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Abstract — Trichloro(o-phenylenedioxy)phosphorane reacts with 1,2-alkadienylphosphonates with selective
replacement of the alkoxy group in the phosphinoyl moiety, yielding the corresponding 1,2-alkadienylchloro-
phosphonates and-phenylene chlorophosphate.

Trichloro(o-phenylenedioxy)phosphorane 1) ( is  the 'H signal intensities, the product had only one
an efficient chlorinating agent which have foundethoxy group. These data indicate formatlon of ethyl
appllcatlon in organic synthesis. Gloede [1] studiecbropadienylchlorophosphonatélif ). The 3P signal
in detail reactions of phosphorariewith alcohols, of | (8, 26 ppm) completely disappears from the
amines, carbonyl compounds, and compounds coﬁ P NMR spectrum of an equimolar mixture of phos-
taining an imino group [1]. Mironovet al. [2, 3] phoranel and phosphonatdb in 24 h after mixing
recently reported on reactions df with alkynes, the reactants. Instead, two new signals appear at
which resulted in formation of unsaturated heteros, 20 (phosphatéV) and 32 ppm (chlorophosphonate
cycles containing phosphorus and chlorine atoms. Hlflb ). Chlorophosphonatdlib is selectively formed
was found that phosphorané reacts with aryl- in the presence of a two- or even threefold exceds of
acetylenes at the triple bond of the latter. The reactio®imilar reactions were observed between phosphorane
is accompanied by opening of the 1,3,2-dioxaphost and dimethyl and diethyl propadienylphosphonates
phole ring and migration of chlorine atom to affordlla and lic.
4-chloro-H-1,2-benzoxaphosphinines [2]. According

to our data [4, 5], phosphoranedoes not add at the SN
multiple bond of propynyl- and vinylphosphonates, @[ /FCl3+ (RO)P(O)CH=C=CR
and the reaction results in selective replacement of | lla —lic, Va, Vb
one alkoxy group in the phosphonate by chlorine, the
unsaturated moiety remaining intact. O cl o,

Reactions of phosphoranke with allene systems @[O/P\\O T JP(O)CH=C=CR+ RC,
were not studied previously. Phosphorylated propadi- Y, lla —llic, Vla, Vib

enes are known to readily take up chlorine and other
electrophilic reagents at the 2,3-double bond, an
3,3-disubstituted propadienylphosphonates react wit
electrophiles to give oxaphospholes [6, 7].

a,llla, R=CHO, R=H;llb, lllb, R=CHgO, R =
H; lic, lllc, R = GH;O0, R = H; Va, Vla, R = CH;0,

R = CHs; Vb, VIb, R = GHsO, R = CH;.

In the present communication we report on the
reaction of phosphorand with propadienylphos- The process is very sensitive to moisture. When
phonateslla-lic in carbon tetrachloride or benzeneinsufficiently dry argon was passed through the reac-
at room temperature. The IR spectra of the reactiotion mixture, partial hydrolysis of phosphorare
mixtures, recorded in 24 h and in a week after mixingoccurred, and liberated hydrogen chloride [1] added
the reactants, showed the presence of absorption ait the multlple bonds of propadienylphosphonHte
1955-1960 cm?, which corresponds to stretching In the *H NMR spectrum of the mixture formed by
vibrations of the cumulene moiety. ThtH NMR compoundsl and lla a signal appears &t 3.1 ppm
spectrum of the reaction mixture formed by com-(*Joy; = 22 Hz), which belongs to the methylene
poundsl andllb contained a multiplet at 5.2 ppm, protons of the hydrochlorination product, dimethyl
belonging to terminal ChkE= protons. According to 2-chloro-2-propenylphosphonat®/I(). Also, 2,3-ad-
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dition product is formed, dimethyl 2-chloro-1-pro- likely to be obscured by the multiplet signal from
penylphosphonate (Il ); it gives a signal at the =CHP proton of chlorophosphonatégl and

8 2.3 ppm from the methyl group attached to 8-  aromatic proton signals of chlorophosphdte. On
hybridized carbon atom=[C(CI)CHjs]. In keeping with  the other hand, the absence of products having an
the signal intensity ratio, hydrochlorination at theoxaphosphole structure is consistent with the data
1,2-bond prevails over HCI addition at the 2,3-bondpf [10], according to which the yield of 1,2-addition
which is consistent with earlier data [8]. A complexproducts attains 80% when an aprotic ionizing species
multiplet in the region 55.5 ppm belongs to olefinic (e.g., dimethyl sulfoxide) is added to the reaction
protons in 1,2-propadienylchlorophosphondia and mixture in a nonpolar solvent (assuming that phos-

hydrochlorination products/Il and VIII . phoranel plays the role of such species). Compounds
Via, ViIb, IXa, andIXb were identified only on the
R,P(O)CH=C=CR + HCI basis of the NMR and IR spectra, for we failed to
lla, V, Xb isolate these products by distillation.
—> R,P(O)CH,CCI=CR, + R,P(O)CH=CCICHB, With 3-methyl-1,2-butadienylphosphonic dichloride
VI, IXa, IXb, XI Vil (Xb) as an example, we examined reactions @fith

phosphorylated 1,2-alkadienes having no alkoxy
groups on the phosphorus. No exothermic effect was
observed on mixing and Xb at room temperature.
According to the®’P NMR data, after 23 weeks, as
well as after a month, the reaction mixture in GCI
or CgHg contained only the initial compounds. When
an equimolar mixture of phosphorah@nd dichloride

b in benzene was heated for 15 h at-80°C,
signal appeared in théH NMR spectrum at
3.8 ppm €Jpy = 16 Hz), which was assigned to the
ethylene protons of 2-chloro-3-methyl-2-butenyl-
phosphonic  dichloride XI1). The 3} NMR
spectrum of the mixture contained signal$a23 (1),

17 (V), 26 (Xb), and 37 ppm XI). In the IR spec-
Srum of productX| we observed a medium-intensity
;gand at 1960 cnd, typical of stretching vibrations
of the cumulated double bond system. These data led
us to conclude that some amount of hydrogen chloride
is released in the reaction ¢fwith Xb in benzene

lla, VII, VIl , R = CHO, R= H; Va, IXa, R = CH0,
R = CHg; Vb, IXb, R = CHs0, R = CHg; Xb, XI, R =
Cl, R = CH;.

By reactions of phosphoranewith 3-methyl-1,2-
butadienylphosphonatéta andVb we obtained alkyl
1,2-alkadienylchlorophosphonated/la  and Vib,
respectively. The IR spectra of the reaction mixture
contained an absorption band at 1955 t(C=C=C). 5
In the *H NMR spectra we observed a characteristicm
multiplet signal atd 5.2 ppm from thea-olefinic
proton (PCH=) and a signal from the methyl groups
[=C(CHy),] on the terminal carbon atom of phos-
phorylated alkadiene. The intensity ratio of thes
signals and those from the alkoxy group is consiste
with the proposed structures. In addition, doublet
at 8 3.0-3.2 ppm €Jpy = 22 Hz) appeared due to
methylene group protons, indicating formation of

1,2-adducts with hydrogen chloride, dialkyl 2-ch|oro-On heating; and it selectively adds at th&=C?2 bond

3-meth3;|-2-buteny|phosphonatd%a and !Xb' _ of the diene. According to the NMR data, no cyclic
The "H NMR spectrum of the reaction mixture 2 2 2-trichloro-5,5-dimethyl-1)®-oxaphosphole was
obtained from phosphorank and phosphonat&/b  detected in the reaction mixture (Macomber and
lacked signals ab 5.95 ppm Jp, = 33, 3}y =  Kennedy [11] observed formation of such product
8.5 Hz) ands 7.13 ppm {3, = 48,33, = 8.5 Hz), when hydrogen chloride was passed through a solution
which are typical of olefinic protons in the oxaphos-of Xb in methylene chloride over a period of at least
phole structure [8, 9], although its formation could be25 days). Mikhailovaet al. [12] presumed that hydro-
expected as a result of attack by hydrogen chloride ochlorination of 1,2-alkadienylphosphonic dichlorides

the G=C2 bond of Va and Vb. The 3P NMR spec- in an inert solvent (CG| CgHg) containing aprotic

trum of the same reaction mixture contained signal¥nizing species involves nucleophilic addition of HC

atd, 18 (V), 34 (Xb), and 39 ppmVIb). at the ¢=C? bond via attack by chloride ion on the
In the 3P NMR spectrum of the mixture of react- central carbon atom; no protophilic cyclization occurs

antsl andVa signals were observed &t 19 (V), 28 under these conditions.

(IXa), and 37 ppm Yla). The presence of signals Thus the cumulated double bond system in 1,2-
atdp 37 and 39 ppm suggests that we cannon rule owlkadienylphosphonates and 1,2-alkadienylphosphonic
formation of 2-alkoxy-5,5-dimethyl-12-oxaphos- chlorides is inactive toward trichloro{phenylenedi-
phole 2-oxides [8, 9] in reactions of phosphordne oxy)phosphorane at room temperature. 1,2-Alkadi-
with phosphonate¥a andVb: In this case’H NMR  enylphosphonic esters react with phosphoranéa
signals from olefinic protons of the oxaphospholes areeplacement of one alkoxy group by chlorine, and this
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reaction can be regarded as a new selective proceduiée failed to separate mixture¥l/IX by vacuum
for preparation of alkyl 1,2-alkadienylchlorophos- distillation.

phonates. _ .
Reaction of phosphorane | with 3-methyl-1,2-

butadienylphosphonic dichloride (Xb). Dichloride
Xb, 0.01 mol, was added to a solution of 0.01 mol

The IR spectra (films) were recorded on a UR-200f phosphorané in 15 ml of benzene, and the mixture
spectrometer. The NMR spectra were obtained oWas heated for 15 h at 890°C. Subsequent vacuum
Varian-60 {H, 60 MHz) and Bruker CXP instruments distillation gave colorless needles of chlorophosphate
(P, 36.47 MHz) using CGlor CiH, as solvent. IV, yield 0.6 g (32%), mp 6Z. Fractional distilation
The chemical shifts were measured relative to TM®f the residue gave 0.45 g (20%) of phosphonic di-
(*H) or H,PO, (*P). All operations were performed chloride XI, bp 51-53°C (0.5 mm),n2’ 1.5160; pub-

under argon. lished data [12]: bp 6%7°C (1 mm),n2° 1.5179.

EXPERIMENTAL

Reaction of trichloro(o-phenylenedioxy)phos-
phorane (I) with dialkyl 1,2-propadienyl- and
3-methyl-1,2-butadienylphosphonates llallc, _ _
Va, and Vb. Dialkyl 1,2-alkadienylphosphonatiéa — This study was performed in the framework of
lic, Va, or Vb, 0.01 mol, was added dropwise to the Program “Universities of RussigFundamental
a solution of 0.01 mol of phosphorarein 10 ml of Research and the Program for financial support of
carbon tetrachloride or benzene; the mixture warmet§ading scientific schools of the Russian Federation
up by 14-15°C. After a day, the mixture was distilled (Project no. 00-15-97424).
in vacuo, a fraction boiling in the range 58rC
(0.4 mm) being collected. Colorless needles of REFERENCES
o-phenylene chlorophosphatdV( separated from
the distillate on storage. Yield 1.2.3 g (6470%), 1. Gloede, J.Z. Chem.,1982, vol. 22, no. 4, pp. 126
mp 59-61°C. 3P NMR spectrum:5, 18-19 ppm. 134.

Published data [13]: mp 6863°C, 55 19 ppm. 2. Mironov, V.F., Konovalov, A.l, Litvinov, LA,

: o - Gubaidullin, A.T., Petrov, R.R., Shtyrlina, A.A.,
Fractional distillation of the liquid part of the vbattin erov yrina

distil kvl di Ichl h h Zyablikova, T.A., Musin, R.Z., Azancheev, N.M.,
IIIIZU ﬁ}g gave alkyl propadienylchlorophosphonates and Il'yasov, A.V., Zh. Obshch. Khim., 1998,

vol. 68, no. 9, pp. 14821509.

Methyl propadienylchlorophosphonatgl (na). 3. Mironov, V.F., Shtyrlina, A.A., Azancheev, N.M.,
Yield 0.76 g (50%), bp 6470°C (0.03 mm).>"P NMR and Konovalov, A.l, Zh. Obshch. Khim.,2000,
spectrum:dp 34 ppm. Found, %: C 31.58; H 3.85; vol. 70, no. 1, pp. 160161.

0 . . .
P 20.49. GHgCIO,P. Calculated, %: C 31.47; H 3.93; 4. Khusainova, N.G. Mironov, V.F., and Cherka-

P 20.32. sov, R.A.,Zh. Obshch. Khim.1995, vol. 65, no. 9,

ACKNOWLEDGMENTS

Ethyl propadienylchlorophosphonate  (llib).
Yield 1 g (61%), bp 6365°C (0.5 mm),n2° 1.4760;
published data [14]: bp 7Z4°C (2 mm),nZ 1.4781.

P NMR spectrums, 32 ppm. Found, %: C 36.14;
H 4.94; P 18.47. ¢HgCIO,P. Calculated, %: C 36.03;
H 4.80; P 18.62.

Propyl propadienylchlorophosphonate (llic).
Yield 1.2 g (66%), bp 7477°C (0.6 mm),n2° 1.4772;
published data [14]: bp 987°C (1.5 mm), n%
1.4790.3P NMR spectrum:, 31 ppm. Found, %:
C 40.03; H 5.64; P 17.32. #1,,CIO,P. Calculated,
%: C 39.89; H 5.53; P 17.17.

In the reactions of phosphoramewith 1,2-butadi-
enylphosphonate¥/a and Vb, productsVla, Vb,

pp. 15781579.

. Khusainova, N.G., Reshetkova, G.R., and Cherka-

sov, R.A.,Zh. Obshch. Khim.1998, vol. 68, no. 3,
pp. 396-398.

. Khusainova, N.G. and Pudovik, A.NUsp. Khim.,

1987, vol. 56, no. 6, pp. 974003.

7. Mikhailova, T.S., Angelov, Kh.M., Ignat'ev, V.M.,

Dogadina, A.V., Zakharov, V.l., lonin, B.l.,, and
Petrov, A.A., Zh. Obshch. Khim.,1977, vol. 47,
no. 12, pp. 27012707.

. Mikhailova, T.S., Zakharov, V.l., Ignatev, V.M.,

lonin, B.l., and Petrov, A.A.,Zh. Obshch. Khim.,
1980, vol. 50, no. 8, pp. 1690702.

. Mikhailova, T.S., Ignat'ev, V.M., lonin, B.l., and

IXa, andIXb were identified by NMR and IR spec-
troscopy in the liquid part of the distillate obtained
after separation of crystalline chlorophosphaté.

Petrov, A.A., Zh. Obshch. Khim.,1978, vol. 48,
no. 3, p. 701.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 71 No.3 2001



342 KHUSAINOVA et al.

10. Mikhailova, T.S., Chunin, E.D., Skvortsov, N.K., Petrov, A.A., Zh. Obshch. Khim.,1980, vol. 50,
Ignat'ev, V.M., lonin, B.l.,, and Petrov, AA, no. 4, pp. 762770.
Zh. Obshch. Khim.1979, vol. 49, no. 8, pp. 1752 13, Gloede, J.J. Prakt. Chem.1981, vol. 323, no. 4,
1756. pp. 621629.

11. Macomber, R.S. and Kennedy, E.R.,Org. Chem., 14 Kondratev, Yu.A., Tarasov, V.V., Vasileva, A.S.,
1976, vol. 41, no. 14, pp. 3193196. lvakina, N.M., and Ivin, S.Z..Zh. Obshch. Khim.,

12. Mikhailova, T.S., Ignat’ev, V.M., lonin, B.l., and 1968, vol. 38, no. 9, pp. 1791793.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 71 No.3 2001



