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Table I 

h o n e  No. product5 No. Yield:% 

CH, 

2 98 

h 

3 qoa 4 99 8" 

9 & 10 95 

5 0"" 0 95 CYo C H g y O  , C H z q O H  

83 
CH, CHa 

0 b HO 

a This product was identical with an authentic sample. * Iso- 
lated yields of glc pure materials. 

In those cases where conjugate enone reduction is suc- 
cessful, we have also been able to use the intermediate eno- 
late in a second, alkylation, ~ t e p . ~ . ~  For example, when car- 
vone is treated with 1 mol equiv of K-SelectrideTM fol- 
lowed by 1.3 equiv of methyl iodide, a 98% yield of 1- 
methyl-1,6-dihydrocarvone (1 1) can be realized.5 A similar 

1- w x .. 
41 

experiment using cyclohexenone and 1.5 equiv of allyl bro- 
mide leads to a mixture of 2-allylcyclohexanone (55%), cy- 
clohexanone (E%), and some dialkylated ketone (30%) in 
high yield.9 The nature of the intermediate species, wheth- 
er a simple potassium enolate or a borate such as 12, re- 
mains uncertain. If shown to be the former, this method 

5 . s  O p e - ( s e c - h t y l ) ,  K+ 

12 

would afford a facile and convenient access to reactive po- 
tassium enolates in unhindered systems. Work is being 
continued in an effort to learn whether other unsaturated 
moieties, particularly esters and nitriles, can also experi- 
ence 1,4 reduction, reductive alkylation, and perhaps even 
intramolecular reductive cyclization. A typical experimen- 
tal procedure follows. 

To a dry THF solution (5 ml) of carvone (0.366 g, 2.44 mmol) 
under nitrogen ai. -78' was added 1 equiv of K-SelectrideTM (0.5 
M solution, 4.9 ml). After the mixture was stirred for 1 hr a t  -78', 
methyl iodide (1.3 equiv, .20 ml) was injected and the low tempera- 
ture bath removed. The contents of the flask were brought to  0' 
for 10 min, by which time a white precipitate had appeared. Addi- 
tion of 10% NaOH solution (7 ml) and 30% HzOz (5 ml) sufficed to 
oxidize the trialkylborane by-product after stirring for 3 hr a t  
room temperature. Excess peroxide was destroyed with sodium bi- 
sulfite and three hexane extractions afforded 0.400 g (98%) of l l  as 
a water-white 1iquid.lO 
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Methylation of Prototropic Ambident Nucleophiles. 
The Proton as a Formal Directing Group 

Summary: The fact that six different prototropic ambident 
nucleophiles react with methylfluorosulfonate and aqueous 
base to give, in high yields, the product resulting from 
methylation a t  the heteroatom which does not bear the 
proton in the major tautomer is taken to suggest a general 
regiospecific synthesis of potential synthetic value. 

Sir: The mobility of an active hydrogen generally pre- 
cludes its actually functioning as a blocking or directing 
group in the traditional sense. Nonetheless, the efficient al- 
kylative conversion of monosubstituted amides to imid- 
atesl provides one of a number of precedents2 which 
suggest, that under some conditions, the proton of a proto- 
tropic ambident nucleophile can formally direct alkylation 
away from its bonding site in the major tautomer. We wish 
to draw attention to the synthetic value of this prospect 
with the report that it applied to the reactions of at  least 
six such nucleophiles with methylfluorosulfonate. Com- 
ment is also made on the mechanistic considerations which 
underlie such specificity. 

The formation of 2-methoxy-6-methyl-4-pyrone (2) from 
4-hydroxy-6-methyl-2-pyrone (1) has been reported after 
separation of isomers produced by reaction of 1 with diazo- 
methane3 or by multiple steps involving the trimethylsilyl 
blocking group4 in <20% yields. Treatment of 1 with meth- 
ylfluorosulfonate5 followed by removal of excess methylat- 
ing agent under reduced pressure and treatment of the re- 
sulting solid with 10% aqueous sodium hydroxide gives 2 in 
90% yield. Similar reactions of 3-7 give 8-12,1a,f,2a,b in 
quantitative yields. In each case these products are the for- 
mal result of methylation a t  the heteroatom which does not 
bear the proton in the major tautomer. This sequence ap- 
pears to be superior to alternative methods of preparation 
of these compounda.l-6 
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OH 0 

& X = O  2,x=o 
3, X = NCH, 8, X = NCH, 

I 
Y 

9, X = NH, Y = CH, 
5, X = S , Y  = H 

4, X = NH2 
10, X = SCH, 

X 
II 

XCH, 
I 

C,H&ZH -+ c,H,~=z 
6,X = 0 , Y  = NCH, 
7, X =  S, Y =NCH, 

11 X = 0, Y = NCH, 
12, X = S, Y = NCH, 

A scheme which accounts for these results has fast equil- 
ibration of the protomers with the ratio of products being 
determined by kinetically controlled methylation6 in ac- 
cord with the Curtin-Hammett principle.s Since the transi- 

X=Y-Z-H H-X-Y=Z 

CH30,SFI p W $ F  

[CH,-X=Y-=Z--H]+-O,SF [H-X=Y=Z-CH3]+-03SF 
!base 

X=Y-Z--CH, 
Ih 

CH,-X-Y=Z 

tion state energy differences are in the same direction as 
the ground-state energy differences399JO and the initial ki- 
netic products are stable and can be deprotonated in the 
second step, a regiospecific synthesis results in which the 
proton appears to have acted as a directing group. Support 
for this interpretation is provided by the fact that the in- 
termediate salts 13-16 can be isolated and identified by 

1 3 , X = O  15 
14, X = NCH, 

16 

nmr and ir spectroscopy after reaction of 1,3,4, and 6 with 
methylfluorosulfonate. 

Although cases can be anticipated in which the alkylat- 
ing agent might not exhibit the requisite selectivity,ll the 
synthetic potential of the regioselective synthesis suggested 
by these results appears to be significant. The fact that the 
less, and therefore often more reactive, alkyl 
substituted isomer may be produced easily and in high 
yield may prove of particular value. 
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Applications of 
Sulfenylations of Ester Enolates. 

Synthesis of Pheromones of the Honey Bee 

Summary:  By 'the sulferiylation-dehydrosulfenylation 
method, the queen substance and the pollen attractant of 
honey bees have been synthesized and a new approach to 
a-keto esters by direct bissulfenylation has been demon- 
strated. 

/ 

/ 

Sir: In conjunction with our continuing interest in the ap- 
plication of new synthetic methods to the chemistry of in- 
sect pheromones, we have developed short syntheses of the 
esters of the queen substance1r2 and the pollen attractant 
of honey bees.3~~ In the course of this study we have devel- 
oped a new synthesis of a-keto esters and have determined 
the dependence of the sulfenylation reaction on the choice 
of carboxylic ester. 

S~l fenyla t ion~ of the esters of linoleic acid in THF at 0' 
(generation of the enolate a t  -78') led to the a-methyl- 
thiolinoleates in yields that paralleled enolate stability (see 
Scheme I). Since enolates of methyl and ethyl esters are 
frequently unstable at this temperature,6a decomposition 
competes with sulfenylation. On the other hand, the eno- 
late of the tert- butyl esterGb is thermally stable and sulfen- 
ylation proceeds smoothly. Enhancing the rate of sulfeny- 


