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A simple and efficient stereoselective synthesis of fluoroalkyl substituted aziridine-2-phosphine oxides
and -phosphonates by diastereoselective addition of methoxide, imidazole, benzenethiol, and Grignard
reagents to functionalized ketoxime-phosphine oxides and -phosphonates is described. Aziridines are
used as intermediates for the regioselective synthesis of fluorine cont@irangno phosphine oxides
andp-amino phosphonates. Amino phosphorus derivatives can also be obtained from ketoximes derived
from phosphine oxides and phosphonates with sodium borohydride.

Introduction be used for the efficient and/or selective preparation of fluorine-
containing molecules with biological activity and commercial
eapplications:‘. For these reason, the development of new methods
for the preparation of fluorine substituted aminophosphonates
is an interesting goal in synthetic organic chemistry, not only
because of their use in medicinal chemistry as ligands for
phosphoglycerate kina¥eor antibacterial§? but also for the
preparation of fluorinated peptidomimetitslowever, only the
addition of amines to unsaturated phosphortatarthe addition

of fluorinated phosphonate carbanionsNeprotecteda-halo-
amine$? or imined for the synthesis of fluorine substituted
aminophosphonates have been described.

Organophosphorus compounds are important substrates in th
study of biochemical processes, gftdminophosphonates, as
isosteres gff-amino acids, occupy an important place and reveal
diverse and interesting biological and biochemical properties
in their role as enzyme inhibitors, agrochemicals, or pharma-
ceuticals' On the other hand, in the field of bioactive molecules,
fluoroorganic compounds have received a great deal of attention
since the incorporation of a fluorine containing group into an
organic molecule dramatically alters its physical, chemical, and
biological propertie. These changes in properties make them
suitable for diverse applications in synthetic, agricultural and
medicinal chemistry as well as in material scieAcgpecial
interest has been focused on developing synthetic methods for (4) (a) Enantiocontrolled Synthesis of Fluoro-Organic Compounds:
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SCHEME 1. Retrosynthetical Pathway for Fluoroalkyl
Substituted f-Aminophosphorus Derivatives

Palacios et al.

SCHEME 2. Synthesis of Ketones 3 and 7, and Oximes
9-12
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Phosphorylated heterocycles have been acquiring increasing RPN R Y 2
interest® and we described new methods for the preparation of R -EtOH R
acyclic compoundsand phosphorylated nitrogen heterocyéfes. ; Ef grfz t
Likewise, we reported the preparatibof 2H-azirine-phosphine g E; (P)hEt )

oxides and -phosphonates frgrtoluenesulfonyl-oximeg and
their use for the synthesis of aminophosphorus derivafizesl
phosphorylated pyraziné4 or oxazoles#b.¢ Continuing with
our interest in the chemistry of aminophosphorus derivatives
and of small strained nitrogen heterocycl&s* here we report
the regioselective preparation of fluorine containjffr@mino-
phosphorus derivative$ (R = Ph, OEt; Scheme 1) and
fluoroalkyl substituted aziridinel from fluorinatedp-toluene-
sulfonyl oximeslIV, probably by means of the nonisolated
fluorine containing Bi-azirineslll generated in situ (Scheme
1).

Results and Discussion

Synthesis of Fluoroalkyl Substituted Aziridines. The
synthesis of Bl-azirine-phosphine oxides and -phosphonates has
been described using the modified Neber reaébiasf p-
toluenesulfonyl oximes derived from phosphine oxides and

(7) (a) Rschenthaler, G. V.; Kukhar, V.; Barten, N.; Gvozdovska, N.;
Belik, M.; Sorochinsky, A.Tetrahedron Lett2004 45, 6665-6667. (b)
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915-919. (c) Nieschalk, J.; Batsanov, A. S.; O’Hagan, D.; Howard, J.
Tetrahedron1996 52, 165-176.
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G.; Ezpeleta, J. MJ. Org. Chem2002 67, 2131-2135.
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Ezpeleta, J. MTetrahedror2006 62, 1095-1101. (b) Palacios, F.; Aparicio,
D.; Lopez, Y.; de los Santos, J. M.; Alonso, Eur. J. Org. Chem2005
1142-1147.
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Chem.200Q 65, 3213-3217.
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T.M. V. D.; dA Rocha Gonsalves, A. MCurr. Org. Synth2004 1, 275—
292. (b) Palacios, F.; Ochoa de Retana, A. M.; ez de Marigorta, E.;
de los Santos, J. MOrg. Prep. Proced. In2002 34, 219-2609. (c) Gilchrist,

T. L. Aldrichimica Acta2001, 34, 51—55.

(13) (a) Palacios, F.; Ochoa de Retana, A. M.; Alonso, JJMOrg.
Chem.2005 70, 8895-8901. (b) Palacios, F.; Aparicio, D.; Ochoa de
Retana, A. M.; de los Santos, J. M.; Gil, J. |.;gex de Munm, R.
Tetrahedron: Asymmetrg003 14, 689-700.
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R. Org. Lett.2002 4, 2405-2408. (b) Palacios, F.; Ochoa de Retana, A.
M.; Gil, J. I.; Alonso, J. M.Tetrahedron: Asymmetr2002 13, 2525
2541. (c) Palacios, F.; Ochoa de Retana, A. M.; Gil, J. I.; Alonso, J. M.
Tetrahedron2004 60, 8937-8947.

(15) (a) Neber, P. W.; Friedolsheim, A. Liebigs Ann. Cheml926
449, 109-114. (b) Neber, P. W.; Burgard, A.; Their, W. Liebigs Ann.
Chem.1936 526, 277—294.
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TABLE 1. p-Phosphorylated Ketones 3/7gemDiols 5/8, and Enols
4

entry compd R R R yield(%)?
1 4a Ph H Ck 74
2 4b Ph H CHR 75
3 3cl4c Ph H C7F15 58
4 3d/5d Ph Ch CR 75°
5 7al8a OEt H Ck 78
6 7b/8b OEt H GFs 75
7 7cl8c OEt CHs CR 73

aYield of isolated purified compound8 Obtained as mixture of deriva-
tives 3/4. ° Obtained as a mixture of derivativa. 9 Obtained as a variable
mixture of derivatives’/8.

phosphonates with alkaloids and solid supported anfihssw

we wish to extend the process to the preparation of azitlhes
(Scheme 1) and aziridines derived from phosphine oxides and
phosphonatedl (Scheme 1). With this objective, we first
explored the synthesis @keto-phosphine oxides and -phos-
phonates required for the preparation of fholuenesulfonyl
oximes. The reaction of methyldiphenyl-phosphine oxid¢R?

= H) with ethyl trifluoromethyl acetat@a (Rr = CFs3) or ethyl
2,2-difluoromethyl acetat2b (R = CHF,) in the presence of
LDA in an inert atmosphere gave, after workup, fluorine-
substituted enol-phosphine oxidds. and 4b in good yield
(Scheme 2, Table 1, entries 1 and 2). Whereas, when ethyl
perfluoroalkyl octanoat@c (Rr = C7F15) was used, a mixture

of both keto3c and enol4c tautomers (Table 1, entry 3) was
obtained. Formation of compouddould be explained by initial
formation of 3-ketophosphine oxid8 followed by prototropic
tautometization to enat.

However, when ethyldiphenylphosphine oxitie(R! = Me)
was used, fluorinategi-keto-phosphine oxide3d, initially
formed, can undergo addition of water to provide the hydrate
form 5d, and therefore a mixture g#-keto-phosphine oxide
3d and its hydraté&d (Scheme 2, Table 1, entry 4) was obtained.
The use of high vacuum allows one to dehydrgéerdiol 5d
(R = Ph) to obtains-keto-phosphine oxide2d. The electrophic
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TABLE 2. Phosphorus Substituted Ketoximes 912 SCHEME 3. Preparation of Aziridines 14—17
entry  compd R R Re E/Z (%) vyield (%) H 1. NaH (2 eq)
N R 2.TsCl(1eq) HO
1 %a Ph H Ck 0/100 73 MeO, N R 3. MeOH “N
2 9b Ph H CHR  0/100 77 RS PR, — )\(ﬁ,phz
3 9c Ph H GFis  0/100 84 1] 2 Rf
4 od Ph Ch CR 58/42 60 R
5 10a  OEt H CR 0/100 45 AR 9d
6 10b OEt H GFs 5/95 46
7 10c OEt CH CR 100/0 40 MeOH
8 11a Ph H Ck 0/100 84 Base (1 eq)
9 11b Ph H CHFR, 0/100 59 MeOH.
10 11c Ph H GF1s 0/100 64 150
11 12a OEt H Ch 0/100 48 S9N N o
12 12b OEt H GFs 5/95 43 Il Pr R
13 12c OEt CH CR 100/0 45 Re 1 2 Base RF PR,
aRatio of E/Z isomers determined b§*P NMR.2Yield of isolated R 13 o
ifi —12, 11 R=Ph
purified compound$® 12 ROt
character of the carbonyl group 8l is increasetf because of R=Ph H
. S ! - X, N R
the high electronegativity of the fluorine atoms, and then water Re=CFs| Base (1 eq)
was easily added with the formation of hydr&tein a similar H FsC PPh,
way to that previously reported for fluorine containing carbonyl o
compounds’ The process was extended to alkyl phosphonates 16 X= N/\j\l
6 (R = OEt), and their reaction with fluoroalkyleste2sn the
presence of LDA gave, after workup, fluorine-substituted 17 X=SPh

mixtures off-keto-phosphonatesand their hydrate8 (Scheme
2, Table 1, entries 57). As before, the dehydration glem —
diols 8 (R = OEt) to obtainp-keto-phosphonateg can be entry compd R R Re yield(%y

TABLE 3. Functionalized Aziridines 14—17 Obtained

performed by using high vacuum. Moreover, endlsan be 1 14a Ph H Ck 52 (85F
used directly for further synthetic purposes, and it is not g 12'9 EE : gl'__'E ;g
necessary to separate k_etoﬂmd? and enoM or hydrates 1 1 43 Ph CH CF;S a4
and8 for further synthetic purposes. 5 15a OEt H CR 47b

Next we accomplished the synthesis of oxin®e@R = Ph) 6 16 Ph H Ck 45°
and 10 (R = OEt) by condensation of hydroxylamine with 7 17 Ph H Ck 6%
pB-keto-phosphine oxide3 and -phosphonates [-Ketoximes aYield of isolated purified compound8.Yield obtained by using NaOMe
9 (R = Ph) and10 (R= OEt) were isolated as a varible mixture as basef Yield obtained by using BN as based Yield obtained by using
of E andZ isomers (Scheme 2, Table 2, entries7). TheE/Z NaH as base from oxim@d. ®© Yield obtained by using imidazole as base.

assigment of derivative8 (R = Ph) and10 (R = OEt) was

based on NOE experiments. Irradiating the methylene protons|eading exclusively to the formation dfans-3-methoxy-3-
(CH) atd = 3.63 ppm of oximeda showed an enhancement  trifluoromethylaziridin-2-yl diphenylphosphine oxidda(R =
(0.12%) of the hydroxy-O—H proton até = 12.90 ppm, and Ph, R = H, Rr = CF3) (Scheme 3, Table 3, entry 1). No trace

this result is consistent with th# configuration of oximeda. of the cis-aziridine could be observed BYP NMR. Spectro-
Subsequent tosylation gi-ketoxime-phosphine oxide® and scopic data were in agreement with the assigned structure of
-phosphonate$0 gave functionalize@-p-toluenesulfonyloxime compoundL4a.Well-resolved doublets & = 2.62 ppm £Jpn
phosphine oxide&1 and phosphonate2 (Scheme 2, Table 2, = 17.4 Hz) for H2 in theH NMR spectrum as well as at =
entries 8-13) in the same proportion & andZ isomers asthe  40.5 ppm {Jpc = 84.1 Hz), and abc = 72.4 ppm EJec = 42.3
p-ketoxime-precursorS (R = Ph) and10 (R = OEt). Hz) for C2 and C3 in thé3C NMR spectrum were observed.
The base-mediated Neber reactfoof fluoroalkyl p-tolu- The stereochemical assignment was based on NOESY 1D

enesulfonyl oximed 1 (R = Ph) and12 (R = OEt) was then experiments. Irradiating the methoxy protondi=-O—) at 6
explored. Reaction g¥-toluenesulfonyl oxime phosphine oxide = 3.52 ppm showed an enhancement (0.20%)62—H proton
11a(R = Ph, R = H, Re = CF;) with a base such as pyridine  of the azirine ring atd = 2.80 ppm. Moreover irradiating the
did not give M-azirine13 (Rf = CF;, R' = H, R = Ph) and —C2—H proton of the azirine ring al = 2.80 ppm showed an
starting material was recovered (Scheme 3). On the other handenhancement (0.41%) of the KiG—O—) proton signal ath =
the use of bases such as DBU, NaH, or MeLi did not lead to 3.52 ppm.

the formation of fluoroalkyl Bi-azirine phosphine oxid3 (Re The exclusive formation adfrans-aziridine phosphine oxide
= CFs, R = H, R = Ph), but a complex mixture of products  14a(R = Ph, R = H, Re = CF) could be explained by base-
was obtained instead. Therefore, the use of alkoxides as basegnediated (NaOMe) ring-closure gf-toluenesulfonyl oxime
was studiedp-toluenesulfonyl oxime phosphine oxidda (R phosphine oxidellato azirine13 (R = Ph, R = H, Rx =

= Ph, R = H, Re = CF) was treated with NaOMe/MeOH  CFs). This 2H-azirine13is probably unstable owing to the effect
of the high electron withdrawing trifluoromethyl group. Then,
(16) (a) Mikami, K.; Yajima, Y.; Terada, M.; Uchimaru, Tetrahedron azirine 13 readily undergoes addition of methoxide to the=C

Lett. 1993 34, 7591. (b) Paderes, G. D.; Jorgensen, WJLOrg. Chem. ; ; AES

1992 57, 1904. (c) Linderman, R. J.; Jamois, E.JAFluorine Chem1991, N bond from the Iea.St .hlndered face (see Figure 1) oy

53, 79. aziridine 14a, in a similar way to that observed in the case of
(17) Guthrie, J. PCan. J. Chem1975 53, 898. other nucleophiles such as hydrité.

J. Org. ChemVol. 71, No. 16, 2006 6143
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o SCHEME 4. Preparation of Aziridines 19—22
n
PR, TsO,, H
RF\7/ N %R R2MgBr (18), 3 eq. R%W
. , ——
N R RF)\( THF, -78°C-rt.  RF PR,
K 13 R! 11
Meo’J 11 R=Ph 19 R= Ph
o) 12 R=OEt R2MgBr 21 R= OEt
- . lRZMgBr
FIGURE 1. Nucleophilic attack of MeO (X™) to azirinel3.
N R R2MgBr Re. N R
The use of NEf as base in MeOH as a solvent, gave the R N p R
same adduci4a (R = Ph, R = H, Rr = CFR) (Scheme 3, F ng R S 2
Table 3, entry 1) and supported the proposed reaction mecha- 20 R= Ph
. o e . . 13
nism. Likewise, fluoroalkytrans-aziridine phosphine oxidé4b 22 R= OFEt

(R=Ph,R=H, Re=CHR,) and14c(R = Ph, R = H, Re

- TABLE 4. Aziridines 19—22 Obtained
= C;F15) (Scheme 3, Table 3, entries 2 and 3) were prepared.

Aziridines 14 can also be obtained in a “one pot” reaction from . yield
. ; ) . t d R R R R2 ftrand  (%)P
ketoximes. Thus, when oxim@&d was treated with 2 equiv of enlry f:gg S CF: o C';;:g 5(8 ‘)
. . a 3
base (NaH), followed by addmon'(pftoluenesulfonyl c'h'lo.rlde 2 19/20b Ph H OF GoHs 8416 69
1 equly) and_ subsequent addition of MeOtrns-aziridine 3 19/20c Ph H CR CH—CH=CH, 66/34 63 (44
phosphine oxidd4d (R = Ph, R = CHs, Rr = CF3, Scheme 4 19/20d Phh H CR CeHs 95/5 73
i i i i 5 19/20e Ph H CHR CgHs 76/24 55
'?'h i'l;able 3, entrylg) \llvasbobta;negl in 4?0) istereosT]Jectll\/e fashlon. & 210223 OEt H CR_ GH. 159 oy
process could also be extendeg-mluenesu onyl oxime 7 21226 OEt H COF CeHo—CH, 55/45 56
phosphonatd2a (R = OEt, R = H, Rr = CR). In this case, 8 21/22c OEt H CR CeHs 100/0 60
formation of aziridine phosphonat&a(R = OEt, R = H, Re 9 21/22d OEt CHy CRs CH~CH=CH. 60/40 59

= CFRs) was achieved employing NaOMe/MeOH as base  aThe ratio of cis/trans isomers was determinecdy/NMR. b Yield of
(Scheme 3, Table 3, entry 5). isolated purified compounds.Yield of isolated purified compounds from

Subsequently, the use of some nitrogen and sulfur nucleo-oxime 9a
philes to trap generated trifluoroalky! substituted-azirine13

and thus to prepare new functionalized aziridines was studied. Br—mg 8
Reaction ofp-toluenesulfonyl oxime phosphine oxidda (R R, O
= H, Re = CF3) with imidazole (XH= imidazole, Scheme 3) Sel )R
led exclusively to the formation ofrans3-imidazolyl-3- R’3\7(
trifluoromethylaziridin-2-yl diphenylphosphine oxid® (Scheme /N R!
3, Table 3, entry 6). No trace of tleés-aziridine was observed ;13

by 3P NMR. In this case imidazole acts not only as a Br—Mg & 57-/

nucleophile reagents but also as base. The exclusive formation Ro

of trans-aziridine phosphine oxid&6 could be explained by FIGURE 2. Nucleophilic attack of Grignard reagents to azirib&
the base-mediated (imidazole) ring-closurg@abluenesulfonyl

oxime phosphine oxidéla and the subsequent addition of the oxide group of these aziridine® and 20a resonated adp =
second molecule of imidazole from the least hindered face of 24.2 and 23.2 ppm, whil€?F NMR spectrum showed singlets
the reactive trifluoromethyl substitutedizazirine intermediate ~ for trifluoromethyl group avr = —68.8 and—70.6 ppm. The
13a(R=Ph, R = H, Re = CF;, Figure 1). A similar behavior ~ stereochemical assignment was based on HOE%Y-{H) 2D
was observed when benzenethioH>SPh, Scheme 3) reacted experiments, which showed for compoui®a (cis configura-

with p-toluenesulfonyl oxime phosphine oxidkla in the tion) a correlation between the signal of the trifluoromethyl
presence of triethylamine as base to give exclusivelps -3- group Or = —70.6 ppm) with the aromatic proton¥H) of the
benzothio-3-trifluoromethylaziridin-2-yl diphenylphosphine ox- diphenylphosphine oxide group.

ide 17 (Scheme 3, Table 3, entry 7). The formation of the major isomeis-aziridine19asuggests

These results prompted us to explore whether Grignard that the approach of the methylmagnesium bromi@a to
reagents could produce a similar effect to that observed in the azirine 13 from the opposite position to the bulky phosphine
case of imidazole. If so, the reaction of Grignard reagents with oxide group is more favorable. However, in this casns
fluoroalkyl substituted ketoximedl and 12 could afford aziridine 20a, corresponding to the approach of the methyl-
functionalized aziridines containing phosphorus and fluorine magnesium bromid&8ato the most hindered face of the azirine
substituents. Treatment pftoluenesulfonyl oxime phosphine 13, is also obtained as the minor isomer. Formation ofttaiss-
oxidella(R = Ph, R = H, Rr = CF) with methylmagnesium aziridine20acould be explained (see Figure 2) as a consequence
bromidel8a(R? = CHj) in THF at—78°C led to the formation of prechelation of the Grignard reagent with the fluorine atoms
of a mixture ofcis-3-methyl-3-trifluoromethylaziridin-2-yl di- of the fluoroalkyl substituents of azirink3. A prechelation of
phenyl phosphine oxid&9a (R = Ph, R = H, Rr = CR;, R? the Grignard reagent with the carboxyl ester group has been
= CHa) as the major component along with the corresponding previously observed by Davis et al when azirine-carboxylates
transisomer20a (R = Ph, R = H, Re = CF;, R2 = CHy) in were treated with Grignard reagéfit.

a 75:25 ratio of both isomers (Scheme 4, Table 4, entry 1). The scope of the reaction was not limited to methylmagne-
Spectroscopic data were in agreement with the assigned structursium bromidel8a (R? = CHs), but ethylmagnesium bromide
of compound<€.9/20a In the3!P NMR spectrum the phosphine  18b (R? = C;Hs), allyilmagnesium bromidé8c (R? = CH,—

6144 J. Org. Chem.Vol. 71, No. 16, 2006
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CH=CH,), or phenylmagnesium bromid&8d (R? = CgHs)
reacted withp-toluenesulfonyl oxime phosphine oxidd (R
= Ph) to give mixtures otis-19 (major component) and the
corresponding fluoroalkyl substitutettans-aziridin-2-yl di-
phenyl phosphine oxid20 (minor isomer) (Scheme 4, Table
4, entries 2-5).

Aziridines 19/20ccan also be obtained in one pot reaction
from ketoxime9a. When oximeda was heated with 3 equiv of
allylmagnesium bromid&8c(R? = CH,—CH=CH,), a mixture
(66/34 ratio) ofcis-19¢ (major component) and the correspond-
ing fluorine substitutedrans-aziridin-2-yl diphenyl phosphine
oxide 20c (minor isomer) (Table 4, entry 3) was obtained.

This process could also be extendedpttoluenesulfonyl
oximes derived from phosphonat&® (R = OEt). Treatment
of these ketoxime%2 (Scheme 4) with ethylmagnesium bromide
18b (R? = C;Hs), allylmagnesium bromidé8c (R2 = CH,—
CH=CH,), phenylmagnesium bromided (R? = CgHs), and
benzylmagnesium bromidi8e (R? = CH,—CgHs) gave mix-
tures of cis-21 (major component) and the corresponding
fluoroalkyl substitutedrans-aziridin-2-yl diphenyl phosphine
oxide 22 (minor isomer) (Scheme 4, Table 3, entries®. This
strategy describes the first synthesis of aziridine-phosphorus
derivatives containing fluoroalkyl substituents.

Ring Opening of Aziridines. Synthesis off-Aminophos-
phorus Derivatives.Amino phosphorus derivativésn general,
and -amino compounds in particulaf® have acquired in-

creased interest in recent years because of their application in

organic and medicinal chemistry. For this reason we tried to
study if phosphorylated aziridines containing fluoroalkyl sub-
stituents could be used for the preparatiop-efminophosphorus
derivatives. Catalytic hydrogenation of aziridines bearing phos-
phorus functional groups produces the corresponding amino
phosphorus derivatives with highly controlled regioselectitAy?!
Therefore, we explored the regioselective ring opening of
phosphorylated aziridines obtained here, to obtain fluoroalkyl
substituted\-unprotecteg-amino phosphine oxides or -phos-
phonates.

However, in this case, when the reaction of 3-methoxy-3-
trifluoromethyl aziridine-2-phosphine oxideb4a with am-
monium formate and palladium on carbon in refluxing ethanol
was performed, primary enami28 (R = Ph) was obtained in
50% yield, instead of the expectgdamino phosphine oxides
24 (Scheme 5). The formation of this compou®8 (R = Ph)
could be explained by regioselective ring opening of theQ®
single bond of the ring followed bg-elimination of MeOH to
form imine 25 (R = Ph) followed by tautomerization to enamine
23(R = Ph). The presence of a methoxy group indhposition
to the amino group seems to favor {helimination of MeOH.
This reduction could also be extended to the ring opening of
3-methoxy-3-trifluoromethyl aziridine-2-phosphonatawith
ammonium formate and palladium on carbon in refluxing

(18) (a) Davis, F. A,; Liang, C.-H.; Liu, HJ. Org. Chem.1997, 62,
3796-3797. (b) Davis, F. A.; Deng, J.; Zhang, Y.; Haltiwanger, R. C.
Tetrahedron2002 58, 7135-7143.

(19) For reviews, see the following: (a) Berrlicki, L.; Kafarski,@urr.
Org. Chem2005 9, 1829-1850. (b) Kafarski, P.; Lejczak, BCurr. Med.
Chem:Anti-Cancer Agent2001 1, 301-312. (c) Aminophosphonic and
Aminophosphinic Acids. Chemistry and Biological Aityi; Kukhar, V. P.,
Hudson, H. R., Eds.; Wiley: Chichester, U.K., 2000.

(20) For a review ofi-phosphapeptidomimetics see Palacios, F.; Alonso,
C.; de los Santos, J. MCur. Org. Chem2004 8, 1491-1496.

(21) (a) Davis, F. A.; Wu, Y.; Yan, H.; McCoull, W.; Prasad, K. R.
Org. Chem 2003 68, 2410-2419. (b) Palacios, F.; Ochoa de Retana, A.
M.; Gil, J. I. Tetrahedron Lett200Q 41, 5363-5366.
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SCHEME 5. Ring Opening of Aziridines 14 and 15

H
Meo, N .H Pd/CINHHCO, NH, O
F3C PR, EtOH, reflux Fy CJ\/PRZ
1]

23 R=Ph
14a R=Ph 26 R= OEt
15a R=OFt

Pd/C/[H;] l
NH; O NH O
MeO PR2 FSCJ\/PRZ
FsC - MeOH

24 2

SCHEME 6. Synthesis of Fluorine Containing
p-Aminophosphorus Derivatives 27 and 28

H
Rz N Rt Pd/CINHHCO, NHZ?,)
\ E4> R2 PR,
FiC PR, tOH, reflux
I FsC R
19/20 R=Ph 27 R=Ph
21/22 R= OEt 28 R=OEt

TABLE 5. B-Amino Phosphine Oxides 27 and 29 ang-Amino
Phosphonates 28 and 30 Obtained

entry compd R R R R? yield (%)
1 27a Ph H Ch 73
2 27b Ph H GHs 59
3 27c Ph H n-CsH; 53
4 27d Ph H GHs 65
5 28a OEt H Csz 64
6 28b OEt CHs n-CsHz 57
7 29 Ph CR 74
8 30a OEt CR 72
9 30b OEt GFs 45

aYield of isolated purified compound8.Obtained as a mixture of two
diastereoisomers (50:50) and determinecf1®/NMR.

ethanol to give a mixture of imin25 (R = OEt) and tautomeric
primary enamine6 (R = OEt) with 65% yield (ratio 1:1).

Afterward, we explored the regioselective ring opening of
3-alkyl or 3-aryl substituted phosphorylated aziridii€s-22,
because the absence of a methoxy group could avoid the
pB-elimination and therefordl-unprotectegs-amino phosphine
oxides or -phosphonates could be obtained. Ring opening of
the mixture of both isomersis- andtrans-aziridine-2-phosphine
oxides1920 (R = Ph) was accomplished by catalytic transfer
hydrogenation with palladium. Reduction of 3-alkyl- and 3-aryl-
aziridine-2-phosphine oxidd9/20with ammonium formate and
palladium on carbon in refluxing ethanol gageamino phos-
phine oxide7 (Scheme 6, Table 5, entries-4). The formation
of these compound27 (R = Ph) could be explained by
regioselective ring opening of the-AC2 single bond of the
ring. Reaction conditions are strong enough to achieve also the
hydrogenation of the allyl group 8= CH,—CH=CH),) to
n-propyl substituent (R= n-C3H;) (Scheme 6, Table 4, entry
3).

This process could be extended to aziridines derived from
phosphonate®1/22. Catalytic transfer hydrogenation in the
presence of Pd(0)/C and ammonium formate of dietisdand
trans 3-ethyl-3-trifluoromethylaziridin-2-ylphosphona?d/22a
(R = OEt, Rt = H, R?Z = C;Hs) gaveB-amino phosphonate
28a (R = OEt, R = C;Hs) (Scheme 6, Table 5, entry 5) by
regioselective ring opening of the-MNC2 single bond of the
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SCHEME 7. Preparation of f-Aminophosphorus Derivatives
29 and 30 from Oximes 11 and 12

N . H
//\ H N
Re PR, AN
3 RF PR,
31 32 o
H” T route a H” l
0wl o NaBH, NH, O
J\/II—l’R IF"Rz
Re 2 THF,-30°C Rr
11 R= Ph 29 R= Ph
12 R= OEt 30 R= OEt
H” l route b T H
SO~ 0 NH O
RF)\/F’Rz -TsOH RF)J\/PR2
33 34

ring. Likewise, ring opening of 2-methyl substituted dietbig-
andtrans-3-ethyl-3-trifluoromethylaziridin-2-ylphosphona2é/
22d (R = OEt, R = CHg, R? CH,—CH=CH,), by
hydrogenolysis with ammonium formate and palladium on
carbon, gavgg-amino phosphonat28b (R = OEt, Rt = CHs,

R?2 = n-CgH;) as a mixture of syn/anti isomers in 50:50
proportion (Scheme 6, Table 5, entry 6). The formation of these

Palacios et al.

(route b, Scheme 7) with formation pftoluelesulfonyl amino
derivative33followed by-elimination ofp-toluelesulfonic acid
and subsequent reduction of imiBd cannot be discounted.

Conclusion

In conclusion, this account describes a simple, mild and
convenient strategy for the stereoselective addition of nucleo-
phile reagents such as alkoxides, imidazole, benzenethiol,
Grignard reagents, and hydrides to fluoroalkyl substituted
ketoxime phosphine oxides and phosphonates to give function-
alized aziridine phosphine oxides and phosphonates containing
fluorine. Fluoroalkyl substitute@-amino phosphine oxides and
B-amino phosphonates were obtained by catalytic hydrogenation
of aziridines, while the reaction of ketoximes derived from
phosphine oxides and phosphonates with sodium borohydride
gives directly fluoroalkyl substituteFamino phosphine oxides
and -amino phosphonates. Substituted azirthesnd aziri-
dines?® as well asp-amino phosphorus derivativéd? are
important building blocks in organic synthesis and in the
preparation of biologically active compounds of interest in
medicinal chemistry.

Experimental Section

General Procedure for the Preparation off3-Phosphorylated
Ketones 3/7,gemDiols 5/8, and Enols 4.To a solution of LDA
(6 mmol) in THF (25 mL) was added a solution of alkylphosphine
oxide 1 or alkylphosphonat® (5 mmol) in THF (15 mL) cooled
at —78 °C under nitrogen atmosphere. The mixture was stirred for

compounds could be explained, as before, by regioselective ring; , at—78°C. Next a solution of the corresponding ester was added

opening of the N-C2 single bond of the ring?2® As far as
we know, this strategy reports the first synthesis of fluorine
containings-disubstitutegi-aminophosphorus derivatives, and
allowed us to preparg-fluoroalkyl f-amino phosphine oxides
27, and g-fluoroalkyl f-amino phosphonate28 from readily
available aziridine-phosphine oxides and -phosphonates.
Finally, we explored the preparation of fluorine containing
p-amino phosphine oxides or -phosphonates with only a
substituent in positiof directly from phosphorylated ketoximes.
For this objective, we thought that the use of hydrides could be

(6 mmol) in THF (12 mL) at the same temperature, and then the
mixture was allowed to warm at room temperature (15 h). After
the reaction was complete, the solvent was evaporated under
vacuum. The crude residue was treated with HCI to 10% (5 mL)
during 30 min. The crude reaction was extracted three times with
CH.Cl, (3 x 15 mL). The organic layer was dried over anhydrous
MgSQ, and filtered, and the solvent was evaporated under vacuum.
The crude product was purified by vacuum distillation or by
chromatography using silica gel eluting with 2:1 hexane/ethyl
acetate to afford, according to the cagephosphorylated ketones
3/7, gemdiols 5/8, or enols4.

appropriate, because hydrides could act as base and nucleophilic 3 3,3-Trifluoro-2-hydroxypropenyldiphenylphosphine Oxide
reagents in a similar behavior to that observed in organometallic 4a. The general procedure was followed using diphenylmethylphos-

reagents (vide supra). Oxinté&Pandp-toluenesulfonyl oxime3e
have been reduced by lithium aluminum hydride, and the
reduction of oximes with sodium borohydride in the presence
of transition metal compounds has been repotté@reatment
of fluorine containingp-toluenesulfonyl oxime phosphine oxide
1lla (R Ph, R = CF;) and p-toluenesulfonyl oxime
phosphonate&2a (R = OEt, R- = CF;) or 12b (R = OEt, R-
= C,Fs) with NaBH, at low temperature<{30 °C) gave fluorine
containingg-amino phosphine oxid29 (R = Ph, R = CFky)
andpg-amino phosphonated0a (R = OEt, R- = CF;) and30b
(R = OEt, R= = CyFs) (Scheme 7, Table 5, entries-8) in a
regioselective fashion.

Formation of thesg-amino phosphorus derivative® and
30 could be explained (route a, Scheme 7) by the initial
formation of azirine31 followed by nucleophilic addition of
hydride and subsequent regioselective ring opening of the
aziridine 32. However, a direct reduction of the oxime group

(22) (a) Wang, S. S.; Sukenik, C. N. Org. Chem1985 50, 5448
5450. (b) lida, H.; Yamazaki, N.; Kibayashi, ©Chem. Communl987,
746-748. (c) Kocovsky, PSynlett.199Q 677-679. (d) IpaktschiChem.
Ber. 1984 117, 856-858.
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phine oxidela (1.01 g, 5 mmol) and ethyl trifluoromethyl acetate
2a (0.86 g, 6 mmol). Chromatographic purification eluting with
2:1 hexanelethyl acetate afforded 1.15 g (74%) of compaeland
as a yellow solid: mp 114115°C. H NMR (CDCl): 6 7.79-
7.42 (m, 12H) ppm!3C NMR (CDCh): 6 134.8-129.3 (m), 125.9
(dg, YJrc = 289.6 Hz,3Jpc = 11.6 Hz), 210.0 ppm3P NMR
(CDCl): 6 36.5 ppmi%F NMR (CDCk): 6 —83.4 ppm. IR
(KBr): 3201, 3060, 1568, 1239, 1162, 759 cmMS (El): m/z
312 (M, 20). Anal. Calcd for GHqFs0,P: C, 57.70; H, 3.87.
Found: C, 57.90; H, 3.90.

General Procedure for the Preparation of ¢) and (E)-f-
Phosphorylated Ketoximes 9 and 10To a solution of thgs-keto-
phosphine oxide8 or -phosphonaté (5 mmol) and hydroxylamine
hydrochloride (0. 42 g, 6 mmol) in ethanol (15 mL) was added
pyridine (0. 75 mL, 9. 3 mmol) at C. The reaction mixture was
kept at reflux fo 6 h until the disappearance of the starting material.
Solvent was removed under reduced pressure, and the residue was

(23) For reviews of aziridines see the following: (a) Watson, I. D. G;
Yu, L.; Yudin, A. K. Acc. Chem. Re2006 39, 194-206. (b) Padwa, A.;
Murphree, S. SArkivok 2006 iii, 6—33. (¢) Hu, X. E.Tetrahedror2004
60, 2701-2743. (d) Padwa, A.; Murphree, S. Brog. Heterocycl. Chem.
2003 15, 75-99-33. (e) Chemla, F.; Ferreira, Eurr. Org. Chem2002
6, 539-570. (f) Sweeney, J. BChem. Soc. Re 2002 31, 247-258.
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diluted in CHCI, and washed twice with H2 N (2 x 10 mL)
and then with water (10 mL). The organic layer was dried with
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Hz, 1H), 2.41 (s, 1H) ppmi3C NMR (CDCL): ¢ 132.6-128.6,
122.7 (0,39 = 281.0 Hz), 72.4 (q¥rc = 42.3 Hz), 55.2, 40.5

MgSO, anhydrous and filtered, and the solvent was evaporated (d, }Jpc = 84.1 Hz) ppm3’P NMR (CDCE):  22.1 ppm1%F NMR
under reduced pressure. The crude product was purified by (CDCk): 6 —70.6 ppm. IR (KBr): 3111, 1434, 1189 cth MS

chromatography using silica gel eluting with 1:1 hexane/ethyl
acetate to afforgh-ketoximes9 or 10 as a variable mixture of
andZ isomers.
(2)-3,3,3-Trifluoro-2-N-hydroxyiminopropyldiphenylphos-
phine Oxide 9a.The general procedure was followed using the
enol 4a (1.56 g, 5 mmol). Chromatographic purification eluting

(El): m/z341 (M™, 10). Anal. Calcd for GgH1sFsNOP: C, 56.31;
H, 4.43; N: 4.10. Found: C, 56.40; H, 4.45; N: 4.07.
Procedure for the Preparation of trans-3-Imidazolyl-3-tri-
fluoromethylaziridin-2-yldiphenylphosphine Oxide 16. To a
solution of fluorinatedp-toluenesulfonyl oximedla (2.40 g, 5
mmol) in THF (15 mL) was added slowly at°@, under nitrogen

with 1:1 hexane/ethyl acetate afforded 1.12 g (73%) of compound atmosphere, imidazole (0.76 g, 11 mmol). Then, the mixture was

9aas a yellow solid: mp 156157°C.H NMR (CDCl): 6 12.9
(s,1H), 7.817.40 (m, 10H), 3.63 (d?Jpyy = 13.6 Hz, 2H) ppm.
13C NMR (CDCk): ¢ 140.2 (dg,"Jrc = 33.7 Hz,2Jpc = 9.6 Hz),
132.6-128.6 (M), 119.6 (gtJrc = 273.5 Hz,3Jpc = 2.0 Hz), 27.9
(d, Upc = 64.5 Hz) ppm3'P NMR (CDCE): 6 28.0 ppm9F NMR
(CDCly): 0 —68.7 ppm. IR (KBr): 3151, 3059, 1590, 1122 tin
MS (El): m/z 328 (M" + 1, 55). Anal. Calcd for GH13FNO,P:
C, 55.05; H, 4.00; N: 4.28. Found: C, 54.90; H, 3.90; N: 4.25.
General Procedure for the Preparation of Phosphorylated
P-p-Toluenesulfonyloximes 11 and 12To a solution of NaH (5.5
mmol) in THF (15 mL) was added, at @C under nitrogen
atmosphere, the oxim@ or 10, and the mixture was allowed to

allowed to warm at room temperature until TLC indicated the
disappearance of oxime. The solvent was evaporated under reduced
pressure, and the mixture was diluted in £ (15 mL) and
washed with water. The organic phase was dried with anhydrous
MgSQ, and filtered, and the solvent was evaporated under reduced
pressure. The crude residue was purified by flash chromatography
on silica gel (hexane/AcOEt 1/1) to afford 0.85 g (45%) of
compound16 as a white solid: mp 150151 °C. 'H NMR
(CDCly): 6 7.79-7.20 (m, 11H), 6.77 (BJyy = 7.0 Hz, 2H), 3.29

(s, 1H), 2.88 (t3Juyn = 12.7 Hz, 1H) ppm3C NMR (CDCk): ¢
137.5, 132.9-128.2 (m), 126.0, 121.7 (&Jec = 279.3 Hz), 119.4,
54.2 (9,2Jrc = 39.3 Hz), 37.2 (dXJrc = 98.7 Hz) ppm3P NMR

react at room temperature during 30 min. Then, to the mixture was (CDCk): ¢ 21.8 ppm.**F NMR (CDCk): 6 —77.1 ppm. IR

added, in portions at @C, tosyl chloride (1. 05 g, 5. 5 mmol) freshly
recrystallized from hexane. The mixture was allowed to warm at

room temperature, and the reaction mixture was stirred for 2 h.
The NaH remainder was neutralized with methanol, and the solvent

(KBr): 3116, 3003, 1620, 1491, 1189 cft MS (EIl): m/z 378
(M* + 1, 100). Anal. Calcd for gH;5 NsF:OP: C, 57.30; H, 4.01;
N: 11.14. Found: C, 57.30; H, 4.01; N: 11.14.

General Procedure for the Preparation of Aziridines 19-

was evaporated under vacuum. The crude reaction was extracted®2. To a solution of fluorinateg-toluenesulfonyl oxime41 or 12

with CH,CI, (15 mL) and washed with water (8 10 mL). The
organic layer was dried over anhydrous MgSfnd filtered, and

(5 mmol) in THF (15 mL) cooled at78 °C, was added a solution
of Grignard reagent8 (15 mmol) in diethyl ether under nitrogen

the solvent was evaporated under vacuum. The crude product wasatmosphere. The mixture was stirred foh at—78 °C and then

purified by chromatography using silica gel eluting with 2:1 hexane/
ethyl acetate to yield the compountitas a white solid and?2 as
a pale yellow oil.
(2)-3,3,3-Trifluoro-2-(N-p-toluenesulfonyloxyimino)propyl-
diphenylphosphine Oxide 11a.The general procedure was fol-
lowed using thgs-ketoxime-phosphine oxidea (1.63 g, 5 mmol).
Chromatographic purification eluting with 2:1 hexane/ethyl acetate
afforded 2.02 g (84%) of compouridaas a white solid: mp 169
110°C.H NMR (CDCly): 6 7.81-7.20 (m, 14H), 3.64 (FJpy =
14.5 Hz, 2H), 2.38 (s, 3H) ppm3C NMR (CDCk): 6 150.2 (dq,
2Jrc = 35.2 Hz,2Jpc = 9.0 Hz), 146.1, 132:7126.5 (m), 119.0
(9, Yrc = 277.0 Hz,2Jp), 30.5 (d,*Jpc = 57.9 Hz), 21.7 ppm3*P
NMR (CDCly): ¢ 24.8 ppm.1%F NMR (CDCk): 6 —68.2 ppm.
IR (KBr): 3070, 1590, 1122 cnit. MS (El): m/z 482 (M* + 1,
53). Anal. Calcd for G:H1gFsNO4PS: C, 54.89; H, 3.98; N: 2.91;
S: 6.66. Found: C, 54.80; H, 3.94; N: 2.93; S: 6.64.
General Procedure for the Preparation of Aziridines 14—
17.To a solution of fluorinateg-toluenesulfonyl oxime41 or 12
(5 mmol) in MeOH (15 mL) was added slowly at €, under

was allowed to warm at room temperature (15 h). After the reaction
was complete, the mixture was quenched with a saturatesCNH
solution (15 mL). The crude reaction was extracted three times with
CH.Cl; (3 x 15 mL). The organic layer was dried over anhydrous
MgSQO;, and filtered, and the solvent was evaporated under vacuum.
The crude residue was then purified by flash chromatography on
silica gel (hexane/AcOEt 2/1) affording mixtures of cis and trans
isomers: derivatived9/20 as white solids and derivativexl/22
as pale yellow oils.
3-Methyl-3-trifluoromethylaziridin-2-yldiphenylphosphine Ox-
ide 19/20a.The general procedure was followed usiZy-8,3,3-
trifluoro-2-(N-p-toluenesulfonyloxyimino) propyldiphenylphosphine
oxide 11a(2.40 g, 5 mmol) and methylmagnesium bromia 3
M (5 mL, 15 mmol). Chromatographic purification eluting with
2:1 hexane/ethyl acetate afforded 0.94 g (58%) of a mixture (75/
25) of cis-19a(major component) anans-20a(minor component)
as a white solid: mp 177179 °C.
cis-19a.'H NMR (CDCl): ¢ 7.77-7.40 (m, 10H), 2.30 (dd,
2Jpy=17.9 HZ,3JHH =8.7Hz 1H), 2.07 (ddZ,JpH =171 HZ,3JHH

nitrogen atmosphere, the corresponding base (5.5 mmol). Then, the= 9.6 Hz 1H), 1.44 (s, 3H) ppnt3C NMR (CDChk): ¢ 134.4-

mixture was allowed to warm at room temperature until TLC

129.6, 124.9 (qlJrc = 277.0 Hz), 43.2 (q2Jrc = 37.8 Hz), 41.3

indicated the disappearance of oxime. The solvent was evaporatedd, 1Jpc = 84.6 Hz), 19.5 ppm3P NMR (CDCk): 6 24.2 ppm.

under reduced pressure, and the mixture was diluted iFOGH15
mL) and washed with water. The organic phase was dried with
anhydrous MgS@and filtered, and the solvent was evaporated

19F NMR (CDCk): 6 —68.8 ppm.
trans-20a.*H NMR (CDCly): 6 7.77—7.40 (m, 10H), 2.61 (dd,
2Jpy=15.6 HZ,3JHH =8.7Hz lH), 2.07 (ddz,JpH =17.1 HZ,S\JHH

under reduced pressure. The crude residue was purified by flash= 9.6 Hz 1H), 1.59 (s, 3H) ppnt3C NMR (CDCk): 6 133.1—

chromatography on silica gel (hexane/AcOEt 1/1) to yield the
aziridines14 or 15.
trans-3-Methoxy-3-trifluoromethylaziridin-2-yldiphenylphos-
phine Oxide 14a.The general procedure was followed usiz-(
3,3,3-trifluoro-2-(-p-toluenesulfonyloxyimino) propyldiphenyl-
phosphine oxidd1a(2.40 g, 5 mmol) and triethylamine (0.76 mL,
5.5 mmol) or NaOMe (0.28 g, 5.5 mmol). Chromatographic
purification eluting with 1:1 hexane/ethyl acetate afforded 1.45 g
(85%) (using triethylamine) or 0.88 g (52%) (using NaOMe) of
compoundlla as a white solid: mp 110111 °C. 'H NMR
(CDClg): 0 7.78-7.30 (m, 10H), 3.37 (s, 3H), 2.62 (&lp= 17.4

128.8, 124.4 (q1Jrc = 277.0 Hz), 40.8 (g2Jrc = 35.3 Hz), 34.0
(d, WJpc = 91.6 Hz), 11.9 ppm3P NMR (CDCk): 6 23.2 ppm.
19F NMR (CDCk): 60 —70.7 ppm. IR (KBr): 3184, 3078, 1434,
1387, 1175 cm!. MS (El): m/z 326 (M + 1, 100). Anal. Calcd
for C1gH1sF3NOP: C, 59.08; H, 4.65; N: 4.31. Found: C, 59.17;
H, 4.66; N: 4.30.

General Procedure for Ring Opening of Aziridines. To a
solution of aziridine-2-phosphine oxidéd or 19/20 or aziridine-
2-phosphonaté5 or 21/22 (5 mmol) in EtOH (15 mL) was added,
under nitrogen atmosphere, Pd/C (20%) and then ammonium
formate (4.74 g, 75 mmol). The mixture was kept at reflux for 18

J. Org. ChemVol. 71, No. 16, 2006 6147



JOC Article

Palacios et al.

h, until TLC indicated the disappearance of azirine. The solvent added NaBH (15 mmol) at—30 °C under nitrogen atmosphere.
was evaporated under reduced pressure, and the mixture was diluted’he mixture was stirred at-30 °C until TLC indicated the

in water. Then, NHOH solution (25%) was added until pH 8, and
the aqueous layer was extracted three times with.GIH The
combined organic layers were dried over anhydrous Mga@d

disappearance gi-toluenesulfonyloxime. After the reaction was
complete, the mixture was quenched with a saturated,G\MH
solution (15 mL). The crude reaction was extracted three times with

the solvent was evaporated. The crude mixture was purified by flash CH,Cl, (3 x 15 mL). Organic layer was dried over anhydrous
column chromathography on silica gel (hexane/AcOEt 1/1) to afford MgSO, and filtered, and the solvent was evaporated under vacuum.

amino phosphorus derivative®3 or 25—30 as white solids or
colorless oils.
2-Amino-3,3,3-trifluoropropen-1-yldiphenylphosphine Oxide
23. The general procedure was followed usingns 3-methoxy-
3-trifluoromethylaziridin-2-yldiphenylphosphine oxidda(1.71 g,
5 mmol). Chromatographic purification eluting with 1:1 hexane/
ethyl acetate afforded 0.78 g (50%) of compow®las a white
solid: mp 162-163°C. H NMR (CDCly): 6 7.70-7.23 (m, 10H),
5.82 (s, 2H), 4.86 (d2Jpy = 17.9 Hz, 1H) ppm.3C NMR
(CDCly): 6 148.8 (q,2Jrc = 33.2 Hz), 134.6-128.5, 120.4 (dq,
Wrc = 276.5 Hz 3Jpc = 27.7 Hz), 86.2 (dd'Jpc = 108.8 Hz 33
= 2.5 Hz) ppm.3P NMR (CDCk): 6 29.3 ppm.F NMR
(CDCly): 6 —72.4 ppm. IR (KBr): 3370, 3298, 3056, 1648, 1434,
1259, 1174 cm®. MS (El): m/z311 (M*, 10), 310 (M" — 1, 100).
Anal. Calcd for GsH13FsNOP: C, 57.88; H, 4.21; N: 4.50.
Found: C, 58.00; H, 4.22; N: 4.48.
2-Amino-2-trifluoromethylpropyldiphenylphosphine Oxide
27a. The general procedure was followed using 3-methyl-3-
trifluoromethylaziridin-2-yldiphenylphosphine oxid&/20a (1.63
g, 5 mmol). Chromatographic purification eluting with 1:1 hexane/
ethyl acetate afforded 1.19 g (73%) of compo@¥h as a white
solid: mp 65-66 °C. *H NMR (CDCly): 6 7.82-7.45 (m, 10H),
2.73 (dd 2Jpy = 11.9 HZ,2Jipgem= 15.4 Hz, 1H), 2.59 (dPJpr =
11.2 Hz,2Jpigem= 15.4 Hz, 1H), 1.89 (s, 2H), 1.40 (s, 3H) ppm.
13C NMR (CDCh): 6 134.7-128.7 (m), 126.9 (dqiJrc = 281.7
Hz, 3Jpc = 14.2 Hz), 56.8 (dq?Jec = 27.7 Hz,2Jpc = 4.0 Hz),
34.5 (d,"Jpc = 73.0 Hz), 23.0 ppm3P NMR (CDCE): o 28.4
ppm. %F NMR (CDCk): 6 —84.4 ppm. IR (KBr): 3396, 3371,
3224, 1626, 1434, 1176, 1122 ctaMS (El): m/z 327 (M, 7),
215 (CHP(O)Ph*, 100). Anal. Calcd for gH17FsNOP: C, 58.72;
H, 5.24; N: 4.28. Found: C, 58.78; H, 5.25; N: 4.29.
Procedure for the Preparation of Fluorine Containing
S-Aminophosphine Oxide 29 orf-Aminophosphonate 30 from
p-Toluenesulfonyloxime 11 or 12.To a solution of fluorinated
p-toluenesulfonyloxime phosphine oxidél (5 mmol) or p-
toluenesulfonyloxime phosphat@ (5 mmol) in THF (15 mL) was
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The crude residue was then purified by flash chromatography on
silica gel (hexane/AcOEt 2/1) to yield the compour®and 30
as a pale yellow oil.
2-Amino-3,3,3-trifluoropropyldiphenylphosphine Oxide 29.
The general procedure was followed usir)-8,3,3-trifluoro-2-
(N-p-toluenesulfonyloxyimino) propyldiphenylphosphine oxidia
(2.40 g, 5 mmol). Chromatographic purification eluting with 2:1
hexane/ethyl acetate afforded 1.15 g (74%) of comp@fds a
pale yellow oil: Rr = 0.41 (ethyl acetate}H NMR (CDCly): ¢
7.82-7.45 (m, 10H), 3.71 (m, 1H), 2.62 (ddéJey = 10.4 Hz,
ZJHngmz 15.1 HZ,ZJHH =2.0Hz 1H), 2.46 (ddCF,JpH =11.4 Hz,
2Jnmgem = 15.1 Hz,2yy = 12.1 Hz 1H), 1.94 (s, 2H) ppni3C
NMR (CDClg): 6 134.7-128.7 (m), 127.1 (dgiJrc = 280.5 Hz,
8Jpc = 17.6 Hz), 49.8 (dg?Jrc = 30.7 Hz,2Jpc = 3.5 Hz), 30.3
(d, LJpc= 72.5 Hz) ppm3P NMR (CDCEk): 6 30.6 ppm1°F NMR
(CDCly): 6 —80.0 ppm. IR (KBr): 3396, 3306, 3058, 1160, 1122
cmL. MS (El): m/z313 (M*, 7), 215 (CHP(O)Ph*, 100). Anal.
Calcd for GsH1sFsNOP: C, 57.51; H, 4.83; N: 4.47. Found: C,
57.45; H, 4.82; N: 4.48.
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