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(i)-a-Lycorane (1). A mixture of 20 (349 mg) and LiAlH4 (157 
mg) in anhydrous ether-THF (1:l) (66 mL) (freshly distilled from 
LiAIH4) was refluxed with stirring for 40 min. Excess of LiAlH4 was 
decomposed at  0-5 "C with saturated aqueous NazS04 ( 4  mL) and 
a precipitate was filtered. The precipitate was washed well with ether 
and the combined organic layer was dried (MgS04). Evaporation of 
the solvent gave an oily residue. A mixture of the residue, 2% aqueous 
PdClz (6.8 mLj, concentrated HCl(1 mL), and active carbon (320 mg) 
in CzHsOH (20 mL) was shaken in a Parr hydrogenation apparatus 
(hydrogen pressure of 80 psi) at  room temperature for 87 h. Usual 
workup of the mixture gave 219.1 mg of an oil, whose NMR spectrum 
showed no signals due to the benzyl group. A mixture of the crude 
residue, KHCOR (163 mg)-HzO (2.3 mL), 37% formalin (3.5 ml), and 
concentrated HC1 (1.6 mL) in CH:jOH (11.6 mL) was refluxed for 45 
min. To the mixture was added concentrated HC1 (1.6 mLj and re- 
fluxing was continued for 45 min. The same treatment as noted above 
gave 208.9 mg of an oil, which was chromatographed over A1203 
(Grade 11-111) (Merck Co., Ltd.) (12 gj .  Elution with benzene-n- 
hexane (24:l) gave 128 mg (50%) of (f)-tu-lycorane (11, mp 85-92.5 
"C, which was recrystallized from petroleum ether to yield ?IO mg 
(11.7%) of colorless prisms, mp 95.5-97 "C. This was identical in all 
respects with an authentic samplezb (mp 96--97.5 "C), which was 
kindly provided by Drs. K. Kotera and Y. Hamada. 
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Phase-transfer catalysis is becoming an increasingly im- 
portant technique in organic synthesis.*-; However, very little 
is known about the behavior of the catalysts under biphase2--6 
and triphase conditions.; 

Recently we observed that alkylation of thio reagents, by 
alkyl halides of low reactivity, gave poor yields (<20%) under 
biphasic conditions. Furthermore, with triphase systems, the 
repeatability of the reaction with the same catalyst (anion 
exchange resin) was not maintained after three runs.8 

These facts prompted us to examine the chemical behavior, 
in classical PTC media, of various catalysts and anions (ob- 
tained from phenylacetonitrile, imidazole, phenol, thiophenol, 
and octylmercaptan) in the absence of alkylating reagent. 

Under biphase catalysis conditions the catalysts used were: 
TEBA-C1, TBAB, and CTAB.!' The results, presented in 
Table I, show that the catalyst may be decomposed by alkyl- 
ating the anion. This decomposition depends upon the nature 
of the anion and the structure of the ammonium catalyst. With 
TEBA-C1 and thiophenoxide this corresponds to 93% of the 
concentration of the catalyst. The results obtained are con- 
sistent with a nucleophilic substitution where the anion is the 
nucleophile and the tertiary amine is the  leaving group 
(Scheme I). This is analogous to the dealkylation reactions of 
quaternary ammonium salts by nucleophilic sulfur reagents' 1 

or soft nucleophiles.'"'g 
Under triphase catalysis, the catalysts used were Dowex 1 

X 8 and Dowex 11 anion exchange resins. Both resins are of 
the trimethylbenzylammonium type (Scheme I1 1. During the 
reaction the gas evolved (a volatile amine i l  dequaternization 
occurred according to Scheme I) was trapped in a saturated 
solution of picric acid in ethanol. The results obtained show 
that without anion and for a reaction time of6 h.no picrate was 
formed, but with t,he anions of thiophenol and phenylaceto- 
nitrile a picrate did form.]" 

Although the decomposition o f t  he quaternary ammonium 
cat,alyst (Scheme I) is in most cases only a secondary reaction. 
it can become more important for soft nucleophiles (RS- > 

Scheme I 

Scheme I1 
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Table  I. Alkylation (70)  of Anions by Quaternary 
Ammonium Catalysts Under  P T C  Conditions - 

Catalysts9 
Anions TEBA-C10 TBAB CTABh 

CsHsCH-CN 85' Traces' 
C:J3:jN2- 0.5' 0.6" 
C R H ~ O -  0' Od 0' 
CeHsS- 93d 90d 33g 

C H H I ~ S -  93h 90" 
171' 

Only benzylation of the anion was detected. b Only methyl- 
ation of the anion was detected. ' 6 h at  60 "C. 7 h at  70 O C .  ( 7 
h at  60 "C. f 11 h at  SO " C ,  with 1.5 g of TEBA-Cl. p 7  h at  60 O C  
with 1,s g of CTAR. 7 h at 45 "C with 20% by weight sodium 
hydroxide. I Imidazole. 

R&- > R2N' > RO-) and for substituents of the quaternary 
ammonium salt RdN+ which are easily displaced (R = CHyPh 
> Me > alkyl), This, in turn, will have a dramatic effect on the 
yields of the phase transfer catalyzed reaction itself. 

Since normal PTC reaction conditions necessitate a 5% 
molar concentration of the catalyst, the side products obtained 
by dealkylation of the catalyst will never exceed 5% yield; e.g., 
the alkylation of thiophenol by 1-bromooctane has been 
studied, using several ammonium catalysts, without evidence 
Qf decomposition of the  catalyst,13 On the other hand, when 
reagents of low reactivity are used the effect is more pro- 
nounced; e.g., when thiophenol is reacted with 2-bromothio- 
phene or 2-bromothiazole the yield of the  reaction with the 
bromide is Q-4% while the alkylation by the ammonium salt 
corresponds to 55-85% of the concentration of the catalyst (see 
Experimental Section). 

Furthermore, one must note that for continuous processes, 
where the catalyst is recycled, even a slow quaternary am- 
monium salt decomposition will lead to  the disappearance of 
the catalyst and t o  an eventual termination of the  phase 
transfer catalysis process. 

One way to circumvent this inconvenience is the use of more 
stable catalysts such 4s crown e ther~ , 'S- - '~  but their use for 
large scale synthetic purpose6 is still difficult.I5 One other 
possibility is the  use of polyglymes, which can be considered 
as noncyclic crown ethers. They are stable, easily available, 
and could he used both under @ - I 7  and triphase conditions.IH 
We are  presently studying these possibilities further. 

In summary, the  results reported in this study can be used 
to explain the origin of 8ide products, low yields, and non- 
constancy of the  performances of supported catalysts in 
phase-transfer catalysis. 

E x p e r i m e n t a l  Section 
The phase-trimhfer catalysts and nucleophiles are commercial 

products. They ha\ t' been used without further purification. The 
quantitative determinai ions of alkylated compounds have been made 
by GI,C with a I(;(' I'LOFH Intersmat instrument or with a coupled 
GLC- maSs spectrometer Varian Matl l l .  

Procedure for Riphqse Conditions (Table I) .  The general ex- 

perimental procedure was as follows: 3 g of the anion precursor, 1 g 
of catalyst, and 40 mL of sodium hydroxide (50% by weight) were 
stirred for 6-11 h at 30-70 "C. The organic layer was directly analyzed 
by GLC. 

Procedure for Triphase Conditions. The general experimental 
procedure was as follows: 1.5 g of resin, 4 mL of sodium hydroxide 
(50% by weight), and 0.5 g of anion precursor were stirred at 80 "C for 
3 h. The gas evolved was trapped in a solution of picric acid in ethanol. 
The picrate was filtered. The melting point was measured with a 
Koffler apparatus. 

Procedure for 2-Bromothiazole: 5.5 g of thiophenol(O.05 mol), 
8.2 g of 2-bromothiazole (0.05 mol), 1.09 g of CTAB, 100 mL of NaOH 
(50% by weight), and 150 mL of benzene were reacted with stirring 
for 24 ha t  70 'C. The analysis of the organic layer by GLC showed 4% 
of 2-thiazolyl phenyl thioether and 55% of methyl phenyl thioether 
(from the catalyst CTAB), The above reaction with the same com- 
pounds, except NaOH (25% by weight), TBAB as catalyst, and a re- 
action time of 10 h at 80 "C gave 0% of 2-thiazolyl phenyl thioether 
and 84% of butyl phenyl thioether. 

Procedure with 2-Bromothiophene: 5.5 g of thiophenol (0.05 
mol), 8.2 g of 2-bromothiophene (0.05 mol), 0.7 g of TBAB, and 100 
mL of N a O H  (50% by weight) were reacted for 10 h at 80 "C. Less than 
1% of 2-thiophenyl phenyl thioether and 85% of butyl phenyl thioether 
was detected from the catalyst. 

Rvgistry No.-Phenylacetonitrile, 140-29-4; imidazol, 288-32-4; 
phenol, 108-95-2; thiophenol, 108-98-5; octanethiol, 111-88-6; 
TEBA-Cl, 56-37-1; TBAB, 1643-19-2; CTAB, 57-09-0; Dowex 1 X 8, 
12627-85-9; Dowex 11, 9049-12-1; 2-bromothiazole, 3034-53-5; 2- 
thiazolyl phenyl thioether, 33342-67-5; methyl phenyl thioether, 
100-68-5; butyl phenyl thioether, 1126-80-3; 2-bromothiophene, 
1003-09-4; 2-thiophenyl phenyl thioether, 16718-12-0. 
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