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Figure 2. Infrared spectra following electrolysis of an acetonitrile solution 
containing initially [Ru(bpy)2(N02)py]+ (1.2 X ICT3 M), PPh3 (7 X 10"3 

M), 1% 2,6-lutidine, and 1% water in 0.1 M [N(C4H9J4]PF6. K(PO) in 
O=PPh3 occurs at 1194 cm-1. The lower energy band arises from 
[Ru(bpy)2(N02)py]+: (1) before electrolysis; (2) electrolysis to 25% 
completion based on the initial amount of PPh3; (3) electrolysis to 50% 
completion; (4) electrolysis to 60% completion; (5) electrolysis to 75% 
completion. 

Rather than thermodynamic driving force, the origin of the 
relatively rapid rates of disproportionation and of PPh3 oxi­
dation may lie in the existence of two one-electron acceptor 
sites (Ru(III) and R u - + N O ) in the oxidant rather than a 
single two-electron site and in the ability of the oxidant to 
donate an oxide ion. Kinetic barriers to electron transfer at 
both Ru(III)8 and Ru( + NO) 2 sites are known to be low and 
there are no profound changes in coordination environment 
on reduction except for the loss of O 2 - . 

[Ru(bpy)2(N02)py] + and [Ru(bpy)2(NO)py]3 + are in­
terrelated by the acid-base equilibrium in eq 8 and in water, 
the two ions are present in equimolar amounts at pH 3.8.1-9 

[Ru(bpy)2(NO)py]3 + + 2 0 H ~ 
— [Ru(bpy) 2 (N0 2 )py] + + H2O (8)' 

AT(25.0 0 C; 1.0 M NaCl) = 1 X 1020 M" 2 

In slightly basic solution the nitrosyi complex once formed (eq 
6 and 7) is converted into the nitro complex. The nitro complex 
reenters the oxidation sequence in reactions 5-7, which means 
that the oxidation of PPI13 can be made catalytic. Exhaustive 
electrolysis (at 1.15 V) of an acetonitrile solution containing 
[Ru(bpy) 2(N0 2)py]+ (1 X 1(T3 M), PPh3 (1 X 10"2 M), 
H2O (1%), and 2,6-lutidine (1%) gave n = 21.1 by coulometry. 
The final ruthenium product was [Ru(bpy)2(N03)py]2 + (by 
cyclic voltammetry). The results are consistent with the cat­
alytic cycle in Scheme I (n = 20) followed by reaction 9 (n = 
3) when the PPh3 -»• O = P P h 3 conversion (Figure 2) is com­
plete. 

[Ru n (bpy) 2 (N0 2 )py] + + 2B + H2O 

- ^ U [Ru1 1^bPy)2(NO3)Py]2 + + 2BH+ (9)1 

The electrolytic chemistry observed here is the chemically 
catalyzed, net electrochemical oxidation of PPh3 to 
O=PPh 3 . 

PPh3 + H2O + 2B -* O = P P h 3 + 2BH+ + 2e" (10) 

In an acetonitrile solution containing [Ru(bpy)2(N02)Cl], 
water, and triethylamine, the oxidation of PPh3 is also cata­
lytic. Under these conditions cyclic voltammetry shows only 
a distorted wave for the [Ru"(bpy) 2 (N0 2 )Cl ] — 
[RuH 1(bpy)2(N02)Cl]+ oxidation and no rereduction wave, 
nor does a wave for [Ru(bpy)2(NO)Cl]2 + appear. The ex­
periment shows that the chemical steps in Scheme I are rapid 
and that the rate determining step in the catalyzed oxidation 
of PPh3 is diffusion of [Ru(bpy)2(N02)Cl] to the elec­
trode. 

The Ru(III)-nitro intermediates appear to have an extensive 
oxidase-like redox chemistry and their reactions with various 
reagents are currently under investigation. They are promising 
as oxidants, since in contrast to commonly used inorganic ox­
idants like Cr(VI) or Mn04 _ , their reactivity properties can 
be varied systematically by controlled chemical synthesis, and 
their reactions can be made catalytic. 
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An Anionic Equivalent of the 
Friedel-Crafts Cycloacylation 

Sir: 

Our interest in the potent anticancer agent daunomycin1 (1) 
has led us to consider possible synthetic routes2 to this and 
other anthracycline antibiotics.3 The problem, as we see it, is 
to develop methods for ring building as in eq 1 wherein the 
alicyclic ring possesses the desired functionality. In this manner 
one may reduce the regiospecificity problems2 associated with 
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anthracycline synthesis to that of constructing simply substi­
tuted anthraquinones. The traditional solution to the above 
transformation (eq 1) revolves around Friedel-Crafts chem­
istry and is essentially inconsistent with the presence of any 
degree of functionality on the ring being formed. We herein 
report what is essentially an anionic equivalent of the Fri­
edel-Crafts cycloacylation that shows some promise as a 
synthetic entry into this class of compound. 

(D 

Treatment of o-bromophenylalkanoic acids (or lithium salts 
with 2.1-2.5 equiv of M-butyllithium (or 1.2-3 equiv of tert-
butyllythium) in tetrahydrofuran (THF) at temperatures 
ranging from -110 to 0 0C affords the expected benzocy-
cloalkenones in good yields. The reaction presumably proceeds4 

as in eq 2. The starting materials are available from o-bro-

f - r ^V 2 ^cooH $yt*Yz^co4.t \ ^ 
JAX ~-~ \KK 

mobenzyl bromides by standard methods.5 Thus the following 
compounds were prepared (acid or lithium salt, organolithium 
reagent, time, temperature, isolated yield): 1-indanone6 (acid, 
W-C4H9Li, 5 min, -80 0C, 65%); 1-tetralone (salt, 7-C4H9Li, 
1 h, -80 to -35 0C, 73% as 2,4-DNP); benzsuberone (salt, 
/-C4H9Li, 2 h, -80 to -20 0C, 48%); 2 (acid, H-C4H9Li, 5 
min, -80 0C, 67%); anthrone (3) (acid,7 /7-C4H9Li, 10 min, 
-80 0C, 74%); and 5 (eq 3)8 (acid, A-C4H9Li, 2 h, -110 to - 0 

0C, 55%). By-products are usually the debrominated starting 
acids which presumably arise by competing enolization reac­
tions. Butyl ketones, which would arise from intermolecular 
reactions, are produced to only a small extent. While 5 is 
produced smoothly from the bromo acid9'10 4 the corre­
sponding cyclization of anthraquinone 6 failed, apparently 
owing to competing electron transfer and addition of the or-
ganometallic reagent to the quinone carbonyls. 

CO2H 

The attempted cyclization of o-bromophenylacetic acid with 
«-butyllithium afforded only phenylacetic acid. Deuterium 

labeling showed that isomerization of lithium o-lithiopheny-
lacetate to the enol lithium a-lithiophenylacetate was re­
sponsible. To circumvent this, the cyclization of o-bromo-
phenyldimethylacetic acid was attempted with the results 
shown in eq 4. The product, 7,1' presumably arises as shown, 

CO2H 

(4) 

» OLi 
OLi ^AcO 3U 

9 being captured by the butyl bromide produced in the reac­
tion. Ring openings as in 8 —>• 9 are precedented.12 

Use of tert-butyllithium afforded only phenyldimethylacetic 
acid. Deuterium-labeling studies gave the result of eq 5. The 
fact that /e/7-butyllithium is a stronger kinetic base toward 
bromine than toward carboxylic acid protons is a striking but 
not totally unprecedented result.13 

CO-D lC4H9Li 

TH F, -80 

CO2D - G ^ r2L 

(5) 
45/^d1 

The experimental procedures employed may be illustrated 
by the conversion 4 —«• 5. To a stirred solution of 1. 10 g (1.90 
mmol) of 4 in 50 mL of THF at ca. — 100 °C (liquid nitrogen, 
ether bath) was added dropwise 2.1 equiv (2.45 mL of a 1.57 
M hexane solution) of /i-butyllithium. The reaction mixture 
was then allowed to warm to room temperature over 2 h. 
Workup afforded 550 mg of neutral and 421 mg of acidic 
material. Routine chromatography and recrystallization of the 
neutral fraction afforded 508 mg of 5: mp 173-175 0C; 5 
(CDCl3) 8.32 (2 H, m, Ar H), 7.51 (2 H, m, Ar H), 3.8-4.0 
(13 H, OCH3 + CH), 3.35 (4 H, s, SCH2CH2S), 2.4-3.3 (4 
H, m), 1.91 (3 H, s, CH3); X â

e
x
0H 444 (5100); m/e 484.13729 

(calcd for C26H28O5S2 484.13780). Anal. Calcd for 
C26H28O5S2: C, 64.44; H, 5.82. Found: C, 64.21, 64.02; H, 5.9, 
5.87. The acidic fraction is principally "debrominated acid'" 
(ii10), mp 158.5-1600C. 
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Sequential Two Photon Photoredox Chemistry of 
Transition Metal Compounds. Nonlinear Intensity 
Effects in Photochemistry of the Reineckate Ion1 

Sir: 

Two photon photochemical effects appear to play a major 
role in the photochemistry of chlorophyll.2 Two photon pro­
cesses have been investigated in the luminescence of some dye 
molecules,3 in the spectroscopy of a variety of substrates,4,5 and 
in gas phase photochemical studies.6 There have been few 
systematic investigations of two photon photochemical pro­
cesses with condensed phase substrates.7-9 

The reineckate ion, Cr (NH 3 ) 2 (NCS) 4
- , has become an 

important chemical actinometer for visible radiation.10 The 
use of the reineckate ion as a chemical actinometer depends 
upon the photoaquation of N C S - (eq 1). However, near-ul­
traviolet excitations of Cr (NHs) 2 (NCS) 4

- do lead to the 
formation of (NCS) 2

- and Cr2 + in small yields (<£ ~ 1O-3) (eq 
2).11 '12 Thus using Co(NH 3 ) 5F 2 + (7 X 1O-3 M) to scavenge 
for Cr2 + (eq 3)13"15 we find that 0Co2+ = 3.4 X 1(T3 for 
337-nm irradiations (xenon lamp with cut-off filter and mo-
nochromator) and 7.7 X 10~3 for 254-nm excitations (low 
pressure mercury lamp). In these same experiments, we found 
the quantum yields for N C S - aquation to be 0.25 and 0.30,15'16 

respectively. 

Cr (NHa) 2 (NCS) 4
- + hv 

— ^ C r ( N H a ) 2 ( N C S ) 3 ( O H 2 ) + N C S - (1) 
H 2 O 

Cr(NH 3 ) 2 (NCS) 4
- + hv 

—>- Cr2+ + 2NH 4
+ + ( N C S ) 2

- + 2 N C S - (2) 

Cr2 + + Co(NH 3 ) 5 F 2 + 

* 3 
CrF 2 + + 5NH 4

+ + Co 2 + (3) 

While investigating the suitability of the reineckate ion as 
an actinometric reference for visible-near-UV laser and dye 
laser systems, we have found that both these product yields 
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Figure 1. Variations of product quantum yields for redox (upper curve) 
and for N C S - aquation (lower curve) with intensity during the 337-nm 
laser photolysis of trans-CT(NH3)2(T^CS)4~ in the presence of Co-
(NH3) sF

2+in0.01 MHClO4. 

increase for 337-nm pulsed nitrogen laser excitations (1 MW, 
10-ns pulse width). For example, at the highest power levels17 

we found 0 N C S - — 0-5 and 0Co2+ — 0.015.18 Under these 
conditions both 0NCS and 0co2+ are intensity dependent, the 
former decreasing with / a and the latter increasing with / a 

(Figure 1). For moderate intensities 0Co2+ is proportional to 
/a, but at the highest power levels 0Co2+ approaches an intensity 
independent limit (Figure 1). This is suggestive of a "satura­
tion" effect of the sort expected when the 2E concentration is 
significantly depleted by the absorption of a second photon and 
the accompanying photoredox processes. Such a "saturation" 
effect could only be important when the rate of excited-state 
light absorption becomes equal to or greater than the normal 
rate of excited state decay. 

If we take the N C S " aquation process to be a characteristic 
reaction of quartet ligand field excited states,19 2i then the 
laser induced processes may be described by eq 4-11 and 

Cr(NH3J2(NCS)4- + hv • 4CT* (4) 

4CT* 
0o 

— Q* (5) 

Cr2+ + 2 NH 4
+ + (NCS)2" + 2NCS - (6) 

Q* Q0 + heat 

Q„ 

*E + hv 

Qo-

0'a 
Cr2+ + (NCS) 2

- + 2NCS" 2NH4 

-i°~. Cr(NH3MNCS)3OH2 + NCS" 

- ^ C r ( N H j ) 2 ( N C S ) 4 " +heat 

0Cr2+ = 

''NCS-

1 + P1ED1O5TD 

1 + 0'eD/oSrD 

(7) 

(8) 

(9) 

(10) 

( U ) 

(12) 

(13) 

Figure 2 where Q* designates ligand field states of quartet spin 
multiplicity, and Q0 the thermalized state of the quartet 
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