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Swnmary: Isoquinoline N-oxide (2) reacts with ~8ocmiched tosyl chloride to fur&h ‘8olat&d Ctosyloxy- 
isoquinoline (4). which was assessed for oxygen isotopic enrichment by NMR and mass spectrometry. The 
30-4596 l80 incorporation at the bridging oxygen is inconsistent with a high level of the intramolecular tight- 
ion-pair (“sliding”) mechanism. A combination of two intramolecular mechanisms is probably operative. 

Acylation and sulfonylation of heteroarom atic N-oxides, in the absence of an added base, result in re- 

arrangement products, which formally arise via oxygen migration from nitrogen to carbon.1 Thus, N-oxides 

of pyridine (1). isoquinoline (2), and acridine (3) generate C-acyloxy-derived or C-sulfonyloxy compounds, 

as depicted in Schemes 1-3. 
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This type of rearrangement has attracted mechanistic attention. 1 For example, reactions of pyrldine N- 

oxides with Ac20 were determined to involve an intermolecular rearrangement mechanism by kinetics and 

oxygen-labeling studies.taJb However, oxygen isotope-tracer experiments with acridine N-oxide (3) indi- 

cated a more complex situation, in which two types of intramolecular rearrangement pathways occurred 

depending on concentration and solvent. .ta,*b.2 (1) a tight-ion-pair (“sliding”) mechanism that reruined the 

original oxygen atom attached to the heterocycle during rearrangement and (2) a “cyclic” mechanism that 

completely exchanged the originally attached oxygen atom. A representative sulfonylation example was the 
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reaction of isoquinollne N-oxide (2) with p-toluenesulfonyl chloride (tosyl chloride; T&l), which gives 4- 

tosyloxylsoquinoline (4) in a reasonably good yield3 The teamtngement was postulated to proceed almost ex- 

clusively by a “sliding” mechanism, on the basis of 18Qlabeling, kinetics, and crossover studies.10 

We had occasion to conduct the synthesis of 4 from 2, and thereby became interested in the tearrange- 

ment mechanism. Oae and cowotkers reacted 2 with l@-enriched TsCl and found that the bridging oxygen in 

product 4 lacked 180 incorporation .3 The oxygen isotopic composition of 4 was obtained by an indirect 

method requiring hydrolysis of 4 to 4-hydroxyisoquinoline (5) with aqueous sulfuric acid. To address the 

possibility of oxygen exchange in 5, which would dilute any potential 180 content derived from the te- 

arrangement, Oae and coworkers performed a control experlment Thus, they treated 5 with 1801abeled water 

and sulfuric acid and found that 180 was not inccuporated, in support of the “sliding” mechanism. 

6 

OH 

A weakness of the control experiment is that it only tested the isotopic fate of product 5 after it had been 

formed. We wondered what would happen if the control experiment were expanded in scope, by applying it to 

the hydrolytic conversion of 4 to 5. In fact, hydrolysis of 4 with 18a-enriched water (20 atom % 180) and 

sulfuric acid provided 5 with a signijkant incorporation of the the heavy isotope, reflective of 55% exchange 

(based on CI-MS, U-I& Since this outcome casts doubt on the quantitative results for the earlier mechanistic 

conclusion, we decided to reinvestigate the reaction of 2 with heavy oxygen-enriched TsCl and determine the 

isotope composition of 4 directly, by NMR and MS. 

We hoped at first to use 170 NMR to approach this problem, but the signals for the bridging and sulfonyl 

oxygens of 4, and its HCl salt, were not resolvable; also, there was no resolution under the influence of a 

dysprosium NMR shift reagentf Consequently, we switched to l3C NMR, capitalizing on the l80 isotope- 

induced shift of the attached carbon resonance .5 Compound 2 was treated with TsCl-1-6 in CHCl3 at O-5 

“C, then warmed to 25 ‘C (1 h) and 45 “C (1 h); product 4 was isolated in 53% yield by flash chromatography 

(silica gel; hexane-EtOAc, 2:l): mp 91-92 ‘C; 13C NMR (CDCl3, 100.6 MHz) 6 151.19 (Cl), 145.90 (4’) 

141.94 (C& 135.81 (C3), 131.95 (1’). 131.11 (C6). 130.38 (&,). 129.90 (3’), 129.70 (Caa). 128.53 (2’). 

128.11 (C7). 127.17 (Cg), 121.06 (Cs), 21.68 (Me).7 Incorporation of 180 at the bridging position in some, 

but not all. of the molecules of 4 doubled the C4 resonance, with an isotope-induced shift of 2.9 Hz (Fig. 1). 

Spectral deconvolution and integration provided an l6o/l80 ratio for the bridging oxygen of 73:27. 

Further substantiation of the isotopic content was obtained by mass spectrometry. Under negative-ion CI 

(CI-I& 4 produces two key fragments by cleavage of the bridging S-O bond (Fig. 2). Analysis of one of 

these fragments, m/z 1441146, afforded an 1eO/180 ratio for the bridging oxygen of 69.2:30X!, which is 

reasonably consistent with the NMR-derived value.8 

The conversion of 2 to 4 first involves the formation of N-tosyloxyisoquinolinium (6) chloride, which 

has been isolated as a perchlorate salt by addition of LiC104 to the reaction.sh Salt 6 undergoes chloride 

addition at C- 1 and subsequent I,3 rearrangement to give 7. This chemistry can be simulated by addition of 
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chlori& to the perchlorate of 6. The rearrangement can proceed by thme possible pathways: (1) intramolecular 

tight ion-pair (“sliding”) mechanism, (2) intramolecular [3,3] sigmatropic migration, and (3) intermolecular, 

solvent-separated ion-pair mechanism. By using TsCl-1802 and assaying the bridging oxygen in 4, the 

isotope-tracer results for these individual processes would be: (1) 100% 160, (2) 0% 160, and (3) 33% 160 

(scrambling). The reported3 results of 85-1005 160 are consistent with a high level of mechanism 1; how- 

ever, this is not an accurate picture. Our reinvestigation (CHC13 data) indicates 70% la0 retention, which re- 

quires a combination of mechanism 1 with mechanism 2 (30%) or 3 (45%), or a mixture of all three. 

tight ion pair (#l) cyclic [3,3] mechanism (#2) sohrent-separated ion pair (#3) 

looo/ 160 0 OY 160 0 33 % 160 

The rearrangement was studied in different solvents. Thus, lsO incorporation increased in small steps 

from CHC13 (30.8%) to benzene (33.6%) to HMPA (34.2%) to MeCN (37.6%) to MeCN-water (44.6%).9 

Polar solvents would be expected to enhance the contribution of mechanism 3; however. the effect of polar 

solvent on the amount of 180 incorporation is minimal. These data suggest that mechanism 3 is insignificant 

Fig. 1 Fig. 2 

142.20 14i.00 141.80 141.60 

PPM 0 

144 

i II I 

160 110 

To clarify the mechanism further, we can refer to the reported kinetics and crossover experimcntsla pate 

studies involving solvent, substituent, and hydrogen isotope effects indicate cleavage of the N-O bond in the 

rate-determining step. An activation entropy (AS+) of -40.2 eu points to a highly ordered transition state. 

Also, negligible oxygen isotope scrambling in a doping experiment with unlabeled TsO- rules out intermolecu- 

lar exchange. Since no original data were published for this crossover result, we performed crossover experi- 

ments with NaOTs. For example, a solution of TsCl-1802 (1 mol equiv) in HMPA was added dropwise to a 

solution of NaOTs (1 mol equiv) and 2 (1.6 mol equiv) in HMPA at 0 “C, followed by warming (25 “C, 1 h; 
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45 ‘C. 1 h), to give 4 with 33.2% 1% incorporation (vs. 34.2% without NaOTs present).to This reflects a 

very low level of cro11sover. Standard ELMS analysis of the product mixtme revealed 2.3% of the 4-1603 

species. The product f?om the non-crossover t*O-labeling reaction showed 0.7% of 4-*aO3. resulting in an 

actual amount of J-1603 from crossover of 1.6% (out of a maximum of ca. 50%). Thus, in the crossover ex- 

periment me&at&m 3 is quite minor (ca 3%), even though excess NaOTs was present dtig the reaction. 

‘llnec by-products, 811 (1 l%), 9t1 (1396), and 10 (8%). were isolated directly from the rearrangement 

mixture in CHC13 (no aqueous work-up; assigned by tH NMR, MS, IR, mp). No 180 was found in either 8 

or 10 by MS analysis. The ratio of by-products varied according to solvent employed, with 62% of 8 being 

farmed with MeCN-water. 

q q qti 

8 0 10 

In conclusion, the rearrangement of isoquinoline N-oxide (2) with tosyl chloride to 4 does not occur 

almost exclusively by an intramolecular tight-ion-pair (“sliding”) mechanism, as indicated previous1y.t~ The 

rearrangement proceeds in CHC13 by a combination of two mechanistic pathways, a significant component of 

which is the intramolecuhu tight-ion-pair mechanism (ca. 70% mechanism 1 and ca. 30% mechanism 2). It is 

interesting that heterocyclic N-oxide rearrangements can proceed by any of the three mechanistic pathways, or 

a combination thereof, depending on the system, electrophilic reagent, or reaction conditions. 
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