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The Gas-phase Smiles Rearrangement. The Effect 
of Ring Substitution. An '*O Labelling Study? 

Peter C. H. Eichinger and John H. Bowie 
Department of Organic Chemistry, University of Adelaide, South Australia, 5001, Australia 

The gas-phase Smiles reaction of RC,H,O(CH,),O-(n = 2 or 3) is an ips0 rearrangement which is strongly 
influenced by the nature of the substituent R. Electron-withdrawing groups enhance the rearrangement. When the 
substituent R is halogen or MeO, and occupies the ortho position, ortho cyclization competes with the Smiles 
rearrangement. 

INTRODUCTION 

The classical condensed-phase Smiles rearrangement is 
summarized in Eqn (1). This ips0 reaction normally 
requires an electron-withdrawing group (e.g. nitro, sul- 
phony1 or halogen) in either the ortho or para position 
on the aromatic ring; generally X is a good leaving 
group and Y is a strong nucleophile.'.2 The Smiles 
rearrangement occurs in the gas phase without the 
necessity for additional ring s~bstitution.~ For example, 
heavy atom (I3C and "0) labelling shows that the 
product ion PhO- from PhO(CH,),O- is formed 
exclusively through a Smiles intermediate. In contrast, 
PhO-is formed by two processes from PhO(CH,),O-, 
viz. the Smiles process (85%, Eqn (2)), and the direct SNi 
process (15%, Eqn (3)), while the SNi process (cf. Eqn 

(3)) accounts exclusively for the formation of PhO- 
from PhO(CH,),O-. 

The Smiles rearrangement proceeds in the gas phase 
without the necessity for activation of the aromatic ring 
by electron-withdrawing groups. The first question we 
address in this paper is whether substituents on the aro- 
matic ring can affect the extent of the Smiles rearrange- 
ment, e.g. does an increase in electron density at 
position 1 of the aromatic ring increase the activation 
energy of the Smiles process [Eqn (2)] with respect to 
that of the SNi reaction [Eqn (3)]? Second, if a suitable 
leaving group is placed in the ortho position of the 
phenyl ring, will nucleophilic attack at the ortho posi- 
tion [Eqns (4) and (5)] compete with the Smiles 
rearrangement ?"$ 

RESULTS AND DISCUSSION 

The collisional activation mass spectra of most of the 
aryloxyalkanols listed in Table 1 give the arylO- ion as 
the sole ionic product. The exceptions are the o-Me0 
compounds (see Fig. 1) and some halo compounds (see 
Table 2). 

$ Although there is no direct analogy to this particuiar reaction in 
the condensed phase, various benzylic carbanions have been used to 
effect six-membered ring formation in anthracylinones, following 
nucleophilic displacement of an o-Me0 s~bstituent,~ and it is possible 
that solvent-assistance resonance effects6 may aid such reactions. 

t This paper is dedicated to J. S. Shannon in recognition of his 
contributions to mass spectrometry. 
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Table 1. Relative ratios of Smiles, & and ortho product peaks 
from RC,H,O(CH,),'*O- 

Parent ion 

R 

H 
o-Me0 
p -Me0  
H 
o-Me0 
m-Me0 
p -  M e 0  
2.6-diMe0 
m-Me,N 
o-Me 
m-Me 
p-Me 
m-tBu 
0-F 
m-F 
P-F 
p-CI 
m-Br 
p-Br 

ri 

2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Smiles 

1 00 
48 
71 
85 
47 
76 
51 
35 
58 
67 
78 
71 
82 
60 
75 
73 
95 
98 
92 

Product peak area ratios 

S J  wtho 

- 
- 52 

29 
15 
53 94 ( -  MeOH) 
24 
49 
65 200 ( -  MeOH) 
42 
33 
22 
29 
18 

25 
27 
5 
2 
8 

- 

40 400 (-HF) 

18 
O- 

93 

x 1 5  

Figure 1. Collisional activation mass spectra of (a) 
o- MeOC,H,O( CH 2 )  "0 - and (b) o- MeOC,H,O(CH,) *O-. 

Table 2. CoUisional activation mass spectra (relative hteusity 
(%)) of haloaryloxyalkoxides RC,H,0(CH,)30- 

Loss 

Precursor R H' C,H,O RH (RH + C,H,O) Formation R- 

0- F 11 26 100 2 1 
m-F 8 100 
P-F 9 100 
0-CI 100 10 
p-CI 100 
o-Br 100 18 
m-Br 1 00 
p -  Br 100 
0-1 100 68 
P- I 100 5 

The Smiles rearrangement: effect of substitution 

In order to determine the relative extents of the Smiles 
and SNi processes [cf. Eqns (2) and (311, we measured 
the spectra of all the 180-labelled ions listed in Table 1. 
The relative ratios of the two processes in each case are 
given in Table 1. The calculation of the ratios is 
straightforward. For example, PhO(CH2)2'80- yields 
PhO- and Ph180- in the ratio 1 : 1, hence the Smiles 
rearrangement occurs exclusively in this case3. 
However, in the case of the o-Me0 derivative [Fig. 
l(a)], the ratio of m/z 123 (o-MeOc,H,O-) to 125 (o- 
MeOC,H,180-) is 100:32, so the Smiles: SNi ratio is 
48:52. Hence placing a methoxy group in the ortho 
position significantly deactivates the ring to ips0 
(Smiles) attack; a p-Me0 group is less effective (see 
Table 1). 

We chose to study the reactions shown in Eqns (2) 
and (3) in detail, because the Smiles reaction for this 
particular ion does not occur exclusively (Smiles: SNi = 
85 : 15; see Table 1 and Ref. 3). The most effective deac- 
tivating group for the Smiles rearrangement is o-MeO; 
one o-Me0 substituent reduces the percentage of the 
Smiles process from 85 to 48%, whereas two o-Me0 
substituents lower it to 35% (Table 1). The electronic 
effect of the substituent is best illustrated by reference to 
Fig 2, where the percentage of the Smiles rearrangement 
is plotted as a function of the Hammett 0 value for 
meta- and para-substituted ions. The experimental 
values are correct to within 53%. The trend is clear. 
An electron-introducing group retards the Smiles 
rearrangement,? whereas an electron-withdrawing sub- 
stituent activates the ring and reduces the activation 
energy for the ips0 rearrangement. For example, the 
Smiles rearrangement occurs exclusively when the sub- 
stituent is m-Br (a = +0.39).' The data in Fig. 2 (see 
also Table 1) show that in this system, a m-F group is 
appreciably more electron donating than indicated by 

t In our earlier study,3 we were able to authenticate the mechanism 
of the ips0 rearrangement by l80 and "C labelling e.g. (1 - I3C-Ph) 
O(CH,),O- -+(l-13C-Ph)O- 3 [C,H,]- + 13C0, and 
PhO(CH,),'*O- --t PhO- and Ph180-(1 : 1). The experiment is 
not applicable in these systems since the loss of CO is replaced by 
more facile fragmentations through the substituent, e.g. the following 
CID fragmentations are dominant: FC,H,O- -+ C,H,O- + HF, 
MeC,H,O- -+ C,H,O-' + Me' and MeOC,H,O- -*'OC,H,O- 
+ Me'. 
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Figure 2. Comparison of the relative ratios of Smiles rearrangement and S,,i dissociation for the various reactions ArO(CH,),O- -rArO- 
+ C,H,O for meta- and para-subsrituted precursors. Plot of the percentage of the Smiles rearrangement (see Table 1) against the Hammett 
o value of the substituent (for rn values see Ref. 7; the value used forp-F is the o- value'). 

the conventional CT or CT- vaIues (e.g. the CI value for rn-F 
is +0.12).7 Fluoro substituents are also known to give 
unusual efFects for certain nucleoph~ic substitution 
reactions in the condensed phase.' 

The Ortho cyclization process 

The primary data concerning the ortho cyclization are 
contained in Tables 1 and 2 and Fig. 1. The ortho 
process [see Eqns (4) and (5)] competes with the Smiles 
rearrangement when R = Me0 [see Fig. l(b)], or F, C1, 
Br and I (see Table 2). Displacement of R does not 
occur when R = Me. When R is both a good leaving 
group and a strong base (e.g. MeO- and F- ; AHzcid for 
MeOH and HF = 1593' and 1554 kJ mol-' lo), the 
deprotonation reaction [Eqn (511 occurs to the virtual 
exclusion of nucleophilic displacement [Eqn (4)]. The 
most pronounced ortho process occurs for the o-F 
derivative, where the abundance of the peak produced 
by loss of HI: is four times that produced by a com- 
bination of Smiles and S,i reactions (see Table 2). The 
structure of the product ion of reaction (5) is shown to 
be a [Eqn (6)] by the fragmentation data listed in Table 

3. The major fragmentation of this ion is shown in Eqn 
(6). 

l7 

When R is a good Ieaving group but a weak base (e.g. 
C1-, Br- and I-, AH:=',, for HCI, HBr and HI = 1395", 
1354" and 1316" kJ mol-I), reaction (4) occurs to the 
exclusion of reaction (5) (see Table 2). Finally, it can be 
seen from Fig. 1 that whereas ortho cyclization to form 
a seven-membered ring is a facile process which com- 
petes with the Smiles process, the corresponding process 
to form a six-membered ring is not favoured. This is 
likely to be a consequence of the more facile formation 
of a five- than a six-membered intermediate in the 
Smiles rearrangement [cf. Eqns (1) and (211, rather than 
a preference for seven- rather than six-membered ring 
formation in the ortho cyclization. 

In conclusion, we have shown that the extent of the 
gas-phase Smiles rearrangement is dependent on the 
electronic effect of any substituents attached to the aro- 
matic ring, and the presence of a methoxyl or halogen 

Table 3. Collisional activation mass spectra of m/z 149 product ions resulting from o r t b  cyclization 

Precursor ion (m/z) Product ion (m/z) Spectrum: mfz (rosS) retake intensify {%I 

0- MeOC,H,O(CH,) ,0 - (1 79) 

0- FC,H,O(CH,) ,O-(l 69) 

( - MeOH (1 49) 

( - HF) (1 49) 

1 48( Ha) 1 8,134( Me72 , l I  9( CH 20)3. 1 08( C,H,') 1 00,92 (C,H,O) 1 

148( H') 1 6, 1 34( Me') 1, 1 19 (CH ,0)3, 1 08( C,H,') 1 00, 92 (C,H,O) 1.5, 

148(H')15,134(Me')0.5,11 9(CH2O)2, 1 0 8 ( C ~ H ~ ) l ~ ~  92(C3H,0)1, 

79(70)0.5, 51 (98)0.2 

79(70)0.4, 51 (98)O.l 

79(70)0.5, 51 (98)0.2 
a:> - Hl-" 

(1 49) 

Prepared by deprotonation of the neutral species. 
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Figure 3. Collisional activation mass spectra of (a) 2.4-diMeOC6H40(CH,),0-, (b) 2,5-diMeOC,H40(CH,)30- and (c) 2,6- 
diMeOC,H,O(CH,),O-. 

group ortho to the alkoxide residue induces an ortho 
cyclization process which competes with the Smiles 
rearrangement. The sensitivity of the competitive reac- 
tions to the position of substituents can be readily seen 
in Fig. 3, i.e. the 2,4-dimethoxy substituents both deacti- 
vate the ring to ips0 attack, thus the ortho effect is pro- 
nounced [Fig. 3(a)], the 5-methoxy substituent (of the 
2,5-isomer) is electron withdrawing towards position 1 
but electron introducing at position 2, hence the ortho 
effect is retarded [Fig. 3(b)], and for the 2,6-isomer [Fig. 
3(c)], the presence of the two ortho groups enhances the 
probability of the ortho process. 

EXPERIMENTAL 

Collisional activation tandem mass spectra were record- 
ed with a Vacuum Generators ZAB 2HF mass spec- 
trometer; full operating procedures have been reported 
earlier.3 In summary, the chemical ionization mode was 
used, ionizing energy 70 eV, ion source temperature 
150 "C and accelerating voltage 7 kV. Deprotonation 
was effected by NH, - (from NH,); source pressure of 
NH,, 5 x Torr (measured) (1 Torr = 133.3 Pa), 
substrate (introduced through the direct probe with no 

Table 4. Details of new aryloxyalkanols 

R n 6.p. ("C)/mm Hg 

o-Me0 
p-Me0 
o-Me0 
m-Me0 
p-Me0 
m-Me,N 
o-Me 
m-Me 
p-Me 
m-rBu 
0-F 
m-F 
P-F 
o-Br 
m-Br 
p-Br 
0-CI 
p - C I  
0-1 

P-1 
2,4-diMe0 
2.5-diMe0 
2.6-diMe0 

2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 1 0-112/0.05 
11 5-1 1710.05 
11 0-1 15J0.015 
11 0-1 1510.015 

145-1 4710.0.5 
220-222125 
220-224125 
225-227130 
105-1 0711 2 

130-1 3511 3 

100-1 02J0.02 

123-1 2511 5 

123-1 2517 
125-1 2710.2 
130-1 3210.2 
130-13210.18 

170-172112 

160-1 6510.02 
130-1 3510.02 
124-1 2710.02 

165-1 6711 2 

1 58-1 61 10.02 

128-1 3010.02 

Formula 

C9H1203 

C9H1203 

C10H1403 

C10H1403 

'1 OH 14'3 

C l l  Hl,NO, 
C10H1402 

'1 OH 14'2 

'1 OH 14'2 

C13H2002 

C9H1102F 

CSHllOZF 
CsH11OzBr 
CsH11O2Br 

C9HllO2CI 

C9H1102F 

C9H1102Br 

C9H1 l o Z C I  

C9H11021 

C9H1,02' 

'1 1 Hl 6O4 

'1 1 Hl 6O4 

'11 H16°, 

M +. 
Found 

168.0793 
168.0790 
182.0939 
182.0948 
182.0945 
195.1 253 
166.0977 
166.1 000 
166.0997 
208.1 469 
170.0739 
170.0744 
170.0748 
229.9948 
229.9937 
229.9944 
186.0446 
186.0453 
277.9795 
277.9806 
21 2.1 054 
21 2.1 044 
21 2.1 046 

Calculated 

168.0787 
168.0787 
182.0943 
182.0943 
182.0943 
195.1 259 
166.0994 
166.0994 
166.0994 
208.1 463 
170.0743 
170.0743 
170.0743 
229.9942 
229.9942 
229.9942 
186.0447 
186.0447 
277.9804 
277.9804 
21 2.1 049 
21 2.1 049 
212.1049 
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heating), 5 x Torr. The estimated total source 
pressure was 0.1 Torr. Helium was used as the collision 
gas in the second cell; the pressure of gas was measured 
as 2 x lo-' Torr outside the cell, producing a decrease 
in the main beam of ca 10%. 

All the substituted aryloxyalkanols used in this study 
are new compounds. They were all prepared by a stan- 
dard method12 from the appropriate potassium alkox- 
ide and the required chloroalkanol. All products were 
purified by distillation. Yields were typically 60-80%. 
Many of the compounds colour immediately on expo- 
sure to the atmosphere. Their purity (when freshly 
prepared) was established by 'H NMR and positive-ion 

mass spectrometry. Boiling points, formulae and mass 
measurements of molecular ions are given in Table 4. 

All of the '80-labelled compounds (listed in Table 1) 
were prepared by the standard method" using the 
required potassium phenoxide and the appropriate 
[' 80]chloroalkanol (' 8O = 9 1 %). 

Acknowledgements 

We thank the Australian Research Council for financial support and 
Mr T. Blumenthal for carrying out the mass measurements on the 
new compounds. 

REFERENCES 

1. L. A. Warren, and S. Smiles, J. Chem. SOC. 956,1327 (1 930). 
2. W. E. Truce, E. M. Kreider and W. W. Brand, Organic Reac- 

tions. 18, 99. Wiley, New York (1970); D. M.  Schmidt and G. 
E. Bonvicino, J. Org. Chem. 49, 1664 (1 984), and references 
cited therein. 

3. P. C. H. Eichinger, J. H. Bowie and R. N. Hayes, J. Am. Chem. 
SOC. 111,4224 (1989). 

5. J. S. Davies, V. H. Davies and C. H. Hassall, J. Chem. Soc. C 
1873 (1969). C. H. Hassall and B. A. Morgan, J. Chem. SOC., 
Chem. Commun. 1345 (1970); C. H. Hassall, and B. A. 
Morgan, J. Chem. SOC., Perkin Trans. 1 2853 (1973); E. V. 
Vedejs and J. R. Prribish,J. Org. Chem. 53, 1593 (1988). 

6. R. W. Taft and R. D. Topsom, Prog. Phys. Org. Chem. 16, 1, 
(1987); T. Yokoyama. I. Hanazome, M. Mishima, M. J. 

Kamlet, and R. W. Taft, J. Org. Chem. 52, 163 (1987); T. 
Yokoyama, T. Komaki, H. Sato, R. W. tart and F. Anvia, J. 
Urg. Chem. 54,3983 (1989). 

7. C. Hansch, A. Leo and R .  W. Taft, Chem. Rev. 91,165 (1 991 ). 
8. R. D. Chambers, D. Close and D. L. H. Williams, J. Chem. 

SOC., Perkins Trans. 2 778 (1 980). 
9. J. E. Bartmess. J. A. Scott and R. T. Mclver, J. Am. Chem. 

SOC. 101,6047 (1979). 
10. H. Hotop and W. C. Lineberger, J. Phys. Chem. Ref. Data 14, 

731 (1985). 
11. C. R. Webster, 1. S. McDermid and C. T. Rettner, J. Chem. 

Phys. 78,646 (1 983). 
12. J. Dieckman, J. B. Thomson and C. Djerassi, J. Org. Chem. 

33,2271 (1968). 




