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Synthesis of polyfunctionalized methylphosphine oxides
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N,N-Dialkylamino(diphenylphosphoryl)chloromethanes, a new type of organophosphorus
compounds, were synthesized. On dissolving in polar and low polar solvents, N,N-dialkyl-
amino(diphenylphosphoryl)chloromethanes dissociate spontaneously with the P—C bond cleav-
age to form the diphenylphosphinite anion Ph,PO~. This was confirmed by the reaction of
N, N-dimethylamino(diphenylphosphoryl)chloromethane with electrophilic substrates to form
the corresponding addition or substitution products of Ph,PO~. The capability of spontaneous
generating the diphenylphosphinite anion considers accessible NV, N-dimethylamino(diphenyl-
phosphoryl)chloromethane as a synthetic equivalent of the diphenylphosphinite anion.
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Tris-substituted methanes functionalized by diphe-
nylphosphoryl and dialkoxyphosphoryl groups are highly
reactive. The phosphorus—carbon bond! is cleaved upon
the reaction of functionalized methanes with strong acids
and bases, which found use in the modern synthetic
chemistry. For instance, dialkoxy(diphenylphosphoryl)-
methanes react with aldehydes and ketones in the Hor-
ner—Wadsworth—Emmons reaction to form ketene ace-
tals.2 Dialkoxy(dialkoxyphosphoryl)methane derivatives
are presently used in bioorganic and medicinal chemistry
for the temporal protection of the hydrophosphoryl group3
and as synthetic equivalents (synthones) of phosphinic
acids3®P.¢4 and formyl anion in the synthesis of carbonyl
compounds.’

It has previously been reportedf that the reaction of
diphenylchlorophosphine Ph,PCl (1) with N,N-dialkyl-
formamides Alk,NC(H)O (2) in the presence of catalyt-
ic amounts (5—15 mol.%) of N,N-dialkylchloromethyl-
ideneiminium chlorides [Alk,N=C(H)CI]*CI~ (3) affords
N,N-dialkylamino(diphenylphosphoryl)chloromethanes
4a.e (Scheme 1). Compounds 4b—d were synthesized in
the present work.

N,N-Dialkylchloromethylideneiminium chlorides 3
can be synthesized directly in the reaction medium® by the
reaction of N, N-dialkylformamides 2 with PhP(O)Cl, (5),
(COCl), (6), PCl5(7), and SOCI, (8). Compounds 3 were
shown to be reactant-catalysts recoverable during the re-
action, and their formation in the reaction medium allows
the synthesis of N, N-dialkylamino(diphenylphosphoryl)-
chloromethanes 4 to occur (see Scheme 1), as it has been
proposed earlier® and then experimentally confirmed.”
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It has been shown® that the 3P NMR spectra of com-
pounds 4a and 4e recorded in CDClI; contain two signals of
phosphorus atoms: for 4a, at §p 25.9 (80%) and 21.1 (20%)
and for 4e, at 8p 34.9 (11%) and 25.9 (89%). At the
moment, we would not be able to explain this phenomenon.

Dissociation of /V, N-dialkylamino(diphenylphosphoryl)-
chloromethanes 4 at the P—C bond. The unusual behavior
of dialkylamino(diphenylphosphoryl)chloromethanes was
studied by 'H and 3!P NMR spectroscopy using phos-
phine oxide 4a as the most accessible derivative of com-
pounds 4 as an example. It turned out that the 'H and
3IP NMR spectra of compound 4a detected in CDCls
changed substantially with time.

The 3P NMR spectrum (without 'H decoupling)
detected immediately after the dissolution of com-
pound 4a in CDCl; exhibits the signal at §p 22.0 with the
far-range spin-spin coupling constant 2JP’H = 11 Hz,
which confirms the presence of the P—C—H fragment
in the compound, and the corresponding to 2JP’H of the
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same fragment appeared in the 'H NMR spectrum as
a doublet at 8y 7.89. Thus, the 'H and 3'P NMR spectra
of compound 4a correspond to its structural formula,
as well as the X-ray diffraction® and elemental analyses
results.

Ten minutes after the dissolution of compound 4a in
CDCl; at 5 °C, a signal of another compound appears in
the 3'P NMR spectrum at 8p 26.0, whose intensity in-
creases with time. The intensity of the 3!'P signal of the
initial 4a at 3p 22.0 simultaneously decreases. After 18 h,
the 3!P NMR spectrum of the reaction system contains
only a signal at 8p 26.0. The signal at 8p 26.0 appears as
a singlet in the 3'P NMR spectrum detected without
IH decoupling. In this case, the 'H NMR spectrum of the
reaction mixture contains two signals as singlets at 3y; 11.14
and 3.85 with the 1 : 6 intensity ratio, which is close to the
'H NMR spectrum of N, N-dimethylchloromethylidene-
iminium chloride [Me,N=C(H)CI|*CI~ (3a, Vilsmeier-
Haak reagent) synthesized by a described procedure8 for
comparison. The '"H NMR spectrum of compound 3a also
exhibits two signals: at 8y 11.18 (H—C(Cl) group) and
3.91 (N(CHj3), group) with the 1 : 6 intensity ratio. This
indicates the presence of the N,N-dimethylchlorometh-
ylideneiminium cation [Me,N=C(H)CI|* (3"a) in the re-
action mixture. After the work-up of the reaction mixture,
N, N-dimethylaminobis(diphenylphosphoryl)methane (9a)
was isolated in high yield (85%), and its 3!P NMR spec-
trum exhibits a signal at 8p 26.0.

The change observed in the spectra can be explained by
the fact that in solution two molecules of 4a can interact
with each other (Scheme 2) to form N,N-dimethyl-
chloromethylideneiminium chloride (3a) and N,N-di-
methylaminobis(diphenylphosphoryl)methane (9a).?
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In turn, the transformation considered can be ex-
plained by the fact that in solutions compound 4a,
by analogy to dialkoxy(dialkoxyphosphoryl)methanes
(AIkO),P(O)C(H)(OAIKk), (10),! (diphenylphosphoryl)-
diethoxymethane Ph,P(O)C(H)(OEt), (11),5%-¢ and
benzyl (diphenylphosphoryl)formate Ph,P(O)C(O)OBn
(12),1% can decompose with the P—C bond cleavage
(Scheme 3) to form the N,N-dimethylchloromethyl-
ideneiminium cation (3"a) and diphenylphosphinite an-

ion Ph,PO~ (13). The latter further readily substitutes the
chlorine atom in the initial 4a to form compound 9a.

Scheme 3
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However, unlike compounds 10, 11, and 12, neither
heating with hydrochloric acid!:3 or a solution of Nal,10
nor lithiation at low temperatures™:¢ are required for
the P—C bond cleavage in compound 4a. The dissocia-
tion of compound 4a at the P—C bond followed by the
formation of compounds 3"a and 13 occurs simultaneously
upon dissolution in low polar (CHCI;) or polar (DMF)
solvents.

It can be assumed that in DMF (more polar solvent
than CHCI;) the dissociation of compound 4a to com-
pounds 3"a and 13 with the subsequent formation of com-
pound 9a is faster than the same process in CHCI;. There-
fore, the 3'P NMR spectra detected immediately after the
dissolution of compound 4a in DMF exhibit only one
signal® at 8y 26.0 corresponding to compound 9a as a final
product (see Scheme 2).

Synthesis of N,N-dialkylamino(diphenylphosphoryl)-
chloromethanes 4b—d. To confirm that the ability of mol-
ecules of N, N-dialkylamino(diphenylphosphoryl)chloro-
methanes 4 to react between each other is a common
property, we synthesized a series of compounds in which
the Alk,N substituent is the diethylamino group (N, N-di-
ethylamino(diphenylphosphoryl)chloromethane (4b)),
pyrrolidino group ((diphenylphosphoryl)pyrrolidinochloro-
methane (4c¢)), piperidino group ((diphenylphosphoryl)-
piperidinochloromethane (4d)), and morpholino group
((diphenylphosphoryl)morpholinochloromethane (4e))
(see Scheme 1). It was shown that the presence of a cata-
Iytic amount of 1,4-dioxane (14) in the reaction mixture
exerts a substantial effect on the reaction course. In the
presence of 14, the synthesis of compounds 4a and 4e
occurs more rapidly than in the absence of 14.% More-
over, it turned out that it is impossible to synthesize
compounds 4b—d under the reaction conditions® in the
absence of dioxane (14) (see Scheme 1). The activat-
ing (promoting) effect of compound 14 in the synthesis
of compounds 4a—e can be explained by its ability to sol-
vate the N,N-dialkylchloromethylideneiminium cation
[Alk,N=C(H)CI]" (3 a) with the formation of the oxoni-
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um cation (3”a) (see Scheme 4). The electrophilic center
of the latter, viz., N,Cl-disubstituted carbocation, is more
accessible for the nucleophilic attack of diphenylchloro-
phosphine 1 by the phosphorus atom compared to imini-
um cation 37a. As a result, this accelerates the synthesis of
compounds 4a and 4e and makes it possible to synthesize
compounds 4b—d.

Scheme 4
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This, in turn, confirms the key role of N, N-dialkyl-
chloromethylideneiminium chlorides 3 as reactant-cata-
lysts? in the synthesis of N,N-dialkylamino(diphenyl-
phosphoryl)chloromethanes 4 from N,N-dialkylform-
amides 2 and 1.

N,N-Dialkylamino(diphenylphosphoryl)chlorometh-
anes 4b—d are precipitated from the reaction mixture as
compounds of nonstoichiometric compositions with hy-
drogen chloride (the content of HCl was 0.15—0.5 mole
(mole of 4b—d)~!). Perhaps, this is caused by the higher
basicity of the diethylamino-, pyrrolidino-, and piperidi-
no groups of compounds 4b—d compared to the dimethyl-
amino- and morpholino groups of compounds 4a and 4e.
However, after keeping N, N-dialkylamino(diphenylphos-
phoryl)chloromethanes 4b—d over fresh NaOH in vacuo
for 2 days, their elemental analysis becomes consistent
with the empirical formula.

Synthesis of NV, N-dialkylaminobis(diphenylphosphoryl)-
methanes 9c—e. Of the synthesized N,N-dialkylamino-
(diphenylphosphoryl)chloromethanes, molecules of com-
pounds 4c—e also interact with each other. After dissolu-
tion in CHCls, they are rapidly transformed into bis-
(diphenylphosphoryl)pyrrolidinomethane (9c), bis(di-
phenylphosphoryl)piperidinomethane (9d), and bis(di-
phenylphosphoryl)morpholinomethane (9e). Thus, it can
be assumed that, upon dissolution of N, N-dialkylamino-
(diphenylphosphoryl)chloromethanes 4 in aprotic low
polar (CHCI;, CH,Cl,) and polar (DMF) solvents, their
molecules, similarly to compound 4a, react with each other
to form N, N-dialkylaminobis(diphenylphosphoryl)meth-
anes 9 (Scheme 5).

Only N,N-diethylamino(diphenylphosphoryl)chloro-
methane (4b) does not enter the reaction. Perhaps, this is
explained by greater steric hindrances caused by the diethyl-
amino group upon the attack of the diphenylphosphinite
anion Ph,PO~ (13) on the tris-substituted carbon atom of
compound 4b as compared to 4a and compounds 4c—e
containing the N-heterocyclic fragment. It can be assumed

Scheme 5
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that the reaction of molecules of compounds 4 between
each other is sterically controlled.

It should be mentioned that the 'H and '3C NMR
spectra of N,N-dialkylaminobis(diphenylphosphoryl)-
methanes 9a,c—e have a number of specific features. For
example, in the 'H NMR spectra of compounds 9a,c—e
the signals of the hydrogen atoms in the ortho-positions of
the phenyl substituents at the phosphoryl groups appear as
two groups of signals at 8y 8.04—7.98 and 7.82—7.75.
Similarly, the ipso-carbon atoms of the phenyl substitu-
ents at the phosphoryl groups appear as two doublets of
doublets with nearly coinciding chemical shifts at §c
133.3—132.1 and different spin-spin coupling constants
Jp c. For N,N-dimethylaminobis(diphenylphosphoryl)-
methane 9a, the first doublet of doublets is observed at
8¢ 133.3 (IJP’C = 118.4 Hz and 3JP’C = 11.0 Hz) and the
second doublet is observed at 8¢ 133.1 (IJp.c = 97.1 Hz
and 3J p.c = 10.3 Hz). A similar, although less pronounced
pattern is observed for signals of the carbon atoms in the
ortho- and meta-positions of the phenyl substituents. The
13C NMR spectra of other N, N-dialkylaminobis(diphenyl-
phosphoryl)methanes 9c—e are also similar to the 13C NMR
spectrum of compound 9a. This is due to diastereotopicity
of the phenylic hydrogen and carbon atoms in molecules
of compounds 9a,c—e, resulting in their magnetic non-
equivalence, which is observed in the 'H and !3C NMR
spectra. In these spectra, the nonequivalent hydrogen at-
oms in the ortho-positions and the ipso-carbon atoms (and
the carbon atoms in the ortho- and meta-positions) of the
phenyl substituents at the phosphoryl groups appear as
particular groups of signals.

Reactions of N, N-dimethylamino(diphenylphosphoryl)-
chloromethane (4a) with electrophilic substrates. We failed
to detect a signal from diphenylphosphinite anion 13 in
the 3'P NMR spectra of the reaction mixtures. Therefore,
to check the assumption about the existence of nucleo-
philic diphenylphosphinite anion 13 in solutions of N, N-di-
alkylamino(diphenylphosphoryl)chloromethanes 4, the
most accessible of them, namely, N, N-dimethylamino-
(diphenylphosphoryl)chloromethane 4a, was reacted with
acetone (15), phenyl isocyanate (16), and bis(N,N-di-
ethylamino)methane (17), which are pronounced electro-
philic substrates, and also with the acetonitrile complex of
Pd*2, PdCl,+ (CH;CN), (18).

In all cases, compound 4a reacted in such a way as it
could be expected from the assumption that diphenylphos-
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phinite anion 13 exists in the reaction medium (Scheme 6).
The corresponding products of addition or substitution of
the diphenylphosphinite anion were obtained: 2-(di-
phenylphosphoryl)propan-2-ol (19) (see Ref. 11), N-phenyl-
(diphenylphosphoryl)formamide (20) (see Ref. 12),
N,N-diethylaminomethyldiphenylphosphine oxide (21)
(see Ref. 13), and cis-bis(P-hydroxydiphenylphos-
phine)palladium(ir) chloride (22) (see Ref. 14),
which confirms the existence of diphenylphosphinite an-
ion 13 in the reaction medium and spontanecous disso-
ciation of compound 4a as well as, obviously, other
N, N-dialkylamino(diphenylphosphoryl)chloromethanes 4
at the P—C bond.

Scheme 6
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Spontaneous dissociation of N,N-dialkylamino(di-
phenylphosphoryl)chloromethanes (4a,c—e) in solutions
with the P—C bond cleavage makes it possible to consider
them as a hidden form of the diphenylphosphinite anion
Ph,PO~ (13). This allows the most accessible of them,
N,N-dimethylamino(diphenylphosphoryl)chloromethane
(4a), to be used in organic and organoelement syntheses
as a synthetic equivalent (synthone) of diphenylphos-
phinite anion 13 instead of the traditional source of the
diphenylphosphinite anion, diphenylphosphine oxide (15),
which requires a strong base!5 in the reaction medium for
the generation of Ph,PO~ (13) and tends to oxidation and
disproportionation.16

Experimental

TH, 31P, and 13C NMR spectra were recorded on a Bruker
Avance 300 spectrometer with working frequencies of 300.11,
121.50, and 75.45 MHz, respectively. The 'H and 3'P NMR
spectra of individual compounds were detected in CDClj; the
3P NMR spectra of the reaction mixtures were also recorded in
DMF, CHCI;, and CH,Cl, using 85% H;PO, as an external
standard. Melting points were determined on a PTP instrument
in a sealed capillary. Elemental analyses to C, H, and N were
carried out on a Carlo Erba 1106 automated analyzer. Elemental
analysis to P was performed spectrophotometrically on a Cary
100 Scan instrument. Elemental analysis to Cl was conducted by
titration with 1 mM AgNO;.

N, N-Dimethylamino(diphenylphosphoryl)chloromethane (4a).
Oxalyl chloride COCl, (6) (0.17 g, 0.12 mL, 1.3 mmol) and
five—seven droplets of dioxane 14 were slowly added dropwise
to a mixture of DMF (2a) (6 mL) and benzene (2 mL) at 0 °C
with stirring. Then Ph,PCl (1) (2 g, 9.1 mmol) was added under
inert atmosphere with stirring at 20 °C. After 0.5 h, the reaction
mixture turned red-brown and analytically pure 4a* began to
precipitate. Benzene (10 mL) was added to the reaction mixture
8 h after, and the mixture was stirred for 5 min. The reaction
mixture was kept for 1 h at 0 °C, and the precipitate was filtered
off, washed with benzene (3x5 mL), and dried for 2 days in vacuo
(1 Torr) over P,05. Compound 4a was obtained in a yield of2.42 g
(91%). Colorless hygroscopic needles, m.p. 92—94 °C (with de-
comp.). 3'P NMR, &: 22.0 (d, 2JP’H = 11.0 Hz). 'H NMR,
8:8.00—7.93 (m,4 H, 0o-H, Ph); 7.89(d, 1 H, CH, 2JP!H =11.0Hz);
7.56—7.49 (m, 6 H, m-H, p-H, Ph); 3.08 (s, 6 H, N(CHj),).
Found (%): C, 61.44; H, 5.79; N, 4.68; P, 10.40. C;5H;CINOP.
Calculated (%): C, 61.34; H, 5.83; N, 4.77; P, 10.55.

Compounds 4b—e were synthesized similarly.

N,N-Diethylamino(diphenylphosphoryl)chloromethane (4b).
The reaction time was 3 days. The yield was 47%. Light yellow
hygroscopic substance, m.p. 74—77 °C (with decomp.). 3'P{H}
NMR, &: 18.8 (s). '"H NMR, &: 10.48 (d, 1 H, CH, 2JP,H =
=23.0 Hz); 8.25—8.19 (m, 4 H, o-H, Ph); 7.62—7.53 (m, 6 H,
m-H, p-H, Ph); 4.21 (q,4 H, 2 CH,, 3JH’H =6.0 Hz); 1.34 (br.s,
6 H, 2 CHj, Avy;, = 24 Hz). Found (%): C, 61.65; H, 6.31;
N, 4.28; P, 9.21; Cl, 13,05. C;;H,;NCIOP-0.25HCI. Calculat-
ed (%): C, 61.70; H, 6.40; N, 4.23; P, 9.35; Cl, 13.39. After
drying in vacuo (1 Torr) over NaOH, found (%): C, 63.46;
H, 6.74; N, 4.31; P, 9.55; Cl, 10.94. C;H,NPCIO. Calculat-
ed (%): C, 63.45; H, 6.58; N, 4.35; P, 9.62; Cl, 11.02.

(Diphenylphosphoryl)pyrrolidinochloromethane (4c). The
reaction time was 2 days. The yield was 72%. Pale orange hygro-
scopic substance, m.p. 79—82 °C (with decomp.). 3'P{'H} NMR,
8:19.3 (s). '"H NMR, &: 10.31 (d, 1 H, CH, 2JP’H = 23.0 Hz);
8.20—8.13 (m, 4 H, o-H, Ph); 7.61—7.49 (m, 6 H, m-H, p-H,
Ph); 4.22 (s, 4 H, 2 NCH,); 2.03 (brss, 4 H, 2 CH,, Av;, =
= 15 Hz). Found (%): C, 62.39; H, 6.07; N, 4.23; P, 9.47;
Cl, 11.93. C;H (NCIOP-0.15HCI. Calculated (%): C, 62.85;

* It is impossible to purify compound 4a by recrystallization,
reprecipitation, or chromatography, because in solutions the
compound reacts with another molecule of 4a. Therefore, ana-
Iytically pure 4a was isolated carrying out the reaction in
a DMF—benzene mixture used for the recrystallization of struc-
turally similar compounds.
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H, 5.93; N, 4.31; P, 9.53; Cl, 12.44. After drying in vacuo
(1 Torr) over NaOH, found (%): C, 63.19; H, 5.90; N, 4.43;
P, 9.47. C;H(NCIOP. Calculated (%): C, 63.85; H, 5.99;
N, 4.38; P, 9.69.

(Diphenylphosphoryl)piperidinochloromethane (4d). The reac-
tion time was 3 days. The yield was 65%. Light yellow hygro-
scopic substance, m.p. 85—88 °C (with decomp.), 3'P{'H} NMR,
5:20.2 (s). 'H NMR, &: 9.78 (d, 1 H, CH, 2JP,H = 21.0 Hz);
8.17—8.09 (m, 4 H, o-H, Ph); 7.62—7.51 (m, 6 H, m-H, p-H,
Ph); 4.12 (t, 4 H, 2 NCH,, 3JH,H = 6.0 Hz); 1.82 (br.s, 4 H,
CH,CH,CH,, Av;;; = 11 Hz); 1.64 (q, 2 H, CH,CH,CH,,
3JH’H =6.0 Hz). Found (%): C, 61.64; H, 6.46; N, 3.85; P, 9.17.
C3H,NCIOP-0.5HCI. Calculated (%): C, 61.72; H, 6.16;
N, 3.98; P, 8.80. After drying in vacuo (1 Torr) over NaOH,
found (%):C, 64.84; H, 6.48; N, 3.95; P, 9.26. C;3sH,NCIOP.
Calculated (%): C, 64.77; H, 6.34; N, 4.20; P, 9.28.

(Diphenylphosphoryl)morpholinochloromethane (4¢). The reac-
tion time was 18 h. The yield was 86%. Colorless hygroscopic
needles, m.p. 70—71 °C (with decomp.). 3'P{!H} NMR, &: 27.9
(s). '[HNMR, &:7.91—7.81 (m, 4 H, 0-H, Ph); 7.61—7.54 (m, 2 H,
m-H, Ph); 7.52—7.45 (m, 4 H, p-H, Ph); 6.19 (d, 1 H, CH,
2JP,H = 4.0 Hz); 3.61—3.55 (m, 4 H, OCH,); 3.08 (t, 4 H,
NCH,, 3JH’H =5.0 Hz). Found (%): C, 60.32; H, 5.90; N, 4.10;
P, 9.11. C;;H gNPCIO,. Calculated (%): C, 60.71; H, 5.70;
N, 4.17; P, 9.22.

N,N-Dimethylaminobis(diphenylphosphoryl)methane (9a).
A solution of 4a (3.4 g, 11.6 mmol) in 20 mL of CHClI; freshly
distilled over P,O5 was kept for 18 h at 5 °C. The solution was
diluted with CH,Cl, (30 mL) and washed with water (4x5 mL).
The organic layer was separated and dried with MgSO,. The
drying agent was filtered off and washed with CH,Cl, (4x5 mL).
The filtrate was evaporated to a volume of ~5 mL. Hexane
(40 mL) was added, and the mixture was cooled to —10 °C. After
18 h, the precipitate formed was filtered off, washed with hexane
(4x5 mL) cooled to 0 °C, and doubly reprecipitated with hexane
from CH,Cl,. Compound 9a was obtained in a yield of 2.25 g
(85%). Colorless needles, m.p. 207—210 °C (¢f. Ref. 9: m.p.
210—212°C).3P{!H} NMR, 8:27.3 (s). 'H NMR, &: 8.04—7.98
(m, 4 H, o-H, Ph); 7.82—7.76 (m, 4 H, o-H, Ph); 7.47—7.37
(m, 8 H, m-H, Ph); 7.33—7.28 (m, 4 H p-H, Ph); 4.63 (t, 1 H,
CH, 2JP!H = 18.0 Hz); 2.50 (s, 6 H, N(CHj;),). 13C NMR, &:
133.3 (dd, PC, Ph, Jp ¢ = 118.4 Hz, Jp ¢ = 11.0 Hz); 133.1 (dd,
PC, Ph, Jp ¢ =97.1 Hz, Jp ¢ = 10.3 Hz); 131.9 (dddd, o-C, Ph,
Jpc = 16.1 Hz, Jp ¢ = 4.8 Hz, Jp ¢ = 6.3 Hz, Jp ¢ = 5.0 Hz);
131.6 (s, p-C, Ph); 128.1 (ddd, m-C, Ph, Jp c = 5.8 Hz, Jp ¢ =
= 6.0 Hz, Jp,c = 11.8 Hz); 69.2 (t, CH, Jp c = 62.5 Hz); 45.1
(t, NCH3, Jp ¢ = 3.3 Hz). Found (%): C, 70.07; H, 5.95; N, 2.82;
P, 13.34. Cy;H,;NO,P,. Calculated (%): C, 70.58; H, 5.92;
N, 3.05; P, 13.48.

Compounds 9c—e were synthesized similarly.

Bis(diphenylphosphoryl)pyrrolidinomethane hemihydrate (9c).
The yield was 34%. White substance, m.p. 156—159 °C. 3!P{!H}
NMR, &: 28.6 (s). 'H NMR, &: 8.04—7.98 (m, 4 H, o-H, Ph);
7.82—7.76 (m, 4 H, o-H, Ph); 7.47—7.37 (m, 8 H, m-H, Ph);
7.36—7.27 (m, 4 H, p-H, Ph); 4.97 (t, 1 H, CH, 2JPH=174HZ)
2.90 (brs, 4 H, 2 NCH,, Avy;, = 15 Hz); 1.43 (brs, 4 H,
CH,CH,, Av,,; = 10 Hz). 13C NMR, &: 133.3 (dddd, PC, Ph,
Jpc=120.4Hz,Jp c =149 Hz, Jp « = 110.9 Hz, Jp = 15.8 Hz);
131.8(dd, 0-C, Ph, Jp c =4.3 Hz, Jp c = 4.6 Hz); 131.5 (s, p-Ph);
128.2 (q, m-C, Ph, Jp c = 5.8 Hz); 65.2 (t, CH, Jp ¢ = 63.2 Hz);
51.8 (s, NCH,); 24.8 (s, CH,CH,). Found (%): C, 70.44; H, 6.15;

N, 2.59; P, 12.47. C,yHyyNO,P,-1/2H,0. Calculated (%):
C,70.44; H, 6.12; N, 2.83; P, 12.52.

Bis(diphenylphosphoryl)piperidinomethane (9d). The yield was
53%. White substance, m.p. 187—189 °C. 3'P{'H} NMR, §: 27.9
(s). '"H NMR, &: 8.01 (br.s, 4 H, o-H, Ph, Avy, =18 Hz); 7.78
(brs, 4 H, o-H, Ph, Av, , = 18 Hz); 7.50-7.26 (m, 12 H, m-H,
p-H, Ph);4.64 (brs, 1 H, CH, Av, , =45 Hz); 2.92—2.86 (m, 4 H,
2 NCH,); 1.20 (brs, 6 H, CH,CH,CH,, Av;,, = 27 Hz).
I3C NMR, &: 133.3 (dd, PC, Ph, Jpc=95.1Hz,Jp c =7.5 Hz);
133.0 (dd, PC, Ph, Jp ¢ = 119.0 Hz, Jp ¢ = 7.5 Hz); 131.8 (ddd,
0-C, Ph, Jpc = 4.6 Hz, Jp c = 4.9 Hz, Jp c = 8.9 Hz); 131.5
(s, p-C, Ph); 128.1 (dddd, m-C, Ph, Jp « =25.0 Hz, Jp ¢ = 6.0 Hz,
Jp.c = 13.2 Hz, Jp ¢ = 5.8 Hz); 70.6 (t, CH, Jp ¢ = 61.8 Hz);
53.9 (s, NCH,); 26.1 (s, CH,CH,CH,); 23.3 (s, CH,CH,CH,).
Found (%): C, 71.82; H, 6.06; N, 2.97; P, 12.25. C3iH;;NO,P,.
Calculated (%): C, 72.13; H, 6.26; N, 2.80; P, 12.40.

Bis(diphenylphosphoryl)morpholinomethane (9¢). The yield
was 41%. White substance, m.p. 172—174 °C. 3IP{!H} NMR, §&:
28.3 (s). 'H NMR, &: 7.99—7.93 (m, 4 H, o-H, Ph); 7.93—7.72
(m, 4 H, o-H, Ph); 7.40—7.24 (m, 12 H, m-H, p-H, Ph); 3.61
(t, 1 H, CH, 2JpH= 17.0 Hz); 3.15 (t, 4 H, 2 OCH,, JHH
=4.0 Hz); 2.83 (br.s, 4 H, 2 NCH,, Av, , = 22 Hz). 13C NMR,
8: 132.9 (dd, PC, Ph, Jp ¢ = 115.5 Hz, Jp ¢ = 29.8 Hz); 132.1
(dd, PC, Ph, Jpc = 98.5 Hz, Jp ¢ = 26.7 Hz); 131.7—131.5
(m, 0-C, p-C, Ph); 128.3 (dddd, m-C, Ph, Jp ¢ = 18.3 Hz, Jp ¢ =
=58 Hz, Jpc = 6.3 Hz, Jpc = 6.0 Hz); 69.4 (t, CH, Jpc =
= 61.5 Hz); 67.3 (s, OCH,); 52.9 (s, NCH,). Found (%):
C, 69.23; H, 5.96; N, 2.71; P, 12.15. CygH,9NO;P,. Calculat-
ed (%): C, 69.45; H, 5.83; N, 2.79; P, 12.35.

2-(Diphenylphosphoryl)propan-2-ol (19). Acetone (15) (3.0 mL,
2.4 g, 40 mmol) was added with stirring to a solution of 4a (0.3 g,
1 mmol) in CH,Cl, (1.5 mL). The mixture was kept for 18 h at
20 °C. The precipitate that formed was dissolved in CH,Cl,
(10 mL) without separating from the solution and washed with
water (4x5 mL). The organic layer was separated and dried with
K,COj;. The drying agent was filtered off, and the filtrate was
washed with CH,Cl, (2x5 mL) and concentrated to a volume of
~1 mL. Hexane (8 mL) was added, and the precipitate formed
was double reprecipitated with hexane from a solution in CHCl;.
Compound 19 as colorless needles was obtained in a yield of 0.26 g
(87%), m.p. 137—139 °C (¢f. Ref. 11: m.p. 141—143 °C).
3SIp{IH} NMR, 8: 34.4 (s). '"HNMR, &: 8.04—7.97 (m, 4 H, 0-H,
Ph); 7.53—7.43 (m, 6 H, m-H, p-H, Ph); 2.75 (d, 1 H, OH,
3JP,H = 3.0 Hz); 1.44 (d, 6 H, 2 CH;, 3JP,H = 15.0 Hz).
Found (%): C, 68.97; H, 6.28; P, 11.63. C,;5H;0,P. Calculat-
ed (%): C, 69.22; H, 6.59; P, 11.90.

(Diphenylphosphoryl)- N-phenylformamide (20). Phenyl iso-
cyanate (16) (0.4 g, 3.5 mmol) was added to 4a (0.5 g, 1.7 mmol)
partially dissolved in CH,Cl, (2 mL). The mixture was stirred at
20 °C. Compound 4a was entirely dissolved within 48 h. The
mixture was stirred for 10 h more, diluted with CH,Cl, (10 mL),
and washed with water (4x5 mL). The organic layer was separat-
ed and dried with K,CO;. The drying agent was filtered off and
washed with CH,Cl, (2x5 mL), and the filtrate was concentrat-
ed to a volume of ~2 mL. Hexane (8 mL) was added. The precip-
itate formed was doubly reprecipitated with hexane from a solu-
tion in CH,Cl,. Compound 20 was obtained as colorless needles
in a yield of 0.41 g (75%), m.p. 160—162 °C (¢f. Ref. 12: m.p.
161—162°C).3'P{!H} NMR, &:15.9 (s). 'HNMR, 8:9.55(s, 1 H,
NH); 7.98—7.91 (m, 4 H, o-H, PhP); 7.64 (d, 2 H, p-H, PhP);
7.61—7.56 (m, 2 H, m-H, PhN); 7.52—7.46 (m, 4 H, m-H,
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PhP); 7.36—7.28 (m, 2 H, 0-H, PhN); 7.18—7.16 (m, 1 H, p-H,
PhN). Found (%): C, 70.95; H, 5.01; N, 4.39; P, 9.55. CoH,NPO,.
Calculated (%): C, 71.02; H, 5.02; N, 4.36; P, 9.64.

Diphenyl(V, N-diethylaminomethyl)phosphine oxide (21).
Bis(N, N-diethylamino)methane (17) (0.53 g, 3.4 mmol) was add-
ed with stirring to a suspension of 4a (0.5 g, 1.7 mmol) in ben-
zene (5 mL). The reaction mixture was warmed to 40 °C, after which
a system of two immiscible liquid phases was formed. The system
was stirred for 2 h at 20 °C, then diluted with CH,Cl, (10 mL)
and washed with water (4x5 mL). The organic layer was separat-
ed and dried with K,CO3. The drying agent was filtered off and
washed with CH,Cl, (2x5 mL), the filtrate was concentrated to
a volume of ~2 mL, and hexane (8 mL) was added. The precipi-
tate formed was doubly reprecipitated with hexane from a solution
in benzene. Compound 21 was obtained as a white crystalline
substance in a yield of 0.23 g (46%), m.p. 88—90 °C (cf. Ref. 13:
m.p. 89—90 °C). 3P{IH} NMR, &: 27.5 (s). 'H NMR, &:
7.84—7.77 (m, 4 H, o-H, Ph); 7.50—7.41 (m, 6 H, m-H, p-H,
Ph); 3.29 (d, 2 H, PCH2,2JP’H = 7.0 Hz); 2.63 (q, 4 H,
2 NCH,CHjs;, 3JH’H = 7.0 Hz); 0.88 (t, 6 H, 2 NCH,CH3;,
3JH,H =7.0Hz). Found (%): C, 71,21; H, 7.69; N, 4.77; P, 10.77.
C,7H,,NOP. Calculated (%): C, 71.10; H, 7.72; N, 4.88;
P, 10.78.

cis-Bis(P-hydroxydiphenylphosphine)palladium(ir) chloride (22).
Compound 4a (0.57 g, 2 mmol) was added with stirring under
inert atmosphere at 20 °C to a solution of PdCl, - (CH;CN), (18)
(0.25 g, 1 mmol) in CH,Cl, (40 mL). A red solution was formed
within 20 min. The solution was stirred for 2 h and water
(22 mmol) was added. After stirring for 15 min, the organic layer
was separated and dried with MgSO,. The drying agent was
filtered off, the filtrate was washed with CH,Cl, (4x5 mL), and
concentrated to a volume of ~3 mL. Benzene (15 mL) was add-
ed. A dark red oil that formed was gradually dissolved for 3 days
at 20 °C and a yellow crystalline precipitate was formed. The
filtrate was decanted, and the precipitate was washed by decan-
tation with benzene (4x5 mL) and hexane (2x5 mL), dried
in vacuo (12 Torr), and reprecipitated with benzene from a solu-
tion in CH,Cl,. After drying in vacuo (1 Torr), cis-bis(P-hydr-
oxydiphenylphosphine)palladium(i) chloride (22) was obtained
as a light yellow crystalline substance in a yield of 0.27 g (75%), m.p.
125—127 °C (with decomp.). 3'P{!H} NMR, §: 78.5 (s). 'H NMR,
8:7.57—7.51 (m, 8 H, o-H, Ph); 7.40—7.35 (m, 4 H, p-H, Ph);
7.26—7.21 (m, 8 H, m-H, Ph); 5.29 (s, 2 H, OH). Found (%):
C, 49.28; H, 3.83; P, 10.61; Cl, 12.45. C,4H,,Cl,0,P,Pd. Cal-
culated (%): C, 49.59; H, 3.82; P, 10.66; CI, 12.20.
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