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(7) Small impurity signals were present in this spectrum. 
(8) Since traces of mercury vapor were present in this and the subsequent- 

ly described experiments, the decomposition of 2 may have been mer- 
cury-sensitized in part. The anhydride shows substantlal absorptlon at 
2537 A, however (X,,CH3CN 240 mm, B 540), and photolysis with an un- 
filtered medium-pressure mercury arc (“reversed” 2537 A line) also 
yields 4. 

(9) Thermal Isomerization of the syn and anti dimers of cyclobutadiene itself 
is discussed by H. M. Frey, H. 0. Martin. and M. Hekman, J. Chem. SOC., 
Chem. Commun., 204 (1975); R. S. Case, M. J. S. Dewar, S. Kirschner. 
R. Pettit, and W. Slegeir, J. Am. Chem. Soc., 06, 7581 (1974). 

(10) For other examples of this phenomenon see, e.g., D. R. Arnold, N. C. 
Baird. J. R. Bolton, J. C. D. Brand, P. W. M. Jacobs, P. deMayo, and W. 
R. Ware, “Photochemistry”, Academic Press, New York, N.Y., 1974, 
Chapter 6. 

(1 1) Direct photolysis of cyclic anhydrides is described by A. Zweig, K. R. 
Huffman, J. 8.  Gallivan, M. K .  Orloff, and F. Halverson, J. Am. Chem. 
SOC., 96, 1449 (1974). For mercury-sensitized decomposition, see I. S. 
Krull and D. R. Arnold, Tetrahedron Lett., 4349 (1969). 
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Perfluorotetramethylcyclopentadienone as a 
Diels-Alder Diene 

Sir: 
Largely ignored since its discovery and characterization 

by Wilkinson’s group in the early 1960’s,’3* perfluoro- 
tetramethylcyclopentadienone (1) is nonetheless a remark- 
able compound. This highly volatile yellow solid is stable as 
a monomer, apparently by virtue of the bulk of its trifluoro- 
methyl  substituent^.^ Its resistance to dimerization disguis- 
es the fact that 1 is an extremely reactive molecule, one as- 
pect of whose multifaceted chemistry provides the sub- 
stance of this report. 

When petroleum ether solutions of the dienone and 
tetramethylethylene are combined, a deep burgundy color 
attributable to  complexation^ develops immediately but 
fades upon standing a t  room temperature. Removal of the 
solvent gives the Diels-Alder adduct 2 in excellent yield. 

1 

2 

The structure of 2 is established by its microanalysis, I9F 
and IH N M R  spectra (Table I), high-frequency carbonyl 
stretching absorption (1825 cm-l, CC14),5 and an  ultravio- 
let maximum a t  235 nm (e 903, cyclohexane) attributable 
to the homoconjugated enone chromophore. Diels-Alder 
addition of 1 to ethylene is much faster, presumably for ste- 
ric reasons ( k  = 0.3 1. mol-’ sec-’ in dioxane, 28’). This 
rate is virtually identical with that of the reaction between 
ethylene and dimethyl sym-tetrazinedicarboxylate, a super 
“diene” in the “Diels-Alder reaction with inverse electron 
demand”.6 

More vigorous conditions are required for reaction of 1 
with conventional dienophiles, but dimethyl maleate and fu- 
marate, for example, add readily and stereospecifically a t  
120O. The reactions yield a single cis and the trans diester, 

respectively.’ Table I also contains adducts obtained from 
several other olefins8 

Acetylene adds to 1 rapidly even below room tempera- 
ture, yielding, after spontaneous extrusion of carbon mon- 
oxide, perfluoro-l,2,3,4-tetramethylbenzene. Again, the re- 
action is general for acetylenes; e.g., dimethyl acetylene- 
dicarboxylate gives the expected phthalate in excellent yield 
a t  1 20’. 

Attack of dienone 1 on conjugated dienes was explored in 
order to learn which component would assume the diene 
role in the Diels-Alder addition. In very facile reactions 
with 1,3-~yclohexadiene, furan, and cyclopentadiene, the 
dienone played that part in every case (see Table I). 

When naphthalene and 1 are combined, the green charge 
transfer complex2 slowly disappears even at  80’ with the 
formation, in high yield, of a mixture of 1:2 adducts. Not  
surprisingly, attempts to obtain adducts with benzene, 
which gives an orange charge-transfer complex,2 have 
failed.9 

Cyclopentadienones owe their great reactivity principally 
to a low-lying L U M O  and the consequently narrow gap be- 
tween frontier molecular orbitals.’O The four powerfully 
electron-withdrawing trifluoromethyl groups of dienone 1 
should increase the effective Coulomb integral a t  the at- 
tached ’ ring carbons, thus dropping both HOMO and 
L U M 6  energies below those of the parent molecule. The 
gap between them should widen somewhat since the 
HOMO encompasses only these carbons while the L U M O  
has substantial coefficients a t  all six skeletal atoms. Indeed, 
the long-wavelength uv maximum of 1 (340 nm, CC142) is 
consistent with this surmise (cf. that  of 3-tert- butylcyclo- 
pentadienone: 380 nm, isooctanelO). More important for ex- 
plaining the special properties of 1 is the fact that the 
LUMO, which is “bonding” even in the parent dienone 

0 

HOMO 

I 
I I 

( H M O  approximation1 I ) ,  must lie extraordinarily low. 
Hence, the perfluorodienone’s enthusiasm for charge-trans- 
fer complex formation and cycloaddition with donor T-sys- 
tems is easily understood. 

The regiochemistry of the reactions of 1 with dienes runs 
counter to the clear prediction from simple molecular orbit- 
al theory that the dienone should function as the dieno- 
phile.I0-I2 Theory gains credence from the finding that cy- 
clopentadienone itself behaves as expected toward cyclopen- 
tadiene.13 Examination of models suggests that the aber- 
rant behavior of 1, which is shared by other highly substi- 
tuted cycl~pentadienones.~ is determined by steric interac- 
tions in the Diels-Alder transition states. 

R 

R R*o 
R 

+ 0 

R 
I 

RT R 
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Table I. Diels- Alder Products from Perfluorotetramethylcyclopentadienonea? b 

I9F NMR spectrumc 

Addend Product MP, "C Bridge he ad Vinyl 'H NMR spectrumd 

CFf$ CF, 

CF,  

27-28 

128 

11.74 

18.12 

20.57 1.74-2.83, nearly symme- 
trical pattern H,C=CH, 

21.70 1.17 (s, 6 H,endo), 1.26 (q, 
J = 2.4 Hz, 6 H, exo) 

79-80 12.27 20.39 5.03 (s) 

CF " 

CF 
CF 

C F j b  CF, 

CF 

CF 
CO CH 

CF 

CF 
CF 

0 123-124 13.33 

98 13.40 

20.89 0.88-1.98 (m, 8 H), 2.65- 
3.03 (m, 2 H) 

20.12 1.36, 1.79 (AB d ,  J = 11 Hz, 
2 H), 2.80 (s, 2 H), 3.17 
(subsplit s, 2 H), 6.34 
(subsplit s, 2 H) 

0 
CH OCO CO,CH, w 118 

75 

13.55 21.77 3.71 (s, 6 H), 4.00 (s, 2 H) 

13.26 (9, J = 12 Hz) 
15.30 (q, J = 12 Hz) 

20.85 3.24,4.18 (AB d's, J = 5 
Hz, 2 H), 3.78 (s, 3 H), 
3.82 (s, 3 H) 

CH,O,C >CO,CH, 

21 
(bp 176) 

14.97 18.57 8.13 (subsplit s) 
HC-CH 

C H , C a C C H ,  98 23.37 27.02 2.49 (4, J =  2.8 Hz) 

CH,O.CCmCCO,CH, 109.5 

68.5 -68.8 

24.08 25.96 3.93 (s) 

CF, 
9.66 

79-80 13.00 (q, J =  11 HZ) 21.42 2.06-3.04 (Subsplit AB q, 
13.25 (q, J =  11 Hz) HF, HE), 3.28-3.64 ( t  of 

d ,  HD),  3.93-4.23 (m, 
Hc), 5.47-5.72 (m, HB), 
5.94-6.14 (septet, HA) 

8 

a All products gave satisfactory elemental analyses. b All reactions proceeded readily a t  room temperature or below except those with dieno- 
philes bearing methoxycarbonyl groups or chlorines. C Spectra were run in CDC1, and chemical shifts are reported in ppm downfield from ex- 
ternal trifluoroacetic acid. Except where indicated, each signal is a multiplet, symmetrical or nearly so. Some of the I9F chemical shifts were 
found t o  be rather concentration dependent. d Spectra were run in CDC1, and chemical shifts are reported in ppm downfield from internal 
tetramethylsilane. e The narrowness of the 'H NMR signal a t  6 2.80 indicates that the fluorinated moiety is joined in exo fashion to the nor- 
bornene skeleton. 

Perfluorotetramethylcyclopentadienone decomposes only ticular the trapping of labile intermediates in both thermal 
slowly a t  300° ( t 1p  > 1 hr), and it is photostable in the ab- and photochemical  transformation^.'^ 
sence of oxygen even when irradiated with an unfiltered Other aspects of the chemistry of 1 are currently under 
mercury arc in the gas phase. The dienone's combination of investigation in our laboratory. 
thermal and photostability with power and versatility as a 
Diels-Alder diene is, to our knowledge, unique. These char- Acknowledgments. We wish to thank the National 
acteristics suggest a variety of uses for 1, including in par- Science Foundation and the donors of the Petroleum Re- 
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search Fund, administered by the American Chemical Soci- 
ety, for generous financial support. 
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Competitive Intramolecular Displacement of the 
Neutral Amide Group. Rearrangement and Dehydration 
Reactions of Asparagine and Glutamine 

Sir: 
The rearrangement and dehydration of N-blocked aspar- 

agine and, to a lesser extent, glutamine derivatives have 
been reported to give either nitriles or imides.' We now re- 
port the first observation of both products from a single de- 
rivative in a reaction which apparently involves competitive 
0 and N displacement by an amide under neutral condi- 
tions. 

We recently described the decomposition of the pentaflu- 
orophenyl ester of N-benzyloxycarbonyl-L-asparagine (I)  
(Z-Asn-OPFP).* A kinetic study of this reaction and the re- 
action of related active esters was undertaken, and products 
have been identified. Rate constants were obtained for the 
rearrangement of the esters (Table I) as 0.1 A4 solutions in 
D M F  (treated with Amberlyst-15) by spectrophotometric 
determination of the liberated phenols. 

Isolation of the products of Z-Asn-OPFP by silica gel 
column chromatography, using the solvent system of ref 3, 
revealed that two simultaneous reactions were contributing 
to the overall first-order reaction observed; the first being 

Table I. The Rearrangement of Z-Asn and Z-Gln Active 
Esters in DMF at 25" 

Compound k.  sec-I t l 2  

Z-Asn-OPFP 9.9 x 10-5 117 min 
2-Asn-OPCP 5 . 2  x 10-5 222 min 

8.9 X 10" 1296 min Z-Asn-ONP 
2-Gln-OPFP 100 hr 

nucleophilic attack by oxygen (path A, Scheme I) giving 
eventually the optically active P-cyanoalanine derivative, 
11,3 and the second involving attack by nitrogen (path B) to 
yield the optically active succinimide derivative IIL4 As the 
specific rotations of all products and starting materials were 
known, the reaction could also be monitored by polarimetry 
and gave results in agreement with those of Scheme I. In 
the case of other active esters of Z-Asn, indicated in Table 
I, roughly the same ratio of these products could be detect- 
ed on elevated temperature. 
Scheme I. The competitive intramolecular displacement by 
the amide group of Z-Asn-OPFP in DMF at 2.5" 

0 0 
II II 

I1 
0 

CH, 
'CNH, 

0 
II 

I11 I 
l0-12% 

+ PFPOH 

path ..Z - 

I 0 + PFPOH 
CH ,/ 

G C  
I1 
" 

I1 

ZSHCHCOOH 
I 

CH,CS 
88-90% 

Several conclusions may be drawn from this observed re- 
action. (1) The rearrangement does not compete with acyla- 
tions during peptide synthesis since the half-life of the cou- 
pling reaction of I with proline-tert-butyl ester is about 2 
min under these conditions. (2) The rearrangement is 
strongly temperature dependent; the ester I can be prepared 
in pure form only at O o ,  a temperature at which kinetic 
studies showed the rearrangement to be slow. (3) The reac- 
tion also shows strong solvent dependence: no reaction was 
observed in dioxane or ethyl acetate. In the case of Gln ac- 
tive esters generally the imide formation is favored, acceler- 
ated by protic solvents. Thus Z-Gln-OPFP is stable in 
DMF, but the addition of 10% water produces the corre- 
sponding glutarimide derivative in 41% yield. In another ex- 
ample, recrystallization of crude Z-Gin-OSu from ethyl ac- 
etate produces pure active ester with good yield, while re- 
crystallization from isopropyl alcohol causes the formation 
of the imide.Ih Similarly, isopropyl alcohol favors the imide 
formation of Z-Asn-0%. In pyridine, the nitrile is formed 
exclusively. 

These observations are in agreement with those of Mey- 
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