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The syntheses of 2,10-dichloro-6-alkoxydibenzo[d,g][1,3,6,2]dioxathiaphosphocin 6-oxides are described.
Their IR, *H, 3C, and 3'P NMR spectral characteristics are reported. Long-range couplings (®*Jpoc and
3Jpocc) between phosphorus and carbons were observed. An X-ray diffraction analysis of a crystal of 2,10-
dichloro-6-ethoxydibenzo[d,g][1,3,6,2]dioxathiaphosphocin 6-oxide indicated a boat-chair conformation to the
dioxathiaphosphocin ring with the phosphoryl oxygen in axial and the ethoxy group in equatorial orientations.
The molecule possesses a symmetry of the mirror plane passing through the sulfur, phosphorus, phosphoryl

oxygen, and ethoxy group.

Keen interest has recently been evinced concern-
ing the synthesis of phosphate esters in view of their
multifaceted applications as pesticides,” flame retar-
dants and lubricants.? In our attempts to develop
safe, selective and effective pesticides which are specif-
ically toxic only on the target pests, but not on mam-
mals, a series of 2,10-dichloro-6-alkoxydibenzo[d,g]-
[1,3,6,2]dioxathiaphosphocin 6-oxides (4) were pre-
pared and characterized by spectral and X-ray crys-
tallographic investigations on 2,10-dichloro-6-ethoxy-
dibenzo[d,¢][1,3,6,2]dioxathiaphosphocin 6-oxide (4b).

Results and Discussion

The reaction of 4,4’-dichloro-2,2'-thiodiphenol (1)%
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with phosphoryl chloride in the presence of triethyl-
amine in dry toluene at room temperature produced
the monochloride, 2,6,10-trichlorodibenzold,¢][1,3,6,2]-
dioxathiaphosphocin 6-oxide (2). Subsequent reactions
of it in situ with various alcohols (3) under the same
conditions led to the formation of 4 (Scheme 1). The ad-
vantage of this method over the conventional method®
is that there is no necessity to prepare the corrosive and
moisture-sensitive alkyl phosphorodichloridates (ROP-
(O)Cly) used for preparing these compounds. The phys-
ical properties and IR data® are recorded in Table 1.
In the '"HNMR spectra the six aromatic protons
(Table 2) of the dibenzodioxathiaphosphocin moieties
of 4 showed only three signals, indicating a symmet-
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Table 1. Physical Data and IR Bands of 4

Diozathiaphosphocin 6-Ozides

Compd MF Mp Yield®  Found (%) IR (Vimax/cm™1)
°C % (Calcd)
C H P=0 P-O-C(arom) P-O-C C-S-C
———— = (aliph)
0-C P-0
4a Ci3HoO4CLSP 164165 45  43.14 2.64 1300 1250 930 1190 635
(42.95) (2.49)
4b Ci14H1104CL,SP 125—126% 42 4424 321 1300 1250 935 1200 640
(44.54) (2.93)
4c CisH1304CLSP 144—145% 40  46.45 3.64 1290 1240 930 1200 635
(46.25) (3.44)
4d CisH1304CLSP 148149 42 46.32 3.72 1290 1240 920 1200 640
(46.25) (3.44)
4e C16H1504C1,SP 169—170 40  47.36  3.48 1290 1250 930 1200 640
(47.38) (3.70)
af Ci6H1504CLloSP 279280 36  47.40 3.66 1280 1240 930 1200 640
(47.38) (3.70)
4g Ci6H1504ClSP 275276 37  47.18 3.74 1300 1250 930 1200 645
(47.38) (3.70)
4h Ci17H1704CLSP 169—170 33 48.68 4.15 1300 1240 920 1190 635
(48.65) (4.08)
4i CisH1704CL,SP 278279 33 50.12 4.24 1290 1240 930 1190 640
(50.08) (3.97)
4j CioH1204CL,SP 253—254> 30  52.45 296 1280 1250 920 1200 640
(52.02) (2.75)
a) Crystallized from 2-propanol. b) Crystallized from methanol-toluene (2:1).
Table 2. 'H and *'P Chemical Shifts (in 6) of 4%
'HNMR (CDCl;/TMS) §
Compd H(1,11) H(3,9) H(4,8) R-H $'P NMR
4a 7.68 7.33 7.15  4.08—4.15 (m, 3H, CHs) —-11.28
(2.4) (8.5,2.6) (8.4,1.8)
4b 7.69 7.35 7.16  4.40—4.55 (m, 2H, CHz) —12.44
(2.6) (8.7,2.4) (88, 1.5) 1.45—1.55 (t, 3H, CHs)
4c 7.69 7.35 7.18  4.30—4.40 (m, 2H, CH>) —~12.35
(2.4) (8.6, 2.6) (8.6, 1.6) 1.80—1.95 (m, 2H, CHz)
1.02—1.10 (t, 3H, CH3)
ad 7.68 7.36 7.16  4.95—5.15 (m, 1H, CH) —-13.38
(2.6) (8.6, 2.6) (8.5, 1.6) 1.46—1.56 (d, 6H, CHj)
de 7.70 7.36 7.15  4.34—4.46 (m, 2H, CHz) —12.33
(2.6) (8.5,2.6) (8.4,1.6) 1.78—1.88 (q, 2H, CH2)
1.46—1.58 (s, 2H, CHz)
0.95—1.05 (t, 3H, CH;3)
af 7.69 7.35 7.16  4.32—4.89 (m, 2H, CH>) —13.24
(2.5) (8.6, 2.4) (8.5,1.5) 1.40—1.60 (m, 1H, CH)
0.80—1.10 (d, 6H, CH3)
4g 7.68 7.36 7.15  1.45—1.58 (m, 9H, CH3) —-13.36
(2.6) (8.7, 2.5) (8.6, 1.6)
4h 7.69 7.34 715  4.40—4.49 (m, 2H, CH») —12.33
(2.6) (8.4,24) (8.4,1.5) 1.70—1.90 (m, 3H, CH2, CH)
0.97—1.04 (t, 6H, CH3)
4i 7.87 7.49 7.33  4.75—4.79 (m, 1H, CH) —12.63
(2.4) (7.6,2.0) (8.4,1.4) 1.08—2.10 (m, 10H, CHz)
4j 7.75 7.40 7.17  5.40—5.51 (d, 2H, CHg) —11.57
(2.6) (8.3,2.4) 6.90—7.33 (m, 5H, Ar-H)

a) Data in parentheses are coupling constants Jy—u (in Hz).
CDCl3 solutions with external reference 85% H3POy.

b) Recorded on
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rical disposition of the benzene rings.®) The two dou-
blet of doublets in the regions §=7.33—7.49 (J=7.6—
8.7 and J=2.0—2.6 Hz) and §=7.15—7.33 (J=8.4—
8.8 and J=1.4—1.8 Hz) were assigned to H(3,9) and
H(4,8), respectively.® Protons H(1,11) resonated as a
doublet at §=7.68—7.87 (J=2.4—2.6 Hz).® The sig-
nals for the protons of 6-alkoxy groups appeared in the
downfield region when compared to the signals of the
protons of the corresponding free alcohol protons due to
a deshielding effect of the dioxathiaphosphocin 6-oxide
ring system. The effect of deshielding decreased with
an increase of distance in the alkoxy chain.”

The 12CNMR (Table 3) spectra exhibited only six
signals for twelve carbons of dibenzodioxathiaphospho-
cin moieties reinforced the symmetrical disposition of
the two benzene rings over the dioxathiaphosphocin ring
system.®”) Carbons C(4a,7a), C(4,8), and C(11a,12a)
experienced coupling to phosphorus. A low-intensity
doublet at 150.5—150.6 ppm [2Jpoc(4a,72)=8.4—8.8 Hz]
was attributed to oxygen-bearing carbons C(4a,7a).?
Sulfur-bearing carbons C(11a,12a) showed a doublet in
the region 127.3—127.4 ppm [*Jpocc(11a,12a) =3.9—4.2
Hz] with low intensity. The aromatic carbons C(4,8)
have signals at 123.7—123.8 ppm [* Jpocc(a,5)=4.6—5.0
Hz].” Shifts at 135.6—135.8 ppm and at 131.4—131.6
ppm were ascribed to C(1,11) and C(3,9) respectively.®
The chlorine-bearing carbons C(2,10) exhibited a low-
intensity signal at 131.6—131.9 ppm.® Resonances of
the C(1’) of P-alkoxy groups occurred downfield (7—10
ppm) when compared to the signals in the correspond-
ing free alcohols.” Carbons C(1’) and C(2') coupled
with phosphorus to about the same extent [>Jpoc(1r)=
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6.2—6.7 Hz and 3Jpocc(2/)=4.4*—7.2 HZ].7)

The 3!P resonances” (Table 2) occurred in the range
from —11.28 to —13.38 ppm.

The crystal structure of 4b was determined by an X-
ray diffraction analysis to establish the overall molec-
ular geometry of the system. The final atomic coordi-
nates and anisotropic thermal parameters for non-hy-
drogen atoms are given in Tables 4 and 5, respectively.
A view of the molecule along with atom labelling is
shown in Fig. 1. The bond lengths and valence angles
involving non-hydrogen atoms are given in Table 6. The
molecule possesses a mirror symmetry plane passing
through the S(12), P(6), O(13), O(14), C(1’), and C(2')
atoms. The P(6)=0(13) [1.455(3) A] bond length is nor-
mal. However, the exocyclic P(6)-0(14) bond length
[1.550(2) A] and the C(1')-C(2') bond length [1.435(6)
A] are slightly shorter than the reported values.®’ The
mean bond lengths in the benzene ring [1.386(4) A] and
C(arom)-Cl [1.743(3) A] are in agreement with simi-
lar values of 1.379(5) A and 1.739(3) A observed in 6-
(4-chlorophenoxy)dibenzo[d,f][1,3,2]dioxaphosphepin 6-
sulfide.” The bond length of C(4a)-0(5) [1.386(3) A]
is shorter than that reported in cis, trans derivatives of
12 H-dibenzo[d,g][1,3,2]dioxaphosphocin compounds.*®

X-Ray crystallographic studies showed that the
dioxathiaphosphocin ring in 4b adopts a boat-chair con-
formation with the phosphoryl oxygen [0(13)] in ax-
ial and the ethoxy group in equatorial orientations. A
similar conformation has been observed for the 12H-
dibenzo|d,g][1,3,2]dioxaphosphocin 6-oxide.'”) It is in-
teresting to note that the bridged sulfur atom in
dibenzodioxathiaphosphocins and the bridged methyl-

Table 3. **CNMR Data (in ppm) of 4*

Compd C(1, 11) C(2, 10) C(3,9) C(4, 8) C(4a, Ta) C(11a, 12a) R

4a 135.8 131.7 131.6 123.7 150.5
(5.0)  (8.4)
4b 135.8 131.6 131.5 123.8 150.5
(4.8)  (8.8)
4c 135.9 131.6 131.5 1239 150.5
(4.9)  (8.4)
4d 135.8 131.6 1314 123.9 150.6
(4.8)  (8.4)
4e 135.8 131.6 131.5 123.8 150.6
(4.8)  (8.4)
4f 135.7 131.6 131.4 123.7 150.5
(4.9)  (8.4)
4h 135.8 131.6 131.4 123.8 150.5
(4.8)  (85)
4i 135.6 131.9 1304 123.8 150.6
(4.6)  (8.6)

1273 55.78 [1C, C(1")]
(3.9) (6.2)
1274  66.4 [1C, C(1)]; 16.3 [1C, C(2")]
(4.0) (6.4) (6.6)
1274 715 [1C, C(1")]; 23.6 [1C, C(2")]
(4.1)  (6.6) (7.0)
10.0 [1C, C(3)]
1274 76.1 [1C, C(1")]; 23.6 [2C, C(2")]
(41)  (6.5) (5.3)
1274 69.1 [1C, C(1")]; 32.1 [1C, C(2)]
(42)  (6.6) (7.0)
18.6 [1C, C(3')]; 13.5 [1C, C(4))]
1274 755 [1C, C(1")]; 29.0 [1C, C(2")]
(41) (6.7 (7.2)
185 [2C, C(3')]
1273 68.1 [1C, C(1")]; 38.7 [1C, C(2")]
(3.9) (6.6 (7.0)
24.4 [1C, C(3')]; 22.3 [2C, C(4")]
127.3  68.1 [1C, C(1)]; 32.5 [2C, C(2/, 6")]
(4.0) (6.3) (4.4)

24.5 [2C, C(3', 5')]; 22.7 [1C, C(4)]

a) Values in parentheses are coupling constants Jpc (in Hz).
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Table 4. Final Positional Parameters and Equivalent Isotropic Thermal

Parameters for Non-Hydrogen Atoms with esd’s in Parentheses for

Compound 4b

Atom z/a y/b z/c Beq (A2)
P(6) 0.3651(1) 0.2500(0) 0.2307(1) 3.0(0)
S(12) 0.5550(1) 0.2500(0) —0.0198(1) 3.6(0)
ar 0.7396(0)  0.5798(1) 0.2920(1) 5.1(0)
0(13) 0.3820(2) 0.2500(0) 0.3903(3) 4.3(1)
0(5) 0.4027(1)  0.3620(1) 0.1443(2) 3.3(0)
0(14) 0.2679(1)  0.2500(0) 0.1831(3) 3.5(1)
C(4a) 0.4830(2) 0.4113(2) 0.1789(3) 3.1(1)
C(4) 0.4861(2) 0.5038(2) 0.2802(3) 3.8(1)
C(3) 0.5648(2)  0.5579(2) 0.3139(3) 4.1(1)
c(2) 0.6395(2)  0.5172(2) 0.2439(3) 3.7(1)
c(1) 0.6373(1)  0.4253(2) 0.1420(3) 3.5(1)
C(12a) 0.5582(1) 0.3710(2) 0.1086(2) 3.1(1)
c(1) 0.2417(3) 0.2500(0) 0.0311(5) 8.8(3)
c(2) 0.1488(2)  0.2500(0) 0.0116(5) 4.3(1)
Table 5.  Anisotropic Thermal Parameters (in A?) of Non-Hydrogen

Atoms with esd’s in Parentheses U(4,5)x10*

Atom Ui Uss Uss Uas Uis U2

P(6) 386(05) 484(06) 286(05) 0(00) —19(03) 0(00)
S(12) 585(05) 537(06) 232(05) 0(00) 63(03) 0(00)
Cl 610(05) 686(06) 644(05) 91(03) -—113(03) —208(03)
0(13) 649(16) 693(17) 299(13) 0(00) —39(11) 0(00)
O(5) 403(08) 475(10)  390(09) 25(07) —42(06) 12(06)
0(14) 388(11) 599(15) 332(12) 0(00) 7(09) 0(00)
C(4a) 436(11) 405(12) 333(10) 63(08) 11(08) —14(09)
C(4) 504(13) 443(14) 491(13) —19(10) 52(10) 72(10)
C(3) 644(16) 412(13) 486(13) —33(11) —43(12) —26(10)
C(2) 536(13) 477(15) 386(11) 110(10) —43(09) —71(10)
C(1) 456(12) 509(14) 355(12) 122(09) 21(09) 0(09)
C(12a) 468(12) 413(11) 282(10) 89(08) 25(08) 7(09)
C(l') 466(21) 2579(98) 314(23) 0(00) —76(16) 0(00)
C(2') 471(19) 679(24) 473(20) 0(00) ~76(14) 0(00)

The form of the anisotropic temperature factors is:

T=exp [—2n%(Ur1h?a*2+-.-4+-2Ur2hka™* b*)).

04

(o] c?

Fig. 1. A perspective view of the molecule for 4b along with the numbering scheme.

The crystal structure is stabilized by Van der Waals
interactions.

ene group in dibenzodioxaphosphocins have no effect
on the conformation of the dioxaphosphocin ring. How-
ever, the nature of the substituents on it seems to de-

termine its conformation. Experimental

The packing of the molecules viewed down the “¢”
axis is shown in Fig. 2. The molecule possesses a mirror
plane, and is parallel to the (010) plane of the lattice.

The melting points were uncorrected. Microanalyses were
performed at Central Drug Research Institute, Lucknow,
India. IR (KBr) spectra were recorded on Beckman IR-18A
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Table 6.
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Bond Lengths and Bond Angles for Non-Hydrogen Atoms

with esd’s in Parentheses for Compound 4b

a. Bond lengths (in A)

P(6)-0(13) 1.455(3)
P(6)-0(14) 1.550(2)
CI-C(2) 1.743(3)
0(14)-C(1") 1.422(5)
C(4a)-C(2a) 1.390(3)
C(3)-C(2) 1.384(4)
C(1)-C(12a) 1.391(3)

b. Bond angles (in deg.)

0(5)-P(6)-0(14) 102.4(1)
0(13)-P(6)-0(5) 114.6(1)
P(6)-0(14)-C(1') 122.4(2)
0(5)-C(4a)-C(4) 118.6(3)
C(42)-C(4)-C(3) 120.3(3)
CI-C(2)-C(3) 118.8(2)
Cl-C(2)-C(1) 119.2(2)
C(4a)-C(12a)-C(1)  118.8(2)
0(14)-C(1')-C(2') 113.4(3)

P(6)-0(5) 1.588(2)
S(12)-C(12a) 1.784(2)
0(5)-C(4a) 1.386(3)
C(4a)-C(4) 1.383(4)
C(4)-C(3) 1.385(4)
C(2)-C(1) 1.381(4)
C(1)-C(2) 1.435(6)
0(13)-P(6)-0(14) 116.3(2)
P(6)-0(5)-C(4a) 122.1(2)
0(5)-C(4a)-C(12a)  120.3 (2)
C(4)-C(4a)-C(12a)  121.0(2)
C(2)-C(3)-C(4) 118.4(2)
C(3)-C(2)-C(1) 121.9(3)
C(2)-C(1)-C(12a) 119.5(2)
S(12)-C(122)-C(1) 119.9(2)

:

Fig. 2. Packing of the molecule of 4b in the unit cell
[P axis.

viewed down “c

AR

spectrometer. The 'H and **C NMR spectra were recorded
on a Varian XL-300 MHz spectrometer on CDClj3 solutions
with the chemical shifts (referenced to TMS) reported in §
values or in ppm. The 3'P NMR spectra were taken at 121
MHz using a VXR-300 spectrometer on CDCls solutions
with chemical shifts (referenced to 85% H3PO4) reported in
ppm.

Preparation of 2,10-Dichloro-6-methoxydibenzo-
[d, ¢][1,3,6,2]dioxathiaphosphocin 6-Oxide (3a). To
a cooled (0—5 °C) and stirred solution of phosphoryl chlo-
ride (1.53 g, 0.01 mol) in dry toluene (30 ml), a solution of 4,
4'-dichloro-2,2"-thiodiphenol (1, 2.87 g, 0.01 mol) and trieth-
ylamine (2.02 g, 0.02 mol) in dry toluene (60 ml) was added
dropwise over a period of 30 min. Stirring was continued at
room temperature for 4 h. After completion of the formation
of the monochloride 2, as indicated by a TLC analysis of
the reaction mixture, it was cooled to 0—5 °C; a solution
of triethylamine (1.01 g, 0.01 mol) and absolute methanol
(3a, 0.32 g, 0.01 mol) in dry toluene (20 ml) was added,

and stirring was continued for 2 h at room temperature for
completion of the reaction. Triethylamine hydrochloride was
separated by filtration and the solvent was removed under
reduced pressure. The crude solid was washed with water
and recrystallized from 2-propanol as colorless crystals of 3a;
mp 164—165 °C, yield 1.62 g (45%). The same procedure
was used for the preparation of 3b—3j.

Crystal Structure Determination. Colorless needle-
shaped crystals of 4b were grown from 2-propanol. The crys-
tal data were: C14H1104PSCly, MW =377.178, orthorhom-
bic, a=15.331(3), b=11.253(2), c=8.973(4) A, V=1548.0(8)
A3, space group Pnma, Z=4, F(000)=768, po=1.615 and
pc=1.618 gem ™3, pu(CuKa)=62.32cm™". Preliminary cell
parameters were obtained from Weissenberg photographs,
and a crystal size of 0.42x0.25x0.22 mm was mounted on a
Enraf-Nonius CAD 4 diffractometer. Graphite monochro-
mated Cu Ka (A=1.5418 A) radiation was used. Accurate
cell parameters were determined by a least-squares refine-
ment using 20 reflections in the range 45° <20<55°. Inten-
sity data were collected by the w/260 scan technique with
an interval Aw=(0.80+0.35 tan#)°, extended by 25% on
both sides for background measurements. The intensities of
three standard reflections measured periodically during the
data collection showed no significant variation. A total of
1736 reflections in the range of 0° <20<140° were measured
(h, 0—18; k, 0—13; I, 0—10), of which 1293 reflections had
I>30(I). Lp corrections were applied, but not absorption
correction was made.

The structure was solved by direct methods using the
program SHELXS-86.'2 The intensity statistics distribu-
tion revealed that the crystal has a centric space group,
Pnma, possessing a half molecule in an asymmetric unit.
A refinement of F by a full-matrix least-squares method
using SHELX-76'®) was carried out on the positional and
anisotropic thermal parameters of non-hydrogen atoms. All
of the hydrogen atoms located from a difference fourier map
were included, but not refined. The final refinement con-
verged at R=0.051, Rw=0.059. The final difference Fourier
map was featureless with maximum and minimum heights
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of 0.3 and —0.5 e A3, a secondary extinction correction was
not applied. The atomic-scattering factors used for non-hy-
drogen atoms,'® hydrogen atoms'® and anomalous scatter-
ing factors'® were taken from the literature. The Complete
F,—F. data are depoSited as Document No. 68056 at the
Office of the Editor of Bull. Chem. Soc. Jpn.

The authors acknowledge the help of Hindustan Lever
Research Foundation, Bombay for their financial sup-
port.
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