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Photochemistry of Fiuorophenyl Azides in Diethylamine.
Nitrene Reaction Versus Ring Expansion
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Abstract: Several fluorophenyl azides were photolyzed with diethyl amine at room temperature. Pentafluoro
and 2,6-difluorophenyl azides gave hydrazines as the major products. On the other hand, several mono- and
difluorophenyl azides gave azepines under similar conditions. Ortho-fluoro singlet phenyl nitrene produces the
azirine by ring closure away from the substituent. © 1998 Elsevier Science Ltd. All rights reserved.

Aryl azides have been used for anafﬁmrv labeling of enzymes, a technique used to determine the

amino ac1d residues in the active sites.' This apph(.atlon is most efficient when intermolecular insertion
reactions of the aryl nitrenes, formed upon photolysis of the aryl azides, are faster than their intramolecular
rearrangements.” Fluorine substituents have been found to slow the rate of mtramolecular rearrangements” and
fluorophenyl azides have become the most popular reagents for photoaffinity labelling. !

It is well established that irradiation of an aryl azide 1 at room temperature in the presence of a
nucleophile (HNuc) such as diethylamine gives a variety of products among them the ring expanded azepine
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This reaction has been studied for more than 60 years and a variety of reaction pathways have been
proposed to explain the products formed. Improved spectroscopic techniques have allowed direct observation
of intermediates with short lifetimes (nanoseconds and picoseconds).'”'*"**' The smglet nitrene *4 (Scheme 1)
is considered to be the first intermediate formed upon photolyms of pnenyl azide.'*** However, the nature of
the intermediate (s) involved in the ring expansion is still under debate. Early studies on the puuunyma of
phenyl azide by Hmsgen suggested that the first intermediate formed from the singlet phenyl nitrene 14 was the
azirine 7.'° Later studies in the photochemistry of matrix isolated phenyl azide by Chapman and Le

spectroscopic evidence for the formation of the didehydroazepine 5."
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In a recent study by Younger and Bell'® the photolysis of aryl azide 10 gave a long lived azrine
intermediate 7, which was in enmlibrum with the mmallv formed nitrene and subsequently rearranged to the
didehydroazepine intermediate 5. The two intermediates, azirine 7 and didehydroazepine 5, were trapped with
diethylamine.
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everal ortho-substituted (R = CHs, C,Hs, i-C3H,, CéHs) aryl azides 14 gave a single isomeric azepine
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here are a few cases in which two isomeric azepines are obtained upon photolysis of an aryl azide
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the products denved from this intermediate are obtained. More recently, we studied the photochemlstry of
several fluorinated aryl azides by laser flash photolysis using the pyridine ylide probe method.'* We reported
that two fluorine substituents, ortho and ortho’ relative to the azide group, are required to retard ring
expansmn and allow bimolecular capture of the smglet nitrene. Therefore, the rate of rmg expansion of a given
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azides in diethvlamine.
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Irradiation of 2-fluorophenylazide 22 in cyclohexane containing diethylamine gave 3-(diethylamino)-3-
fluoro-3H-azepine 23 in 25% yield.
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Under the same conditions, irradiation of 2,3-difluorophenylazide 24 in cyclohexane containing
diethylamine gave 2-(diethylamino)-3,4-difluoro-3H-azepine 25 in 22% yield.
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Two benzazirine isomers (27 and 30) are possible from an ortho-fluorophenyl azide 26, but only one
product, namely, the 3-fluoro-3H-azepine 29 was obtained. These results are in agreement with earlier
observations by Sundberg with ortho alkyl groups.” Very recently, Kamey and Borden have predicted that
orcho-ﬂuoro singlet phenyl nitrene 26 preferentially forms the azrine 27 by ring closure away from the
substituent.”> They also nredlcted that the ring expansion of a singlet aryl nitrene is a stepwise process
involving an azirine intermediate.”® Their computational results are in excellent agreement with the laser flash

photolysis studies by Platz and collaborators."
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Irradiation of 3-fluorophenylazide 33 m cyclohexane containing diethylamine gave an oil (31% yield)
containing the two azepine isomers 34 and 35 (in a 2:1 mixture on the basis of their 'H NMR spectra).
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Under standard conditions, irradiation of 3,4-difluorophenylazide 36 in cyclohexane containing
diethylamine gave an oil (20% yield) containing the two azepine isomers 37 and 38 (in a 2:1 mixture on the
basis of their '"H NMR spectra).
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hotolysis of para-fluorophenyl azides
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Irradiation of 4-fluorophenylazidle 39 in cyclohexane containing diethylamine produced 2-
(diethylamino)-5-fluoro-3H-azepine 40 in 35% yield.

Photolysis of 2,6-diflucrophenylazide and pentafluorophenyl azide

ve the hydrazine 42 in 57% yield.
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Utilizmg the same reaction conditions, pentafiuorophenylazide 43 in diethylamine generated hydrazine
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must surmount a 8.8 kcal/mol barrier to cyclize and eventually form didehydroazepine 46. *°
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Conclusions

In our studies, we observed that o-fluorophenyl azides produce an azepine by ring closure of the
singiet phenyl nitrene away from the substituent. O, o’ diﬁuorophenyi azides produce hydrazines by singlet
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phenyl nitrene.



Experimental

General methods. All 'H NMR and '°F NMR spectra were recorded on a Bruker AM-250 (250 MHz)
spectrometer. All 'H NMR chemical shifts are reported relative to TMS. All '’F NMR spectra were proton
decoupled. The '’F NMR chemical shifts are reported relative to hexafluorobenzene (162.9 ppm) as an

internal standard. IR spectm were recorded on a Perkin-Eimer model 1710 IRFT spectrometer. Mass Spectra
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fluoroanilines following the procedure described by Smith” with only minor modifications as previously
described.”

Photolysis of fluoroarylazides. A cyclohexane solution of the arylazide (1g, 10°M) containing
diethylamine (2.0M) was irradiated with 350-nm light in a Southern New England Rayonet photoreactor for
48 hours. The solution was purged with N, during the irradiation. The solvent was removed to yield a brown
011 The oil was purified by column chromatography w1th neutral alumina using a mixture of ethyl acetate (1%)
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s the solvent. Aryl azides (41 and
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oil; vield 25%; IR (neat, cm™) 1600 (N=C);

H,CH) 32 (d.d, 1H, CH), 4.64(d.d, 1H, CH), 5.57 (1.4,
(CCl, ppm) -122.90 (b.s, 1F); MS m/e calculated
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-(diethylamino)-3-fluero-3H-
'H NMR (CCL, 1)
1H, CH), 7.42 (m, IH, CH) 8.09 (d.t, lH CH
for C|()H|5N2r. 182]2]9, obselved. 182.1185.

2-(diethylamino)-3,4-difluoro-3H-azepine 25. Light brown oil; yield 22%; IR (neat, cm’') 1600
(N=C); 'H NMR (CCl, 8) 1.03 (t, 6H, CH;), 2.51 (q, 4H, CH,), 4.16 (d.d, 1H, CH), 4.52 (d.d, 1H, CH),
5.41 (t.d, 1H, CH), 7.69 (d.t, IH, CH); "’F NMR (CCl,, ppm) -137.84 (d, J=21.3 Hz, IF) -142.22 (d, J-21.3
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le vellow oil; vield 31% (as a 2:1 mixture of 34 and 35
1somers) IR (neat, cm'l) 1600 (N=C), IHNMR (CCL, 8) 1.58 (t, 6H, CHL), 3.17 (d, 2H, CHy), 3.80 (q, 4H,
CHy), 5.77 (m, 1H, CH), 6.23 (m, 1H, CH), 7.26 (d, 1H, CH), 19 NMR (CCl,, ppm) -104.49 (b.s, 1F); MS

m/e calculated for C,oH sN,F: 182.1219, observed: 182.1245.
2-(diethylamino)-6-fluore-3H-azepine 35. "H NMR (CCl,, §) 1.54 (t, 6H, CH;), 3.02 (b.s, 2H, CH,),
3.73 (q, 4H, CH,), 5.45 (m, 1H, CH), 6.72 (m, 1H, CH), 7.48 (d, 1H, CH), “F NMR (CCl,, ppm) -136.06

(b.s, 1F); MS nve calculated for C,oiiisNoF: 182.1219, observed: 182.1245.
2-(diethylamino)-4, S-dlﬂuor0-3ll-azeplne 37. Pale yellow oil; yield 20% (as a 2:1 mixture of 37 and

38 isomers): IR {(neat. cm N 1600 (N=CY T NMR 7(OC1, 8§\ 1237t 6H CH.) 296 (dd 2H CH.) 360 (g
o Wlu\rlbl PEAN \LI.UC", vl j 1vvv \1‘ \./} AL LNivaaN \\/\./14 UJ k.27 by VIL) Willi), &. UV (ML, AR, RETJ, TV (M,
4H, CH,), 5.63 (g, 1H, CH), 7.07 (m, 1H, CH); '°F NMR (CCl,, ppm) -133.86 (d, J=17 Hz, 1F), -140.19 (d,

J=17 Hz, 1F); MS m/e calculated for CioH4NoF;: 200.1125, observed 200.1114.

2-(diethylamino)-5,6-difluoro-3H-azepine 38. 'H NMR (CCL, 8) 1.31 (t, 6H, CH;), 2.15 (bs,
2H,CH,), 3.53 (q, 4H, CH,), 4.92 (m, 1H, CH), 7.38 (d.d, 1H, CH); "°F NMR (CCL, ppm) -130.44 (d, J-28
Hz, 1F), -155.05 (d, J=28 Hz, 1F); MS m/e calculated for CigHiN2F: 200.1125, observed: 200.1114.

2-(diethylamino)-5-fluoro-3H-azepine 40. Pale yellow oil; yield 35%; IR (neat, cm™) 1600 (N=C);
'H NMR (CCL, 8) 1.36 (t, 6H, CHs), 2.61 (b.s, 2H, CH,), 3.56 (q, 4H, CHy), 4.76 (q, 1H, CH), 5.71 (1,
CH), 7.19 (d.d, 1H, CH); °’F NMR (CCL, ppm) -113.45 (b.s, 1F); MS m/e calculated for CioHysNSF
182 1710, ohgerved: 182 1206

104,341 7

1'1
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Hydrazine 38. Yellow oil; yield 30%; IR (neat, cm™") 3300 (N-H), 3090, 3070, 3030 (aromatic C-H),
2980, 2950, 2880, 2820 (aliphatic C-H); '"H NMR (CCl,, 8) 1.2 (t, 6H, CHs), 2.7 (q, 4H, CHz), 4.1 (s, 1H, N-
H), 6.0-6.7 (m, 3H, aromatic); F NMR (acetone-ds, ppm) 57 (s, 2F, aromatic); MS m/e calculated for
CmHmNze: 200.1 ]25, observed: 200.1123.
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