1292 J. Org. Chem., Vol. 40, No. 9, 1975

(21) W. C. Danen and R. W. Gellert, J. Am. Chem. Soc., 84, 6853 (1972).

(22) A. L. J. Beckwith and J. E, Goodrich, Aust. J. Chem., 18, 747 (19685).

(23) R. S. Neale, N. L. Marcus, and R. G. Shepers, J. Am. Chem. Soc., 88,
3051 (1966).

(24) Y. L. Chow and T. C. Joseph, Chem. Commun., 490 (1969),

(25) Y. g Chow, N. 8. Tam, and A. C. H. Lee, Can. J. Chem., 47, 2441
(1969).

(26) O. E. Edwards, J. M. Paton, M. H. Benn, R. E. Mitchell, C, Watanada, and
K. W. Vohra, Can. J. Chem., 49, 1648 (1971).

(27) F.R. Hewgill and P. R. Jefferies, J. Chem. Soc., 2767 (1955).

(28) It may be noted that acylation of 2-azatricyclo[2.2.2.0%8]octane yields
instead predominantly bicyclo[2.2.2]amides.2®

Weiner, Lattman, and Grim

(29) W. Nagata, 8. Hirai, K. Kawata, and T. Aoki, J. Am. Chem. Soc., 89,
5045, 5046 (1967).

(30) These compounds were obtained from Diels-Alder addition of acrylic
acid to isoprene, separation of the resultant acids,®' and subsequent
conversions to the chloroamides.

(31) A. Manjarrex, T. Rios, and A. Guzman, Tetrahedron, 20, 333 (1964),

(32) F. B. LaForge, N. Green, and W. A. Gersdorff, J. Am. Chem. Soc., 70,
3707 (1948).

(33) M. Mousseron and F. Winternitz, Bull. Soc. Chim. Fr., 604 (1946).

(34) C. Wolft, Justus Liebigs Ann. Chem., 201, 45 (1880).

(35) H. Machleidt, Justus Liebigs Ann. Chem., 667, 24 (1963).

(36) W. Schneider and M. Muller, Arch. Pharm. (Weinheim), 294, 360 (1961).

Ultraviolet Photoelectron Spectra of Some Substituted Triarylphosphines

Michael A. Weiner* and Michael Lattman
Department of Chemistry, The City College of The City University of New York, New York, New York 10031

Samuel O. Grim

Department of Chemistry, University of Maryland, College Park, Maryland 20742
Received September 30, 1974

The photoelectron spectra of a series of triarylphosphines, containing various ring substituents, have been in-
vestigated. The spectra show a band due to ionization from the phosphorus lone pair (IPy), followed by one or
more bands assigned to ionizations of the phenyl 7 electrons. The values of IP; are sensitive to the nature of the
ring substituents and reflect the influence of the substituents on the charge density at the ring position adjacent
to the phosphorus. The number of observed IP’s in the region assigned to the phenyl 7 electrons are generally the
same as the number of IP’s for the corresponding monosubstituted benzene. Moreover the IP values are generally
close to the IP’s found for the monosubstituted benzenes. The observed results are explained by a lack of substan-
tial resonance interaction between the phosphorus and the = orbitals of the aryl system. The variation of phos-
phorus lone pair IP values is discussed in terms of charge stabilization in the radical cation produced by ioniza-

tion of a lone-pair electron.

Several recent articles on the ultraviolet photoelectron
spectra (pes) of monosubstituted benzenes have discussed
the effect of substitution on ionization from the egx orbit-
als of benzene.!-7 The resonance effect of certain substitu-
ents (OR,® CH3*") on the b; orbital® appears to raise its en-
ergy (lower ionization potential) from that of the ag orbit-
al,® and thus the first ionization potential (IP) can be as-
signed to ionization from the by orbital. The second ioniza-

o .
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tion is then from the a; orbital and appears unchanged
from the corresponding ionization in benzene (9.24 eV).
Other substituents (F,* Cl6) show the same resonance ef-
fect, but an electron-withdrawing inductive effect is appar-
ently also present. Thus the first two IP’s are assigned as
before, but the IP values are somewhat larger. In monosub-
stituted benzenes containing a third class of substituents
(tert-butyl? (CHgz)sSi,® CF3®) the ionizations from the ag
and b; orbitals are close in energy and are either poorly re-
solved or not at all. The band envelopes are raised or low-
ered in energy from that of benzene, depending on whether
the substituent is electron donating or withdrawing.

In the present study we have investigated the pes of a se-
ries of triarylphosphines containing these ring substituents.
Schafer and Schweigl® have interpreted the pes of dimeth-
ylphenylphosphine in terms of a complete lack of interac-
* tion between the aryl group and the trivalent phosphorus
atom. The energies of ionization from the phosphorus lone
pair and phenyl 7 orbitals remain virtually the same as in
(CH3)sP and benzene, respectively. Debies and Rabalais!!
observed in the pes of C¢HsPH; a stabilization of the phe-

nyl = orbitals and a splitting of the ag and b; components,
along with a destabilization of the phosphorus lone pair. It
was suggested that this is due to delocalization of charge
from phenyl 7 orbitals into the d orbitals on phosphorus.
(The IP of the phenyl 7 electrons in (CgHs)sP is the same
as in benzene, however, and no splitting of the components
was observed.)

Results and Discussion

The pes of the substituted triarylphosphines (Table I)
show one or more peaks in the region assigned to ionization
of the phenyl = electrons in the corresponding monosubst-
ituted benzenes (Table II). In most cases the number of
IP’s observed in this region corresponds to.the number of
IP’s observed for the monosubstituted benzene. In addition
to these, a low IP band is observed in each of the spectra,
which is readily assigned, as by the previous authors,!%!! to
ionization from the lone pair of electrons on phosphorus.

Although the complexity of the molecules studied appears
to inhibit the use of vibrational fine structure in assigning
the bands in the phenyl region, it seems likely that the
band assignments for the triarylphosphines generally cor-
respond to the assignments made for the monosubstituted
benzenes. The following reasons are apparent.

(1) In almost all cases, and independent of the nature of
the substituent, the IP’s assigned to the phenyl electrons in
arylsP correspond closely to the IP’s found for the mono-
substituted benzene. Particularly in the case of arylsP sub-
stituted with methoxy and dimethylamino groups, the sep-
aration of ionizations from the ap and by orbitals is so large
that it is unlikely that the assignments could be reversed
upon substitution into the phosphino system, with one en-
ergy level raised and the other lowered from the value in
the monosubstituted benzene.
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Table I
Vertical Ionization Potentials? of (RCgH,4)3P
" Compd R 1pg? Ipye 1p3¢ 1Py
1 4-CF, 8.65 9.8¢ 9.9
2 4-Cl 8.18 9.16 9.63 11.40°
3 4-F 8.12 9.6
4 4-H 7.92 9.20
5 4-(CHy),Si  7.87 8.84 9.02
6 4-CH, 7.6 8.9
7 4-(CHy),CH 17.53
8 4-(CH,),C  7.52 8.8/
9 4-CHO 7.48 8.30 9.00
10 4-(CH,),N  6.9-7.0° 7.30¢ 8.67 9.56"
11 2-CF, 8.30 9.5  9.68
12 2-CH, 7.64 8.62 9.4¢
13 2-CH40 7.37 8.22 8.71
14 3-F 8.32 9.2 9.6-9.7
15 3-CH; 7.68 8.58 9,58
16 3-CH;0 n.72 8.35 9.03

2Tn electron volts. ? Phosphorus lone pair. ¢Phenyl = elec-
trons. ¢ Shoulder. ¢ Chlorine lone pair. This band is accompanied
by a shoulder at 11.7 eV, also assigned to a chlorine lone pair.
TIP3 and IP3 are unresolved. The value listed is the maximum of
the resulting peak. €lonization apparently from (CHjz)sN lone
pair. ” Assigned to an ionization from a phenyl 7 orbital.

Table IT
Vertical Ionization Potentials® of RCsHj

Registry no. R 12 i1 P3P

98-08-8 CFy° 9.7
462-06-6  F¢ 9.11(b;)  9.82(a,)
108-90-7  Cl1o¢ 9.1(by) 9.7(a,) 11.32

71-43-2 H 9.24
768-32-1  (CHg)Si® 9.0° 9,3¢
108-88-3  CH,* 8.72(b;)  9.24(ay)

98-06-6  (CHg),C° 9.0
100-66-3  CHZ0O" 8.42(b;)  9.21(ay)
121-69-7  (CH,),N*  7.45()!  9.00(a,) 9.85(b;)

2 In electron volts. ¢ Assignments in parentheses. ¢ Reference 9.
d Reference 4. ¢ Reference 6. 7 Chlorine lone pair. Accompanied by
a band at 11.7 eV also assigned to a chlorine lone pair. € Two com-
ponents of the band envelope were attributed to IPy and IP; by
R. A. N. McLean, Can. J. Chem., 51, 2089 (1973). " Reference 3.
i Jonization apparently correlates with (CHz)2N lone pair.

(2) There is no great change in the phenyl IP values
among the ortho, meta, or para isomers with a given sub-
stituent. The effect of substitution into the phosphino sys-
tem on the relative ag and b; IP’s would be expected to
vary with the position of substitution.

(3) In the arylsP containing CFs, (CH3)3C, and (CHg)3Si
substituents, the ionizations from the as and b; phenyl or-
bitals are not resolved. This is also true for the correspond-
ing substituted benzenes. Therefore there is no evidence
here that the relative energies of the as and by orbitals are
changing much upon substitution into the phosphino sys-
tem.

The phosphorus lone pair IP values appear to be a well-
behaved function of the electron-donating or -withdrawing
nature of the substituents. A very good correlation (correla-
tion coefficient 0.986) is observed between the Hammett oy
parameter!? and the lone pair IP of phosphorus (see Figure
1) for the ten compounds with para substituents. The in-
ductive electron-withdrawing nature of the fluorine and
chlorine atoms is indicated, but the effect is apparently
partially cancelled in the para derivatives by the electron-
donating resonance effect, which places charge on the ring

J. Org. Chem., Vol. 40, No. 9, 1975 1293

Parameter
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70 74 7.8 8.2 8.6
lonization Potential (ev)

Figure 1. Correlation of ionization potential of the phosphorus
lone pair with the Hammett op substituent constant for (p-
RCgH,)sP. The numbers on the points correspond with the com-
pound numbers in Table 1.

position adjacent to the phosphorus, and causes some low-
ering of the lone pair IP. In the m-fluoro derivative the res-
onance effect is submerged, and the result is a noticeable
raising of the phosphorus lone pair IP. The strong reso-
nance effect of the p-dimethylamino and p-methoxy sub-
stituents enhances the electron density adjacent to the
phosphorus, and the result is a pronounced lowering of the
IP value, whereas the somewhat higher value for the m-
methoxy derivative is consistent with the diminished reso-
nance effect at the meta ring position. The electron-donat-
ing effect of the alkyl groups is expected, but the lack of
any change in the lone pair IP’s among the ortho, meta,
and para methyl derivatives should be noted. Despite the
inductive effect of the (CHzs)3Si group, it appears to be only
a modest electron donor, poorer than the alkyl groups. This
phenomenon is well documented'® and is believed to be
due to an electron-withdrawing component in the behavior
of the silicon, in which charge from the aromatic ring is de-
localized into the dr orbitals of the silicon.

The results of this study show that while the effect of the
substituted aryl groups on the phosphorus lone pair elec-
trons is easily rationalized, there is little apparent effect of
the phosphorus on the 7 orbital energies of the aryl system.
This observation is independent of the nature of the aryl
substituent. This would appear to rule out any substantial
resonance effect between the phosphorus lone pair of elec-
trons and the filled = orbitals of the ring, or any substantial
stabilization of the phenyl = orbitals by interaction with
the phosphorus d orbitals. The lack of resonance interac-
tion is consistent with the finding of Schéfer and
Schweig.1® More generally, there is little evidence that the
trivalent phosphorus acts as a significant electron donor or
acceptor toward an attached aryl group.!4

It is suggested that the correlation between the phospho-
rus lone pair IP values and the substituent o, values should
be discussed in terms of the effect of the substituent on the
energy difference between the ground state and the cation-
ic state (analogous to the consideration of op, as measuring
the effect of the substituent on the energy difference be-
tween the ground state and a charged transition state!2).
This effect is determined largely by the action of the sub-
stituent on the developing charge at the “reaction site”
(here the phosphorus atom). In this case migration of elec-
trons from the substituted aryl groups to the positive phos-
phorus center would result in a stabilization of the cation.
Thus not only would lower lone pair IP’s result than those
expected from Koopmans’ theorem!? but the magnitude of
the charge migration (and therefore lowering of the IP) is



1294 J. Org. Chem., Vol. 40, No. 9, 1975

related to the o, value of the substituent. The lack of de-
viation from the normal o, correlation, particularly on the
part of the dimethylamino and methoxy substituents,
argues against any enhanced resonance interaction between
the substituents and the positive phosphorus center, and
therefore the drift of charge would be through the P-aryl ¢
bond. On the other hand, the ability of the trivalent phos-
phorus to effect significant stabilization of the radical cat-
ion, produced by ionization from the aryl = orbitals, ap-
pears to be quite limited.

It should be noted that any correlation between phos-
phorus lone pair IP’s and substituent oy, values assumes no
significant difference in hybridization at the phosphorus
among the para-substituted arylsP. Thus the effects dis-
cussed above are not extended here to a comparison be-
tween the arylsP and other phosphines. For instance the
ione-pair IP’s for PHs, (CH3)sP, and (CeHs)sP are 9.9,°
8.6,18 and 7.9 eV, respectively, and this difference appears
to reflect the difference in bond angles at the phosphorus
(94° 17 99° 18 and 103°,19 respectively).20

Experimental Section

The spectra were obtained with a Perkin-Elmer Model PS-18
photoelectron spectrometer, using the He(I) resonance line (21.22
eV). Since elevated temperatures were necessary for proper sample
vapor pressures, a direct inlet probe was used for all samples. Tem-
peratures generally in the range of 60-130° were used in order to
obtain proper count rates, but 150° was necessary for the p-
(CH3)3C and p-(CHas)gSi derivatives, and 240° was necessary for
the p-(CHa)eN compound. The spectra were calibrated with Ar
(15.759- and 15.937-eV lines) and Xe (12.130-eV line), used as in-
ternal standards. The values listed for IP; (Table I) are the band
maxima. In order to obtain a comparison between the phenyl IP
values for arylsP and the corresponding monosubstituted ben-
zenes, the values of IPg and IP3 (Table I) were obtained as often as
possible in accordance with the method of obtaining the vertical
IP’s for the corresponding monosubstituted benzene (Table II).

’IQ‘he phosphine samples were prepared by the Grignard meth-
od.?!
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Evidence is presented which shows that the cis-2,5-dialkyl-2,5-dihydrothiophenes are formed in preference to
the trans isomers in the reaction between vinylphosphonium salts and a-mercaptocarbonyl compounds. Substitu-
ent trends suggest a steric basis for this effect. The implications of the results for stereoselective conjugated diene
preparation are discussed. Seven new examples of the synthesis of the dihydrothiophenes are reported.

One of the most active areas in organic synthesis in the
past decade has been the development of methods for the
construction of unsaturated compounds in stereoselective
and stereospecific ways. Whereas the preparation of 1,5-
dienes is an active field,? work on the stereoselective syn-

thesis of 1,4- and 1,3-dienes has been limited. As we have
pointed out,? this has greatly restricted the application of
the Diels—Alder reaction to stereospecific organic synthesis.

One method of 1,3-diene synthesis which has been shown
to be stereospecific is the thermal decomposition of 2,5-



