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whereas 2c opposes it. Although the geometric effect is small 
(see above), 2b is the substitution pattern most likely to produce 
a planar closed shell singlet ground state TMM in this se-

Table I. Zero-Field ESR Splitting Parameters" (cm-1) 

nes 22 
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Triplet Ground States of Trimethylenemethanes1 

Sir: 

Since Dowd's original demonstration2 of a stable triplet 
electron spin resonance (ESR) spectrum for parent trimeth-
ylenemethane (TMM, 1), the only new triplet TMM observed 
by ESR has been 2-isopropylidenecyclopentane-l,3-diyl, 2f.3a 

To evaluate experimentally the effect of substituents on the 
ordering of the lowest TMM spin states, and to test some 
theoretical predictions,3b we have prepared a series of new diyls 
2a-e and have investigated their ESR spectra. 

.A. 
Ri^ .R2 R l . ^ ^ 2 

a, R 1 , R2 = H 
b, R1 = H; R, = Ph 
c, R1 = H ; R 2 = Cl 
d, R1 , R2 = P h 
e, R1, R2 = OMe 
f, R1 , R2 = M e 

Species 

2a 
2b* 
2C 
2d* 
2e 
2f 

D 

0.0265 
0.0196 
0.0266 
0.0180 
0.0278 
0.0256 

E 

0.00550 
0.004 
0.0051 
0.0013-0.0032 

<0.00133 
0.00340 

" Values calculated by matching the experimental spectrum using 
a computer program (P. Kottis and R. Lefebvre, J. Chem. Phys., 41, 
379 (1964)) to refine the values obtained by visual inspection. * Hy-
perfine anisotropy caused poorer computer simulation leading to 
uncertainty in E. cg-Factor anisotropy caused poorer than usual 
computer simulation. 

The syntheses of 3b, 3c, and 3d,5 the azo compound pre
cursors of diyls 2b, 2c, and 2d, parallel that of the dimethyl 
compound 3f.3 Semi-hydrogenation of the Diels-Alder adduct 
of dimethyl azodicarboxylate with the appropriate 6-substi-
tuted fulvene,4 saponification of the carbamate functions, 
decarboxylation to the hydrazine, and oxidation give the azo 
compounds, which decompose just above room temperature. 
The dihydro analogue 3a results when the hydrazine precursor 
of the azo compound 3c in the chloro series is reduced with 
sodium in liquid ammonia and the resulting dechlorinated 
hydrazine is oxidized. 

The synthesis of the dimethoxy compound requires a special 
route, which starts from the known5" bromo aldehyde 4. The 
corresponding acetal 5 is converted by saponification and de
carboxylation to the hydrazine 6. Oxidation with mercuric 
oxide gives the crystalline bromoacetal azo compound 7, which 
upon treatment with NaNH2 in Et20 at —50 0C gives a solu
tion of the azo compound 3e. This substance5b is extremely 
unstable and decomposes at temperatures above —20 0C. 

O 

c~7 d 
^ B r 

" ^ N — C O 2 M e ~ * 

"--N-CO2Me 
4 

M e O ^ ^ O M e 

MeO. .OMe 
/C<T Br H TC^ 

^ 

/Hf^N—CO2Me 
^ ^ • N — C O 2 M e 

5 

MeO. OMe 

£7 
MeO OMe 

The diyls 2a-f result from irradiation (>320 nm) of 2-
methyltetrahydrofuran or benzene solutions of the azo com
pounds 3a-f cooled to < 100 K in the cavity of a Varian E-line 
ESR spectrometer. In each case, we observe a clear triplet ESR 
spectrum which persists with undiminished intensity for at least 
30 min after irradiation is stopped. The spectra are free of 
signals due to doublet impurities. For 2a, 2c, 2d, and 2f, we 
observe weak Am = 2 transitions at approximately half the 
field of the main absorption. The zero field splitting parame
ters6 are given in Table I. 

The relatively small D values observed for the phenyl-sub-
stituted diyls 2b and 2d are consistent with the expected6'7a-e~s 
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Figure 1. Curie plot observed on an irradiated frozen benzene solution of 
3d. 
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spin derealization onto the aryl rings. Since the diyls all lack 
threefold symmetry, the approximately zero E value observed 
for 2e must be accidental. 

The signal intensities of the four diyls 2c-2f in frozen solu
tions (80-150 K) and of diyl 2f in a single crystal of 3f (14-268 
K) decrease with increasing temperature. The changes in each 
case are reversible and correspond to strict adherence to the 
Curie law, IT = constant, where / is the ESR signal intensity, 
as measured by the Ams = 1 peak height, and T is the absolute 
temperature. A typical Curie plot is exemplified by the be
havior of the signal for diyl 2d (Figure 1). These results require 
either that the triplet and singlet have nearly identical 
enthalpies in each case, or more plausibly, that the triplet is the 
ground state. 

Presumably, there are variations in the size of the singlet-
triplet gap in the series 2a-f, but the preference for the triplet 
is strong enough to push such variations "off-scale" with re
spect to the limit of the present (not very sensitive) experi
mental techniques. The results contrast strikingly with the fine 
balance between singlet and triplet observed in another 4-
electron-x-system, cyclopentadienylium cation,7a_d where 
small changes in substitution shift the ground state from one 
multiplicity to the other. It is interesting and possibly signifi
cant that the most sophisticated calculations now available8-14 

for TMM suggest a singlet-triplet gap of 18-21 kcal/mol, 
which is substantially greater than the 7 kcal/mol indicated 
by a Pariser-Parr-Pople calculation71^ for cyclopentadienylium 
cation. 
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Trimethylenemethane. Experimental Demonstration That 
the Triplet State is the Ground State 

Sir: 

Trimethylenemethane (I), as it is generated photolytically 
at the boiling point of liquid nitrogen, exhibits a triplet state 
electron paramagnetic resonance (EPR) spectrum which 
persists for extended periods of time at that temperature.1 As 
a result, it is widely assumed that the triplet state of trimeth
ylenemethane (I) is the ground state. In fact, there exists no 
experimental evidence2 which distinguishes this possibility 
from one in which the triplet is an excited state, thermally 
populated from a ground singlet state.3 

1 I ' 
H H 

In order to provide the firmest possible foundation for 
present and future studies of this reactive intermediate, it is 
essential that this fundamental feature of the trimethyl
enemethane system be made clear. Accordingly, we have ex
amined the variation in intensity of the EPR spectrum of the 
triplet trimethylenemethane (I)4 as a function of temperature 
over the range 20-80 K.5 The results were plotted according6 

to eq 1, where / is the peak-to-peak height7 of the EPR 

IT = constant[l + V3 exp(-A/7?7)]" (D 
signal, T is the absolute temperature, and A is the difference 
in energy between the triplet and a (higher) singlet state. Some 
representative data are shown in Figure 1. From this graph, 
it is evident that the triplet state of trimethylenemethane (I) 
is the ground state8 and that A « RT in the temperature range 
examined. That is, IT = constant. Curie law behavior was also 
observed for the relatively stable monoradicals produced in the 
course of photolysis. 

Because of its symmetry, relative simplicity, experimental 
accessibility, chemical reactivity, and rare four 7r-electron 
configuration, trimethylenemethane (I) has been extensively 
investigated from a theoretical standpoint.9 That the triplet 
state is the ground state is the unanimous conclusion of all 
theoretical treatments capable of distinguishing between the 
singlet and triplet states on the basis of their relative ener-
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