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USE OF 3,3'-POLYMETHYLENE-BRIDGED THIAZOLIUM SALTS PLUS 

BASES AS CATALYSTS OF THE BENZOIN CONDENSATION AND ITS 

MECHANISTIC IMPLICATIONS: PROPOSAL OF A NEW MECHANISM 

IN APROTIC CONDITIONS 
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Joszp M. Bofill 

Abstract- 3.3'-Polymethylcnc-hndgcd thiutdium and henzothiaznlium salts are 

used as precatalysts i w  the henzoin condensation and it is found that catalytic 

activity depends strongly on the methylcnc hridge length. This result supports our 

previous postulation that. at lcast in slrictly apn~t ic  rncdium, his(tIii;lzolin-2- 

y l i d m e ) ~ ,  and not tlii;lz~1lin-2-ylidenes, are the catalytic species in the henzoin 

&densation catalyzed hy thiazolium salts plus hase. As a conxquence, a new 

mechanism hased in expe~imental data and AM1 calculations is proposed. 

The hmzoin condensation can he catalyzed hy cyanide ion,L-3 thiazoliurn salts (1) plus or 

his(thiazolin-2-ylidenc)~ (Z).".' Dcpn~tmation of thiazolium ions affords thiazolin-2-ylidenes (3) which, 

according to the classical proposal of Brcslow, would he the actual catalytic species in the henzoin 

condensation (Scheme I) and related reactions. 
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Scheme l 

However, it is well knownx-" that when adding a hasz to a solution of thiazolium salt. 

his(thiazolin-2-ylidene)~ (2) should he formed in sihr hy nucleophilic attack of the nascent thiazolin- 

2-ylidenes (3) on the sul~ounding thiazolium ions (see first pan of Scheme IV); furthermore, it is also known 

that, in some ca.ws, rcaclion uf a his(azolin-2-ylidcne). t i~ r  instance, ktraaminoalkenes, with an electrophile 

gives the same derivative that would he expected from direct rcaction of the parent azolin-2-ylidene and the 

elwtrophile; in tact. his(azolin-2-ylidene)~ are compounds so closely d a t e d  to the corresponding 

azolin-2-ylidenes that they are frequently referred to as their "dimers"; we will follow this practice here. The 

mechanism for this hehaviour was proposed hy  ema all^, and it hu beheen extrapolated, without positive 

evidences, to reactions of the analogous his(thiazolin-2-ylidenes)~. including the henzoin condensation. 

In a previous paper" we rcponed the complee lack of catalytic activity of thiazolin-2-ylidenes generated hy 

desilylation of 2-trimethylsilylthimlium ions in suictly aprotic medium and, as a logical consequence, we 

have put foward the postulation of his(tl1iazolin-2-ylidcne)~ as the relevant species when thiazolium salLs 

plus hues  are used as catalys~s"-'"in such conditions. 

We report here experimental work on 3.3'-polymethylene-hridged thiazolium hromides [a,w-his(4.5- 

dimethyl-3-thiamli<>)a. Ikat ne dihromides ( 5 )  md a,w-his(3-kn.~c>thiazolil>)a. Ika. ne dihromides. (h)], and also 

comparative mal ts  ohtained hy using pre-formed '"dimers" (5bis) and (hbis). that shows cut(11.ytic rrctivify to 

iirl~rndrtrrm& on the mrthvlrnr h r i d p  ienjith. 
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PREPARATION O F  3,3'-POLYMETHYLENE-BRIDGED THIAZOLIUM SALTS (5) AND (6) AND 

T H E I R  CORRESPONDING BIS(THIAZOL1N-2-YL1DENE)S. 

After some rather unsuccessful auempts to preparing h~idgcd thiamlium salts hy using a.o-dichloroalkanes, 

excellent results (in many oases al~iiost quantivaUve yields) were sysslmatically ohwined hy using 

a.o-dihromoalkanes as the quaternizing agen~s  in rclluxingacetonit~ilc and an excess (if thiazole 111 favour the 

desired douhle quatemization. Two szries (11' h~idged thiazolium hrornidcs were prepwed in this way, one 

s ta~t ing from 4.5-dimethylthiazole (scrics 5) and the other from henzothiazolc (series 6); in each series, the 

length of the hridge covered the range h m  n=3 111 n=X mcthylene units (compounds 5-3, 5-4, etc.; 6-7, 6-4. 

etc.). Attempts to usz 1.2-dihmmocthane as the quatemizing agent led only to the isolation 

N-(2-hromwthyl)thiazolium hromide; howcvcr. 1.2-his(4,5-dimethyl-3-thiazolio)ethane dichloride 

(compound 5-2. C1 instcad of Br) was prepared hy cmdensation of 3-chloro-2-hutanone with 

N.W-dithioformylethylenediamine (prepared from ethylencdiamine). 

The rrsulting salts were easily isolated and purified with the sole exception of compound (5-7) thc high 

hygroscopicity of which made its manipulation dil'licult. All of them were soluhle in methanol and insoluble 

in chloroform. 

Preparative isolation of his(thiazolin-2-ylide11c)s krrmed hy adding bases to thiazolium salts solutions i s  

possihle only if advantage can he taken of their eventual insoluhility in the icaclion medium. To avoid this 

important limitation an alternative general method was developed hy usI4 which consists in passing a 

methmolic wlution of the thiazl~liuln salt through ;1 slnmgly basic ion exchange column, thennostated at 0 Y' 
"C. in an inert atmosphere m d  cdlecting the eluted solutions over 3 A molecular sieves. Solvent is then 

removed in high vacuum, low temperature and under an inert atmosphere. This methodology has heen here 

applied to salts (5) and (6): hdogc!co-l'rcc. oily, .soluhlc in clilon~lbrm and in hot dioxaoe (in contrast to the 

insoluhility of the parent thiazolium salts) and cavalytically active pmducls were ohtained in all cases. 

The main purpose in preparing "dimers" (5bis) and (hbis) was to compare their catalytic activities with those 

of the parent bridged thiazolium salts (plus hasc) hut some new spectral i n f ~ i ~ r n a t i o n ~ ' . ~ ~  on these highly 

unstahle species was also gathered. Thus. a regular peak s c ~ i c s  from ttagmcnvation of the polymethylene 

chain is a very characteristic feature in the mass spcctra of salts (5) and (6) (see Experimental) hut these peaks 

21-e hardly ohservahle in the mass spectra of "dimcrs". 

The I3C nmr spectrum of "dimer" (5bis-3) (a neutral species) showed. relative to that of the organic moiety o f  

(5-3) (a dipositivc ion), the expected uplicld shift of tertiary anmatic carhon signals. Thus, the salt shows, in I 
DMSO solution, a peak at 156.1 ppm, ct~msponding to the two equivalents carhon atoms 2 and 2' (see 

Figure), and two mow signals at 142.0 and 133.2 ppm due to the two groups ol~cquivale~it oarhon atoms 4-4' 
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md 5-5'. When sodium hydride is added such peaks disappear and appears a new ,wt of signals at 136.0 and 

128.4 ppm corresponding to quaterwary carhon atoms 4-4' and 5-5' .  displaced at higher field hecau.u the 

disapparmce of the charge in the formatinn of the his(thiazolin-2-ylidene) system (type 2 structure), and a 

clear signal appears (carhon 2 and 2') at 114.0 ppm. in excellent concordance with the value described hy 

Jordan" for the, so called. "symmetric dimer" or his(thiazolin-2-ylidene)~; this is the demonswtion of the 

fnrmation of the his(thiazolin-2-ylidene) in h a i c  conditions frnm hridged thiazolium salts as the sole product 

ohsewed. 

CATALYTIC ACTIVITY IN THE BENZOIN CONDENSATION O F  33'-POLYMETHYLENE- 

BRIDGED THIAZOLIUM SALTS (PLUS BASES) AND O F  THE CORRESPONDING 

BIS(THL4ZOLlN-2-YL1DENE)S. 

Benzoin condensation catalytic activity was measured hy the yield in henzoin ohtained under the strictly 

controlled working conditions already employed in the desilylation study of 3-methyl-2-trimethyl- 

silylhenzothiazolil~m trilluommethanesulpho~iate.".~" Yields are collected in the Tahle together with thost: 

frnm control experiments using the simple salts (7) [3.4.5-trimethyltI1iazolium (1. RI=R2=R,= CH,) iodidc] 

and (8) 13-methylhenzothiazolium (1. R,= CH,, R2-R,= CH=CH-CH=CH) iodide] and their respective 

"dimers" (7bis and Bbis). 

Even at IIH) "C, all thiazolium salts (5) and (6) were insoluhle in dioxane hut they went into solution after 

addition of the hase (.we experimental section). This points clcarly to in situ limnation of "dimers" (Sbis) and 

(hbis), the solubility of which has hccn mentioned alwady; on the othcr hand, it is difficult to imagine that 

soluhilisation could he due to formation of linear "dimers" such as 9. At the end of the runs,after cooling, a 

crystalline precipitate of diisopr(>pylethyla~nine hydn~hrnmide was isolated. In experiments 6-3IA and &4/A 

very insoluhle, high melting (> 260 "C) materials were isolated which accnrding to their ms (peak at mlz = 

149. C,H7NSt) were formed from the thiazt~lium salt; most prnhahly, they are polymeric structures (no such 

materials were isolated in experiments 6his-31C and 6bis-4lC). 

The nuclear experimental results ale those of serics 5lA and 6lA. As expected%hezothiazolium salts afford 

much poorer henzoin yields than simpler thia~olium salL5 hut in hoth se~ies  the hehaviour is very similar. 

showing an activity maximum for n= 7 (series 5) o r b  (series 6). it is to say that rhr ctrrtrlvtic ~c t iv i ty  r lq~rnds 

on the mvrhylrnr brirlgr Imgrh. 
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Table. Benzoin condensation catalytic activity of 3,3'-polymethylene-bridged thiazolium salts plus 

bases a n d  the corresponding bis(thiazolin-2-ylideneh. 

Gas chromatographic henzoin yields (see Explimcntal) under the fdlowing conditions: A) 4.9 mmol of 
henzaldehyde; 0.49 mmol of salt (0.98 for 7 and 8); 1.4 mmol of DIEA, 5 ml of anh. dioxane; 101 OC; 24 h.; 
argon atm. B) 4.9 mmol of hmzaldehyde; 0.05 mmol of salt (0.1 inr 7); 0.14 mmol of DIEA. Working 
conditions as in A). C) 4.9 mmol of henzaldehyde; "dimer" prepared from 0.49 mmol of salt (0.98 for 7 and 
8). Working conditions as in A. D) Conditions as in A) hut changing retluxing dioxane hy refluxing ethanol. 

Comparative experiments conducted under a valicty of conditions confirm the ahove results. Experiment$ in 

column SIB, in which the proportion of catalyst was smaller. and in column 6ID. in which ethanol was the 

solvent instead of dioxane, show the same trends. respectively, than in 51A and (i/A. The experiments with 

pre-formed "dimers" (columns SbidC and 6bisIC) also confirm these trends. An interesting point is the 

different hehaviour of 5-8 and 5his-X. The yield ohtained irnm 5-8 is ahnormally low, prohahly hecause the 

difficult formation of the dimeric system in conventional conditions. due to the memhers of the resulting 

cyclic system. But when 5-8 is previously convcred into 5bis-X the ohserved yield fits perfectly i n  the 

statistical distribution. In relation to thc ahnormally high yield ohserved when 5-3 is used in conventional 

hasic medium and the normal one n h s ~ v c d  from 5his-3, analogous explanation is applicahle. The correction 
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of such ahnormal hehaviours when the salts arc converted into its comsponding his(thiazo1in-2-ylidene)~ 

could he considered as a proof of our statement. 

The cleur influence qf the methvlme bridxr icngth on remcrion yield ,snp/xms our prrvinus postululion rhur 

his(thir1zolin-2-yli1Iene).s (Z), onrl not thkrzolin-2-vli1lene.s (3) w e  the r e d  cotdytic species in the benzoin 

conrlmsution c(1wlyze11 by rhillzr~/iunl st11t.v in bnsic merlium hccause in the reported cases the formation of the 

his(1hiazolin-2-ylidene) system gives rise to diaza-ring formation and the ohvious thing is to base the 

explanation of that dependency on the relationship hetween size and properties (stability, ease of formation, 

ete.) of the new formed ring. As a logical consequence of the pre.%nt results in this and in previous papers, 

and with the aid of theoretical calculations. we reinforce our proposalt3 of a new mechanism for the henzoin 

condensation. 

A NEW MECHANISM FOR THE BENZOIN CONDENSATION 

We have applied AM1 calculations to dctcrminc th&nodynamic paramctcrs of significative species in the 

studied processes; such panmeters and some i m p o r h t  geometric characteristics of intermediates are 

collected in the following ligures and .whcmcs. To dispose of homogeneous data, wc have also calculated the 

heats of formation of fbrmaldehydc (-31.5 kcal/mc~l) and glycolaldehyde (-85.7 kcal/mol) hy AM1 theoretical 

calculations. 

A: AlTACK OF THE CONJUGATE BASE OF A THIAZOLIUM CATION TO AN ALDEHYDE UNIT vs. 

ATTACK TO OTHER UNIT OF THIAZOLIUM CATION WITH FORMATION OF A 

BIS(THIAZ0LIN-2-YLIDENE). 

As repeatedly indicated, the henzoin condensation is carlied out hy placing in a hasic medium a thiazolium 

cation and an aldehyde. In such hasic co~iditions the conjugate ha* of the thiazolium cation (3) is formed. 

This species (3) is a nucleophilc and can react with the two clcctrnphiles plescnt in the reaction medium: a 

thiazolium cation (1). or an aldehyde unit (Schcmc 11). 

3 1 RCHO 

chcmc 11 
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The attack of (3) to a formaldehyde, first step of the Breslow's mechanism. has a AH, = -2.7 kcallmol and a 

AE,, = 2.1 kcallmol; formation of the dimer has a AH, = -233.5 kcallmol. if we consider the process OH- + 
Tz+-H + Tzt- Tz=Tz + HZO, while the process Tzi. + Tzt-H Tzf-Tz-H (formation of the intermediate 
species hetween the thiazolium cation, Tzf-H. its conjugate haw. Tzt~,  and the dimer) has a AH,= -42.2 

kcaYmol and no appreciable activation energy. In other words, from the conjugate hase of a thiazolium 

cation, the formation of the dimer from the conjugate hase of a thiazolium cation is laster and 

thermodynamically much more favorahle than formation of the first intermediate in the classical mechanism. 

However, all these are equilihrium processes, if the rest of steps in the Breslow mechanism would he more 

favorahle, this could operate. 

B: THEORETICAL STUDY OF THE BRESLOW MECHANISM 

We have calculate all the parameters of the Breslow mechanism. and they are represented in summary i n  the 

Figure 1. From the calculated values of AHI of the significative structuw, it is deduced that the state named 

as C in Figure 1 (the carhanionic-end intermediate of Breslow (11) plus fo~maldehyde) is the most stahlc 

state in the glohal theoretical reaction, and consequently should he the end point in this pnrcess. In fact, such 

intermediates are tautomeric structures of the known 2-acylthiaznlines (13) stahle and isolahle molecules; 

Metzger"' has described the preparation of 3-methyl-2-hcnzoylhenzothimline hy the reaction hetween 

henzaldehyde and 3-methylhenzotl~iazolium salt plus triethylamine, with 70 %, yield, that is to say, in the 

hcnzoin condensation conventional conditions. in ujtal agreement with our thermodynamic-hased reasoning. 

Furthermore. in reference to such structures (13) wanzlickzl showed to he inactive in neutral conditions in 

one case, to have some activity in other. and to have an enhanced activity if the compound is placed in 

pyridine as solvent. If the.= such compounds were the real intermediates, they would he ahle to tautomeriz 

easily to the enol-mamine fmm, and, in this way. they would have nuclcophilic character enough over the 

exncyclic carhon atom to attack to a new lirrmaldchydc molecule in the way proposed in the classical 

mechanism, and such characteristics would he prescnt in all cases. We desc~ihedl? that the nucleophilic 

position, if any, in the enol-enamine structures would he C-5, the olefinic carhon atom directly linked to the 

sulfur atom. Moreover, to have some activity in one ca.w is not an evidence of the charxter of intermediate of 

structures (13): we think that it only proves its instability. In our view, if a 2-acylthiazoline catalyzes the 

reaction it is hecause decomposes into their p~ecursors in the conditions of ~eaclion, generating indirectly the 

corresponding dimer. This decomposition is stmngly supported hy the reported enhanced activity in basic 

medium, hecause, as it is represented in the Schcmc Ill, such 2-acylthiazolincs must lose the acidic pmton in 

C-2 hy the action of the pyridine, tautomerize 10 the enol-cnamine fnnn, decompose into thiazolin-2-ylidenes 

(3) md. vin formation of thiazolium cations and reactions hctween the two species, the cor~esponding dirners 

must to he fo~med. 

Summarizing, the consequences 111' the prcvil~us reasoning are: d the stahility of the Breslow's inte~mediates 

(13) is very high, and the reaction cannot progress towards the condensation hecause it is thermodynamically 

impossible: and hl the ohservcd, onhi in one cnsc, activity of a molecule of type (13) is perfectly justifiable 

from our mechanistic proposal. 

One interesting, hut irrelevant, formal aspcct is the predicted concerted character of the step tinm the Breslow 
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3 10 11 12 

AHf (kcallmol) 70.3 36.1 -2.4 -17.6 

Figure 1. Thermodynamic parameters (kcaVmol) of the Breslow mechanism calculated hy the AM1 method. 

intermediate to the immediate precursor ofthe final product (see step D in Figure I )  ifthe reuction c1mI11 i t ke  

pluce, hehavioui different of the described for the classical henzoin condensation with cyanide ion as catalyst, 

and in the calculated hy us from his(t11iazolin-2-ylidcne)~. 

C: THEORETICAL STUDY OF ANEW MECHANISM OF THE BENZOIN CONDENSATION, BASED 

IN THE BIS(THIAZOL1N-2-YL1DENE)S AS REAL CATALYTIC SPECIES IN APROTIC MEDIUM. 

Our mechanistic proposal, alrcady published" in its general guidelines, is the one represented in SchemelIV: 

thermodynamic and geometric parameters of inknncdiates an: given in Figures 2 and 3. 
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--, Benzoin condenwtion 

Scheme 111 

It is important to ohserve some intemsting characteristics of the calculated structures of the intermediates. 

The first is the non-planar geometry of the histhiazde unit in the intcrmediaw in the process of iortnation of 

the dimer ("asymmetric dimcr" in the terminology of Jordan "). and in all the intcrlnediates of the catalytic 

process except 16: this supposes a clear geometrical distortion in the fo~mation of thc dimer from their 

precursors. and analogously, in thc fi~nnation and evolution of the inte~mcdiates. Thesr geometrical changes 

must he one of the most imporlmt reasons u~ explain the relalion yield-lcngth of the hridge ktween two 
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Scheme 1V 

thiazole moieties (see general structull: 18). 

The most important featurc of the pwpwed mcchanism is the very high stahility of the carhanion (15). more 



HETEROCYCLES. Vol. 37, No. 3,1994 

Figure 2. Thermodynamic parameters (kcallmd) of the henzoin condensation catalyzed hy his(thiazo1in- 
2-ylidene)~ calculated hy the AM1 method. Structures (14, 15, 16 and 17 ) as represented in Scheme V for 

R = R , =  R , = R , = H .  

stahle than the oxanion (16) in 21 kcallmd: the reason could he the almost parallel disposition of its full p, 

orhital and the positively charged r system of the thiazolium moiety in the intermediate with the consequent 

stabilizing orhital interaction. In I;lct, the presence of this charged aromatic thiazolium ring in this and others 

intermediates would he the explanation of their stahility and the thermodynamic justification of the 

mechanism. 

From the kinetic standpoint, the reaction hctwecn the two uncharged initial species, the dimer (2) and the 

aldehyde. commonly accepted as possihle f n ~ m  L m a l  work, and the p n m n  transference in the oxanion (14) 

to yield the carhmion (IS), present essentially the same activation energy. In the case of ammatic aldehydes, 

the relative stability of the last kind of inteimediaes would he still higher heoause of the extra stahilization of 

the negative charge hy rcsonancc with the aromatic ring, and we can expect a lower, more favorable, 

activation energy. In any case, the pmsent numc~ical values refer, as ohvious, to a reaction in gas phase; 

prohahly in a pmtic medium all these energy ha~ricrs  would he much lower. 

Another important aspect to consider is the conl~nnational change from carhanion (15). with the two thiazole 

ring almost perpendicular. to intcnncdiatc (16). in which such lings an: approximately in the same planc. The 

reason of such co~iformational changc is. very pnrhahly, the stcric interaction hetween the grnwing chain and 

a thiazole ring, and, specially. the clcctn~static repulsion hctwmn the new negatively chal-gcd oxygen atom 
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Intermediate 14 

~ihedral angles 
S4-3-c1-SZ 73.g0 
O18 ITG C1 -108S0 
C17-%C1-S3 -39s' 
Bond distances (A) 

1.47 
1.56 

Intermediate 15 

Dihedral angles 
S,-C -C1-S, 61.Z0 
O I ~ - ~ T G - C I  -50.00 
C17-c2-c1~S3 -50.5' 
Bond distances (A) 

1.48 
1.49 

Intermediate 16 

AH, = 28.9 kcaVmol 
Dihedral angles 

-7.3'3 
-54.7O 

C17-%-c1~S3 -126.8' 
Bond distances (A) 

1.51 
1.55 

C17-%0 1.59 

Intermediate 17 

AH* =-22.4 kcaVmol 
cS > - 1.265 
Dihedral angles 
S4-3-c1-S! 68.7O 
O18 17% C~ -81.7' 
C17-%-c1~S3 -48.6" 
Bond distances (A) 
(I.-C 1.4R 

Figure 3. Ball and SticksTM representation, significative geomeaic characteristics and heats of formation of 
the intermediates of the benzoin condensation catalyzed by bis(thiazo1in-2-ylidene)~. 
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and the two elcctronrgative atoms. N and S. in the non aromatic ring, interaction that would he present if the 

dihedral angle hetween the two thiazole ling would he ahout 90". as in the rest o f t h e  intermediates. We have 

looked for different geometries for 16, hut it has heen impossible to loca l i~z  a different minimun in the 

reaction hypersurface. The last step. in which the intermediate (17) gives risc to dimer and hentoin. has a 

negligible activation energy. 

In a certain moment of our studies we helicved that the tricyclic compound (19) could he a s  good a 

candidate to he a key intermediate of the process as carhanion (15). We have rt.jected such idea hecause. 

although its the~modynamic stahility is the same (AHt= 48.5 kcallmol), we have not heen ahle lo link such 

suppo,wd intermediate with the ante~iur  and the p~~s lc r ic~r  intermediates through rcasonahle transition states. 

pmhahly hecaose the inadequate topology of the tticyclic compound. However. the relative stahility of 19 

converts it in il good cmdidate of future mechanistic and synthetic stodics, as possihle indirect precursor of 

the carbanionic inte~mediate (15). 

DISCUSSION OF SEVERAL DESCRIBED PROCESSES RELATED WITH THE BENZOIN CON- 

DENSATION AND THEIR JUSTIFICATION FROM THE PROPOSED MECHANISM. 

At this point in the discossion it might he ine~~es l ing  to point out several facts, that, although do not 

demonstrate pn~pcrly our proposal, they can he easily explained from the hypothesis of 

his(thiazo1in-2-ylidene)~ as real catalytic species i n  this group of reactions. 

Rastetter ut  01.. desaihedZ2 the reaction hetween 7-h~1i~yl-2-(a-hydr~1xyethy1)-4-methylthix~nlium 

tetratluohorate (20) and different disulfides in the presence of a hase. As the authors indicate 2 0  is, in fact. a 

protonated Breslow intermediate (4). and this product decomposes when treated with a h u e  in acetaldehyde 

and the conjugate hase of the thiazolium caticm: the culjugate hase attacks disulfides affording thiols and the 

thiazolium salt substituted in 2 hy a sulfide as lhe main products of the reaction: however, also thioeswrs are 

isolated to some extent. hut a l w ~ y s  in low yields. It is possihle to explain these ihcLs using our proposal 

(Scheme V): the salt (20) dectmpows, as the authors dcsc~ihcd. affording species (21). of the same kind of 

(3): this acts as a hase. taking a pmtc111 from 20, li~rming the cwl.esponding thiazolium salt (22); the new 

species (21) formed reacts with the l i~nncr  thiazolium calion (22). and a his(thiazolin-2-ylidcne) unit (23) is 

fmmed, that I - C J ~ ~ S  with the acetaldehyde now present in the medium and the acyl anion equivalent 

intermediate, folmed in the way proposed hy us. rcacts with the disulfidc leading the thioester. 

Analogously, we described in our previous p;lper13 that when 7-henzyl-2-(a-hydroxyethy1)-3.4- 

-dimethyltliiazolium ion (24). a salt very similar to 20. is treated under the reaction conditions with an 
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- 
+ R - S  

23 +CH,CHO + RS-SR - RS-CCH? + RSH 

Scheme V 

aldehyde d i f f e ~ n t  to acetaldehyde, the isolated compound is not the rcsult of the attack of the B ~ s l o w ' s  

intermediate of the acetaldehyde to the new aldehyde, as it must he if the old mechanism was correct; the 

reaction product is a mixture of t h r  acyloins in approximately the same proportions, in other words, the 

process is (Scheme VI): d decomposition of the Breslow intermediate with lihecltion of acetaldehyde and a 

unit of thiazolin-2-ylidene; h/ conversion of this to a thiazolium cation; c/ tbrmation of the 

his(thiazolin-2-ylidzne) from a thiazdium cation and a newly tin'mcd thinzolin-2-ylidene; and d/ the crossed 

reaction hetween the two aldehydes, yielding the l i~ur possihle acyloins, in a result which is in agreement with 

the f k t s  descrihed hy Rastetter and with our mechanistic proposal. 

An imponant fact descrihed hy us1%s that the 3-[(R)-2-hutyl]-4,5-di1nethylthillzolium iodide (25) does not 

catalyze the henzoin condensation at 30°C in methanol; however, the 3-[(RJ-2-hutyll-thiazolium iodide (26). 

it is to say, a salt with the same hulky group over the nitrogen atom hut without the methyl groups in 4 and 5.  
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I 
N+ hase 

CH3/ . O H  
C 

4 L Benznin condensation 

yields loll %I of henzoin. Our explanation is that in the case of 25 thc methyl in position 4 forces the system to 

exist in confbrmation B (see Figure 4) and i n  such c(mformation the ethyl groups do not permit the 

approximation of the two rings to limn the his(t1liazolin-2-ylidcne). In salt (26), however, the ahsence of a 

methyl group in position 4 enahles the cxistence ol  conlhrmalion A (or any other), the catdytic species is 

fmmed. and the reaction takes now place. 

Figure 4. Conionnations of llic compl~und (25). 
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CONCLUSION 

In the present paper, new experimental data arc presented that give support to our pwious  claim" that 

his(1hiazolin-2-ylidene)~ (2) play a key nrle in the henzoin condensation and related processes in aprotic 

conditions; furthermore, theoretical AM1 calculations show that our mechanistic prnposals are kinetically and 

thermodynamically reasonahle. On the other hand. complementary calculations show that Breslow's 

intermediates should he in such conditions end points of a chemical reaction, and not intermediates in the 

reaction hetween thiazolin-2-ylidenes and aldehydes. This theoretical result is in full agreement with the 

experimentally established lack of catalytic activity when thiazolin-2-ylidenes are generated under conditions 

that preclude the formation of his(thiazolin-2-ylidene)~. 

THEORETICAL PROCEDURE 

The calculations were carried out hy using the svandard AMIZZ procedure, as implemented in the MOPAC 

program.z4 It was necessary 111 use procedures applicable tc, open-shell systems. The calculations were. 

therefore, canied out with the UHF formalism (UAM1).25 Transition sv~tcs were located hy minimizing the 

norm of the gradientz6 and characterized hy calculating fnrce constant~.~('AAll geomdries were found hy 

minimizing the energy without making any assumptions. Options for all these procedures art: included i n  

MOPAC. 

EXPERIMENTAL SECTION 

3,4,5-Trimethylthiazolium iodide and 3-Methylhenzothiazolium iodide. These two salts were prepared hy 
quaternization with methyl iodide of4.5-dimetliylthian,I and hcnzothian~l. respectively. 
1,2-Bis(4,5-dimethyl-3-thiazolio)ethane dichloride. 1.2-Diaminoethane (2.2 g; 37 mmol) was added 
dropwise to a mixture of ethyl thiofhrmate (80%; nmr umtilication) and ethyl fmmate prepared fmm ethyl q,: nrthofnrmate (16 g: 110 mmol) and hydrogen sulphidc2 in  excess; a white solid appeared at once. After an 
hour, a~lvent was removed and the residual solid material was chmmatogmphed in silica gel using 
dichloromdhane with methanol (5%) as eluent 1,) givc 1,2-bis(thioformylamino)ethane (1.5 g; 10 mmol). 
mn 121-123°C. Ir IKBrY 3170. 29711. 1540. 1460. 1430. 1330. 1300 cm-I. IH Nmr CD,OD): S 9.44 1s. 2H). ~~. --~,, 
4 . k  (s, 4H). I3C ~ m r  (cD,OD): 6 1911.X (cH). 41.7 (cH~).  Ms (El) (mlz): 148 ( ~ j ,  lil/l (M-H&), 87 (haw 
peak) (M-CH,NS). Anal. Calcd 1iir C,H,N,S,: C. 32.1; H. 5.4; N, 18.0; S ,  43.6. Found: C, 32.4; H, 5.5: N. . .. 
i8.8; S, 43.0:Yield. 27%. 
A mixture of 1.2-his(thioformyla1ni11,1)ctI1a11c (1.0 g; 6.76 mmol) and 3 - c l i l o r - 2 - h u t n n  (7.4 g; 69.7 mmol) 
was retluxed during 5 min; almost instanvancoi~sly the initial white precipitate disappeared and a new white 
solid was formed. After cooling, the solution was decanted and the residual solid was recrystallised from 
methanol-ether and methano-acetone 10 givc pu1x I,Z-bis(4,5-dimethyl-3-thiazolio)ethane dichloride (5, 
n=2). Yield and physical properties are I'nund i n  the wqucl together with those for the other memhers of the 
se~ies. 
a,w-Bis(4,S-dimethyl-3-thiazo1io)- and a,o-his(3-henzothiazolin)-alkane dihromides (n = 3-8)ZX. 
Prevaration of 1.3-his(4,S-dimetl1yl-3-tIiia.~~1Ii11)~r~1~ane dihromide (5. n=3) is riven as a renresentative . . . 
cxsr11plc. 
An :~ir%~nitril: ( 5  ml) \ tdut~m (11 ~ . ~ - L ~ I I I ~ . ~ I ~ I ) ~ I ~ I I . I / . ~ ~  11 07 g: I-lh I I I I I I ~ ~ )  U I J  I . ~ - J I I I I ~ I I I I I I ~ ~ I I ~ J ~ L ~  \ll.hOh g. 
3 5 nnna~l) u.1, ~cllux~.d ($11 48 h A1'k.l .,.e.d~~~p. I I I Q  \ , . l u ~ ~ . m  a ~ \  Auntcd and 111~. rrr4ual ~ d ~ d  ~ J ~ C I I J I  WIIS 

washed several times with ether and recrysvallised frnm mcthanollether to give 
1,3-his(4.5-dimethyl-R-thiazoli(1)pr~>pane dihnmidc (6. n=3). Yield and physical propcnies are fbund in the 
sequel together with those for the uther memhers. 
1,2-Bis(4,5-dimethyl-34hiazolio)ethane dichloride (5. n=2): mp 191-193 "C. I t  (KBr): 34IH1, 3060, 2970, 
1585. 1450. 14IH). I I90 cm-I. IH Nmr (CD,OD): 6 5.2 (s. 4H). 2.7 (s, 6H). 2.7 (s, 6H). "C Nmr (CD30D): S 
157.6 (C,). 143.8 and 136.4 (C4 and C,). 52.3 (C,). 12.6 and 11.8 (C6 and C,). MS (El) (ml~):  252 (M-2). 224 
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(ha= p e k )  (252-C2H4). 209 (224-CH,). 191. 156, 3 126 (CSH,NS+CH). 71, 59. Anal. Calcd for 
C12Hl,N2S,C1,.2H20: C, 39.9; H, 6.1: N, 7.7: S, 17.7; C1, 19.6. Found: C, 39.9: H, 6.2: N, 7.9; S, 17.7: C1, 
10 7 Y~rlrl. 511% . > . , . . .- . - . - . . . . . . 
1,3-Bis(4,S-dimethyl-3-thiazo1io)propane dibromide (5, ~ 3 ) :  mp 244-245 "C. Ir (KBr): 3(KKl, 2920, l650. 
1590, 1575, 1440, 910 em-I. IH Nmr (D20): 6 9.5 (s, 2H). 4.5 (1, J=6 Hz, 4H), 2.4 (hs, 14H). Ms (El)(m/z): 
268 (M), 266 (M-2). 238. 224 (266-C,H,), 205, 179. 154 (CSH7NS+C,H,), 141. 126 (C,H,NS+CH). 113 
(C,H,NS), 80 (hase peak) (C,H,N). Anal. Calcd inr CL3H2,,N2S2Br2: C, 36.4: H, 4.7: N, 6.5. Found: C. 36.4; 
H, 4.6; N, 6.5. Yield, 84%~. 
1,4-Bis(4,5-dimethyl-3-thiazolio)butane dibromide (5, n=4): mp 179-181 "C. Ir(KBr): INK), 2960, 1590. 
1440,1190. 920 em-I. IH Nmr (CDCI,/CD,OD): 6 10.4 (s, 2H), 4.8-4.4 (m, 4H). 2.6 (hs. 12H). 2.4-1.9 (m, 
4H). Ms (EI)(mlz): 280 (M-2). 224 (280-C4H,). 168 (C,H,NS+C,H,). 154 (C,H,NS+C,H,). 141 (MIZ), 126 
(C.H-NS+CHL I13 (base neak) IC<H,NS). Anal. Calcd lnr C,,H,,N,S,Br,: C. 38.0: H. 5.0: N, 6.3. Found: \-.,--v - ~ , , . .  , . .- *A 

C, 38.4; H. 4 . y : ~ .  6.4. ~ i e i d ,  97% 
1,5-Bis(4,5-dimethyl-3-thiazolio)pentane dibromide (5, n=5): mp 269-270 "C. Ir (KBr): 2960. 1590, 1460, 
1440 em-'. 'H Nmr (D20): 6 9.5 (s, 2H), 4.3 (1, J=7 Hz, 4H). 2.4 (hs, 12H). 2.2-1.6 (m, 4H), 1.6-1.1 (m, 2H). 
Ms (E1)imlz): 296 (MI. 294 (M-2). 224 (294-C,HI,,), 168 (CSH7NS+C4H7), 154 (CSH7NS+C,H,), 140 
(CSH,NS+C2H3). 126 (CSH7NS+CH), 113 (haw peak) (CSH7NS). Anal. Calcd firr CI,H2,N2S2Br,.112H20: 
C, 38.7; H, 5.4: N, 6.1). Found: C, 38.'); H, 5.4: N, 5.9. Yicld, 98%8. 
1,6-Bis(4,5-dimethyl-3-thiazolio)hexane dihromide (5, n=6): mp 190-192 "C. Ir (KBr): 3(KXI, 2940, 1590, 
1490, 14(Kl, 1250, 122U em-'. 'H Nmr (CD,OD): 6 9.7 (s, 2H), 4.5 (t, J=7 Hz, 4H), 2.5 (s, hH), 2.5 (s, 6H),2.0 
(rn, 4H). 1.5 (m, 4H). "C Nmr (D20): 6 154.2 (C,), 143.1 and 134.7 (Cq and C,). 54.5 (Cx), 29.6 and 26.0 (C,] 
aod CI,,). 12.8 and 11.9 (C, and C,). MS (EI)(mlz): 310 (M), 258, 224 (M-CRHI4). 196 (CSH7NS+CRHI3), 168 
(CsH7NS+C4H7), 154 (CsH7NS+C,H,), 140 (C,H7NS+C2H,), 126 (C,H,NS+CH), 113 (hase peak) 
(CSH7NS). Anal. Calcd lnrCI,H2,N2S2B~-,: C, 40.9: H.5.5: N.h.0. Found: C, 40.7: H, 5.4: N. 5.9. Yield. 84%. 
1,7-Bis(4,5-dimethyI-3-thiazolio)heptane dibromide (5, n=7): Ir (KBr): 2940. 2860, 1595, 1485, 1455, 1445 
e m 1 .  'H Nmr (D20): 6 9.5 is, 2H), 4.35 (t, J=7 Hz. 4H). 2.4 (hs, 12H). 2.1-1.6 (m, 4H). 1.6-1 (m, 6H). "C 
Nmr (CD,OD): 6 156.0 (C,). 143.7 and 135.1 (C, and C,), 54.8 (C,), 30.0, 29.1 and 26.6 (C,, CI,, and CI1), 
12.7 and 11.9 (C, and C7). Highly hygroscopic solid. 
1,8-Bis(4,5-dimethyl-3-thiazolio)ortane clihrnmide (5, n=X): Imp 192-196 "C. Ir (KBr): 3040, 3(KX), 2960, 
IhllO. 1460, 1450 em-! 'H Nmr (D20): 6 9.5 (s. 2H), 4.4 (1, J=7 Hz. 4H). 2.4 (hs, 12H). 2.2-1.5 (m. 4H), 1.5 
(m. XH). Ms (EI)(mlz): 340 (h~sc pcak) (M+2). 286. 224 (C,H7NS+C,Hl,), 182 (CSH7NS+CsH,J), 168 
(CSH7NS+C4H7), 154 (C,H,NS+C,H,). 140 (C,H7NS+C2H,). 126 (C,H,NS+CH). 113 (C5H7NS). Anal. 
Calcd for C,,H,,,N2S2Br2: C. 43.4; H, 6.0: N, 5.6. Found: C, 43.6: H. 6.1; N. 5.6. Hygmscopx solid. Yield, 
LKm. ,\, ,.,. 
1,3-Bis(3-benzothiazolio)propane dibromide (6, n=3): mp 236.238 "C. Ir (KBr): 3090, 3010, 1640, 1590, 
1470, 1440, 790 c m ~ l .  lH Nmr (CDCI,/CD,OD): 61 1.2 (s, 2H). 9-7.7 (m. XH). 5.6-5.3 (m, 4H). 3.2-2.9 (m. 
2H). Ms (EI)(m/z): 312 (MI. 310 (M-2). 281 (M-S+H). 269 (M-C,H,), 176 (C,H,NS+C,H,), 162 
(C7HsNS+C2H,). 155 (MI2 H 149. 136 (C7H,NS). 121 (C7H,S), I08 (C,H,S). Anal. Calcd lor 
C17Hl,N2S2Br2.213H2(~: C. 42.1: H, 3.6; N, 5.8. Found: C, 41.8; H. 3.5: N, 5.6 Yield, 36%~. 
1,4-Bis(3-benzothiazolto)botane dibron~ide (6. n=4): mp 237-238 "C. Ir(KBr): 3090, 3010, 2960, 1590, 
1440, 780 cm-I. 'H RMN (CDCI,ICD?OD): 6 10.8 (s, 2H). 8.5-7.4 (m, XH), 5.2-4.8 (m, 4H). 2.5-2.1 (m, 4H). 
Ms iEl)(mlz): 326 (M). 324 (Mi-2). 268 (324-C,H,), I90 (C7HsNS+C,H7). 176 (C,H,NS+C,H,). 162 
(C7H,NS+C2H,). 149, 135 (C7H,NS). 109 (C,H,S). Anal. Calcd for: CI,HIxN,S2Br2.2H2O: C, 41.4: H, 4.1: 
N. 5.3. Found: C, 41.4; H. 4.2: N. 5.4. Yield, 95%. 
1,s-Bis(3-benzothiazolio)pentane dibromide (6, n=5): mp 217 "C. Ir (KBr): 3085. Ihll), 1580. 15IXl. 1460, 
1430, 1120, 765 e m 1 .  'H Nmr (CDCI,/CD,OD): 6 11.1 (s, 2H), 8.5-7.5 (m. XH), 5.0 (ht, 1=6 Hz, 4H), 2.5-1.4 
(dm. 6H). Ms iEI)(mlz): 342 (M+2), 340 (M), 318 (M-2). 281. 268 (338-C,HI,,). 204 (C,H,NS+C,H,), 190 
(C7H,NS+C4H7). 176 (C7H,NS+C,H,), 170 (M12). 162 (C,H,NS+C,H,), I50 (C,H,NS), I36 (C,H,NS), I09 
(C,HSS). Anal. Calcd fnr: CI,JH2,,N2S2Br2.3/2H,0: C. 43.3: H, 4.4: N, 5.3. Found: C, 43.4: H, 4.2; N, 5.2. 
";a,,l <Am. 
1 I L L " ,  2- ,.,. 
1,6-Bis(3-benzothiazoIio)liexane dibromide (6. n=6): mp 229-230 "C. Ir (KBr): 3090. 3010, 2950, 1590, 
1450, 14(NI, 1320, 760 c m ~ ' .  'H Nmr (CD,OD): 6 I0.X (s, 2H). 8.6-8.5 + 8.1-7.') (m, XH). 5.0 (t J=7 Hz, 4H). 
2.2 (m . 4H), 1.7 (m , 4H). "C Nmr (CD,OD): 6 164.2 (C2). 141.7, 132.9, 131.3. 130.1, 126.1 and 119.3 
(C,,CS,C,,C7,C, and C,J. 54.2 (CI,,). 29.7 and 2 ( ~ 7  (CI1  and CI2).  MS (El)(m/z): 356 (M+2), 352 (M-2). 268 
( h u e  peak) (352-C,H12). 219 (M-C7H,NS). 204 (C7H,NS+CSH,l), I90 (C7H,NS+C4H7), 177 (M12). 176 
(C7HsNS+C,HS), I62 (C7H,NS+C2H,). 150 (C,H,NS). 136 (C7H,NS), I09 (C,H,S). Anal. Calcd for 
C211H22NZS2Br2: C.46.7; H, 4.3: N, 5.4. Found: C, 46.5: H, 4.2: N, 5.6. Yicld. 79%. 
1.7-Bis(3-benzothiazolio)heptane dihromide (6, n=7): mp 141-143 "C. Ir (KBr): 3060, 31HX). 2930. 1580, 
1510, 1460. 1430. 770, 760 em-(. 'H Nmr (D20): 6 10.1 (s, 2H). 8.4-7.5 (m. XH), 5.7 (1. J=7 Hz, 4H). 2.2-1.6 
(m. 4H). 1.5-1 (m, 6H). "C Nmr (CDCI,): 6 163.7 (C,). 140.6. 131.7. 130.9, 129.7, 125.4 and 117.5 
(C4.CS,CS,C7.CX and C,J. 53.5 (CI,,), 28.9. 27.7 and 25.6 (CI , ,  CI2. and CI,). Ms (El)(mlz): 370 (M+2). 366 
(M-2). 268 (366-C7HI,), 234 (M-C,H,NS), 218 (C7HSNS+C,Hll). 204 (C7HSNS+CSH,l). 190 
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(C7HsNS+C4H7), 176 (C7HsNS+C,Hs). 162 (C7HSNS+C2H,). 150 (hase peak) (C,H,NS). 136 (C7H,NS). 
109 (C6HsS). Anal. Calcd for C2,Hz4N2SzBr2~3I2H2O: C. 45.4; H, 4.9: N, 5.0. Found: C, 45.4; H, 4.2; N, 5.4. 
Yield. 98%. 
14-Bis(3-benzothiazolio)octane dibromide (6. n=8): mp 256-257 "C. Ir (KBr): 3100, 3080, 2970, 2950, 
1 6 W  1450, 1230.790.770cm~1. 'H Nmr (D20): 6 10.1 (s, 2H), 8.3-7.5 (m, 8H). 4.6 (t, J=7Hz, 4H), 2-1.5 (m, 
4H). 1.3-0.9 (m. 8H). Ms (El)(mlz): 384 (M+2), 268 [(M-2)-C,H,,]. 246 (C7H,NS+C,Hl,). 233 
(C~HSNS+C~H,~) ,  219 ( C ~ H S N S + C ~ H ~ ~ ) ,  204 (C&NS+CsH& I90 (C7HsNS+C4H7), 176 (C7HsNS+C,H,). 
163 (C7HsNS+C2H,), 150 ( h w  peak) (C,H,NS). 136 (C7H,NS). 109 (C,HSS). Anal. Calcd for 
C22HZ6N~2Br2: C. 48.7; H. 4.8; N. 5.2. Found: C. 48.3; H. 4.4; N, 5.4. Yield, 97%. 
Preparabon and characterization of NsN'-polymethylenebis(thiawlin-2-ylidene) (5bis) and (6bis). 
General procedure.14 A solution of thiazolium or henzothiazolium salt (3.5 mmol) in methanol (10 ml) was 
passed thmugh a 2 .7~43  cm chromatographic column filled with Amherlite IRA-401 anionic exchange resin 
(OH- form), thermostatized at 0 "C, and previously washcd with methanol up to neutral pH. The eluted was 
collected at 0 OC over 3 A molecular sieves under an.inefl atmosphere until the eluate was colorless. The 
methanolic solution was evaporated under a nitmgen atmosphere at high vacuum and low temperature and the 
oily residue was u.ud directly. 
Ms (El) (dz ) :  the mass spectmm of 5bis and (ibis were registered from the methmolic solution and the 
ohserved pattern was always the same. Sbis: (M+1), 224, corresponding to the his(thiazolin-2-ylidene) system 
unsuhstituted at the nilmgen atoms, with a relative intensity of 113 of the analogous peak ohserved in the ms 
of the salts, and a series of unspecific ppeaks due to the fragmentation of. the heterocyclic system. 6bis: (M+l), 
268, comsponding to the his(henzo1hiazolin-2-ylidene) system, and a different series of non specific p e k s  
from the heterocyclic system. 
Benzoin condensations 
Working conditions were tho= given in the Tahle caption: all experiments wete conducted in anhydrous 
dioxane and an argon atmosphere at 1IN) "C during 24 h. The glc henzoin quantification of each experiment 
was r e a l i d  from an aliquot taken after 24 h of reaction. A Hewlett-Packard 5890 chromatograph fitted with 
a Hewlett-Packard 1909 11102 high-performance capillary cross-linked column, 5% phenylmethylsilicone, 25 
m, 0.2 mm internal diameter and connected to a Hewlelt-Packard 3390A integrator was used. A temperature 
program of 90 "C for 2 min and then 16 "Clmin up to 7(X) "C and decanol as internal smdard were employed. 
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