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REACTION OF SEVEN- AND EIGHT-MEMBERED 
CYCLIC PHOSPHOROCHLORIDITES WITH 

3,5-DI-tert-BUTYL-4-HYDROXY- 
BENZYL ALCOHOL 

FACILE P-C BOND FORMATION 

PAUL A. ODORISIO, STEPHEN D. PASTOR* and JOHN D. SPIVACK 

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

( Receioed April 6, 1984) 

The reaction of 2,4,8,10-tetra-t-butyl-6-chloro-12H-dibenzo[d,g][l,3,2]dioxaphosphocin (5) or 2,4,8,10- 
tetra-t-butyl-6-chloro-dibenzo[d,~[l,3,2]dioxaphosphepin (10) with 3,5-di-t-butyl-4-hydroxybenzyl alcohol 
(7) gave the corresponding P-(4-hydroxybenzyl)phosphonates 9 and 12 rather than the expected phos- 
phites 8 and 11. IR and NMR spectral evidence for the phosphonate structure is discussed. 

The uncatalyzed rearrangement of alkynyl and alkenyl phosphites to their corre- 
sponding phosphonates is well documented in the literature.' Less information is 
known about the thermal rearrangement of benzyl phosphites.2 Ivanov and co- 
workers3 have noted the interesting observation that the reaction of triethyl phos- 
phite with 1 gave the phosphonate 3. Both the mechanistic work of Ivanov and the 
recent reinvestigation by Chasar4 support the intermediacy of 2 rather than the 
phosphite 4. As part of our investigations on the chemistry of dibenzo[d,fl[l,3,2]di- 
oxaphosphepins and dibenzo[d,g][l,3,2]dioxaphosphocins5, we describe herein the 
reaction of the corresponding seven- and eight-membered cyclic phosphorochlori- 
dites with 3,5-di-tert-butyl-4-hydroxybenzyl alcohol. 

RESULTS AND DISCUSSION 

Previously we had reported that the reaction of the chloridite 5 (prepared in situ) 
with benzyl alcohol using triethylamine as an acid acceptor gave the benzyl phos- 
phite 6.5a The 31P NMR spectrum of 6 has a resonance at 6 128.7 whch is consistent 
with a trivalent phosphorus ester.6 In accord with this interpretation, a doublet was 
observed at 6 5.49 in the 'H NMR of 6 whch was assigned to the benzylic protons 
with 3JHc0p = 6 Hz. 

The reaction of 5 with the 4-hydroxybenzyl alcohol 7 using triethylamine as an 
acid acceptor, however, gave the phosphonate 9 (54% yield recrystallized) rather 
than the expected phosphite 8. 

*Author to whom all correspondence should be addressed 
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FIGURE 1 

The structure of 9 rests on the following observations. The 31P NMR spectrum of 
9 has a resonance at 6 11.2 which is in the region expected for a pho~phonate.~ In 
the 'H NMR spectrum of 9, a doublet was observed at 6 3.75 whose peak area 
integrated to two protons, which was assigned to the benzylic protons with *JHCp = 20 
Hz. Both the observed chemical shift and the magnitude for the coupling of the 
benzylic protons to the phosphorus atom are supportive of a phosphonate rather 
than a phosphite structure. Further evidence for a phosphonate structure comes 
from the lack of an observable POC aliphatic stretch near 1000 cm-' in the IR 
spectrum8 of 9, which was observed in the IR spectrum of 6. A strong P=O 
absorption was observed at 1220 cm-' in the IR spectrum of 9. 

Completely analogous chemistry was found for the reaction of the seven-mem- 
bered phosphorochloridite 10 with 7. The phosphonate 12 was isolated in 47% yield 
(recrystallized). The 31P NMR spectrum of 12 had a resonance at 6 21.1. In the 'H 

POCH, 0 
5 6 

FIGURE 2 
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5 + 
CH,OH 

7 

9 

FIGURE 3 

NMR spectrum of 12, the benzylic protons were observed as a doublet at 6 3.31 
with *JHCp = 20 Hz. The P=O absorption was observed at 1230 cmpl in the IR 
spectrum. These spectral results are fully in accord with a phosphonate structure. 

The participation of the 4-hydroxy substituent of 7 in the reaction with the 
chloridites 5 and 10 to form the corresponding phosphonates 9 and 12 respectively is 
evident, since the reaction of 5 with benzyl alcohol leads to the unrearranged 
phosphite 6. The participation of the hydroxyl group of 7 through the formation of a 
quinone methide intermediate is well documented in the literature,' although in the 
present case the intervention of a 4-hydroxy-stabilized benzyl cation intermediate" 
(formation catalyzed by the acidic triethylamine hydrochloride) must be considered. 
No evidence was seen by TLC or IR spectroscopy during the preparation of either 9 
or 12 for the formation of the corresponding phosphites 8 and 11, although their 
formation as transient intermediates followed by rapid rearrangement would proba- 
bly have not been detected by these techniques. Quite possibly, the reaction 
mechanism does not involve intermediate phosphites at all, as suggested by the 
mechanistic work of Ivanov and Chasar. Further work is clearly needed to both 
delineate the mechanism of these reactions and to determine their potential synthetic 
utility for the formation of P-C bonds. 
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10 11 

1 2  

FIGURE 4 

EXPERIMENTAL 

All melting points were determined in open capillary tubes on a Thomas-Hoover melting point apparatus 
and are uncorrected. IR spectra (1% solution in carbon tetrachloride, KBr cells) were recorded on a 
Perkin-Elmer model 710 spectrometer. 'H NMR spectra were taken on a Varian model CFT-20 
spectrometer. All 'H chemical shifts are reported in ppm relative to internal tetramethylsilane. 31P NMR 
spectra were taken on a Varian XL-200 spectrometer. 31P chemical shifts are reported in ppm relative to 
85% phosphoric acid (external). Positive chemical shifts indicate resonances downfield from the standard. 
"P NMR spectra were acquired using a 35 O flip angle, a 1.4 s repetition rate with a 0.6 s pulse delay and 
with full proton decoupling. Unless otherwise indicated, all reagents were purchased from Aldrich 
Chemical Company. All solvents were dried prior to use when necessary. Reactions were carried out in 
flame-dried apparatus under a dry-nitrogen atmosphere. Elemental analyses were performed by Analyti- 
cal Research Services, CIBA-GEIGY Corporation. 

?,4,8,1 O-Tetru-tert-butyl-6-( 3,5-dr-tert-butyl-4-hydro.uybenzyl)-6-o.uo-12H-dibenzo[ d.g][ I ,  3,2]dro.~phos- 
phocrn, (9). To a stirred solution of 13.4 g (98 mmol) of phosphorus trichloride in 150 mL of toluene was 
added dropwise at 5 to 10°C a solution of 41.6 g (98 mmol) of 2,2'-methylenebis(2,4-di-tert- 
b~tylphenol)~'~'  and 19.8 g (196 mmol) of triethylamine in 200 mL of toluene. The reaction was then 
stirred at room temperature until disappearance of the phenolic OH absorption in the IR spectrum 
(approximately five hours). To the reaction mixture was added dropwise a solution of 23.2 g (98 mmol) of 
7 and 9.9 g (98 mmol) of triethylamine in 100 mL of toluene. The reaction mixture was stirred overnight 
and the suspension of triethylamine hydrochloride was removed by filtration with subsequent washing of 
the filter cake with hot toluene. The solvent was removed in L'UCUO and the residue was recrystallized from 
both acetonitrile and acetone to give 36.6 g (548) of a white solid, mp 245-247 O C; IR: Y 3640 cm-' 
(OH), 1220 (P=O): "P NMR (benzene-d6): 6 11.2; 'H NMR (CDCI,): F 1.31 (s, (CH,),C 18 H), 1.54 
(overlapping s, (CH,),C, 36 H), 3.53 (d, C12-H, 1 H), 3.75 (d, PCH,, 'JHCp = 20 Hz, 2 4, 4.22 (d of 
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d, C12-H, 1 H), 5.19 (exchangeable s, OH, 1 H), 7.31 (c, ArH, 6 H). Anal. Calcd. for C,H6,04P: C, 
76.7; H, 9.5; P, 4.5. Found: C, 76.6; H, 9.3; P, 4.5. 

?,4,8,10-Tetra-tert-butyl-6-( 3, S-di-tert-butyl-4-hydro.rybenzyl)-6-oxo-d1benzo[d, f I[ 1,3, 2]dio.xaphosphepin1 
(12). By the procedure used to prepare compound 8, compound 12 was prepared from 13.4 g (98 mmol) 
of phosphorus trichloride, 40.0 g (98 mmol) of 3,3’,5,5’-tetra-teri-butyl-biphenyl-2,2’-di01’~, 23.2 g (98 
mmol) of 7, and 29.7 g (294 mmol) of triethylamine. After removal of the suspension of triethylamine 
hydrochloride by filtration, the filtrate was concentrated to approximately one-half its volume and the 
resultant cooled suspension was filtered to give 34 g (47%) of a white solid, mp 25C252”C; IR: Y 3640 
cm-’ (OH), 1230 (P=O); ”P NMR (beWene-d6): 6 21.1; ‘H NMR (CDCI,): 6 1.28 (s, (CH,),C, 18 
H), 1.34 (s, (CH,),C, 18 H), 1.38 (s, (CH,),C, 18 H), 3.31 (d, PCH,, 2JHcp = 20 Hz, 2 H), 5.10(s, OH, 1 
H), 7.16-7.47 (c, ArH, 6 H). Anal. Calcd. for C43H,30,P: C, 76.5; H, 9.4. Found: C, 76.3; H, 9.4. 
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