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Scheme I .  Synthesis of l-(OEt)/ 

D, E, P 

4-OEt 

1-( OEt), 
' (A)  n-BuLi, ether, -30 OC IO min; (9) 4,4'-di-ferf-butylbenzo- 

phenone; (C) EtOCOCI; (D) n-BuLi, ether, -25 'C, 3 h; (E) 
(MeO)$O; (F) EtOCOCI. 

When the solutions of the tetraanion and dianion are quenched 
with MeOH and MeOD in the absence of lithium metal, the 
quenching products l-H4, I-D4, 2-H2, and 2 - 4  are isolated in high 
chemical yields. The deuterated products have >90% D incor- 
poration according to FABMS and NMR. 

The IH and I3C NMR spectra of 14;4Li+ show a single reso- 
nance for the six equivalent t-Bu groups. In the aromatic region 
of the I3C NMR spectrum, separate signals for four quaternary 
and six tertiary carbon resonances are observed (Figure 3). The 
aromatic region of the ' H  NMR spectrum of le,4Li+ shows two 
doublets for the six peripheral benzene rings and a triplet, two 
doublets, and a singlet absorption set for the three inner benzene 
rings. Thus, the equivalence of the six peripheral benzene rings 
and of the three inner benzene rings is established at 303 K. 
Consequently, 14-,4Li+ in THF-d8 has 3-fold symmetry on the 
'H and I3C NMR time scale a t  303 K. Similar spectral analyses 
indicate 2-fold symmetry for 2*-,2Li+ under identical conditions. 

As expected, only one resonance is observed at  303 K for the 
Li+ counterions associated with each carbanion; the 'Li resonance 
is shifted upfield for the larger carbanions, le,4Li+ and 22-,2Li+ 
(Table I).9 

Empirical relationships between I3C chemical shifts and charge 
can be used to verify the molecular charges.I0 Charges for 
carbanions, which are calculated from the I3C chemical shifts, 
are -3.48, -1.82, and -1.07 for 14-,4Li+, 22-,2Li+, and 3-,Li+, 
respectively. The significant deviations from the integer values 

(8) Downfield resonance from THF-d8 was used as a 0.0 ppm reference 
for 'H (3.580 ppm) and I3C (67.5 ppm) spectra. A 1.0 M solution of LiCl 
in D 2 0  at 303 K was used as a 0.0 ppm reference for 'Li and 6Li NMR 
spectra. J values are in hertz. (a) lC,4Li+: 'H NMR 7.225 (d, J = 8.8, 12 
H), 7.21 (br s, 3 H), 6.574 (d, J = 8.8, 12 H), 6.455 (t, J = 7.7, 3 H), 6.38 
(brd,J=8,3H),6.25(brd,J=8,3H),l.l83(s,54H);'HCOSY(cross 
peaks) 7.22516574, 7.21/6.38/6.25, 6.45516.3816.25 [EtOLi, 3.734 (br q, 
8 H), CH, is overlapped by the tetraanion f-Bu]; I3C NMR 149.8, 147.3, 
147.2, 133.4, 128.6, 124.8, 123.4, 122.6, 115.8, 113.0,82.9,79.3, 34,2,32.4 
[EtOLi, 59.5 (w). 59.2, 23.5 (w), 23.41; I3C DEPT (135') CH, CH,, 128.5, 
124.7. 123.3. 122.6, 115.8, 112.9,32.3 [EtOLi,CH,, 59.4,59.1;CH3,23.3]; 
'Li NMR -1.31 [EtOLi, 0.121. (b) 22-,2Li+: 'H NMR 7.265 (d, J = 8, 9 
H), 6.593 (d, J = 8, 8 H), 6.494 (d, J = 8, 2 H), 6.290 (t, J = 8, 1 H), 1.178 
(s, 36 H) [EtOLi, 3.730 (q, J = 7, 4 H), 1.149 (t, J = 7, 6 H)]; "C NMR 
149.0, 147.6, 133.5, 130.2, 128.3, 124.7, 123.4, 116.2, 83.0, 34.2, 32.4 [EtOLi, 
59.6 (vw), 59.4 (w), 59.2, 23.3 (not resolved)]; "C DEPT (135') CH, CH3, 
130.1, 128.3, 124.7, 123.4, 116.2, 32.4 [EtOLi, CHI, 59.2; CH3, 23.31; 'Li 
NMR -1.08 [EtOLi, 0.09, 0.75 (w)]. (c) 3-,Li+. 'H NMR 7.240 (d, J = 
9,6 H), 6.564 (d, J = 9,6 H), 1.177 (s, 27 H) EtOLi, 3.75-3.65 (m, 2 H), 
CH, (3 H) is hidden under the f-Bu resonance]; a b N M R  147.7, 134.2, 124.7, 
123.6, 87.2, 34.2. 32.3 [EtOLi, 59.7 (vw), 59.4 (w), 59.1, 23.4 (w), 23.31; I3C 
DEFT(135') CH, CH,, 124.7, 123.6, 32.3 [EtOLi, CHI, 59.4 (w), 59.1; CH,, 
23.4 (w), 23.31; 'Li NMR -0.85 [EtOLi, 0.07,0.10,0.75 (br, w)]; 6Li NMR 
-0.86 [EtOLi, 0.101. 

(9) Cox, R. H.; Terry, H. W.; Harrison, L. W. J .  Am. Chem. SOC. 1971, 
93, 3297. 

(IO) (a) Spiesecke, H.; Schneider, W. G. Tetrahedron Lett. 1961, 468. 
Hunadi. R. J. J .  Am. Chem. Soc. 1983,105, 6889. Rajca, A.; Tolbert, L. M. 
J.  Am. Chem. Soc. 1988.110,871. (b) Theohsewed ' C  chemical shifts have 
been corrected for the effect of f-Bu groups using'the chemical shifts of 
tert-butylbenzene vs benzene; see: Ernst, L. Tetrahedron Lett. 1974, 3079. 
Wehrli, F. W.; Wirthlin, T. Interpretation of Carbon-I3 NMR Spectra; 
Heyden: London, 1976; p 47. 

( I  I )  Rajca, A. J .  Am. Chem. SOC.. following paper in this issue. 

for the higher anions may be due to deshielding of the inner 
benzene ring carbons. 

14- possesses one central and three peripheral triarylmethyl 
(anionic) carbons; the chemical shift difference between the pe- 
ripheral and central carbons in tetraanion is only 3.6 ppm (Table 
I). Although the 13C chemical shifts for the triarylmethyl (anionic) 
carbons appear more upfield for the monoanion than for the 
dianion and the tetraanion, the chemical shifts for these peripheral 
carbons level off at about 83 ppm. Because of the linear rela- 
tionship between 13C chemical shift and charge,'O we conclude 
that extending the conjugation in meta-connected triarylmethyl 
anions does not perturb the electron density significantly in the 
separate triarylmethyl anion units. That is, le,4Li+ is an ensemble 
of four uniformly charged triarylmethyl anion fragments. Because 
these n-conjugated systems are odd-atternant, a similar conclusion 
is reached for both electron and spin density of the related radicals. 

In summary, molecules that are topologically related to le can 
be considered as ensembles of uniformly charged fragments. 
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Ferromagnetism without transition metals is a contemporary 
challenge for chemistry and physics.14 Ferromagnetic polymers 
comprise one of the postulated routes toward this goal;s a similar 
strategy may rely on molecules approaching the size of ferro- 
magnetic domains. Thus, high-spin, large, and stable organic 
molecules may be prerequisites: The first molecular ferromagnets 
and ferrimagnets have been reported recently.'-' 

Now we report preparation of the hydrocarbon tetraradical 14' 
by oxidation of the related carbotetraanion 1",4Li+ (eq I).* 

Treatment of a 0.05 M solution of le,4Li+ in tetrahydrofuran 
(THF) that contains an equivalent amount of EtOLi byproduct 
with 2 molar equiv of iodine at  195 K for 0.5 h produces a solution 
of 14'. The Am8 = 1 region of the EPR spectrum at  100 K for 
the same sample of 14' consists of eight symmetrical peaks, which 

( I )  Miller, J. S.; Epstein, A. J.; Reiff, W. M. Chem. Reu. 1988,88, 201; 

(2) Izuoka, A.; Murata, S.; Sugawara, T.; Iwamura, H. J. Am. Chem. SOC. 

(3) LePage, T. J.; Breslow, R. J. Am. Chem. SOC. 1987, 109, 6412. 
(4) McConnell, H. M. J .  Chem. Phys. 1963, 39, 1910. 
( 5 )  Mataga, N. Theor. Chim. Acta 1968, 10, 372. 
(6) Fujita, I.; Teki, Y.; Takui, T.; Kinoshita, T.; Itoh, K.; Miko, F.; Sawaki, 

Y.; Iwamura, H.; Izuoka, A.; Sugawara, T. J. Am. Chem. SOC. 1990, 112, 
4074. Dulog, L.; Kim, J. S. Angew. Chem., Int. Ed. Engl. 1990, 29, 415. 
Novak, J. A.; Jain, R.; Dougherty, D. A. J. Am. Chem. SOC. 1989, I l l ,  7618. 
Neugebauer, F. A.; Fischer, H.; Krieger, C. Angew. Chem., Inf.  Ed. Engl. 
1989,28,491. Kirste, B.; Grimm, M.; Kurreck, H. J .  Am. Chem. Soc. 1989, 
111, 108. Berson, J. A. Mol. Crysf. Liq. Crysf. 1989, 176, I .  Dougherty, D. 
A. Mol. Crysf. Liq. Cryst. 1989, 176, 25. Iwamura, H.; Murata, S. Mol. 
Cryst. Liq. Cryst. 1989, 176, 33. Itoh, K.; Takui, T.; Teki, Y.; Kinoshita, T. 
Mol. Cryst. Liq. Cryst. 1989, 176, 49. Seeger, D. E.; Berson, J. A. J. Am. 
Chem. Soc. 1983,105, 5144,5146. Teki, Y.; Takui, T.; Itoh, K.; Iwamura, 
H.; Kobayashi, K. J. Am. Chem. SOC. 1983, 105, 3722. 

(7) Nakatani, K.; Carriat, J .  Y.; Journaoux, Y.; Kahn, 0.; Lloret, F.; 
Renard, J. P.; Pei, Y.; Sletten, J.; Verdaguer, M. J. Am. Chem. SOC. 1989, 
111, 5739. Caneschi, A,; Gatteschi, D.; Sessoli, R.; Rey, P. Ace. Chem. Res. 
1989, 22, 392. 

Arc. Chem. Res. 1988, 21, 114; Science 1988, 240, 40. 

1987, 109, 2631. 

(8) Rajca, A. J. Am. Chem. SOC., preceding paper in this issue. 
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t 14-,4Li+ t 1 4  

are assigned to a quintet (Figure I ) ;  the center peak corresponds 
to a doublet i m p ~ r i t y . ~  A half-field Ams = 2 resonance is also 
observed that further corroborates the presence of a high-spin 
species (Figure l ) . l o  

Fitting of the four outer peaks in the quintet Ams = 1 spectrum 
to the perturbational solution of the quintet Hamiltonian yields 
the following approximate zero-field parameters: ID/hcl = 
0.002 83 cm-I and IE/hcl = 0.000022 cm-I.I1 When these values 
for the zero-field parameters are used as input to a quintet sim- 
ulation program,l* the peak positions (not intensities) in the Ams 
= 1 EPR spectrum for 14* are reproduced to within 3 G. In 
particular, because of the very low value for the IE/hd, the H / / x y  
transitions are found coincident in pairs to within 3 G. Even better 
agreement with the experimental spectrum (within 2 G) is obtained 
with ID/hcl = 0.002 83 cm-' and IE/hcl = 0 (Figure I ) .  Such 
small values for IE/hcl suggest 3-fold symmetry for 14'. The 
(D/hcl is below the values for the related triplet diradicals 22' 
(0.0064 cm-I) and 32' (0.0079 cm-I) (Figure 2).I3.I4 

When the oxidation is carried out at a lower temperature such 
as 160 K and in Me2O, the EPR spectra, which are taken at boiling 
liquid nitrogen temperature and I 0 0  K, are similar to the spectrum 
in Figure 1. For such solutions the NMR measurement of the 
magnetic moment pem = 4.3 pB,ls which is close to the theoretical 
spin-only value of 4.90 pB, is obtained in the range 133-163 K. 

A typical low-temperature oxidation experiment is carried out 
as follows. A solution of tetraanion lC,4Li+ in T H F  that contains 
an equivalent amount of EtOLi byproduct is filtered, the THF 
is removed under vacuum, and the solid residue is dissolved in 
MezO ( 1  mL) at  160 K (EtOH/liquid nitrogen slush). The 
volume of the resulting red solution, which is 0.01-0.04 M in 
14-,4Li+, is measured at  160 K. A crystal of iodine (2 equiv) is 
added under the stream of argon, and after 10-30 min of vigorous 
stirring a t  160 K, the reaction mixture becomes green. Subse- 
quently, a portion of the reaction mixture is transferred a t  160 
K to an EPR tube. The tube is sealed under vacuum (all portions 
of the reaction mixture are kept a t  160 K).  For the N M R  
measurement, the sealed EPR tube (3.8-mm 0.d.) is cleaned with 
M e 2 0  and mounted concentrically in a 5-mm N M R  tube con- 
taining Me20. The tube assembly is cooled with liquid nitrogen 
and then quickly inserted into the N M R  probe at  143 K. IH 
NMR spectra, which are acquired in the range 133-163 K, have 
two resonances corresponding to Me20 in the inner (paramagnetic 
solution) and outer tube (pure Me20). The downfield resonance, 
which is more intense and broader, must arise from M e 2 0  in the 

(9). (a) Only a fraction of the quintet tetraradical contributes to its signal 
intensity in a randomly oriented glass sample. (b) After the solution of I* 
is kept at ambient temperature for 1 h, the EPR spectrum at 100 K suggests 
a mixture of unidentified doublet and triplet species. Only the inner triplet 
resonances appear close to the quintet peaks. 

(IO) The instrument settings such as gain, modulation amplitude, and 
microwave power for the Ams = 2 transition are increased by a factor of 25, 
40, and 16, respectively, compared to the settings for the Ams = 1 region. 

( 1 1 )  Wasserman, E.; Murray, R. W.; Yager, W. A.; Trozzolo, A. M.; 
Smolinsky, G. J .  Am. Chem. Soc. 1%7,89, 5076. 

(12) Seeger, D. E. Ph.D. Dissertation, Yale University, 1983. Seeger, D. 
E.; Lahti, P. M.; Rossi, A. R.; Berson. J. A. J .  Am. Chem. Soc. 1986, 108, 
1251. 

( I  3) The method used for preparation of 2*' is based on the oxidation of 
the corresponding dianion and is similar to the method for 1. For the solution 
of 2*', which is persistent below 195 K, 

(14) Kothe, G.; Denkel. K.-H.; Summermann, W. Angew. Chem., Inr. Ed. 
Engl. 1970, 9, 906. Luckhurst, G. R.: Pedulli, G.  F. J .  Chem. Soc. B 1971, 
329. 

( I  5 )  Evans, D. F. J. Chem. Soc. 1959,2003. Live, D. H.; Chan, S. 1. Awl .  
Chem. 1970, 42,791. 
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Figure 1. X-band EPR spectrum for I" in T H F  glass at 100 K; Ams = 
1 transitions (Gauss): 3211, 3255, 3271, 3286, 3317, 3332, 3348, 3393 
(the exact magnetic field values are obtained from a derivative spectrum). 
The bars indicate the simulated positions for the Ams = 1 turning points 
using g = 2.0024, microwave frequency 9.250 GHz, ID/hcl = 0.00283 
cm-I, and IE/hcl = 0 cm-I: 3209 (z), 3255 ( x ,  y ) ,  3270 (z), 3285 (x ,  y), 
3315 ( x , y ) ,  3331 ( z ) ,  3346 (x ,  y), 3391 (2). According to the numerical 
simulations, for JE/hcl = 0 cm-' and ID/hcl < 0.02 cm-' the line spacings 
can be expressed in terms of "D" as shown in the Figure. Ams = 2 
transition (Gauss): 1652. 

2'. 
Figure 2. Diradicals 22' and 32' 

3'. 

paramagnetic solution (inner tube). For example, for a 14' 
concentration of 0.024 M, the chemical shift difference (A6) 
between the two resonances is 1.31 ppm at  143 K. 

Magnetic susceptibilities, which are used for calculation of pelf, 
are obtained by using Evans's formula with correction for the 
parallel orientation of the sample tube to the magnetic field.I5 The 
concentration of the paramagnetic species, the temperature, and 
A6 enter the calculation. A6 is corrected for the presence of the 
salts (LiI and EtOLi) by measuring A6 after the sample is exposed 
to air; for example, for the 0.024 M solution at  143 K, the A6 
increases from 1.3 1 to 1.43 ppm after the correction. The tem- 
perature measurement should not significantly contribute to the 
error in The inaccurate concentration of 14' is probably 
the major source of error: (a) the filtration of 14-,4Li+ in T H F  
is not complete; (b) 1",4Li+ in T H F  is not pure (95+%), and the 
solvent change from T H F  to M e 2 0  may further deteriorate the 
purity; (c) thus, the amount of iodine, which is used for the 
calculation of the concentration of 14', is not stoichiometric; (d) 
the volume measurement a t  160 K is accurate to about h0.05 mL 
(f5%); (e) the solution volume is equated to the solvent volume; 
and (f) the temperature dependence of the density of M e 2 0  is 
neglected in the range 133-163 K. The lack of stoichiometry (a, 
b, and c) is most likely to give a lower than expected perf. Also, 
the concentration of 14' should be kept low (e.g., 0.024,O.OlS M) 
to avoid precipitation at  low temperatures and excessive N M R  
line broadening. 

The EPR spectra and per measurements support the presence 
of a quintet 14' as a dominant species a t  T > 77 K." 

(16) Methanol is used as a standard for the temperature calibration in the 
range 183-303 K see: Raiford, D. S.; Fisk, C. L.; Becker, E. D. A w l .  Chem. 
1979, 51, 2050. The lower temperatures are obtained by extrapolation. 

(17) The Curie plot is linear for both the EPR intensities in the range 
90-120 K and the paramagnetic susceptibilities obtained from the NMR data 
in the range 140-1 60 K. These temperature ranges ma not allow us to draw 
conclusions upon the nature of the ground state for I{*. 
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Our results show that oxidation of carbomultianions offers a 
valuable method for preparation and characterization of hydro- 
carbon multiradicals in solution. Even greater in size and higher 
spin multiplicity hydrocarbon multiradicals can be made more 
stable by introducing steric hindrance at all para sites. It remains 
to be seen if such ferromagnetic microdomains will lead to fer- 
romagnetic order at T >> 4 K. 

Finally, the quintet state for 14' in conjunction with the uni- 
formly charged triarylmethyl anion fragments in 1',4Li+ suggests 
a relationship between spin multiplicity and electron density 
distribution. 
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Typifying the interesting chemistry of strained small-ring 
compounds, e.g., methylenecyclopropane,' -cyclopropene,2 -azir- 
i d i ~ ~ e , ~  and - t h i i r a ~ ~ e , ~  methyleneoxirane (allene oxide, I )  was 
predicted by Hoffmann5 to isomerize readily to cyclopropanone 
(2) via electrocyclic ring opening involving oxyallyl intermediate 
3 (eq I ) .  While 1 has been studied intensively by theory: it has 

(1) 

1 3 2 

been elusive in experimental investigations, such as its role in the 
oxidation of allene' (although bulky substituents can make eq 1 

( I )  Salaun, J. In The Chemistry o f f h e  Cyclopropyl Group; Rappoport, 
Z., Ed.; Wiley: Chichester, 1987; Part 2, p 814. 

(2) (a) Billups, W. E.; Lin, L.-J.; Casserly, E. W. J. Am. Chem. Soc. 1984, 
106, 3698-3699. (b) Staley, S. W.; Norden, T. D. Ibid. 1984, 106, 
3699-3700. (cl Rav. J .  C.. Jr.: Danis. P. 0.: McLaffertv. F. W.: CarDenter. 
B. K. Ibid. lh7, j09, 4408-4409. (d) Zhang, M.-Y.I Wesdemioiis, C.: 
Marchetti, M.; Danis, P. 0.; Ray, J. C., Jr.; Carpenter, B. K.; McLafferty, 
F. W. Ibid. 1989, 1 1 1 ,  8341-8346. 

(3) Quast, H.; Risler, W. Angew. Chem., Inr. Ed. Engl. 1973,12,414-415. 
(4) Block, E.; Penn, R. E.; Ennis, M. D.; Owens, T. A.; Yu, S.-L. J .  Am. 

Chem. Soc. 1978. 100. 7436-7437. 
(5) Hoffmann, R. J .  Am. Chem. Soc. 1968, 90, 1475-1485. 
(6) (a) Slang, P. J. In The Chemistry ojErhers, Crown Ethers, Hydroxyl 

Groups and Their Sulphur Analogues, Suppl. E Patai, S., Ed.; Wiley: 
Chichester, 1980; Part 2, Chapter 19. (b) Ortiz, J. V. J .  Org. Chem. 1983, 
48, 4744-4749. (c) Schaad, L.; Hess, 8. A,, Jr.; Zahradnik, R. Ibid. 1981, 
46, 1909-191 I. (d) Osamura, Y.; Borden, W. T.; Morokuma, K. J. Am. 
Chem. SOC. 1984, 106, 51 12-5115. ( e )  Lahti, P. M.; Rossi, A. R.; Berson, 
J. A. Ibid. 1985, 107, 2273-2281. (f) Coolidge, M. B.; Yamasluta, K.; 
Morokuma, K.; Borden, W. T. Ibid. 1990, 112, 1751-1754. (g) Berson, J. 
A. Pure Appl. Chem. 1987, 59, 1571-1576. 

(7) Crandall, J. K.; Batal, D. J. J .  Org. Chem. 1988,53, 1338-1340 and 
references therein. 
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Table 1. Collisionally Activated Dissociation (02, 50% F) and 
+NR+ (Hg, 70% T/O,,  50% r )  Mass SpectrabC 

CAD +NR+ 
m / z  1.t e+ ?+ 8.t I*+ e+ y+ g*+ 

56 
55 (11) (22) (20) (233) 
54 15 12 3 18 
53 15 14 11 15 
42 100 3 24 <0.5 
41 17 24 1 1  4 
39 22 5.5 4 9.5 
30 1 1  <0.5 <0.5 <0.5 
29 40 5.5 6 44 
28 (122) (87) (181) (76) 
27 69 100 100 100 
15 <0.5 1.5 <0.5 <0.5 

69 100 3 63 
3.5 7.5 0.8 100 
4 3 0.2 13 

1 1  3.5 0.3 12 
22 0.5 4.5 1 
8 8 2.5 6.5 
5.5 2.5 1.5 15 
5.5 <0.5 <0.5 1.5 
23 3 <0.5 57 

100 40 100 79 
44 32 24 90 
<0.5 0.8 0.6 0.5 

14 6.5 2 3.5 1.5 8 1 3 7 
'j-;..... 560 455 500 625 420 275 235 635 
L I " . Y  

OTransmittance. Integrated peak areas. Intensities in parentheses 
include dissociations of metastable ions. From ionization of the fol- 
lowing: e+, 2,2.5-trimethyl-l,3-dioxane-4,6-dione; ?+, succinnic an- 
hydride; and 8". acrolein. 

observable).* Here we report on the first preparation and 
characterization of lo+ and 1. 

In unsuccessful attempts to generate l*+, ionized spiro[nor- 
born-2-ene-5,2'-oxiraneI9 (4), 1 -(phenylsulfinyl)-2,3-epoxypropane, 
and 5,6-epoxyhexan-2-0ne~~ yield only C5H6*+, PhSOH*+, and 
CH3C(OH)=CH2'+, respectively. However, the y-hydrogen 

47 0 
4 

rearrangement (eq 2) of ionized glycidol benzoates (5) produces 
C3H40'+ (17% abundance for Ar = 4-N02C6H4); its collisionally 
activated dissociation (CAD) spectrum" is strikingly different 
from those of the isomers C H 3 C H e +  (6),12 'CH2CH2CO+ 
(7),13 and CH2=CHCH=O'+ @ ) I 3  (Table I). Structure 1'+ 

ArCOOH %'** 

is supported by the favored formation of its structural subunits 
C2H20'+ ( m / z  42), CH20.+ ( m / z  30), and CHI'+ ( m / z  14). Its 
isomerization to CH2=C+OCH; should be quite end other mi^,'^ 

(8) Wasserman, H. H.; Berdahl, D. R.; Lu, T.-J. In ref I .  Marvell, E .  N. 
Thermal Electrocyclic Reactions; Academic: New York, 1980; pp 53-66. 
L'AbM, G. Angew. Chem. 1980, 92, 277-290. 

(9) Bly, R. S.; DuBose, C. M.; Konizer, G. B .  J .  Org. Chem. 1968, 33, 

(10) Curci, R.; Fiorentino, M.; Troisi, L.; Edwards, J .  0.; Pater, R. H. J.  
Org. Chem. 1980, 45,4758-4760. 

( I  1) Experimental details: Feng, R.; Wesdemiotis, C.; Baldwin, M. A.; 
McLafferty, F. W .  Inr. J .  Mass Spectrom. Ion Processes 1988.86, 95-107. 

(I 2) Maquestiau, A.; Flammang, R.; Pauwels, P. Org. Mass Specrrom. 

(13) Traeger, J. C.; Hudson, C. E.; McAdoo, D. J. Org. Mass Spectrom. 
1989, 24, 230-234. 

(14) AHfvalues, kJ ~ o I - I : ' ~  CH,=C=O" + CH 1270; 2'+, 894; et, 
759; 8'+, 898; I*+, 929;16 and CH2=CtOCH2', 1056fik 

(15) Lias, S. G.; Bartmess, J. E.; Liebman, J. F.; Holmes, J. L.; Levin, R. 
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