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Organic Chemistry on the Solid Phase. Site-Site 
Interactions on Functionalized Polystyrene 

Sir: 

The ability to insulate molecules from one another by at
taching them to an inert, rigid matrix could provide a valuable 
alternative to the high-dilution principle for the supression of 
undesirable bimolecular reactions in such areas of chemistry 
as large ring synthesis and the study of highly reactive species. 
It has often been assumed1 that the 2% divinylbenzene-styrene 
copolymer (2% DVB-polystyrene) commonly employed for 
solid-phase synthesis provides such "matrix isolation"; how
ever, Rapoport and co-workers have demonstrated23 most 
convincingly that it does not. We have examined the suggestion 
that more highly cross-linked polymers should provide a more 
rigid matrix and thereby more effective isolation of function
alized sites.3 Our findings reveal significant site-site inter
action on functionalized polystyrene, even at high levels of 
cross-linking.4 

As a probe for site-site interaction, a series of polystyrene-
bound carboxylic acids was prepared, treated with dicyclo-
hexylcarbodiimide (DCC), and then examined for the presence 
of anhydride.5 The extent of anhydride formation in these 
experiments represents a lower-limit of site-site interaction, 
since the O-acylisourea intermediate formed on addition of a 
carboxylic acid to DCC rearranges to the stable jV-acylurea 
unless intercepted by another carboxylic acid6 (Scheme I). 

Polystyrene-bound carboxylic acids (ca. 1 mequiv/g)7 were 
prepared by sequential bromination9 (Br2/Tl(OAc)3/ 
CH2Cl2), lithiation9 (n-BuLi/THF), and carboxylation (CO2 
gas) of commercially available polystyrene beads.'0 This 
method proved successful for the functionalization of a 
macroreticular 20% DVB-polystyrene (SM2)10 and the 
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Figure 1. Relative intensities of infrared absorption bands (KBr) for var
ious carboxylated polystyrenes (see text for description) both before and 
after treatment with DCC. The spectra pictured above the table are for 
SX2. 

"swellable" 1, 2, and 4% DVB-polystyrenes (SX 1, SX2, and 
SX4, respectively)10 but failed1' with "swellable" 8 and 12% 
DVB-polystyrenes (SX8 and SX12).10 The infrared spectra 
of these carboxylated polymers show carbonyl stretching bands 
for both free and associated carboxylic acids,8 the latter band 
appearing more intense in all cases (Figure 1). 

Each of the carboxylated polymers was stirred in methylene 
chloride with excess DCC for 50 h at room temperature.12 

Infrared spectra taken after filtration, washing, and drying are 
summarized in Figure 1. In all cases, the associated-COOH 
band (1685 cm-1) disappears, and new bands for anhydride 
(1785 cm-1) and the TV-acyiurea (1660 cm-1) appear. The 
second anhydride carbonyl band (ca. 1720 cm-1) unfortu
nately coincides with that of any remaining free COOH (1715 
cm -1). The relative intensities of the band in this region, 
however, suggest the presence of residual free COOH, which 
is completely inaccessible to DCC, on the more highly cross-
linked polymers (SX4 and SM2). 

According to Rapoport et al.2 the majority of functionalized 
sites on 2% DVB-polystyrene (SX2, ca. 1 mequiv/g) can in
teract. Our data show that the extent of site-site interaction 
on more highly cross-linked polystyrene, although somewhat 
reduced, still remains significant. Even in the best case we have 
found (SX4),10 the number of available, truly insulated sites 
(<1 mequiv/g) probably falls too far below the practical limit 
for most applications of organic chemistry on the solid 
phase;13 

Note Added in Proof. Resin-bound benzyne (0.23 mmol/g 
on SX2 and 0.09 mmol/g on SM2) does not "dimerize" but 
is destroyed by an unknown pathway with a half-life of ca. 1 
min.'5 This result is in complete agreement with our observa
tion that site-site interaction is time dependent.12 
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A Vanadium Carbonyl Trihydride, H3V(CO)3diars 

Sir: 

While noncluster second- and third-row transition metal 
complexes containing more than two coordinated hydride Ii-
gands are now very common, relatively few such first-row 
transition metal complexes have been reported.' The latter are 
H4FeL3 (L = PEt2Ph and PBuPh2)

2 and H3CoL3 (L = various 
phosphines).3 We now report that the first polyhydride com
plex of vanadium, H3V(CO)3diars (1) (diars = o-phenylene-
bis(dimethylarsine)), is formed rapidly and in good yield 
(60-80%) by the interaction of [Et4N] [V(CO)4diars] (2)4 with 
excess anhydrous or aqueous HX (X = Cl, Br, I) in tetrahy
drofuran (THF). The same substance is also generated more 
slowly but in higher initial purity from 2 and an excess of 
tert-butyl chloride suspended in water.56 By monitoring in
frared spectra in the carbonyl stretching region of these reac
tions, HV(CO)4diars (3)4 has been shown to initially form. 
Excess hydrogen chloride then reacts with 3 to generate 1 and 
phosgene (or CO2 in the presence of water) in approximately 
equal amounts.6 Although the formation of phosgene requires 
the presence of chloride ion, by varying the reaction compo
nents we have determined that a strong acid is also necessary. 
Thus, 2 or 3 in the presence of neutral water, aqueous NaCl, 
or Bu4NCl in THF do not give 1. Also, moderately strong acids 
having weakly nucleophilic conjugate bases such as aqueous 

H2SO4 and H 4 P O H 3 P 0 4 convert 2 to 3 but do not provide 1. 
On the basis of having established the requirement of HX (X 
= Cl, Br, or I) and formation of phosgene7 during the gener
ation of 1 the following pathway for the reaction is pro
posed:8 

HV(CO)4diars + HX 5=S [H2V(CO)4diars+X"l 
z=± [HV(CO)3diars (C(OH)X) 

H X 

=5=* H2V(CO)3diars |C(OH)X2| =^= H3V(CO)3diars + COX2 

(X = Cl, Br, I) 

Although the overall scheme is unprecedented in metal car
bonyl chemistry, the individual steps are consistent with known 
reactivity patterns of carbonyls.9 For example, nucleophilic 
attack of coordinated carbon monoxide by a variety of groups 
including hydroxide and water10 are known. Protonation of 
metal carbonyls also enhances the susceptibility of coordinated 
carbonyls towards nucleophilic attack.'' The high coordination 
number of vanadium in 3 may favor protonation at a carbonyl 
oxygen rather than the metal center. This latter process may 
be crucial in permitting facile halide attack resulting in the 
eventual elimination of phosgene. 

The physical and chemical properties of 1, the first derivative 
of the unknown trianion V(CO)3diars3~,'2 are noteworthy. Its 
infrared solution spectra in THF show two intense and sharp 
carbonyl stretching frequencies at 1840 and 1779 cm-1, which 
are at unusually low energy for terminal carbonyls in neutral 
complexes.1314 A strongly temperature-dependent 1H NMR 
signal attributable to the hydridic protons is also observed. 
While the signal is too broad to detect at room tempera
ture,15'16 a well-defined singlet of relative intensity 3 with re
spect to the 12 methyl-diars protons is observed at r 8.86 in 
CD2Cl2 at —20 0C. The signal retains its sharpness down to 
—70 0C. Compared to most metal hydride chemical shifts, this 
signal occurs at relatively low field but not unprecedentedly 
so.1720 The diars methyl groups in (I) give rise to a pair of 
signals of equal area at r 8.28 and 8.54 in CD2Cl2 which do not 
broaden or coalesce between 25 and —70 0C. 

In contrast to other carbonyl hydrides of vanadium,4'l6'21 

1 is quite unreactive and thermally stable.22 For example, 
unlike 3, which is readily deprotonated to form V(CO)4diars~,4 

attempts to deprotonate 1 with butyllithium failed to provide 
any evidence for the formation of H^VtCO^diars" - (n = 
1, 2, or 3) at —78 0C. Instead, decomposition to uncharacter-
ized species occurred. Although we have been unsuccessful thus 
far in observing any parallels in the chemistry of 1 and the 
other known group Vb trihydrides, M(CsHs)2H3 (M = Nb 
and Ta),23 the photolysis of 1 with an unfiltered medium-
pressure mercury vapor lamp in the presence of carbon mon
oxide provides substantial yields of 3,4 Evidently, a photoin-
duced elimination of molecular hydrogen from 1 occurs during 
this process, generating coordinatively unsaturated HV-
(CO)3diars which is trapped with carbon monoxide to provide 
the observed product. Similar photochemical processes have 
been reported recently for IrClH->(PPh3)3 and IrH3-
(PPh3)3.

24 

Potentially, the reaction of other metal carbonyls and car
bonyl monohydrides with hydrogen halides under similar 
conditions could be an important general route to transition 
metal di- and trihydrides. Indeed, we have shown that the 
treatment of HV(CO)4dmpe (dmpe = l,2-bis(dimethyl-
phosphino)ethane) and Nb(CO)4DPPE- (DPPE = 1,2-bis-
(diphenylphosphino)ethane)25 with tert-butyl chloride and 
water provides substances which have infrared spectra very 
similar to that of I.26 However, analogous reactions of HCl or 
tert-butyl chloride-water with related carbonyls give either 
decomposition, no reaction, or other products: HV-
(CO)4DPPE21 (decomposition to VCl3), W(CO)4diars27 (no 
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