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(13) Cyclization of the blsallene by a 6Tr-electron process followed by proto-
troplc rearrangement to restore the benzene sextet is an alternative 
possibility which cannot, at present, be excluded. 

(14) Hauptmann has observed the formation of a 2,4-disubstituted 6,7-di-
fert-butyl-3-thiabicyclo[3.2.0]hepta-1,4-diene on treatment of 1,5-di-
rert-butyl-3-bromopenta-1,4-diyne with sodium sulfide. This reaction is 
also suggested to proceed through a bisallene intermediate which then 
undergoes intramolecular dimerization. See H. Hauptmann, Tetrahedron 
Lett, 3589 (1974). 

(15) For a related example in which the benzene rings do not become in­
volved in the cyclization see H. A. Staab and B. Draeger, Chem. Ber., 
105,2320(1972). 

(16) Attempts to trap the diradical intermediate with olefins have so far been 
unsuccessful. 
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Quaternary Ammonium Enolates as Synthetic 
Intermediates. Regiospecifie Alkylation 
Reaction of Ketones 

Sir: 

For the regiospecifie alkylation of ketones1 specific eno-
late anions have been generated by the aid of various pre­
cursors among which silyl enol ethers are the most versa­
tile.2 With all these specific enolates, some problems remain 
unresolved: concomitant formation of dialkylation products 
and loss of regiospecificity.3 This is attributable to the low 
reactivities of lithium enolates toward alkyl halides. Substi­
tution of the countercation from lithium to quaternary am­
monium4 seems to activate the enolate anion and to make 
the regiospecifie monoalkylation more feasible. 

We have examined the reactions of silyl enol ethers with 
benzyltrimethylammonium fluoride (BTAF) in the pres­
ence of alkyl halides under the expectation that BTAF 
would be a reagent to cleave the silicon-oxygen bond of 
silyl enol ethers to afford quaternary ammonium enolates 
because of high reactivity of fluoride anion in aprotic 
media5 and the high value of silicon-fluorine bond energy.6 

Table I. Alkylation of Ketones via Quaternary Ammonium Enolates 

OSi(CH3)3 

C6H5CH2(CHj)3NF 

O 
RX R 

The regiospecifie benzylation of 2-methylcyclohexanone 
via the trimethylsilyl enol ether 2 is illustrative. BTAF7 

(219 mg, 1.30 mmol) and 4A molecular sieves (1.0 g) were 
suspended in 4 ml of tetrahydrofuran (THF) and stirred 
overnight under an argon atmosphere.8 A solution of the 
silyl enol ether 2 (213 mg, 1.16 mmol), and benzyl bromide 
(171 mg, 1.00 mmol) in 2 ml of THF was added to the sus­
pension, and the reaction mixture was stirred for 1 hr at 
room temperature and then at 50° for 30 min. Filtration 
and removal of solvent afforded a pale yellow oil which by 
gas chromatographic (GLPC) analysis (XE-60) proved to 
contain little by-products. The crude reaction mixture was 
chromatographed on silica gel to give ris-6-benzyl-2-meth-
ylcyclohexanone (19 mg, 9%), and the trans isomer (161 
mg, 80%).3a-b The NMR spectra of both compounds abso­
lutely lacked the characteristic signals of 2-benzyl-2-meth-
ylcyclohexanone.3a-b 

OSi(CH3)3 OSi(CH3); OSi(CH3), OSi(CHJ3 

Silyl enol 
ether 

1 
1 
2 
2 
2 

2 
3 
3 
3 

3 
4 
4 

RX 

Benzyl bromide 
Methyl iodide 
Benzyl bromide 
Cinnamyl bromide 
Methyl bromo-

acetate 
Butyl iodide 
Benzyl bromide 
Benzyl bromide 
Methyl bromo-

acetate 
Butyl iodide 
Benzyl bromide 
Allyl bromide 

Molar ratio, 
silyl enol 

ether: RX" 

1.0:1.0 
1.0:20 
1.2:1.0 
1.0:1.0 
1.2:1.0 

1.0:10 
2.0:1.0 
1.0:1.1 
1.2:1.0 

1.0:3.0 
1.0:2.2 
1.0:2.0 

React 
condn6 

A 
Be 

A 
A 
B 

B* 
A 
C 
A 

A 
A 
B 

Yield, c,d 
% 

63 
79/ 
89 
78 
56 

40 
59 
37 
42 

37 
67 
58 

^BTAF was used in a little excess (1.1 equiv) to silyl enol ethers. 
*The reaction conditions are not necessarily optimum: (A) 1 hr at 
room temperature, 0.5 hr at 50°; (B) 14 hr at room temperature; 
(C) 2 hr at room temperature. c Isolation yield. d All compounds 
were characterized by NMR, ir, and elementary analysis. e No sol­
vent was used./Yield was determined by GLPC (QF-I) using tetra-
lin as an internal standard. 

The results are summarized in Table I. In every crude 
reaction mixture obtained after filtration of the precipitate 
were found the regiospecifically monoalkylated ketone, the 
unreacted alkyl halide, and the ketone resulting from simple 
hydrolysis of the starting silyl enol ether. Practically, nei­
ther dialkylation nor other by-products were detected. 

The regiospecificity is lost to some extent in the alkyla­
tion reaction of the lithium enolate corresponding to the 
silyl enol ether 2.3a-b'c On the other hand, both of the qua­
ternary ammonium enolates formed from the silyl enol 
ether 2 and 3 underwent regiospecifie alkylation. In addi­
tion to reactive alkyl halides, relatively less reactive alkylat­
ing agents, butyl iodide and methyl bromoacetate, also alk­
ylated 2-methylcyclohexanone regiospecifically,9 while the 
lithium enolate corresponding to the silyl enol ether 2 fails 
to give the desired product on butylation.10 

With regard to the regiospecificity and the yields of 
monoalkylation products, the quaternary ammonium eno­
late described here is useful especially for the alkylation at 
the less highly substituted position of cyclohexanone deriva­
tives, whereas the lithium enolate is suited for that at the 
highly substituted position. They appear to compensate 
each other. 

The other features of this alkylation procedure, the pref­
erential attack of the fluoride anion on silicon, the mild 
reaction conditions," and the simplicity of the procedure, 
should also be noted. 
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Observation of Photoinduced CIDNP at Low Radiation 
Levels. Proton CIDNP from Laser Irradiation of 
Di-ferf-butyl Ketone 

Sir: 

We have observed proton CIDNP (chemically induced 
dynamic nuclear polarization) during laser irradiation of a 
solution of di-tert-butyl ketone (DTBK) in the probe of an 
N M R spectrometer. Average laser power at the sample was 
only 0.7 mW. Previously, photolytically induced CIDNP 
has been observed only with high power broadband arc 
lamp excitation sources.1 

For this study, a Chromatix Model 1050 tunable uv-visi-
ble laser system was used.2 The radiation was directed into 
the quartz sample tube from below by a low-loss mirror. 
Calculated beam diameter at the sample (5 ft from the 
laser) was 3.6 mm. The Varian HA-100 NMR spectrome­
ter was in its normal configuration, except that the variable 
temperature attachment was removed from the bottom of 
the V-4333 probe. CIDNP occurred throughout the laser 
tuning range of 285-305 nm. Best signal levels were ob­
tained with 0.03-0.07 M solutions of di-rerr-butyl ketone in 
carbon tetrachloride. This contrasts with sample concentra­
tions of 0.1-0.3 M used with 1 KW arc sources.3'4 

Strong CIDNP signals were observed for the aldehydic 
proton of pivaldehyde (9.35 ppm, A), chloroform (7.24 
ppm, A), isobutylene (4.60 ppm, A; 1.70 ppm, A), and /erf-
butyl chloride (1.59 ppm, E). The net polarizations of the 
products are consistent with those predicted by Kaptein's 
rules5 for a triplet precursor pivaloyl-tert-butyl radical pair. 
Arc source photolysis of di-/er?-butyl ketone in perfluo-
romethylcyclohexane doped with carbon tetrachloride 
yielded identical results.3 

The observation of CIDNP at such low photon fluxes 
(«10 1 5 photons/sec) is surprising. It is commonly stated 
that 1017-1018 photons/sec are required for practical pho­
tochemical results,6 i.e., the formation of detectable photo-
product in a reasonable time. The success of this experi­
ment can be attributed to a proper combination of several 
factors. 

The HA-100 spectrometer can detect ~ 1 0 - 3 M protons, 
or ~2.5 X 1017 spins in the volume of 0.4 cm3 used in our 
experiment. A photoproduct with a quantum yield of one 
and a CIDNP enhancement factor of *100 will yield an ef­
fective measurable concentration. At 313 nm the decompo­
sition quantum yield of DTBK is 0.7.7 For the products of 
the DTBK photoreaction, Fischer4b has reported enhance­
ment factors of 102-103. Although DTBK reacts from both 
singlet and triplet states, the predictions for the sign of 
CIDNP polarizations are the same for the products which 

can form by either path (tert-buiyl chloride and isobutyl­
ene).8 The decrease in yield of a particular product as a re­
sult of the several competing reactions4b'8 causes less than 
an order of magnitude change from the maximum rate of 
~10 1 5 molecules/sec. 

In anticipation of the problems associated with observing 
CIDNP at low photon flux levels we had determined that 
the sample tube could be positioned so that its bottom was 
only 5 mm below the receiver coil of the probe with no loss 
of resolution or signal-to-noise ratio. This minimum "cell 
thickness" and the proper substrate concentration were im­
portant parts of the experiment. At DTBK concentrations 
of 0.03-0.07 M (OD 0.9-2.3 at 296 nm) and with a laser 
beam diameter of 3.6 mm, most of the incident light was 
absorbed within the active volume of the receiver coil. We 
could not observe CIDNP at ketone concentrations greater 
than ~0.14 M. Above that concentration, unpolarized pho-
toproducts were observed building up with time. Evidently, 
if the optical density is too high, the polarized photoprod-
ucts are formed below the active receiver coil volume, and 
lose their polarization before diffusing into it.9 We also ob­
served this concentration effect in our study of C-13 
CIDNP during arc source photolysis of DTBK.8 In that 
work the total power reaching the sample was ~200 mW 
(250-340 nm) and CIDNP was observed for 25% solutions 
(1.44 M). The CIDNP signal intensity decreased for more 
concentrated solutions. 

The observation of proton CIDNP at photon fluxes as 
low as ~10 l 5 / sec is thus conditional upon four factors: (a) a 
high quantum yield for polarized product(s), (b) CIDNP 
enhancement factors of 100 or more, (c) optimum sample 
optical density, and (d) location of the irradiated region 
within the active receiver coil volume. 
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A Route to Prostaglandins via a General Synthesis 
of 4-Hydroxycyclopentenones 

Sir: 

We wish to report a general method for the synthesis of 
hydroxycyclopentenones of type 1. These are versatile sub­
stances especially because we have been able to effect their 
ready transformation into the isomeric hydroxycyclopenten-
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