
2786 J.  Org. Chem., Vol. 42, No. 16,1977 Notes 

The structure of the second moiety of pleiocraline could be 
determined from an interpretation of the remaining carbon 
signals. The noise-decouple I3C shifts along with the single 
frequency decoupled multiplicity of these signals indicated 
its structural resemblance (Table I) with the monomeric 
dihydroindole alkaloid Nq)-methyl deacetyldeformyl-1,2- 
dihydroakuammiline (28-H) (3). Correct assignment of the 
28-H configuration of pleiocraline 2 [C(2') at 80.3 ppm] was 
made by comparison with the value available for C(2) of 3 (6 
79.1 ppm). In contrast,, the C(2) resonance of the compound 
4 having a 2a-H configuration was observed9 at 70.6 ppm. The 

Ct4,OH 4; H,C " -\ q CH3 

4 - 3 - 
1% NMR data (see Table I) also indicate that the nature and 
sites of attachments between the two monomeric indole units 
of pleiocraline are the same as in pleiocorine (1). Based on 
these arguments, structure 2 can be assigned to pleiocraline. 
The stereochemistry of the linkage of the two alkaloid residues 
in pleiocraline is not supported or refuted by the present NMR 
data. Rather, the stereochemistry is the same as in pleiocorine, 
which is postulated by analogy with related697 bisindole al- 
kaloids. 
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Reaction conditions for the carbonate-catalyzed simple 
hydroxymethylation of phenones by means of paraformal- 
dehyde were first reported by Fuson, Ross, and McKeever in 
1938.' Since that time, some laboratories have questioned the 
work;%< one of them has offered a "better" prOCedure,Bb while 

others have found it, nevertheless, convenient for their pur- 
poses.2* 

We have examined this reaction using NMR spectroscopy 
preparatory to synthesis of a specific I3C-labeled compound,3 
and wish to report that, in fact, the reaction is a better pro- 
cedure for methoxymethylation than for hydroxymethylation, 
a t  least for propiophenone and p-fluoropropiophenone. 

The original authors reported a modest yield of 2-ben- 
zoylpropyl alcohol, bp 143-145 "C (5 mm), which gave a sat- 
isfactory elemental analysis and a crystalline phenylurethane 
(yield unspecified) along with 80% recovery of starting ma- 
terial after 4 days of reaction at room temperature! Following 
their procedure exactly, we observed the progression of events 
shown in eq 1,2, and 3 (see also Figure 1). 

nArCOCHzCH3 + +CH20+, F! nArCOCH(CH3)CHzOH 

(1) 
(2) 

1 2 

2 e ArCOC(CH3)=CH2 + HzO 
n 
3 

3 + CH30H F? ArCOCH(CH3)CH20CH3 (3) 

The reaction mixture after 6 days contained 4,3, and 2 in the 
gpproximate molar ratio of 8015:5. 

The revenibility of all three reactions was proved by means 
of one experiment in which pure 4 was treated with a very 
small amount of H W H O  in the same methanol-potassium 
carbonate medium. Monitoring by I3C NMR spectroscopy 
showed that l3C label was slowly introduced into the meth- 
ylene group of both 4 and methacrylophenone (3) which was 
generated in the equilibration. This incorporation requires 
reversion of 4 back to 1. In addition to those results, the use 
of labeled formaldehyde made evident the formation of a small 
amount of 54 by virtue of its 13C resonance at 6, = 66 ppm, 
assigned to >C-CHzOH. The bismethoxymethylated ketone, 
6, cannot form since dehydration of 5 is impossible. This 

4 
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d+cH3 CHzOH 

5 6 

long-term label-incorporation experiment also showed evi- 
dence of the concomitant Cannizzaro reaction with en- 
hancement in the signal for 13CH30H, and the appearance and 
growth of a signal a t  6, = 170.4 ppm, assigned to H13C02-. 

Our first attempt to synthesize labeled 4 from parafor- 
maldehyde containing -90% 13C5 was a preparative failure 
which was ultimately attributed to the resistance of the re- 
agent to depolymerize in the medium as readily as did the 
unlabeled paraformaldehyde.6 Thin-layer chromatography 
showed many unknown products along with only a little 4. In 
order to circumvent this problem, which seemed related to 
improper stoichiometry, we adopted the use of aqueous 
formaldehyde which worked as well or better than parafor- 
maldehyde. Equilibrium concentrations were reached in ca. 
5-6 days at ambient (22-25 "C) temperature. It is possible that 
the addition of a drying agent to the reaction would change 
the equilibrium concentrations vis-84s 2 and 4, but since our 
ultimate goal was a 8-chlorophenone, p-FC6H&OCH(CH3) - 
I3CH2C1, labeled 2,3, and 4 were all satisfactory for our pur- 
poses. 

Experimental Section' 
Preferred Procedure for 3-Methoxy-2-methylpropiophe- 

none. A mixture of 5.1 g (62.9 mmol) of 37% formaldehyde, 8.43 g (62.8 
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Figure 1. Composition during initial stages of a 30 O C  reaction of 
HCHO with 1 in methanol, K2C03 catalysis (as in Experimental 
Section). Data taken from 13C NMR methyl signal intensities. (@ - @) 
1; (A - - - A) 2; (x - - - x) 4. Methacrylophenone (3), present at a low 
(ca. 10-15%) equilibrium concentration, is not shown. 

mmol) of propiophenone, and 750 mg (5.4 mmol) of potassium car- 
bonate was stirred in 39 mL of methanol for 6 days at room temper- 
ature. Proton NMR (60 MHZ) showed a mixture which could be in- 
tegrated for 10-15 mol % of 3. Carbon NMR spectroscopy showed 2 
and 4 to be present in the ratio of 1:15 compared to 1:4 after only 3 
days. The solvent was removed in vacuo without applied heat, and 
the residual oil was taken up in benzene, washed with water, and dried 
over sodium sulfate. Fractional distillation gave 6.1 g (55%) of pure 
8: bp 75 O C  (0.1 mm); 60-MHz lH NMR (CDC13) 6 1.2 (d, 3, CH3-C), 
3.25 (s,3,CH30),3.35-3.95 (m,3,CH,CH2),7.2-8.15 (m,5,ar);mass 
spectrum mle (re1 intensity) 178 (M+, 5), 163 (3), 146 (25), 136 (16), 
105 (loo), 77 (74). GC assay showed ca. 16% more of 4 distributed 
between the forerun (60% pure) and the pot residue. 

Anal. Calcd for CllH1402 (178.2): C, 74.13; H, 7.92. Found: C, 74.19; 
H, 8.24. 

13C Incorporation Experiment. To a solution of 107 mg of 4 di- 
luted to 0.3 mL with 9 1  MeOHH20 saturated with K2CO3 was added 
11 pL of 20% aqueous formaldehyde, 90% 13C. The resulting solution 
was stored at ambient temperature and observed by 13C NMR spec- 
troscopy periodically. After 3 weeks, the CH2 signal had doubled, 
indicating ca. 1% 13C incorporation. Cannizzaro reaction products 
were evident, as was 5 (see text). 

After 8 weeks, incorporation was measured at ca. 1.7%. The solution 
was worked up and analyzed by gas chromatography-mass spec- 
troscopy, giving values of 1.4-296 13C incorporation, based on ratios 
of M+ to M+ + 1 ions of both 3 and 4. GC-MS analysis of a trimeth- 
ylsilylated sample also showed a substance: mle (re1 intensity) 280 
(M+, 5), 265 (ll), 215 (83), 179 (78), 173 (51), 135 (58), 105 (loo), 77 
(821, which we consider as further evidence for 5 [C12H150&3i(CH3)3, 
mol wt 2801. 
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[3.3]Paracyclophane (1) is a pivotal structure among the 
[rn.rn]paracyclophanes. It is intermediate in ring size between 
[2,2]paracyclophane, where ring strain and transannular ef- 
fects are pronounced, and [4.4]paracyclophane, where these 
effects are absent.’ While some chemical and physical studies 
of 1 have been reported,lT2 it has been much less studied than, 
for example, the more readily available3 [2.2] paracyclophane. 
Chemical transformations for which the ring size in 1 is par- 
ticularly suited have been neglected because this ring system 
is not easily accessible. Of the three reported syntheses of 1, 
the first4 utilizes 1,3-diphenylpropane as starting material, 
involves an acyloin ring closure, and gives the final product 
in an overall yield of about 0.1%. Two more recent and im- 
proved syntheses utilize diazomethane5 or solvolytic6 ring 
expansion routes from [2.2]paracyclophane, itself prepared 
in low yield (10%) by the most convenient method? and pro- 
vide 1 in overall yields of 7-19%, the latter involving prepar- 
ative GLC isolation. 

Our interest7 in novel structures derivable from 1 necessi- 
tated a synthetically less expensive route to this compound. 
We now report for 1 a new synthesis which is particularly 
convenient and which does not require at any stage the use of 
special separation procedures. 

Treatment of p- bis(2-hydroxyethyl)benzene* with 48% 
hydrobromic acid gives the corresponding dibromide 2 in 72% 
yield. Addition of a dilute solution of 2 and p-xylene-a,a’- 
dithiol (3) in benzene to hot alcoholic potassium hydroxide 
affords 2,13-dithia[4.4]paracyclophane (4) and 2,13,22,33- 
tetrathia[4.4.4.4]paracyclophane (5) in yields of 39 and 6%, 
respectively. The yields in this reaction have not been opti- 
mized; higher dilution conditions than we employed would 
likely increase the ratio of 4 to 5. Oxidation of 4 with 30% hy- 
drogen peroxide provides the disulfone 6 quantitatively. The 
disulfone on pyrolysis a t  470 O C  under diminished pressure 
gives essentially pure 1 (94%) as a cold trap condensate. The 
pyrolysis requires rather simple apparatus, proceeds to 
completion in a matter of seconds on a 100-mg scale, and can 
be done repetitively to yield appreciable quantities of 1 in a 
short time. 

Ring contraction by sulfone pyrolysis has been used to ad- 
vantage by othersS1l for the preparation of bridged aromatic 
compounds. In virtually all cases, however, the sulfones have 


