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Abstract—According to NMR data, the reaction of 2,2,2-trichloro-1,3,2A°-benzodioxaphosphole with
1-iodo-2-phenylethyne leads to formation of 2,6- and 2,8-dichloro-3-iodo-4-phenyl-1,2A’-benzoxaphos-
phinine 2-oxides which undergo partial hydrodeiodination to 2.6- and 2,8-dichloro-4-phenyl-1,21>-benzoxa-

phosphinine 2-oxides, respectively.

DOI: 10.1134/S1070428006010180

We previously showed that 2,2.2-trichloro-1,3,2A°-
benzodioxaphosphole (I) reacts with monosubstituted
arylacetylenes to give unexpected products, derivatives
of 4-aryl-2,6-dichloro-1,2A-benzoxaphosphinine
2-oxides, which can be regarded as phosphorus-con-
taining analogs of naturally occurring coumarin [2-7].
The reaction occurs under mild conditions and in-
volves a series of unusual processes, namely facile
replacement of one oxygen atom in the phosphole ring,
leading to formation of phosphoryl group and phos-
phorus—carbon bond, and regioselective chlorination of
the benzene ring at the para position with respect to
the oxygen atom in the oxaphosphinine heteroring.

The present communication reports the results of
our study on the reaction of trichlorobenzodioxa-
phosphole I with a disubstituted acetylene, 1-iodo-2-
phenylethyne (II). Compound I reacted with II in
methylene chloride under argon on prolonged keeping
of the reaction mixture at 20-25°C (for two months).
According to the *'P—{'H} NMR data, the reaction
gives four phosphorus-containing compounds with
0 12.48 (1), 12.55 (2), 16.73 (3), and 16.70 ppm (4) at
a ratio of 1:2:2:4. Signals 3 and 4 are transformed
into doublets with coupling constants %/py; of 24.4 and
24.3 Hz in the spectrum recorded without decoupling
from protons. Taking into account published data
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Fig. 1. Upfield regions of the (a) *C—{'H} and (b) *C NMR spectra (CDCl;) of a mixture of compounds ITI-VI freed from volatile

substances.

[1-7], we concluded that the products are cyclic
phosphonates having P-CH=C and P-C(I)=C frag-
ments.

The mass spectrum (electron impact) of the product
mixture obtained after removal of the solvent and
volatile compounds under reduced pressure (150°C,
0.1 mm) contained two molecular ion peaks with
m/z 436 and 310. The exact mass values of these ions,
435.8617 and 309.9763 (m/z values of ions containing
the most abundant isotopes), are very consistent with
the values 435.8684 and 309.9717, calculated from the
assumed elemental compositions C;4HsCL,10,P and
C14HoC1,0,P. These data suggest that the reaction
gives isomeric 2-chloro-4-phenyl-1,2A°-benzoxaphos-
phinine 2-oxides IIT (8p 12.55 ppm), IV (Sp 12.48 ppm),
V (8p 16.40 ppm), and VI (3p 16.73 ppm) having
a chlorine atom in the fused benzene ring.

The benzoxaphosphinine structure of compounds
III-VI unambiguously follows from the °C and C—
{'"H} NMR spectra. Figure 1 shows the upfield region
of the carbon spectra, where resonance of carbon
atoms attached to phosphorus is observed. It is seen

that all compounds ITI-VI give characteristic doublet
signals with a direct coupling constant 'Jpc. The two
most upfield signals do not change their multiplicity
in going from proton-decoupled to proton-coupled "*C
NMR spectrum, i.e., they belong to carbon atoms
attached to iodine. The presence of an iodine atom in
position 3 of molecules IIT and IV strongly affects the
chemical shifts of the C* and C’ nuclei (deshielding)
and even of the more distant C* nucleus (shielding)
(Fig. 2). Also, increased coupling constant “J(P,C") in
iodophosphinines III and IV, as compared to V and VI,
should be noted (7.9-8.1 against 1.7-1.8 Hz). By con-
trast, the trans-coupling constant *J(P,C”) in molecules
V and VI (20.6-20.8 Hz) is larger than in III and IV
(16.5-16.8 Hz), presumably due to difference in the
bond angles at the C*=C* bond.

Thus the reaction of phosphorane I with iodoace-
tylene II, apart from isomeric 3-iodobenzoxaphosphi-
nines III and IV, yields the corresponding hydrode-
iodination products, compounds V and VI. By special
experiment we showed that iodophenylacetylene does
not undergo hydrodeiodination by the action of hydro-
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Fig. 2. Downfield regions of the (a) “’C and (b) *C—{'H} NMR spectra (CDCl;) of a mixture of compounds III-VI freed from

volatile substances.

gen chloride liberated due to chlorination of the aro-
matic ring. Presumably, replacement of iodine by
hydrogen occurs during the reaction or in the final
products (III and IV). However, the product ratio al-
most did not change when the reaction was performed
in the presence of pyridine as hydrogen chloride
acceptor, but the rate of the process appreciably
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decreased. Obviously, this problem requires a special
study. Replacement of iodine by hydrogen is likely to
be accompanied by liberation of HI, ICI, and I, which,
as well as HCI, could react with excess alkyne II to
produce a mixture of isomeric styrenes.

In order to determine the position of the chlorine
atom in the benzene fragment we analyzed the aromat-

2006



REACTIONS OF TRIHALO(PHENYLENEDIOXY)PHOSPHORANES ...: IX.

121

Scheme 2.

Cl

H>O
n-vi ——:

-HClI

o
N,
“P—OH
cl 2N
Ph
viI

ic region of the >C NMR spectra (Fig. 2; for detailed
parameters, see Experimental). Figure 2a shows that
the C* signal of compounds III and V having a chlo-
rine atom in position 6 is characterized by greater
multiplicity (d.d.d.d) due to couplings with the phos-
phorus atom (%), 5-H (*J), 7-H (*J), and 8-H (*Jiy); the
C* atom in IV and VI resonates as a double doublet
of doublets with coupling constants similar to those
typical of III and V: 2J(P,C%), *J(5-H,C%), and
J(7-H,C*). The lack of coupling with 8-H indicates
that this position is occupied by chlorine atom. The
same also follows from the presence of C® signals as
characteristic upfield doublets (3¢ 124.10-124.42 ppm,
3Joc = 7.5-8.5 Hz) which show no additional splitting
in the proton-coupled spectrum (due to direct interac-
tion 'Joy observed in the spectrum for IV and VI).
Signals from the 4-phenyl substituent were reliably
assigned only for the major component (compound V).
The corresponding signals of compounds IIL, IV, and
VI were difficult to assign, for their concentrations
in the mixture were comparable and the signals were
overlapped.

Vil

Thus, unlike phenylacetylene, the reaction of iodo-
phenylacetylene (II) with phosphorane 1 is accom-
panied by chlorination of the benzene fragment at both
para and ortho positions with respect to the oxygen
atom in the oxaphosphinine ring.

We tried to isolate some products as individual
compounds. For this purpose, the mixture containing
compounds ITI-VI was subjected to hydrolysis which
led to formation of a mixture of the corresponding
phosphonic acids VII-X at the same ratio (Scheme 2).
By crystallization from different solvents (see Experi-
mental) we succeeded in isolating 6-chloro derivatives
VII and IX. The structure of hydroxybenzoxaphosphi-
nines VII and IX was proved by the 31p 'H, and “C
(for IX) NMR spectra. The *'P NMR spectrum of
6-chloro-2-hydroxy-3-iodo-4-phenyl-1,2)°-benzoxa-
phosphinine 2-oxide (VII) contained a singlet at
op —3.1 ppm, while in the '"H NMR spectrum of VII
only aromatic proton signals were present.
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Thus we were the first to demonstrate the pos-
sibility for formation of 1,21’-benzoxaphosphinine
derivatives in the reaction of 2.2,2-trichloro-1,3,2)°-
benzodioxaphosphole with 1-iodo-2-phenylethyne.
The reaction is accompanied by unusual replacement
of the iodine atom in position 3 by hydrogen and
chlorination of the benzo fragment at both para and
ortho positions with respect to the oxygen atom in the
oxaphosphinine ring.

EXPERIMENTAL

The NMR spectra were recorded on Bruker MSL-
400 (*c, *C—{'H}, 100.6 MHz; *'P, *'P-{'H},
162.0 MHz) and Bruker WM-250 ('H, 250 MHz)
instruments using HMDS as internal reference for 'H
and C and H;PO, as external reference for *'P. The
'H and ">C NMR spectra were measured at 40-45°C
in DMSO-ds or C;DsOD-DMSO-d; or at 25°C in
CDClI;. The IR spectra were obtained on a Specord
75IR spectrometer from samples dispersed in mineral
oil. The mass spectra were run on an MKh-1310 high-
resolution mass spectrometer coupled with an SM-4
computer (energy of ionizing electrons 70 eV, electron
collector current 30 pA); samples were introduced
directly into the ion source at 120°C. The exact mass
values were determined relative to perfluorokerosene;
the error did not exceed 5x 10~ a.m.u.

Reaction of 2,2,2-trichlor0-1,3,2ks-benzodi0xa-
phosphole (I) with 1-iodo-2-phenylacetylene (II).
A mixture of 3.9 g (0.016 mol) of trichlorophosphorane
I and 7.2 g (0.032 mol) of iodophenylacetylene in
10 ml of methylene chloride was kept for 2 months at
20-25°C under argon in the dark. The mixture turned
dark. The solvent was removed under reduced pressure
(12 mm), the residue was washed with a large amount
of pentane containing 10% of methylene chloride to
remove excess acetylene and chloroiodostyrenes, the
washings were removed by decanting, and the residue
was dried at 150°C under reduced pressure (0.1 mm).
The product was a dark glassy material which con-
tained 2,6-dichloro-3-iodo-4-phenyl-1,21’-benzodioxa-
phosphinine 2-oxide (III), 2,8-dichloro-3-iodo-4-
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phenyl-1,2A°-benzodioxaphosphinine 2-oxide (IV),
2,6-dichloro-4-phenyl-1,21’-benzodioxaphosphinine
2-oxide (V), and 2,8-dichloro-4-phenyl-1,21’-benzodi-
oxaphosphinine 2-oxide (VI) at a ratio of 2:1:4:2.
*'P NMR spectrum (162.0 MHz, CDCl;), 8, ppm
(J, Hz): 12.55 s (IID), 12.48 s (IV), 16.70 d (Jpy =
24.3) (V), 16.73 d (“Jpyy = 24.4) (VI). °C NMR spec-
trum (CDCls), dc, ppm (J, Hz): compound III: 88.67 d
(d)** (C°, Uep = 151.3), 157.78 m (d) (C*, 2Jcp = 7.9),
122.93 br.d.d (d) (C*, *Jep = 15.9, *Joy = 5.0),
130.26 m (d) (C°, °Joc = 1.4), 131.74 d.d (s) (C7, 'Jen =
170.1, *Jey = 5.5-6.0), 120.30 d.d (d) (C°, Jou =
169.0, *Jep = 8.6), 148.20 d.d.d.d (d) (C* °Jern=9.6,
s = 9.6, “Jep = 9.5, *Jeu = 4.0), 138.75 d.t (d) (C',
*Jop =16.5, *Jey = 7.6-7.7); compound IV: 87.99 d (d)
(C?, 'Jep = 151.9), 158.47 m (d) (C*, Jcp = 8.1),
122.87 br.d.d (d) (C*, *Jep = 16.3, 3JCH = 8.3),
124.91 br.d (d) (C°, "Jeu = 166.5, °Jep = 1.2),
132.41 d.d (s) (C7, 'Jen = 167.9, *Jey = 9. 1), 124.10m
(d) (C%, *Jep = 8.5), 145.74 d.d.d (d) (C*, *Je 70 = 8.9-
9.1, *Jesu = 8.9-9.1, 2Jep = 8.5), 139.22 d.t (d) (C,
3JcP = 16.8, *Joy = 7.0-7.5); compound V: 115.01 d.d
(d) (C, Jop = 153.9, 'Joyy = 171.0), 155.10 m (d) (C*,
“Jep = 1.7), 122.31 br.d.d.d (d) (C*, *Jcp = 17.7,
Jesn = 1.5, Jegn = 6.1), 128.89 br.d.d (d) (C°, 'Joy =
167.7, *Jey = 5.3, YJep = 1.5), 128.25 br.d.m (d) (C°,
Jen = 10.7, 5Jcp = 1.1), 131.79 d.d (s) (C", Uy =
169.6, *Jey = 6.0), 120.74 d.d (d) (C®, 'Jyc = 168.2,
Jep = 8.1), 149.09 d.d.d.d () (C*, °Je7m = 10.0,
Jo s = 10.0, *Jcp = 10.0, *Jey = 4.2), 136.09 d.t.d
(d) (C] JJCP = 20.6, JCmH =174, JJC)H = 6.5),
127.89 d.d.d (d) (C°, Jen = 161.9, Jous = 6.3, 6.3-6.4),
128.68 d.d (s) (C™, "Jou = 162.5, 3JCH 6.6), 129.75 d.t
(s) (C?, 'Jen = 162.0, *Jey = 7.4); compound VI:
114.66 d.d (d) (C°, "Jep = 154.2, 'Jey = 171.3),
155.91 m (d) (C*, *Jep = 1.8), 122.63 br.d.d.d (d) (C*,
Jop = 16.7, Josy = 83, Jesu = 8.3), 12455 d (s)
(C°, e = 166.1), 132.49 d.d (s) (C7, "Jey = 167.9,
*Jon = 8.6), 124.42 d.d.d (d) (C?, *Jcy = 9.5-10.0,
Jop = 7.8, Ycn = 3.5-4.0), 146.53 d.d.d (d) (csa,
Jean = 9.2, Josn = 92, Jop = 9.2), 136,51 d.t.d (d)
(C', °Jep = 20.8, °Jc s = 7.0-7.2, *Je 3.1 = 6.2-6.4).
The obtained mixture of benzoxaphosphinines IT1-
VI was subjected to hydrolysis via dissolution in
aqueous acetone. After 24 h, the crystals were filtered,
washed with diethyl ether, and dried in air. We thus
obtained 0.9 g of 6-chloro-2-hydroxy-4-phenyl-1,2)°-
benzodioxaphosphinine 2-oxide (IX), mp 259-261°C.
3C NMR spectrum (ethanol-ds+10% DMSO), Jc,

** Hereinafter, in parentheses are given the multiplicities of
signals in the proton-decoupled spectrum.

ppm (J, Hz): 116.36 d.d (d) (C°, 'Jep = 164.0, 'Joy =
170.0), 152.01 m (d) (C*, %Jep = 1.9), 124.08 br.d.d.d.d
(d) (C*, *Jep = 16.3, *Jesmr = 9.0, *Jegar = 5.0, e =
1.4). 12838 d.d.d.d (d) (’, Ve = 167.8, oyt = 5.8,
Jcp— 1.2, e = 1. 2) 128.25 ddddd(d)(C6 3JCH—
114, Jen=4.5,3.5,Jen =12, Jep = 1.1), 131.21 d.d
(d) (c7 Yen = 169.0, *Jey = 6.0), 121.60 d.d (d) (C®,
e = 167.1, *Jep = 7.1), 150.64 d.d.d.d (d) (C*,
JC7H_ 102 )JCSH_87 JCP_72 JCH_4 1)
138.55 dtd(d) (C', *Jep = 18.5, *Jc s = 7.9, Josn =
6.3), 128.71 br.d.d.d (d) (C", en = 160.9, *Jey = 6.9,
6.1, *Jop = 0.7), 129.31 d.d (s) (C", ‘JCH = 161.5,
3JCH = 6.8, 2Jen = 2.3), 129.31 d.d.d (s) (C™, Jen =
161.2, *Joy = 6.8, 2oy = 1.1), 129.61 br.d.t (s) (C7,
en = 159.0, *Jey = 7.8). >'P NMR spectrum
(36.48 MHz, DMSO-dj): 8p 2.5 ppm, d, *Joy = 18.1 Hz.
Found, %: C 57.51; H 4.55; P 10.43. C4H,,C105P.
Calculated, %: C 57.44; H 3.42; P 10.59.

After a week, another portion of crystals (0.55 g)
was filtered off from the acetone—diethyl ether filtrate.
These crystals were a mixture of compounds VII and
IX. The mother liquor was evaporated to dryness
under reduced pressure (12 mm), and the glassy
residue was dissolved in chloroform. After prolonged
storage (for a month), yellowish crystals separated.
The crystals (0.2 g) were filtered off and dried under
reduced pressure (12 mm). This product was 6-chloro-
2-hydroxy-3-iodo-4-phenyl-1,21°-benzodioxaphosphi-
nine 2-oxide (VII), mp 246-248°C. IR spectrum, v,
cm™': 3205, 3134, 3032 2172, 2063 (CH, OH); 1681,
1573, 1542 (C=C); 1488, 1443, 1395, 1378, 1254,
1215, 1165, 1093, 1030, 1001, 987, 918, 900, 883,
865, 823, 773, 751, 731, 698, 673, 655, 615, 604,
536, 502, 482, 442. 'H NMR spectrum (250 MHz,
DMSO-dy), 8, ppm (J, Hz): 7.63 m (m-H, Jin = 7.0),
7.56 m (p-H, "Juu = 7.0), 7.22 (0-H), 7.38 d.d.d (7-H,
i = 8.6, U = 2.6, “Jip = 1.1), 7.17 d (8-H, *Jyyy =
8.6), 6.62 d (5-H, “Juu = 2.6). *'P NMR spectrum
(162.0 MHz, DMSO-ds, 40°C), 6p 3.1 ppm (s).
Found, %: C 40.22; H 2.37; C1 8.75; 129.95; P 7.51.
C14HoClIO;P. Calculated, %: C 40.14; H 2.15; Cl 8.48;
130.33; P 7.41.
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