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The microwave-assisted reaction of ketones with

Abstract: An effective catalyst-free microwave-assisted synthesi - . _
of a-aminophosphonates from ketones in a three-component syst O)P(O)H and primary amines (RNfR = Bz,t-Bu, c-

was shown. The method affordsaminophosphonates in high CeH11) has been found not only to producaminophos-
yields from various ketones including natural porphyrine derivd?honates in high yields, but also to decreases the reaction

tives. time greatly. Comparative data on the synthesisari-

Key words: a-aminophosphonates--aminophosphonic acid, ke- UOPhOSPhonateS from ke_tones und_er microwave |rrad|§1-

tones, natural porphyrin, steroid tion and under conventional heating are presented in
Table 1.

In the most of the examples the reaction was carried out
The synthesis ofi-aminophosphonates exhibiting highunder solvent-free conditions in a domestic microwave
biological activity has recently attracted a lot of atteneven (102 W). It should be noted that the effective
tion.}~*Due to their structural analogy witkaminoacids, application of non-expensive domestic microwave ovens
this type of organophosphorous compound is widely us@l many organic preparations has been extensively
for the development of new inhibitors of enzymes, neur@locumented® The reaction has been carried out in an
active compounds, antibiotics, and plant-growth regul&rlenmeyer flask over 10-28 minutes using the following
tors#5 ratio of reagents: ketone—(E4BYO)H-RNH, 1:3:1*
Among a number of synthetic approachesatamino (Scheme 1). The necessity to use an excess of dialkyl-
phosphonates one of the most powerful methods is tRBOSPhite is accounted for by the partial decomposition of
Kabachnik—Fields reactidhHowever this method, usual- this reagent under microwave irradiation.
ly applied to aldehydes, has been much less studied withe reaction was monitored by the means of IR @Rd
ketones’® NMR spectroscopy, and TLC (Silufol, hexane—ethyl ace-

The lower activity of ketones in comparison to aldehyddgte, 5:1).a-Amino phosphonates were isolated in 74—

necessitates either harsh conditions (heating in an au#¢~ yield and the phosphorous atoms were found to have

that the addition of Lewis acids (GARAICI;) may lead to
further decrease of the reaction time, but did not affect the

X ) X : i elds. Also, it should be noted that ketone structure does
actions, which otherW|se require harsh condmons. and 6t greatly affect the reaction rate under microwave
too slow for practical purposé%!'Moreover, the micro- -

) : X - irradiation.
wave-assisted reactions are believed to satisfy the de-

conditions to be employed. preparation ofi-aminophosphonates from such ketones

as benzophenone and adamantanoheAich give poor
(;7:1]§1ds using conventional heating.

Meanwhile, the application of microwave irradiation ha
often been demonstrated to enable facile realization of

Previously we have suggested a method for the synth
of a-aminophosphonates, based on the reaction of ald-
ketimines with dialkylphosphites in the presence of,Cdl
under microwave irradiatiof*.

. . . RY
It was first shqwn that the synthg&sae&mmophospho- RICOR?+ (EIO)ZP/< . RONH, P(O)(OEY),
nates andi-aminophosphonic acids from ketones can b H R | im
successfully carried out in a three-component system [k _ _ _
tone—(EtO)P(O)H-RNH] without catalyst under micro- 1] llay Hlla
wave irradiation. Aliphatic, aromatic, heterocyclic, an@cheme 1 | I, Il : a R, R2=c-CgHyp RE=c-CeHyp b R,
carbocyclic ketones were used in the reaction (s@=c-CgH,, RE=CHpPh; ¢ R'=R?=i-Pr, R=CH,Ph; d:
Table 1). R!'=R?=Ph, R=CH,Ph; & R'=Me, R=Ph, R=tBu; f:

R! = Me, R =5-methyl-2-phuryl, R= CH,Ph; g: R'= Me, R =5-
methyl-2-thienyl, R=CH,Ph; h: R!=Me, R =naphthy,
SYNLETT 2005, No. 9, pp 1393-1396 R®=CH,Ph; i: R'=Me, R =7-methoxy-1,2,3,4-tetrahydronap
Advanced online publication: 02.05.2005 thyl-2, R = CHPh;j: RY, R* = 2-adamantyl, R= CH,Ph.
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Table 1 a-Aminophosphonates from the Reaction of Ketones, Primary Amines, and Diethylphosphite

Ketones Amines MW Conventional heating (45 °C)
Time (min) Yields ofa-amino- Time (h)  Yields ofu-amino-
phosphonates (%) phosphonates (%)
Ila 8 86 6 %
O~ O
b PhCHNH, 10 92 9 64
O
lc? (i-Pr),C=0 PhCHNH, 20 73 72 0
Iid PhC=0 PhCHNH, 20 81 72 0
lle Ph t-BuNH, 18 79 72 2
0
HsC
HIf / \ PhCHNH, 19 84 24 50

lg PhCH,NH, 9 &3 12 57

o
(0]
S
Ih i iO PhCHNH, 28 72 72 15

i a e : : o PhCH,NH, 19 75 72 1
j 2 Z 0 PhCH,NH, 22 74 72 0

aCarried out in GH,Cl,.

3-Methoxy-androsta-3,5-diene-17-one and a ketone fromas obtained in 82% vyield; theP NMR spectrum re-
a natural porphyrin derivative were used in the reactiorealed a single produat-aminophosphonat&lIl, the
for the first time. only signal appearing at 25.8 ppm.

Analogously,a-aminophosphonaté was obtained, after We have also studied the reaction of ketones with bis(tri-
heating for 24 minutes in 8,Cl,, in 79% yield (see methylsilylphosphite) and primary amines under micro-
Scheme 2¥° The3'P NMR spectrum revealed two signalsvave irradiation. The bis(trimethylsilyl)phosphonate
at 23 ppm and 26 ppm corresponding to two stereoisgroup can be easily transformed into phosphonic acid by
mers. methanolysig? The reaction of cyclohexanone, bis(trim-
The reaction of natural porphyrin derivativé with t-  €thyIsily)phosphate, -andi-phenylethylamine gave a
BuNH, and (EtO)P(O)H was carried out in,8,Cl, un- Phosphonate ester, which was trl%nsformedaMmO-

der microwave irradiation for 4 minut&Porphyrinvil  Phosphonic acit/lll in 81% yield:

1) NHCH,Ph
o P(OEt)2
// MW I
+ PhCHoNH, + (EtO))PH —M
CICH,CH,CI
~o ~o
v \%

Scheme 2
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o] o]
NHt-Bu
o]
0 72 MW P(OE®),
+ +-BUNH, + (Et0),PL__ [l
H  CICH,CH,CI o]
MeOOC COOMe MeOOC COOMe
vi Vi
Scheme 3
o
0 N\
<:>: HsC / MW P(OH),
0+ >—Ph + (MegSiO),PH ——— >
HoN + (Me3SiO); —Me3SiOSiMes NHCH(CHy)Ph
Vil
Scheme 4

In summary, a novel catalyst-free version of the Kabach(3)
nik—Fields reaction under microwave irradiation is pre-
sented in this work, which allowsaminophosphonates

to be prepared from various ketones, including naturally14)
occurring ketones.
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General Procedure a)Microwaveirradiation: Appropriate
ketone (lla—, 0.02 mol), anhydrous amine (0.02 mol) and
freshly distilled (EtO)P(O)H (0.06 mol) were placed into 25
mL flask and exposed to microwave irradiation at 102 W
using a domestic oven (Daewoo, KOR-4125G) for 10-28
min. The residue was purified by chromatography on silica
(eluent: hexane—EtOAc, 3:2).

All experiments were repeated several times in order to
ensure reproducibility.

b) Conventional method: A mixture of ketone (0.05 mol),
amine (0.05 mol) and diethyl phosphite was refluxed in
benzene (20 mL) for an appropriate time. On completion, the
solvent was evaporated and the residue was purified by
chromatography on silica (eluent: hexane—EtOAc, 3:2).

All new compounds gave satisfactory elemental analyses (C
+0.2, H£ 0.3, N+ 0.3).

IH NMR, 3P NMR and microanalytical data for some newly
obtainedu-aminophosphonates are as follows.

Compound lllc: bp 70-73 °C*H NMR (400 MHz, CDCJ):
§=1.12 (t21=6.5Hz, 6 H, CKCH,0), 1.31 [s, 12 H,
(CH,),CH], 2.02 (m, 2 H, % (CH,),CH), 2.91 (br s, 1 H,

NH) 3.82 (qJ=7.8, 6.3 Hz, 4 H, C¥CH,0), 3.97 (qJ =

7.1, 6.0 Hz, 2 H, CKHNH), 7.40 (m, 5 H, arom§P NMR
(162 MHz, CDCJ): & = 26.1. Anal. Calcd for gH;,NPO;:
C,63.34;H,9.38; N, 4.11. Found: C, 63.15; H, 9.40; N, 4.13.
Compound Illd: bp 108-109 °CtH NMR (400 MHz,
CDCly): § =1.31 (1,23 = 7.6 Hz, 6 H, OCKLCH,), 3.94 (dd,
J=7.6,6.2Hz, 2 H, NHC}), 4.08 (qJ=7.1, 6.2 Hz, 4 H,
2x OCH,CH,), 4.16 (br s, 1 H, NH), 7.62, 7.49, 7.31 (m, 15
H, arom).3'P NMR (162 MHz, CDG)): § = 28.0. Anal.

Calcd for GH,gNPO;: C, 70.13; H, 6.67; N, 3.21. Found: C,
70.41; H, 6.85; N, 3.42.

Compound Illg: *H NMR (400 MHz, CDCJ): § = 1.40 {(t,
2J=7.6 Hz, 6 H, OCKCH,), 1.7 (s, 3H, Ck), 2.24 (s, 3 H,
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(16)

CHj), 3.63 (br s, 1 H, NH), 4.07 (4,= 7.6, 5.2 Hz, 4 H,
OCH,CH;), 4.09 (ddJ=7.9, 6.4 Hz, 2 H, NHC}), 6.47 (d,
J= 2.3 Hz, 1 H, thiophene), 6.56 @7 3.4 Hz, 1 H,
thiophene), 7.36 (m, 5 H, aroni}P NMR (162 MHz,
CDCl,): 6 = 24.8 ppm. Anal. Calcd for GH,,NSPQ;: C,

57.46; H, 7.32; N, 3.94. Found: C, 57.48; H, 7.53; N, 3.65.

Compound Illh: *H NMR (400 MHz, CDCJ): § = 1.33 (t,
J=7.6Hz, 6 H, OCKCHj), 1.65 (dJ=10.6 Hz, CH), 3.89
(brs, 1 H, NH), 3.94 (dd,= 7.6, 5.9 Hz, 2 H, NHC}}, 4.02
(9,3=7.6,5.2Hz, 4 H, OC}H,), 7.62, 7.49, 7.31 (m, 12
H, arom) 3P NMR (162 MHz, CDG)): § = 24.1 ppm. Anal.
Calcd for G3H,gNPO;: C, 69.52; H, 7.05; N, 3.53. Found: C,
69.46; H, 7.34; N, 3.81.

To a solution of the ketort¢ (0.001 mol) in CICHCH,CI
(2.5 mL), PhCHENH, (0.001 mol) and freshly distilled

(EtO),P(O)H (0.003 mol) were added. The reaction mixture

was exposed to microwave irradiation at 102 W using a
domestic oven (Daewoo, KOR-4125G) for 24 min. The
residue was purified by chromatography on silica (eluent:
hexane—EtOAc, 3:2).

a-Aminophosphonate Derived from 3-Methoxy-
androsta-3,5-diene-17-one (V)mp 143-145 °C*H NMR
(400 MHz, CDC)): § =0.92 (m, 1 H, 9-CH), 0.94 (s, 3 H,
18-CH;), 1.04 (s, 3 H, 19-C}), 1.29 (tJ = 7.6 Hz, 6 H,
OCH,CHjy), 1.62 (m, 1 H, 8-CH), 1.82 (m, 14 H, all GH
ring), 2.25 (ddJ = 7.6, 5.9 Hz, 2 H, NHC}), 2.57 (br s, 1
H, NH), 3.61 (s, 3 H, CkD), 3.99 (qJ=7.9,5.4 Hz, 4 H,
OCH,CH,), 5.39 (s, 1 H, 6-CH), 7.37 (m, 5 H, aroriftp
NMR (162 MHz, CDC)): 5 = 23.0 and 26.0 ppm. MS
(ESIM): m'z=391.2 [G,H,sNO,P + H(EtO)P(O)].

To solution of keton¥I (0.048 mol) in CICHCH,CI (1.5
mL), PhCHNH, (0.048 mol) and freshly distilled

(EtO),P(O)H (0.144 mol) were added. The reaction mixture

was exposed to microwave irradiation at 102 W using a
domestic oven (Daewoo, KOR-4125G) for 4 min. The
residue was purified by chromatography on silica (eluent:
CH,Cl—MeOH, 100:1).
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a-Aminophosphonate Derived from 3,8-Diacetyl-13,17—
bis(methoxycarbonylethyl)-2,7,12,18-tetramethyl-
porphyrin (VI1): *H NMR (400 MHz, CDCJ): § = 10.24,
9.99, 9.85, 9.84 (s, 4 Hheso-H), 4.34-4.28 (two over-
lapping t,J=7.4, 7.1 Hz, 4 H, & CH,CH,CO,CHy,), 4.22—
4.12[q,J=7.1, 6.0 Hz, 8 H,’3P(0)(OCHCHs),], 4.16 (br
s, 1 H, NH), 3.65, 3.65, 3.64, 3.57, 3.55, 3.52 (s, 18 H,
2 x CH,CH,CO,CH; and 4x CH4-ring), 3.23-3.19 (two
overlapping t, 4 H, & CH,CH,CO,CHj,), 1.68 (m, 2 H,
2x CH), 1.30-1.26 [t}=7.1 Hz, 12 H,3P(O)(OCHCHj),],
1.24 and 1.23 [s, 9 HIHC(CH;),], —4.21 (br s, 2 H,

2 x NH-ring). *!P NMR (162 MHz, CDG)): 5 = 19.5 ppm.
MS (ESI): 624.7 [GHgNgO1P> + 2 H — 2t-Bu —

2 (EtO)P(0)].

Bazloo, M.; Jiao, X.-Y.; Wojtowicz, H.; Rajan, P.;
Verbruggen, C.; Augustyns, K.; Haemers Sjithesis
1995 1074.

Cyclohexanone (0.02 mol), PhCH(§NH, (0.02 mol) and
freshly distilled trimethylsilylphosphite (0.06 mol) were
placed into 50 mL flask and exposed to microwave

irradiation at 102 W using a domestic oven (Daewoo, KOR-

4125G) for 18 min. The residue was purified by
chromatography on silica (eluent: hexane—EtOAc, 3:2).
a-Aminophosphonic Acid VIII: bp 229 °C!H NMR (400
MHz, CDCL): 6 =0.96 (d,J= 7.6 Hz, 3 H, CHE&l,), 1.26

(m, 10 H,c-C¢H,), 3.58 (s, 2 H, OH), 3.95 (4,=7.9, 6.4
Hz, 1 H, NHCH), 7.25 (m, 5 H, arom), 7.51 (br s, 1 H, NH).
3P NMR (162 MHz, CDG)): § = 19.8 ppm. Anal. Calcd for
C.H,,NPO;: C, 59.36; H 7.77; N, 4.95. Found: C, 59.08; H,
7.53; N, 5.02.
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