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Starting from optically active a-substituted ethylamines, salts of the following thiazolium ions have been 
synthesized: ( R )  - ( -)-3-a -benzylethyl-4-methylthiazolium (4a): ( R )  - (- ) - and. (S) - (+) -4-methyl-3-a -( l-naph- 
thy1)ethylthiazolium (4b) ;~and  (S)-(+)-4-methyl-3-a-phenylethylthiazolium (4c,d). Asymmetric induction of 
the benzoin condensation using these thiazolium salts as catalysts has been studied. Optical purities as large as 
51% were observed. 

Although there have been various reports of reactions 
with asymmetric induction,2 relatively few examples of 
homogeneous asymmetric catalysis are known. The ben- 
zoin condensation and related condensations catalyzed by 
thiazolium salts constitute unique examples of homoge- 
neous catalysis by a relatively simple organic compound of 
a type of reaction which does not proceed otherwise (ex- 
cept by use of cyanide ion) in finite time. Benzoin is not 
produced from benzaldehyde by acid or base catalysis, or 
under thermal or free-radical conditions. Some years ago, 
a homogeneous, asymmetric benzoin condensation was re- 
ported3 using optically active thiazolium salt 1 as cata- 

1 

lyst. The product obtained had an optical purity as high 
as 22%. This type of reaction provides a good model for 
the mode of action of thiamine pyrophosphate (TPP) in 
enzymatic reactions. TPP is required as coenzyme in such 
systems as the decarboxylation of pyruvate to acetalde- 
hyde and the formation of acetoin or a-acetolacetate from 
p y r ~ v a t e . ~  The present study elucidates the stereochemi- 
cal course of the asymmetric thiazolium salt catalysis of 
the benzoin condensation (Scheme I). 

Synthesis of the Catalysts. The following consider- 
ations led to the synthesis of 4-methyl 3-a-substituted 
ethylthiazolium salts 4a-d as asymmetric catalysts: (a) 
location of the asymmetric center next to the reacting 
site, and (b) the high yields of benzoin obtained with 3- 
benzyl- or 3-phenethylthiazolium  salt^.^,^ The higher 
yields observed suggest an advantage in having a phenyl 
group in the a or ,6 position of the N substituent. 

CH 
R > CH3 

f-j x- 
4a, R = PhCH,; X = C1 
b, R = I-naphthyl; X = Br 
c, R = Ph; X = (+)-3-bromocamphor 9-sulfonate 
d, R = Ph; X = (-)-3-bromocamphor 9-sulfonate 

The crystalline thiazolium salts (I?)-( -)-4a, (R)-(  -)-4b, 
(S)-( +)-4b, and (S)-(+)-4c,d were synthesized according 
to the procedure of Gotze7 as outlined in Scheme 11. 
Treatment of aqueous solutions of crude thiazolium chlo- 
rides with fluoroboric acid gave the thiazolium tetrafluo- 
roborates. The tetrafluoroborate salts were used for purifi- 
cation since the chloride salts could not be recrystallized 
effectively. The halide salts were regenerated by use of an 
ion-exchange resin. 
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2a, R = PhCH, 

c,d, R = Ph 
b, R = 1-naphthyl 
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CH,CCH,Cl 

4 4  R = C,H,CH, 
b, R = 1-naphthyl 

Thiazolium Salt Catalysis. Most reactions were car- 
ried out in methanol and t r ie th~lamine .~  The benzoin 
produced was isolated by column chromatography on si- 
licic acid. The results of the benzoin condensation reac- 
tions are compiled in Table I. Optically active benzoin 
was obtained by the catalysis of optically active 4b, 4c, 
and 4d, but not by 4a, indicating that the effective steric 
bulk of the benzyl group is considerably smaller than that 
of the phenyl group in this reaction. The similar optical 

c ,  d, R = C,H, 
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Table I 
Thiazolium Salt Catalysis of the Benzoin Condensation 

Salt 

Reaction conditions,a --------Optical rotationc------- 7 

solvent, base, [a 1430 Optical 
time in hr Yield,h % Temp, OC [a I C purity,d 4 7 ~  

( R ) - (  - )-4a MeOH,  E t 3 N  12 23 0 0 . 9 2  0 

(SI- (+ 1-413 MeOH,  E t 3 N  6 . 1  21 + 221 0 . 4 6  5 1 . 5  

(I?)-( -)-41b MeOH,  Et3N 21 23 - 165 1 .03  3 8 . 5  
24 17 2 0 . 5  - 161 0 . 8 6  3 7 . 5  

MeOH,  Et3N 26 25 - 126 1 . 0 3  2 9 . 4  
48 

MeOH-H20,  N a O H  22 23 - 133 1 . 0 6  31 . O  
24 

(S)-( +)-4c: MeOH,  E t 3 N  78 25 $ 3 3 . 6  1 .01  7 . 8  
25 

(S)-( +)-4Cl MeOH,  EtsN 68 20 f 3 0 . 4  1 . 0 3  7 . 1  
25 

6 

6 

a Bath temperature,  30". * Based on benzoin isolated by  chromatography on silicic acid. I n  methanol. Calculated based 
on the  following rotation of (-)-benzoin9 [ 0 1 ] 4 ~ ~ ~ ~  -429 (c 1.01, MeOH).  

purit ies of t he  benzoins obtained with 4c and  4d coqfirm 
that t h e  chiral anion of t he  sal t  does not participate in the  
asymmetric induction. 

Catalysis by 4b afforded benzoin of fairly high optical 
purity b u t  low yield. T h e  opposite is found with 4c and  
4d. These  observations indicate that, in t h e  case of 4- 
methyl 3-a-substi tuted thiazolium salts,  a s  one group on 
the asymmetric carbon a tom becomes larger t he  catalytic 
activity of t h e  sal t  decreases, presumably owing t o  steric 
effects. In  addition, t h e  optical puri ty  of t h e  isolated ben- 
zoin decreases with increasing t ime (4b). Moreover, it  has  
been shown that benzoin does not racemize detectably 
under t h e  conditions of t he  reaction in t h e  absence of a 
thiazolium salt .3 ,9 

T h e  following structure (7) ,  determined with the  aid of 
models, is tentatively proposed for t he  intermediate lead- 

Ph 
7 

ing t o  the  predominant  product.  T h e  criteria used are 
those established by conformational analyses of transit ion 
s ta tes  by Cramlo  a n d  Prelog.ll T h u s  t h e  steric interac- 
tions of t h e  various groups help to determine t h e  chirality 
of t h e  product benzoin, although electronic effects are 
possible and  have been minimized in this  discussion. T h e  
main  assumptions are  t h a t  t h e  anion formed by addition 
of benzaldehyde (A) t o  t he  thiazolium ion is basically pla- 
nar and  t h a t  approach  of a second molecule of benzalde- 
hyde (B) should be from the  side opposite t h e  bulky group 
R. T h e  conformation of t he  chiral carbon of benzoin (B) is 
formed in such  a way as t o  minimize t h e  steric interac- 
tions of t he  groups a t tached  to  carbons A and  B. 

Intermediate 7 subsequently collapses to  regenerate the  
thiazolium ion and  a n  optical  isomer of benzoin. If t he  
thiazolium salt  has  the  S configuration, t h e  predominant 
benzoin isomer predicted according to  this  model also has 
the S configuration. It has  been shown12 t h a t  (+)-benzoin 
and  (-)-benzoin are  S and R, respectively, by synthesis 
from ( S ) - ( + ) -  and  (R)-(-)-mandelic acids.  T h u s  the  ob- 
served results a r e  in agreement with t h e  model presented. 

Experimental Section 
General, Melting points were determined on a Fisher-Johns 

hot-stage apparatus and are corrected. Microanalyses were per- 
formed by Galbraith Laboratories, Inc., Knoxville, Tenn. Infrared 
spectra were recorded on a Perkin-Elmer 237 spectrophotometer; 
only significant maxima are listed. Nuclear magnetic resonance 
spectra were obtained on a Varian T-60 spectrometer with tetra- 
methylsilane as internal standard. Optical rotations were mea- 
sured at  436, 546, and 578 mw on a Zeiss photoelectric precision 
polarimeter, and the values at 589 mp (D line) were obtained by 
using the equation 

X(Q456) 
CrD = x = - 

Q546 - Q57n X + 1.37 
Salts of (R)-(-)-3-a-Benzylethyl-4-thiazolium Ion (4a). (R)-  

a-Benzyl-N-thioformylethylamine (3a). To a stirred solution of 
(I?)-( -)-a-benzylethylamine (2a) .1/~HzS04, [ C ~ ] ~ ~ D  -22.3" ( c  0.51, 
HzO) [lit.13 [ a I z 0 ~  -24.57" (c  2.00, HzO)] (2.77 g, 7.52 mmol) in 
40 ml of water was added crude dithioformate (prepared1* from 
11.5 g of 86.5% KOH) in 15 ml of water. The reaction proceeded 
with evolution of a gas. The mixture was stirred at room temper- 
ature for 21.5 hr. After the remaining gas was removed by evacu- 
ation at 30 mm, the reaction mixture was extracted with two 
50-ml portions of ether, and the combined extracts were washed 
with three 10-ml portions of aqueous NaCl solution and dried 
over sodium sulfate. The crude material (2.50 g) obtained on 
evaporation of the solvent was chromatographed on silicic acid 
with methylene chloride as eluent, and 2.38 g of purified com- 
pound 3a was obtained as an oil: tlc two spots, Rf 0.28 and 0.18 
(silica gel. CHzClZ); ir (neat) 3180 (s, broad, -NH-), 1540 ( s ) ,  and 
1450 cm-l (s, C=S); nmr (CC14) 6 9.15 (2 H, m, NH and CHS), 
7.27 (5 H, Ph), 4.86 (0.64 H, septet, m, -CH(Z)CHs), 3.81 (0.36 
H, m, -CH(E)CH3), 3.22-2.52 (2 H, m, -CHzPh), 1.30 (d ,  J = 5.2 
Hz, -CH3(E)), 1.20 (d, J = 6.6 Hz, -C&(z)). 

Z form E form 
(R)-(-)-3-a-Benzylethyl-4-methylthiazolium Tetrafluorobo- 

rate (4a.BF4-). To a stirred solution of (R)-3a (2.35 g, 0.013 
mol) in 20 ml of benzene was added chloroacetone (1.22 g, 0.013 
mol) dissolved in 10 ml of benzene, and the mixture was stirred 
at  room temperature overnight and in an oil bath at  75-80" for 15 
min. The upper benzene layer was removed from the cooled reac- 
tion mixture with a pipette, and the residual gummy material 
was partitioned between water (30 ml) and methylene chloride 
(20 ml). The aqueous layer was extracted with four 20-ml portions 
of methylene chloride, evacuated on a rotary evaporator to re- 
move traces of methylene chloride, and then treated with 49% 
fluoroboric acid (1.8 ml) by dropwise addition. The precipitated, 
colorless solid was collected on a filter, washed with water, and 
dried over phosphorus pentoxide to give 2.05 g (52%), mp 136- 
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136.5". Recrystallization from 1,2-dichloroethane gave 1.46 g of 
crystals, mp 136.8-137.2", [alZ1,5~ -104" ( c  0.48, MeOH), and re- 
crystallization of the material obtained by evaporating the moth- 
er liquor gave 0.38 g of crystals, mp 136.2-137", [ a l Z 1 ~  -103" (c 
0.625, MeOH). An analytical samp!e was obtained by additional 
recrystallization of the first crop: mp 138-139"; ir (KBr) 1573 (s, 
thiazolium ring), 1120-1020 cm-I (very s, broad, BF4-); nmr 
(CDzC12) 8 9.96 (1 H, d, J = 2.8 Hz, +N==CHS--), 7.61 (1 H, m, 
-scH-c),  7.35-6.94 (5 H, m, CeH5--), 4.93 (1 H, m, CHCHs), 
3.29-3.15 (2 H, AB of ABX, CsH&Hz-), 2.27 (3 H, s, -CH3 on 
the thiuzolium ring), 1.74 (3 H, d, J = 6.9 Hz, CHCH3). 

Anal. Calcd for C13H16BF4%: C, 51.16; H, 5.29; F, 24.91; N,  
4.59: s, 10.51. Found: C, 51.46; H, 5.24; P, 24.85; N, 4.58; S, 10.70. 

( R ) - ( -  )-3-01 -Benzylethyl-4-methylthiazoliunr Chloride 
(4a,Gl-). A solution of the tetrafluoroborate salt (I?)-(-)- 
4a.BF4- (2.23 g, 7.32 mmol) in 50 ml of methanol was applied to 
a column of anion exchange resin (Dowex 2-X8, chloride form, 
20-50 mesh, 50 ml, ca. 66 mequiv) and 100 ml of methanol was 
used to elute the last portion of the solution. The eluent was 
evaporated to dryness to give 1.99 g of a glass, which slowly crys- 
tallized overnight, mp 149-150", insoluble in acetone, CCl4, and 
Et20 and moderately soluble in CI(CH2)zCI. Recrystallization 
from Cl(CHz)zCl-acetone gave 1.41 g of prisms, mp 150-151", 
[aIZ3u -181" ( c  1.40, EtOH). An analytical sample was obtained 
by additional recrystallization: mp 150-151"; [ a I z 1 ~  - 130" (c 1.12, 
EtOH); ir (KBr) 1569 cm--1 (s, thiazolium ring); nmr (CDC13) 6 

7.17 (5 H; m, CsH5-), 4.94 (1 H, m, CHCHs), 3.79-3.13 (2  H, 
eight lines, AB of ABX, C6H&H2--), 2.30 (3 H, s, -CH3 on the 
thiazolium ring), 1.91 (3 H, d , J  = 7.0 Hz, CHCH3). 

Anal. Calcd for C13HleClNS: C, 61.51; H, 6.36; C1, 13.97. 
Found: C, 61.27; H, 6.43; C1, 13.97. 

Salts of 4-Methyl-3-a-( 1-naphthy1)ethylthiazolium Ion (4b). 
(R)-(+)-ru-(1-Naphthyl)-N-thioformylethylamine [(R)-(+)-3b]. 
To a cold, stirred solution of (R)- (  t)-a-(I-naphthyl)ethylamine 
(2b, 5.13 g, 0.030 mol) in 30 ml of methanol was added dropwise 
crude potassium dithioformate (22.2 g, preparedT4 from 23 g of 
86.5% KOH) dissolved in 30 ml of water, and the mixture was 
stirred at room temperature overnight. The precipitated solid was 
collected and washed three times by trituration with water to 
give 6.0 g (93%), mp 96-101". The crude pioduct was recrystal- 
lized from EtOH-H20 (2:l) to give 4.32 g of crystals, mp 114.5- 
115.5". An analytical sample was obtained by an additional re- 
crystallization: mp  116.5-117.5"; [ a ] 2 0 . 5 ~  +505" (c  1.47, EtOH); ir 
(KBr) 3195 (5, broad, NH), 3.519 (s), 1510 (shoulder), 1458 (s), 
and 1440 cm-I (s, NC=S); nmr (CDZClZ) 6 9.14 (1 H, d ,  J = 6.9 
Hz, -CHS), 8.2-7.1 (7 H, m, C1OH7), 6.41 (1 H, m. -CHCH3), 
1.65 (3 H, d, J = 6.4 Hz, -CH3). When the solution was shaken 
with DzO, the doublet at 6 9.14 and the quintet at 6 6.41 col- 
lapsed to a singlet and a quartet, respectively. 

Anal. Calcd for C13H13NS: C, 72.50; H, 6.08; N,  6.51; S, 14.89. 
Found: C, 72.87; H, 6.09; N, 6.39; S, 14.50. 
(~)-(-)-4-Methyl-3-a-(l-naphthyl)ethylthiazolium Tetraflu- 

oroborate [(R)-(-)-4b.BF4-]. The compound was obtained from 
1.08 g (5.0 mmol) of (R)-(+)-3b according to the method de- 
scribed for (R)-(-)-4aeBF4- to give 0.45 g (26.4%) of crude prod- 
uct insoluble in CHC13, CH2CL2, and acetone, mp 170.5-173". An 
analytical sample was obtained by recrystallizing twice from 
Cl(CH2)2Cl-EtOH (1O:l): mp 178-179" dec (corrected); [ a ] z 3 . 5 ~  
-121" (c  1.11, DMSO); ir (KBr) 1480 (s, thiazolium ring), 1160- 
1000 cm-1 (very s, broad, BFI-); nmr (DMSQds) 6 10.36 (1 H, 
d , J  = 2.7 Hz. +N=CHS-), 8.2-7.07 (8 H, -SCH=C and CIOH~-)$ 
6.91 (9, J = 6.5 Hz, -CHCHs), 2.38 (3 H, s, -CH3 on the ring), 

Anal. Calcd for C16H16BF4r\jS: @, 56.33; H, 4.73; F, 22.27; N, 
4.11; S, 9.40. Found: C, 56.91; H, 4.64: F, 22.47; K,  4.25; S, 9.08. 

( R  )-( - )-4-Methyl-3* -( 1-naphthy1)ethylthiazolium Bromide 
[(R)-(-)-4bSBr-]. The tetrafluoroborate (R)-(-)-4beBF4- (1.61 
g, 4.72 mmol) was converted to the bromide with anion-exchange 
resin (Dowex 2-X8, bromide form) as described for 4,aeCI. The 
crude compound (1.56 g )  showed mp 177-182" dec. After recrys- 
tallization from ethanol, 1.20 g of crystals were obtained: mp 
178-182" dec; [ a I z 2 ~  -116" (c 1.18, MeOH); ir (KBr) 1479 cm-l  
(s, thiazolium ring); nmr (DMSO-&) 6 10.52 (1 H, d, J = 2.4 Hz, 
TN-CHS-). 8.3-6.8 (9 H, -SCH=C, CloH7-, and CHCHs), 2.38 
(3 H, s, -CH3 on the thiazolium ring), 2.08 (3 H, J = 7.1 Hz, 

Anal. Calcd for Cl&i16BrNS: C, 57.49; H, 4.83; Br, 23.90; N, 
4.19. Found: C, 57.24; H, 4.88; Br, 23.76; N, 4.04. 
(8)-(-)-a-(1-Naphthyl)-N-thioformylethylamine [ ( S ) - ( - ) -  

3b]. Compound 3b was made from (S)-(-)-a-(1-naphthyllethyl- 

11.90 (1 H, d ,  J = 2.8 Hz, 'KN-CHS-), 8.19 (1 H, -SCH-C), 

2.10 (3 H, d ,  J = 6.5 Hz, -CHCH3). 

CHCHs). 

amine (2b), [(U]~O.% -90.7" (c 1.84, benzene), as describedfor ( R ) -  
(+)-3b. The product was recrystallized from EtOH-H20 to give 
mu 115.5-116.6". 

Anal Calcd for C13HlsNS: C, 72.50; H, 6.08; N, 6.51. Found: 
C, 72.63; H, 6.10; N ,  6.39. 
(S)-(+)-4-Methyl-3-a-(l-naphthyl)ethylthiazolium Tetraflu- 

oroborate [(S)-(t)-4b.BF4-]. The compound was obtained from 
5.50 g (25.6 mmol) of (S)-(-)-3b as described for (E) - (+) -  
4b.BF4- to give 2.93 g (34%) of crude product. Recrystallization 
from CI(CHz)zCl-EtOH gave 2.14 g of crystals, mp 170-174'. dec, 
[CY!"D +118" ( c  1.03, DMSO); recrystallization of the material ob- 
tained on evaporation of the mother liquor gave a second crop, 
mp 169-172" dec, [ a I z 3 ~  +118" (c 0.99, DMSO). 

Anal. (first crop). Calcd for C ~ ~ H I ~ B F ~ N S :  C, 56.33; H, 4.73; N, 
4.11. Found: C, 56.09; H, 4.75; N,  4.09. 
(S)-(+)-4-Methyl-3-cu-(l-naphehyl)ethylthiazolium Bromide 

[(S)-(+)-lb.Br-]. The compound was obtained from ( S ) - ( + ) -  
4b.BF4- as described for (R)-(-)-4bVBr-, mp 184.5-186.5", 
[ a l z 0 ~  +121" (c 0.98, MeOH). Spectra are identical with those of 
(R)-(-)-db.Br-. 

Anal. Calcd for C16H16Brxs: C, 57.49; H, 4.83; N, 4.19. Found: 
C, 57.68; H, 4.68; N, 3.96. 

Salts of 4-Methyl-3-a-phenylethylthiazolium Ion (412). (S)-  
a-Phenyl-AT-thioformylethylamine (3c) was prepared as de- 
scribed for 3b starting with (S)-(-)-a-phenylethylamine (2c), 
[a]20.5~ -37.6" (neat) [hT5 [ C Y ] ~ ~ D  -40.3" (neat)]. However, as 
the product was separated from the reaction mixture as an oil, it 
was extracted with ether. The crude product obtained from 1.82 g 
(0.015 mol) of (R1-2~  was chromatographed on silicic acid (70 g) 
with methylene chioride, giving 1.93 g of purified compound as an 
oil: tic two spots (silica gel, CHZClz), Rf  0.34 and 0.24; ir (neat) 
3080 (s, broad, NH), 1524 and 1439 cm-I (s, C=S); nmr (CCII) 6 
7.27 (5 H, -C&S), 5.72 (0.75 H, m, -CH(Z)CH3), 4.69 (0.25 H, m, 
-CH(E)CH3), 1.52 (3  H, d, J = 7.0 Hz, -CH3(Z) and -CH3(E)). 

H S 
\h--c// 
/ /  

C,H,CH H 
\ 
CH, 

Z form E form 

(S)-(+)-4-Methyl-3-o-phenylethylthiazol~um Iodide (4c.T-). 
To a stirred solution of (S)-3c (3.81 g, 0.231 mol) in benzene (50 
ml) was added chloroacetone (2.14 g, 0.23 mol) dissolved in 5 ml 
of benzene, and the mixture was stirred at room temperature 
overnight and in an oil bath a t  70" for 0.5 hr. The upper benzene 
layer was removed from the cooled reaction mixture with a pi- 
pette, and the residual gummy material was partitioned between 
water (80 ml) and benzene (50 ml). The aqueous layer was 
washed with four 50-ml portions of methylene chloride and then 
treated with potassium iodide (15 g) by portionwise addition. Im- 
mediate separation of an oil was observed. The mixture was ex- 
tracted with two 70-mi portions of methylene chloride, and the 
combined extracts were washed with water (20 ml), dried over so- 
dium sulfate, and evaporated to dryness to give 3.50 g (46%) of an 
oil, which failed to crystallize, although the ir spectrum suggested 
high purity, ir spectrum (neat) 15'70 cm-' (s, thiazolium ring). 
(S)-(+)-4-Methyl-3-a-phenylethylthiazolium (+)-3-Bromo- 

camphor-9-sulfonate [(S)-(+)-4c.(+)-CSA]. To a stirred solu- 
tion of (S)-(-t)-4c.I- (1.20 g, 3.63 mmol) in ethanol (30 ml) was 
added powdered silver (+)-3-bromocamphor-9-sulfonate monohyd- 
rate16 (1.58 g, 3.63 mmol), and the mixture was stirred a t  room 
temperature overnight and heated a t  reflux with stirring for 0.5 
hr. The cooled reaction mixture was filtered to remove AgI, and 
the filtrate was evaporated to dryness to give 1.83 g of crude com- 
pound as a slightly yellow solid. After recrystallization from 
CI(CH2)~Cl, the product showed mp 168-170.5". An analytical 
sample was prepared by repeated recrystallization from 
C1(CH2)&1: mp 173.5-175"; [ a I z 5 ~  +94" (c 0.50, EtOH); ir (KBr) 
1750 (s, C-0), 1673 (m, thiazolium ring), -1200 and 1038 cm-I 
(s, SO2); nmr (DMSO-&) 6 10.54 (1 H, d, J = 3.0 Hz, 

q ,  CsH&H), 4.97 (1 H, d ,  J = 4.5 Hz, CHBr), 1.98 (3 H, d ,  J = 
7.1 Hz, CHCH3), 1.12 ( 3  H, s, -CH3 of the anion), 0.83 (3 H, s, 
-CHJ of the anion). 

Anal. Calcd for CzzHzsBrNSz04: C, 51.34; H. 5.48: Br, 15.53; 
N, 2.72; S, 12.46. Found: C, 51.72; H, 5.67; Br, 15.39; N, 2.76; S, 
12.47. 
(S)-(+)-4-Methyl-3-cu-phenylethylthiazolium (-1-3-Brorno- 

H H  

+N=CHS-), 8.14 (1 H, -SCH-=C), 7.43 (5 H, C6H5-), 6.11 (1 H, 
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camphor-9-sulfonate [(S)-(+)-4c.(-)-CSA]. The compound was 
prepared from (S)-(+)-4c.I- and silver (-)-3-bromocamphor-9- 
sulfonate monohydrate as described for (S)-(+)-4c.(+)-CSA-. 
The crude solid was recrystallized twice from Cl(CH2)2Cl to give 
colorless crystals: mp 179”; [a]20% -25.2“ (c 0.522, EtQH); ir 
(KBr) 3500 (s), 3450 (s), 1747 (s, C=Q), 1649 (m),  1572 (m, thia- 
zolium ring), -1200 (s), and 1040 cm-l (s ,  SOz). 

Anal. Calcd 2for Cz2H2sBrNS204: C, 51.34; H, 5.48; N, 2.72; S, 
12.46. Found: C, 51.11; H, 5.49; N, 2.78; S, 12.28. 

Benzoin Condensation Catalyzed by Thiazolium Salts. The 
molar ratio of benza1dehyde:triethylamine:catalyst was 
1O:l: -0.95. The concentrations of the reaction mixtures ranged 
from 0.19 to 0.35 millimoles of catalyst/milliliters of solvent. In 
all reactions benzaldehyde was added to  a solution of the catalyst 
in methanol (methanol-HzQ, 0.98:2.3 v/v) under nitrogen. A 
methanolic solution of triethylamine was added dropwise with 
stirring. After stirring for 24 hr at  30” the reaction mixture was 
evaporated to dryness and the residue was chromatographed on 
silicic acid with chloroform. After unreacted benzaldehyde, ben- 
zoin was elutedl. When the initial separation of benzoin was in- 
complete, the overlapped portion was rechromatographed with 
chloroform-benzene (7050). 
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A study of carbonium ions formed from a series of P-di- and trimethoxyphenyl-1-chloroethanes and 2-(o-ani- 
sy1)-1-chloroethane in either SbFs.SO2 or SbF5.SO2.BF3 was carried out. Methoxy-stabilized phenonium ions 
were generated only from BF3 complexes of the di- and trimethoxyphenyl-1-chloroethanes in SbF5.SOz wherein 
the number of ortho and para methoxy groups was greater than the number of meta “destabilizing” methoxys. 
The 2-(o-anisyl)-l-chloroethane gave the oxonium ion 14, whereas its BF3 complex gave phenonium ion 15. In 
the reaction system SbF5.SOz.BF3, the major reaction competing with phenonium ion formation appeared to be 
C-protonation by trace amounts of HF. The oxonium ion was obtained from 2-(2’,5’-dimethoxyphenyl)-l-chlo- 
roethane in AgSbF&Oz at -20”. No benzylic ion formation was observed in these systems, apparently because 
the stable ring carbon protonated. ions will not readily undergo abstraction of C1- by SbF5. 

A variety of ideas have been offered in attempts to cor- 
relate physiological activity and structure in mescaline 
(la),  amphetamines, and other  hallucinogen^.^ 

A report5 that 2-(3’,4’,5’-trimethoxypheny1)ethanol (lb) 
(a minor rat mescaline metabolite6c) or 3’,4’,5’-trimethox- 
yphenylacetaldehyde produced potent biological effects in 
rats a t  significantly lower doses than mescaline, coupled 
with the isolation of demethylated products6 from in oivo 
mescaline metabolism [such as 3’,4’-dihydroxy-5’-methox- 
yphenylacetic acid and 2-(3’-hydroxy-4’,5’-dimethoxy- 
phenyl)ethylamine], suggests the interesting possibility of 
the intervention of ions or ion pairs such as 2 or 3 at some 
stage in the biochemistry of mescaline. Such ions seem 
reasonable, since both alkoxycarbonium ions and the p -  
anisonium ion (4) are known to be exceptionally stable, 
and at  least in the case of simple methoxy carbonium ions 
excellent methylating agents as we1L7.s Further, Sung and 
Fake r  have recently observed a linear correlation between 

intermolecular charge transfer transition energies and bio- 
logical activity in mescaline units for a series of psychoac- 

la, X = NH, 
b, X = OH 

3 
R y CH3 

2 
R = H, CH, 

4 


