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At&i&-Trimethyl and triethyl phosphites react with quinoneimine IV, in aprotic aud protie solvents 
taproduce compounds V, VI and VII. The outcome of this reaction depends on the experimental conditions. 
Triphenyl phosphite, ~phenyi-phosp~ne and ph~phoro~ acid cause the quantitative reduction of IV 
to VII. A mechanism for the reaction is presented which accounts for the experimental results. 

Trimethyl and triethyf phosphites react with quinon~mine XI, in benzene, forming the phos- 
phoramidates (XIia and XIIb) respectively. 

INFORMATION found in the literature regarding the behaviour of p-chloranil (I) 
towards trialkyl phospbites is not fully in agreement. Upon the authority of Ladd and 
Harvey,’ dialkyl t~c~loro-p-qu~one pho~honat~ {II) are produced. Ramirez and 
Dershowitz2 are, however, of the opinion that the reaction leads to p-alkoxyaryl- 
dialkyl phosphates (III). 

R = alkyi 

Since ~3,~,6-tetrac~oro-pq~on~i~~ulphon~de (IV) bears structural 
resemblance to p-chloranil (IX3 it appeared of interest to examine its behaviour 
towards these phosphite reagents to establish whether it undergoes 1,4 or 1,6 addition 
reaction. The study was further extended to include other tricovalent phosphorous 
compounds, namely, triphenyl phosphite, triphenylphospbine, and phosphorous acid. 
No work on IV from this standpoint has hitherto been reported. 

We have found that the product of the reaction of IV with trialkyl phosphites 
depends on the medium in which the reaction is carried out. Thus, at room temperature, 
and in dry dioxane, both trimethyl-, and triethyl phosphites reacted with IV.to give 
the colourless dialkyl [~-~kyl-~~~ulphon~do~~3,~,~t~rac~oroph~yl] - 
(phenylsulphonyl)-phosphoramidates (Va and Vb) respectively. The same compounds 
were likewise formed in quantitative yields when the reaction was conducted in other 
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aprotic solvents, e.g., benzene, acetonitrile or dimethylformamide. Raising the tempera- 
ture to the b.p. of the medium and/or working with excess of the phosphite ester did 
not change the nature of the products. When the reaction was carried out in dioxane 
or benzene to which controlled quantities of water (up to 1% v/v) were added dialkyl 
(4-bcnxenesulphonamido-2, 3, 5, 64etrachlorophenyl) (phenylsulphonyl)phosphor- 
amidates (Via and VIb) and 2,3,5,6-tetrachloro-p-phenylenedibenxenesulphonamide 
(VII) were isolated together with the main 1 :l adducts (V). The percentage of these 
co-products (VI and VII) depended on the solvent and/or the phosphite ester used. 
On the other hand, in protic solvents such as acetic acid or ethanol, compound VII 
represented the sole reaction product. The same was also true for dioxane-acetic acid 
and dioxaneethanol mixtures. 

The assigned phosphoramidate structure (V) was based on the following evidence : 
(i) The colourless crystalline quinoneimine-triethyl phosphite adduct (Vb), taken 
as example, gave correct combustion values, corresponding to the formula 
C,,H,,N20,PS,Cl,. (ii) The IR spectrum of Vb, in KBr, revealed the absence of 
NH absorption above 3000 cm’ ‘. Similarly, the strong CLN absorption band at 
1580 cm-’ recorded with IV, was also absent in the spectrum of Vb. The spectrum 
showed also strong absorption bands at 1280 cm-’ (P=O),4 and at 1035 cm-’ and 
1175 cm-’ (P-O-CzH5).4 (iii) The H’ NMR spectrum of Vb showed the 10 
aromatic protons as a multiplet at r 1.75-22.63. The two 0---CH,-CH3 groups 
appeared as a quintet (due to PJ ’ coupling) centered at r 5.72 for the CH,, and a triplet 
for the CH, grouping (ca z 8.53). The single N<H,-CH, group gave the typical 
quartet, triplet pattern centered at z 6.27 and r 8.93 reptively. (iv) Compound Vb 
was found identical (comparative IR and NMR spectra) with the one prepared by the 
action of ethereal diazocthane on VIb. The identity of compound VIb was further 
verified by comparative IR spectra with a sample obtained via the action of diethyl 
hydrogen phosphite on quinoneimine IV either in boiling benzene or at ambient 
temperature when exposed to direct sunlight.’ Compound VIb satisfied the chemical 
analysis and its IR spectrum showed a strong NH band at 3200 cm-‘. The H’ NMR 
spectrum is compatible with the assigned structure VIb (Experimental). 

Based upon the above results, it is safe to conclude that trialkyl phosphites, derived 
from primary alcohol, do not induce chlorine replacement from quinoneimine IV, 
at least under the experimental conditions described. The dependence of the reaction 
product on the nature of the medium can be tentatively explained by assuming the 
primary formation of intermediate VIII. This in dry aprotic solvents, would allow 
group-translocation with the formation of the phosphoramidate adducts (V). This 
rearrangement takes place, most probably intermolecularly, through the mutual 
nucleophilic attack of the nitrenium ion of one molecule on the alkyl rest of the other 
(Chart 1, Path A). Such a behaviour recalls the_Arbuzov transformation proposed 
for esters of phosphoramidic acids, in which a N-P bond is likewise formed.0 
Concurrent with group-translocation, the dipolar adduct (VIII) can add the elements 
of water to yield a transient intermediate (IX) with pentacovalent phosphorus. Both 
the strength and availability of the free protons in solution dictate the nature of 
electronic interaction in the transient. When the proton is too weak to affect perma- 
nent bonding with the nitrenium ion, this latter will enter into conjugation with the 
benzene ring. This prevents the conjugate base (IXa) from acting as a leaving group, 
and favours its collapse to give VI and methanol (Chart 1, Path B,). When, on the 
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other hand, strong protonation takes place, charge delocalization (cf IXb) will lead 
to the rupture of the P-N bond and the production of compound VII. Apparently, 
when the proton availability and/or strength is intermediate between the two limiting 
cases, both products VI and VII are to be expected. Such a state of affairs is met with 
in dioxane-water or benzene-water mixtures. In the much stronger acid solutions, 
e.g., acetic acid or ethanol, solvolysis to the diamide VII represents the main route. 
That diamide VII was not formed via the hydrolysis of compound VI was supported 
by the fact that the latter was recovered practically unchanged when boiled in dioxane- 
water mixture for 4 hr. 

There is still a possibility that trialkyl phosphites add in a 1,4 fasion, with the 
elimination of chlorine from the benzene nucleus (Chart 1, Path C). The fact that- 
under the experimental conditions of the present study-no phosphonate derivative 
of the structure X was isolated, indicates that the rate of such a reaction is too low 
to compete with those of reactions A and B. 

The reaction of triphenyl phosphite or triphenylphosphine with quinoneimine IV, 
in benzene, led to the quantitative formation of the colourless diamide (VII). Tri- 
phenylphosphine oxide was isolated in the case of the phosphine reagent. Group- 
translocation in this case is unlikely. This behaviour is not unexpected in view of the 
restricted phenyl group migration in the Arbusov reaction.’ Similarly, the treatment 
of IV with phosphorous acid gave VII. 

The reaction of trimethyl- and triethyl phosphites with 2,Zdichloro-1,4-naphtho- 
quinonedibenzenesulphonimide (XI) was also investigated. The reaction proceeded, 
in dry benzene, at ambient temperature, to give mainly 1: 1 adducts having structure 
XII. This was based on analytical data and IR and H’ NMR spectra We in@@. 

II 
X-Ij-P(DR), 

X-&R 

X1: X = SOsPh XIIa: R = Me 
b:R=Ei 

This lends further support to the general conclusion that the reaction of trialkyl 
phosphites with unsubstituted-a or halo substituted p-quinoneimines proceeds 
through a 1,6 addition route. 

EXPERIMENTAL 

All m.p’s are uncorrected. The trialkyl phosphites were prepared by established proceduresg*‘o and 
were purified by drying over Na. The dialkyl hydrogen.phosphites used were freshly prepared.“’ i2 The 
benzene (thiophene-free), dioxane and light petroleum (40-60”) were dried over Na Acetonitrile (Pro,) 
.and dimethylformamide (drierite) were freshly distilled AH manipulations were carried out under N, 
atmosphere. 

The IR spectra were recorded with a Carl Zeiss Infracord Spectrophotometer Model “UR 10” and the 
NMR spectra were performed on a Varian A-60 Spectrometer in CDCI, soln, using TMS as an internal 
standard. 
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Reaction of trialkyl phosphites with 2,3,5,6-tetrachloro-p-quinonedibensenesulphonimide (IV) in dry 
aprotjc solvents. Triethyl phosphite (1.6 g; 001 mole) was added dropwise at lo” during a period of 10 min 
to IV” (38 g; 001 mole) in dioxane (200 ml). The mixture was kept at room temp for 12 hr, whereby the red 
colour of the soln faded gradually until it became colourless The solvent was evaporated in uacuo, the 
residual solid washed with light petroleum and recrystallixed from benxene-light petroleum to give Vb 
(yield 95 %) as colourless crystals, mp. 188”. (Found: C, 41.80; I-I, 3.71; N. 4.08; P, 4.45; Cl, 2047; 
C,,H,,N,O,PS&l, requires: C, 41.72; H, 3.61; N, 4.05; P, 448; Cl, 2052%). Compound Vb was also 
formed when the above described procedure was performed using 4 mole equivs of the phosphite reagent, 
and/or when the reactants were boiled for 3 hr. 

Similar results were obtained by allowing the reaction to proceed in benzene (yield 90x), acetonitrile 
(yield 95 %) or dimethylformamide (yield 95 %). 

In a similar manner, Va was produced when IV reacted with trimethyl phosphite in dioxane. Compound 
Va was obtained as colourless crystals from benxene-light petroleum, m.p. 179” (yield 90%) (Found: 
C, 38.87; H, 3.09: N, 4.69: P. 4.72: Cl, 21.75: C21H19N207PSZC14 requires: C, 38.91; H, 2.93: 
N, 4.31: P, 4.77: Cl, 21.82%). The IR qxctrum had bands at 1280 cm-’ (P=O) (4) and 1040 cm-1 
(P-QCH,) (4). The Hi NMR spectrum had multiplet at r 2.42 (aomatics), a doublet at r 617 (Jur = 11.4 cs, 
POCHJ and a singlet at T 6.9 (NCHs). 

Reaction of triethyl phosphite nith quinoneimine IV in presence of muter. Quinoneimine IV (3.8 g), sus- 
pended in dioxane (200 ml) containing 2 ml water was treated with triethyl phosphite (1.6 g). The mixture 
was kept for 1 hr at ambient temp and the solid material fltered off (yield 15 %), crystallixed from ACOH 
proved to be VII (m.p. and mixed m.p. 278”)‘” The filtrate was evaporated in vaaw and the residue was 
dissolved in CHCl, (50 ml). Addition of cyclohexane (50 ml) resulted in the isolation of VIb. Tbii was 
recrystallized from chloroform-light petroleum (yield lOoA and proved identical with VII, obtained as 
described below. The filtrate was further treated with cyclohexane (50 ml) and kept in the ice-chest overnight. 
The colourless crystalline product formed (yielded 70%) proved to be Vb (m.p. and mixed m.p. 188”) 
(oide supra). 

Reaction of trimethyl phosphite with quincneimine IV in presence of nuter. This was carried out in the 
manner described above. The following products were separated and identified : (a) Compound VII, m.p. 
and mixed m.p. 278”” (yield 35 %). (b) Compound Via, m.p. and mixed m.p. 230” (yield 30%) (uide infra). 
(c) Compound Va, m.p. and mixed m.p. 179” (yield 30%). 

Reaction of trialkyl phosphites l&h @none IV in acetic acid. A mixture of N (038 g), AcOH (20 ml), 
and triethyl phosphite (016 g) (or trimethyl phosphite (012 g)) was kept at room temp for 30 min. The 
crystals thus formed were recrystallized from AcOH to give VII as colourless crystals, m.p. and mixed m.p. 
278”13 (yield 96 %). Similarly compound VII was obtained (yield 94 %) when EtOH was used. 

Reaction of dialkyl hydrogen phosphites with quinoneimine IV. A mixture of N (038 g), diethyl hydrogen 
phosphite (@12g; 0001 mole) and benzene (30ml) was refluxed for 10 hr. The volatile materials were 
removed under reduced pressure and the residue was crystallixed from chloroform-light petroleum to 
give VIb (yield 80%) as colourless crystals m.p. 203”. (Found: C, 39.85; H, 3.27; N, 4.32; P, 4.65; Cl, 21.54. 
CZ,H,,N,O,PS,Cl, requires: C, 39.98; H, 3.19; N, 4.23; P, 4.67; Cl, 21.42%). The IR spectrum had bands 
at 3200 cm-’ (NH), 126Ocm-’ (P=Q)4 and WOcm-’ (P-OCsHs)? The H’ NMR spectrum had a 
multiplet at r 2.22 (aromatics), a quantet at ‘5 564 (Jur = 7.5 cs, P-QCH,CH,) and a triplet at r 8.59 
(P-OEt). 

Similarly, Via was formed by the action of dimethyl hydrogen phosphite on IV. Compound Via was 
obtained from chloroform as colourless crystals, m.p. 230” (yield 70%). (Found: C, 37.85; I-I, 2.81; N, 4.75; 
P, 485; Cl, 2240; Cs,H,,N,O,PS,CI, requires: C37.92; I-I, 2.70; N, 473; P, 4.88; Cl, 22.36%). The IR 
spectrum had bands at 3210 cm-’ (NH), 1280 cm-’ (P=Q)* and lm (P-QCHs).4 The H’ NMR 
spectrum had a multiplet at r 2.17 (aromatics) and a doublet at r 602 (Jnr = 11.4 cs, POCH,). 

Photochemical reaction between diethyl hydrogen phosphite and quinoneimine IV. A mixture of N (038 g), 
freshly distilled diethyl hydrogen phosphite (@2 g) and benzene (30 ml) was placed in a Schlenk tube of 
Pyrex glass. The air was displaced by dry N, and the tube sealed and exposed to sunlight for 40 hr (March). 
The colourless crystals thus formed were filtered, washed with benxene, crystallized from chloroform-light 
petroleum and was proved to be VIb (85 %) (m.p. and mixed m.p. 203”). A parallel experiment, carried out in 
the dark, gave VIb (40 %) and the starting IV (60 %). 

Action of nutcr on VIb. A mixture of VIb (05 g) and 10 ml dioxane containing 05 ml water was boiled 
for 4 hr. After cooling, VIb was recovered practically unchanged (m.p. and mixed m.p. 203”). 

Action of diazoethune on VIb. To a suspension of VIb (03 9) in dry ether (24) ml) was added an ethereal 
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soln of diazoethane (from 3 g nitrosoethylurea) and the mixture was then kept at 5” for 24 hr. The solvent 
was evaporated in wcuo and the residual solid@3 g) was washed with light petroleum, recrystallized from 
chloroform-light petroleum and proved to be Vb (m.p. and mixed m.p. 188”). 

Reaction ofquinoneimine IV nith triphenyl phosphite. A suspension of IV (@38 g) in benzene (30 ml) was 
treated with freshly distilled triphenyl phosphite’* (031 g). After standing for 1 hr at room temp, the solid 
formed was extracted with 3 % NaOH aq (20 ml). Acidification with 5 “/, HCI afforded 036 g of VII, as 
proved by comparison of its m.p. and IR spectrum with an authentic specimen.13 

Reaction of quinoneimine IV ti’th triphenylphosphinr When a suspension of IV (Q38 9) in dry benzene 
(10 ml) was treated with triphenylphosphine” (@26 g), colourless crystals were formed after standing for 
30 min. These were filtered off, washed with benzene, recrystallized from AcOH and proved to be VII 
(yield 96 %) (m.p. and mixed m.p. 278”).13 

The filtrate and washings were freed from the solvent in uacuo, and the residue then recrystallized from 
benzenelight petroleum to give triplienylphosphine oxide (m.p. and mixed m.p. 154”).16 

Reduction of quinoneimine IV nith phosphorous acid. A mixture of IV (O-38 g), benzene (30 ml) and phos- 
phorous acid (01 g) was heated (steam-bath) for 6 hr. Thecolourless product was filtered off and recrystallized 
from AcOH to give VII (m.p. and mixed m.p. 278”).13 

Reaction of trialkyl phosphites n&h 2,3-dichloro-l,4-naphthoquinonedibewzenemdphonimide (XI). A 
mixt&,of X1” (@57 g; @@i-mole), trimethyl phosphite (013 g; @OOl mole) and benzene (10 ml) was kept 
at room temp for 2 hr. After addition of light petroleum, the crystalline material (95 “%) was recrystallized 
from benzene-light petroleum to give XIIa as colourless crystals, m.p. 105”. (Found: C, 4764; H, 3.71; 
N, 4.51; P, 4.85; S, 1015; Cl, 11.38. C25H,3N,0,PS,C12 requires: C, 47.70; H, 3.68: N, 4.45; P, 4.91; 
!3, 10.18: Cl, 11.26%). The IR spectrum had bands at 1280 cm-’ (P=Or and 1040 cm-’ (P-GCH3)? 
The H’ NMR spectrum had multiplet at ~2.15 (aromatics), a singlet at ~6.05 (NCH3) and a doublet at 
7657 (JHp = 11.4 c/s, POCH,). 

In a similti manner, XIIb was obtained when triethyl phosphite reacted with XI. Compound XIIb was 
recrystallized from benzene-light petroleum, m.p. 120” (yield 98%). (Found: C, 49.92: H, 4.14: N. 4.28: 
P, 4.66; S, 9.61: Cl, 1058. &,H,,N,O,PS,CI, requires: C, 5008; H, 435; N, 4.17: P, 4.60; S, 9.55; 
Cl, 1052%). The IR spectrum had bands at 1265 cm-’ (P=O)’ and at 1035 cm-’ (P-GC2Hs)? 

REFERENCES 

B. C. Ladd and M. R. Harvey, U.S. Patent 2,609,376, Sept. 2, 1952; Chem Abstr. 47,754O (1953) 
F. Ramirez and S. Dershowitz, J. Am Chem. Sot. 81,587 (1959) 
R. Adams and W. Reifschneider, Bull. Sot. Chim. Fr. 23 (1958) 
L. W. Daasch and D. C. Smith, Analyt. Chem 23,853 (1951) 
F. Ramirez and S. Dershowitz, J. Org. Chem 22,1282 (1957) 
A. J. Kirby and S. G. Warren, The Organic Chemistry ofPhosphorus, p. 63. Elsevier, London (1967) 
A. Y. Garner, E. C. Chapin and P. M. ScanIon, J. Org. Chem 24, 532 (1959); R. R Hindersinn and 
R. S Ludington, Ibid. 30.4022 (1965) 
M. M. Sidky and M. F. Zayed, Bull. Chem. Sot. Japan 43,3312 (1970) 
T. Milobendzki and A. Sachnowski, Chem. Polski 15,34 (1917); Chm Absrr. 13,2865 (1919) 
A. H. Ford-Moore and B. J. Perry, Organic Syntheses Vol. 31, p. 111 (1951) 
H. McCombie, B. C. Saunders and G. J. Stacey, J. Chem Sot 380 (1945) 
B. A. Arbuzov and V. S. Vinogradova, Isvest. Akad. N&k, S.S.S.R., R.0.Kh.n. 617 (1947); Dokl. Akad. 
S.S.S.R. 553 1 (1947) 
R. Adams, E. F. Elslager and K. F. Heumann, J. Am. Chem. Sot. 74,2608 (1952) 
R. Anschutz and W. 0. Emery, Liebigs Ann. 239,301(1887) 
J. Dodonow and H. Medox, Ber. Dtsch. Chem bis 61,907 (1928) 
A. Michaelis and L. Gleichmann, Ibid. 15,801 (1882) 
R. Adams and R. A. Wankel, J. Am. Chem. Sot. 73,131(1951) 


