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Abstract: By a combination of deuterium labeling and metastable ion measurements, it has been demonstrated that 1-tetralol 
ion (1,2,3,4-tetrahydro-l-naphthalenol) undergoes cycloreversion by two pathways to eliminate ethene bearing either carbons 
2 and 3 or carbons 3 and 4. Although the two mechanisms are competitive for rapidly decomposing molecular ions, the elimina­
tion of ethene bearing carbons 3 and 4 is preponderant in the metastable time region. Each process produces a structurally dis­
tinct CgHgO radical cation and this is verified by isotopic labeling, comparisons of metastable ion intensities, and studies of 
kinetic energy release. The actual structure of [CsHsO]-+ produced by elimination of carbons 3 and 4 is theenol form of aceto-
phenone, which undergoes methyl loss by abstraction of one of the randomized ring hydrogens. Expulsion of carbons 2 and 3 
gives a structure similar to that produced by water loss from o-hydroxymethylbenzyl alcohol. These results sound a cautionary 
note for literal interpretations of metastable intensities and kinetic energy release data in ion structure determinations. 

The extensive research in mass spectrometric decomposi­
tions using isotopic labeling experiments has produced nu­
merous examples of competing mechanisms to produce a given 
daughter ion. The daughter may possess one or more structures 
depending on the mechanisms of formation. In the event of 
mixed structures, verification may be achieved by character­
izing the subsequent decompositions using metastable tech­
niques, provided each structure gives distinctive decompositions 
and no isomerization occurs prior to metastable decomposition. 
These are demanding constraints because there is considerable 
difficulty in sorting out decompositions from composite 
structures. As a result, new approaches for determining the 
structure of stable ions in the absence of solvent are undergoing 
development. Examples include low and high energy ion-
molecule reactions. The former are conveniently studied by 
ion cyclotron resonance spectrometry1 and the latter, which 
includes collisional activation, by metastable-ion methods.2'3 

Other recent developments include photodissociation4'5 and 
the analysis of composite metastables, which yields information 
on parallel mechanisms to form a daughter ion.2 

In this paper, we will report on a mass spectral fragmenta­
tion studied by a combination of deuterium labeling and uni-
molecular metastable methods, which is shown to occur by two 
mechanisms. The evidence clearly demonstrates tha two iso­
meric product structures are produced and preserved even in 
the subsequent decompositions of the daughter. The process 
of interest is the cycloreversion reaction in 1-tetralol 
(1,2,3,4-tetrahydro-l-naphthalenol). In a recent publication,6 

deuterium labeling studies were interpreted in terms of a single 
cycloreversion to eliminate ethene carbons 3 and 4 (eq 1). 

O H l + 

f ^ A ^ — [C8H8O] t + C2H4 (1) 

-i 

During a study of the mechanism of water elimination in 1- and 
2-tetralol,7-8 certain inconsistencies in this interpretation were 
noticed and this prompted a more detailed investigation of the 
cycloreversion reaction in 1-tetralol and a reinterpretation of 
that reaction in tetralin itself. 

Moreover, the product of the cycloreversion, CsHsO-"1", has 
been the subject of other investigations which have been di­
rected at the question of whether this ion, as the enol form of 
acetophenone, reketonizes prior to or concurrent with methyl 
loss.9a~c Our results are in agreement with the interpretation 
of Tomer and Djerassi9a and bring to light additional details 

on the question of keto-enol tautomerism for gas-phase 
ions.9d 

Finally, this study demonstrates quite clearly a limitation 
of the techniques of competing metastable transitions and ki­
netic energy release as criteria for ion structure equivalence. 
These have been successfully applied and evaluated in many 
mass spectral investigations ever since the early work of 
McLafferty.10 Hvistendahl and Williams" have recently 
pointed out one difficulty with comparing metastable abun­
dance ratios. In a detailed investigation, they were able to show 
that one structural isomer of CjHvO+ , which was previously 
thought to be unique, underwent a rate determining isomer­
ization prior to fragmenting. They concluded that metastable 
intensity ratios are not a reliable indicator of ion structure in 
this circumstance. An even less subtle failure of metastable 
techniques would occur if the ion under study possessed a 
mixture of structures whose composite metastable decompo­
sitions fortuitously coincided with yet another structure. The 
CgHgO ions produced in the cycloreversion reaction of 1-te­
tralol constitute such an example. 

Experimental Section 

Mass spectra were obtained with an Hitachi RMU-6D double fo­
cussing instrument with source and inlet temperatures at 100 0C or 
less for the various 1 -tetralols. Studies of tetralin were obtained with 
source and inlet temperatures of 200 °C. Metastable ion studies were 
made using the defocussing techniques of ESA scan and accelerating 
voltage scan. Kinetic energy release was calculated from the peak 
width at half height. Appearance potentials were measured by a 
computerized EDD method as previously reported12 and are discussed 
in more detail elsewhere.8 

The various deuterium labeled compounds were prepared as out­
lined in the report of the mechanism for water loss in 1 - and 2-tetralol.8 

o-Hydroxymethylbenzyl alcohol was prepared by a LiAlH4 reduction 
of dimethyl phthalate. All other compounds are commercial samples 
and were found to be pure by mass spectrometry. 

Results and Discussion 

1-Tetralol. A facile cycloreversion reaction is observed in 
1-tetralol at 70 V of ionizing energy to produce CgHgO+ ion 
(m/e 120) with release of 14 meV of translation energy in the 
corresponding metastable transition (eq 1). To permit a closer 
examination of the cycloreversion reaction and the consecutive 
loss of a hydrogen atom in the various deuterium-labeled 1-
tetralols, Table I has been compiled. The mass spectra of 1-

A^- C8H7O
+ + H 

C8H8 - / (2) 
^ ^ C7H5O

+ + CH:i 
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tetralol-^i and -2,2-di have been previously reported6 and the 
present results are in good agreement with that study. 

As was mentioned in the introduction, the earlier results 
were interpreted in terms of a single cycloreversion reaction. 
The existence of a second, parallel process becomes apparent 
upon close scrutiny of the 2,2-d2 and the 4,4-dz compounds 
in Table I. In the former compound, the percent total ionization 
at m/e 122 is somewhat reduced compared to m/e 120 in the 
unlabeled compound. It would appear that m/e 119 is not 
shifted in this compound, leaving a significant m/e 120 peak 
to be accounted for. The situation is simply reversed in the 
l-tetralol-4,4-^2. which gives a significant m/e 122 peak which 
cannot be produced if the cycloreversion eliminates carbons 
3 and 4 exclusively. Even more notable is the lack of an m/e 119 
signal. If m/e 120 is the sole product of the cycloreversion, then 
loss of an hydrogen atom to give m/e 119 ranging between six 
and seven percent of the total ionization would be expected. 
Apparently, m/e 119 has shifted to m/e 121 and must originate 
by loss of H from m/e 122. 

From the results for 2,2-di and 4,4-di, an accurate calcu­
lation of the percentage of each pathway in the 70-V spectra 
can be performed. Because the compounds are not isotopically 
pure (their compositions are reported in Table I), the following 
correction scheme was applied. The intensity at m/e 122 can 
only be due to fragmentation of the dj species and this intensity 
can be compared to the abundance of m/e 120 only after de­
ducting the contributions from d\ and do- This was done by 
multiplying the intensity at m/e 120 by the fraction of do and 
di in the isotopic mixture after both m/e 120 and 122 were 
corrected for 13C from m/e 119 and 121, respectively. In this 
way, it can be established that 76% of the cycloreversion for 
2,2-^2 eliminates carbons 3 and 4 and the corresponding per­
cent for 4,4-dj is 78%, demonstrating good consistency. Of 
course, the actual contribution of each reaction channel may 
be significantly different because each product ion undergoes 
subsequent fragmentation. The results are summarized in eq 
3 and 4. 

Table I. Comparison of the Ion Current as Percent of Total 
Ionization for the Cycloreversion Reaction in Various Deuterium 
Labeled 1-Tetralols 

(2) 

[C6H6D,0]t + C2H4 (76$ 

[C8H80]t + C2H2D, (24fo) 

[C8H8O]"!" + C2H2D2 (78%) 

[CsH6D20]t + C2H4 (22%) 

(3) 

(4) 

D D 

Low voltage spectra are in qualitative agreement with this 
analysis. At 14 V of ionizing energy, no significant m/e 119 can 
be detected in the unlabeled 1-tetralol. Correcting for 13C in 
the 1-tetralol 2,2-^2. the ratio of m/e 122:121:120 is 88:0:12, 
demonstrating an enhanced preference for pathway 1. For 
4,4-di the corresponding ratio is nearly reversed; i.e., 12:4:84. 
The small intensity at m/e 121 provides a clue that the hy­
drogen atoms at position 4 are susceptible to a small amount 
of scrambling probably with the aromatic ring hydrogens. This 
latter observation is substantiated by metastable ion studies, 
which will be discussed later. The greater preference for 
pathway 1 (see eq 3 and 4) at low ionizing energy suggests a 
lower activation energy for this cycloreversion channel. 

The other two isotopically labeled 1-tetralols (-l-d\ and 
-O-d) provide little new information on these competitive 
channels except to verify the interpretation presented above. 
In the l-d\, m/e 120 cleanly shifts to m/e 121, as expected, and 
m/e 119 is unaffected. For the O-d compound again m/e 120 
shifts to 121 and m/e 119 appears to be partitioned between 

Compd" 

l-Tetralol 
l -Tetralol- /^ 
1-Tetralol-O-d 
l-Tetralol-2,2-d2 

l-Tetralol-4,4-d, 

123 

0.89 
0.40 

122 

0.12 
1.01 
0.88 
8.08 
3.30 

m/e 

121 

1.46 
11.4 
10.5 

1.05 
7.81 

120 

12.5 
1.95 
8.0K 
3.35 

10.9 

119 

6.67 
5.88 
1.49 
6.47 
0.82 

l.b 

20.7 
20,2 
20.9 
19.8 
23.2<* 

a Isotopic purity: l-dlt 96% Cf1, 4%d0,O-d, 78% d„ 22% d0; 2,2-dv 
l%d3,91%d2,1%d„ l%d0,4,4-dv l%dt, 10%d3,16%d2, 11% dt, 
2%d0.

 b Summation of percent of total ion current in the m/e 119— 
123 region, cContamination withd0, which enhances this percent. 
dA higher percentage is observed due to isotope effect, which dis­
criminates against water loss.8 

m/e 120 and 119. No apparent hydrogen scrambling compli­
cates the picture. 

Defocussed metastable ion measurements (accelerating 
voltage scans) of the molecular ion fragmentations confirm the 
separate, yet parallel reaction channels. For l-tetralol-2,2-^2. 
an abundant metastable is observed for pathway 1 (i.e., 150 
—- 122) and 14 meV is released as translational energy. The 
metastable for pathway 2 (150 -* 120) is only 0.7% of the 150 
—• 122 metastable ion. No detectable metastable is observed 
for 150—• 121, indicating no scrambling of the hydrogens at 
position 2. The extreme diminution of metastable abundance 
for pathway 2 indicates that the two reaction channels for 
cycloreversion are significantly less competitive in the 1O-'' to 
10-6 s time span than for times less than 10-6 s. This is in ac­
cord with the previous suggestion that pathway 2 has a higher 
activation energy. In addition, the rate constant for pathway 
2 must exhibit a faster rise with internal excitation than for 
pathway 1. 

Final substantiation of these interpretations is obtained by 
a metastable ion study of the cycloreversion reaction in 1-te-
tralol-4,4-^2- As expected, the metastable ion abundance for 
pathway 2 (now 150 —»-122) is barely observable, such that a 
maximum intensity can be assigned of less than 4% of total 
metastable cycloreversions. The small extent of scrambling of 
hydrogens in position 4 detected in the low voltage spectra (vide 
supra) is substantiated by the observation of two metastable 
ions for pathway 1: 150 —* 120 and 150 -* 121 in the ratio 
73:27. Because the 150—*• 121 transition is not observed in the 
2,2-d2 compound, it is postulated that minor equilibration of 
the hydrogens in position 4 and the aromatic ring hydrogens 
has occurred. Extensive scrambling, even with one aromatic 
ring hydrogen, would give preferential formation of m/e 121, 
and, therefore, is ruled out. 

All of the above results clearly establish two parallel cy­
cloreversion reactions to eliminate C2H4 in 1-tetralol. The 
favored channel involves expulsion of carbons 3 and 4 and is 
accompanied by an abundant metastable. A second, less facile 
channel involves elimination of carbons 2 and 3, and this path 
is only of consequence for short lived molecular ions. We will 
now turn our attention to the structures of the QHsO ions 
produced by these parallel mechanisms. 

Structure of [CsHgO]-"1" Ions. Two reactions operating in 
parallel to produce the same mass daughter ion may lead to a 
common daughter structure formed concurrent with frag­
mentation or to two initially different structures, which then 
isomerize to a common structure or mixture of structures. A 
third possibility is formation of two different structures which 
do not interconvert or isomerize to a common species. 

Our first approach to resolve these possibilities makes use 
of the established techniques of comparing metastable abun­
dances and kinetic energy releases2 for decomposition of var-
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Table II. Comparison of Metastable Abundances and Kinetic 
Energy Releases for Decomposing C8H8O Ions (m/e 120)a 

Source of C.H8O 

Kinetic energy 
z'(l 20-» ; (120 ^ release 

119) 105) (120-105)» 

(from valerophenone) 

THO 

'CH; 

CHOH 

90.9 

0.1 

1.0 

97.2 

92.4 

99.6 

9.1 

99.9 

99.0 

2.8 

7.6 

0.4 

50 

4c 

42d 

42 

200 

CH, 

(from o-hydroxymethyl-
benzyl alcohol) 
aMeasured using accelerating voltage scans. ^Millielectron volts. 

c Literature value =: 7 meV.9b> l 3 <*Literature value = 52 meV.9b, 13 
eToo weak to measure. 

ious C8H8O ions. The results are tabulated in Table II. Two 
metastable transitions involving m/e 120 were found and they 
are loss of a hydrogen atom and loss of a methyl radical. A 
straightforward interpretation of both the kinetic energy re­
lease data and the metastable intensity ratios leads to the 
conclusion that the best representation of [C8HgO]-"1" from 
1 -tetralol is the styrene oxide structure. However, the fact that 
two parallel mechanisms occur for the cycloreversion causes 
us to reject this conclusion and look more closely for a struc­
tural interpretation. 

The separate C8HsO ions produced in the two mechanisms 
can be examined by a metastable study of m/e 120 from the 
2,2-^2 and the 4,4-di compounds. For the former, m/e 120 is 
produced by pathway 1 and for the latter by pathway 2 (i.e., 
loss of carbons 2 and 3). The comparison is made in Table III. 
Now, an accurate picture emerges. Clearly, the two parallel 
processes produce two distinctive C8H8O ions. Elimination of 
carbons 2 and 3 gives rise to [C8H8O]-+ , which fragments al­
most exclusively by loss of a hydrogen atom. The other cyclo­
reversion product gives little hydrogen loss, but rather, domi­
nant loss of methyl. There can be no doubt that the frag­
menting metastable C8H8O ions have unique structures and 
their uniqueness must exist in the stable counterparts as 
well. 

We are now in a position to examine the actual structures 
of the C8H8O ions. Comparison of the metastable character­
istics of the m/e 120 ions produced in pathway 1 (Table III) 
and by a McLafferty rearrangement in valerophenone (Table 
II) shows that these structures are identical and can be rep­
resented as the enol form of acetophenone. This structural 
isomer of [C8H8O]-+ cannot be formed by a straightforward 
elimination of C2H4; rather, a shift of the hydrogen at position 
1 is required. An attractive and economical possibility is a 
1,3-shift as shown in eq 5. A shift of this nature is forbidden 
by molecular orbital theory14 and, therefore, would only occur 
with high activation energy. Because the heat of formation of 

Table HI. Comparison of Metastable Decomposition of m/e 120 
Ions Produced by the Two Cycloreversion Reactions 

Kinetic energy 
release 

Origin of m/e 120 / (120-119) /(120'-105) (120-105) 

99.2 

91.9 50 

"Cannot be measured reliably because of overlap with the abun­
dant 122 — 105 metastable signal. 

OH H 

+ C2H4 

(5) 

the enol form of [C 8 H 8 0] - + is not established, we cannot es­
timate whether the activation energy (1.72 eV), which is taken 
to be the difference of the appearance potential of m/e 120 and 
the ionization potential of 1-tetralol,8 is excessive. If it were, 
a significant reverse activation energy would be expected and 
the metastable accompanying loss of C2H4 would show con­
siderable kinetic energy release. Previous reports by Williams 
and Hvistendahl'5 show that release of large amounts of kinetic 
energy occurs for ionic decompositions proceeding through 
forbidden pathways. However, loss of C2H4 in 1-tetralol occurs 
with release of only 14 me V, which militates against a 1,3-shift. 
Moreover, there is no significant isotope effect for loss of C2H4 
from l-tetralol-7-^i, a compound in which the itinerant hy­
drogen is replaced by deuterium. The evidence for this is 
contained in Table I. We note that the percent of total ion­
ization carried by m/e 121 (C8HvDO-"1") is not attenuated 
relative to the other tetralols. The existence of a 1,2-hydrogen 
shift has been diagnosed recently by observation of a kinetic 
isotope effect which operates against deuterium transfer.16 

Therefore, we find no evidence for a 1,3-hydrogen shift, or 
indeed, for any shift of the hydrogen in position 1 in the tran­
sition state for expulsion of C2H4 via pathway 1. The two 
mechanisms given in eq 6 can explain the data. The molecular 

OH / ^ slow 

(6) 

ion can either undergo straightforward loss of C2H4 followed 
by consecutive 1,2-hydrogen shifts to ultimately give the enol 
form of [C8H8O]-+ or the hydrogen shifts can occur in fast 
steps prior to rate-determining expulsion of ethylene. Because 
these hydrogen shifts should be reversible, the proposed 
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Table IV. Comparison of Metastable Decompositions of m/e 122 
Ions Produced by the Two Cycloreversion Reactions 

Originofm/e / (122— i (122— / ( 1 2 2 - / ( 1 2 2 i (122 — 
122 121) 120) 107) -106) 105) 

90.9 

4.0 1.2 a 

a Not detected. 

mechanism would serve to scramble the hydrogen in position 
1 and the four original aromatic hydrogens. 

In fact, the specific hydrogen scrambling is verified by 
metastable studies for loss of methyl from [CsH8O] •+ and the 
various deuterated analogues of this ion. The l-tetralol-2,2-d2 

gives [C8H6D2O] ^+ by pathway 1, which loses methyl exclu­
sively as CD2H, indicating no scrambling of the hydrogens at 
carbon 2 (see Table IV). However, l-tetralol-7-afi loses CH3 
and CH 2D from m/e 121 in the ratio of 82:18 (Table V). A 
ratio of 80:20 would be expected for equilibration of four hy­
drogens and one deuterium prior to transfer to form the de­
parting methyl. Loss of methyl then involves abstraction of one 
of the randomized hydrogens from the aromatic ring. 

In a study of deuterated butyrophenones, Tomer and Dje-
rassi have concluded that the hydroxyl hydrogen is not impli­
cated in the methyl loss from [CsH8O]-+ , formed as an enol 
ion in the McLafferty rearrangement. Thus, reketonization 
prior to methyl loss is ruled out. The evidence from the 0-d\ 
compound (Table V) clearly demonstrates that the hydroxyl 
hydrogen is also not involved in methyl loss. These combined 
results support our view that the structure of [C 8 H 8 0] - + 

produced by elimination of ethene bearing carbons 3 and 4 is 
the enol form of the acetophenone radical cation. It is worthy 
of note that methyl loss from CsHsO-+ involves a rather 
elaborate mechanism of ring scrambling plus abstraction of 
an aromatic hydrogen instead of the simpler, but forbidden, 
1,3-hydrogen shift to ketonize. 

The second pathway followed in the cycloreversion reaction 
of 1-tetralol produces [CsH8O]-+, which gives metastable 
decompositions identical with the M — H2O ion ofo-hydrox-
ymethylbenzyl alcohol (eq 7); see Tables II and III. Unfortu-

CH,OH 

CH-OH 

•T CHOH 

CH, 

+ H2O 

nately, the metastable ions for loss of CH3 from m/e 120 are 
too weak to determine kinetic energy release, so this feature 
cannot be compared. Nevertheless, we conclude that the best 
representation for this CsH8O structure is that given in eq 6. 
Isomerization to the benzaldehyde ion followed by hydrogen 
loss seems to be excluded because there is a significant dif­
ference in the metastable abundance for methyl loss from 
benzaldehyde compared to [CsH8O] -+ from 1-tetralol and 
o-hydroxymethylbenzyl alcohol. 

As noted previously, the second cycloreversion pathway has 
an activation energy higher than 1.7 eV and only a barely de­
tectable metastable ion accompanying it. Although it cannot 
be firmly established whether the reaction shown by eq 8 is 
stepwise or concerted, a stepwise mechanism could explain the 
higher activation energy. The near absence of a metastable ion 
suggests that the fragmentation rate constant exhibits a 

Table V. Comparison of Metastable Decompositions 
of m/e 121 Ions 

Origin of m/e / ( 1 2 1 - / ( 1 2 1 - / ( 1 2 1 - / 0 2 1 -
121 120) 119) 106) 105) 

OH p 
36* 64 82« 

>99 <1 

" Both loss of H(D) and loss of CH3(CH2D) normalized to 100%. 

Table VI. Comparison of Metastable Decompositions of 
Various C.H. Ions 

Source 

Tetralin 
Styrene 

V ~ .,CH .OH " 

_ ^ CH, 

1 0 4 -
103 

82.6 
79.5 

+ 

80.4 

1 0 4 -
102 

0.2 
0.2 

0.2 

104 — 
89 

0.1 
0.1 

0.1 

1 0 4 - 7 8 

17.1 (155)" 
20.2(130)" 

17.3 (160 ) a 

aKinetic energy release in millielectron volts. 

CC 
CHOH1" 

CH2 

+ C2H4 

(8) 

sharper increase with internal energy than does the rate con­
stant for pathway 1. The nearly exclusive loss of a hydrogen 
atom from [C8H8O]-"1" originates primarily from the 1-position 
of the starting tetralol and this is confirmed by both the 70-V 
spectra of l-tetralol-7-^i (Table I) and the abundant 121 — 
119 metastable for this compound (Table IV). The observed 
loss of H from m/e 121 in 1-tetralol-/ -d\ may be due to isotopic 
scrambling with the aromatic hydrogens or to an isotope effect 
which, by raising the activation energy for loss of D, allows 
other losses of H to become competitive. 

Comparison with Tetralin. The most facile fragmentation 
in the 70-V spectrum of tetralin is the loss of ethene. This 
process has been recently studied by deuterium labeling and 
metastable ions17 and by carbon-13 labeling.18 The earlier 
results were interpreted in terms of an isomerization of the 
tetralin structure to a tetrahydroazulene ion prior to elimina­
tion of C2H4. The key piece of evidence supporting this hy­
pothesis is the 1:2:1 loss of C2H4:C2H2D2:C2D4 in tetralin-
7,7,2,2-^4. By analogy with 1-tetralol, we suggest as an al­
ternative that tetralin undergoes two competitive cyclorever­
sion reactions in the ratio of approximately 1:1 (eq 9). The 

(9) 

more recent l3C-labeling results show that for tetralin labeled 
in the 1-position, expulsion of C2H4 occurs with 69% label 
retention, and the tetralin-2- l3C gives 34% label retention. A 
competitive cycloreversion mechanism can accommodate these 
data if the ratio of pathway 1 to pathway 2 is adjusted to 
1.6:1.i9 It is more difficult to fit the results to a ring expansion 
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mechanism, which would give 75 and 25% label retention, re­
spectively. 

A more detailed study of metastable ion characteristics than 
employed in the original tetralin study17 was made to deter­
mine if the two proposals can be distinguished (Table VI). As 
can be seen, no significant difference can be found in either the 
relative metastable abundances or the kinetic energy releases 
of the various CgHg ions. Thus, no information can be ex­
tracted on the mode of formation of [CgHs]-+ in tetralin, as 
these data suggest isomerization of all CsHg ions to a common 
structure prior to fragmentation. The behavior of various CgHg 
ions should be compared with the CsHgO ion metastables 
presented in Table.II. For this latter ion, distinctive metastable 
characteristics are found depending on the source of 
[CgH8O]^+ and the differences, with the aid of isotopic la­
beling, can be interpreted unambiguously in terms of structure. 
Unfortunately, this is not the case for the cycloreversion re­
action in tetralin, and the overall mechanism for this process 
still requires further study. 

Conclusion 
It has been clearly established that 1-tetralol undergoes two 

cycloreversion reactions to eliminate ethene and thereby pro­
duces a mixture of structural forms for the M — C2H4 
daughter. Although the two pathways are competitive to 
produce the normal mass spectrum, one process dominates the 
metastable decompositions. The daughter ions show extremely 
large differences in metastable abundances which are readily 
interpreted in terms of structure. Competitive cycloreversion 
reactions seem to be the case for tetralin as well, but further 
studies are needed to substantiate this. 

This study is a classic example of the dangers inherent in a 
literal interpretation of measurements of metastable abun­
dances and kinetic energy release. In the unlabeled 1-tetralol, 
the metastable characteristics of [CgHgO]-+ are a composite 
of two isomeric structures undergoing decomposition, and these 
characteristics are fortuitously matched by a third structure 

The first application of the principle of least motion 
(PLM) technique to molecular rearrangements was reported23 

a few years ago. It was recognized at that time that, despite the 
classical nature of the approach, the stereochemical predictions 
arising from the results parallel those based on the conservation 
of orbital symmetry (COS) method when applicable. Although 
this initial study utilized relatively few and rather simple model 

from styrene oxide, which is not involved. The combination of 
deuterium labeling and metastable measurements allows the 
correct conclusions to be drawn. 
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systems, it provided valuable information with regard to the 
wide scope of potential applicability of the PLM technique. 
For example, it was suggested that systems that lack suitable 
elements of symmetry, and thus cannot be rigorously treated 
by the COS approach, should be amenable to investigation by 
the present method, since the latter does not require the pres­
ence of any particular symmetry. Also, in those cases where 
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