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ABSTRACT Uk-&miirc UK 18 Muy 1988) 

The gas-phase plnacol rearrangement of & ad m-1 -methyl-l ,2-cyclohcxanediols. promoted by 
D3’ and CnHg+ ((I = 13), was studled by the radioiytic method in the pressure range 100-760 Torr. 

Under all conditions, 2-methyl-cyclohexarone is the predominant product, arising from both 
substrates &. different pinacol rearrangements and successive fast isomeriration of the 
corrtspomiing primary irtermtdlatts. u U-protorattd ~-mtthyl-I-CycloptntaRecarboxaldthyde. 
This conclusion 1s based from kinttic analysis of compttition cxperimtsts with pinacol as rcfcrence 
snbstratt, carried out at high prtssttre (760 Torr) with or withoYt added baw INMe3. 3 Torr). sbwin.q 

that the pinacol rearrangement rates are markedly dependent on the stereochemical featrrcr of ck 
dial. Accordingly. the u diol rtarranges more rapidly than the rlr isomer, which In turn 
isomtrlrts faster ihun pinacot, indtcating that anti-periplanar CH2 m&radon to tht vicinal tertiary 
C-u?i2+ cater in f~pat (U) Is over five tlmrs fartcr tkar H mlgratior in & (k.?). hlulysis of the 

relative migrating abitiry of tht difierent CH2 moiettts In u (k2 ) kt] atltnued txchslon of 

apprtciable anchlmeric assistance In thtse gas-phase pinacol rearrangements. The results are 
cowartd with relevant gas-pkart data and with those concerning tht same substrates in acidic 
solution. 

INTRODUCTION 
Kinetic evaluation of the stereochemical factors involved in pitucol 

rearrangements in solution invariably meets with some difficulties mainly due to 
changes in reaction mechanism and to competitive isomcrization processes promoted by 
interaction with the medium. In the gas-phase, ic, in a reaction environment essentially 
free from the complicating effects of solvation and ion pairing, an integrated mass 
spectromctric and radiolytic approach was recently exploitad, which allowed to evaluate 
the structural effects on the rates of acid-induced pinacol re~angem~nt in d- and 
m-1,2-dimetbylcyclopentane-1,2-dials1 and -l-2-dimethylcyclohexane-1 .2-dids.2 

The relevant kinetic data demonstrated that, while restricted rotatiott and strain 
effects in 1,2-dimethylcyclopcntane-1.2-diols favor methyl migration in the ti with 
respect to w in the freely rotating and virtually strainless 1.2-ditncthylcyclohexa- 
ne-13diols, anti-pcripianar assistance to the leaving water molecule increases in the 
order CH3 ( CH, < OH. As a consequence, the llplls isomer is found to rearrange faster 

than the ris one. However, From such limited data, it could not be decided whether water 
loss in these systems is accelerated by anchimetic assistance by the participating vicinal 
groups. To obtain this piece of information as well as to gain further insight into the 
relative participating ability of other neighbouring groups, such as hydrogen, we 
extended the investigation to cIosely related, but asymmetric, cyclic diols, such as &- 
and m- 1 -methylcyclohexane- 1,2-diols 1 (cq. 1). 

The present paper is aimed at investigating the course of the pinacol rearrangement of 1 
in the IO0 - 760 Torr pressure range, using different 7 -radiolytic Branstcd acids, & 

D3 + and C,HS+ (II = 1.2). and evaluating the stereochcmical factors affecting the 

corresponding isomerization rates. 
4847 



484a P Ceccnl fl al. 

Previously discussed cousiderations concerning the nature of the rearrangement process 
apply to this study as well. which traces the formation of the neutral radiolytic products 
to entirely ionic sequences t&pered by attack of the selazted Brbnsted acids on 1. 
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RESULTS 
Table I reports the composition of the irradiated mixtures and the yield of the neutral 

product, ir, 2-methylcyclohexrnone 2. exclusively recovered under all conditions by 
protonation of the substrates with gaseous radiolytic Br&rsted acids.’ The ionic nature of 
the reaction product is ensured by the presence of 0, (5 Torr). an effective radical 

scavenger, and by the observed strong decrease (from 66 to 79%) of the product yield 
when 0.4 mol 96 of NMe3, an efficient interceptor of gaseous acids, is added to the 

mixture. The rearrangement reaction is very clean and the absolute yield of 2 is weil 
reproducible within 10% from run to run, no other products traceable to the substrates 
being recovered. h should be noted that the G(M) values, defined as the number of 
molecules formed per 100 eV of energy absorbed by the gueous systema, measured for 
2 at 760 Torr accounts for only 3 - 12% of the gaseous BrijnNed acids formed, owirg to 
the very low concentration of the substrates (rr. 5 x 10m3 mol 8) in the systems, limifcd 
by their vapour pressores. and to the competition by adventitious nucleophiles, citbar 
originally present as impurities or accumulated during the mdiolysis. In fact, at lower 
pressures (100 Torr, a factor of 7.6 in the partial pressure of the bulk gas). the product 
yields increase by a factor ranging from 3 to over 7. 

In order to ascertain the possible occurrence of extensive structural interconvertion 
among the primary dehydration intermediates involved in eqs. 1 r.b, gaseous 

2-methylcyclohexanone 2, I-methyl-1,2-epoxycyclohexane 3. methyl cyclopentyl 
ketone 4. and I -methyl-l -cycloptntanecarboxaldehyde 5 were individually submitted to 
protonation by D,+ and C,H, + under the same experimental conditions of Table I. 

Table II shows that, while structural rearrangement of 2H+ to 4H+ is barely detectable 
(4.7%) only when the very energetic D3+ acid is employed. the reverse isomerization 

reaction 4H+ - 2H + takes place to a considerable extent (60%). It is worth noting 
that the latter process is observable only when D, + is used and, therefore, the protonrted 

intermediates involved are highly excited (vidc. Pronounced isomerization of SH+ 
to 2H+ is instead. observed under all conditions, as shown in Table III. Protonation of 
epoxidc 3 by both D3+ and C,H5 + induces extensive isomeriution of the primary excited 

intermediate 3H+ to either 2Ht and 4H’ (Table IV). 



Gas-phase piarcoi mrrxngemcnt 4849 

TABLE I, Products Xmg the Proronation of a- and ~-l-Mcihytcyciohcx~nc-1.2-liot (1) by 
Gucous Acids.’ 

Bulk gas NMC3 Substrate GWF 

D2.760 3 w-1. 0.54 0.05 

D2.7760 m-1, 0.54 0.15 

D$o runs-l* 0.50 0.76 

I$,760 3 S.&l. 0.51 0.05 

x$760 u-1 l 0.48 0.19 

D2.100 h-1. 051 1.36 

CHq.760 3 Lupt-1, 0.46 0.03 

c!!i&760 m-1.. 0.49 0.09 

CHq.100 m-1, 0.48 0.65 

CH4,760 3 a-1 * 0.54 0.07 

CH4,760 a-1, 0.45 0.34 

CH4,100 & 1, 0.50 I .02 

a D3+ from the mdiolyrir of D2 and OHS+ (n = 13) from CH4. 

1.6 

5.0 

25.3 

1.6 

6.3 

45.3 

1.1 

3.2 

23.2 

2.5 

12.1 

36.4 

02 (S Torr) was present in all systcmr as radical scrvengcr. 

P&&et at adcmtks kmncd per 108 l V absorbed enc@y. Surdud deviation of drll ea. If3%. 
&her plausible pinacol-rearrangement products (i.e. 3 - 51 below detection limit f GtM) ( 1 x 

10-4). 
Absolute yields arc crlculrtcd from the ratio of the GCMJ vrlut of 2 to the G(D3’) and G(CnHJ+) 

formation v8luer (see refs. 4,s). 

TABLE 11. Products from the Protonrtion of Z-Mc~hylcyclohexmone (2) and Methyl cyclopentyl 
ketone (I) by Gaacour Acids.’ 

Bulk gas Substrate G(M)C 2 4 

I$760 2 , 0.53 0.14 4.7 

CH4.760 2 , 0.58 f f 

q2.760 4 l 0.60 1.80 60.0 _ 

CNq.760 4 * 0.60 f f . 

a,b,c.e sa fombu at T&k 1. 
f Below de&a limit (G(u) I 1 x 10 4). 
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TABLE III. Products from the Promnation of 1 -Methyl- 1 cyclopcntmecarboxaldehydc (5) by 
Gaseous Acids.’ 

Bulk gas Nh4e3 Substrate GW 2 4 

4.760 

I+760 

3 

- 

5 , 0.56 0.08 3 f 

5 , 0.71 1.89 63 Trrccsg 

a$760 

CH4,760 

3 5 1 0.45 0.27 10 Traces 

5 , 0.63 1.06 38 Traces 

r*b*c*c See foomotcs of Table I. 
f See foomok of Table II 
g 1 x 10-4 G G(M) ( I x 10-‘3. 

TABLE IV. Products from the Protonation of I-Methyl-1,2-Epoxycy~l~hexme (3) by Gasecus 
Acids.” 

B . . (%I w 

Bulk gas NMe3 Substrate 2 4 G(W %C 

4.760 3 3 * 0.57 100 f 0.05 1.7 

4.760 - 3 , 0.53 81.3 18.7 0.91 30.3 

I.$100 - 3 , 0.48 79.6 20.4 2.99 100 

CHq.760 3 3 , 0.55 100 f 0.14 5.0 

CH4,760 - 3 , 0.55 90.8 9.2 1.52 54.3 

CH4,100 - 3 . 0.47 95.2 4.8 2.73 97.5 

----_--_-_-- _____.._____ -___--------_- . ..--------------- _--__-___ ---- 

r*b*clc See foomolcs of Table 1. 
’ See foomote of Table II. 

However, while at 760 Torr and in the presence of NMe3 only 2H+ is formed, in the 

absence of added bases formation of 2H+ is accompanied by minor amounts of 4H+. 
Irradiation of systems containing either k-1 or m-1. 760 Torr D2 or CH, and up to 20 

Tot-r of 30, did not show any b-m epimeritation occuring in competition with the 

pinacol rearrangements. Furthermore, GLC/MS analysis of the irradiation product 2 

showed no deutetium incorporation into the ketone from all reactions with D,+ ions. 

The relative reactivity of isomeric 1 was measured by competition experiments of each 
substrate vs. pinacol, taken as a standard compound, in complete analogy with the 
previous studies. ’ e* The composition of the competition systems and the relative yields 
of the radiolytic products are summarized in Table V. 



TARLE Y. Coepatitivc Rcrms~mcrt of 1~Mcthylcyclohcxrac-1,2-dials (1) and Piaacol in the Grz 
Pb8st.x 

Bulk gas NMe3 1 PCnacol 2 4 

I+760 _ Ei;t 0.04 0.44 0.18 g 1.69 62 1.1 

Dp760 3 & 0.05 0.54 0.16 f 0.37 18 4.3 

q*76O = I,r&u. 0.05 0.47 0.06 g I .90 65 0.3 

Dp760 3 ir&& 0.05 0.53 0.04 f 0.20 8 2.0 

CH4.760 - ti 0.04 0.48 0.20 p 1.79 71 1.1 

CH4.760 3 riL 0.04 0.42 0.04 f 0.16 7 2.5 

CHq.760 - KAn& 0.04 0.42 0.08 p I.53 58 0.5 

CH4+76O 3 K&n%. 0.05 0.45 0.07 f 0.17 9 4.1 

;sb8cge See footnotes of Table 1. 
See footnote of Table II. 

g See footnote of Table III. 
b calculated by correcting the yields of rumngtd products for the concentration ratio of tbe 

competing subnntcs. 

DISCUSSION 
The Gas-Phase Proton&on Reaction 

The gaseous acids used in the present study& D,’ and C,H5+ (n = 131, arc formed in 

known yields from the 7 -radiolysis of the corresponding neutral bulk gas, & Dz4 and 

CH,? respectively, and thermalyzed by a large number of unreactive collisions with the 

parent molecules &fore reacting with the selected substrates 1. Thermal D3+ and C,H,” 

ions may act as Briinsted acids by ~tonating a n-type center (an 0 atom) of the 
substrate. 

Althoug the gas-phase ~~i~jties (GB) of 1 me not yet available from the literature, a 
rough estimate based on the kdown GB’s of their unsubstitutcd anologues6e7 suggests 

that all the substrates, ir;, isomeric 1 as well as pinacol, should have very close AC * 
values for the O-protonation reaction by D,* and CnH5*. Thus, -AC” is estimated to fall 

within 97-98 Kcal mol*t for D,+, 65-67 Kcal mol” for C%+, and 36-37 Kcal mol-t for 

C2% +. These values refers to model compounds with a H atom instead of the CH3 

subs~tucnt on the Cl bearing the OH group. The actual -AC” vahzes might be very close 
to the estimated ones and anyhow well within their uncertainty range, taking into 
account the very close basicity values of 1,2-ethanediol (GB= 19i.7 Kcal mol-t), 
1.2~propane&o1 (GB = 191.6 Kcal mol-t), and 2.3~butanediol (GB = 192.4 Kcal mol-1).7 On 
the tame grounds, it is plausible that the brsicity difference between the two OH 
moieties of each individual 1 -methyl-l ,2-cyclohcxanediol isomer is vaoishingly small. 
Therefore, it is expected that the highly exothermic protonation of 1 by D,+ and C,HS* 

ions wiIl occur indiscriminately on either the OH group at Cl and the OH group at the C2. 
In agreement with the conclusions reached in previous investigatioa on rolated 

compounds,2 pinrcol rearrangement in isomeric 1 is txpccted to occur much faster than 
cyclohcxane ring inversion in the gas phase. Now, according to XR spectra of isomeric I 
taken in apolar aprotic media (Ccl,), the conformers populations of m- and a-1 

coincide with the most stable structures I and II. respectively, wherein an intramolecular 
hydrogen-bond interaction is present.* 
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11 is likely that, in the gas phase, such conformers are even more favored among all 
possible structures, especially the less stable not hydrogen-bonded conformer III for 
w-1. As a consequence, indiscriminate protonation at the almost equally basic OH 
groups of I and II by D,+ or C,H,+ will produce the corresponding 0-protonated 

structurea IH+ and IIH+, characterized by a quasi-symmetric proton-bound (HO****ff***‘OH]+ 
interaction (eqs 2).9 
However, at variance with the data concerning 1 .2-dimethylcyclohexane-1,2-~ols.2 
protonation of I gives significantly lower yields of the rearranged product 2 with respect 
of 11 (set Table I). In view of the similar basicity of I and iI of qs. 2a.b and in analogy 
with the conctusions reached in previous studics,tS2 such yield difference camtot be 
accounted for by a significantly different protonation rates in qs. 2a.b. but rather to 
some protonation-induced parasitic processes. L& rapid successive elimination of two 
water molecules, which seems to be especially pronounced in &US epimers of cyclic 
1.2diols.‘” 

The 

(1) (IH+) 

(2b) 

(11) (IIH') 

Gas-Phase lsomerizotion Process. 
In agreement with the behavio?r of 1.2-dimcthytcyclopentane-1,2-diois’ and 

_ _ 
1,2-dimethylcyclohexane-1 ,2-diols,L no evidence for the intermediacy of a free 
carbenium ion could be found nor cpimerization of the substrates in the presence of 
water was observed. Accordingly. the dehydration and migration steps in IH+ and IIH+ 
cannot be separated kinetically, and any difference among the rearrangement rates of 
the substrates can be traced to their stereochemistry and to the different participatinb 
ability of the migrating groups which are anti-p&planar to the leaving water molu~~le. 
Anti-p&planar CHz-group participation to the $0 loss in IH+ is expected to yield both 

4H+ and SH+ as primary intermediates (eq. 3), whereas, in I@, anti-periplanar H and 
CH, migration leads to 2H+ and 4H+. respectively (eq. 4). In this connection. exclusive 

formation of 2 from both 1 epimers under all experimental conditions (Table I) can be 
hardly accounted for without assuming the possibility of rapid. extensive isomerization 
of 4H+ and !5H+ to 2H+. before neutralization. 
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The data of Table III appear to substantiate rapid conversion of SH + into the 2H + 
structure under aI condltiuns. Concerning the 4H+ + 2H+ is6meriution. the results 
reported in Table II seem to indicad an apprcciab?e energy barrier for this process. 
The possibility that other protonaied rotamers, apart from I* and IIH+, in particular the 
rxiilly OH-protonated conformers IIIH+ of ttanx-1 (eq. 5) where no intramolecular 
hydrogen bonding is present, be operative in the radiolytic systems is ruled out by the 
data reported in Table IV. 
In IIIH+ structures, in fact, relatively fast anti-pcriplanu OH participation is expected to 
take place yielding primarily 3H +.’ which may further rearrange to more stable 
structures. Accordingly, the results of Table IV indicate that structure 3H+ exclusively 
isomerizes to 2H+. at 760 Torr and in the presence of NMe3. However, in the absence of 

added bases, formation of 2H+ is accompanied by minor, but significant amounts of 4H+. 
The fact that the relative yields of 4 are higher in the D, runs with respect to those from 

the CH4 experiments, as well as the observation that they increase under conditions 

favoring isomerization. & in the absence of base and at low pressure (100 Torr), suggest 
that isomcrization of 3H+, conceivably formed from lIIH+ by OH participation, would 
proceed through two essentially independent pathways yielding 2H + and 4H +, 
nspu%.iveIy. Comparatively higher activation barrier is involved in the formation of 4H+ 
with rcmpcct to 2H+ and, in agreement with previous experimental evidence (Table II), 
interconversion between 4H+ and 2H+ is characterized by an appreciable activation 
energy. 

The lack of any detectable amounts of 4 from isomeric 1 under all conditions (Table I) 
excludes the intermediacy of 3H+ and indicates, in agreement with the conclusions of the 
previous section, that the protonatcd rotamers IH+ and IIH+ are essentially the only 
structures formed by protonation by gaseous D3+ and C,Hs + ions of the m- and u-1, 

respeotively. 
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Structures IH+ and IIH+ , .excited by the exothermicity of their formation processes, may 
undergo the isomerization processes 3 and 4, respectively, in competition with collisional 
quenching with the batch gas molecules and neutralization by proton transfer to a 
suitable base. Inspection of Table I. in fact, shows that NMe3 competes with the substrate 

for the gaseous acids and, therefore, decreases the overall product yields. Furthermore, 

NMe3. having a higher GB (217.3 Kcal mo1-‘)6 than that of the substrate(s), can also 

deprotonate the IH+ and IIH+ ions, as well as protonatcd pinacol in the competitive runs, 
and therefore define a time window available to them for the rearrangement. This point 
is particularly evident from the data of Table V. reporting a strong variation of the 
reactivity ratios of both ti- and m-1 with respect to pinacol (k/kp) from the 
competitive runs with or without the added base. From the same Table, it resulta that the 
strong influence of NMe3 on the k/kP ratios is not accompanied by appreciable 

modification of the product distribution, thus indicating that either intermediates 4H+ 
and SH+ arc not involved in cqs. 3 and 4 or, more likely, the second step of sequences 3a, 
3b, and 4a are fast with respect to the collision frequency of the relevant intermediates 
4H+ and 5H+ with the added NMc3 (ca. 2 x lo8 s-‘).~ 

On these grounds, the protonation processes of 1 and pinacol being essentially 
irreversible, the k/kp values of Table V, measured in the absence of bass. simply reflect 
the relative rates of formation of the corresponding protonated substrates. With the USC 

of the relative rate of formation of the protonated forms of the competing substrates. as 
well as of the apparent reactivity ratios k/kp measured in the presence of NMe,, and 

assuming proton transfer efficiency between the protonatcd intermediates and NMe3 

qua1 to unit, it is possible to give an estimate of the overall rearrangement rates of 
+ IIH+ relative to the 

i:t + ~~)/kp, respectively. 
pinacol rearrangement rate, j.,~ (kt + kz)/kp and 

Application of the steady state approximation to the 
corresponding reaction sequences provides a (kt + kz)/kp ratio slightly exceeding the 
value of 11 in both DS and CH, competition experiments, whereas the @‘I + k3)/kp V~UC 

is m 4.9 in D2 and 2.4 in CH4. 

This leads to a (kt + kz)/(k’t + k3) ratio of a 2.2 in D, and a 4.6 in CH4. If allowance is 

made for a very similar CH, participation rate in eqs. 3a and 4a to a leaving water 

molecule from a secondary carbon, I.&. kt = k’~. it results that H migration in IIH+ 

(k3 in eq. 4b) is inherently slower than CH, shift in IH+ (kz in q. 3b) under the same 

experimental conditions. Furthermore, the fact that no detectable amounts of 4 were 
recovered in both the D, and, especially, the CH, runs with d- and m-1 would 

suggest that, at least in the CH, experiments, the rates of the corresponding channels, I,&, 

k’t and kt, are much lower than those of the competing paths, & k3 and kz. In this 
view, it results that, in CH,, kz > k3 > kp ) kt = k’l. 

In the D, experiments, where a comparatively large excitation energy is maintained in 

the protonation intermediates. this qualitative order can be slightly modified with the kl 
and k’l becoming comparable to kp. In general, it can be concluded that anti-pcriplanar 
participating group effect to a leaving water molecule in pinacol-type rearrangement 
increases in the gas phase in the order: CH3 ( H < CH,. In addition, the migratory aptitude 



Gas-phase pinacol rurraagemcot 4855 

of the CI$ group depends essentially on the nature of the accepting C-O%+ moiety. Thus. 

in going from a secondary to a tertiary carbon in C-O%+, the participating ability of q 

may increase of several orders of magnitude. 

CONCLUSIONS 
The course of the gas-phase acid-induced pinacol rearrangement of isomcric 

1 -methyl- 1,2-cyclohcxanediols 1 was followed by the radiolytic method at various 
internal energies of the protonated starting substrates, both by varying the nature of the 
acid catalyst and the pressure of the radiolytic gaseous mixture. 

Rotonation of a-1 provides essentially structure IIH+ completely rearranging to 
protonated 2-methyl-cyclohexanone 2H+. The same product is formed from IH+ obtained 
by protonation of m-1, a process which however is accompanied by secondary 
parasitic processes. Addition of a powerful base, such as NMe,, to the radiolytic mixtures 

realized the experimental conditions suited to exploit the neutralization of the 
intermediates after a given reaction time and, therefore, allowed us to compare the 
stereochemical requirements of the pinacol rearrangement in isomeric 1 in the absence 
of strong solvation interactions. Thereby, it was possible to establish a relative migrating 
ability order of the CH,, C)5, and H groups, as well as of the same group, i,& CI$. when 

migrating to a vicinal secondary or tertiary carhop atom. 
The observed trend: kz > k3 > kp ) kl = k’l, shows that anti-p&planar H participation is 

the major rearrangement process in IIH+ (kj), which occurs approximately twice as fast 
as CH, migration in pinacol; it is, however, comparatively slow (over five times slower) 

with respect to the CH2 shift to the tertiary C-O%+ moiety, representing the predominant 

rearrangement pathway in IH+. In both IH+ and IIH+, ring contraction via C% migration 

to the secondary C-OH*+ moiety represent only a very minor, comparatively very Slow, 

isomerization channel. The more pronounced propensity of a tertiary C-OH,+ center .with 

respect to a secondary one to undergo vicinal CH2-group participation implies that a large 

fraction of positive charge is located on the carbon atom in the relevant transition state. 

This suggests that the C-OH,+ bond is essentially broken, when the interaction between 

the C atom and the neighbouring participating group bucomes operative. In this 
connection, the observation that the analogous CH2-group interaction with a secondary 

C-OH*+ center involves a much higher activation barrier spells against any significant 

anchimcric assistance in this type of neighbouring group participation reactions. 
The enhancement of the role of intramolecular factors on the reaction mechanism in the 
dilute gas state is stressed by a comparison with solution results, In 2M HClO, at 60 ‘C, 

24% of u-1 is converted essentially in 2 (go%) and 3 (20%) after 20 h, whereas 
predominantly 2 (97%) is formed from a-1 (absolute yielg: 30%) together with traces of 
3 (3%). Here, the solvent plays a dominating mechanistic role allowing a comparatively 
very fast chair-to-chair ring inversion in protonated ~-1 to IIlH+, with undergoes a 
rapid OH participation to water loss yielding 3H+. This, in turn, isomerizes farther. but 
not completely, to 2H+. In protonated d-1. such participation channel is prevented by 
unfavorable steric rcquiremtnts, as shown by the very minor yields of 3 (3%). As a 
consequence, a very effective, in protic polar solvents, 1.2 H-shift’ ’ takes place in 
protonated h-1 to yield directly 2H+ in large amounts. 

In conclusion, the results of the present work show once more how the interactions 
with the medium may affect mechanism, and unckriine the potential of high-pressure 
gas-phase kinetic approaches as a tool for investigating longastanding solution chemistry 
problems, including pinacolic rearrangement mechanism, where solvation phenomena 
determine the evolution of the reaction intermediates involved. 
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EXPERIMENTAL SECTION 

P- 
Dcuterium, methnc, oxyp. and trimtthylamine were high-purity gases from Matheson 

.1 used without further purification. ~1111.I-Methyl-1.2.cyclohexanediol (m-1) and 
2-mcthylcyclohcxanonc (2) wcrc chcmicaln from Aldrich and Ruka AC. rcrpcctivcly. A ramplc of 
I-methyl-1.2.cpoxycyclohcxanc(3) was kindly provided by Prof. P.Crotti. -Unive&ty of Piss (b:p. 
140-142”C).12 h-l-Methyl-l,2-cyclohexancdiol (a-1) was synthesized from l-mctbylcyclobexcnc 
(Fluka AG) and osmium tetroxidc,13 the product was purified by three successive crystallisationa 
from ethyl acetate (m 66-67”(I). Methyl cyclopentyl ketone (4) was prepared by tlm retbod of 
Witkop and -9.4 Patric. (b.p.100 95OC; 2.4.dinitrophenylhydrazoac . 127’C). ’ ’ 
I-Methyl-1-cyclopcntanecarboxaldehyde (5) was obtained b 
1-acylaxiridinc (from I-methyl-1-cyclopcntanccarboxylic acid Ir 

the rcductios :fptb corresponding 
14 

aluminum hydride following the general procedure of Browa 
via acid cblotrigc (b 5 zlh31R;$~ 

and Tsukamoto 
semicarbaxone m.p. 168’C). l9 All the substrates and products were checked by dL’c and NMR 
spcctromctry. The samples used in the radiolytic expcrimeats were assayed by GLC oa tba same 
columns aubaqucntly employed for the analysis of the products, and. whca required. purified by 
preparative GLC. 

ic s The gawous samples were prepared using a grcaselcss vacuum lirc and 
enclosed in carefully evacuated and outgassed SO&mL Pyrex bulbs, each quipped with a bnak-seal 
tip._ The irradiations we-m carried out at 37“C in a 220 Gammacell (Nuclear Caaada Ltd.), to a dose of 2 x 

lo4 Gy at a rate of JO4 Gy h-‘, as determined by a neopentane dosimcter. The radiolytic products wem 
l nalyxcd by GLC. usinn HP 573OA cromalorranh from Hewlett-Packard. cauinncd with a FID detector 
on &her a. 8 ft x 0.25 ;n glass column packed with 5% FFAP on Chromoaorb i;’ AW-DMCS 8Q-100 mcsb 
operated at 60.210°C (8°C mm-l), or a 50-m long. 0.25 mm. i.d. Carbowax 20M ULTRA ‘pcrforinance 
capillary column, operated at 80-2OO’C (4.C mitt-l). The. identity of the producta was cataWiakd by 
comparison of their retention volumes witJr those of authentic samples and was for&r cn&irmcd by 
GLC/MS. using a Hewlett-Packard 5982A auadrunolc mass socctrometcr. The yields of tbe ~mducu 
we& deduced- from the areas of the corresponding clutioh peaks, using -the internal standard 
calibration method. 
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