraSyhthesis
2001, 1903-1931.

(9) (@) Domingo, L. R.; Picher, M. T.; Arroyo, FEur. J. Org. Chem
2006 2570-2580. (b) Gallos, J. K.; Sarli, V. C.; Massen, Z. S.; Varvogli,
A. C.; Papadoyanni, C. Z.; Papaspyrou, S. D.; Argyropoulos, N. G.
Tetrahedror2005 61, 565-574. (c) Wabnitz, T. C.; Saaby, S.; Jargensen,
K. A. Org. Biomol. Chem2004 2, 828-834. (d) Zimmer, R.; Reissig,
H.-U. J. Org. Chem1992 57, 339-347.
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FIGURE 1. Nitrosoalkenesd and azadienel andlll .

at C-3, mainly alkyl, aryl, and carboxylate groups, of the hetero-
diene systef® have been described. However, to the best of
our knowledge, only one report for the preparation of nitroso-

alkenes containing a carboxylate group at C-4 of the heterodiene

system [a@, R* = CO;R, Figure 1) and its behavior in [4 2]
cycloaddition processes has been previously repdfted.

We have been involved in the chemistry of functionalized 1-
(1N and 2-azadienedlI()!? (Figure 1) derived from amino
esters and amino phosphonates and in the application of
phosphorus-substituted oximésas starting materials for the
preparation of acyclic and cyclic compounds as well as in the
synthesis ofa-** and -amino phosphonate derivatives.
Oximes not only serve as protecting groups for carbonyl
compound® but they can also be used as starting materials for
the preparation of nitrosoalkenes, and it is well-known that
molecular modifications involving the introduction of organo-
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SCHEME 1. Umpolung Reactions at the @ Atom of
a-Phosphorylated Oximes
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phosphorus functionalities in organic substrates could increase The Gx functionalization of ketoned/ (X = O) or oximes

their biological activity or their interest as synthetic intermediates 1V

in organic and medicinal chemistty.Moreover, to date, the

(X = NOH) with electrophilic reagents to obtaina€
substituted compoundél (X = O, NOH) is knowr (Scheme

synthesis of nitrosoalkenes containing phosphorus substituentsl)- Bearing this in mind, we envisaged the use of oximinoalky!

at C-4 (b, R*= P(O)R,, Figure 1) and the study of these highly
reactive intermediates as Michael acceptors toward nucleophilic
reagents remain unexplored.

(10) Tishkov, A. A.; Lyapkalo, I. M.; loffe, S. L.; Strelenko, Y. A;;
Tartakovsky, V. A.Org. Lett.200Q 2, 1323-1324.
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7690-7696. (b) Palacios, F.; Aparicio, D.; bez, Y.; de los Santos, J. M.;
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Rubiales, GJ. Org. Chem2002 67, 1941-1946.
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Chem.2006 71, 6141-6148. (b) Palacios, F.; Ochoa de Retana, A. M.;
Gil, J. I.; Lépez de Munain, ROrg. Lett.2002 4, 2405-2408. (c) Palacios,
F.; Ochoa de Retana, A. M.; Gil, J. I.; Ezpeleta, J.]MOrg. Chem200Q
65, 3213-3217. (d) Palacios, F.; Aparicio, D.; de los Santos, J. M;
Rodrguez, E.Tetrahedronl1998 54, 599-614. (e) Palacios, F.; Aparicio,
D.; de los Santos, J. M.; Roduez, E Tetrahedron Lett1996 37, 1289~
1292.

(14) (a) Palacios, F.; Ochoa de Retana, A. M.; Alonso, JJMOrg.
Chem.2005 70, 8895-8901. (b) Palacios, F.; Aparicio, D.; pez, Y.; de
los Santos, J. MTetrahedron Lett2004 45, 4345-4348. (c) Palacios, F.;
Aparicio, D.; Ochoa de Retana, A. M.; de los Santos, J. M.; Gil, J."lpezo
de Munain, RTetrahedron: Asymmetr3003 14, 689-700. (d) Palacios,
F.; Aparicio, D.; Ochoa de Retana, A. M.; de los Santos, J. M.; Gil, J. |;
Lépez de Munain, RJ. Org. Chem2002 67, 7283-7288.

(15) For recent reviews, see: (a) Palacios, F.; Alonso, C.; de los Santos,
J. M. Chem Rev. 2005 105, 899-931. (b) Palacios, F.; Alonso, C.; de los
Santos, J. MEnantioselectie Synthesis ¢f-Amino Acids2nd ed.; Juaristi,
E., Soloshonok, V. A., Eds.; Wiley: New York, 2005; pp 27317.

(16) Green, T. G.; Wuts, P. G. MProtectve Groups in Organic
Synthesis2nd ed.; Wiley: New York, 1991; pp 17223.

(17) Toy, A. D. F.; Walsh, E. NPhosphorus Chemistry inJ€ryday
Living; American Chemical Society: Washington, DC, 1987.Hndbook
of Organophosphorus Chemistigngel, R., Ed.; Dekker: New York, 1992.

phosphine oxides and phosphonat®¥s X = NOH, P= POPh
or PO(OELt), Scheme 1) as starting materials for the preparation
of functionalized oximes containing a nucleophilic substituent
(V, X = NOH), through a sequence involving halogenation with
formation of ana-halooxime VIl , subsequent formation of
nitrosoalkene/Ill through base-mediated dehydrohalogenation,
and Michael addition of nucleophiles to the heterodiene system
(Scheme 1). Therefore, by means of this strategy, the umpolung
reaction in the @ of the phosphonate (phosphine oxide) moiety
could be achieved, favoring the introduction of nucleophiles in
order to prepare functionalized oximés, (X = NOH) or their
synthetic equivalent carbonyl compounds ¥ = O, Scheme
1). This strategy could be of particular interest since the
introduction of amino substituents (Scheme 1, NaHRNH,)
at the @t carbon atom could produeeamino phosphonatég,
which are important substrates in organic and medicinal
chemistry!920

As a continuation of our work on the preparation of new
a-amino phosphorus compounds, here we disclose the prepara-
tion of new species such as 2-nitrosoprop-1-enyl phosphine
oxides (b, R = Ph, Figure 1) or phosphonatdbé ( R = OEt,

(18) For an excellent book, see: Kukhar, V. P., Hudson, H. R., Eds.;
Aminophosphonic and Aminophosphinic Acids. Chemistry and Biological
Activity; Wiley: Chichester, UK, 2000.

(19) For reviews, see: (a) Kafarski, P.; Lejczak,@uirr. Med. Chem:
Anti-Cancer Agent2001, 1, 301-312. (b) Gambecka, J.; Kafarski, Rini-

Rev. Med. Chem.2001 1, 133-144. (c) Kafarski, P.; Lejczak, B.
Phosphorus, Sulfur Silicon Relat. Elef®91, 63, 193-215.

(20) (a) Hirschmann, R.; Smith, A. B., lll; Taylor, C. M.; Benkovic, P.
A.; Taylor, S. D.; Yager, K. M.; Sprengeler, P. A.; Benkovic, SSdience
1994 265, 234-237. (b) Oleksyszyn, J.; Powers, J.Bochemistry1l991,

30, 485-493. (c) Lejczak, B.; Kafarski, P.; Sztajer, H.; Masterlerz JP.
Med. Chem1986 29, 2212-2217. (d) Atherton, F. R.; Hassall, C. H.;
Lambert, R. W.J. Med. Chem1986 29, 29-40. (e) Allen, M. C.; Fuhrer,
W.; Tuck, B.; Wade, R.; Wood, J. Ml. Med. Chem1989 32, 1652~
1661.
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SCHEME 2. Preparation of Highly Reactive Nitrosoalkenes
5 through Base-Mediated Dehydrohalogenation

HO., 1. MeONa (2.3 eq), HO.
MeOH, reflux, 1h. N
/l\ l Br
2. Br, (1 eq), 0°C
O/,Pth O/’PRZ
1 2aR=Ph, 73%

2b R = OEt, 82%

H,NOH-HCI (1 eq), EtN (1 €q)
EtsN, MeOH, rt CHaCl
0 N
)K(X A
o7 P(OED, o*PRa
3 X= 1. EtONa (1 eq), 5a R = Ph, > 99%
4 X-= EtOH, rt, 1h. 5b R = OEt, > 99%

2. Bry (1 eq), 0°C

Figure 1), as well as the results of the conjugate addition of

nitrogen nucleophiles to these highly reactive phosphorylated in

nitrosoalkenes.

Results and Discussion

As outlined in Scheme 2, for the preparation of phosphory-
lated nitrosoalkenes, the requireehalooxime2a derived from
phosphine oxide (R= Ph) is in turn easily accessible from the
reaction of functionalizeg@-oxime 113dewith a base followed
by addition of bromine. Treatment of compoutdwith an

de los Santos et al.

SCHEME 3. Michael Addition of Ammonia and Amine
Reagents to Phosphorylated Nitrosoalkenes 5
HO, .0
N o BN N
.
)\( CH,Cl, S
o/,PRg O’/PRZ
2
NH; (gas) R' ,
NH; (gas) CH,Cl, HN ) (7)
CH,Cly R
HO(
iy r
orPRe o*PRe
6 8

bond of heterodienga. Similarly, 4-phosphonyl-1,2-oxaza-1,3-
butadienesb was obtained in very high yield5¢ 15.4 ppm).
Nitrosoalkeness proved to be unstable, and they were not
isolated and but were, therefore, used in situ without isolation
subsequent Michael additions. As far as we know, this is the
first reported example of the preparation of phosphorus-
containing nitrosoalkenés using this methodology.
Electron-withdrawing groups on the terminal carbon atom
may enhance the electrophilic character of this atom, and the
Michael addition of nucleophilic reagents on this carbon atom
(1,4-addition) may be favored. Some conjugate addition of
amines to 1,2-oxaza-1,3-butadienes have been repbofted.
However, to date, Michael addition of nucleophilic reagents to
phosphorus-substituted nitrosoalkenes remains unexplored, and

excess (2.3 equiv) of MeONa in MeOH at reflux and subsequent by means of this strategy, a wide rangexedmino phosphorus

addition of bromine at CC led to the formation ofx-bro-
mooxime phosphine oxid2a (Scheme 2). A different process
was applied to the preparation of the correspondingro-
mooxime phosphonath, which was synthesized in two steps
from f3-ketophosphonat® (X = H). Treatment of compound
with a base such as EtONa in EtOH at rt followed by addition
of bromine at *C gaveo-bromoketophosphonate(X = Br)

in excellent yielc?* Condensation reaction of compouebith
hydroxylamine hydrochloride in MeOH and in the presence of
base (EfN) at room temperature led to the formation of
o-bromooxime phosphonaib (Scheme 2).

Addition of 1 equiv of triethylamine to a solution of
functionalizeda-bromooxime2a derived from phosphine oxide
in dichloromethane caused 1,4-elimination of HBr and led to
the formation of the highly colored 4-phosphinyl-1,2-oxaza-
1,3-butadien®a (R = Ph) in almost quantitative yield>(99%,
Scheme 2). The presence of nitrosoalkéizein the crude
reaction mixtures was confirmed by NMR spectroscopy 40
°C. Thus, the3P NMR spectrum of5a showed only an
absorption atp 23.1 ppm, and thé*C NMR spectrum oba
showed an absorption &t 7.65 ppm as a doublet with a
coupling constant30pc = 2.8 Hz) for the methyl group,
indicating the presence of only one isomer and that the
phosphorus atom and the methyl group are relais# and
confirming theE-stereochemistry of the carbewarbon double

(21) A modified procedure of the Sturtz method was used: Haelters, J.
P.; Corbel, B.; Sturtz, GPhosphorus Sulfur Relat. Elerh988 37, 65—
85.

(22) (a) Palacios, F.; Aparicio, D.; GaacJ.; Rodguez, E Eur. J. Org.
Chem.1998 1413-1423. (b) Palacios, F.; Aparicio, D.; de los Santos, J.
M. Tetrahedron1994 50, 12727-12742.
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derivatives could be obtained. For this reason, we first studied
the reaction between ammonia and amines with phosphorus-
containing nitrosoalkenés (Scheme 3).

We explored the addition of ammonia to nitrosoalkérze
(R = Ph) generated in situ fromx-bromooxime2a. When
ammonia gas was bubbled through a solution-tfromooxime
2ain CHyCl,, the reaction mixture became deep green, showing
the formation of 1,2-oxazadief®@ The green color disappeared
very fast, showing the end of the reaction with the formation
of only one stereoisomer corresponding to thamino phos-
phine oxide6a in good yield (Scheme 3, Table 1, entry 1).
Compoundsawas characterized on the basis of its spectroscopic
data. Mass spectrometry 6& supported the molecular ion peak,
while the3P NMR spectrum of the phosphinyl group resonated
atop 31.3 ppm. ThéH NMR spectrum showed an absorption
atdy 4.35 ppm as a doublet with coupling constai; = 8.1
Hz for the methine proton, and tR&C NMR spectrum showed
an absorption aic 56.7 ppm as a doublet with coupling constant
pc = 73.5 Hz for the carbon atom directly bonded to the
phosphorus atom. Then, the process was extended to 4-phos-
phonyl nitrosoalkené&b (R = OEt). Although, in this case
o-amino phosphonatgb (R = OEt) was very unstable, it could
be isolated as a mixture sfyn andanti-a-amino phosphonate
6b and further characterized (Scheme 3, Table 1, entry 2).
a-Amino phosphonatéd$ are very interesting substrates in
medicinal chemistry? with a wide range of biological activities
such as haptens of catalytic antibodi@gpeptide mimeticgd%
enzyme inhibitorg® and antibacterid? or antihypertensive
agents0e

Functionalized nitrosoalkenes can also act as Michael
acceptors toward primary and secondary amines. The addition
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TABLE 1. a-Amino Phosphine Oxides and Phosphonates 6 and 8
Obtained through Conjugate Addition of Ammonia and Amines to
Nitrosoalkenes 5

entry  product R R’ R’ yield (%)*?
1 6a Ph - - 71
2 6b OEt - - 66
3 8a Ph p-MeO-CgH,y H 90
4 8b Ph Ph H 72
5 8c Ph A YN H 70
6 8d Ph =z H 95
7 8e Ph Et Et 94
8 8f OEt p-MeO-CgH; H 89
9 8g OEt S~ 90
10 8h OEt Et Et 88

a After chromatography? Yields of pure compound8 and8 are based
on 1,2-oxazadienés.

SCHEME 4. Michael Addition of a-Amino Esters to
Phosphorylated Nitrosoalkenes 5
HO. HaN__CO,R? o szrcosz HO.
IN 2 N R' 11 | H 2
N COR: A NYcozR
oPRe PR o*PRe R!
10 5 12
& R'='Pr, Bn
N~ YCOR? R? = Me, Et
A 13
HO‘N HO‘N
N + AN
PRy COR? OﬁéRz CO,R?

14 14'

of primary or secondary aminésto functionalized nitroso-
alkeness containing a phosphine oxide or a phosphonate gfoup
led to the formation of functionalizeanti-o-amino phosphine
oxide?* 8 (R = Ph) and phosphonat(R = OEt) derivatives
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TABLE 2. o-Amino Phosphine Oxides and Phosphonates
Obtained through Conjugate Addition of a-Amino Esters to
Nitrosoalkenes 5

entry product R R R2 yield (%P
1 10 Ph - Et 58
2 12a Ph iPr Et 90
3 12b OEt iPr Et 82
4 12c Ph Bn Me 83
5 12d OEt Bn Me 80
6 14& Ph - Me 87
7 14k OEt - Me 79

a After chromatography? Yields of pure compounds0, 12, and14 are
based on 1,2-oxazadien8s® Both isomers can be separated and isolated
from the diastereomeric mixture.

atoc 61.9 ppm {Jpc = 80.1 Hz) for the carbon bonded to the
phosphorus atom.

Then the reaction was extended to the diastereoselective
addition of optically activex--amino esterd 1to phosphorylated
nitrosoalkenes. A slight diastereoselection was observed when
L-valine ethyl ester hydrochloridéla (R = iPr, R = Et) or
L-phenylalanine methyl ester hydrochloritigéb (Rt = Bn, R2
= Me) was used in the reaction with nitrosoalkertesrhus,
reaction ofL-valine ethyl ester hydrochloridélawith 5a and
5b gavea-amino phosphorus derivativd®aand12b, respec-
tively, as nonseparable diastereomeric mixtures, and light
diastereoselective excess (51% in the casg2afand 28% in
the case ofl2h)2® was observed (Scheme 4, Table 2, entries 2
and 3). Michael addition ofi-phenylalanine methyl ester
hydrochloride11b to nitrosoalkene$a and 5b gave adducts
12cand12d, respectively, obtained as before as nonseparable
diastereomeric mixtures and diastereoselective excess rising
from 13% for compoundl2c and 65% for compound2d
(Scheme 4, Table 2, entries 4 and®5).

However, no diastereoselection was observed whemline
methyl ester hydrochloridé3 was treated with nitrosoalkene
phosphine oxid&a (R = Ph) or when treated with nitrosoalkene
phosphonatéb (R = OEt). Adductsl4aand14bwere obtained
as an equimolecular mixture of both isométddowever, in

in moderate to excellent yields (Scheme 3, Table 1, entries these cases, both isomeiréand 14 (see Scheme 4) could be
3-10). The scope of the reaction was not limited to aliphatic separated and isolated from the diastereomeric mixture (Scheme
(Table 1, entries 7 and 10) and aromatic amines (Table 1, entries?: Table 2, entries 6 and 7). This new family of functionalized
3, 4, and 8) since amines containing double or triple bonds can®-amino phosphonatek0, 12, and 14 derived fromo-amino

also be used (Table 1, entries 5, 6, and 9).

Finally, we studied the addition af-amino esters because
this strategy could afford a new alternative for the preparation
of phospha-depsipeptide derivativisThe addition of ethyl
glycinate 9 (R? = Et) to nitrosoalkene phosphine oxideba
led to the formation of functionalized-amino phosphine oxide
derivativel0 (R = Ph, R = Et) in good yield (Scheme 4, Table
2, entry 1). CompoundOwas characterized by its spectroscopic
data, which indicated that it was isolated as #mi-oxime**

10. The3!P NMR spectrum of.0 showed one absorption &
29.5 ppm. Likewise, theH NMR spectra of10 gave a well-
resolved doublet for the methine protondat 4.31 ppm {Jpn
= 11.4 Hz), while in thé3C NMR spectra, a doublet appeared

(23) In these processes, nitrosoalkebewere generated in situ from
o-halooximes2 and triethylamine.

(24) Smith, J. H.; Heidema, J. H.; Kaiser, E. T.; Wetherington, J. B.;
Moncrief, J. W.J. Am. Chem. Sod 972 94, 9274-9276.

(25) For recent contributions, see; (a) Van der Donk, WJ.A0rg. Chem.
2006 71, 9561-957. (b) Nasopoulou, M.; Matziari, M.; Dive, V.; Yiotakis,
A. J. Org. Chem2006 71, 9525-9527. (c) Palacios, F.; Alonso, C.; de
los Santos, J. MCurr. Org. Chem 2004 8, 1481-1496.

esters can be considered as “phospha-depsipeptides” and could
be interesting substrates in medicinal chemidtigs far as we
know, this novel strategy is the first example of conjugate
addition of nitrogen nucleophiles to phosphorylated nitroso-
alkenes to be reported.

Conclusion

In conclusion, the first synthesis of 1,2-oxaza-1,3-butadienes
containing a phosphine oxide groGpor a phosphonate group
5b at the C-4 position of the heterodiene system is reported.
This is also the first example reported for the conjugate addition
of ammonia, amines, and optically active amino esters to
phosphorylated nitrosoalkené&sfor the preparation of func-
tionalized a-amino phosphorus compounés 8, 10, 12, and
14. 1t should be also emphasized that the use of these very
reactive phosphorylated heterodieesdso opens a novel route
to other functionalized phosphorus compounds due to the

(26) Diastereoisomer ratios were determinec?#/NMR on the crude
reaction mixture.
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marked ability of compound$ to add nucleophiles. These

de los Santos et al.

(10H, m), 4.35 (1H, d2Jpy = 8.1 Hz), 1.85 (3H, d%Jpy = 1.8

a-amino phosphorus derivatives may be important synthons in Hz); *C NMR (75 MHz, CDC}) ¢ 155.1, 132.1, 132.1, 132.0,

organic synthesis for the preparation of biologically active
compounds of interest to medicinal chemisify2°

Experimental Section

General Methods. Reagent and solvent purification, workup

131.8, 131.6, 131.5, 128.7, 128.5, 128.4, 56.AJgk = 73.5 Hz),
12.7;3P NMR (120 MHz, CDC}) ¢ 31.3; MS (El)nvz 288 (M,
12), 201 (100), 124 (30), 77 (30). Anal. Calcd fors817;N,O,P:
C, 62.49; H, 5.94; N, 9.72. Found: C, 62.51; H, 5.97; N, 9.71.
General Procedure for the Addition of Amines to Phospho-
rylated Nitrosoalkenes. To an ice-cooled solution oft-bro-

procedures, and analyses were performed in general as describe if100xime 2a or 2b (1.0 mmol) in dichloromethane (5 mL) was

the Supporting Information.

General Procedure for the Preparation of 1-Bromo-1-(diphen-
ylphosphinoyl)propan-2-one Oxime (2a).To a stirred solution
of sodium methoxide (0.62 g, 11.5 mmol) in methanol (50 mL)
was added thg-oximino phosphine oxid&!3d¢(1.37 g, 5.0 mmol).
The mixture was refluxed for 1 h, and then it was cooled &C0
Then bromine (25@L, 5.0 mmol) was added with a syringe pump.

added triethylamine (140L, 1.0 mmol). Then the corresponding
amine (1.0 mmol)g-anisidine, aniline, allylamine, propargylamine,
or diethylamine) was added at once. The reaction was allowed to
stir at room temperature for 30 min. The solvent was removed by
rotary evaporation, the residue was stirred with diethyl ether, and
then it was filtered through a sintered glass vacuum filtration funnel.
The solid was washed twice with ether, and the filtrate was

Once added, the reaction mixture was allowed to reach room concentrated to dryness in vacuum. The crude products were
temperature and stirred for 1 h. The crude product was washedPurified by flash-column chromatography (silica gel, ACOEt) to

with water and extracted twice with dichloromethane (20 mL).
Organic layers were dried over MggCiltered, and the crude
product was purified by flash-column chromatography (silica gel,
AcOEt/pentane 50:50) to afforéla (1.29 g, 73%) as a colorless
oil: IR (NaCl) vmax 3183, 1728, 1436, 1185 crhj 'H NMR (400
MHz, CDCk) 6 10.40 (1H, br s), 8.097.27 (10H, m), 5.31 (1H,
s), 2.09 (3H, s):3C NMR (75 MHz, CDC}) 6 152.1, 132.9, 132.6,

afford o-amino phosphine oxides or phosphonaies
1-(Diphenylphosphinoyl)-1-(4-methoxyphenylamino)propan-
2-one Oxime (8a)(354 mg, 90%) was obtained as a colorless oil
as described in the general procedure; IR (Naghk 3341, 2929,
2673, 1514, 1434, 1242, 1167, 1028 ¢m*H NMR (400 MHz,
CDCl3) 6 9.84 (1H, br s), 7.867.31 (10H, m), 6.60 (4H, s), 4.94
4.89 (1H, m), 4.82 (1H, dJpy = 9.9 Hz,3J4y = 7.0 Hz), 3.62

132.5,132.4, 132.3, 131.8, 131,7, 131.6, 131.5, 131.4, 131.3, 131.2(3H, s), 1.78 (3H, d}Jpn = 2.1 Hz);°C NMR (75 MHz, CDC})
131.0, 130.9, 130.3, 129.9, 129.5, 129.3, 128.6, 128.6, 128.6, 128.50 154.2, 152.8, 140.1, 140.0, 132.2, 132.2, 132.1, 132.0, 131.7,

128.5, 128.4, 128.2, 47.0 (&lpc = 68.8 Hz), 12.13'P NMR (160
MHz, CDCk) 6 27.9; MS (Cl)my/z 352 (M*, 100). Anal. Calcd for
CisH1sBrNO,P: C, 51.16; H, 4.29; N, 3.98. Found: C, 51.18; H,
4.33; N, 4.00.

General Procedure for the Addition of Ammonia to Phos-
phorylated Nitrosoalkenes.To an ice-cooled solution af-bro-
mooxime 2a or 2b (1.0 mmol) in dichloromethane (5 mL) was

bubbled ammonia gas for 1 min. The reaction was allowed to stir
at room temperature for 30 min. The solvent was removed by rotary
evaporation, the residue was stirred with diethyl ether, and then it
was filtered through a sintered glass vacuum filtration funnel. The

131.6,131.2,131.1, 130.4, 129.8, 128.6, 128.5, 128.4, 128.2, 115.4,
114.7, 58.3 (dXJpc = 76.1 Hz), 55.5, 11.43'P NMR (120 MHz,
CDCl) 6 32.1; MS (Cl)myz 395 (Mt + 1, 100). Anal. Calcd for
C22H23N203P: C, 67.00; H, 588, N, 7.10. Found: C, 67.01; H,
5.90; N, 7.09.
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