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Abstract — Secondary phosphines regio- and stereoselectively add to 4-hydroxy-4-methyl-2-pentynenitrile, a
typical and available representative of cyanoacetylenic alcohols, without catalyst at room temperature (THF,
3 h) to form (2)-3-[diakyl(aryl)phosphino]-4-hydroxy-4-methyl-2-pentenenitriles in 80-85% vyields. These
compounds relate to a new class of functionalyzed phosphines, promising ligands for the design of metal-

complex catalysts.

Addition of phosphines to acetylene and its deriva-
tives is a convenient approach to formation of a C-P
bond and synthesis of unsaturated phosphines that are
promising building blocks for preparing chiral phos-
phorus-containing ligands [1, 2]. Specia place among
such reactions is occupied by addition of secondary
phosphines to cyanoacetylenes, permitting to prepare
amphiphilic tertiary phosphines with hydrophobic
substituents and polar acrylonitrile function (easily
transformed to amide or carboxy groups). Such com-
pounds are promising ligands for metal complexes
that combine properties of phase-transfer and micellar
catalysts. At the same time, the information on phos-
phorylation of cyanoacetylenes is scarce. It is known
that diisopropyl- and di-tert-butylphosphines stereo-
selectively react with cyanoacetylene to form the Z
isomers of corresponding phosphinoacrylonitriles in
28-33% vyields [3]. In the case of the less sterically
congested dimethylphosphine, a mixture of (2)- and
(E)-3-(dimethylphosphino)acrylonitriles  (1:2) is
formed in 50% yield [3]. The chemo-, regio-, and
stereoselective addition of primary [4] and secondary
[5] phosphines to phenylcyanoacetylene has been
reported, leading to corresponding secondary and
tertiary cyanoethenylphosphines of Z configuration
in an almost quantitative yield. Furthermore, a short
communication on the reaction of 4-hydroxy-4-methyl-
2-pentynenitrile with secondary phosphines has been
published [4].

In the present work with the purpose of synthesiz-
ing new functionalyzed tertiary phosphines and their
derivatives, as well as gaining additional information
on the regularities of phosphorylation of acetylenes
with secondary phosphines, we have investigated the

reactions of a typical and available [6] representative
of cyanoacetylenic acohols, 4-hydroxy-4-methyl-2-
pentynenitrile with diakyl- and bigaryl(hetaryl)-
ethyl]phosphines. The latter are nowadays easily
prepared from red phosphorus and akyl halides [7] or
aryl(hetaryl)ethenes [8, 9].

Dibutyl, bis(2-phenylethyl)- and big[2-(2-pyridyl)-
ethyl]phosphines regio- and stereoselectively add to
4-hydroxy)4-methyl-2-pentynenitrile in THF at room
temperature to form (2)-[diakyl(aryl)phosphino]-4-
hydroxy-4-methyl-2-pentenenitriles Ila-llc in 80-
85% vyields.
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R = p-Bu (a), PACH,CH, (b), 2-PyCH,CH, (c).

The structure and configuration of compounds |1 a—
IIc were confirmed by their chemical transformations
and NMR spectra.

The doublet ethenyl proton signals in the range
62 6.5 ppm (JHP 5.4 and 6.6 Hz), observed in the
'H NMR spectra of phosphines I1b and Iic, should,
accordlng to published data [3, 5, 10, 11], correspond
to cis location of hydrogen and phosphorus.
However, the presence in the two-dimensional *H-H
NOESY NMR spectra of these phosphines of cross
peaks corresponding to interaction of protons of the
ethenyl and methyl groups, that is only possible if
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these groups are cis to each other, provides un-
ambiguous evidence for Z configuration of com-
pounds I1b and llc.

In the 'H NMR spectrum of phosphine Ila, the
doublet signal of the ethenyl proton (6.40 ppm), too,
has a low 3J,;» coupling constant (4.8 Hz), which is
more characteristic of the E isomers of such com-
pounds [3, 5, 10, 11]. The *H-'H NOESY NMR spec-
trum of phosphine Ila does not give such an un-
ambiguous picture as the spectra of compounds I1b
and llc, because the signal of the methyl group is
overlapped by the multiplet of methylene protons of
the butyl substituent. However, treatment of 3-(dibutyl-
phosphino)-4-hydroxy-4-methyl-2-pentenenitrile (11a)
with methyl iodide in THF at room temperature gave
phosphonium salt 111 of Z configuration (3J.p
35.9 Hz) [10] in quantitative yield.

+

Me Bu-n

n-Bu-P/ CN
Mel _
lla—> — l
Me
Mé OH

In view of this result, we assigned to 3-(dibutyl-
phosphino)-4-hydroxy-4-methylpentenenitrile  (11a),
like to compounds Ilb and Ilc, Z configuration.

When exposed to air, phosphines IIb and llc are
slowly (for about 2 months) oxidized to phosphine
oxides Vb and IVc (isolable  with
51-61%); phosphorus-containing polymers are formed
under these conditions as by-products.

o R
R CN
Nallc-225 —

Me

Mé OH

IVa-IVc
R = n-Bu (a), PhCH,CH, (b), 2-PyCH,CH, (c).

Under analogous conditions, phosphine Ila gives
a mixture of severa organophosphorus compounds,
among which  3-(butylphosphinoyl)-4-hydroxy-4-
methyl-2-pentenenitrile (IVa). The latter product was
identified by means of NMR spectroscopy (Sp
50.8 ppm; & 6.03 ppm, doublet). The Z configuration
of phosphine oxides 1Va-1Vc was confirmed by their
'H NMR spectra. The 3J,,5 coupling constants of the
ethenyl proton doublets are 31.8 Hz for compound

IVa and 32.2 Hz for compounds IVb and 1V ¢, which
is characteristic of Z isomers [10, 11].

Contrary to the maority of tertiary phosphines,
phosphines lla-llc are oxidized slowly, probably
because the electron density on phosphorus in them is
decreased by conjugation of its lone electron pair with
the double carbon-carbon bond.

Knowing that tertiary phosphines mildly reduce
cyanoacetylenic acohols to allenes [12], we made an
attempt to effect an analogous redox reaction between
phosphine Ila and 4-hydroxy-4-methyl-2-pentynenit-
rile. In this case, the reaction proceeds with heat evo-
lution (the reaction mixture warmes up to 50-55°C)
and gives a mixture of products, in which we iden-
tified oxide I'Va (by 3'P and 'H NMR spectroscopy)
and the expected reduction product of the starting
hydroxyacetylene, 4-methylpenta-2,3-dienenitrile [v,
cmt 1969.4 (C=C=C); 5, ppm: 4.99 heptet
(=CHCN)] (these data agree with those reported in
[12)).

Me
lla + Meg’% CN — IVa + M§>='%CN
OH

Hence, the reaction of cyanoacetylenic acohols
with secondary phosphines, that proceeds regio- and
stereoselectively under mild conditions as trans addi-
tion of nucleophiles (specifically, P-nucleophiles [3,
13]) to activated acetylenes [14], opens up a con-
venient and effective synthetic route to new functio-
nalyzed tertiary phosphines, promising polydentate
amphiphilic ligands for the design of catalysts of new
generation [15, 16], as well as highly reactive inter-
mediates for fine organic synthesis.

EXPERIMENTAL

The *H and 3P NMR spectra were recorded on a
Bruker DPX-400 spectrometer (400.13 and 161.98
MHz, respectively) in CDCl; against internal HMDS
and externa 85% phosphoric acid. The IR spectra
were obtained on a Bruker IFS-25 spectrometer in thin
layer or in KBr. All experiments were carried out
under argon.

(2)-3-(Dibutylphosphino)-4-hydr oxy-4-methyl-2-
pentenenitrile (I1a). To a solution of 0.28 g of di-
butylphosphine in 4 ml of THF, a solution of 0.21 g
of 4-hydroxy-4-methyl-2-pentenenitrile in 4 ml of
THF was added dropwise with stirring at room tem-
perature in 10 min. The reaction mixture was stirred
at room temperature for 3 h and then passed through
a bed of Al,Oz (1 cm). The solvent was removed at
reduced pressure, and the residue was ditilled in a
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vacuum to give 0.41 g (81%) of phosphine Ila as a
light yellow oil. IR spectrum, v, cm™%: 2215 (C=N),
3300 (OH). 'H NMR spectrum, &, ppm: 0.93 t (6H,
MeCH,, 3J,,, 6.8 Hz), 1.39-1.54 m (14H, MeCOH,
CH,), 1.85-1.94 m and 2.08-2.17 m (4H, CH,P),
6.40 d (1H, =CH, 3J,» 4.8 Hz). 3P NMR spectrum:
8 —28.7 ppm. Found, %: C 65.57; H 10.56; N 5.74; P
11.85. C,4H,,NOP. Calculated, %: C 65.85; H 10.26;
N 5.49; P 12.13.

(Z)-3-[Bis(2-phenylethyl)phosphino]-4-hyd-
roxy-4-methyl-2-pentenenitrile (I1b) was prepared
similarly to phosphine Ila from 0.36 g of phosphine
Ib and 0.15 g of 4-hydroxy-4-methyl-2-pentenenitrile.
The resulting product was dissolved in diethyl ether,
insoluble substances were filtered off, the ether was
removed at reduced pressure, and the residue was
dried in a vacuum to give 0.42 g (80%2 of phosphine
b as ayellow oil. IR spectrum, v, cm™: 2210 (C=N),
3300 (OH). 'H NMR spectrum &, ppm: 1.41 s (6H,
Me), 1.81-1.95 m (4H, CH,P), 2.60-2.75 m (4H,
CH,Ph), 6.45 d (1H, =CH, 3J,;5 5.4 Hz), 7.15-7.27 m
(10H, Ph). 3P NMR spectrum: 5, —28.9 ppm. Found,
%: C 74.98; H 7.55; N 3.76; P 9.05. C,,H,sNOP.
Calculated, %: C 75.19; H 7.46; N 3.99; P 8.81.

(2)-3-{Bis[2-(2-pyridyl)ethyl]phosphino}-4-hyd-
roxy-4-methyl-2-pentenenitrile (I1c) was prepared
similarly to compound Il1a from 0.37 g of phosphine
Ic and 0.16 g of 4-hydroxy-4-methyl-2-pentenenitrile.
Yield 0.45 g (85%), yellow oil. IR spectrum, v, cm™:
2215 (C=N), 3276 (OH). 'H NMR spectrum, &, ppm:
1.43 s (6H, Me), 2.30-2.41 m and 2.58-2.69 m (4H,
CH,P), 2.91-3.01 m (4H, CH,), 6.25 d (1H, =CH,
%Jup 6.6 Hz), 7.18 d.d (2H, pyridine, 33, 7.8 Hz,
3y 12.5 Hz), 7.24 d (2H, pyridine, 33, 7.8 Hz),
7.64 d.d (2H, pyridine, 33, 7.8 Hz, 3J,, 7.8 Hz),
8.50 d (2H, CH=N, pyridine, 3J,,,, 12.5 Hz). *'P NMR
spectrum: 5p —25.1 ppm. Found, %: C 67.68; H 7.02;
N 11.60; P 8.97. C,oH,,N;OP. Caculated, %: C
67.97; H 6.85; N 11.89; P 8.76.

Dibutyl[(Z)-2-cyano-1-(1-hydroxy-1-methyl-
ethyl)vinyllmethylphosphonium iodide (I11). To
a solution of 0.11 g of phosphine Ila, a solution of
0.4 g of methyl iodide in 3 ml of THF was added. The
reaction mixture was stirred at room temperature for
8 h, the solvent and and unreacted methyl iodide were
removed at reduced pressure, and the residue was
dried in a vacuum to give 0.17 g (100%) of phos-
phonium iodide I1, yellow ail. IR spectrum, v, cm
2220 (C=N), 3270 (OH). *H NMR spectrum, &, ppm:
0.99 t (6H, MeCH,, 3J,, 6.8 Hz), 1.40-1.65 m
£8H, CH,), 1.70 s (6H, MeCOH), 2.50 d (3H, MeP,
Jup 13.8 Hz), 2.78-2.98 m (4H, CH,P), 6.6 d (1H,
=CH, 33,5 35.9 Hz). 3'P NMR spectrum: §,,33.8 ppm.

Found, %: C 45.63; H 7.65; | 31.60; N 3.60; P 7.58.
CysHooINOP. Calculated, %: C 4535, H 7.36; |
31.94; N 353; P 7.80.

(2)-3-[Bis(2-phenylethyl)phosphinoyl]-4-hydr -
oxy-4-methyl-2-pentenenitrile (1Vb). Phosphine Il b,
0.3 g, was alowed to stand in air for 2 months. The
resulting viscous product was dissolved in 3 ml of
THF, and the solution was passed through a bed
of Al,Oz (1 cm) the solvent was removed at reduced
pressure, and the residue was dried in a vacuum to
give 0.19 g (61%) of phosphine oxide IVb, white
powder, mp 100-102°C (from ether). IR spectrum, v,
cmt: 2210 (C=N), 3300 (OH), 1160 (P=0). *H NMR
spectrum, 8, ppm: 1.55 s (6H. Me), 2.30-2.45 m and
252-2.65 m (4H, CH,P), 2.85-2.98 m and 3.00-
3.10 m (4H, CH,Ph), 5.25 s (1H, OH), 6.02 d (1H,
=CH, 3J,p 32.3 Hz), 7.18-7.31 m (10H, Ph). 3P
NMR spectrum: 5, 46.9 ppm. Found, %: C 71.65; H
7.43; N 3.72; P 8.63. C,,H,,NO,P. Calculated, %: C
71.92; H 7.13; N 3.81; P 843.

(2)-3-[Bis[2-(2-pyridyl)ethyl]phosphinoyl]-4-
hydroxy-4-methyl-2-pentenenitrile (1Vc) was pre-
pared similarly to phosphine oxide I Vb from 0.3 g of
phosphine Ilc. Yield 0.16 g (51%), yellow oil. IR
spectrum, v, cm: 2215 (C=N), 3270 (OH), 1152
(P=0). *H NMR spectrum, 5, ppm: 1.53 s (6H, Me),
2.78-2.90 m and 3.03-3.31 m (8H, CH,), 6.04 d (1H,
=CH, 3Jp 32.2 Hz), 7.18 d.d (2H, pyridine, °J.,
7.8 Hz, 3J,, 125 Hz), 7.24 d (2H, pyridine, 33,
7.8 Hz), 8.50 d (2H, CH=N, pyridine, 3J,,, 12.6 Hz).
3P NMR spectrum: &, 49.1 ppm. Found, %: C 64.81;
H 6.80; N 11.32; P 8.61. C,H,,N3;O,P. Calculated,
%: C 65.03; H 6.55; N 11.38; P 8.38.

ACKNOWLEDGMENTS

The work was financially supported by the Program
of the President of the Russian Federation for Support
of Leading Scientific Schools (project no. NSh-2241.
2003.3) and Russian Foundation for Basic Research
(project no. 02-03-32648).

REFERENCES

1. Ohashi, A. and Imamoto, T., Tetrahedron Lett., 2001,
vol. 42, no. 6, p. 1099.

2. Sato, T., Yokozawa, T., Inshizaki, T., Moroi, T.,
Sayo, N., Miura, T., and Kumobayashi, H., Adv.
Synth. Catal., 2001, vol. 343, no. 3, p. 264.

3. Kostyanovskii, R.G. and EI’natanov, Yu.l., 1zv. Akad.
Nauk SSSR, Ser. Khim.,, 1983, no. 11, p. 2581

4. Gusarova, N.K., Shaikhudinova, S.I., Arbuzova, S.N.,
Vakul’skaya, T.l1., Sukhov, B.G., Sinegovskaya, L.M.,

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol.75 No.4 2005



NONCATALYTIC REGIO- AND STEREOSELECTIVE ADDITION

Nikitin, M.N., Mal’kina, A.G., Chernysheva, N.A.,
and Trofimov, B.A., Tetrahedron, 2003, vol. 59,
no. 26, p. 4789.

5. Trofimov, B.A., Arbuzova, S.N., Ma'kina, A.G,,
Gusarova, N.K., Malysheva, SFF., Nikitin, M.N., and
Vakul’skaya, T.I., Mendeleev Commun., 1999, no. 4,
p. 163.

6. Landor, S.R., Demetriou, B., Grzeskowiak, R., and
Pavey, D.F., J. Organomet. Chem., 1975, vol. 93,
p. 129.

Arbuzova, S.N., Brandsma, L., Gusarova, N.K., and
Trofimov, B.A., Recl. Trav. Chim. Pays-Bas, 1994,
vol. 113, no. 12, p. 575.

8. Trofimov, B.A., Brandsma, L., Arbuzova, S.N., Ma
lysheva, S.F., and Gusarova, N.K., Tetrahedron Lett.,
1994, vol. 35, no. 41, p. 7647.

. Gusarova, N.K., Malysheva, S.F., Arbuzova, S.N.,
and Trofimov, B.A., lzv. Ross. Akad. Nauk, Ser.
Khim., 1998, no. 9, p. 1695.

10.

11.

12.

13.

14.

15.

16.

517

Duncan, M. and Gallagher, M.J., Org. Magn. Reson.,
1981, vol. 15, no. 1, p. 37.

Gusarova, N.K., Arbuzova, S.N., Shaihutdinova, S.I.,
Malysheva, S.F., Rakhmatullina, T.N., Zinchen-
ko, S.\V., Dmitriev, V.l., and Trofimov, B.A., Zh.
Obshch. Khim., 1993, vol. 63, no. 8, p. 1753.
Trofimov, B.A., Sukhov, B.G., Gusarova, N.K., Ma-
lysheva, S.F., and Mal’kina, A.G., Zh. Obshch. Khim.,
2002, vol. 72, no. 7, p. 1220.

Trofimov, B.A., Brandsma, L., and Gusarova, N.K.,
Main Group Chem. News, 1996, no. 4, p. 18.

Dickstein, J.I. and Miller, S.I., The Chemistry of the
Carbon-Carbon Triple Bond, Patai, S., Ed., New
York: Wiley, 1978, part 2, p. 813.

Verspui, G., Schanssema, F., and Sheldon, R.A.,
Angew. Chem., 2000, vol. 112, no. 4, p. 825.
Brauer, D.J., Kottsieper, K.W., Nickel, T., Stelzer, O.,
and Sheldrick, W.S,, Eur. J. Inorg. Chem. 2001,
p. 1251.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol.75 No.4 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


