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2,4,8,1O-TETRASUBSTITUTED 
DIBENZO[d,f] [ 1,3,2]DIOXAPHOSPHEPINS 

STEPHEN D. PASTOR,* JOHN D. SPIVACK, L. P. STEINHUEBEL, 
and CYNTHIA MATZURA 

Research & Development Laboratories, Plastics & Additives Division, 
CIBA-GEIGY Corporation, Ardsley, New York 10502 

( Received Junuury 5, 1983; in final form February 1 7, 1983) 

The synthesis of the dibenzo[d,f][ 1,3,2]dioxaphosphepin ring system from substituted biphenyL2,2’-diols 
and alkylphosphonous dichlorides is described. The NMR spectral data are consistent with either rapidly 
interconverting ring conformers or a static non-planar ring conformation. 

Recently, we have described the synthesis of the eight-membered 12H-dibenzo[d,g] 
[ 1,3,2]dioxaphosphocin ring system, whose NMR spectral data suggested a boat-like 
non-fluxional ring conformation.’ In this paper, we report an extension of this work 
to the synthesis of the seven-membered dibenzo[d,f][ 1,3,2]dioxaphosphepin ring 
system. 

Previous workers have reported the synthesis of the unsubstituted dioxaphosphe- 
pin ring system from dibenzo[d,fl[ 1,3,2]dioxasilepins and arylphosphonous dichlo- 
rides, and by reaction of biphenyl-2,2’-diol with phosphorus trichloride.’ Although 
substituted dibenzo[d,fl[ 1,3,2]dioxaphosphepins have been advocated in the patent 
literature as stabilizers to prevent polymer deg rada t i~n ,~ -~  neither a detailed account 
of their preparation nor characterization has been given. Prior synthetic procedures 
reported in the patent literature utilized the reaction of biphenyl-2,2’-diols with 
(aryl) alkylphosphorous di~hlorides,~ and phosphorous trichloride followed by reac- 
tion with alcohols, sec-amines, or t h i ~ l s . ~ - ~  

RESULTS AND DISCUSSION 

The reaction of the t-pentyl substituted biphenyl-2,2’-diol la with t-butyl-phospho- 
nous dichloride utilizing triethylamine as an acid acceptor gave 2a in 85% recrystal- 
lized yield. Similarly, the phosphonites 2b-4b were prepared by the reaction of the 
appropriately substituted biphenyl-2,2’-diol with the corresponding alkyl or 
arylphosphonous dichloride in 5 3-9 1 % recrystallized yield. 

The phosphonites 2a-4a were stable to routine laboratory manipulations suggest- 
ing that the bulky substituents in the 4 and 8 positions (ortho to oxygen) sterically 
hinders the reaction of the phosphonite with atmospheric moisture and oxygen. The 
steric retardation of phosphonite and phosplute hydrolysis with atmospheric mois- 
ture has been reported.’ 

*Author to whom correspondence should be addressed. 
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R2PCI, 
Et3N 

1 2 R' = I,l-dimethylpropyl 
a. R' = 1,l-dimethylpropyl 
b. R' = 1,1,3,3-tetramethylbutyl 
c.  R' = I,l-dimethylethyl 

a. R2 = I,l-dimethylethyl 
b. R2 = methyl 
c.  R2 = phenyl 

3 R' = 1 , I  ,3,3-tetramethylbutyI 
a. R2 = methyl 
b. R2 = ethyl 

a. R2 = phenyl 
b. R2 = methyl 

4 R' = I,l-dimethylethyl 

SCHEME 1 

In contrast, 4b was readily oxidized upon exposure to atmospheric oxygen to the 
corresponding phosphonate 4c. A mixture of 4b and 4c was obtained as evidenced 
by molecular ions at m/e 454 and m/e 470 in the mass spectrum. The ' H  NMR 
spectrum and elemental analysis were consistent with this interpretation. 

In the 'H NMR spectrum of 2a, only one signal was observed for each pair of 
equivalent tert-butyl hydrogens on either side of the phosphorus atom. Similarly, in 
the I3C NMR spectrum of 2a, the two pairs of equivalent non-substituted aromatic 
carbons appeared as singlets at S 129.2 and 6 126.5. A single resonance was observed 
in the 3'P NMR spectrum. 

The NMR spectral data of 2a does not differentiate between either rapidly 
interconverting ring conformations or a symmetrical non-fluxional ring conforma- 
tion (Figure l). 

FIGURE I 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



DIBENZODIOXAPHOSPHEPINS 255 

Molecular models suggest, however, that conformational freedom is restricted by 
the benzo ring fusions.* For comparison, the unsubstituted cycloheptatriene ring 
system exists as rapidly equilibrating non-planar conformers with an activation 
energy of approximately 6 Kca l /m~le ,~ - '~  whereas Tochterman et a/. have reported 
activation energies as high as 16 Kcal/mole for substituted dibenzocyclohep- 
tatrienes."-I2 Analogous steric restraints imposed by benzo groups have been 
reported in the dibenzodioxaphosphocin,' dibenzodiazaphosphocine, l 3  and dibenzo- 
phosphonin ring  system^.'^ 

EXPERIMENTAL 

All melting points were determined in open capillary tubes on a Thomas-Hoover melting point apparatus 
and are uncorrected. 'H, "P and I3C NMR spectra were taken on a Varian model FT-80 spectrometer 
equipped with a broad band probe. A11 ' H  and I3C chemical shifts are reported in ppm relative to 
tetramethylsilane. "P chemical shifts are reported in ppm relative to 85% phosphoric acid (external), 
where a positive sign is downfield from the standard. 3 1 P  NMR spectra were acquired using a 45" slip 
angle, a 1-2 repetition rate with no pulse delay and with full proton decoupling. Mass spectra were 
determined on an AEI (KRATOS) MS 902. Alkylphosphonous dichlorides were purchased from Strem 
Chemical and used without purification. All other reagents were purchased from Aldrich Chemical 
Company. Reactions were carried out in flame-dried apparatus under a dry nitrogen atmosphere. All 
compounds were prepared by the procedure used for compound 2a. Analytical data are collected in Table 
I. Elemental analyses were carried out in Analytical Research Services, CIBA-GEIGY Corporation. 

TABLE 1 

Analytical data and spectral data 

Recryallization Percent Found 
Compound "P") mp ("C) Solvent Yield C H C H 

2a S 162.2 117.5-1 18 Acetonitrile 85% 78.2 10.4 77.9 10.2 
2b 6 153.6 64-65 Heptane 91% 77.6 10.1 77.4 9.8 
2€ - 97-100 Acetonitrile: 73% 79.7 9.3 79.6 9.5 

3a - 102-105 Acetonitrile 53% 79.6 11.1 79.4 10.8 
3b - 97-99 Acetonitrile: 91% 79.7 11.2 79.6 1 1 . 1  

4a - 166-168 Acetonitrile: 74% 79.0 8.8 79.2 8.8 

Benzene 

Toluene 

Ethyl Acetate 
4b'2' - - Acetoni trile - 75.3 9.4 75.4 9.4 

Compound ' H  NMR',) MS (relative intensity) 

4b'4) 1.32 (s, --C(CH,),, 18 H), m/z 454 (M', 60). 

&"lI 1.32 (s, -C(CH,),, 18 H), m/z 470 (M', 95). 

1,42(s,-C(CH3)3, 18H), 7.11- 439 (M-15, IOO), 424 
7.46 (c, Ar-H, 4 H) 

1.48 (s, -C(CH3)3, 18 H) 

(65) 

455 (M-15, loo), 
7.15-7.46 (c, ArH, 4 H). 440 (40) 

( I )  The solvent is benzene-d,. (2) 50 : 50 mixture of phosphonite and phosphonate. (3) 
The solvent is deuteriochloroform. (4) The P-methyl group was partially obscured by 
tert-butyl groups but integration was correct. 
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256 S. D. PASTOR et ul. 

2,4,8,10Tetrakis( 1 ,l-dimerhylpropyl)-6-( 1 ,I-dimethylethyl)-dibenro[d, f][l,3,2]dioxaphosphepin 2a. A 
solution of 8.00 g (17.1 mmol) of 3,3’,5,5’-tetrakis(l,l-dimethylpropyl)-biphenyl-2,~-di0l’~ and 3.47 g 
(34.7 mmol) of triethylamine in 40 mL of toluene was slowly treated with a solution of 2.73 g (17.1 mmol) 
of [err-butylphosphonous dichloride in 6 mL of toluene. The reaction mixture was heated to 65°C for 15 
hours. The reaction mixture was cooled and the suspension of triethylamine hydrochloride was removed 
by filtration. The solvent was removed in oacuo and the residue was recrystallized from acetonitrile to give 
6.80 g (85%) of a white crystalline solid, mp 117.5-1 18°C; ‘ H  NMR (benzene-d6): 6 0.77 (overlapping 
triplets, CH,, 12 H), 1.20 (d,-C(CH,),~JHCCp = 11.4 Hi, 9 H), 1.23 (s, CH,, 12 EQ, 1.48 (s, CH,, 12 
H), 1.80 (overlapping quartets,-CH,-, 8 H), 7.07-7.40 (m, aromatic, 4 H). 
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