This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

S PR} ] e e g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

gﬁ!?{lj: and http://www.informaworld.com/smpp/title~content=t713618290

and the Related Elements

R REDUCTION OF TERMINAL ORGANYLCHALCOGENO
s e PHOSPHONATES AS A WAY TO PREPARE PRIMARY

ORGANYLCHALCOGENO PHOSPHINES

Alexander V. Martynov®; Nataliya A. Makhaeva?®; Vladimir A. Potapov®; Svetlana V. Amosova®; Barry
R. Steele®; Ioannis D. Kostas®

@ Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia ® National Hellenic Research
Foundation, Athens, Greece

Editatan Chiel. Wariin 0. Fasdd —
Uuregmsn [dier Spestasin Ksaghigest ) i P

Online publication date: 16 August 2010

To cite this Article Martynov, Alexander V., Makhaeva, Nataliya A. , Potapov, Vladimir A. , Amosova, Svetlana V.,
Steele, Barry R. and Kostas, loannis D.(2004) REDUCTION OF TERMINAL ORGANYLCHALCOGENO
PHOSPHONATES AS A WAY TO PREPARE PRIMARY ORGANYLCHALCOGENO PHOSPHINES', Phosphorus, Sulfur,
and Silicon and the Related Elements, 179: 7, 1373 — 1380

To link to this Article: DOI: 10.1080/10426500490463547

URL: http://dx.doi.org/10.1080/10426500490463547

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500490463547
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 13 28 January 2011

Downl oaded At:

Taylor & Francis

Taylor & Francis Group

Phosphorus, Sulfur, and Silicon, 179:1373-1380, 2004
Copyright © Taylor & Francis Inc. e
ISSN: 1042-6507 print / 1563-5325 online

DOI: 10.1080/10426500490463547

REDUCTION OF TERMINAL
ORGANYLCHALCOGENO PHOSPHONATES
AS A WAY TO PREPARE PRIMARY
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Barry R. Steele,® and Ioannis D. Kostas®
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Irkutsk, Russia;* and National Hellenic Research Foundation,
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2-Organylseleno(telluro)ethyl phosphines and 4-organylthio(seleno
(telluro))butyl phosphines were prepared by reduction of di-
ethyl 2-organylseleno(telluro)ethyl phosphonates and diethyl 4-
organylthio(seleno(telluro)) butyl phosphonates with lithium alu-
minium hydride in diethyl ether. 1H and 3P NMR spectra as well
as mass spectra of the resulting phosphines were considered. Their sta-
bility in regard to the oxidation by oxygen was discussed.

Keywords: Organylchalcogenoalkyl phosphines; organylchalcogeno
alkyl phosphonates; reduction

Diethyl 2-organylchalcogenoethyl (1) and 4-organylchalcogenobutyl
phosphonates (2) prepared earlier by us' represent prospective in-
termediates in the synthesis of hemilabile ligands of the type
RX(CH;), PR’y possessing, besides phosphorus, a chalcogen (S, Se, Te)
in the molecule. One of the possible modifications of phosphonates 1,2
is reduction of the phosphoryl group to phosphine. It is known that
the phosphoryl groups in alkyl phosphonates and phosphinates are re-
duced by lithium aluminium hydride to primary and secondary phos-
phines respectively.? However, in the case of terminal organylchalcogen-
substituted alkyl phosphonates, the result was not evident since,
at least with sulfides, lithium aluminium hydride could split the
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664033, Russia.

1373



10: 13 28 January 2011

Downl oaded At:

1374 A. V. Martynov et al.

carbon-sulfur bond to yield a thiol and the corresponding protonated
organic fragment.*?

Earlier we reported that reduction to phosphine could be per-
formed in the case of diethyl 2-phenylselenoethyl phosphonate 1a.%
This reaction has been examined in detail with different terminal
organylchalcogen-substituted alkyl phosphonates 1a,b and 2a-c¢, and
the results are reported in the present paper.

RESULTS AND DISCUSSION

We have found that treatment of diethyl 2-organylseleno(telluro)ethyl
phosphonates 1a,b and diethyl 4-organylthio(seleno(telluro)butyl phos-
phonates 2a-c with LiAlH, in diethyl ether at room temperature leads
to reduction of the phosphoryl function and to formation mostly of the
corresponding primary phosphines 3a,b and 4a-c (Scheme 1, Table I).

LiAlH4
RX(CH,),P(O)(OEt); ——— > RX(CH,),PH>

1a,b, 2a-c Et,O 3a,b, 4a-¢

1,3:n=2,X =Se, R=Ph(a); X =Te, R=Me (b)

24:n=4,X=S, R=Ph(a); X=Se,R=Mec(b); X=Te,R =Me (¢)
SCHEME 1

Formation of primary phosphines 3,4 is evidenced by 'H and 3P
spectroscopy (Table II) and GC-MS (Table I). In the 'H NMR spectra
the primary phosphine group manifests itself as a doublet of triplets
in the range 3.0-2.4 ppm with a characteristic splitting constant of
LJpy 194-196 Hz and 3Jyy ~7 Hz (Table II). In the 3P NMR spectrum
without proton decoupling the primary phosphine group reveals itself
as a triplet at —125 + —136 ppm with the same splitting constant 'Jpy
(194-196 Hz) (Table II). Because of field inhomogeneity the methylene
group adjacent to the chalcogen atom manifests itself as doublet of
triplets.

Analysis of the mass spectra of the primary phosphines shows that,
under electron impact, besides molecular ion formation, fragmentation
occurs, mainly at the C—X and XCHy—C bonds with formation of the
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ions [RX]*, [M — R]™ and [RXCHs]", as well as the rearranged ion
[RXPH;] " probably at the expense of PHy-group abstraction (Table I).

We have found that the final results of the reaction depend on
the method of separation of the products obtained (Table I). Excess
of LiAlH, as well as lithium and aluminium hydroxides formed in
the course of the reaction were removed from the reaction mixture
by treatment with water (Method A), significant oxidation of pri-
mary phosphines being noticed in the process (Scheme 2). In the 'H
and 3'P NMR spectra of the products obtained on reduction of phos-
phonates 2a,c, we observed only the signals of the oxidized deriva-
tives: phenylthiobutyl phosphine oxide PhS(CH2)4P(O)Hs 6a, methyl-
tellurobutyl phosphine oxide MeTe(CH2)4P(O)Hy 6¢, phenylthiobutyl
phosphinic acid PhS(CH;),P(O)H(OH) 8a and methyltellurobutyl phos-
phinic acid MeTe(CHs),P(O)H(OH) 8ec.

0
RX(CH;)nPH; ——————— RX(CH;),P(O)H; + RX(CH3),P(O)H(OH)

3a,b, 4a-c 5a,b, 6a-¢ 7a,b, 8a-c

3,5,7.n=2,X=Se, R=Ph (a); X =Te, R=Me (b)

4,68:n1=4,X =S, R =Ph (a); X = Se, R = Me (b); X = Te, R = Me (c)
SCHEME 2

Only from phosphonate 1a under these conditions was it possible to
prepare the corresponding phosphine 3a, but its content in the mix-
ture was only 67.5% along with the corresponding phosphinic acid
PhSe(CH2)2:PH(O)OH 7a (20%) and a number of unidentified products.

The best results were obtained with separation of the phosphine by a
non-aqueous work-up procedure (Table I, Method B). Treatment of the
reaction mixture with chloroform after removal of ether and consequent
separation of the solution obtained from insoluble LiOH, Al(OH)3 and
excess of LiAlHy led to a mixture of products containing up to 93% (in
the case of phosphine 3a) of the main product. The lowest yields were
obtained for phosphines 4a (62%) and 4b (35%) for which the only oxi-
dized products were phenylthiobutyl phosphine oxide 6a and methylse-
lenobutyl phosphine oxide 6b respectively. In the case of methyltel-
luroethyl phosphine 3b, besides phosphine oxide MeTe(CHy):P(O)H,
5b, a trace amount of the phosphinic acid PhTe(CHy),PH(O)OH 7b
was detected along with a number of products characterized in 3P
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NMR spectra by signals at 25-28 ppm. In the case of reduction of
the methyltelluro-substituted alkyl phosphonates 1b and 2¢, the 3P
NMR spectra of the products exhibited high-field doublet signals at
—16.9 ppm (phosphonate 1b) and —19.1 and —19.8 ppm (phosphonate
2¢) with 1Jpy constant 207 Hz. Absence of these signals in the spectra
of the reduction products of other phosphonates indicates that these
are tellurium-containing products but their nature is not yet clear. It
is suggested that they may have PH(O)TeMe or PH(Te)OEt moieties in
their structure.

Our conclusion concerning the formation on oxidation of phosphines
3,4 of corresponding phosphine oxides 5,6 was made on the basis of
the presence in the 3P NMR spectra of doublets at 5.8-9.2 ppm with
LJpy = 458-472 Hz in the product mixtures analyzed. In the 'H NMR
spectra doublets at 7.02—7.13 ppm with a similar 'Jpy constant corre-
spond to these signals. Similarly, the presence in the product mixtures
of compounds with the CHy;P(O)H(OH) function was evidenced by the
presence in the 3P NMR spectrum of doublets of triplets in the range
34.8-38.0 ppm with a 'Jpy of 535-553 Hz and a 2Jpy of 11.5-13 Hz. In
the 'H NMR spectra this group is characterized by a singlet low-field
signal at § 8.4-10.7 ppm and a doublet at § 7.07-7.08 ppm with a 'Jpy
of 535-553 Hz.

The phosphines prepared are fairly stable in chloroform solution.
Thus, a mixture of phenylthiobutyl phosphine 4a and phosphine oxide
6a (62:38) practically did not change during 2 days (60.5:39.5) and only
after 8 days in this mixture had phosphinic acid 8a (8%) appeared. A
mixture of phosphine 3a and phosphinic acid 7a containing initially
68% of phosphine completely changed during 4 months into phosphinic
acid.

Based on the accepted mechanism for reduction of carbonic esters
with lithium aluminium hydride, the following mechanism of phospho-
nate reduction may be envisaged (Scheme 3).

LiAIH, o LiAIH,
RP(O)(OEf), RP(O )(OEt), RPH(O)(OEL) RPH(O )(OEY)
- OFt
- OEt
LiAlH,
RPH, RP(O )Ha RP(0)H,

AI(OH); + LiOH

R=RX(CHypn; R =Me,Ph; X=S,8Se,Te; n=24

SCHEME 3
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In accordance with this scheme, phosphine oxides could be interme-
diate products of the reduction, but GC data of the reaction mixtures
indicating the presence of only one target product suggest that the for-
mation of the oxidized products occurs only during separation of the
phosphine. The most stable products toward oxidation appeared to be
the ethyl phosphines which, judging from the values of the phosphorus
chemical shifts (Table II), were the most sensitive to the influence of
B-substituents.

EXPERIMENTAL

'H and 3'P NMR spectra were recorded on a Bruker DPX 400 spec-
trometer at 400 MHz (*H) (solvent CDCls, HMDS as internal standard,
§ in ppm) and 162 MHz (3'P) (80% HsPO, as external standard, sp
in ppm). GC-MS spectra were recorded on a HP 5971A spectrometer
with electron energy 70eV, chromatograph HP-5890, capillary column
20 m Ultra-2 (5% phenyl methyl silicone), injection temperature 250°C,
column temperature 70—-280°C, temperature gradient 20°C/min. GLC
analyses were carried out on chromatograph Chrom 5, glass columns
2.5 m, chromaton NAW (0.200-0.250 mm) with 5% silicon SE-30 using a
thermal conductivity detector, column program: 6 min at 70°C, temper-
ature rise to 140°C with gradient 6°/min, 6 min at 140°C, temperature
rise to 220°C with gradient 7°C/min, 10 min at 220°C.

Preparation of w-Organylchalcogenoalkyl Phosphines

To a stirred solution of diethyl 2-organylseleno(telluro)ethyl or diethyl
4-organylthio (seleno(telluro)butyl phosphonates in diethyl ether at
room temperature under argon was added in small portions excess of
LiAlH4 until termination of the vigorous reaction. Stirring was contin-
ued for 2-3 h till complete reduction of phosphonate, the reaction being
monitored by GC. To remove excess of LiAlH, and LiOH and Al(OH)s
formed in a course of the reaction, the reaction mixture was treated
with water. After separation of the ether layer, the aqueous layer was
extracted with diethyl ether and chloroform, and the combined organic
extracts were then dried over anhydrous MgSOy. According to method
B, ether was stripped off from the reaction mixture, the residue was
treated with chloroform and the precipitate filtered off. After evacua-
tion of solvents in vacuum the product obtained was analyzed by 'H
and 3P NMR spectroscopy and GC-MS. Preparation conditions, yields
of products and GC-MS data are presented in Table I. 'H and 3'P NMR
data for the phosphines prepared are presented in Table II.
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