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Abebxst-1.2,~lndantrione (II) reacts with dialkyl phosphitcs. yielding colourlcas 2:l adducts. 
believed to have structure III. 2-Bcnzylidcne-1,3-indandionc (DC) W with dicthyl phosphitc, 
forming 1: I adduct. having stnvzture X. The action of triethyl phosphitc on IX in txnzmc solution 
has ban investigated and the resulting 1: 1 adduct could have structure XIII. The UV, IR and NMR 
spectra of the adducts are in favour of the proposed structures. 

WHILE our work in the field of organophosphorous compounds was in progress, 
Ramirez PI al.,’ have recently reported on the behaviour of diphenyl propanetrione 
towards the action of trimethyl phosphite, leading to the formation of 1: 1 adduct, 
formulated as cyclic unsaturated pentaoxyphosphorane (I). 

In our hands, 1.2,findantrione (II), a vicinal cyclic triketone, reacts with dialkyl 
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phosphites, namely, dimethyl, diethyl, and diisopropyl phosphite to form 2: 1 adducts 
Believed to have a structure similar to III or IV. 

l * A. Mustafa. M. M. Sidky and M. R. Mahran. Ucbip AM. 6M, 187 (1965); b A. Mustafa, 
M. M. Sidky and F. M. Soliman, Temhedron 22,393 (1966). arc to be regarded u parta I and II. 

I F. Ramireq A. V. Patwardhan and C. P. Smith, 1. Org. C&m. 30,2S75 (l%S)). 
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The behaviour of 1,2,3-triketones towards the action of dialkyl phosphites seems 
not to have been investigated. Dialkyl phosphites are known to react with mono- 
carbonyl compounds’ and adicarbonyl compounds to give 1: 1 adducts. The reaction 
products, Illa-c give the correct analytical values. Molecular weight determination 
by the osmometric method indicates that they are 2: I adducts. The UV spectrum 
of compound lllc in methanol resembles that of ninhydrin (V). There is no observed 

0 

P 

shift, but the appearance of a new absorption at 2.~~:oii~ Ows S*oli 260 rnp, and 
Azhon -@ObN nc’ near 250 rnp decreases remarkably, but reappears on neutraliza- 
tion of the solution. The IR spectrum of IlIc, taken as an example, in KBr shows 
bands at 1710 cm-l (C=-0 group); 1585 cm- ‘(aromatic band); 1274 cm-l (>P --* 0, 
free); 1248 cm-r (>P --, 0, hydrogen bonded) and 990 cm-l appears to be of 
P-O-C (isopropyl). In chloroform, compound lllc shows absorption at 3680 cm-l 
(OH, free); 3530 cm-l (OH, hydrogen bonded); 1755 cm-’ and 1728 cm-r (C-O 
group); 1600 cm-l (aromatic band); 1255 cm-* (>P - 0, free) and the band for the 
hydrogen bonded >P + 0 group seems to be obscured. The solubility of the adduct 
in CDCI:, is too small to permit satisfactory NMR spectrum. Nothing besides the 
methyl doublet (J : : 6 c/s) centrcd at 7 = 8.74 can be assigned. The UV and IR 
spectrum data are in good agreement with the proposed structure Ill. This also finds 
support from the bchaviour of the adduct lllb, taken as example, with hydrogen 
sulphide, in boiling amyl alcohol, yielding the dark red bisindan-1,3dione (VI), which 
is also obtained upon treatment of lllb with dilute sulphuric acid. It is believed that 
the adduct suffers cleavage of the phosphorus-oxygen linkage more probably than 
the carboncarbon bond (cf. Ill) or the ether linkage (cf. IV) to form primarily 
hydrindantin (VII) known to be an intermediate in the reduction of ninhydrin (V) 
to bisindan-1,3-dione by the action of hydrogen sulphide.’ 

* W. F. Barthel, P. A. Gang and S. A. Hall, J. Amer. Chem. Sot. 76.4186 (1954); F. Ramim_ 
H. Yamanaka and 0. H. Basedow, fbld. 83, 173 (l%l). 

’ A. Mustafa, M. M. Sidky and F. M. Soliman, Tehthedron 22,393 (1966). 
* A. Schanbcrg and R. Moubask, 1. Ckm. Sot. 212 (1949). 
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The ready formation of VI excludes the other possible structure, IV, which is 
similar to VIII suggested by Ruhema& for hydrindantin. The adduct IIIb is ther- 
mally stable at 300” under reduced pressure. In presence of nitric acid, compound IIIa 
gave phthalic acid. 
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The accelerating action of light on the reaction of 1,2,34ndantrionc (II) with di-, 
and trialkyl phosphites is under investigations 

DiaIkyl phosphites (ROhP(O)H are known to add to unconjugated olcfins in the 
presence of peroxides .’ These have been regarded as radical chain processes propa- 
gated by the radical (RO),P(O). Conjugated a&unsaturated systems, e.g. diethyl 
maleate, has been reported to add dialkyl phosphites in presence of alkaline cataIysts.s 

WC have now investigated the bchaviour of 2-benzylidcne-1,findandione (IX) 
towards the action of diethyl phosphite in benzene in the presence of catalyst. Working 
up of the reaction mixture resulted in the isolation of a crystalline 1: 1 adduct, believed 
to have structure X. In favour of the proposed structure; X gives the correct analyt- 
ical values and a mol. wt. corresponding to C&HzIOIP. It gives ferric chloride reaction, 

Ix X 

and dissolves in aqueous sodium hydroxide solution. Treatment of the adduct X in 
glacial acetic acid with hydrogen peroxide led to the formation of phthalic acid. On 
the other hand, ethereal diazoethane solution effected the ethylation of the acidic 

a S. Ruhanann, J. Glum. Ser. 99,797 (1911). 
l Cf. the signifii of accckrating action of light on the reaction of dialkyl phosphita with 

quinona, F. Ramircz and S. Dashowi~ /. Org. Chem. 22.1282 (19s). 
‘* R. L. McConnell and H. W. Coovcr. Jr.,I. Amer. Chm. Sot. 79.1%1(19S7); ’ W. E. Hanford 

and R. M. Joyce, U.S. Pat. 2.47830; a J. A. Bit&s, Jr. and R. M. Joyce, U.S. Pat. 2359,754. 
l A. N. Pudovik. T. M. Moahkina, and I. V. Konovalova, 1. Gen. Chem. USSR 29, 3301 (19S9). 
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hydroxyl group to give a product identical with that obtained upon reacting triethyl 
phosphitc with IX (vidc infra). 

The NMR spectrum of adduct X shows in CDCI, an exchangeable proton in the 
4.7-5.7 ppm region. For obtaining more accurate integrals, the solution was shaken 
with D,O to obtain deutcrium exchange. All of the aromatic protons fall in the region 
7+8*2 ppm. The integral was defined as 9 protons. The 60 and 100 MC/S spectra 
of X in CCI, can readily eliminate structure like XIa because a doublet at d -= 4.30 
with Jn..,, = 24*7c/s is observed, whereas formula XIa predicts a doublet of doublets 

with Jrr..., == 24.7 and Jn_c_c_a - SlO c/s and the absence of an OH group. 
Evidence against structure XIa can be shown by the appearance of a broad signal at 
d = 12.2 typical for a strongly hydrogen bonded OH proton. 

The two ethoxy methyl groups triplets fall in the region 08-15 ppm (CDQ). 
The integral ratio indicates 6.5 protons. The NMR spectrum of X in CCI, illustrate 
chemical shift of the 2 methyl groups and are found at d = 0.97 and d = 1.25 respec- 
tively. This is not surprising because the phosphorus is attached to a carbon atom 
which is asymmetrically substituted. 

In the expanded 100 MC/S spectrum, a quartet of doublets centred at d = 4.12 
J cn,...~31 = 8.5 c/s. JCntCH, = 7.5 c/s due to a CH, group whose two protons are 
magnetically equivalent and hence have identical chemical shift. The resonance of 
the second group extends over a region of cu. 1 ppm (d = 3.2 to 4.20) which indicates 
the presence of a CH, group whose two protons are magnetically nonequivalent and 
hence chemically shifted. If the two protons were only coupled together and with 
the corresponding methyl group, one would expect a spectrum of 16 lines (no coupling 
to p9r, cf. structure XIb) but in fact more lines are observed which can only be 
explained by assuming an additional coupling to Fi and the presence of some con- 
taminants as impurity. 

The NMR spectrum (CDCI,) included the ethoxy-CH, groups plus the methyne 
proton (3.3-4.8 ppm) in complex pattern, containing more lines than anticipated. The 
integral ratio indicates 5.5 protons. The NMR spectrum of adduct X in pyridine did 
not change the analysis. 

The IR spectrum of the adduct X in KBr shows bands at 1710cm-’ (C=O); 
1625 cm-i (aromatic band); 1580 cm-l (C-C band); 1200 cm-’ (>P --* 0, hydrogen 
bonded); 1170 cm-l (P-O-C*Hd; in CS, absorption bands at 3450 cm-’ (OH 
group); 1710 cm-l (C=O group); 1627 cm-l (aromatic band). 

The reaction of trialkyl phosphites with a&unsaturated carbonyl compounds has 
recently attracted the interest of many authors. Cyclic oxyalkylphosphoranes have 
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been postulated as intermediates,*-11 e.g. XlIa is the reaction product of rranrdi- 
benzoylethylene with triethyl phosphite in ether so1ution.l’ The formation of XIIa is 
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XII0 

assumed to be in equilibrium with open dipolar structures Xllb and XIP resulting 
from the cleavage of phosphorous-oxygen and of phosphoru-rbon bonds. 

xl1 0 WC 

Treatment of IX with triethyl phosphite now has been found to give a crystalline 
1: 1 adduct, believed to have structure XIII. These conclusions are based on NMR 
and IR spectra. 

oczn, 

XIII 

The NMR spectrum of XIII in CDCI, indicates that the aromatic protons fall in 

the region 7.1 to 7.7 ppm. The integral is defined as a proton ratio value of 9. The 
complex overlapping patterns between 3-7 and 5.0 ppm contain the signals from the 
three ethoxy CH, groups plus the methyne proton. The integral ratio indicates 5 

* l G. Knmal and V. A. Kukhtin, 1. Gen. Chem. USSR 27, 2431 (1957); b Ibid. 27, 2436 (1957): 
* Ibid. 31, 1621 (1961); 4 cf. Chem. Absfr. S2,7127d (1958); 52,9!M8f (19S8). 

I* V. A. Ginsburg and A. Ya Yakubovich. Zh. Obshch. Khim. 30.3979 (1960); J. Gen. Chem. USSR 
30,3944 (1960). 

I1 R. G. Harvey and E. R. IMom&. in Topics in Phosphorus Cknfswy. Vol. I (Edited by M. 
Grayson and J. Griffin). John Wiley. New York, 1964. 

I’ V. A. Kukhtin and K. M. Ordchova, J. Cm. Chew. USSR 30.1539 (1960). 
‘I l R. G. Haney and E. V. Jensen. Tefrahe&on Lcrrers No. 26, 1801 (1963); ’ E. R. DeSombrc, 

R. G. Harvey and E. V. Jensen, Abtrecy 146th National Meeting of the Amaian Cbm&al 
Society, Denver, Colo., Jan. 1964. p. 2lC; ’ R. G. Harvey and E. V. Jensen, Abtrects, 144th 
National Meeting of the Am&an Chaniml Society. Lus Ankekq Calif. April 1963, p. 61M. 
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protons. The l-0 to I.5 ppm region contains 2 overlapping triplets. The more intense 
triplet results from the two exactly superimposed methyl triplets in the two cthoxy 
groups attached to the phosphorus atom. The weaker triplet is the signal from the 
methyl group in the ring ethoxy group. The integral indicates a proton ratio of 9. 
The NMR spectrum of XIII in CCI, shows separately the three methyl groups at b = 
1.14, l-19 and l-28; the H-C-P proton is a doublet centred at d =: 4.60 (JlI...,31 = 
28 c/s) and in addition to this signal a quartet of doublets ccntred at b = 4.68 corre- 
sponding to a single proton is observed. This proton can only be attributed to one of 
the two protons of the newly introduced CH,-O group which is magnetically non- 
equivalent with the other geminal proton and hence strongly chemically shifted. In 
accordance with this, a quartet of doublets with J,_,_, - IO+ and JcuI-cLI, -- 
7 c/s. The other two CHtO groups show up at 8 = 3-74.3 as a complex multiplet. 

The fact that the NMR spectrum of XIII is different from that of X excludes the 
possible structure XIb which may be assigned for diethyl phosphito2+enzylidene- 
1,findandione adduct. 

The IR spectrum of XIII is well defined and quite consistent with the assigned 
structure (XIII). In KBr, it shows bands at 1690 cm-l (C----O); 1610 cm-’ (aromatic 
band); 1240 cm-’ (C-O-C); 1275 cm-’ (3Pd); 1150 cm-l (probably 
P-O-C,H& 

It is believed that the formation of XIII may involve I:4 addition of the tertiary 
phosphite ester to the z&unsaturated system (cf. IX), followed by an Arbusov-like 
rearrangement of the intermediate adduct (XIVa + XIVb).” 

EXPERIMENTAL 

All m.ps are uncorrected. The benxne (thiophmafrac) used was dried (Na). Tbc t&thy1 pbob 
phitc was puritiod by treatment with Na followed by fractional distillation. Moisture and 0, must 
bc avokkd in making and handling the adducts. Microanalysi, hpo been car&d out in Mikro- 
analyti&a Laboratorium Bella, Gi)tIingcn. W. Germany. 

&o&on of dlolkyIp+&res wirlr 1,2,3-fndwtfrioru (IQ To a cookd suspension of the triketom? 
(1.6 g, in dry benzene (20 ml), was added dimethyl phasphitcl@ (l-3 gl dropwire with stirring. The 
&on mixture was kept at room 1cmp for 6 hr and the colourl~ product that wparatcd was filtered 
oti and aystallizd from aceton*EtOH (1: 2) lo give llla as colourlus crystals. m.p. 245-247’ (dac.) 
(yield 1.3g, 60%). (Found: C, 55.73; H. 3.58; P, 7.14; OCH,. 14.31. C,.H,,OJ’ requires: 
C, 55.82; H. 3.51; P, 7.19; OCH,, 14042x.) In a similar manner, IlIb and IIlc were obtained respcc- 
tiwly by the action of dicthyl and diisopropyl phosphitol* on II. Compound Illb (yield 86”& wm 
crystallizui from EtOH BS colourkss crystals. m.p. 266” (dac.). (Found: C, 57.6s; H, 4.12; P, 664; 
OC,H,, 19.29. C,,H,,O,Pra@ru: C. 57.64; H, 4.17; P, 6.75; WH,. 1966x.) 

I’ Cf. Tbc reaction of trialkyl pbnspbitcs with makate a&a. R. R. Hindaxinn and R. S. Ludington. 
J. Og. Chum. 30,4020 (l%S). 

lb A. mnbug and R. MoubJw, 1. Chem. Sue. 71 (1943). 
I’ For the pmparation of dimethyl-. diuhyl-, and diiqropyl phosphitc, see H. McCombic, B. C 

Saundm and G. J. Stawy. J. Ckm. 5bc. 380 (1945). 
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Compound 111~ (yield, 50%) was crystallized from CHCl,-pet. ether (b.p. M); m.p. 2MMO2’ 
(doz.). (Found: C, 59.37; H.481; P. 6.25; mol. wt., l 512. C,,H,O,P requires: C. 59.26; H.476; 
P, 6.36; mol. wt.. 486.42x.) IIIa< give no colour with cont. H,SO, and arc solubk in 10% NaOHaq 
with a yellow colour. 

Formorion of bisin&ne-l.3dkww (VI) /ram IIIb. The adduct IIIb (CM g), partly dissolved and 
partly suspended in amyl alcohol (50 ml), was heated on the water-bath for 12 hr. during which time a 
stream of dry H,S was pass4d through the mixture; after standing at room tanp (24 hr), the crystals 
formed wcrc filtcrcd off and proved to be VI*’ by m.p. and mixed m.p. 297” yield cu. 85 ‘/, 

Action ojH&O, on IIlb. Compound Illb (0.2 g) was boiled with H,SO,aq (I : 1) (60 ml) for 30 min. 
then glacial AcOH (60 ml) was added to dissolve the dark violet solid that separated, and the solution 
was boiled for anotha 30 min. cooled, and poured into icMlold water (20 ml). Tba reddish-brown 
solid (OQ9 g), thus obtained was washed with water until free from acid, dried, and crystallized from 
bcnznc. giving viokt-brown nccdlcs of VI,” m.p. 297”. 

Acrion o/hear on IIlb. Compound IIIb was rccovcrcd unchanged or almost unchanged upon 
heating at 28&300” (bath tanp) under red. press. (5 mm) for 30 min (m.p. and mixed m.p.). 

Acrion o/HNO, on IIIa. A mixture of IIIa (O-5 g), cont. HNO, (d. 1.42) (10 ml) and waler (20 ml) 
was rcfluxcd for 2 hr. The reaction mixture, on evaporation, gave a solid residue (0.2 g) which 
proved to be phthalic acid (m.p. and mixed m.p.). 

Rracrion of dierhyl phosphi~e with 2-&nzylidene-l,3-indond~tu (IX). A mixture of IX” (2.3 g) 
and dicthyl phosphite (l-5 g) in dry benzene (25 ml) was refluxcd under N, for 8 hr. The cxcus 
diethyl phosphitc and bcnzne was removed under red. press. The residue left behind was washed 
several times with pet. ether (b.p. 40-60”) and then crystallized from bcnxcnbpct. ether (b.p. 4CMO”) 
to give X as pale yellow crystals, m.p. 9&92” (2.6g, 70%). (Found: C, M-37; H, 554; P. 8.26; 
OC,H,. 24.15; mol. wt., 376 (Rast). GH,iO,P requires: C. 64.51. H, 568; P. 8.31; WH,. 
24.20; mol. WI.. 372.36.) Compound X was soluble in 5% NaOHaq. 

Acrfon of H.0, und AcOH on X. Compound X (@4 g) dissolved in glacial AcOH (10 ml) was 
treated with H.0, (I ml. 30%). The reaction mixture was heated at -70” for 30 min. On cvapora- 
tion, phthalic acid was obtained (mp. and mixed m.p.) in an almost quantitative yield. 

Acrion of Diozoerhww on X. To the compound X (O-2 g) was added an ethereal solution of diazo- 
cthanc (from 3 g of nitrosocthylurea*D). The reaction vessel was kept in the ice-&at for 48 hr. After 
removal of the ether. the residue was crystallixcd from pet. ether (b.p. 40-60”) as yellow crystals 
of XIII, m.p. 89-90” (@14 g, 65 ‘/a. There was no depression of the m.p. on admixture with material 
prepared by the action of tricthyl phosphite on IX (see below) and the IR spectra of both compounds 
were identical. Compound XIII was insoluble in 5 % NaOHaq. 

Rcucfion of rrkthylphosphirc with IX. Trkthyl phosphitcY (1.6 g) dissolved in dry benzene (5 ml) 
was added dropwise to a cooled suspension of IX (2.3 g) in dry benzene (30 ml) with good stirring. 
The reaction mixture was rcfIuxcd for 2 hr. After removing the volatik materials under red. press.. 
the oily residue. so obtained, was crystalliz.ed from pet. ether (b.p. M)togivegoldcn ycllowaystals 

of XIII, m.p. 89-90” (3ag. 75%). (Found: C. 65.80; H. 6.25; P. 754; OC,H,, 3340; mol. wt., 
402 (Rast). GHuOIP rcquircs: C, 65.98; H, 6.29; P, 7.73; KH,, 33.75; mol. wt., 40042.) 
Compound XIII was insoluble in 5 % NaOHaq. 

Ackno~C&ncn~-WC arc very grateful to Dr. H. Reinshagcn of Institut fllr Organ&he Chemic dcr 
Tcchnischcn Hochschulc. Darmstadt, W. Germany; Dr. A. Makra. Varian AC. ZUrich, Switzcxland. 
and Dr. D. F. Whitehead, Bristol Laboratories, Division of Bristol-Myers Company, Syracuse, New 
York, for spectral determinations and assistan= in their interpretations. 

l Osmometric in chloroform. 

I’ A. Sch(inbcrg and R. C. Aaam, J. Chem. SOC. 1428 (1939). 
I@ W. Wislicenus and A. K6tzlc. L&b&s Ann. 252,75 (1889). 
“E. A. Wcmcr,I. Ckm. Sot. 115, lloO(1919). 
n A. H. Ford-Moore and B. J. Perry. Organic Synrhesis 31, 11 I (1951). 


