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Figure 1. JIP(lH) NMR spectrum of C8H,4PPC8H14 in benzene-d6. The 
peaks marked with arrows (1) are 120-Hz sidebands, and the peak 
marked with an asterisk is due to HPC8H14. 
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M i x t u r e  o f  S a l t s  

with n-butyllithium in diethyl ether a t  0 O C  gave the phosphide 
LiPC8Hi4 in >SO% yield, which reacted with 1-bromohexane to 
give CSHl3PCsHl4. A similar reaction between the phosphide and 
C3F71 gave small amounts of both CsH14PPC8H,, and a species 
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presumed to be C3F7PC8H14.6 
In another potential synthetic route to CsH14PPCsHi4, HPC&I14 

was reacted with triphenylmethyl cation at reflux in T H F  for 1 
week. The product was a salt that was inferred to contain the 
cation PCsH14+ l9 by reaction with hexylmagnesium bromide giving 
C6Hl3PCSHl,. Reaction of LiPC8H14 (see above) with 
PCSHl4+BPh4- I9 led to the formation of an unidentified product 
with only small amounts of the expected diphosphine. 

Since bulky phosphines are known to increase the linear/ 
branched ratios (L IB  ratio) of products in the cobalt-catalyzed 
hydroformylation reaction,20 we compared the oxo product ob- 
tained with the diphosphine-modified catalyst to that obtained 
with a related tertiary phosphine (C6HI3PC8Hl4) under identical 
conditions (3500 psig 1:l CO/H2, 180 "C). Periodic product 
sampling during the reaction showed that the diphosphine gave 
LIB = 9 up to 50% olefin conversion, the same as was observed 
with the monophosphine C6H13PC8Hl,. However, above 50% 
conversion the LIB ratio dropped drastically so that LIB = 1.17 
in the final product was similar to that observed with unmodified 
cobalt catalysts. This suggests that some thermal decomposition 
of the diphosphine had occurred. This decrease of the LIB ratio 
was not observed with the monophosphine C6H13PCsH14. Under 
these conditions, an unmodified cobalt catalyst gives a mixture 
of aldehyde and alcohol with low linearity (L IB  = l ) ,  while 
addition of a phosphine ligand modifier increases production of 
alcohol product and gives higher LIB ratios. 

The loss of high linear/branched ratio must be due to some 
ligand decomposition process. Reaction of a tetramethyl di- 
phosphine with an iron complex followed by proton abstraction2' 
has been shown to give a coordinated R2PH ligand. In a recent 
report,** phosphido ligands in phosphido-bridged cobalt carbonyl 
oxo catalysts apparently reacted with metal hydride or H2 to give 
coordinated R2PH ligands, which reacted further with olefin to 
give a tertiary phosphine. In the present case, if cleavage of the 
diphosphine giving phosphido groups occurred, further reaction 
to give tertiary phosphine ligands did not occur, as the high LIB 
product ratios typical of tertiary phosphine oxo modifiers were 
not maintained through the entire reaction. It is probable that 
decomposition of the diphosphine involves some other mechanism, 
such as reaction with the acidic hydrogen of the aldehyde product. 
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For tetraphenylporphyrin (TPP) and metallotetraphenyl- 
porphyrins (MTPP) the first oxidation of the TPP ring occurs 
at a half-potential of about 1 V (vs. W E )  and gives rise to a 
well-characterized porphyrin x cation radical.' A second oxidation 
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Figure 1. Absorption spectra of ZnTPP in methylene chloride solution 
(-) and at various times after adsorption onto porous Vycor glass 
(PVG): ( - e - )  30 min; (-e) 48 h; (--) 7 days. 

can occur, typically at a few tenths of a volt higher potential. This 
generates a dication, which is subject to nucleophilic attack and 
conversion to an isoporphyrin form, reduced at  the methine 
carbon.* These oxidations are usually carried out by chemical 
(e.g. bromine or ceric ion) or electrochemical means. 

We report here the spontaneous oxidation of the tetra- 
phenylporphyrin ring for ZnTPP and TPP upon adsorption from 
methylene chloride solution, in air, onto the surface of Corning 
Code No. 7930 porous Vycor glass (PVG). The oxidation products 
have been characterized by visible absorption, resonance Raman, 
and electron paramagnetic resonance spectra. 
Results and Discussion 

Adsorption of ZnTPP (or TPP) from methylene chloride so- 
lution onto the surface of PVG, followed by removal of solvent 
in vacuo, results in conversion of the red-purple solution to a green 
adsorbate. The visible absorption spectrum of ZnTPP on the glass, 
immediately upon solvent removal (Figure l) ,  indicates the loss 
of ZnTPP (decrease of the 555-nm band) and formation of 
product(s) absorbing to the red (600-900 nm). Significant initial 
spectral changes are observed within the time required to adsorb 
from solution and pump off solvent (-30 min), but further 
changes continue to be observed for several days (see Figure 1) .  
A notable feature of these spectra, which are quite prominent after 
several days, are peaks at 850 and 770 nm. These increase with 
time over several days. These absorption peaks are indicative2 
of the presence of isoporphyrin, which has been reported2 to form 
via nucleophilic attack at the methine carbon on the oxidized 
dication of ZnTPP and other MTPP's. No other well-charac- 
terized porphyrin derivative shows characteristic absorption fea- 
tures in this spectral region. The reported absorption maxima 
for the isoporphyrin produced by addition of methanol to a solution 
of the dication of ZnTPP are a t  440, 780, and 860 nm. Other 
absorption bands in the spectrum of the PVG adsorbate are at- 
tributable to the as yet uncharacterized oxidation products and/or 
demetalated, protonated TPP. 

Examination of the electron paramagnetic resonance (EPR) 
spectrum of ZnTPP (or TPP) adsorbed onto powdered PVG in 
air and then evacuated and maintained in vacuo revealed a strong 
signal centered at g = 2.00, with a line width (Figure 2 )  consistent 
with that reported for the ?r cation radical of ZnTPP in ~olut ion.~ 
If powdered PVG is treated identically with solvent only, no EPR 
signal is detectable in this region. Although splittings observed 
in reported EPR spectra for solution species are much better 
resolved, close inspection of Figure 2 reveals a barely resolved 
splitting pattern, again, consistent with the nine-line pattern ex- 
pected due to four equivalent nitrogens of the TPP ring. Our 

(1) Felton, R. H. In "The Porphyrins"; Dolphin, D., Ed.; Academic Press: 
New York, 1978; Vol. 5, pp 53-125. 

(2) Dolphin, D.; Felton, R. H.; Borg, D. C.; Fajer, .I. J .  Am. Chem. SOC., 
1970. 92. 743. 

(3) Fajer, J.; Borg, D. C.; Forman, A.; Dolphin, D.; Felton, R. H. J .  Am. 
Chem. Soc., 1970, 92, 3451. 

Notes 

Figure 2. Room-temperature electron paramagnetic resonance spectrum, 
at 9.7 GHz, of ZnTPP adsorbed onto powdered PVG and then evacuated 
to remove solvent. Spectrum obtained with 4 mW microwave power, 
with 100-kHz modulation (0.4 Gpp) and a gain of 2 X lo5 .  
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Figure 3. Resonance-enhanced (457.9 nm) Raman spectra: (A) iso- 
porphyrin from ceric oxidation of ethanolic ZnTPP; (B) PVG adsorbate 
of ZnTPP (3  days); (C) ZnTPP mixed with KBr. All spectra were 
recorded with approximately 5-cm-' spectral slit widths. 

inability to better resolve these splittings for the adsorbed species 
is attributable to the necessarily heterogeneous nature of the 
radical species population induced by interaction with the PVG 
surface, as well as the powderlike spectrum expected for a sample 
that approximates a frozen solution. 

Upon introduction of air to the EPR tube, the radical signal 
disappears completely, but can be regenerated by evacuating for 
several minutes. This cycle can be repeated several times with 
some loss of signal intensity. The complete, though largely re- 
versible, loss of EPR signal intensity in the presence of air suggests 
some specific chemical quenching of the radical species. Because 
of the reversibility upon evacuation, some type of oxygen adduct 
of the radical species may be involved. The requirement of oxygen 
for cation radical formation was demonstrated by preparing a 
sample for an EPR experiment in the absence of oxygen. No EPR 
signal was detectable, and no characteristic color change was 
observed when ZnTPP was adsorbed in the absence of oxygen. 

All samples were routinely prepared, handled, and stored 
without precautions to exclude light. When otherwise identical 
duplicate samples were separately incubated in the dark or nor- 
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mally exposed to laboratory light, no significant differences were 
noted in the absorption spectra (460-900 nm) as a function of 
time. 

The resonance Raman spectrum using 457.9-nm excitation 
(9OC-1650 cm-I), in air, of the ZnTPP adsorbed onto PVG (Figure 
3B) is quite distinct from the spectrum of solid ZnTPP (Figure 
3C) or the previously reported4 spectra of the cation radical in 
solution. In the spectral region above 900 an-] ,  a band at 1596 
cm-' is most prominent in the PVG-adsorbed sample, whereas solid 
ZnTPP shows several equally prominent bands at 1552, 1359, and 
1238 cm-I. The previously reported resonance Raman spectrum 
of the ZnTPP cation radical is not unlike that of ZnTPP, showing 
only small frequency shifts from the ZnTPP spectrum. The 
resonance-enhanced Raman spectrum of the isoporphyrin gen- 
erated by ceric oxidation of an ethanolic solution of ZnTPP (Figure 
3A) shows a strong band at 1588 cm-' in the high-frequency 
spectral region. There is no evidence of the strong 1552-cm-' 
ZnTPP band in the PVG adsorbate spectrum. The same is true 
of the 1359-cm-' band. The broad features in the PVG adsorbate 
spectrum (Figure 3B) at 1424 and 1328 cm-' may correspond to 
isoporphyrin bands at 141 5 and 1340 cm-', respectively, in Figure 
3A. The broadness of these Raman features for the PVG ad- 
sorbate spectrum is attributable to the heterogeneity of the reaction 
products being sampled (see discussion of the absorption spectrum 
above). An additional contribution to heterogeneity is likely due 
to the fact that various surface silanol groups and/or surface- 
bonded water molecules are the nucleophiles active in forming 
isoporphyrin. The Raman band at 1596 cm-' is reasonably as- 
signed as the analogue to the 1552-cm-' ZnTPP band, upshifted 
by 44 cm-' due to the reduction in the 7-conjugation path for the 
methine-reduced isoporphyrin species. This is also reflected in 
the large changes seen in the visible spectra. The 457.9-nm 
resonance excitation favors the selection of Raman scattering from 
the isoporphyrin species on the glass because of the associated 
440-nm Soret band. Resonance Raman spectroscopy using ex- 
citation to the red of 457.9 nm is prohibited by strong lumines- 
cence, which swamps the Raman signals. The possible photo- 
degradation of adsorbed metalloporphyrin was minimized by 
defocusing the laser excitation source. Rescanning of key spectral 
regions to assure constant scattering levels was used to monitor 
for photodegradation. 

Although not anticipated, the oxidation of an adsorbate by PVG 
is not unique. A previous report5 details the oxidation of 1,l- 
diphenylethylene (DPE) upon adsorption onto PVG. This oxi- 
dation also produced a cation radical species, which was stabilized 
and detected spectroscopically. The DPE oxidation was attributed 
to Lewis acid sites on the PVG surface. The oxidation of ZnTPP 
and TPP reported here indicates that such sites may act as oxi- 
dizers for a wider variety of molecules. 

In contrast to our findings, Raman studies6 of NiTPP adsorbed 
onto more conventional supports such as silica and alumina fail 
to show any adsorption-induced changes. Furthermore, heating 
NiTPP adsorbed on silica a t  300 "C in nitrogen produced no 
spectral changes before the onset of decomposition. Similar ex- 
periments on alumina produced only relative intensity changes 
in the Raman bands before decomposition set in. 

In summary, the resonance Raman and absorption spectra 
establish the presence of isoporphyrin species on the PVG surface 
after adsorption of ZnTPP. Previous studies have shown that these 
arise via nucleophilic attack on the dication produced by oxidation 
of the ZnTPP. On the PVG surface, adsorbed water and/or silanol 
groups would be the likely nucleophiles. The formation of oxidized 
ZnTPP is evidenced by the EPR spectra of the 7 cation radical 
form for both ZnTPP and TPP. The dication is not directly 
observed in any of our experiments, but its presence is inferred 
from the isoporphyrin substitution product. Further, the nature 
of the oxygen dependence of the EPR signal indicates that some 
type of oxygen adduct of the radical may be involved in the route 

(4) Yamaguchi, H.; Nakano, M.; Itoh, K. Chem. Lett. 1982, 1397. 
(5) Yamamoto, Y.; Yamada, H. J .  Raman Spectrosc. 1982, 12, 157. 
(6) Streusand, G. B. J.; Schrader, G. L. Appl.  Spectrosc. 1984, 38, 433. 
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leading to isoporphyrin formation. No significant reaction occurs 
if ZnTPP is adsorbed in the absence of oxygen. 

Experiments with several other metallotetraphenylporphyrins, 
including Fe"'(TPP)Cl, CuTPP and Ru(C0)TPP indicate that 
these oxidations are a general phenomenon associated with ad- 
sorption onto the PVG surface. Further characterization of these 
reactions is continuing in our laboratory. 
Experimental Section 

ZnTPP and TPP were purchased from Man-Win Chemical Co. and 
subjected to chromatography on alumina before use. All solvents were 
spectroquality grade. Samples were adsorbed onto pretreated PVG as 
previously described.'q8 For Raman and optical absorption measure- 
ments, pieces of PVG about 25 mm X 25 mm X 4 mm were used. For 
EPR experiments, the PVG was crushed into pieces small enough to fit 
a 3-mm4.d. quartz EPR tube, before adsorption experiments. 

Absorption spectra were recorded on a Cary 14 or a Perkin-Elmer 
Lambda 3 UV-visible spectrophotometer. Electron Paramagnetic Res- 
onance spectra were recorded on an IBM Instruments ER200E-SCR 
EPR machine (9-in. magnet). Resonance Raman spectra were recorded 
by using a previously described sy~tem.~  
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Several groups have studied the metal ion extraction chemistry 
of bis(phosphine oxides).'-3 Contrary to expectations it has been 
observed that with ligands of the type R2P(0)CH,P(O)R2 re- 
placement of alkyl groups, R, with phenyl groups, Ph, results in 
enhanced extraction ability a t  high acid concentrations for the 
phenyl-substituted bifunctional ligands. The so-called "aryl 
strengthening effect" has been rationalized in terms of an entropic 
stabilization in the extraction process;' however, a thorough un- 
derstanding of the coordination chemistry of these ligands at the 
molecular level has not been obtained. In similar systems, Honvitz 
and co-workers4 have found that replacement of alkoxy groups 
on (carbamoylmethy1)phosphonates (CMP's), (RO),P(O)- 
CH2C(0)NR2/, with alkyl groups leads to larger liquid-liquid 
extraction coefficients (KD = [Mor,]/ [M,,]) for actinide ions. 
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