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Abstract— Addition of secondary phosphine oxides, phosphine sulfides and phosphine selenides to 3,7-di-
methyl-2,6-octadienal (citral) (48-50°C, THF, argon) proceeds exclusively to the aldehyde group giving rise
to new polyfunctional tertiary phosphine chalcogenides with diene and hydroxyl moieties in high preparative

yield (up to 80%).
DOI: 10.1134/S1070363207030139

Organic phosphine chalcogenides are widely
known as effective ligands for preparation of metal
complex catalysts, materials for microelectronics,
coherent and nonlinear optics, antipyrenes, extractive
agents for rare earth and transuranium elements, flo-
toreagents, emulgators, biologically active compounds
for medicine and agriculture [1-14]. Recently, tertiary
phosphine chalcogenides were effectively applied to
preparation of unique semiconducting nanomaterials
[15]. In the last years there is a growing interest to
water soluble and hydrophilic organophosphorus
ligands (for example, possessing hydroxyl functions)
used for design of metal complex catalysts for phase
transfer reactions [16]. One of practical approaches to
the synthesis of these compounds is the reaction of
nucleophilic addition of secondary phosphine chalco-
genides to aldehydes, which is actively worked out
on the example of hydrophosphorylation of aromatic
and heteroaromatic aldehydes with secondary phos-
phine oxides [17-25] and, to a lesser extent, with
secondary phosphine sulfides [25-31]. As to secon-
dary phosphine selenides, to the best of our know-
ledge, there are no data in the literature on hydro-
selenophosphorylation of aldehydes.

In the present work, with the aim of investigation
of regularities of the reaction of aldehydes with se-
condary phosphine chalcogenides and expansion of
its synthetic possibilities, we for the first time have
performed the reaction of readily available diphenyl-
phosphine oxide (Ia), bis(2-phenylethyl)phosphine
oxide (Ib) [32], bis(2-phenylethyl)phosphine sulfide
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(Ie) [33], bis(2-phenyl-ethyl)phosphine selenide (Id)
[34] with (Z/E)-3,7-di-methyl-2,6-octadienal (II)
(citral) polyunsaturated natural aldehyde (the major
component of lemon, eucalyptus and verbena fragrant
oils [35-38]), synthesized by us on the basis of ace-
tylene by modified technology [39, 40].

The course of the reaction could not be unequivo-
cally predicted: the addition could occur either to the
double bonds of the unsaturated aldehyde II or to
the carbonyl group, so, the question which of these
electrophilic centers would be more complementary to
secondary phosphine chalcogenides remained open.

It turned out that hydrochalcogenophosphorylation
of octadienal II with secondary phosphine chalco-
genides Ia-Id proceeds chemoselectively to the
carbonyl group with the formation of the correspond-
ing (Z/E)-1-(diorganylchalcogenophosphoryl)-3,7-di-
methyl-2,6-octadien-1-ols (IIIa-ITId).

The process is realized under mild noncatalytic
conditions (48-50°C, 11-29 h, inert atmosphere,
THF) with the use of equimolar amounts of the re-
agents, the yield of adducts III is 68-80%.

The starting citral was the mixture of isomers Z: E
in the ratio of 63:37 (from the 'H NMR spectro-
scopy). The percentage of the Z-isomer in the ob-
tained adducts IIIa—IIId is retained at the same level
(63-73%).

In the 'H and 'C NMR spectra of the Z/E-isomers
of phosphine chalcogenides IIla-IIId the most
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X = 0, R = Ph (a), Ph(CH,), (b); X = S, R = Ph(CH,),
(¢); X = Se, R = Ph(CH,), (d).

characteristic signals are those of the CH group of
fragment HOCHP=X, which are displayed as a
doublet of doublets at 4-5 ppm with geminal spin—
spin coupling constant *'P-'H equal to 2-3 Hz and a
large vicinal constant 3JHH ~9-10 Hz (‘H). In the "*C
NMR spectra they are represented as a doublet at 67—
68 ppm with the coupling constant 1JPC ~48-77 Hz.
The nonequivalence of the signals of the two phenyl-
ethyl groups in the 'H and °C NMR spectra of phos-
phine chalcogenides IIIa-IIId is due to prochirality
of these groups at the phosphorus atom. Small value
of 2Jyp in the proton spectra could be indicative of a
substantial contribution of the rotamer with the di-
hedral angle X=P-C-H close to 180°C [41].

In the IR spectrum of tertiary phosphine oxide Illa
the stretching vibrations of the C=C bonds are re-
presented by a band with absorption maximum at
1653 cm™ and the shoulder at 1660 cm™, and those
of phosphinechalcogenides IIIb—IIId by a band with
absorption maximum at 1665-1670 cm™' and the
shoulder at 1653-1657 cm™. The stretching vibrations
of the P=0O bond in the spectra of tertiary phosphine
oxides IIla and IIIb are observed at 1164 and
1142 ecm™, respectively. At the same time, the stretch-
ing vibrations of the P=S bond in the IR spectra of
phosphine sulfide IIlc¢ and P=Se bond in the IR
spectra of phosphine selenide IIId are substantially
shifted to low frequency region and are represented by
the corresponding absorption bands at 590 with the
shoulder at 579 cm™ and 470 with the shoulder at
491 cm™. Stretching vibrations of the hydroxyl group
(vop) in compounds IITa-IIId are observed as a wide
band at 3100-3400 cm™ (KBr and Vaseline oil) and
the corresponding deformation vibrations (6cqp) at
1092-1099 cm™.

In the IR spectra of solutions (CCl,, C 0.1 M) of
a-hydroxyphosphine oxides IIla, IIIb an intense
voy band is observed at 3183-3200 cm™ with the
shoulder at 3376 cm™, as well as a weak band at

3600 cm™. Upon subsequent dilution (C ~0.002 M)

the first two bands disappear whereas the band at
3600 cm™! retains its position. These data suggest that
the bands in the region 3183-3376 cm™ refer to
stretching vibrations of OH groups involved in inter-
molecular hydrogen bonds, whereas the stretching
vibrations of the free OH group are characterized by
the high frequency band at 3600 cm™. In the spectra
of diluted solutions of a-hydroxyphosphine oxides
IIIa, IIIb (C ~0.002 M, d 10 cm) no band of
stretching vibrations of OH group involved in intra-
molecular hydrogen bonding is found. Apparently, a
bulky nonadienyl radical causes spatial blockage of
the hydroxyl group.

Therefore, chemoselective reaction of citral with
secondary phosphine chalcogenides is an expedient
atom—economic method for synthesis of tertiary
polyfunctional phosphine chalcogenides new prospec-
tive polydentate chiral ligands for enantioselective
processes, highly reactive synthons for organic
synthesis and preparation of biologically active
compounds.

EXPERIMENTAL

Commercial diphenylphosphine oxide (Alfa Aesar,
Germany) was used. Bis(2-phenylethyl)phosphine
oxide was synthesized according to [33], bis(2-phe-
nyl-ethyl)phosphine sulfide according to [34], bis(2-
phenylethyl)phosphine selenide according to [35],
citral according to [40].

'H, *C and *'P NMR spectra were registered on a
Bruker DPX-400 spectrometer (400.13, 101.61 and
161.98 MHz, respectively) in CDClj, internal standard
HMDS, external standard 85% H;PO,. IR spectra
were recorded on a Bruker IFS 25 spectrometer in
pellets of KBr, vaseline oil and CCl, solution. The

reactions were followed by the use of 3'p NMR spec-
troscopy by decrease of intensity of the signals of
starting diorganylphosphine chalcogenides Ia-Id at
2-21 ppm and by appearance and increase of the sig-
nals of tertiary a-hydroxyphosphine chalcogenides
HIa-IIId at 29-59 ppm.
(Z/E)-3,7-Dimethyl-2,6-octadienal (I) (the ratio of
Z: E-isomers = 63:37). '"H NMR (CDCl,), 8, ppm
for the Z-isomer: 1.67 s, 1.60 s [6H, C'~(CH,),],
2.15 d (3H, C*~CHj, 2Jyyy 1.26 Hz), 2.21 m (4H, C*-
H,, C°-H,), 5.06 t. m (1H, =C°-H, *Jyy 6.90, *Jyyy
1.43 Hz), 5.86 d. m (1H, =C>—H, *Jiy 8.11, “Jyy
1.32 Hz), 998 d (C'-H, *Jyy 8.11 Hz); for the
E-isomer: 1.67 s, 1.58 s [6H, C7—(CH3)2], 1.97 d (3H,
C’—CH;, *Jyy 1.32 Hz), 2.58 t (2H, C*-H,, *Jyy
7.45 Hz), 2.21 m (2H, C>-H,), 5.09 t.m (1H, =C°-H,
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Ty 7.34 Hz, Yy 1.43 Hz), 5.86 d.m (1H, =C>-H,
g 811, Yyy 132 Hz), 9.88 d (C'-H, *Jyy
8.11 Hz).
1-(Diorganylchalcogenophosphoryl)-3,7-dimeth-
yl-2,6-octadien-1-ol (IIla-I11d) (general procedure).
Mixture of 1.2 mmol of diorganylphosphine chalco-
genide Ia—d and 1.2 mmol of aldehyde II in 5 ml of
THF was bubbled with argon and stirred at 48-50°C:
for diorganylphosphine oxides Ia, Ib for 11 and 21 h,
respectively, for phosphine sulfide Ic 29 h, for phos-
phine selenide Id 11 h. the solvent was removed in
vacuum, the residue (for IIla-IIlc) washed with small
portions of hexane (0.3 mlx4), crystallized from
hexane; product ITId (syrupous substance) was puri-
fied by reprecipitation from chloroform into petroleum
ether. Products IIIa—IIId were obtained as mixtures
of the Z/E-isomers.
(Z/E)-1-(Diphenylphosphoryl)-3,7-dimethyl-2,6-
octadien-1-ol (IIIa) (the ratio of Z:E-isomers =
63:37). Yield 97%, mp 69-71°C. Found, %: C 74.22;
H 7.61; P 8.48. C212H2702P. Calculated, %: C 74.55;
H 7.68; P 8.74. 'H NMR (CDCl;), &y, ppm. for

Z-isomer: 1.41 s (3H, C3—CH3), 1.52 s, 1.61 s [6H,
C’<(CH,),], 1.82-1.92 m(4H, C*-H,, C’-H,), 4.96 m
(1H, C2—H), 7.42-7.88 (10H, Ph); for E-isomer:
1.51's, 1.62 s [6H, C’<(CH,),], 1.67 s (3H, C*~CH,),
1.82-1.92 m (4H, C*-H,, C°-H,), 4.96 m (C°-H),
5.07 d (1H, C'-H, *Jyy 9.9 Hz), 5.28 m (1H, C*-H),
7.42-7.88 (2H, H,). *C NMR (CDCl,), 8, ppm, for
Z-isomer: 17.07 (C’-CH;), 23.64 (C°), 26.28 [C'-
(CH,),], 39.86 (C*, 69.10 d (C'-H, 'Jpc 60.6 Hz),
119.19 (C?), 123.72 (C%), 128.40 d (C,, *Jpc 13.0 Hz),
128.50 d (C,, “Jpc 13.0 Hz), 131.80 d (C,, *Jpc
11.0 Hz), 132.00 d (C,,, *Jpc 11.0 Hz), 132.13 (C,),
132.47 (C"), 143.69 (C,, Ph), 143.69 (C%); for E-iso-
mer: 17.76 d (C’-CH;, “Jpc 4.98 Hz), 23.64 (C°),
25.71 [C'~(CH3),], 32.57 (C*, 68.25 d (C'-H, 'Jpe
63.3 Hz), 119.52 (C?), 123.72 (C%), 128.40 d (C,, *Jpc
13.0 Hz), 128.50 d (C,, 2Jpc 13.0 Hz), 131.80 d (C,,,
3Jpe 11.0 Hz), 132.00 d (C,,, *Jpc 11.0 Hz), 132.13
(C,), 13247 (C7), 143.69 (C, Ph), 143.69 (C).
3IE NMR (CDCL), 8p, ppm for Z-isomer: 29.65; for
E-isomer: 28.68.

IR (KBr, cm™): 3394, 3186 v(OH), 3076, 3055,
3009 v(=CH of vinyl and phenyl groups), 2968, 2912,
2853 v(CH), 1660, 1653 v(C=C of vinyl group), 1591,
1484, 1450 v(C=C of phenyl rings), 1164 v(P=0),
1099 &(COH).

(Z/E)-1-(Diphenylethylphosphoryl)-3,7-dime-

thyl-2,6-octadien-1-ol (IIIb) (the ratio of Z:E-iso-
mers = 71:29). Yield 76%, mp 69-71°C. Found, %:
C 76.28; H 8.56; P 7.30. C26H3502P Calculated, %:
C 76.07; H 8.59; P 7.54. '"H NMR (CDCI3) Sy, Ppm

for Z-isomer: 1.52 s, 1.58 s [6H, C'~(CH;),], 1.72 d
(3H, C*—CH,, “Jyy 1.28 Hz), 1.82 m, 2.23 m (4H,
C*-H,, C-H,), 2.09 m (4H, CH,P), 2.93 m (4H,
PhCH,), 4.73 d (1H, C'-H, *Jyy 9.20 Hz), 5.00 m
(1H, C°-H), 534 d.d (1H, C*-H, *Jyy 9.2, *Joy
4.13 Hz), 7.02 m, 7.42 m (10H, Ph); for E-isomer:
1.57 s, 1.65 s [6H, C’—(CH3),], 1.80 d (3H, C*~CHj,
*Jyy 2.05 Hz), 1.82 m, 2.23 m (4H, C*-H,, C’-H,),
2.09 m (4H, CH,P), 3.00 m (4H, PhCH,), 4.65 d (1H,
C'-H, *Jyy 9.60 Hz), 5.07 brt (IH, C°-H, *Jyy
6.30 Hz), 5.40 d.d (1H, C*-H, *J;yp; 9.6, *Jpy; 6.00 Hz),
7.02 m, 7.42 m (10H, Ph). *C NMR (CDCl,), 3,
ppm for Z-isomer: 14.47 (C’~CHj;), 25.75 (C°), 26.26
[C'—(CH,),], 27.46 d (CH,P, 'Jp 36.8 Hz), 27.86
(PhCH,), 39.95 (C*), 67.67 d (C'-H, Jpc 77.20 Hz),
119.65 (C?), 123.56 (C°%), 126.50 (C,), 128.15 d (C,,
*Jpc 4.3 Hz), 128.72 (C,), 132.21 (c7) 141.36 d (C,,
3Ipe 133 Hz), 14323 (C°); for E-isomer: 17.75
(C*—CHj;), 25.75 (C°), 26.53 [C'—(CH,),], 27.46 d
(CH,P, 'Jpc 36.80 Hz), 27.86 (PhCH,), 32.81 (C*),
67.70 d (C'-H, 'Jpe 57.76 Hz), 119.95 (C?), 123.56
(C%), 126.50 (C,), 128.15 (C,), 128.72 (C,), 132.21
(C"), 141.36 d (c 3Jpe 13.3 Hz), 143.23 (C?). *'P
NMR (CDCly), &p, ppm for Z-isomer: 50.81; for

E-isomer: 49.82. IR (KBr, cm_l): 3406, 3148 v(OH),
3085, 3061, 3029, 3028 v(=CH of vinyl and phenyl
groups), 2958, 2924, 2864 v(CH), 1665, 1654 v(C=C
of vinyl group), 1603, 1584, 1496, 1453 v(C=C of
phenyl rings), 1142 v(P=0), 1092 &(COH).

(Z/E)-1-(Diphenylethylthiophosphoryl)-3,7-di-
methyl-2,6-octadien-1-ol (IIlc) (the ratio of Z:E-
isomers = 73:27). Yield 68%, mp 75-76°C. Found,
%: C 73.62; H 8.20; P 7.14; S 7.44. C,,H;50PS.

Calculated, %: C 73.20; H 8.27; P 7.26; S 7.52. 'H
NMR (CDCly), 8y, ppm for Z-isomer: 1.51 s, 1.56 s

[6H, C’<(CH;),], 1.72 d. d (3H, C*~CH;, “Jyyy; 1.28,
Joy 3.07 Hz), 2.12 m (4H, C*-H,, C°-H,), 1.90-
2.20 m (4H, CH,P), 2.93 m (4H, PhCH,), 4.56 d (1H,
C'-H, 3Jyy 9.98 Hz), 499 br. t (1H, C°-H, *Jyy
590 Hz), 528 d.d (1H, C*-H, *Jyy 9.98, *Jpy
5.38 Hz), 7.11-7.32 m (10H, Ph); for E-isomer:
1.655s, 1.67 s [6H, C'~(CH;),], 1.81 d.d (3H, C*~CHj,
an 1.28, *Jpy 3.33 Hz), 2.12 m (4H, C*-H,, C>-H,),
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1.90-2.20 m (4H, CH,P), 2.93 m (4H, PhCH,), 4.55 d
(IH, C'-H, *Jyy 9.98 Hz), 5.06 br.t (1H, C°—H, *J,y
590 Hz), 532 d. d (1H, C>-H, *Jyy 9.98, *Jpy
6.0 Hz), 7.11-7.32 m (10H, Ph). '>*C NMR (CDCI,),
8¢, ppm for Z-isomer: 17.60 (C*-CHj;), 25.78 [C'-
(CH,),], 28.59 (PhCH,), 28.81 (C%), 29.95 d (CH,P,
Ype 45.8 Hz), 40.02 (CY, 67.76 d (C'-H, "Jpe
56.5 Hz), 11920 (C?), 12347 (C%), 126.63 (C,),
128.31 (C,), 128.80 (C,,), 132.39 (C"), 140.94 d (C,,
3Jpe 15.90 Hz), 144.07 (C3); for E-isomer: 17.76
(C*—CH,;), 25.73 [C'<(CHj;),], 28.59 (PhCH,), 28.86
(C%), 29.54 d (CH,P, 'Jyo 48.5 Hz), 32.99 (C%,
67.32 d (C'-H, 'Jpc 57.0 Hz), 119.55 (C?), 123.30
(C%), 126.68 (C,), 128.27 (C,), 128.80 (C,,), 132.39
(C7), 140.94 d (C,, *Jpc 15.9 Hz), 144.00 (C*). *'P
NMR (CDClL), 8p, ppm for Z-isomer: 59.17; for
E-isomer: 57.88.

IR (KBr, cm™): 3417 v(OH), 3103, 3083, 3061,
3025 v(=CH of vinyl and phenyl groups), 2959, 2931,
2908, 2449, v(CH), 1661, 1653 v(C=C of vinyl group),
1600, 1584, 1495, 1452 v(C=C of phenyl rings), 1093
v(COH), 590, 579 &(P=S).

(Z/E)-1-(Diphenylethylselenophosphoryl)-3,7-di-
methyl-2,6-octadien-1-ol (IIId) (the ratio of Z:E-
isomers = 73:27). Yield 80%, syrupous substance.
Found, %: C 66.28; H 7.46; P 6.48; Se 16.37.
C,¢H350PSe. Calculated, %: C 65.95; H 7.45; P 6.54;
Se 16.68. '"H NMR (CDCl,), 8;;, ppm for Z-isomer:
1.50 s, 1.55 s [6H, C’—(CH;),], 1.72 d. d (3H, C*-
CH;, “Jyy 1.3, °Jpy 3.1 Hz), 2.12 m (4H, C*-H,
C5-H), 2.18 m (4H, CH,P), 2.93 m (4H, PhCH,),
4.57 dd (1H, C'-H, *Jiyy 10.03, 2JpcH 2.35 Hz),
4.98 br.t (1H, C°-H, *Jyy 6.8 Hz), 5.28 d. d. q (1H,
C?>—H, *Jyy 10.03, *Jpy 5.17, “Jyy 1.34 Hz), 7.1-
7.28 m (10H, Ph); for E-isomer: 1.64 s, 1.66 s [6H,
C’<(CH,),], 1.81 d.d (3H, C*—CH;, “Jyyyy 1.38, *Jpy
3.48 Hz), 2.12 m (2H, C*-H, C°-H), 2.18 m (4H,
CH,P), 2.93 m (4H, PhCH,), 4.56 d.d (IH, C'-H,
g 10.09, 2Jpe 2.00 Hz), 5.05 brt (IH, C°-H,
3y 648 Hz), 531 d.d.q (1H, C*-H, *Jyy 10.09,
3 Jpy 6.70, *Jygy 1.38 Hz), 7.15-7.28 m (10H, Ph). °C
NMR (CDCl,), 8., ppm for Z-isomer: 17.99 (C—
CH;), 26.08 [C'—(CH3;),], 26.40 (C°), 28.73 d (CH,P,
e 37.0 Hz), 29.88 d (PhCH,, *Jpc 18.0 Hz), 40.29
(CY, 67.25 d (C'-H, 'Jpc 48.0 Hz), 119.26 (C?),
123.72 (C%), 126.96 (C,), 128.62 (C,), 129.08 (C,),
132.69 (C7), 142.00 (C,), 145.00 (C*); for E-isomer:

18.05 (C°-CH;), 26.02 [C'—(CH;),], 26.81 (C),
28.88 d (CH,P, 'Jpe 37.0 Hz), 29.41 d (PhCH,, *Jpe
18.0 Hz), 39.00 (C*), 66.80 d (C'-H, 'Jpc 48.0 Hz),
119.70 (C?), 123.51 (C°), 126.69 (C,), 128.76 (C,),
128.96 (C,), 133.0 (C7), 140.16 (C), 1453 (CY.

3P NMR (CDCl,), 8p, ppm for Z-isomer: 50.54; for
E-isomer: 49.39.

IR (KBr, cm™): 3360 v(OH), 3106, 3084, 3062,
3027 v(=CH of vinyl and phenyl groups), 2967, 2925,
2856 v(CH), 1670, 1657 v(C=C of vinyl group), 1602,
1584, 1496, 1453 v(C=C of phenyl rings), 1093
6(COH), 491, 470 v(P=Se).
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