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Table I. Quantum Yields and Triplet Reactivities" 
of 4-Acylpyrimidines 

Pyrimidine 

(1)4-
PropionyF 

(2) 4-Butyrylrf 

(3) 4-Valeryl^ 

*n 6 

0.13 
0.26 

•i>(Cyclopropar 
formation) 

0.34^ 
0.18 

iol Slope Kq T 
(M- ' ) 

75 
30 
4.15 

1/T(10 8 ) 
s-i 

0.67 
1.67 

12 

" In benzene solvent, Kq = 5 X 109 M-' s_1. b Quantum yield for 
4-acetylpyrimidine formation. c Originally 0.01 M in ketone. ''Orig­
inally 0.05 M in ketone. e In /m-butyl alcohol. 

abstraction occurs from ketone 1, that competitive C = N 
and C = O hydrogen abstraction occurs from ketone 2, and 
that C = O hydrogen abstraction predominates from ketone 
3. 

The photoreactions of ketones 1, 2, and 3 were quenched 
using 1,3-pentadiene. Quantitative information regarding 
their respective triplet reactivities was calculated from 
Stern-Volmer plots6 and eq 1. 

*o/$ = 1 + KqT[Q] (1) 

The reaction quantum yields and triplet reactivities are 
summarized in Table I. The data in Table I indicate that 
the valerylpyrimidine triplets are about seven times more 
reactive towards intramolecular hydrogen abstraction than 
the 4-butyrylpyrimidine triplets and that the 4-butyrylpyri-
midine triplets are about two and a half times more reactive 
than the corresponding 4-propionylpyrimidine triplets. 
However, since about 42% of the triplet reactivity of 4-
butyrylpyrimidine (2) is due to the C = O chromophore and 
58% to the C = N a more accurate estimate of the relative 
triplet carbonyl reactivity of ketone 3 to 2 (secondary vs. 
primary hydrogen abstraction) is 17.7 By analogy, the rela­
tive triplet C = N reactivity of ketone 2 to 1 (secondary vs. 
primary hydrogen abstraction) is found to be only 1.5.9 

When one compares the reactivities of the C = O and 
C = N chromophores directly, the C = O and C = N triplets 
are found to possess about equal reactivity towards primary 
hydrogen atoms (7.0 X 107 s - ' vs. 6.7 X 107 s - ' ) . Towards 
secondary hydrogens, however, the C = O triplets are found 
to be 12 times more reactive than the C = N triplets (12 X 
10s S - ' vs. 0.97 X 10s s_ 1) . The latter indicates why little to 
no cyclopropanol formation occurs from the photolysis of 
4-valerylpyrimidine (3). 

The observed lack of selectivity of the C = N triplets of 
4-acylpyrimidines towards primary vs. secondary hydrogen 
atom abstraction cannot be unequivocally explained on the 
basis of our present data. It may indicate that hydrogen ab­
straction by the C = N chromophore unit is more exother­
mic and involves a lower activation energy than that of the 
C = O . Such an explanation has been used to rationalize the 
low selectivity of certain free radicals towards abstraction 
of secondary vs. primary hydrogen atoms.10 The fact that 
the C = N and C = O triplets exhibit about equal reactivity 
towards primary hydrogens, however, suggests that addi­
tional factors must influence the hydrogen abstraction pro­
cess. 

Triplet ketones have been compared to alkoxy radicals in 
terms of their selectivity towards C-H bond abstraction.8 A 
similar comparison of C = N triplets to amino radicals 
would be of interest here. Unfortunately the scarcity of 
available reactivity da ta" on amino radicals does not per­
mit such a comparison at this time. 

To our knowledge this work represents the first quantita­
tive estimation of the relative triplet reactivity of a C = O 
vs. C = N chromophore unit. We are presently investigating 

the mechanism of the C = N hydrogen abstraction process 
in greater detail. 
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A Paramagnetic, Square-Pyramidal 
Nickel(II) Alkyl Complex 

Sir: 

A large number of nickel(II) complexes containing alkyl 
ligands have been prepared; however, except for one tetra-
hedral example, these are four- or five-coordinate,1 diamag-
netic compounds.2 Although it is generally not stated ex­
plicitly, high-spin nickel alkyl complexes are expected to be 
very unstable. We have prepared a square-pyramidal, high-
spin nickel(II) alkyl complex, which is stable at room tem­
perature, by alkylation of 1. The synthesis and properties of 
this unique compound are the subject of this communica­
tion. 

Addition of a slight excess of dimethylmagnesium3 to a 
suspension of 1 g (1.6 mmol) of I4 in 25 ml of purified THF 
at room temperature under nitrogen produced an emerald 
green solution. After dissolution of all of the starting mate­
rial (about 15 min), the volume of the solution was reduced 
to 10 ml, and 20 ml of ether was added to yield crystalline 
2. Recrystallization was by dissolution in THF followed by 
addition of ether. Yield, 0.57 g, 75%. Anal. Calcd for 
NiCi6H3 5N4O3SF3 : Ni, 12.24; C, 40.08; H, 7.36; N, 11.69. 
Found: Ni, 12.32; C, 40.33; H, 7.35; N, 11.70. Green solu­
tions similar to those of the methyl complex were generated 
using diethyl- or diphenylmagnesium in place of the di­
methyl compound but products have not been isolated in 
pure form. 

Reaction of the perchlorate salt of 1 with 1 equiv of lithi-
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OO (CF3SO3);, + (CH3)2Mg 
THF 

CH3' CH3 

1 
red 

(CF3SO3) (1) 

green 

um chloride in THF also produced a green solution from 
which a green chloro complex (3) was obtained by a proce­
dure similar to that described above. 

Magnetic moments of 2 and 3 were 2.78 and 3.03 MB, re­
spectively. Absorption spectra of 2 and 3,5 obtained on 
THF solutions are very similar to those of square-pyramidal 
nickel(II) complexes prepared from a stereoisomer of I.6 

We expect that 2 and 3 also have square-pyramidal struc­
tures. 

As a solid, 2 was stable for several days at room tempera­
ture under nitrogen and it only slowly decomposed when ex­
posed to air. In THF solution, 2 did not decompose appre­
ciably for several hours under nitrogen at room tempera­
ture. Decomposition occurred fairly rapidly when the solu­
tion was heated. Ni(I) complex (4) was identified as a prod­
uct of the thermal decomposition.7 Presumably 4 formed by 
homolysis of the nickel-carbon bond but gaseous products 
have not been identified. Qualitatively, photolysis did not 
increase the rate of formation of 4. Complex 4 is quite un­
stable and decomposes according to eq 2.7 

CH3. 

c>o 
,N N.-T 

Ni0 + 1 + free Iigand (2) 

CH3" CH3 

The methylato complex (2) is very soluble in pyridine, 
trimethyl phosphite, and water; thermal stability of 2 in the 
first two solvents is comparable to that in THF. Decomposi­
tion occurred in water {t\/2 about 15 min), and a basic solu­
tion of 1 formed. The rate of decomposition decreased with 
time and subsequent experiments showed that the rate was 
lower in basic solution. Addition of H + to aqueous solutions 
of 2 caused rapid evolution of methane (about 1 mol/mole 
of complex).8 Chloro complex 3 dissolved in water to give 
only a red solution of 1. Although six-coordinate complexes 
of 1 have been isolated,4 the complex is four-coordinate in 
water in the absence of high concentrations of Iigand. The 
contrasting behavior of 2 and 3 is most likely a result of the 
hydrophobic nature of the axial methyl Iigand whereas the 
coordinated chloride ion is highly solvated by water and 
thus easily removed from the coordination sphere of the 

nickel ion. 
Other electrophilic reagents besides H + reacted with 2. 

Green aqueous solutions of 2 instantly turned red upon ad­
dition of Hg 2 + . CH 3 Hg + and 1 were identified as prod­
ucts.9 Reactions also occurred with SO2 and CO2, forming 
products containing methyl sulfinate and acetate.10 No in­
formation concerning the mechanism of formation of these 
products is presently available. 

The ground-state electronic structure of high-spin d8 

metal complexes having square-pyramidal geometry is (dxz, 
dyz)4 dxy

2 Az2dx2-.yi.
u Consequently all d orbitals that are 

available for a bonding are partially occupied and bonding 
of the methyl group to the nickel ion in 2 must be largely 
electrostatic. The reactivity of 2 toward electrophilic re­
agents is ample demonstration of the expected electron-rich 
nature of the carbon-nickel bond. It is also clear that 2 is 
stable in nucleophilic solvents and that it has substantial 
thermal stability both as a solid and in solution. It is doubt­
ful that the stability of the metal-carbon bond is deter­
mined in any unique way by the macrocylic tertiary amine 
Iigand although the kinetic stability of 1 and its resistance 
to strong base are due to the structure of the Iigand and the 
steroechemistry of the complex. We expect that alkyl com­
plexes can be generated from other inert nickel(II) com­
plexes that are not susceptible to competing reactions with 
the strongly basic alkylating agents required for their for­
mation. 
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