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Abstract - Thermal deasetation of difluoro- and tetrafluoro-2,3-diasa- 
bicyclo[3.2.0lhept-2-enes proceed via two parallel mechanistic pathways, 
one involving formation of a diradical via simple N2 loss, and the other 
proceeding via a retro-dipolar cycloadd~on process. A key finding was 
the absence of isolation of a bicyclopentane product in the difluoro case. 

The thermal deasetation of 2,3-diasabicyclo[3.2.Olhept-2-ene has been shown to take place 

largely via a retro-1,3dipolar cycloaddition process followed by N2 loss and subsequent rearrange- 
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ment or insertion of the intermediate carbene 3. 3 The bicyclopentane product 6 can also easily be 
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construed as deriving from carbene precursor 3, and even minor products cyclopentene 7 and 

methylenecyclobutane 6 can logically derive from 3, via vinylic C-H insertion. Only the minor 

isoprene product 9 can not easily have been derived therefrom. Df course, it is recognized that it 
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is likely that mch of the minor products 6-9 actually derive from the intermediate diradical, 10, 

which is not related to the retro-cycloaddition process. 

In our general studies of the effect of fluorine substituents ~1 thermal homolytic processes, 

it was of interest for us to prepare partially fluorinated bicyclopentanes 13 and 15.4 It was 
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naturally assumed that they could be prepared via the deazetation of the azobicyclics 11 and 13 

which are analogous to 1. Indeed 15 could be prepared via thermolysis of 14, but the pyrolysis of 

11 quite unexpectedly did not produce any of the desired 13. This paper presents and discusses the 

results of thermal deazetation of 11 and 14, as well as 18, a methyl-substituted analogue of 14. 

RSSIJLTS AND DISCUSSION 

The desired difluoro and tetrafluoro diazabicyclo[3.2.Olheptenes, 11 (and 12) and 14 ware 

prepared by the addition of diazomethane to 3,3-difluorccyclobutene, 16,5 and 3,3,4,&tetrafluoro- 

cyclobutene, 17,6 respectively. The difluoro adduct was a 2.4:1 ratio of isomers 11 and 12 with 11 

baing the major product. A methyl-substituted analogue of 14 was synthesized by the addition of 

diazoethane to 17 to form 4-methyl-6,6,7,7-tetrafluoro-2,3-diazabicyclo~3.2.0lhept-2-ene, 19. This 

adduct, which appeared to bs contaminated by a small amount of isomer 19, was not fully character- 

ized due to its instability to proton rearrangement, but was utilized in the crude state for the 
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pyrolysis work. For the same reason, difluoroazobicyclics 11 and 12 were not separated but were 

used in the pyrolyses as a mixture. 

The results of deazetation of the fluorinated 2,3-diazabicyclo[3.2.0lhept-2-enes, as in the 

case of the parent 1 seem generally consistent with a process consisting of tie independent, 

parallel mechanisms: (al a retro-1,3-dipolar cycloaddition to form a diazoalkene such as 2 with 

subsequent loss of N2 to form a carbene (i.e. 31, and (b) direct loss of N2 to form a diradical 

such as 10. For the tetrafluoro system, 14, results comparable to those for the parent system were 
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obtained, except that 1,4-pentadiene or vinylcyclopropane products which could be unambiguously, 

directly-attributable to the intermediacy of 

they have been because of the presence of the 

24 
and 23, which could only have &rived from 

the analogous carbene 24 were not observed, nor could 

fluorine substitue:ts. More importantly products 22 
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the alternative pathway involving diradical 25, are 

major products in this pyrolysis while they vere very minor in the hydrocarbon system. Hence, it 

is reasonable to surmise that the retro-cycloaddition pathway, which dominated in the hydrocarbon 

system, plays a significantly diminished role in the deazetation of the tetrafluoro system. One 

recognizes that products 15, 20, and 21, as in the hydrocarbon system, could have derived via - 

either the carbene or the diradical pathway. 

In an analogous experiment the methyl-substituted azobicyclic 19 was pyrolyzed at 3S2V to 

give a 91% yield of six products, in relative amounti very mrch comparable to those from the 

pyrolysis of II. Isomers 26 and 27 yore distinguished unambiguously by hownuclear decoupling 

experiments. The major products from the pyrolysis of 18 are cyclobutene 29 and diene 30, which 

comprised a total of 65.5% compared to a total of 56.2% for the analogous pair (22 and 23) from the 

pyrolysis of 14. & for 14, a diminished role for the retro-cycloaddition pathway is indicated for 
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the thermal deasetation of 18. 

The results from the pyrolysis of the mixture of 7,7- and 6,66ifluoro-2,3_diasabicyclo- 

[3.2.0lhept-2-enes, 11 and 12, are, as might be expected, intermediary between those of the 

nonfluorinated and tetrafluoro sytems. Significant amounts of products 36 and 37, which most 
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likely derive from the retro-cycloaddition pathway, are observed. Interestingly, the major product 

(28-30%) of this pyrolysis, 3,3-difluoro-1.4~pentadiene, 36, can derive only from the retro-cyclo- 

addition pathway of the minor (30\) component, 12, of the starting mixture. In contrast the only 

product which unambiguously derives from the retro-cycloaddition of major component (11) of the 

starting mixture is l,l-difluoro-2-vinylcyclopropane, 37, which is isolated in very small yield. 

Of course it is known that 37 should rearrange easily under the conditions of the pyrolysis:7 

34 

Hence the rather substantial amounts of 33 and 34 (8.5 and 24.6%) formed in the pyrolysis could 

well bs an indication of a significant formation of 37 as an intermediate. The differences in 

product ratios for the two temperatures undoubtedly derives from the thermal lability of products 

such as 32, 33 and 37. 

A key aspect of the pyrolyses of 11 and 12 was the lack of ability to isolate 2,2-difluoro- 

bicyclopentane 13 as a product. Eoth the parent 6 and the tetrafluorobicyclopentanes 15, 26 and 27 

were found in substantial amounts from similar pyrolyses. There is no reason to believe that the 

difluoro analog 13 should be inhibited from forming via the expected intermediate diradical 40. 
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Therefore one rust assume that 13 was formed, but did not survive the conditions of the - 

pyrolyses. This means that 13 Pust be mch more reactive than the tetrafluoro or parent species, 

which rearrange with activation energies of 54 and 47 kcal/mole respectively.4'8 In contrast, the 

rearrangement of 37, which survives the pyrolysis at least in part, has an Ea of 40 kcal/mole. 

This would seem to indicate that the unobservable 13 mst rearrange with an E, of even less than 40 

kcal/mole. This implies a substantial diminishment in stability of 13 relative to its symmetric 

analogs, 6 and 15. It is hoped that an eventual alternate synthesis of 13 will substantiate the 

above hypothesis. In this regard it is worth mentioning that while photolysis of 14 resulted in 
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the formation of bicyclopentane 15 in moderate yield,4 to cur surprise a similar photolysis of the 

11 and 12 mixture led only to tars with no 13 being detectable. 

In conclusion, while no retro-cycloaddition pathway is required to rationalize the products 
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A mixt of 11 and 12 (0.4 g, 0.00303 mDle1 was pyrolyzed follwing an identical technique as 

described for thermolysis of 14 over a period of 80 lain at 35O*C. A crude product mixture in the 

amount of 0.15 g was obtained of which a total of 99.2 rq (31.7\) of purified products were 

obtained. The prods were is01 by prep Gc (12 ft. by l/4 in. in 20% OV-210 at 55-60-C. 40 a/rain.) 

to give: 17.0 lag (17.lA) of 38 and 39: 'H m (CDC13, 300 NHzl 6 1.93 (d of d of d, virtual d of 

9, 54.2 Hr, 1.5 & and 0.86 lb, CH3 of 38, 2.75 (virtual triplet, J-8 Ha, CH3 of 391, 4.82-4.91 

(set of multiplets), 4.95-5.12 ppm (multiplet)t "F NMR (282.3 MHz) .$ 83.63 (d of d, JF_F-34.2 Hz, 

3JF_H~trans~-2~.g ml, 86.26 (d of d, JF_F=34.8 Hz, 3Jp_H(cis)d.1 I~CI of 38, 89.1 (d, JF_F=46.0 

HE), 91.85 (d of d of t, JF_F=46.0 Hr, JF_H-24.8 Hz, JF_H=l.8 Hz, of 39). 

27.6 mg (27.82) of 36: 'H NMR (CcC13, 100 NHs) 6 5.28 ppm (complex rmltipletli “F NMR (282.3 

MHz) e 96.473 ppe~ (t of t of t, 3JF_H-9.7 HZ, 4JF_H=2.7 Hs, 4JF_H=0.6 Ek); 13C MR (226.4 MHz) 6 

117.83 (t, '~~_F=234.5 Hz), 120.01 (t, 'J,_F=9.16 Hz), 132.46 ppm (t, 2JC_F=29.19 Hz). 

15.9 mg (16.0t) of 3s: 'H tu4R KDC13, 300 NHz1 6 3.21 (t of t, 3JH_F=ll.9 Hz, 4JH_H-2.5 Hz, 

4H), 5.10 ppm (P, 4JH_F=2.5 HZ, 2H); "P NNR (282.3 MHz) e 95.62 (P, 'JF_H-11.9 Hz); 13C MR (226.4 

MHz) 6 44.79 (t, 'J,_F-24.8 Hz, C2), 110.48 (t, 4~C_F=6.4 He), 117.45 p&a (t, '~~_F=l76.8 Hz) 

quarternary C not seen. The spectrum contained also 0.36 mg (0.363%) of 37 whose spectra were 

identical with the published data.7 

5.6 mg (5.62) of 32 and 8.4 riq (8.581 of 33: 'H, lgP and 13C mR spectra were exactly 

identical and consistent with the published data.7 

24.4 mg (24.62) of I-fluorocyclopentadiene, 34: 'H NMR (CDc13, 60 MHz1 6 2.81 (d, 'JH_F=6 Sz, 

2H), 5.6 (br. 8 with fine splitting, lH1, 6.45 ppan (br. 8, 2H)j "F NMR (282.3 MHz) + 127.94 (t of 

d of d of d, Jt-6.0 Hz, Jde.14.6 Hz, 2.5 Hz and 0.2 Hz). (A minor peak at e 124 was assigned for 

2-fluorocyclopentadiene); 13C NMR (226.4 MHz) 6 36.M) (d, 'JC_F=8.9 Hz), 103.37 (d, 3Jc_F-9.5 HZ), 

126.78 (d, 'J,_F-28.1 Hz), 134.66 (d, 4Jc_P-6.5 Hz), 163.01 pfs~ (d, 'JC_F=26B.3 HZ). (Contains 

also 2 peaks assigned for the minor component: 6 37.15 (d, 3Jc_F-20.2 Hz), 121.45 pm t3Jc_F=8.2 

Hz)). 'Ihe combined yield of isolated product was 31.7\. Order of elution was 39, 38, 36, 35, 37, 

34. 32 and finally 33, and the gc ratios of products reflected the isolated ratios. No FIO 

analytical gc was run on this system. 

Thermolysis of 11 and 12 at 205OC. 

Same procedure was followed as described for the thermolysis at 35O'C and resulted in recovery 

of both 11 and 12. 

Thermolysis of 11 and 12 at 288.7OC. 

Identical procedure was followed as described for the thermolysis at 350°C using 0.15 g 

(0.00113 mole) of 11 and 12 mixt at 288.7OC. A total of 85 mg of pyrolyzate was obtained as a 

crude mixture of which 65.2 mg (55.21) of pure products was collected. The prods were is01 by prep 

a3 to give: 15.9 mg (24.4%) of 38 and 39, 20.1 mg (30.95) of 36, 5.3 mg (8.1%) of 35 and 37, 5.3 

rq (8.2:) of 32, 8.5 mg (13.01) of 33, 8.0 mg (12.2%) of 34. 
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