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Abdract-The synthesis and physical properties of 2-phosphanaphthalene and of three methyl substituted 
derivatives are reported together with some observations concerning the reactivity of this system. It is concluded that 
these compounds possess aromatic character. 

INIRODXIION 

In the last decade a lively interest has grown in the 
chemistry of Phosphorus compounds with delocalized 
pa-pa bonds. First of all phosphamethincyanines were 
synthesized. In the years to follow phosphorin (phos- 
phorus analogue of pyridine) and dibenzophosphorin 
systems were prepared. Quite recently Miirkl and Heier 
published the synthesis of a benzol’blphosphorin, 2 - 
phenyl - 1 phosphanaphthalene.’ From physical and other 
data it is clear that these phosphorins have aromatic 
character. 

In a preliminary communication3 we reported the 
preparation of a benzo[c]phosphorin, 3 - methyl - 2 - 
phosphanaphthalene (1~). We now want to give a full 
account of our investigations concerning the 2- 
phosphanaphthalene system. The objective of this re- 
search was to synthesize unsubstituted 2- 
phosphanaphthalene (la) and to study the stability and the 
reactivity of this system, because phosphabenzene is 
stabk in nitrogen atmosphere, but phosphaanthracene 
cannot be isolated even in vacuum.’ Moreover, the 
reactivity of phosphorin systems had only been tested 

with heavily substituted phosphabenzenes.’ As we en- 
countered initial diiculties in preparing la, methyl 
substituted 2-phosphanaphthalenes were also prepared. 
The synthesis and physical properties of la, l-methyl-, 3- 
methyl- and I,3 - dimethyl - 2 - phosphanaphthalene (lb, 
lc and Id, respectively) will be discussed together with 
some observations about the reactivity of the 2- 
phosphanaphtbalene system. 

Synthesis 
The synthesis of 2 - hydroxy - 2 - phosphatetral - 4 - one 

- 2 - oxide (6a) has been published by Henning.’ We found 
that his procedure could be improved by reacting the 
Gxignard reagent from 2a directly with triethyl phosphite, 
instead of preparing the zincorganic derivative and 
treating it with phosphorus trichloride and then with 
isopropanol. 6h, 6c and 6d were synthesized analogously 
from the appropriate starting materials. 

The reduction of the keto group of 6 with NaBI-L in 
H20 yielded the corresponding alcohol 7.8a and 8b were 
obtained by heating 7a and 7b with 10% HZSO,. As this 
method was not reproducible with 7c and 7d, Lucas 
reagent was used to obtain 8e and 8d. 

From 7 to 1 we followed the route which de Koe et al. 
had worked out in the phenanthrene series:6 reduction of 
8 to a 1,2 - dihydro - 2 - phosphanaphthalene 9 and 
reaction of the latter with phosgene to the corresponding 
chlorophosphine 10 followed by dehydrohalogenation 
with the aid of a nitrogen base. 

Reduction of 8a with silanes6 did not yield 9a but an 
unidentified polymer. Reaction of the phosphinic acid 
chloride (prepared from 8 and SOCll in chloroform) with 
LAH( in ether at - 15” yielded 9. In the ‘H NMR spectrum 
the coupling constants between the olefinic protons and 
phosphorus are in accordance with those reported by 
Quin for phospholenes’” and phospholes.‘b Contrary to 
the normal observation (‘JPH co. lS220Hz”) only one 
peak can be detected in this spectrum for the proton 
directly attached to phosphorus. Because inversion of 
configuration at phosphorus is usually slow in phos- 
phines,e”’ we feel that this phenomenon is caused by an 
intermolecular exchange of the proton directly attached to 
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phosphorus. The following observations support this 
explanation: 

(1) In a “P NMR spectrum of 9e recorded at a 
temperature below -40” in CH,Ch the broad singlet 
present at room temperature is replaced by a doublet each 
of which is further split into two multiplets. 

(2) On shaking a solution of 9c in CDCh with DO the 
peak at 8 = 4.26 in the ‘H NMR spectrum, ascribed to the 
proton directly attached to phosphorus, disappears. This 
is not observed for diphenylosphine which has a PK. of 
21.7.” 

(3) The mass spectrum of 9c treated with CH30D 
shows, besides m/e = 162 (Gd&P)? also m/e = 163 
(C&DP)?. It is possible that the presence of both 
mle = 162 and mle = 163 is caused by an exchange 
reaction with proton sources in the mass spectrometer. 

9a is extremely unstable. It decomposes to a large 
extent on standing at rcom temperature overnight. 9c, 9d 
and also 9b can be distilled undecomposed and seem to be 
quite stable at room temperature. We have no convincing 
explanation for these effects, which all point to instability 
connected with surprisingly easy deprotonation. One of 
the reasons may be polarisation of the P-H bond, because 
the negative charge on phosphorus can be delocalized 
effectively into the styrene system. Possibly the fact, that 
unsubstituted phosphole has not yet been prepared (only 
heavily substituted derivatives are known so far”), must 
also be attributed to this phenomenon. 

Because of the instability of 9a and because Quin stated 
that Z-chlorophospholene is very unstable,” we did not 
isolate the chlorophosphines, 10, but reacted them with 
base without purification. The reaction with both triethyl 
amine (TEA) and 1,5 - diazabicyclo - [5.4.0]undec - 5 - ene 
(DBU) in high vacuum sealed glass vessels was rapid, 
maximum UV absorption being obtained immediately on 
mixing the reagents. The 2-phosphanaphthalenes were 
isolated and puritied by extraction from the reaction 
mixture and sublimation. As described in detail in the 
experimental part, lb was the only member of the series 
which could not be obtained in pure state. The yield of 
purified 1 varied from 20% for la to 64% for lc (based on 
9). The residue of the sublimation of lc and Id contained 
dimers llc and lld, respectively; this was suggested by: 

(a) The mass spectra of these residues [m/e = 322,30% 
C&mP2)r; m/e = 162, 100% (C&I,,P)*; m/e = 161,66% 
(CloH,oP)‘; m/e = 160, 74% (GoH~P)? for lc and m/e = 
350, 4% (CuHuP2):; m/e = 176, 7% (CIIH13P)?; m/e = 
175,20% (CLIH12P)+; m/e = 174, 100% (CIIH~IP)+ for Id]; 
(b) The IR spectrum (no P-H stretch band); and (c). 
Oxidation of the residues with warm dilute HNO,, which 
yielded tk and &I, respectively. 

Properties of 1. la and lc are colourless crystalline 
compounds, Id is a pale yellow liquid at room tempera- 
ture. The m.ps and b.ps show similar trends as those of 
the corresponding naphthalenes. All four compounds 
react immediately with atmospheric oxygen, as evidenced 
by the disappearence of the characteristic UV spectrum. 
In nitrogen atmosphere they are stable. 

NMR spectra. In the ‘H NMR spectra of 1 the protons 
at C-l, C-3 and C-4 appear between S = 8 and 6 = 10 ppm. 
This low held chemical shift is an indication for the 
aromatic character of these compounds. The assignments 
of these protons in la (Fig. 1) has been conhrmed by 
spectrum simulation and are in accordance with those 
reported for phosphabenzene.’ 

Fig. 1. ‘H NMR spectrum of 2-phosphanaphthalene (1OOMc) in 
CDCI, with TMS az~ internal standard. 

The coupling constants found in the “P NMR spectrum 
of la and lc are in agreement with those found in the ‘H 
NMR spectrum of these compounds. The center of the 
signals is - 192 and - 200 ppm relative to external IGP04, 
respectively. These low chemical shifts are in agreement 
with the values found for other phosphorins.’ 

The “C NMR spectrum of lc (Fig. 2) shows besides an 
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Fig. 2. “C NMR spectrum of 3-methyl-2-phosphanaphthalene 
(25.2 MC) in CDCI, with TMSas internal standard. 
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aromatic muhiplet and a doublet of the methyl carbon 
atom, two doublets at 8 = MO*2 ppm and 8 = 154.5 ppm 
relative to internal TMS which are ascribed to C-l and 
C-3. For isoquinoline the same pattern is found.” 

The reason why the C atoms and the protons next to 
phosphorus show a down-field shift, is not clear at this 
moment. Possibly it can be ascribed to magnetic 
anisotropy induced by the phosphorus atom. 

TJ’V spectra. The UV spectra of 1 (Fig. 3) show a 
bathochromic shift of ca. 3MlO-MOOcm-’ with regard to 
the corresponding naphthalenes. Compared with other 
phosphorins these are reasonable values.’ Qualitatively 
the spectra of 1 resemble their carbon analogues more 
than their nitrogen analogues (Fig. 4). 

Fig. 3. UV spectraof la (-). lc(. . . .) and Id (---)in diethylether. 

The shifts of the maxima of lb, lc and Id relative to la 
(Table 1) vary in the same way as those of the 
corresponding naphthalenes relative to unsubstituted 
naphthalene. This implies that it is probable, that the 
2-phosphanaphthalenes and the naphthalenes have a 
similar electronic structure also in the excited state. 

Mass spectra. The mass spectra (Experimental) are 
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Fig. 4. UV spectra of naphthrdene (....) (in hexane), isoquinoline 
(----) (in hexane) and la (- ) (in diethyl ether). 

quite simple. The molecular ion is the base peak. The 
doubly charged molecular ions cause peaks of ca 10%. 
These facts confirm that 2-phosphanaphthalenes are 
compounds of considerable stability. 

Fhotoelecrmn spectra The PE spectra of la and lc 
were measured by Schweig et al. and are discussed 
elsewhere.‘& As found for other phosphorins”b the 
energies of the orbitals of the naphthalenes and the 
phosphanaphthalenes are closer to each other than are 
those of the isoquinohnes and the phosphanaphthaienes. 

Fluorescence and phosphorescence spectra The inves- 
tigation of these spectra is under way.” Preliminary 
results contkm the structural analogy between 1 and the 
corresponding naphthalenes. 

Reactions of 1. Because of the high yields in the 
preparation of lc this compound was most readily 
available and was therefore chosen for a preliminary 
investigation of the reactivity of the 2 
phosphanaphthalene system. 

The reaction of lc with mercuric acetate in 

Table I. 

303 308 SO0 305 200 310 700 

353 366 400 361 600 364 BOO 

Naphth.lma 1-h-Naphthelmn P-Pb-N.,,hthal.ne .3-dih-N.9hth.l.n. 

&x("") &$.=) A?(..-') Am&m) Aqn-') AmaX AIfs.-') 

220 224 900 226 1000 226 1600 

276 281 Boll 276.6 200 292 900 

311 317 500 319.5 900 322 1100 
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