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ABSTRACT

Svnthesis of several 6-substituted-1,2,4,8,10,11-hex-
achloro-12H-dibenzold,g][1,3,2]dioxaphosphocin 6-
oxides and their IR, 'H, '3C, and *’P NMR and mass
spectral analvses are described. Observation of gem-
inal coupling [*Jym = 16.0 Hz] between bridged
methyvlene protons (12-CH,) suggested their non-
equivalence and is consistent with a boat-chair form
which may be in conformational equilibrium with
either a boat-boat or a distorted and extended
boatlike conformation.

INTRODUCTION

Organophosphorus compounds have multifaceted
applications [1,2]. The chemistry of dibenzo diox-
aphosphocins has gained considerable importance
recently because of the latter’s use as antioxidants
[3] and as superior ligands in transition-metal-me-
diated hydroformation reactions [4]. As part of our
continuing investigations [5], syntheses of 6-ary-
loxy/arylthio-1,2,4,8,10,11-hexachloro-12H-diben-
zo[d,g][1,3,2]dioxaphosphocin 6-oxides (3a-30) and
analyses of their IR, NMR, and mass spectra were
accomplished.

RESULTS AND DISCUSSION

The reactions of 2,2’-methylenebis(3,4,6-trichloro-
phenol) (1) with aryl phosphorodichloridates (2) in

*To whom correspondence should be addressed.
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the presence of triethvlamine in drv toluene at 50~
60°C afforded compounds 3a-3k (Scheme 1).

On the other hand, compounds 31-30 were
prepared by an alternative method (Scheme 1) in-
volving the preparation of 6-chloro-1,2,4,8,10,11-
hexachloro-12H-dibenzo[d,g][1, 3,2]dioxaphospho-
cin 6-oxide (4) as an intermediate. Cyclization of 1
with phosphorus oxychloride in the presence of tri-
ethylamine in dry toluene at 45-55°C for 3 hours
produced 4, which, on subsequent condensation in
situ with members of 51-50 in the same reaction
vessel under the same conditions, led to the for-
mation of corresponding products (31-30).

R R
3a CHsO 3i 2'-CICH.O
3b 2'-H;CCH,O 3j 4'-CIC(H,O
3¢  3'-H;CCH,0 3k 4'-O,NCH,O
3d 4'-H;CCH,O 31 4'-(H;C);CC.H,0
3e 2/,3'-(H;C),CH;0  3m C.HsS
3f 2,,4"(H3C)2C6H30 3n 4I'H3CC6H4S
3g 2,6'-(H;0),CH;0 30 4'-CICH.S

3h 3'4’-(H;C),C,H50

Physical properties, characteristic IR frequen-
cies [6-9] and *'P NMR data of compounds 3 are
given in Table 1.

'H NMR spectra of 3 (Table 2) showed signals
at 6 6.98-8.36 for the aromatic protons of the
dibenzodioxaphosphocin and 6-aryloxy/arylthio
moieties. The singlet at § 7.52-7.55 was assigned
to H(3) and H(9) on the basis of comparison with
the chemical shift of the corresponding protons in
compound 1. The bridged methylene protons (12-
CH,) showed two distinct doublets in the regions
64.39-4.61 and 4.81-4.90 due to geminal coupling
[5,10].
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SCHEME 1

The expected long-range coupling [*Jyp] be-
tween phosphorus and one of the bridged meth-
ylene protons (12-CH,) was not observed. The
bridged methylene protons (12-CH.) in certain di-
benzodioxaphosphocins, which are largely in the
boat-chair conformation, exhibit only geminal

coupling [*/g )] and do not show long-range cou-
pling with phosphorus [*/p] [11]. The J(H p) COU-
pling would not be expected for molecules in a boat-
chair conformation with the phosphorvl oxygen in
a pseudoequatorial position, based upon the
throughspace mechanism for transmission of cou-
pling information involving the lone pair of elec-
trons of the endocyclic oxygen atoms [12]. X-ray
crystallographic studies of dibenzodioxaphospho-
cins showed clearly that they exist in the boat-chair
conformation [13].

On the same basis, it may be construed that
the title compounds 3 have the boat-chair (BC)
conformation, which may be in rapid conforma-
tional equilibrium with either a boat-boat (BB) or
a distorted and extended boatlike form (Figure 1)
{5,11-13].

3C NMR chemical shifts of the dibenzodioxa-
phosphocin moieties of 3 (Table 3) were mter-
preted on the basis of a comparison with the *C

TABLE 1 Physical Data of 6-Substituted-1,2,4,8,10,11-hexachloro-12H-dibenzo[d,g]{1,3,2]dioxaphosphocin 6-Oxides (3)
IR (cm™")
Mp? Yield® Molecular P-O-CA)  spnmre  Found  (Required)

Compound (°C) (%) Formula P=0 o-C P-O (CDCl5) C (%) H

3a 165-166 66 CioHClgO4P 1305 1240 995 ~16.65 41.82 1.78
(41.88) (1.67)

3b 120-121 65 CuoH4:ClsO4P 1305 1255 990 —_ 42.03 1.93
(42.97) (1.98)

3c 153-154 63 CaoH1:ClsO,P 1300 1250 995 -16.53 42.82 212
(42.97) (1.98)

167-168 67 CuoH1:ClsO4P 1300 1240 990 —16.42 43.07 2.21
3d (42.97) (1.98)

3e 179-180 58 C,,H:sClsO4P 1320 1240 995 —16.04 43.96 2.31
(44.02) (2.29)

3f 175-176 62 C»1H43ClsO4P 1275 1250 985 ~16.20 43.96 2.31
(44.02) (2.29)

39 146-147 65 C.21H4;3ClsO4P 1280 1250 990 — 43.95 2.26
(44.02) (2.29)

3h 123-124 57 C,1H43ClsOP 1275 1240 975 ~16.42 44.15 2.35
(44.02) (2.29)

3i 160-161 61 C,oHsCl,OP 1300 1240 970 -16.78 39.31 1.43
(39.39) (1.39)

3j 154-155 64 C19HsCI;0,P 1275 1240 990 -16.72 39.47 1.46
(39.39) (1.39)

3k 178-179 62 C1oHgCIgNOgP 1295 1255 990 ~17.83 38.59 1.42
(38.68) (1.37)

31 169-170 48 Cx3H47Cls0,P 1280 1250 995 -16.76 45.82 2.73
(45.96) (2.85)

3m 168-169 41 C1eHyClgOsPS 1280 1230 970 — 40.57 1.58
(40.68) (1.62)

3n 147-148 42 CooH11ClsO5PS 1275 1250 990 -18.37 41.71 1.87
(41.77) (1.93)

3o 150-151 46 C1sHgCl,OsPS 1280 1235 — 38.36 1.38
985 (38.32) (1.35)

“Recrystallized from ethylacetate-hexane.
“Yields were reported after one crystallization.
3P Chemical shifts were expressed in 8, 85% H;PO, being used as external standard.
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TABLE 2 'H NMR Data of 6-Substituted-1,2,4,8,10,11-hexachloro-12H-dibenzo[d,g][1,3,2]dioxaphosphocin 6-Oxides (3)

from TMS (8)

Compound® H(3/9) H(12)° R-H

3a 7.54 4.43 (16.1), 4.89 (16.1) 7.25-7.40 (m, 5H) -—

3b 7.53 4,45 (15.9), 4.87 (16.2) 7.18-7.40 (m, 4H) 2.34 (s, 3H, CH,)

3c 7.54 4.45 (15.9), 4.89 (15.9) 7.19-7.35 (m, 4H) 2.37 (s, 3H, CHy)

3d 7.54 4.43 (16.0), 4.86 (15.9) 7.16-7.27 (m, 4H) 2.35 (s, 3H, CH,)

3e 7.52 4.44 (16.1), 4.89 (16.0) 7.05-7.37 (m, 3H) 2.23 (s, 3H, CH,)
2.30 (s, 3H, CH,)

3f 7.52 4.46 (16.1), 4.90 (16.1) 6.98-7.37 (m, 3H) 2.27 (s, 3H, CHy)
2.30 (s, 3H, CH,)

3g 7.53 4.47 (16.1), 4.85 (16.2) 7.06-7.09 (m, 3H) 2.25 (s, 6H, CHj,)

3h 7.53 4,52 (16.0), 4.81 (15.7) 7.11=7.17 (m, 3H) 2.25 (s, 3H, CHa)
2.27 (s, 3H, CH,)

3i 7.54 4.54 (15.9), 4.86 (15.9) 7.21-7.46 (m, 4H) —_

3j 7.55 4.41 (16.1), 4.88 (16.0) 7.31-7.41 (m, 4H) —_

3k 7.54 4.43 (16.2), 4.90 {(16.1) 7.17 (d, 2H); 8.34 (d, 2H) —_

3l 7.52 4.61 (16.0), 4.89 (16.0) 7.16-7.31 (m, 4H) 1.34 (s, 9H, CH,)

3m 7.52 4.37 (15.9), 4.85 (15.9) 7.17-7.38 (m, 5H) —_

3n 7.55 4.34 (15.9), 4.83 (16.1) 7.17-7.28 (m, 4H) 2.37 (s. 3H, CHy)

30 7.54 4.36 (16.0), 4.82 (15.8) 7.27-7.42 {m, 4H) —

“Recorded in DCCl,.
°Values in parentheses are coupling constants J in hertz.

Distorted and extended
boat-like form

B B form

FIGURE 1

NMR data of 1, additivity rules, C-P couplings, and
intensity of signals. The low intensity doublets in
the region & 146.0—146.5 [Jrocus and Jpoczay = 8.1—
8.5 Hz] were assigned to the oxygen-bearing car-
bons C(4a) and C(7a) [14]. Chemical shifts in the
region 5 125.1-125.6 [3JPOCC(4) and 3]POCC(8) = 44~
6.1 Hz] were attributed to C(4) and C(8) [5,15].
C(11a) and C(12a) appeared as a doublet at § 129.6—
129.8 [*Jpoccaiianza = 3-5-3.7 Hz] [5,15]. The other
chlorine-bearing carbons C(1,11) and C(2,10) also
showed signals at 6 132.4-132.7 and 131.1-131.6,
respectively [14]. The signal of the unsubstituted
carbons C(3) and C(9) appeared with high intensity
in the region & 129.8-130.9. The bridged meth-
vlene carbon C(12) resonated at & 30.9 [5].

The carbon chemical shifts of 6-aryloxy (3a—3k)
and arylthio (31-30) groups (Table 4) were as-
signed on comparison with those of related sys-
tems [5,14,16]. The doublet at 6 146.6-151.2 [Zpocqy
= 7.2-8.6 Hz] was assigned to C(1"), while C(2")
and C(6') signals occurred in the region & 117.1—
130.9 [¥Jrocc ey = 3.6—6.3 Hz]. Chemical shifts for

the C(3'), C(4’), and C(5') were observed at § 125.7—
139.3, 1259-147.7, and 126.1-133.8, respectively,
depending on the nature of substituents at various
positions. The observed upfield shift of about 4 ppm
for the methyl group attached to C(2') (3b, 3f, and
3g) was attributed to its y interaction with the exo-
cyclic oxygen [5a,14]. Interestingly, the C(2’) methyl
group in 3e experienced further shielding due to
its nonbonded interaction with the exocyclic oxy-
gen atom and the C(3') methyl group [5a,14].

*'P NMR signals of 3 (Table 1) were observed
in the range from 6 —16.01 to —18.37 [3].

Electron impact mass spectra of 3 (Table 5) ex-
hibited M*, (M-Cl)", (M-Cl,)", (M-OR)", (M-RO,P)",
and (M-C,;H,0;ClP)" as characteristic ions, sup-
porting the proposed structures. Occurrence of these
ions obviously indicates the reasonable stability of
the dioxaphosphocin ring under electron impact.

EXPERIMENTAL

All melting points were determined in open cap-
illary tubes on a Mel-Temp apparatus and are un-
corrected. Elemental analyses and mass spectra
were obtained from the Central Drug Research In-
stitute, Lucknow, India. IR spectra (Y., in cm™)
were recorded as KBr pellets on a Perkin-Elmer 683
spectrometer. '"H and >C NMR spectra were re-
corded on a Varian XLAA-300 spectrometer oper-
ating at 300 MHz for 'H and 75 MHz for '*C, while
*'P NMR spectra were taken on a Varian XLAA-
400 spectrometer operating at 162 MHz on solu-
tions of the compounds in DCCl;. All chemical shifts
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TABLE 3 '*C Chemical Shifts® of Dibenzodioxaphosphocin Moieties of 3 (5)

Compound® C(1/11) C(2/10) C(3/9) C(4/8) C(4a/7a) C(11a/12a) C(12)

3a 132.6 (2.1) 131.3 (2.2) 129.9 125.2 (6.1) 146.0 (8.2) 129.7 (3.6) 30.9

3b 132.6 (2.0) 131.3 (2.1) 129.9 125.3 (6.2) 146.1 (8.4) 129.8 (3.4) 30.8

3¢ 132.5 (2.1) 131.2 (2.0) 129.9 125.3 (6.1) 146.0 (8.2) 129.7 (3.5) 31.0

3d 132.5 (2.1) 131.2 (2.3) 130.0 125.3 (6.0) 146.0 (8.5) 129.7 (3.5) 30.9

3e 132.6 (2.2) 131.2 (2.2) 130.1 125.2 (6.0) 146.2 (8.2) 129.8 (3.6) 30.9

3f 132.5 (2.2) 131.1 (2.3) 129.9 125.3 (6.0) 146.1 (8.2) 129.7 (3.5) 30.9

39 132.7 (2.1) 131.3 (2.2) 129.9 125.2 (6.2) 146.2 (8.4) 129.7 (3.4) 30.9

3h 132.6 (2.3) 131.2 (2.3) 130.1 125.4 (6.0) 146.1 (8.4) 129.8 (3.6) 30.7

3i 132.5 (2.4) 131.6 (2.2) 130.0 125.1 (6.3) 146.2 (8.3) 129.7 (3.4) 30.9

3 132.7 131.5 (2.3) 129.9 125.2 (6.1) 146.1 (8.5) 129.6 (3.7) 30.8

3k 132.7 131.3 129.8 125.5 (4.4) 146.4 (8.4) 129.7 (3.5) 311

3 132.6 (2.2) 131.2 (2.2) 130.0 125.3 (6.1) 146.2 (8.2) 129.7 (3.6) 30.9

3m 132.5 (2.2) 131.4 (2.3) 130.0 125.5 (6.2) 146.0 (8.4) 129.6 (2.3) 31.0

3n 1324 131.5 130.9 125.6 146.4 (8.1) 129.7 (3.6) 30.9

*Values in parentheses are coupling constants Jec in hertz.

*Recorded in DCCl,.

TABLE 4 '°C NMR Chemical Shifts® of 6-Aryloxy/arylthio Groups of 3 (8)

Compound C(1') c(2" C(3) C(4) C(5") C(6') C'(CH3)

3a 149.8 (8.2) 120.3 (5.0) 1301 126.2 130.1 120.3 —_—

3b 148.8 (8.3) 129.5 (4.7) 131.7 125.9 127.3 119.3 16.3

3¢ 152.1 (7.2) 117.1 (4.5) 139.3 126.7 131.5 120.7 215

3d 147.8 (7.5) 120.0 (4.9) 130.3 135.8 130.3 120.0 (4.8) 20.8

3e 148.8 128.2 1391 126.4 127.6 117.7 12.5, 20.1

3f 148.5 (7.8) 129.1 132.0 135.7 127.5 119.7 16.1, 20.6

3g 148.7 (7.5) 129.1 (4.3) 130.2 125.6 130.2 129.1 (4.3) 17.4

3h 1479 (7.2) 121.2 (5.1) 138.4 134.5 130.6 119.3 19.2, 19.9

3i 146.7 (7.2) 126.6 130.9 128.2 133.6 121.5 —_

3j 148.3 121.7 (5.2) 130.1 131.9 1301 121.7 (5.2) —

3k 149.7 119.7 (4.4) 130.2 144.9 130.2 119.7 (4.4) —

3i 149.3 (8.2) 119.5 (5.0) 127.1 147.7 127.1 119.5 (5.0) 354, 314

3m 130.8 (5.6) 129.6 (2.8) 129.9 126.5 129.9 129.6 (2.8) —

3n 127.8 128.5 (3.0) 128.2 134.5 128.2 128.5 (3.0) 21.4
“Values in parentheses are coupling constants Jce in hertz.

TABLE 5 Mass Spectral Data of Certain Members of 32

Compound M (M-Ch* (M-Clp)* (M-OR)* (M-RO,P)* (M-C13H,O3CIsP)”

3a 542 (2.4) 507 (17.3) 472 (14.5) 449 (8.0) 402 (6.3) 94 (100)

3c 556 (1.7) 521 (37.4) 486 (24.6) 449 (25.3) 402 (7.2) 108 (100)

3d 556 (5.3) 521 (33.7) 486 (15.2) 449 (37.8) 402 (4.3) 108 (100)

3e 570 (22.0) 535 (48.2) 500 (27.0) 449 (3.0) 402 (7.3) 122 (100)

3f 570 (1.2) 535 (5.1) 500 (2.0) 449 (4.5) 402 (1.0) 122 (100)

3h 570 (37.0) 535 (9.5) 500 (2.7) 449 (4.8) 402 (1.3) 122 (100)

3i 576 (41.0) 541 (1.1) 506 (10.2) 449 (2.0) 402 (30.0) 128 (100)

3j 576 (2.8) 541 (24.0) 506 (2.0) 449 (22.0) 402 (32.0) 128 (100)

3k — 552 (2.3) — 449 (2.5) 402 (7.0) 139 (42.5)

3Values in parentheses are relative intensities.
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were recorded in & values relative to TMS (‘H and
13C) or 85% H;PO, (*'P).

1,2,4,8,10,11-Hexachloro-6-(2',3'-
dzmethvlphenoxy) 12H- dlbenzo[d gll1,3,2]-
dioxaphosphocin 6-Oxide (3e)

A solution of 2,3-dimethylphenyl phosphorodi-
chloridate (2e, 1.20 g, 0.005 mol) in dry toluene (15
mL) was added dropwise over a period of 15 min-
utes to a stirred solution of 2,2'-methylene-
bis(3,4,6-trichlorophenol) (1, 2.03 g, 0.005 mol) and
triethvlamine (1.01 g, 0.01 mol) in dry toluene (30
mL). After the completion of the addition, the mix-
ture was heated to 50-60°C. TLC analysis of the
reaction mixture on silica gel indicated the com-
pletion of the reaction after stirring for 6 hours.
Removal of triethylamine hydrochloride by filtra-
tion and evaporation of the solvent from the fil-
trate produced a residue which, on washing with
water and recrvstallization from ethylacetate-hex-
ane, vielded 1.9 g (66%) of 3e as white crystals, mp
180°C. Anal. caled for C,H,;;0,CIP (573.023): C
44.02: H, 2.29. Found: C, 43.96; H, 2.21.

This procedure was also used for the prepa-
ration of 3a-3k.

1,2,4.8,10,11-Hexachloro-6-(4'-
methvlthiophenoxv)-12H-dibenzold,gl-
[1,3,2]dioxaphosphocin 6-oxide (3n)

Phosphorus oxychloride (0.76 g, 0.005 mol) in dry
toluene (20 mL) was added over a period of 10
minutes to a stirred solution of 2,2'-methylene-
bis(3,4,6-trichlorophenol) (1, 2.03 g, 0.005 mol) and
triethylamine (1.01 g, 0.01 mol) in dry toluene (30
mL) at 0-3°C. After the addition, the temperature
was slowly raised to 45-55°C with stirring being
continued for 3 hours. When the monochloride in-
termediate (4) formation was completed, as indi-
cated by TLC analysis on silica gel, the mixture
was cooled to room temperature and a solution of
4-methylthiophenol (5n, 0.062 g, 0.005 mol) and
triethylamine (0.51 g, 0.005 mol) in dry toluene (10
mL) was added to the same vessel. The total con-
tents were stirred at 50-60°C for an additional 3
hours. Triethylamine hydrochloride was separated
by filtration and the solvent was removed from the
filtrate in a rotoevaporator under reduced pres-
sure. The residue was washed with water and re-
crystallized from ethyl acetate-hexane mixture (1:2)
to vield 1.2 g (41%) of 3n as a white powder, mp
147—148°C. Anal. caled for C,oH;;05ClPS (370.057):
C, 41.77; H, 1.93. Found: C, 41.71; H, 1.87.

The preceding procedure was also used for the
preparation of 31-30.
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