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Rz = H ) ,  112-44-7; R'R2C=0 (R1 = PhCH=CH; Rz = H),  14371- 
10-9; R'R'C=O (R',R2 = C-CSHio), 108-94-1; R1R2C=0 (R' = CH,; 
R* = MezC=CH(C,HZ)z), 110-93-0; R'R2C=0 (R' = c-CsH11; R2 = 
H ) ,  2043-61-0; R1R2C=0 (R' = i-Pr; R2 = H ) ,  78-84-2; R1R2C=0 
(R1 = t-Bu; R2 = H), 630-19-3; trichlorovinylsilane, 75-94-5; a-bro- 
movinyltrichlorosilane, 18038-34-1; acetic anhydride, 108-24-7; tri- 
fluoroacetic anhydride, 407-25-0; SOC12,7719-09-7. 
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Dimethy l  polyethylene glycol solubilizes potassium permanganate in benzene or  methylene chloride and can 
thus be used as a phase transfer agent for permanganate oxidations. If benzene is used as the solvent, d imethy l  
polyethylene glycol w i l l  n o t  eff iciently extract potassium permanganate f rom a n  aqueous solution, but it w i l l  solubi- 
l ize the sol id reagent. When methylene chloride is used as the  solvent, potassium permanganate may be transferred 
f rom either an aqueous solut ion or f rom the sol id phase. T h e  products obtained f r o m  the oxidation o f  terminal  a lk-  
enes were found t o  be the  corresponding carboxylic acids w i t h  one less carbon, while nonterminal  alkenes gave 
diones, diols, and ketols as wel l  as carboxylic acids. T h e  d is t r ibut ion o f  products m a y  be control led through selec- 
t ion  o f  the appropriate conditions. A comparison has been made w i t h  the use of a quaternary ammonium ion, a 
crown ether, and acyclic polyethers as phase transfer agents for  the oxidation of alkenes b y  permanganate. 

Historically the use of permanganate ion as an oxidant 
for hydrocarbons has been limited because of its low solubility 
in most nonpolar solvents.lb However, the observation that  
potassium permanganate could be extracted from water into 
benzene by use of phase transfer agents substantially in- 
creased the potential usefulness of this reagent. The first 
phase transfer agent used was tricaprylmethylammonium 
chloride.2 Since that  time other ammonium3" and arsonium6 
salts have been used with varying degrees of success. In 1967 
Pedersen7 reported that  crown ethers could also be used to  
solubilize potassium permanganate in benzene, and Sam and 
SimmonsE later observed that  excellent yields could be ob- 
tained from the oxidation of organic compounds in these so- 
lutions. This method, although highly efficient, has not been 
widely applied, probably because of the rather high cost of 
crown ethers. 

The work described in this report was originally designed 
to compare, under identical conditions, the usefulness of 
crown ethers and quaternary ammonium salts as phase 

transfer agents for permanganate oxidations. However, during 
the course of the study we were informed of work from 
Lehmkuhl's laboratory which indicated tha t  dimethyl poly- 
ethylene glycols could also be used as phase transfer agents 
for potassium ~e rmangana te .~  Consequently the scope of the 
study was enlarged to  evaluate the usefulness of dimethyl 
polyethylene glycol in relationship to  a typical quaternary 
ammonium ion phase transfer agent (Adogen 464) and a 
typical crown ether (dicyclohexano-18-crown-6) for the oxi- 
dation of alkenes. 

The linear phase transfer agents (which Lehmkuhl called 
"Schleifenathers",lO but which are also known as "glymes"ll) 
consisted of a mixture of dimethyl polyethylene glycols with 
dimethyl octaethylene glycol as the principal component.12 
Previous work had shown that  polyethers formed complexes 
with various cations,13 and Lehmkuhl e t  al. have used them 
effectively as phase transfer agents for nucleophilic substi- 
tution r e a ~ t i 0 n s . l ~  

In more recent studies (where these and other complexing 
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Figure 1. 

agents have been referred to as “hosts”), Cram and his co- 
workers have compared the complexing abilities of crown 
ethers and the corresponding noncyclic compounds.15 In 
general, they found tha t  preorganization into a crown in- 
creases the amount of complex present, but nonconverging 
systems are alsc induced to form ordered arrangements of 
binding sites in the presence of cations. This leads to the for- 
mation of complexes, albeit with somewhat lower binding 
energies. 

Results and  Discussions 
The phase transfer equilibria involved in the reactions 

under consideration may be visualized as in Figure 1. Of the 
products depicted only 2 has been isolated and characterized.s 
I t  is possible that 3 has a greater complexity than indicated. 
For example, models show that it is possible for the oxygens 
to arrange themselves about the central ion in a nonplanar 
fashion. Furthermore, Rush and TruterI6 have shown tha t  a 
crown ether coxaining ten oxygens wraps itself around the 
potassium ion in a pattern similar to the seam of a baseball. 

Initial experiments indicated quite clearly, however, that  
this acyclic polyether could not be used to extract aqueous 
potassium permanganate into a nonpolar solvent such as 
benzene. Instead of bringing the permanganate ion into so- 
lution in the nonaqueous phase, it appears that the polyether 
moved into the aqueous phase and slowly reduced the oxidant. 
To overcome this problem we have used a modification of the 
procedure described by Sam and Simmons7 wherein solid 
potassium permmganaze is brought into solution directly 
without first dissolving it in water. When dimethyl polyeth- 
ylene glycol is added to an organic solvent along with pul- 
verized potassium permanganate, a transfer from the solid to 
the liquid phase takes place, and any alkene present is oxi- 
dized. This prov des for a very simple procedure that gives 
products in good yields and high purity. 

I t  is apparent that the oxygens in 3 would be more exposed 
than those in 2, a i d  this may explain why 3 cannot be used to 
transfer permanganate from an aqueous phase into benzene. 
The available oxygens would be hydrophilic, and thus the 
complex would be more soluble in the aqueous solution. 

The fact tha t  the dimethyl polyethylene glycol complex is 

Table I. Oxidation of 1-Decenea 

Phase transfer 
Solvent system agent Products (%) 

Benzene plus Polyether Nonanoic acid (80) 
10% acetic acid 

Benzene plus Crown ether‘ Nonanoic acid (801, 
10% acetic acid octanoic acid (5) 

Benzene plus Adogen 464 Xonanoic acid (go), 
10% acetic acid octanoic acid (4) 

Benzene/ Adogen 464 Nonanoic acid (go), 
water plus octanoic acid (5) 
8% acetic acid 

Benzene1 Polyetherb Nonanoic acid (lo), 
water 1-decene (90) 

Methylene Polyether Nonanoic acid (95) 
chloride/ 
water plus 
8% acetic acid 

a The reactions were conducted at room temperature using 4 
Dimethyl mol of potassium permanganate per mole of alkene. 

polyethylene glycol. Dicyclohexano-18-crown-6. 

more soluble in water than in benzene can be used to advan- 
tage during the purification of products. If the benzene solu- 
tion is extracted with water, all but traces of the phase transfer 
agent are removed, making it easier to distill or crystallize the 
product. In fact, a reasonably pure product is often obtained 
simply by flash evaporation of the solvent, whereas use of 
quaternary ammonium salts or crown ethers always gives 
initial products contaminated by the phase transfer agent. 

However, if a more polar organic solvent such as methylene 
chloride is used along with dimethyl polyethylene glycol, po- 
tassium permanganate may be extracted from an aqueous 
solution. Although use of this medium gives an initial product 
contaminated by the phase transfer agent, it is a superior 
solvent in almost every other way. I t  is more volatile (and thus 
more easily removed), less expensive, and more resistant to 
oxidative degradations. Foglia et  aL5 also found tha t  meth- 
ylene chloride was a better solvent than benzene when used 
in conjunction with aqueous permanganate and a phase 
transfer agent. 

The products obtained from the oxidation of three different 
alkenes have been compared in Tables 1-111. I t  can be seen 
that the yields obtained by the use of dimethyl polyethylene 
glycol compare well with those produced using other phase 
transfer catalysts. In fact, the highest yield of nonanoic acid 
was obtained from the oxidation of 1-decene in methylene 
chloride using dimethyl polyethylene glycol in conjunction 
with aqueous permanganate (Table I). The same procedure 
also gave the highest yield of 5,6-decanedione from the oxi- 
dation of trans-5-decene (Table 11) and a very good yield of 
dodecanedioic acid from the oxidative cleavage of cyclodo- 
decene (Table 111). On the other hand, we were not able to 
obtain any diol from the oxidation of trans-5-decene using 
dimethyl polyethylene glycol in conjunction with alkaline 
aqueous permanganate (Table 111, whereas the other phase 
transfer agents gave diols in about 20% yields. Other alkenes 
have been reported to give diols in yields of 50-80% when this 
procedure was used with quaternary ammonium salts or crown 
ethers.33j 

The formation of diones during the oxidation of nonter- 
minal alkenes (Tables I1 and 111) is of interest because they 
have not previously been reported as products from aqueous 
permanganate oxidations.lb The only report of the production 
of diones in substantial quantities was made by Sharpless et  
aI.l7 in 1971. They found tha t  diones were formed when non- 
terminal alkenes were oxidized by potassium permanganate 
in acetic anhydride solutions. We have also noted the forma- 
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Table 11. Oxidation of trans-5-Decenen 

Phase transfer 
Solvent system agent Products (%) 

Benzene plus Polyetherb Valeric acid (69), 

Benzene plus Adogen 464 Valeric acid (59), 

Benzene plus Crown etherC Valeric acid (44), 

Methylene Polyetherb Valeric acid (45), 

15% acetic acid 5,6-decanedione (28) 

15% acetic acid 5,6-decanedione (20) 

15% acetic acid 5,6-decanedione (36) 

chloride/ 5,6-decanedione (53) 
water plus 8%' 
acetic acid 

chloride/ 5,6-decanedione (7), 
aqueous sodium 5-hydroxy-6-decanone 
hydroxide (ll), 5-decene (20) 

chloride/ 5,6-decanedione (2), 
aqueous sodium 5- hydroxy-6-decanone 
hydroxide (30), 5,6-decanediol 

Methylene Polyetherb Valeric acid (43), 

Methylene Crown etherC Valeric acid (3), 

(19), 5-decene (10) 
Methylene Adogen 464 Valeric acid (26), 

chloride/ 5- hydroxy-6-decanone 
aqueous sodium ( l l ) ,  5,6-decanediol 
hydroxide (20), 5-decene (14) 

The reactions were conducted a t  room temperature using 3 
mol of oxidant per mole of alkene. Dimethyl polyethylene glycol. 
Dicyclohexano-18-crown-6. 

tion of diones where acetone is used as a solvent1* and have 
therefore come to  the conclusion that their formation is pro- 
moted by the use of nonaqueous solvents. In  the presence of 
water a reaction intermediate, such as a ketol, is apparently 
intercepted and converted into one of the  products more 
commonly found in aqueous permanganate oxidations. 

Mechanistic studies of the oxidation of alkenes in aqueous 
solutions have indicated that ketols are formed by the reaction 
sequence depicted in Scheme I.lbJ9 In the absence of water 
the hydrolysis of 5 would be prevented, and i t  could quite 
conceivably undergo further reaction with oxidant to give the 
dione as suggested in Scheme 11. The  oxidation of 5 has been 
depicted as a hydrogen atom abstraction process in analogy 
with the oxidation of alcohols,lb although a hydride transfer 
would also result in dione formation. 

It has been rioted by Krapcho e t  a1.20 that the addition of 

Scheme I 
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Table 111. Oxidation of Cyclododecene 

Oxidant Phase transfer 
Solvent svstem ration aeent Products (%) 

Benzene plus 
17% acetic 
acid 

Benzene plus 
17% acetic 
acid 

Benzene plus 
17% acetic 
acid 

Methylene 
chloride 
plus 17% 
acetic acid 

Methylene 
chloride 
plus 17% 
acetic acid 

Methylene 
chloride 
plus 17% 
acetic acid 

Methylene 
chloride 
plus 17% 
acetic acid 

Methylene 
chloride 
plus 17% 
acetic acid 

Methylene 
chloride 
plus 7% 
acid 

Methylene 
chloride/ 
water plus 
10% acetic 
acid 

Methylene 
chloride/ 
water plus 
10% acetic 
acid 

Methylene 
chloride/ 
aqueous 
NaOH 

3.3 PolyetherC 

3.3 Crown etherd 

3.3 Adogen 464 

3.3 Polyether 

3.3 Crown ether 

3.3 Adogen 464 

2.2 Adogen 464 

1.6 Adogen 464 

2.2 Adogen 464 

2.2 Adogen 464 

2.2 PolyetherC 

1.0 Benzyltri- 
ethylam- 
monium 
chloride 

1,2-Cyclododecane- 
dione (16), 
dodecanedioic 
acid (59), cyclo- 
dodecene (23) 

1,2-Cyclododecane- 
dione (22), 
dodecanedioic 
acid (56), cyclo- 
dodecene (12) 

1,2-Cyclododecane- 
dione (8), 
dodecanedioic 
acid (58), 
cyclododecene (9) 

1,2-Cyclododecane- 
dione (S), 
dodecanedioic 
acid (771, 
cyclododecene (1) 

1,2-Cyclododecane- 
dione (71, 
dodecanedioic 
acid (83), 
cyclododecene (3) 

1,2-Cyclododecane- 
dione (7), 
dodecanedioic 
acid (83), 
cyclododecene (2) 

1,2-Cyclododecane- 
dione (18), 
dodecanedioic 
acid (63), 
P-hydroxycyclo- 
dodecanone (6), 
cyclododecene (6) 

1,2-Cyclododecane- 
dione (14), 
dodecanedioic 
acid (401, 2- 
hydrox- 
ycyclododecan- 
one (6), cyclodo- 
decene (23) 

1,2-Cyclododecane- 
dione (19), 
dodecanedioic 
acid (27), 2- 
hydrox- 
ycyclododecane 
(7), cyclodo- 
decene (23) 

1,2-Cyclododecane- 
dione (69), 
dodecanedioic 
acid (13), 
2-hydroxycyclo- 
dodecane (3), cy- 
clododecene (9) 

1,2-Cyclododecane- 
dione (16), 
dodecanedioic 
acid (82) 

1,2-Cyclododecane- 
diol (50) 

Number of moles of potassium permanganate per mole of 
alkene. Reference 3. Dimethyl polyethylene glycol. Dicy- 
clohexano-18-crown-6. 
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Scheme I1 
R R 
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acetic acid prevents formation of overoxidation products when 
terminal alkenes are cleaved by permanganate ion. For ex- 
ample, they hsve reported that the oxidation of 1-octene by 
permanganate ion in a two-phase water/pentane system 
containing a phase transfer catalyst gives about 10% hexanoic 
acid in addition to the major product, heptanoic acid. Addition 
of a few milliliters o.t acetic acid decreased the amount of 
hexanoic acid formed and increased the yield of heptanoic 
acid. 

The reduction of permanganate produces hydroxide ions 
which, in the absence of acetic acid, probably promote the 
overoxidation reaction in some way. The production of hy- 
droxide ion when powdered potassium permanganate is used 
in a nonaqueous system also interferes with the progress of 
the reaction because t.he reduction product becomes a sticky 
gelatinous mass of manganese( IV) hydroxide that is difficult 
to filter and which may occlude considerable quantities of 
permanganate ion as it precipitates. This often brings the 
reaction to  a premature termination with a great deal of un- 
reacted starting material remaining. We have found that the 
addition of sufficient acetic acid to  neutralize the hydroxide 
ions formed alleviates this problem and thus promotes a more 
complete reaciion. 

The  use of solid potassium permanganate results in the 
formation of a brown precipitate consisting mainly of man- 
ganese dioxide. However, it can easily be demonstrated that 
this precipitate is also an  oxidant; addition of concentrated 
hydrochloric acid releases copious quantities of chlorine, and 
unreacted alkene is converted to the corresponding vicinal 
dichloride. A t  least part  of this residual oxidant is likely 
manganate ion (Mn0,12-) which, because i t  is a dianion, can- 
not be easily solubilized by phase transfer agents. Because of 
this it is often preferable to  use aqueous permanganate as the 
source of oxidant. The precipitated manganate ion then dis- 
solves in the water and disproportionates to  permanganate 
and manganesa dioxide.lb 

Experimental Section 
Materials. Dimethyl polyethylene glycol was obtained as a 

mixture consisting of 1.5% dimethyl tetraethylene glycol, 9.0% di- 
methyl pentaetb.ylene glycol, 12.5% dimethyl hexaethylene glycol, 
15.9% dimethyl heptaethylene glycol, 16.4% dimethyl octaethylene 
glycol, 14.5% dimethyl nonaethylene glycol, 10.3% dimethyl de- 
caethylene glycol, 5.8% dimethyl undecaethylene glycol, 2.8% dimethyl 
dodecaethylene glycol, 1.2% dimethyl tridecaethylene glycol, and 0.6% 
dimethyl tetradecaethylene glycol.12 Adogen 464, a methyltrialk- 
yl(C8-Clo)ammonium chloride, was obtained from Ashland Chemi- 
cals. Dicyclohexano-18-crown-6 was obtained from the Aldrich 
Chemical Co. Cyclododecene was purified by a bromination-de- 
bromination procedurez1 as follows. Commercially available cyclo- 
dodecene (180 g! 1.08 mol) was dissolved in 200 mL of methylene 
chloride and placed in a 500-mL, three-necked, round-bottomed flask. 
The solution was stirred magnetically and bromine (170 g, 1.06 mol) 
was added dropwise until the color of the solution remained orange. 
The solution was warmed and stirred for a further 30 min, the solvent 
was removed by rotary evaporation, and the residue was distilled 
under vacuum [170 "C (1.5 mm)] to give 280 g (0.86 mol) of 1,2-di- 
bromocyclododecane. The dibromide was dissolved in ether (150 mL) 
and acetic acid (1 5 mL) and stirred vigorously while two 10-g portions 

of zinc dust were added. At this point the solution began to boil and 
an ice bath was raised into place during the addition of the remaining 
zinc (40 g). Water (50 mL) was added when the temperature of the 
solution began to drop, and the two layers were separated. The organic 
layer was washed with 2 X 100 mL of 10% HCl to remove zinc oxide 
and bromine and then by 2 X 100 mL of water. The solution was dried 
over anhydrous magnesium sulfate, concentrated on a flash evapo- 
rator, and distilled under vacuum [86-88 "C (4.5 mm)] to  give 102 g 
(0.61 mol, 57%) of cyclododecane. Analysis of the product by GLC 
indicated it to be 60% trans and 40% cis. 1-Decene and trans-5- 
decene were obtained commercially (Aldrich) and used without 
further purification. 

General Oxidation Procedures. A. Alkene (0.054 mol) was dis- 
solved in 130 mL of solvent (methylene chloride or benzene) and 25 
mL of acetic acid in a 500-mL, three-necked, round-bottomed flask 
equipped with a mechanical stirrer. About 3 g of phase transfer agent 
(Adogen 464, dicyclohexano-18-crown-6, or dimethyl polyethylene 
glycol) dissolved in 20 mL of svlvent was added, followed by powdered 
potassium permanganate (0.177 mol) in small portions during a period 
of 2 h. An ice bath was used to maintain the temperature below 30 "C. 
The mixture was then stirred vigorously overnight, cooled, and treated 
with 100 mL of water and 5 g of sodium bisulfite to reduce any excess 
oxidant. After 20 min the solution was acidified (concentrated HC1) 
and the manganese dioxide was reduced by addition, in small portions, 
of the required amount of sodium bisulfite. Any solid carboxylic acids 
which precipitated were collected by filtration, and the nonaqueous 
layer was separated. The aqueous layer was saturated with sodium 
chloride and extracted with 2 X 50 mL of ether. The combined organic 
layers were extracted with 2 X 100 mL of 5% of sodium hydroxide 
solution to remove any additional carboxylic acids, dried over anhy- 
drous magnesium sulfate, and concentrated by rotary evaporation. 
The resulting yellow oil could then be analyzed directly by GLC (when 
benzene and dimethyl polyethylene glycol had been used as solvent 
and phase transfer agent) or distilled under vacuum and then ana- 
lyzed. 

The precipitated carboxylic acids were dissolved in a 5% sodium 
hydroxide solution and combined with the basic solutions from pre- 
vious extractions. The solution was filtered to remove any residual 
manganese dioxide, acidified with concentrated hydrochloric acid, 
and extracted with 2 X 250 mL of ether. This solution was dried over 
magnesium sulfate and evaporated to give purified carboxylic acids. 
The yields obtained under various conditions are given in Tables 
1-111. 

B. Alkene (0.054 mol) was dissolved in a mixture of methylene 
chloride (130 mL), acetic acid (25 mL), and water (100 mL) in a 
500-mL, three-necked, round-bottomed flask equipped with a me- 
chanical stirrer. About 3.5 g of phase transfer agent (Adogen 464 or 
dimethyl polyethylene glycol) dissolved in 20 mL of methylene 
chloride was added. The mixture was cooled in an ice bath and pow- 
dered potassium permanganate (0.177 mol) was added in small por- 
tions over a 1-h period. The mixture was stirred vigorously for another 
6 h, cooled, and treated with 5 g of sodium bisulfite to reduce any 
excess oxidant. After 20 min the solution was acidified (concentrated 
HCl) and the manganese dioxide reduced by addition, in small por- 
tions, of the required amount of sodium bisulfite. The products were 
then isolated as described above. 
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Heax of methylation and vaporization have been determined for the following isomer pairs: N,N-dimethylben- 
zamide (1)-N-methyl-0-methylbenzimidate (2); N,N-dimethylacetamide (3)-N-methyl-O-methylacetimidate 
(4);  and N,N-dimethylthiobenzamide (5)-N-methyl-S-methylthiobenzimidate (6). These enthalpies are used to 
calculate liquid- and gas-phase enthalpy differences for the isomer pairs: [ A H O i ,  AHo, (kcal/mol)] -17.8 f 1.8, 
-16.6 k 3.2, 1-2; -17.0 f 1.5, -16.3 f 2.5, 3-4; -4.5 f 0.7, -2.7 f 2.4, 5-6. These values are used, in conjunction 
with earlier studies, to suggest that the gas-phase enthalpy difference between an unstrained dialkylamide and the 
corresponding dialkylimidate will be 15 f 3 kcal/mol, and the enthalpy difference between a dialkylthioamide and 
the corresponding dialkylthioimidate will be 2 f 3 kcal/mol in favor of the amides. The enthalpy difference between 
an unstrained amide and its corresponding imidic acid isomer is estimated as 8 f 3 kcal/mol in the vapor. 

Gas-phase energy differences provide readily available 
fundamental data about chemical binding energies. This in- 
formation can be useful in establishing relative chemical bond 
strengths and in testing energy piedictions of current theory. 
Corresponding condensed-phase energy differences are im- 
portant in understanding the effects of association and/or 
environment on molecular energies and in providing infor- 
mation about the prospective driving forces for chemical re- 
a c t i o n ~ . ~ - ~  

Our continuing studies of energy differences between alk- 
ylmeric and protomeric isomers have been most extensive for 
amide-imidic acid derivatives. We now report that  the gas- 
and liquid-phase enthalpy differences between the N,N- 
dimethylamide-AV-methyl-O-methylimidate and N,N-di- 
methylthioamide-N-methyl-0-methylthioimidate functions 
are unaffected by alkyl or aromatic substitution. This relative 
insensitivity to  intramolecular environment, in conjunction 
with earlier data, suggests that parent systems provide useful 
guides to energy *differences of alkylmeric isomers. This data 
also may be used to  provide an estimate of the energy differ- 
ence between pal-ent amide-imidic acid systems. 

Results 
Heats of methylation and heats of vaporization were de- 

termined for the isomer pairs N,N-dimethylbenzamide 
(1)-N-methyl-0-methylbenzimidate (2) ,  N,N-dimethyl- 
acetamide (3)-~V-methyl-O-methylacetimidate (4), and 
N,N-dimethylthiobenzamide (5)-N-methyl-S-methylthio- 
benzimidate (6) (Table I). The differences in the heats of 
methylation give the differences in liquid-phase enthalpies 
for the isomer pairs (AH'1, Table II).5 Inclusion of the dif- 
ferences in the heats of vaporization in a standard thermo- 
dynamic cycle gikes the differences in the gas-phase enthalpies 
(AH',, Table 11). In theee cases, the differences in the heats 
of vaporization of each isomer and the resulting correction for 
the differential molecular environment in the condensed and 
vapor phases are not large. Apparently the intermolecular 

forces in these liquids, unlike those in previous cases, are 
comparable for each isomer of the pair.2,6 

Y 

CH3 
1,  R = C,H,; Y = 0 
3, R = CH,; Y = 0 
5 ,  R = C,H,; Y = S 

Y CHe y/cH3 

CH, 

2, R = C,H,; Y = 0 
4,  R = CH,; Y = 0 
6,  R = C,H,; Y = S MI = A H ,  - AH, 

Table I. Enthalpies of Methylation and/or Vaporization 
for Methyltropic Isomers 1-6 (kcal/mol) 

Compd -'metha AH',,pb 

16.6 f 1.2 14.8 f 0.7 1 
2 34.4 f 0.6 13.6 & 0.7d 

16.1 f 0.7 10.9 f 0.5n 3 
4 33.1 f 0.8 10.2 f 0.5 

17.6 f 0.9 5 26.1 f 0.2 

6 36.6 f 0.3 15.8 f 0.8 
6.0 f 0.2' 

a The estimated error is 5% (see ref 1 for discussion) for 3 runs 
The error is the standard deviation. The heat of in each case. 

fusion. In kcal/mL. 
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