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Abstract: Photolysis of an antbra&um salt. 5-m~yl-3-N-re~~-~~l-2,l-benzisoxazolium tetratYwobomte (la) gives the we 
nitrenium ion 2a. Under dir& pbotolysis of la, in the presents of m&ophiles (i.e. ROH), quinone imii ethers such tta (6) are 
the major product. Triplet gensitized . uradSongivesbotb6andtheparentamiee5. 

Nitrenium ions are cationic in&rmediates which contain a divalent nitrogen atom.1*2 Liie other open 

shell species (carbenes and nitnnes), nitrenium ions can exist in two electronk states, the singlet state, where 

the electrons are paired and the triplet state where both non-bonding orbitals are singly occupied. It is known 

that photolysis of N-alkyl anthraniium salts such as I give aryl nitrenium ions such aa 2. These reactive 

intermediates can do either singlet chemistry and give phenyl ring adducts (3) and/or rearranged iminium ions 

(4) or triplet chemistry where products such as 5 are expected (reduced to parent arnine).k3 (Scheme 1) MO 

calculations suggest that aryl nittenium ions are ground state singlets4 The phenyl ring is thought to act as an 

electron donor and stabilizes the singlet nlative to triplet state. The electronegativity of substituents on the aryl 

ring is also predicted to alter the energy gap between the nonbonding orbitals.* This can in turn affect the 

chemistry of the aryl nitrenium ion, Electron withdrawing groups are predicted to cause triplet like behavior 

whereas electron donating groups singlet behavior. 

In this report, the photochemistry of upturn salt 5-me~yl-3-N-fe~~-bu~l-2,l-~n~~x~o~um 

tetrafluoroborate (la) is described. The objective of this investigation was to determine how inductively 

donating and sterically demanding substituents at the position para to the nitmnium center affect the chemistry 

of arylnitrenium ions. It is known that nucleophiles add to the para position of unsubstimted anthraniliutns 

(ld) whereas inductively withdrawing substituents (lb,@ give addition ortho to the nitrenium center.3 

Scheme 1 

Inteaestingly, nucleophilic addition to the aromatic ring occurs para to the nihenium cenocr even with the 

methyl substituent in that position. (Scheme 2). For example, irradiation of la in the presence of a nucleophile 
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(4.0 M CH3OH) generates 6f. The @none imine ether (6f) is the major product detected by 1H NMR 

(87%). Traces of the ortho adduet 3a are also observed (896)s The iminium ion 4 is not detected under any of 

the employed photolysis conditions. The methyl substituent appears to slow down the reauangement process 

mlative to the otherreaotion pathways. 

axon of the sag of 6f was acheived by its conversion to the ~~u~ti~~ benzene 7f 
(24h nfkix in TIT). Smhiral assignment of the ~~u~ti~ arene 7f was based on: (1) the ortho coupling 

constant (10.3 Hz) of the aromatic protons is indicative of a 1,2,3,4 substitution pattern and (2) the methyl is 

the substituent that shifts in an analogous resction reported by Novak et al.5 A similar pars adduct 6g is 

obtained when photolysis is performed in ethanol (4.0 M). 

Photolysis of la in the presence of Hz0 gave the para hydroxy sdduct 6e when the concentration of 

Hz0 was very low (residual Hz0 in CH3CN and on glassware is sufficient).6Ja In the presence of higher 

concentrations of H20 (4.0 M), irradiation results in an unusual dimeric species 8 @quation l).This product 
results, formally, from the combination of two anthranihum ions $th one molecule of water. Although the 

@LbIhc -3 \ - 

I.&1 
8 

mechanism of dimer formation has not fully been characterized, it is presumed to involve a radical process. 

Addition of a radical inhibitor (hyclroquinone), the same photolysis generates only 6e. Compound 6e was 

converted, in the presence of TPE as well as in the pmsence of H20, to the tetrasubstituted arene 7e via a 1.2 

~yl~5 
Scheme 3 
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Dimct irradiation of la gcncri~~s only sh@et-like photoproducts (6) however it is interesting that 

triplet sensitixation gives triplet (Sa) as well as singlet products. The former occur fkom H-atom abstraction 
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from the solvent. Triplet-sensitized irradiation genemtes la3* which UII~~K~OCS ring opening to 2a3. 

In- 2a3 can pmition bchvca~ Ii-atom ab!&aocionto give Sa or intexsystem cross (ISC) to 2al which 

a give dditd product de (scheme 3).3a 

T~~sensitiuttionofhinthe~eofH~O(O.tM),~v~&andSnina3tolratio.Asimilar 

ratio of df to 5a is ohta&d at low concentrations of MeOH (0.1 M). At high concentrations of MeOH (4.0 

M), Sa is obtained exclusively in quantitative yields, I&cause methanol acts both as a H-atom donor and as a 

nucleophile it can serve as either 8 singlet or triplet trap whereas water can only serve as 8 singkt trap. 

The&o=, once genemW& 23 abstracts 8 H-atom fkom methanol to give 5a morv~ rapidly than intersystem 

crossing to 2al. In the pmsence of I&O, which is a poor H-atom donor, 2a3 can intersystem cross and give 

6e (a singlet photopmduct) as the major product. From this result, it is apparent that the singlet state nitcenium 

ion can be formed from its triplet state. Reduction prodnct is not observed under direct irradiation and it is a 

minor product when no H-atom donors am present. These results, as well as previous work, are consistent 

with the genemiization that arylnirreniums ions art gmund state singlets?~4s 

Experimental &?&MI 

N-rcrt-butyl-2-acetyl-4-methyl quinone imine methyl ether (60 5-methyl-3-N-tert-butyl- 

2,l-benzisoxazoiium tetrafluoroborate (la) (202mg, 0.694 mmoi) was dissolved in 20 mL of CH3CN 

(freshly distilled from CaH2). MeOH (5.0 mL, 0.12 mol) was added to the pymx flask (50 mL). Flask was 

sealed with a septum and soition was purged with N2 for 5-7 minutes. Irradiation with a Xenon lamp while 

stirring for 2 hrs foilowed by removal of solvent gave a brown solid. RecrysWization from ethyl acetate gave 
tan crystals.(An isolated yield of 6496, 104 mg, 0.44 moi), mp: 148-149 Oc, 1H NMR (C&CN) 6 = 8.18- 

8.19 (d,lH, J=2.3), 7.39-7.32 (dd. 1H J=10.4,2,3), 7.26-7.20 (d,lH, J=10.4), 3.20 (s,3H), 2.60 (s,3H), 

1.61 (s, 9H), 1.47 (s, 3H); 13C (CD$N) 203.6, 168.3, 160.2, 127.4, 120.9, 75.2, 60.7, 55.5, 29.6, 28.0, 

24.9; MS (EII m/e 235 (M+. 33). 202 (19). 178 (51). 164 (lOO), 136 (16). 120 (19); MS m/z c&d (M+) 

235.3254, obsd 235.1572; IR 3043 cm-l (m), 2980 (m), 1679 (s), 1657 (m), 1612. 

N-fert-butyl-2-acetyl-4-methyl quinoi imine (6e) la (0.0213 g, 0.07 mmoi) was dissoi~d 

in 10 mL CH3CN. Reaction vessel was sealed and mixture was purged with N2. Wation with a me&m 
pressure Hg lamp for 1 hr. gave the quinol imine 6e as the ma@ product. IH NMR (CD$!N) 6 = 8.15-8.14 

(d.lH, 3=2.28), 7.37-7.30 (dd, 1H J=10.8, 2.3), 7.05-6.99 (d,lH. f=10.8), 2.58 (s,3H), 1.60 (s, 9H), 1.51 

(sl 3H); 13c (cD3cN) 204.5, 168.0, 160.5, 117.6, 69.3, 60.9, 29.9, 29.0, 28.3, 26.7, 26.3; MS (EX) m/e 

221 CM+. 98), 188 (MO), 150 (821, 134 (50). 105 (43). 77 (46). 56 (85); IR 3522 cm-f (br), 3038 (s). 2285 

(s), 2242 (s), 1432, 1370 (s), 915. 

2-Acetyl-4-hydroxy-3-methyl-N-tert-butyl aniline (7e): Compound 6e was refluxed 

ovemight in trifluoroethanol (TFE) (5mL). Solvent was removed via high vacuum. Conversion was complete; 
the only product detected by NMR was 7e. It was isolated as a red oil. ‘H NMR (CD3CN) 6 = 7.2U-7.16 (d, 

1H. J=8.7), 7.10-7.06 (d, 1H J-8.7), 2.65 (s. 3H), 2.35 (s, 3H), 1.31 (s, 9H); 13C (C!&CN) 208.2, 

158.018. 136.7. 126.8, 125.9, 120.3, 66.0, 33.5, 26.4, 15.1; MS (El) de 235 (M+, 29), 221 (58). 163 

(100). 150 (74). 91 (19). 58 (80); MS nrlz ealcd (M+) 221.2986, obsd 221.1437; fR ~3&rn-l~~, 2248 (s), 
1670 (w). 1590 (w), 1024 (s), 924. 



Bimcer (8) la (O.l57g, 0.54 mm&s} was dissolved in CH3CN (7.5 mL) and Hz0 (4.7 M) in 

RBF. The flask was scaled with a septum, N2 was bubbled through for S-7 rnimrtcs. Reaction vessel was then 

irradiated for 60 &utes while stirring with a medium prcssuru Hg lamp. Reaction was quenched with 

+xmcentrated in vetcuu and residue was ptif& on silica using radial chromatcgr@y. (Elucnt was 20% 

Et0AcIHexanej mp 170-372 Oc IH NMR (CD3C.N) d = 12.1 (s, 1I-Q X07-7.04 (d, lH, &&3), 6.97 (dt lH, 

J=lS), 6.93-6.89 (d, lH, J=8,?), 6.54-6+49 (d, lH, 5510.3), &OS-6.03 (d, Ifs, &10.3), X35-3.24 (dd, 

lH, J=6.9, 1.51, 2,45-2.41 (d ,lR, J=6.9), 2.3%2s35 fd JH, J=6.9), 2.28 (s ,3H), 2+14 (s ,3H), 1.40 (s 

,9H), 1.38 (ss, 3H), 1.23 (s, 9H), 13C (CD3CN) 194.4, 153.6, 146.5, 133,7, 130,6, 123.7, 114.6, 118.9, 

110.0, 98.7, 82.3, 61.9, 52.4, 45.3, 45.2, 31.5, 27.1,26.5, 20.6, 1.9, 1.6; MS (EL) m/e 424 (M+, 50), 408 

(9), 381 (33), 293 (17), 190 (49), 178 (541, 163 (X00), 148 (421, 134 (721, 106 (32); MS m/z calcd (N+) 

424.2728, obsd 424.2726; IR 3422 cm-‘(b), 2975 (s), 1651 (m), 1571 (s), 1196,754. 

Ttiplet ~sitiz&m Triplet sensitizatiuft experiments were performed on 0.004 M - 0.006 M 

sulutiuns uf la ecu&&king thiuxanther@-one (5.7 - 7.5 mm&$ as triplet sensitizer. (Et = 65 kcal/mule~ z = 95 

w) solutiun and head voEumt were ~~~~y purged with Nz.~ The reaction mix= was then irradiated for 

20-30 minutes with 8 medium pressure Hg Lamp Ehrvlugh a 385nm cut & Rlter. 
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