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SUMMARY 

Organometallic reactions, inc1uding allylation, alkylation, aldol and 

Reformatsky type reactions of carbonyl compQunds in aqueou8 media 

mediated by Sn, Zn, Mn, and In were ~tudied. The possible mechanism 

and stereochemistry of these reactions were investigated. The melhodology 

has successfully been applied to the syntheses of 1,3-butadienes, 

vinyloxiranes, and methylenetetrahydrofurans; and the syntheses of 

natural products (+)-muscarine, (+)-epimuscarine, (+)-KDN and (+)-KDO. 

A novel tellurium reagent, bis(triphenylstannyl)telluride, for 

organic synthesis was developed. !ts application in the preparation of 

organotellurium compounds, reduction of vic-dihalides and a-halo ketones, 

desulfurization of organic trisulfides and cleavage of organic disulfides W8S 

studied. AlI the reactions with this reagent proceeded under very mild 

conditions. 
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RÉsUMÉ 

Nous avons étudié des réactions d'allylation, d'alcoylation, 

d'aldolisation et la réaction de Réformatsky sur des composés carbonylés en 

solutions aqueuses, en atilisant différents métaux tels que: Sn, Zn, Mn et 

In. Nous avons exploré le mécanisme possible de ces réactions ainsi que 

leur stéréochimie. Cette méthodologie a été appliquée avec succès à la 

synth~se de butadiènes-l,a, de vinyloxiranes et de 

m1thylènetétrahydrofurannes; en outre elle a servie à la synthèse des 

produits naturels suivants: (+)-muscarine, {+)-épimuscarine, (+)-KDN et 

(+)-KDO. 

Nous avons mis au point un nouveau réactif organotelluré pour la 

synthêse organique, le bis(triphénylstannyl)tellure. Nous avons évalué son 

emploi dans la préparation de composés organotellurés, la réduction de 

composés vic-dihalogénés et d'a-halocétones, la désulfuris6tion de 

trisulCures et le clivage de disulfures. Toutes les réactions avec ce réactif 

s'effectuent dans des conditions très douces. 
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CONTRIBUTION TO ORIGINAL KNO\VLEDGE 

Allylation of carbonyl compounds in aqueous media meàiated by Sn, 

Zn, In, and Mn was developed. 1,3-Butad.ienes, vinyloxiranes and 

methylenetetrahydrofuraus were conveniently synthesized by this 

methodology . 

Alkylation of carbonyl compounds in aqueou8 medium W8S 

discovered with Mn/Zn or Mn/Cu bi·metallic systems. Cro8sed aldol and 

Reformatsky type reactions in aqueous media were also developed. 

Unusual diastereofacial selectivity was observed with indium. A single 

electron transfer mechanism was proposed for the aqueous medium 

organCimetallic reactions. 

Anti-chelation control W8S discovered in the allylation of a-alkoxy 

aldehydes. From trus, a short total synthesis of (+)-muscarine and its 

epimer wal' completed. 

A novel synthesia of (-r)-KDN and (+)-KDO waa accomp1iabed by the 

Barbier-Grignard type n'action in aqueous medium. 

A novel tellurium reagent, bia(triphenylstannyl)telluride was 

developed for the preparation of organotellurium compounds, reduction of 

vic-dibromidel, reduction of a-halo ketones, desulfurization of organic 

trisulfides, and cleavage of organic disul6des. All the reactions with this 

reagent were achieved with high selectivity and under very mild conditions. 
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PARTI 

Barbier-Grignard Type Reactions in Aqueous Media 

"ml.lUJs wIlL de"elop 1." du DppDsLte tll.recttDn 

w"'" 
tIN, 681:D",. ."er.mII " 

--------LGD-T •• ('114-5.' JI. C.) 
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Cbapter L Introducdon-A Uterature Survey on Carbon-Carbon Bond 
Formation in Aqueous Media 

Of aU the i.nor9n.nk substatwes gçti.t1Cj i.n thei.r own pf'opef' 

natu.f'e. n.M wtthou.t QSststarwe or combinatton. k'n.ter ts the 

most wonderfut. "f we thi.nk of i.t n.s the source of aU the 

cMlMJefutness aM beauty whtc::h we have sun i.n clouds; then 

as the instru.ment by wh.tc::h. the eaf'th we have contempwtec;t 

was modeUe4 i.nto symmet ... y, n.nd. i.ts C"'Q.ljS ch.i.seUe.L i.nto 

CJ ... ac;e; then AS. i.n the fOl"m of snow. i.t ... obes the mountai.ns i.t 

fias made. wi.th whot t ... anscendent tUjh.t wh.wh. we coula nut 

ha..,e concetvect i,f we hod not sun; then as it extsts i,n the 

f o ... m of to ... rent. tn the i. ... ts wh.tvh. spn.n5 i.t 1 i.n the mo ... ntflCJ 

mtst wh.wh. ... tses from tt. i.n the deep c ... ystaUtne poots wh.wh. 

mt ...... o... tts hoflCJttMj sho ... e. i.n the &road ta.b ana l}ta.rwi.flCJ 

... tvel"; ftnaUy, tn that whkh is ta aU h.uman mtnds the best 

em&lem of u.nwm ... ie4. u.1Wonqu.en:J&le powe .... the wUct. 

va ... ious. fantastw. tAmdess u.ntty of the sm; what shaU we 

compGl'e to thts mkJh.ty. thts u.ni,vel"sat Dement. fol' I}lol'y G"" 

fol' &ea.u.ty. 01' how shaU we foUow tts etel'nœ cha"'Jefutness of 

fee1i,tlCJ1 'Lt t.s tiie trytl1CJ to pGtnt n. sout. 

-----R.us~t.n. la. 

The most abundant and cheapest solvent in nature--- water --- is the 

2 

basis and bearer of lire. AlI life is sustained by and in protoplasm, which is ~l 
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a suspension or a solution in water. For hundreds of millions of years, 

water had been at work to prepare the earth for the evolution oflife. It is the 

solve nt in which numerous biochemical organic reactions (and inorganic 

reactions) take place. AlI these reactions affecting the living system have 

inevitably occurred in aqueous medium. On the other hand, modern 

organic chemistry has been developed almost on the basis that organic 

reaetions are often to be carried out in organic solvents. For example, 

Barbier-Grignard type reactions, one of the most important methods ta 

construct carbon-carbon chains discovered in the last century, are always 

carried out in non-aqueous solvents. Most of the studies on the Barbier­

Grignard reaction alter its initial discovery have tried to improve the yield 

by making use of other metals or so]vents. AlI these reactions and their 

improvements generally require the organometallic reagents to be prepared 

in organic solvent previously dried thoroughly. Initiation or activation are 

frequently required. 

Because of the high reactivity of organometallic reagents, watcr has 

been considered undesirable to these reactions and no study has been 

carried out concerning their reactions in aqueous medium. On the other 

band, the preparation of arylmercuric chloride in aqueous medium has 

been known sinee 1905.1b And in the 1960's, tribenzylstannyl halide was 

produced in large scale in water,lc These reports indicate the pOBsibility of 

carrying out this kind of reactions in water under sorne special 

circumatances. Thus, as the goal of part of our research, we are 

attempting to bring organometallic reactions into aqueous media, and to 

explore its potential application in organic synthesis . 

3 
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Why should we consider using water as a solvent in organic reactions? 

There are many reasons and advantages to use water as a reaction 

solvent.: 

Cheap. WRter is the cheapest solvent available on earth, using water 

as a solvent can make chernical industry more economical. 

Safe. Many organic solvents are potentially explosive, mutagenic 

and/or carcinogenic. 

Possible 10 eliminate protection and deprotection of functional 

groups. This will be especially useful in carbohydrate and protein 

chemistry. 

Simple operation. In large industrial processes, isolation of the 

organic products can be perfol"llled by simple phase separation. 

Easy to control reaction temperature, since water has the largest 

heat capacity. 

Clean and easy 10 he recycled. It O18y alleviate the current serious 

pollution situation. 

Carbon-carbon bond formation is the essence of organic synthesis. 

Although the well-known Kolbe synthesis was discovered in 18491d ( the 

first observation was back up 10 1834 by Faraday),le for more than a century, 

carbon-carbon bond formation using water as a solvent has been limited 

nearly completely to electrochemical processes. This chapter wdl briefly 

survey some recent advances (most of them appeared in the last decade) in 

this area. 

4 
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1.1 DieJs.Alder Reactions and C1alsen Rearrangement Reactions ln 
Aqueous Solvent 

1.1.1 Diela-Alder Reactions in Aqueous Medlalf 

The Diels-AIder reaction is the most important method to form cyclic 

structures. The Dieis-AIder process is frequently used at an early stage of a 

synthe sis to establish a structural core which can be elaborated to the more 

complex target structure.2 

The Diets-AIder reaction in aqueous medium was lirat reported in 

1939 as a patent using 8.n aqueous detergent solution.3 No study had been 

carried out afterwards until recently. In 1980, Breslow reported that DieIs­

Aider reactions were accelerated by using water as solvent. The 

acceleration is explained by the suggestion that water brings together the 

two nonpolar organic substrate3 via the hydrophobic effect.4 

The hydrophobie effect is the tendency of nonpolar species to 

aggregate in water solution so as to decrease hydrocarbon water interfacial 

area. It is the principal force determining the secondary and tertiary 

structures of proteins and nucleic acids, the binding of substrates to 

enzymes, and the binding of antigens to antibodies. It causes the formation 

of micelles and bilayers. Substrates binding into cyelodextrin eavities and 

into other organie cavities in water is 81so driven by the hydrophobie effeet. 

Hydrophobie aeceleration of organic reaction is explained as the action of 

entropy as weIl as enthalpy.5 

Certain agents that decrease hydrocarbon solubility in water, such as 

Liel, will favor the aggregation of the nonpolar species, thus increase the 

hydrophobic effect, while others that increase hydrocarbon solubility lead to 

an decrease of hydrophobic effect. A quantitative measurement of the 

5 
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hydrophobie effect on the reaction of cyclopentadiene (1) with butenone (2) is 

shown in Table 1." 

Table 1. Rate Constants for Diels-Alder Reactions 

solve nt additional component 

Cyclopentadiene + Butenone, 200C 

isooctane 

MeOH 

H2Û 

H2Û 

Hi> 
Hi> 
H2Û 

LiCl (4.86 M) 

C(NH2)3+ CI- (4.86 M) 

~-cyclodextrin (10 mM) 

a-cyc1odextrin (10 mM) 

a Second-order rate constants. 

5.94±0.3 

75.5 

44OQ±70 

10800 

4ax> 

1Œm 

2610 

Thus, the addition of lithium chloride increases the hydrophobie 

effeet, i.e. it "salts out" nonpolar materials dissolved in water, and further 

increases the rate of the reaction.4 The eatalytie action of p-cyelodextrin 

and inhibition of a-cyclodextrin are explained as follows: The two reaction 

components ean fit into the hydrophobie eavity of p-eyclodextrin but not in 

the smaUer cavity of a-eyclodextrin (only diene binds to it). 

(Eq.1) 
1 3 4 

6 
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1 Water solvent also has striking efTects on the selectivity of sorne Diels­

Aider reactions. At Iow concentrations where both components are in true 

solution, reaction of cyc10pentadiene with bute none gave an 21.4 ratio of 

endolexo products when they were stirred at 0.15 M concentration in water, 

compared to only 3.85 in excess cyclopentadiene and 8.5 in ethanol as 

solvent.6 Aqueous detergent solution has no effect on the ratio. The 

stereochemical changes are explained by the need to minimize transition 

state surface area in water solution, thus favouring endo stereochemistry.7 

By the same argument, addition of Liel further increases the selectivity. 

+ 

5 

ScbemeL 7 

6 

+ 

8 

ratio 7/8 = 3:1 (in water) 
1:0.85 (in benzene) 

Diels~Alder reactions in aqueous media has also been studied by 

other authors.8.14 Stembach and Schneider examined the aqueous reaction 

catalyzed by cyclodextrin.8,9 Gonzalez studied the Diels-AIder reaction in a 

mixture of water, 2-propanol and toluene in a state of micro emulsions. 10 

7 
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Grieco examined the reaction of compound 5 with diene 8 in water, and 

both high rate and selectivity were observed (Scheme 1).11,12 

Reaction between hydroxymethylanthracene 9 and N-ethylmaleimide 

10 was carried out in water at 450C. Its second-order rate constant in water 

was over 200 times as large as that in acetonitrile (Eq. 2).6 

9 

P-D-glu-

14 

Scheme2. 

Il 

(Eq.2) 
10 Il 

~H 

P-O-glu-~
o 

+ H3 -

IS 

14/15 = 60: 40 

l~ 

Sep. and red. 

16 (pure enantiomer) 

Diels-Alder reactions of glyco-organic substrates in aqueous media 

were intensively studied by Lubineau et 01.13-15 The use of water soluble 

glyco-organic compounds in water achieves higher reagent concentration. 

The reaction also results in rate enhancement and asymmetric induction 

giving rise to chiral adducts in pure enantiomeric form aRer cleavage of the 

8 
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sugar moiety by acidic hydrolysis, or by using glycosidase in neutral 

conditions at room temperature (Scheme 2). 

In synthetic applications, the aqueous Diels-Alder reaction has been 

used as key steps in the syntheses of Gibberellic Acid A5 (17 ),16 Vernolepin 

(18),17 and <±) -ll-keto-testosterone (19).18 

18 19 

1.1.2 CJall'!ll Rearrangement Reactions in Aqueous Media 

In the early 70's, it was found that polar solvents increased the rate of 

Claisen rearrangements. 19 Recently, Claisen rearrangement reactions 

were examined thoroughly20-25 with water as a polar solvent. Like the 

Diels-Alder reaction, the AV~ (volume change of activation) of Claisen 

rearrangements has a negative value,26 therefore it should also be 

accelerated by water according to the hydrophobic effect. Indeed it was 

round that the rearrangement of chorismic acid (20) and related 

compounds in water was 100 times faster titan in methanol (Eq. 3),22 

008 

20 

C.><y:OOH 
UO 

AH 
11 

(Eq.3) 

9 



( Similar results are round with other types of compounds. These 

studies show that this methodology has potential applications in organic 

synthesis. For instance, unprotected aIlyl vinyl ether 22, 0.01 M in water­

Methanol (2.5:1) containing an equivalent of sodium hydroxide, smoothly 

undergoes rearrangement at ca. 80oC, afTording 85% isolated yield of 

aldehyde 2S in 24h (Eq. 4). 

l{2()~e()l{(2.5:1) 

80°C, 24h, 85% 

(Eq.4) 

22 23 

The same rearrangement for the protected analogue under other 

organic Claisen conditions has considerable difficulties.27 Elimination of 

acetaldehyde is often the major product. 

A glucose moiety linked to an allyl vinyl ether. glyco-organic 

compound 24, induces both water solubility and 8symmetric induction for 

Claiaen rearrangemcnt(Eq. 5).26 

24 25 
(Eq.6) 

10 
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Since it can easily be removed, glucose here functions as a chiral 

auxiliary. After separation of the diastereomers formed, enantiomerically 

pure substances could be obtained. 

1.2 Bal!'bier-Grignard Type Reactions in Aqueous Media 

About the same time as {Jur study of aqueous Barbier·Grignard type 

reactions, several reports with the same objective have appeared in the 

literature. These are allylation reaction of carbonyl compounds, conjugated 

addition on unsaturated carbonyl compounds and pinacol coupling 

reactions. 

1.2.1 Allylation ofC81mnyl Compounds 

Being able to introduce both a hydroxyl group and a C=C bond 

simultaneously into a Molecule, tbe allylation of carbonyl compounds has a 

wide application in organic synthesis.28 In 1977,29 the first allylation 

involving aqueous media was carried out in 95% ethanol and butanol by 

using activated zinc dust. However, only a moderate yield was obtained. In 

1983, it was found that dialkyltin dihalide based a11ylation of carbonyl 

compounds can be accelerated by the presence of water, and the allylation 

can also be carried out in a mixture of ether and water with a11yl bromide 

via metallic tin by the addition of aluminum powder or foi1. 30 Addition of 

zinc was ineffective. Later, a similar reaction with allyl chloride was 

reported.31 The reaction can aIso be carried out with bismuth metal as 

reported recently.32 

The reaction can also proceed through an intramolecular manner. 

By the combination of tin and aluminum in aqueous medium, ketones 

1 1 



having allylic halide functionalities such as 26 and 28 were cyclized to forro 

five and six membered rings (Scheme 3).33 

Scheme 3. 

Sn/Al .. 
81% 

26 27 

Sn/Al d5 ... 
61% 

Br 

28 29 

Allylation reaction in water/organic mixing solvents by an 

electrochemically recycled allyltin reagent has also been reported.34 

Later, Luche round that when subjected to ultrasonic radiation, 

allylation reactions can be performed with metallic zinc.35 The use of 

saturated NH4CI watertrHF solution instead of watertrHF, dramatically 

increased the yield. Under the same conditions, metal tin was also 

effective. When a mixture of aldehyde and ketone was subjected to the 

reaction, highly selective allylation of aldehyde was observed.36 Similar 

chemo-selectivity was observed in compound 30 (Eq. 6).37 

ouO) 
(Eq.8) 

.. 
30 31 

• 
12 
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~ 
~, 

~ 

r 
~ 

1 

B~O.H+ R.JlR" 
Zn,~ ... 

TIIF/H20 
R' 

(Eq.7) 

32 33 34 

The reaction with zinc was also accelerated by silica ge1.38 Allylation 

or propargylation can be performed with tin by refluxing the reaction 

mixture.38-40 Use of bromomethylacrylic aeid instead of a11yI halide gave 

the a-methylene-y-butyrolactones, with zinc in saturated NH4CltrHF (Eq. 

7).41 

Similar products were obtained by refluxing with Sn/Al,42 

SnCI2IAcOH,43 and SnCl21 Amberlyst 1544 in aqueous media. 

When 2-bromo and 2-acetoxyl 3-bromo-l-propene were used, the 

allylation reaction produced the corresponding coupling products (Eq. 8).45 

(Eq.8) 

3S x= Br, OAc. 36 

~H 1). Pd(O), Snel2 J/Ph ;y: .. + Ph 2). PhCHO 

syn anti (Eq.9) 
37 38a 38b 

The allylation of carbonyl compounds in aqueous medium with SnCl2 

can also employ allylic alcohols in the presence of a palladium catalyst.46 

The diastereoselectivity of the reaction of substituted crotyl alcohols was 

1 3 



t round to be solvation dependent (Eq. 9). Improved diastereoselectivity was 

found with a mixture of water and THF or DMSO instead of using organic 

solvent aione. 

BuzRSnCI + R'COR' + B20 .•••.••.• > R(HO)CR'R' + (Bu2BnCl)2<) (Eq.l0) 

39 40 41 

R= allyl, allenyI, acetylenyl. 

Instead of using metals, allylation, allenylation, and acetylenylation 

of carbonyl compounds in aqueous media can also be carried out with the 

presumed intermediate organic tin reagents 39 (Eq. 10).47-49 

Recently, Waldmann studied the diastereoselectivity of the reaction 

using proline benzyl ester as a chiral auxiliary to produce a·hydroxy 

amides. The diastereoselectivity was found to be as high 88 4:1 (Scheme 

4).50 Separation of the diastereomers followed by reaction with methyl 

lithium produced the enantiomerically pure alcohol 44. 

42 438 43b 

Scbeme4. 
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The reaction has also been used to prepare n, a-difluorohomoallylic 

alcohols from gem-difluoro aUyl halide.51 

1.2.2 Co~ugated Addition of a.,~Unsaturated Carbonyl Compounds 

Because of the low reactivity of zinc and tin, alkylation reactions în 

aqueous media with unactivated alkyl halides fail to proceed. However, 

Luche found that when zinc-copper couple was used, alkyl halides reacted 

with conjugated carbonyl compounds to give 1,4-addition products in good 

yield under sonication conditions(Eq. 11).52-54 

Zn-Cu 
+ R'X 

))) (Eq.ll) 

4S 46 

The reactivity of the halides follows the order of tertiary> secondary» 

primary, and iodide> bromide (chlorides do not reaet). The preferred 

BoIvent system is aqueous ethanol. The process is suggested to proceed by a 

free radical mechanism occurring on the metal surface under 

sonochemical conditions. Effects to trap the intermediate by 

intramolecular cyclization only gave a very low yield of the cyclization 

product 49 (Eq. 12).55 

+I~ 
Zn-Cu 

.-
))) 

5% (Eq.12) 

47 48 49 
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Zn-Cu, ISh, ») Y. 
RX, EtOH/H20 (9:1)- Mel\;(~R 

(Eq.1S) 

SI 

Similar additions were also found to occur on vinylphosphine oxide. 

When optically active vinylphosphine oxide 50 was used, P-chiral 

alkylphosphine mode 51 was obtained (Eq. 13).56 

1.2.3 Pinaml CAlupling Reaction 

Coupling of carbonyl compounds57 to give 1,2-diols, known as 

"pinacol coupling", is one of the earliest organometallic reactions carried 

out in aqueous media. The use of a Zn-Cu couple to couple unsaturated 

aldehydes to pinacols was reported as early as 1892.58 Earlyexperiments 

also included the use of chromium and vanadium,59 as well as some 

ammoniacal TiC1360 based reducing agents. These early coupling reactions 

were all performed under aqueous conditions. 

Recently, aqueous pinacol coupling by 'ri(lII) has been further 

studied by Clerici and Porta. Aromatic ketones and aldehydes were 

homocoupled by TiCI3 in aqueous solution under alkaline conditions.61,62 

When this reagent was used in acidic soluUons, aliphatic or aromatic 

ketones or aldehydes containing "activating" (strongly electron­

withdrawing) groups have been coupled with themselves to give homo 

coupling products,63 or with unactivated carbonyl compo\Lnds to give 

unsymmetrically cross-coupled products when the unactivated carbonyl 

compounds was used in excess or as solvent.61,64-67 The activating groups 
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included eN, CHO, COMe, COOH, COOMe, and pyridyl. The mechanism 

of this reaction is suggested to he a radical process (Eq. 14). 

0 Ti(lm; H+ OH OH 

R~ ~ R-t. .. R-~-1 .. 
L.n(lV) 1 X l X X Œq.14) 

52 53 54 

Cross coupling reactions between a, (}-unsaturated carbonyl 

compounds and acetone was carried out under the influence of a Zn-Cu 

couple and ultrasonic radiation in aqueous acetone suspen!iiion (Eq. 15).68 A 

similar radical mechanism was suggested. 

>-00 + À _C_C_C_z_n ~ ... OH 

(Eq.15) 

55 56 57 

1.3 Transition Metal Catalyzed CC Formation Reactlons in Aqueous 
Media 

The development of transition-metal reagents for use in aqueous 

solvent systems offers tbe same advantages for a wide variety of chemical 

processes ranging from large-scale industrial processes to laboratory 

organic ~ynthesis. The advantage of aqueous methodology for large scale 

chemical manufacturing is in simpIifying catalyst-product separation, and 

recycling the catalyst. 

In 1973, the firet unsuccessful attempt to carry out a transition 

metal-catalyzed hydrogenation reaction of olefins in aqueous solution in the 

presence of alkylphosphine was reported.69 However, the experiment did 
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show that water does not interfere with the soft catalytic system. According 

to the hard and soft aeid and base theory,72 water, which has low energy­

occupied frontier orbitaIs, is a "hard" base, whereas reaction intermediates 

in conventional organometallic catalysis often have a "soft" character. 

1.3.1 Carbouylation Reactlons 

HydrofOrmylatiOD of Olefl.ns 

Hydroformylation is a major industrial process that produces 

aldehydes and alcohols from olefins, carbon monoxide and hydrogen (Eq. 

16),70 

"Co" 
RCH.cBi + CO + H2 _._--> RCHJCH2CHO + R(CIIs)CHCHO + ••• (Eq.18) 

58 S9 60 

The reaction was discovered in 1938 by Roelen,71 who detected the 

formation of aldehydes from olefin, carbon monoxide, and hydrogen in the 

presence of a cobalt-based catalyst. Since then, a lot of improvements have 

been made on this process.72 However ail of them involve the tedious 

separation of catalyst and products from the reaction system. Later 

improvements were based to the attachment of a normally soluble catalyst 

to an insoluble support, in an attempt to combine the virtues of both 

homogeneous and heterogeneous catalysts.73 Unfortunately, this approach 

encounters the problems of metalleaching into the solvent, lowered activity 

or selectivity, and facile oxidation of the ligands.7" 

Recently, another approach to the catalyst and product separation 

problem has been developed based on the use of transition-metal complexes 

with water soluble ligands (trisodium salt of tri(m-sulfophenyl)phosphine 

18 
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P-(m-PhSOaNa)a,72,75-77 Ph2PCH2CH2NMea+)78 and water as a non miscible 

solvent for hydroformylation. Generally, the catalyst is a Rh complex. As 

the catalyst is practically insoluble in the aldehyde products, the recovery of 

the catalyst can be achieved by simple phase separation. Thus, the novel 

aqueous process exhibits the best performance (yield, heat recovery, etc) in 

hydroformylation.72 The hydroformylation can also be performed by using 

methyl formate instead of carbon monoxide and hydrogen.79 

Carbo~lation of ADylic and Benzylic Halides 

The transition metal-catalyzed carbonylation of allyiic and benzylic 

compounds offers a useful method for the synthesis of p,y-unsaturated 

acids.80 The requirements of a high carbon monoxide pressure and the low 

yield of the products limit the usefulness of the conventional carbonylation 

method in organic synthesis.81 In 1977 t it was found that carbonylation of 

benzyl bromide and chloride could be carried out by stirring aqueous 

sodium hydroxide with an organic solvent in the presence of a phase 

transfer agent by the catalysis of a cobalt complex.82 ,83 Under high 

pressure and temperature, even benzylic mercaptans can react to give 

esters in the same way (Eq. 17).84 

CoiCO)s, H2Û 
RSH + CO + R'OB ••• _ •••••••• _ ....................... > RCOOR' + HIS (Eq. 17) 

850-900 psi, 190OC, 24h 
61 62 63 

Under the catalysis of nickel complexes, similar carbonylntion of 

a11yl bromide and chloride in aqueous NaOH can be carried out at 

atmospheric pressure.85 The base concentration significantly influenced 

the yield and the product distribution. 
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More recently, it was found that palladium-catalyzed carbonylation of 

allyl chloride proceeded smoothly in two-phase aqueous NaOHlbenzene 

medium under atmospheric pressure at room temperature (Eq. 18).81 

Catalysts either with or without phosphorus ligands gave the sa me result. 

The presence of OH- was essential. The reaction seemed to occur at the 

liquid-liquid interface, since there was no phase-transfer agent being used. 

[Pd] 
CH2.cBœ~1 + CO + ROH -------> CH2=CHCH~OOR + HCI (Eq.18) 

64 65 66 

CarbooylatlOD of Aryl Halides 

Carbonylation of aryl halides in the presence of various nucleophiles 

and catalyzed by palladium complexes, is a convenient method for the 

syntheses of various aromatic carbonyl compounds, e.g. acids, esters, 

amides, thioesters, aldehydes and ketones. Aromatic acids bearing 

different aromatic fragments and having various substituents on the 

benzene ring have been prepared from ary} iodides at room temperature 

under 1 atm CO in a mixed solvent of H20IDMF (VI or 112, VN), and even 

in water aJone, depending on the solubility of the substrate (Eq. 19).86 The 

palladium(ll) complexes: Pd(OAc)2, K2PdCI4, PdCI2(PPha)2 and 

Pd(NH3)4C12 were used as the precursors of the catalyst, with either K2COa 

or NaOAc as the base. 

CO, OH-, "Pd" H+ 
Ar-I •••••••••••••••••••••• > A...cOO· •••••••••••••••••••• > ArCOOH (Eq.19) 

- 1-
67 68 69 

Ar= XCsli4, Naph, Het (het = heteryl) 
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Under the appropriate conditions of pressure and temperature, aryl 

mercaptans (thiophenols) can also be carbonylated in aqueous media ,87,88 

Other CarbonyIatiOD ReactioDS 

Carbonylation of I-perfluoroalkyl-substituted 2-iodoalkanes has been 

carried out in aqueous medium catalyzed by transition-metal complexes to 

give c2.rboxylic acids with perfluoroalkyl substituent at ~ position.89 

Double carbonylation in aqueous medium has also been reported, 

Reaction of methyl iodide with styrene oxide and carbon mtnoxide by the 

catalysis of cobalt complex resulted in the incorporation of two molecules of 

carbon monoxide, to give the enol71 (Eq. 20).90 

70 

Scbeme8. 

RCHCH1COCH3 
1 
COOH 

73 

Ph .. nu:o 
1I~ 

(Eq.20) 

71 

C~(CO)slC~rt/l atm 
• R 

71 
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Similariy, reaction of methyl iodide with alkynes and carbon 

monoxide resulted in the formation of 2-butenolides 72, If the reaction 

mixture was first treated with the cobalt complex and then reacted with 

ruthenium carbonyl, the y-keto acids 73 were obtained (Scheme 6),91 

Under the catalysis of palladium complexes, biscarbonylation of the 

vinylic dibromide 74 by carbon monoxide in NaOH solution gave the 

UDsaturated diacid 75 (Eq, 21),92 

~ar +CO 

"-.J'ar 

Pd(diphosh. t-ArnOH. scfc 

COOH 

22 

80% 
75 

(Eq.21) 
74 

1.8.2 Metathesis Polymerizadon Reaction 

The firet attempt93 of emulsion polymerization of norbornenes in 

aqueous solution using Ir complexes as catalyst was reported in 1965. 

Recently, Novak and Grubbs reported that derivatives of 7-

oxanorbornene rapidly polymerized in aqueous solution under an 

atmosphere of air by the catalysis of Bome selected group VIII coordination 

complexes, to provide quantitative yield of ring-opening metathesis 

polymerization (ROMP) polymer (Eq, 22),94 

ft 

R=H, Me 

76 

Ru(H20)6(toS}z 

H20 
• (Eq. 11) 
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Compared with the same reaction carried out in organic solvent, 

initiation time decreased Crom 22-24h to 30-35min. It was also round that 

aCter the polymerization ,the aqueous catalyst solution not only could be 

reused but also became more active in subsequent polyrnerizations and the 

initiation period dropped to only 10-12 seconds. Solutions containing these 

aqueous catalysts had been recycled Cor 14 successive polymerizations 

without any detectable 108S of activity. 

This extraordinary stability to air and water displayed by normally 

highly reactive organometallic intermediates (metai carbenes and 

metallacydobutanes) suggests the intriguing possibility that aqueous 

coordination complexes might find a wider application in other estabHshed 

( but sensitive) catalytic processes. 

1.3.3 Alkylation and Coupling Reactions 

As early as in 1970, arylsulfinic acids have been cou pIed to biaryls 

with Pd(II) in aqueous solvents (Eq. 23).95 In the presence of carbon 

monoxide, olefins or nitriles, insertion reactions take place leading to the 

carbonylation, vinylation, or acylation of arenesulfinate anions in low to 

moderate yields. 

H2Û 
2ArSOzNa + NatPd~ ._ •••• -._-.-> Ar-Ar + 2802 + Pd + 4NaCI (Eq.2S) 

78 79 80 

Later, synthesis of C-5 substituted pyrimidine nucIeosides 82 was 

carried out in water via the mercurated intermediate 81 under the catalysis 

ofLi2Pdct. (Eq. 24).96 
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81 82 

Pd(II) catalyzed coupling of the 5-mercuriuridines &4 with styrenes 

in aqueous media gave alkylation of the uracil nucleotides (eq. 25).97 The 

reaction was not adversely affected by the presence of phosphate groups or 

sugar hydroxyls, and was compatible with nitro, amino, and azido 

substitution on the phenyl ring of the styrene. 

0 0 0 

HM) "":Y
x 

LizPdCI .. ~ HN 1 ~ 

o,lN O,lN O~N 1 1 

24 

~ ~ ~-;--y 1 dR dR dR (Eq.25) 

83 84 85 86 

A similar reaction was used in the synthesis of 5-(3-

amino)allyluridine and deoxyuridine-5'-triphosphates (AA-UTP and AA-

dUTP),98 

Palladium catalyzed coupling reactions of aryl halides with acrylic 

acid and acrylonitrile in high yields in the presence of' a base (NaHCOa or 

K2C03) in water were reported (Eq, 26),99,100 The reac:tion provided a new 

and simple method for the synthesis of substituted cinnamic acids and 

cinnamoni triles, 



(Eq.26) 

87 88 

The catalytic cycle of this reaction is proposed as in Scheme 7 (X = 
COOH, CN). 

Scheme7. 

Arl 

BHI 
.. ArPdl 

) E 
-/ 

H E 
HPdl 

T H) 
Ar 

(H 
Pdl 

E 

F Ar 

Very recently, Casalnuovo and Calabrese reported that various aryl 

bromides and iodides coupled with aryl and vinyl boronic acids, terminal 

alkynes and dialkyl phosphites under the catalysis oC a water soluble Pd(O) 

complex, Pd(PPh2(m-CsH4S0aM)a (M= Na+, K+), to give the cross coupling 

products in high yields (Eq. 27).101 

R-X + R'· y ................................. > R-R' 

89 90 91 

x • Br, 1; Y • II, B(OR)~ R. aryl, heteroaromatic; 
K' • aryI, villyl, aIkyoyl, P(O)(OK>2 

(Eq.27) 
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The reaction ean tolerate a broad range of functional groups, 

inc1uding those present in unprotected nuc1eotides and aminoacids. 
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Chapter 2. ADyIation ofCarbonyl Compounds ln Aqueous Media and lta 
Synthetic AppUcatiODl 

The importance of organometallic reactions in organic synthesis 

requires no elaboration. A cardinal restriction in the use of many 

organometallic reagents is the strict exclusion of moisture. Extreme care 

must be exercised to ensure that the solvents and the reagents are 

anhydrous. The reaction often has to be conducted under inert atmosphere, 

sometimes inside a dry box. A corollary to this moisture sensitivity is that 

organic substrates with functional groups containing labile protons must 

be appropriately protected during the reaction. 

For sorne time, we have been intrigued by the possibility of 

conducting organometallic-type (Barbier-Grignard type) reactions in 

aqueous medium for the formation of carbon-carbon bond. 

The first attempt made by us in this area was allylation reaction of 

carbonyl compounds by a11yl halides to produce homoa11yllic alcohols(Eq. 1). 

Initially, some reductive low valent water soluble metal salts sucb as CrC12, 

SmI2, SnC12, TiCla etc. were chosen as the Mediator. Ali of them met with 

failure in either pure water or a mixture of water and organic solvents, 

although some ofthem could do so in dry organic solvents. 

At this point, another approach was considered. It has been known 

that tribenzylstannyl c10ride is stable in water, and it has been prepared in 

large scale in industry from benzyl chloride and tin metal or tin dichloride 

in a mixed solvent of benzene and water under refluxing conditions. 1 The 

stability of this organic tin compound in water suggests the possibility that 

upon the addition of a carbonyl compound (or other electrophiles), a 
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coupling reaction might take plaf.:e. However, when aldehydes were mixed 

with benzyl chloride and tin in water under the same conditions, the 

reaction still gave tribenzylstannyl chloride as the only product. We 

suspected that the failure of the coupling reaction was possibly due to the 

faet that t.ribenzylstannyl chloride is not active enough (or it is too stable). 

2.1 AlIylatiOD Reactions Promoted by Zinc and 'lin in Water 

In the above reaction, when the more reactive a11yl bromide, instead 

of benzyl chloride, was used under the same conditions, the corresponding 

allylation product was produced almost quantitatively. Both aromatic 

aldehydes and aliphatic aldehydes gave good yields of the products. The 

exceptions to this were p-N,N-dimethylaminobenzaldehyde and p­

nitrobenzaldehyde. Both of them did not react. Free hydroxyl groups 

somewhere in the molecule did not interfere with the react':on (Entries 8, 

10, 12, Table 1). The allylation reaction usually proceeded upon heating 

(between 50-800 C), and failed to proceed at room temperature. a,p­

Unsaturated carbonyl compounds reacted in a 1,2-fashion. Sorne examples 

are list.ed in Table 1. The reaction can take place with pure water as the 

medium.. However. addition of a smaU amount ofbenzene (1 mL in 10 mL 

of water) often facilitated the stirring of the reaetion mixture. 

.. R'~ 
Ir (Eq.1) 

v + ~X 
ft,AR" 

1 2 M= Sn, Zn 3 
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Table 1. Allylation of Aldehydes With Allyl Bromide Mediated by Tin 

Entry Aldehyde Time Temp(OC). S Yield 

1 PhCHO 2h 8) Sam 
2 p-CIPhCHO 2h 8) 318> 
a p-MePhCHO 2h 8) 3c$ 
4 CHa(CH2hCHO 2h 8) 3d quant. a 
5 (CH3)3CCHO 2h 8) Sem 
6 p-n-CsHllOPhCHO 2h 8) :.-m 
7 p-N02PhCHO ah 8) 0 
8 HOCH2C(CH3>2CHO 2h 8) 3g quant.a 

9 p-Me~hCHO ah 8) 0 
10 HO(CH2)4CHO 1.5h 8) Sb quant.a 

11 PhCH=CHCHO 7h 00 Siro 
12 CH2(OH)CH(OH)CHO ah 8) ~OO 

13 PhCH=CHCHO 1.5h 8) .98a 

The yields were based on the aldehydes; a). lH NMR yield. 

The allylation reaction was also found to be successful with zinc at a 

lower tempe rature (400 C) (Table 2). In this case, the less expensive allyl 

chloride was also effective. The reaction however was sensitiv~ to the 

different structure of the ketones. While cyclohexanone reacted smoothly to 

give the corresponding homoa11ylic alcohol in good yield, 5-nonanone or 2-

pentanone failed to react at aIl. In the latter two cases, the ketone was 

recovered but the allylic halide was consumed. This suggests that the 

organometallic species reacted with water faster than with the carbonyl 

substrate in these cases because of the steric hindrance of ketones (relative 

to aIdehydes). 

In both metal mediated allylation reactions, commercially available 

metallic powder can be used without pre-activation. No inert atmosphere 
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protection or other special apparatus is required. Thus, these simple 

allylation procedures are both practical and convenient. 

Table 2. Allylation of Aldehydes and Ketones Mediated by Zinc 

Entry Aldehyde Time Temp(OC). 3 Yield 

1 PhCHO 4h 40 Sa œ 
2 CHa(CH2)3CHO 2h 40 31 $ 

3 (Cl-la)aCCHO 2h 40 3e 92 

4 CHa(CH2>?CHO 2h 40 al 00 

5 CsHuCHO 2h 40 3m 94 

6 CHaCH=CHCHO 4h r.t. 3118> 
7 (CHa>2CHCHO 2h 40 :b 85 

8 cyclohexanone 4h 40 ~ 81 

9 CHa(CH2>2C00Ha 4h 40 0 

10 CHa(CH2)aC()(CH2)3CHa 4h 40 0 

f 
Table 3. Reaction of Aldehydes With Crot yi Halide Mediated by Zinc 

Entry Aldehyde Crot yi X Solvent Time Temp. Yield Thre./Ery.a 

1 PhCHO crot yi Br H2Û 2h 500C 5a00 4Ql55 

2 PhCHO crot yi Br H2Û/etherb 2h 00 5a98C 42/58 
3 PhCHO crot yi Br H2ÛfrHFb 2h 50 5a9()C 40160 
4 PhCHO crot yi Br H2ÛlBenz.b 2h 50 &l92C 41/59 

5 PhCHO crot yI Cl H2Û 2h reflux &l85C 42/58 
6 PhCHO crot yi Cl H2Û 2h 45 5a82C 44156 

7 PhCHO crot yi CI H2Û 14h r.t. 5a5OC 50150 
8 CHa<CH2hCHO crot yI Br H2Û 2h 50 fbfI1 40160 
9 (CHa>2CHCHO crot yi Br H2Û 2h 50 &cEl) 75125 
10 CsHllCHO crot yi Br H2Û 2h 50 &194 7lt29 
11 (CHa)aCCHO crot yi Br H2Û 2h 00 &!OO 85115 

CI 
a): Threo/erythro ratio were determined by lH NMR; b): 4 mU2 mL; 
c): 1 H NMR yield. 



t 

9 +~ 
R,AR" X R'-.î" ""'" ;rr~ 

(Eq.2) 

4 5 

Allylation with allylic halides bearing substituents is also effective. 

Reaction oC carbonyl compounds with crot yI halide 4 mcdiatcd by zinc is 

regiospecific in giving the allylation products. Howcver, the reaction 

showed no special diastereoselectivity as indicated in Table 3. 

2.2 Synthesis of l,s..Butadienes 

Often, dienes were synthesized from carbonyl compounds by Wi ttig 

reaction, which has been Cound to suffer from competing aldol 

condensation,2,3Iack of regiocontrol,4 low yield and lack of stercoselectivity. 

The other conventional organometallic reactions used for diene synthesis, 

mediated by silicon5 or tin,6 pose the usual restriction oC moi sture 

sensitivity. 

ScbemeL 
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A simple synthesis of 1,3-butadienes from carbonyl compounds can 

be accompli shed by immediate application of the aqueous allylation 

reactionB. Initially, we attempted to generate dihydropyran derivatives 8 by 

using 1,3-dichloropropene 6 promoted by zinc powder. The reaction did not 

give the diol 7 (dihydropyran precursor). Instead, a compound with low 

pola rit y was produced as the major product. After characterization, the 

compound was found to be the conjugated 1,3-butadiene 9 (Scheme 1). The 

reaction was developed as a new methodology for diene synthe sis. 7 

Table 4. I-Phenyl-l,3-butadiene Prepared from Benzaldehyde and 
1,3-Dichloropropene 

Entry MlaldJhalide Temp. Solvent. Time Yield(9a) 

1 Wl 800C H2Û 3h 69* 
2 a11J1 :fi H2Û 4 51 
3 a11J1 ID H2Û 10 46 
4 2.5/111.5 :fi H2Û 2 47 

5 a11Jl 3i H2ÛIE~l:l) 6 33 
6 a11Jl reflux ~ ID 0 
7 a11J1 reflux THF ID 0 

• Based on CICH=CHCH2CI. 

The reaction has a number of interesting features: Firstly, it is 

important to note that in the reaction of benzaldehyde, the yield oC 1-

phenylbutadiene was quite satisfactory under these conditions, but failed to 

proceed at all in normal organic solvents such as diethyl ether and THF. 

Secondly, the reaction seemed to proceed with both aldehydes and ketones. 

Thirdly, the butadienes were Cormed stereoselectively and in the case of 

36 



, 
? 

1 

11, 

"'-

aldehydes, exclusively the E-isomers were obtained according to the 1 H 

NMR spectra of the dienes. Furthermore, unprotect.ed hydroxy compounds 

such as glyceraldehyde and 5-hydroxypental underwent the diene 

conversion without difficulty. On the other hand, the yield of the diene was 

modest at best in aIl cases, in spite of efforts in varying the reaction 

temperature, time, amount of metal etc. (Tables 4 and 5). 

Table 5. Other Dienes Prepared with 1,3-Dichloropropene 

Entry Aldehyde Time Product(9) Yield 

1 CHa(CH2)sCHO 3h lb CH3(CH2)SCH=CHCH=CH2 53 

2 C-CsHllCHO 3 ~ CsHIICH=CHCH=CH2 48 
3 C6HsCH=CHCHO 3 9d CSH5CH=CHCH=CHCH=CH2 38 
4 C6HsCOCHa ID Se CeHsC(CH3)=CHCH=CH2 22 

5 CsHuP 3 ~ C9HlS=CHCH=CH2 ~ 

6 (CHa(CH2)3>200 15 no reaction·· 

7 CHa(CH2)SCOCHa 6 9g CHa(CH2)SC(CHa)=CHCH=CH2 33 
8 HO(CH2)4CHO 6· 9h THPO(CH2)4CH=CHCH=CH2 42 

AU the reactions were carried out with a ratio of metaValdehydelhalide=21111 at 
350C in water. The yields are based on the carbony} compounds. * 0.5 mL of 5% 
HBr was added to catalyze the reaction. **20% of the product wu obtained when 
the reaction wu catalyzed by 0.5 mL 5% HBr and 0.2 mL of saturated NIi4CI. 

Aft.er careCul separation and characterization of the by-product, the 

poor yield was traced to the formation of the homoaIlylic alcohol 3, which 

must have been fonned by the zinc mediated reduction of the intermediate 

chlorohydrin 10. Thus, the yield of the diene might be increased if the 

reactivity of chloro and hydroxyl groups in the intermediate could be 

differentiated. Efforts to increase the leaving ability of hydroxyl group of 10 

with HMPA or triphenylphosphine through coordination between 

L ______________________ __ 
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phosphorus and oxygen atoms did not succeed. 

CI~I 

Scheme2 

Scheme3. 

CI~I 

Nallacetone 

CI~I 

U 

• R'!('" R' 1 

10 

R' _ 

R'~ R' yB ..." 
~ 

9 3 

• 

Later, it was found that the aqueous reaction had a high 

chemoselectivity between different allyl halides. Consequently, the reaction 

can he manipulated to stop at the chlorohydrin stage by using l-chloro-3-

ioc:Jopropene instead of l,a-dichlopropene. The l-chloro-3-iodopropene can 

be easily obtained from the reaction of l,a-dichloropropene and anhydrous 

NaI in acetone. At this stage, the leaving ability of the hydroxyl group can 
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be easily enhanced through protonation by a small amount of 48% HBr acid, 

to give the diene in high yield (Table 6). 

It is interesting to note that the diastereomeric ratio of the precursor 

chlorohydrin is distinctly difTerent from the E/Z ratio of the diene. This 

suggests that the reduction of the intcrmediate 10 to give the diene 9 under 

the experimental condition is non-stereospecific, but selective in giving the 

thennodynamica11y more stable E-isomer. 

Table 6. Synthesis of 1,3-Butadienes with l-Chloro-3-iodopropene 

Entry Ald.(ket.) syn/anti(lO) Product(9) Yield(trans:cis) 

1 C~CHO 64/36 9a CeHsCH=CHCH=CH2 $ >98:2 

2 CICeHsCHO 64/36 9i CICsHsCH=CHCH=CH2 gr >98:2 

3 MeCsHsCHO 64/36 !ti MeCsHsCH=CHCH=CH2 $ >98:2 

4 CHa(CH2)sCHO 52/48 g, CH3(CH2)SCH::CHCH=CH2 00 95:5 

5 C-CSHllCHO A De C6HllCH=CHCH=CH2 00 >98:2 

6 CeH5CH=CH-CliO A Qi CsR5CH=CHCH=CHCH=CH2 ~ >98:2 

7 CeHsCOCHa A Se C6H5C(CHa)=CHCH=CH2 8) 85:15 

8 cyclohexanone A fi( CsHlOC=CHCH=CH2 $ 

9 CHa(CH2)sCOCHa A 9g CHa(CH2)SC(CHa)=CHCH=CH2 75 68:32 

AlI the reactions were carried out via Scheme 3; A, not determined. 

2.3 Syntbesis ofVlDyloDranes 

In the above diene synthesis, when the reaction of carbonyl 

compounds with l-chloro-3-iodopropene was interrupted an.er the first 

stage by extraction with ether, the intermediate chlorohydrin was isolated. 

Treatment of the chlorohydrin in ethanolic NaOH gave vinyloxirane in 

quantitative yield (Eq. 3).7 In this case, the trans/cis ratio of the produced 

vinyloxiranes was in agreement with the diastereomeric ratio of the 
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{ precursor chlorohydrin. 

R'~ Base R"~ R" ... f-~ + ~-
R' , 

1 (Eq.3) 

12(8) 12(b) 

Table 7. SynthesÎs of Vinyloxiranes 

Entry Aldehyde Meral(method) Product %Yield cis:trans 

@-040 Sn (A) ~ ~" - 11. 91 84:16 

2 Zn(B) 11. 95 64:36 

3 c-o-cuo Sn (A) o~ 11b 90 85:15 

.~ 
-~ 

64:36 ... 4 Zn(B) llb 95 

S Me-@-cuo Sn (A) ~ Me ~" _ 11c: 88 84:16 

6 Zn(B) 11c: 93 64:36 

7 CH3(CH3)8CHO Sn (A) I~ CH3(CH:Z>, _ J1d 82 80:20 

8 Zn(B) I1d 92 52:48 

9 0 0 Sn (A) ~ polymer 

10 Zn(B) Ile 93 

Method At ultrasonic wave; method Bt stining; the cis/trans ratios were detennined by 
IHnrnr according to literature . 

.,. 
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However, while the production of 1,3-butadienes possessed high trans 

selectivity, the reaction gave only slight cis selection toward oxiranes. 

Changing the metaI zinc to metal tin gave the chiorohydrin intermediate in 

less than 10% yield. Atternpts to increase the yield by changing the reaction 

conditions met with failure. 

It has been known that ultra sound can activate Barbier type 

reactions through changing the property of the metal surfaces, and 

ultrasound promoted allylation of carbonyl compounds by Sn with allyl 

chloride or bromide has been reported before.8 When the reaction mixture 

of the carbonyl compounds, l-chloro-3-iodopropene, and Sn powder was 

subjected to ultrasonic radiation at room temperature, the chlorohydrin 

intermediate was obtained in high yield. The chlorohydrin was in turn 

transformed to vinyloxiranes in the sarne way as the Zn method (Scheme 1). 

Interestingly, the Sn method has a much higher cis diastereoselectivity of 

the final vinyloxiranes than the Zn one. A comparison of the results 

between Zn and Sn is listed in Table 7. 

The effect of ultrasonic wave on the reaction appears the same as in 

other reports. The addition of a small amount of ether greatly helped the 

dispersion of Sn powder in the solution during the sonication. 

In the absence of ultrasonic radiation, a low yield «10%) of 10 but 

with the sarne stereoselectivity was obtained. Addition of organic solvent to 

the reaction system did not change the cisltrans ratio of the final product. 

Similar selectivities were reported previously by SnC12 in organic solvent, in 

the preparation of vinyloxiranes,9a where only ca. 50% of the product was 

obtained. 

The IH NMR and Ge analysis of the starting l-chloro-3-iodopropene 

showed the presence of a mixture of cis and trans isomers in a ca. 5:3 ratio. 
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Thus, the reaction was not stereospecific and it also depended on the metal 

used. The cis stereoselectivity (cis:trans > 4:1) with tin indicated that both 

cis and trans starting material favoured the cis product. 

The stereoselectivity could not be explained by the usually proposed 

cyclic chair form transition state for allylations with organometallic 

reagents,9b because it would have predicted different stereochemistries with 

cis or trans starting material. A reasonable explanation for the 

stereochemistry is that the chelation between Sn and the carbonyl oxygen 

was not important here, and the reaction proceeded rJia non cyclic 

transition states (A, B, C, D, and A', B', C', D'). Therefore, the product 

formation is mainly determined by steric reasons. Scheme 4a shows the 

possible transition states leading to syn (cis product) and anti (trans 

product) chlorohydrins based on this assumption. Because the transition 

states A, A' and C, C' have the eclipsed conformations and the transition 

states B, B' have the R group in gauche relation to both vinyl and chloro 

groups. It is easy to decide that among the eight possible geometries, two (D 

and D') are favoured. A similar explanation was used for the 

stereoselectivities, regardless of the stereochemistry of starting material, of 

the allylation of aldehydes by crotyltin9d and 'Y-alkoxallyltin9c reagents in 

organic solvent. 

When the al1yl organometallic reagent has greater ionic properties 

between the carbon-metal bond, it is conceivable that the propensity for a 

cyclic transition state will be increased. Therefore, the cis selectivity with 

zinc is decreased. Indeed, the cis/tra~s ratio of the chlorohydrin 

intermediate reflected the cis/trans ratio of starting iodide. Thus, the 

reaction with zinc is better explained by the cyclic transition states in 

Scheme 4b. 
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2.4 Synthesis ofMethylenetetrabydrofurans 

Trans 

Initially postulated by a theoretician,10 trimethylenemethane (TMM) 

has been a favorite molecule for quantum mechanical calculations. TMM 

was invoked as a possible intermediate in methylenecyclopro9ane 
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rearrangement ll and in the decomposition of pyrazoline in gas phase.12 

The triplet state of TMM was identified by ESR spectroscopy13 and 

subsequently shown to be the ground state of the diradical. 14 The chernistry 

ofTMM has been reviewed several times in the literature.ll 

)l .. .l (Eq.4) • 

13 14 

Sporadic reports of intermC\lecular reactions of TMM and i ts 

derivatives, generated from a variety of precursors, appeared in the 

1960's,11 but the yields of the products were usually low. The principal 

reaction was cyclization to methylenecyclopropane. This cyclization is 

extremely fast in the singlet manifold, even the more stable triplet Corm 

only requires an activation barrier of 7.7 kcallmol for cyclization.15,16 Thus, 

application of TMM itselfin organic synthesis is limited. 

TMM Equivalent 
Scheme4c 

)=0 :r>= 
.À+ 

168 

>= -P= 15 

Uh 

XM~OPh Me3M~OAC x~x 
17 18 19 
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On the other hand, a 'fMM equivalent, the 1,3-dipolat' species 1616 

which bears a nucleophilic and an electrophilic center, is quite useful in 

synthesis sinee it ean react with a carbonyl functionality (or its equivalent ) 

in 3+2 fashion to yield a 5·membered ring product (Scheme 4e). Methods 

developed for the generation of a TMM equivalen" inc1ude the use of 

precursors 18 (M= Sn or Si) where the nuc1eophilic component contains a 

stable organometalloid function rather than the more reactive conventional 

organometallic function,17 Alternatively, for reagents (e. g. 17, M= Zn or 

Mg) containing the more nuc1eophilic organozinc18 or organomagnesium19 

moiety, the electrophilic center tends to be the less reactive ether function. 

Such a balance of reactivity of the two polar centers is necessary to prevent 

self cyclization or di- and polymerization. 

((HOCI~I 1 ~ 
~ Zn/H20, NH4Cl 

10 

Scbeme& 

11 

+ 
1 

22 

23 

As part of our study on the area of organometallic reactions in 

aqueous media, we have developed a simple TMM equivalent reaction. 

Considering the above diene and vinyloxirane synthesis, other 

functionalised allylic halides, such as 19, should be amenable to the same 
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type of reactions. When benzaldehyde was allowed to react with 2-

chloromethyl-a-chloropropene, three products, 21,22 and 23 were produced 

(Scheme 5)_ 

CI~I + :hl 
24 2S ! KOt-B. 

R~ 
SchemeS 26 

.. CI~I (Eq.5) CI~I Na! (leq.)/acetone 

60% 

By taking advantage of the sarne selectivity between the allylic chloro 

and the allylic iodo group, the reactions of 2-chloromethyl-a-iodo-t-propene 

24 with carbonyl compounJs gave selectively the monoa1lylation product 25. 

Methylenetetrahydrofuran 28 was obtained from compound 25 upon 

reaction with KOt-Bu (Scheme 6).20 The reagent 2-chloromethyl·3-iodo-l· 

propene can be easily prepared by the reaction of 2·chloromethyl-3·chloro-l· 

propene with t equivalent of sodium iodide in acetone followed by vacuum 

distillation to isolate the product (Eq. 5). 

For the success of the reaction, the presence of water is critica1. 

When the reaction of benzaldehyde with 24 was carried out in diethyl ether 

or tetrahydrofuran, there was no or little formation of26. Addition ofwater 

------------------ ------
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to the organic BoIvent led to the formation of 25 accompanied by thl' 

reduction product benzyl alcohol. 

Table 8. Synthesis of Methylenetetrahydrofurans from RCOR' 

Entry Carbonyl compound SolvenVInitiator Yield(25) Cyclization Yield(28) 

1 PhCHO 

2 

3 

4 

5 

7 p-CIPhCHO 

8 p-MePhCHO 

9 CH3(CH2)SCHO 

10 C-CSHllCHO 

11 PhCH=CHCHO 

12 cyclohexanone 

13 PhCOMe 

14 2-cyclohexenone 

15 PhCH(CHa)CHO 

25a 92 c 
Et20/·_· 25a 0 

THF/--- 25a 0 
<H2Û:Et2Û=l:20) 25a ffi 

+ PhCH20H(5%) 

(H20:THF= 1:20) 25a 40 
+ PhCH20H(30%) 

H20 /A+B 

H20/A+B 

H20/A 

H20 /A+B 
H20/A+B 

25a 00 
25k 0 

2IJ 00 

25c 85 

25d 92 

2tJe 88 

2tJf m 
25g88 

25h ffi 

sato NIi4CI(aq.) 2S 45 

H20/A ?ri 85 

c 
c 
C 
D 
C 

D 
D 
D 

D 

BJ 92 

28c 85 
28d 00 

me 88 
H m 
28g 88 

2fIl ffi 
.. 42 

211 82-

A: 2-3 drops of saturated NH4Cl water solution was added; B: 2·3 drops of 
48% HBr was added; C: KOt-Buliopropanol; D: KOt-Bulhexane; • 
syn:anti=2:1 by lH NMR. 

Other carbonyl compounds reacted similarly with 24 t.o give the 

coupled products and subsequently the methylenetetrahydrofurans in good 

yields. It is interesting to note that the chloro group in entry 7 W8S Dot 

affected. Ketones were converted to 25 as weIl as aldehydes. Attempts to do 
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a 2+3 carbon cyclo addition to conjugated carbonyl compounds according to 

Scheme 7 was not successful. The conjugated carbonyl compounds reacted 

in a 1,2·fashion as demonstrated by cinnamaldehyde and cyclohexenone. 

Scheme7. 

+ CI~I 
28 

27 

26i 

When a mixture of benzaldehyde and 5-nonanone was subjected to 

the reaction conditions, a highly selective reaction of benzaldehyde was 

found. Similar high selectivity has been found by Luche,21 during the 

ultra sound promoted allylation of a mixture of aldehyde and ketone. 

Using a-phenylpropanal (29) as the typical a-chiral aldehyde, the 

reaction gave two diastereomeric products (syn!anti) in 2:1 ratio. The 

major isomer was found to agree with Cram's rule or Felkin's mode1.46,.7 

HO~~ 

29 30 
(major) 

+ 

31 
(minor) 

(Eq.8) 
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When 24 alone was allowed to reacted with zinc under identical 

conditions in the absence of a carbonyl compound, the dimer S2 was 

obtained as the product. 

2CI~I __ ..... ~ CI 

24 32 

2.5 AlJylation of Carbonyl Compounds Promoted by Indium and 
Manganese (and Other MetaJs) 

(Eq.7) 

In spite of the advantages of carrying out organometallic reactions in 

aqueous media, the choice of metals, however, is still very limited. The 

reactive alkali and alkaline earth metals cannot be used becausc of their 

vigorous reactions with water itself. Metals which form water insoluble 

modes readily are also unlikely candidates. Instead of using tin and zinc 

however, indium metal offers sorne intriguing possibilities. Compared to 

other metals, indium has not been much explored in organometallic 

reactions.22 It was oo1y recently that indium has been used in Refonnatsky 

reactions,23 allylations24 and cyclopropanations25 of carbonyl compounds. 

While these results are interesting, the use of indium in organic sol vents 

ofTered no obvious advantages over conventional organometallic reactions. 

On the other band. it ie known that indium ie unafTected by boiling water or 

alkali.26 It does not form oxides readily in the air. Furthermore. its first 

ionization potential ( Table 9) is much lower than that of zinc or tin, and for 

that matter, even magnesium. If aqueous organometallic reactions 

proceed by a single electron transfer mechanism, as we suspected,27 
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indium May weil be effective in such reactions. These considerations led us 

to examine the use of indium as a metal to mediate the aqueous 

organometallic reactions. 

Table 9. First to Fourth lonization Potential of Sorne Metals 

lonization Potential (Volt) 
Metal 

1 II III IV 

Indium (In) 5.785 18.86 28.03 54.4 

Aluminum (Al) 5,984 18.82 28.44 119.96 

Magnesi um (Mg) 7.646 15.035 80.143 109.29 

Zinc (Zn) 9.39 17.96 39.7 

Tin (Sn) 7.34 14.63 30.49 40.72 

Manganese (Mn) 7.43 15.63 33.690 52 

Lithium (Li) 5.39 

Sodium (Na) 5.12 

Potasium (K) 4.32 

Rubidium (Rb) 4.16 

Cesium (Cs) 3.87 

Obtaîned from CRC Handbook of Chemistry and Physics, 53rd ed. 

In/820 ... 
(Eq.8a) 
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1 Table 10. Allylation of Carbonyl Compounds in Water Mediated by Indium 

tin.Ia. &1 &2 X MçjaJ NatlylXIM Tirnc(hrs) Yictd Syo:aoLÎ 

1 Ph H a- 10 1/1.5/1 3 97 

2 Ph H ln 1/1.5/1 3 95 

3 Ph H CI ln 1/1.5/1 S 60 

4 Ph H Cl Sn 1/1.5/1 5 O··b 

5 C1Ph H a- ln 1/1.5/1 94 

6 CH3CHOH H a- ln 1/1.5/1 3 85 67:33 

7 CH3CH(OOCB) H a- ln 1/1.5/1 3 75 24:76 

8 CH3(CH2hCH(OBn) H a- 10 1/1.5/1 3 80 24:76 

9 PhCH(CH3) H a- 10 1/1.5/1 3 90 78:22 

10 Ph CH3 a- 10 1/1.5/1 5 72 

11 Ph CH3 a- Zo 1/1.5/1 5 ISe: 

1 12 Ph CH3 a- Sn 1/1.5/1 3 o· 

13 .(CHùs· a- ln 1/1.5/1 6 68 

14 .(CHùs· a- So 1/1.5/1 6 cf 
~ 15 HOCH2C(CH3n H a- ln 1/1.5/1 3 85 • 
t 

16 HO(CHV4 H a- ln lIt.SIl 3 9S 

1 17 (CH]OhCHCHz CH] a- ln 11211.5 6 70 
~ 
r~ 18 (CH]OhCHCH% CH] a- Zn 1/2/2 6 0 

19 (CH30 hCHCH% CH3 a- Sn 1/2/2 6 let 

~ AU the reactions were performed at 1 mmol scale at room temperature in water by stirring 
r, the reaction mixture for the proper rime, otherwise mentioned; -mediatcd by lin al 800C, ~ 

~ bpromoted by sonication; cmediated by zinc with sonication; dby IHnmr. f, 
" ~ 
t We found tbat indium can indeed effect allylation of aldehydes and 

[ ketones in water at room temperature in high yield (Table 10).288 The 
t 
~ 

" 
reaction required no protection of inert atmosphere. Allyl bromide .' r 
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appeared to be as good as allyl iodide in undergoing the reaction. Even the 

less reactiv.e allyl chloride can be used, but (the reaction) required a longer 

reaction time. Reactions with indium metal need no promoter. In this 

case, it is different from zinc and tin where acid catalysts, heat or 

sonication were often required. 

ln the presence of an acid sensitive group such as an acetal (entry 

17), reaction by indium gave cleanly the allylation of the carbonyl group 

without afTecting the acetal. The same reaction with zinc under all the 

usual conditions (entry 18) did not give any allylation product and Httle 

recovery of the starting acetal ketone, whereas allylation with tin promoted 

by saturated NH4Cl gave less than 10% yield of the product (entry 19). 

Addition of HBr (or other acids) and use of ultrasonic radiation to catalyze 

the Sn reaction led to a mixture of several products. 

The indium itself seemed converted to In+3, Binee indium compounds 

of lower valencies are known to be unstable. The halides InX and InX2 

disproportionate in the presence of water as follows:28b 

8 1DX ••••••.••..•••••••••• > 2 III + 1DX2 

3 IDXI ._ ••..••••••••••••• > ln + 2 lDXa 

Furthermore, addition of potassium ferrocyanide to the reaction 

mixture produeed a white deposit which was soluble in Hel aqueous 

solution, a typical property of In3+ ion.28b Similar In(III) valency species 

R3In2X3 was the reaction product between indium and alkyl halide in 

organic solvent.28c 

The allylation with indium can he extended to the reactions of 

carhonyl compounds with methyl (2-bromomethyl)acrylate (33) to give the 
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corresponding hydroxy acrylic esters 34, a precursor for 2-methylene·y. 

lactone 35 which is an important structural unit in a variety of natural 

products. The reactions proceeded smoothly with indium at room 

temperature in a few ho urs ( Table Il). The sa me reaction with zinc has 

not bef;\!l reported and gave only low yields in our hands with aU the usual 

reaction conditions inc1uding catalysts and sonication. Reactions with tin 

required long reaction times of refluxing in aeid and gave poorer yields.29 

~ ROH ref. R~I 0 
Br ---;1 2 ....... R2 

Me Me (Eq. Sb) 

33 34 35 

Table Il. Reaction of Aldehydes with Methyl (2-bromomethy1)acrylate 

Eon B.C.HQ ballik ~ IrnJlL. ~ fik1 

PhCHO BrCH2C(CH2)CÜ2CH3 ln r.l. S 34a 96 

2 PhCHO 8rCH~(CH2)CÜ2CH3 Zn US' S 34. 26 

3 PhCHO BrCH~(CH2)CÛ2CH3 Zn r.l.
b 6 34. 52 

4 HOCH2(CH3nCHO BrCH~(CH2)cÜ2CH3 ln r.t. 5 34" 85 

S HOCH2(CH3nCHO BrCH~(CH~Ü2CH3 Zn US' 5 34b 17 

AU the reactions were perfonned at 1 mmol scale in water with RCHO/halide/M = 1: 1: 1; 
a: sonication; b: catalysed by NH4Cl. 

The reaction of carbonyl compounds with crot yI halide promoted by 

indium was also studied. However, as in the cases of Zn and Sn, while the 

yields of the products were acceptable, no significant diastereoselectivity 

was observed. 
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Jl + ~x 
R' H 

R'= Ph-

R'= n-C7H15 

.. R'~ 
Erythr.threo= 50:50 

=50:50 

From Table 9, it would seern that another potential metal for the 

aqueous organometallic reaetions isa manganese. Ever Binee the discovery 

of large amounts of manganese nodule on the ocean floor, increasing 

attention has been drawn to the use of manganese in organic chemistry. In 

view of its natural abundance, manganese is expected to play an important 

role in future organic synthesis. In the past, manganese compounds were 

mainly used as oxidizing reagents.30 Only recently, it was found that low 

valent manganese or metallic manganese can be used for Grignard-type 

carbonyl addition31 , conjugated addition of alkyl halide to unsaturated 

carbonyl compounds32 and reaction with carboxylic acid chlorides to Corm 

ketones.33 Yet, a11 these reactions were carried out in organic solvent 

under inert gas, such ae nitrogen or argon. The manganese reagent was 

usually prepared in situ from organolithium or Magnesium compounds. 

The first report oC using metallic manganese directly in organic 

reactions was the allylation of carbonyl compounds in THF. The reaction 

required a large excess of manganese (7 eq.) and a11ylic halide (6 eq.). 11le 

manganese also has to be activated by the addition of one equivalent of 

iodine.34 A recent report improved the procedure by retluxing the reaction 

mixture in ethyl acetate.35 

We tried to apply manganese to the allylation reactions in aqueous 

media. The product, homoallylic alcohol, was obtained in low yield (-23%) 

(Eq.9). 
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Mn/H10 

• ~ + 8y.Produet 
H (Eq.9) 

The low yield of the reaction seemed to be due to the formation of 

oxide crust on the metal surface thus blocking the progress of further 

reaction. When NH4Cl was added, it broke the cru st presumably via the 

formation of water soluble complexes. Even under these conditions, most of 

the product was the reduction of aldehyde, giving the corresponding 

alcohol. The use of a basic buffer solution of (NH4Cl+NaOH) (pH= 9) 

improved the yield of allylation and depres~ed the reduction. Lowering the 

reaction temperature (-5 to OOC) further improved the yield. The use of 

other buffer such as Na2HP04 gave essentially the sa me result as the 

reaction in pure water. The results are shown in Table 12. 

Table 12. Allylation of Benzaldehyde Mediated by Manganese according to 
Eq.9 

Entry R X Ald/allylXlMn Solvent Temp. Time Yield Rccov(ald.} 

1 Ph- Br 111.5/1.5 H2Û r.t. 15h Zl 72 
2 Ph- Br 111.5/1.5 sat.NH4Cl r.t. 20min 3) 0 
3 Ph- Br 111.5/1.5 sat.Na:zHP04 r.t. 15h :J) 70 
4 Ph- Br 111.5/1.5 sat.NaCl r.t. 15h al 75 
5 Ph- Br 111.5/1.5 NlLiCl (pH=7» r.t. 20min ~ 0 
6. Ph- Br 1/1.5/1.5 NH4CI(pH=8.5) r.t. 20min 40 0 

7. Ph- Br 1/1.5/1.5 NlLtCl (pH=9) -5°C 30min 70 0 

The NH4Cl buffer was obtained from titration of NaOH (lN) ta the saturated 

water solution of NltiCl. 
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Instead of using a single metal to promo te the reaction, we round that 

the allylation reaction can be successfully conducted in water with a 

mixture of manganese-copper bi-metallic system. 

Generally, in organic reactions, a metal can be activated by the 

addition of a Lewis acid, or iodine,34 a more active metal,36 or a salt of a 

less active metal.37 The higher reactivity of the weIl known Zn/Cu couple 

than Zn itselfis still not Cully understood.38a 

When a mixture of Mn/Cu powder, instead of Mn alone, was used, 

surprisingly, the reaction proceeded smoothly to give the desired product. 

Some rcsults of the allylation mediated by Mn/Cu was listed in Table 13a. 

Table 13a. Allylation of Aldehydes Mediated by ManganeseslCopper 

Entry R X AldlallylXIMn Solvent Temp. Time Yield Recov(ald.) 

1 Ph- I 11212+1 Cu H2Û r.t. 2h 40 1 
2 Ph- Br 11212+1 Cu H2Û r.t. 2h 55 1 
3 Ph- Br 11212+1 Cu ether r.t. 2h 0 100 
4 Ph- CI 11212+1 Cu H2Û r.t. 2h 92 6 
5 CIPh- CI 11212+1 Cu H2Û r.t. 2h 00 8 
6. MePh- Cl 11212+1 Cu H2Û r.t. 2h 50 49 
7. MePh- CI 11212+1 Cu H2Û r.t. 8h 00 8 
8. CsHll- CI 11212+1 Cu H2Û r.t. 5h 0 100 

One interesting feature of the reaction is that although allyl iodide 

and a1lyl bromide are much more active than allyl chloride, yet the best 

allylation was obtained by using a11yl chloride. The former two halides 

(entries 1 and 2) led to ca 50% of by-products (reduced product, benzylic 

alcohol and pinacol coupled product), whereas with allyl chloride, there 
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1 were nearly no by-products. A possible explanation for this was that the 

organometallic intermediate generated from the more reactive al1yl iodide ( 

or bromide) tended to react with another molecule of atlyl iodide (or 

bromide) to give the Wurtz coupling product, whereas the intermediate 

generated from aUyl chloride was stable enough ta add to carbonyl double 

bond. 

The structure of the aldehyde seemed critieal to the reaction. Slight 

change in the structure of the aldehyde changed the reactivity. For 

instance, while allyl chloride reacted with benzaldehyde smoothly the 

reaction with 4-methylbenzaldehyde was much slower, and there \l'as no 

reaction at all with aliphatic aldehydes. The reason for the faiture of the 

reaction with aliphatic aldehyde was not clear. It might be due to the 

higher reduction potential of aliphatic aldehydeR.38b 

CH3CH2CHO and higher homologues 

PhCHO 

E1I2 -1.76 eV 

-0.96 eV 

The influence of the amount of additiona} Cu on the yield of allylation 

ofbenzaldehyde was examined. The total conversion of the aldehyde versus 

the ratio of the copper addition under a fixed reaction condition(r.t./2 h) is 

shown in Figure 1. The most effective combination of Mn:Cu was around 

2:1. 
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Figure 1. AlI the reaetions were carried out on a 1 mInol seale in 10 
mL pure water at r.t. with allyl bromide/Mnlbenzaldehyde in 
1/1/1 ratio, in two hours . 

In addition to the above mentioned Zn, In, Sn and Mn, allylation 

reaetion can a180 mediated by other metals such as Cd, Ti, and Bi. 

Allylation with Cd is as effective as Zn exeept that it is less reaetive. 

Allylation with titanium alone does not proeced. However, the reaction 

succeeded by using KF as a catalyst. This might be because a complex 

between titanium and Ouoride ion dissolved the onde crust much in the 

same way as ammonium chloride in the cases of Zn, Sn and Mn. Also in 

this case, reduction of the aldehyde to the alcohol was a major side reaction. 

Like indium, bismuth can a180 mediate the aqueous allylation of 

benzaldehyde at room temperature without any promoter. However, 

bismuth is less reactive thanindium. A comparison of these results is 

listed in Table lab. 

~ 
i 
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Table l3b. Allylation of Benzaldehyde with CH2:CHCH2Br Mediated by other 
Metals (MetaVallyl bromidelbenzaldehyde= 1.5:1.5:1) at RT. 

Entry Metal 

1 

2 
3 
4 

Ti 
Ti 
Cd 
Bi 

Promoter Time(h) 

no 2 

KF(3 eq.) 3 

NH4Cl(sat.) 2 

no 3 

Yield 

o 
43 

75 
61 

Reduced 

o 
11 

2.8 Attempted Alkylation ofCarbonyl Compounds in Aquoous Media 

For the aqueous Grignard reaction, it would be most desirable if 

alkylation of carbonyl compounds with non-activated alkyl halides could 

also be carried out in aqueous medium in the same way as allylation. To 

accomplish this purpose, we examined a variety of metals such as Zn, Sn, 

Ti, Al, Mg and Mn etc. with different alkyl halides. Ail of them faHed to 

give the alkylation product. 

Œq.l0) 

36 37 

When a mixture of benzaldebyde with t-butyl iodide was subjected to 

a mixture of Mn-Zn powder at room temperature in water, the 

corresponding alkylation product (6-33%) was obtained together with the 

reduced and pinacol coupled products of benzaldehyde. A similar result 

was obtained with a mixture of Mn-Cu. The Mn-Zn and Mn-Cu mixture 

were prepared by simply mixing together the two metallic powders. A Mn-
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Cu couple, prepared in situ from Mn and CuCI, gave the same result as the 

Mn-Cu mixture. 

7% (Eq.ll) 
()

HO 

1 + 
~ 7-Br 

38 

5% 
(Eq.12) 

()

HO 

1 + 
~ 

>-1 
39 40 

The reaction can also take place between benzaldehyde and t-butyl 

bromide or isopropyl iodide. However, both of these gave only low yields. 

Under the sarne conditions, other aromatic aldehydes can also react. 

Alkylation of aliphatic aldehydes failed to proceed under these conditions, 

including the use of the usual activation methods. Alkyl chlorides, 

secondary or primary bromides and primary iodides also failed to react. 

In order to improve the yield of the reaction, factors which might 

influence the alkylation were studied. We first examined the effect of the 

composition of the metal mixture on the yield of the alkylation product. The 

result is shown in Fig. 2. From Figure 2, it appears that the bi-metallic 

mixture is more effective than one metal alone. The highest alkylation 

yield was obtained when the content of Zn in the mixture was in the range 

of 70% to 90%. 

60 



~ 
1 

100 

90 

80 

70 

60 

~ 50 
:3 
~ 40 

>= 30 

20 

10 

0 
0 20 40 60 80 100 

100% Zn METAL-RATIO% 

Figure 2. Dark. : H NMR result; White El: GLC result. 
The reactions were performed on 1 mmol 
Bcale with iodide/aldehyde/metal(tota1)=2: 1:2. 

100% Mn 

The choice of solvent also seemed to be important. The addition of a 

small amount 00% VN) of sorne organic BoIvent su ch as hexane, benzene, 

ethyl acetate or ether led to failure of the reaction. The presence of a small 

amount of ethanol or HMP A did not change the yield of the reaction. The 

reaction also failed to proceed in either pure ethanol or a 1:1 mixture of 

water/ethanol. 

Changing the amount of alkyl iodide and metal relative to the 

amount of benzaldehyde gave sorne interesting results. The yield of the 

alkylation product increased as the relative Ilmount of alkyl iodide and 

metal increased, which was to be expectecl. However, it reached a 

maximum point when the ratio of benzaldehyde/alkyl iodide ( and meta\) 

was around 2 to 3. Mer that, the yield dropped to the same level as when 

the ratio was 1:1. Thus, a large excess orthe t-butyl iodide did not seem to 
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favor the reaction. 

40~--------------------------------------, 

30 

10 

o 2 
tBullPhCHO 

6 8 10 

Fleure s. The reactions were perforrned on 1 mmol scale with 
aldehyde/rnetal(total)=1:3 and Mn:Zn = 1:3.5 

In ail cases, there was a1ways sorne starting benzaldehyde that did 

not react. Applying ultrasonic radiation to the reaction did not improve the 

yield. 

2.7 MecJumIstic ConsIderatioD 

In spite of the considerable amount of literature reports on 

organometallic type reactions in aqueous media, the mechanism of these 

reactions is not clear. In view of the reactivity of organometallic reagents 

in water, it is unlikely that actual organometallic intermediates were 

Cormed during the reaction. Luche21 suggested that this type of reaction 

May go through a radical mechanism. 

In order to determine whether an organic tin compound was formed 
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or not during the reaction, an allyl tin reagent was prepared via a literature 

procedure (Eq. 13).408 When the allyl tin reagent 41 was stirred with 

benzaldehyde in water under the sa me conditions, the allylation product 

was obtained similarly. This resutt suggests that the allyltin species 41 

may be stable enough to survive aqueous conditions without being 

hydrolyzed. It also indicated the possible involvement of this species as an 

intermediate in the allylation in water in the same way as in organic 

solvent. 

Sn + ~Br 
Toluene, reflux 

50% (Eq.1S) 

41 

01-1 

(Eq.14) 

However, the more reactive allylzinc compound was not likely to have 

been formed. Furthermore, water soluble low valent metal salts (e.g. 

CrC12) with simi1ar reductivity as metal Zn or Sn failed to mediate the 

reaction to any extent. Thus it is likely that the metal surface is 8S eritieal a 

requirement for the success of the reaction as the ehoiee of the metal itself. 

The hydrophobie effect might be another important factor inJ1uencing 

the reaction. The hydrophobie effect can help the aqueouB Barbier· 

Grignard reaction by bringing the organic species onto the metal surface. 

Water might also further lower the AG of the reaction through solvation of 

the MXn ionic salt produced. 
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Based on these arguments, the reaction mechanism is proposed to he 

a single electron transfer process on the metal surface (Scheme 8). 

RX 

4Z 

+ /7777 
M 

SET 

RI R RI R SET 
Rl~ ~~.--- Rl~ ~~ __ -----

OH OMX 

45 

Scbeme& SET = Single Electron Transfer 

[ RX ]. 

/7777 
Mt 

43 

77777 
Mt 

44 

In the case of a1lylation, it is possible that both reactants are activated 

on the metal surface hy coordination with the surface atoms through d-p n 
honding. This coordination lowers the activation energy of the reaction. 

Thus, it can he expected that a large metal surface will increase the rate of 

the reaction. This expectation is consistent with the experimental result 

that the reaction can only take place with fine metal powder and can not 

take place or only very slowly with metal lumps because of the smaller 

surface available. The observation that the Wurtz type coupling products 

produced from allyl halides and the reactivity difTerence among different 
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carbonyl compounds, possibly due to their coordination difTerence, also 

supported the mechanism. 

Reactions mediated by the manganesc-coppcr system are somcwhat 

different from the previous ones. The activation of manganese by copper 

seemed likely to be coming from a micro-cell single electron transfer 

proeess, where Mn (the negative pole) of the electric cell was consumed 

according to Scheme 9.40b 

Scheme9. 

In such a system, it is conceivable that the d-p n coordination 

between the halide and the metal is less important. Thus, even alkyl 

halides without n bonding, e.g. t-butyl iodide or bromide and i-propyl iodide, 

ean reaet under the same reaetion conditions. In this case, a designed 

probe was used to study the possible meehanism. 

It is known that reactions involving different reactive intermediates 

give different cyclization products with the 5-hexenyl probe depending on 

the nature of the intermediate according to Scheme 10. 
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• 
S-exo o radical or carbanion 

6-endo o carbocation 

Schemelo. 

Reactions involving radical and carbanion intermediates cyclized to 

give 5-membered ring products because of the entropy effect and the 

induction effect (for carbanions) ( 5-exo), and those involving carbocation 

intermediates gave 6-membered ring products due to the stability of the 

final carbocation (secondary>primary) (6-endo). 

~Br 
46a 

~I 
48 

SchemeIL t 

Mg 
~MgBr-.. 

EIZO 

MgIiPentane 
4 

R.T. 3 days 60% 

46b 1). Acetone 
2). H20 

~OH 
47 l ' 

In order to examine the alkylation process, a radical probe was 

prepared in the following way. Commercially available 5-bromo-l-pentene 

(48a) was transformed to the corresponding Grignard reagent 4Sb. It 

~ ., 
; 
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reacted with acetone to produce the tertiary alcohol 47. Trcatment of the 

alcohol 47 with magne sium iodide in pentane for three days gave iodide 

48.40c The synthcsis was later improved by treating the alcohol 47 with 

trimethylsilyl iodide in chloroform for Ih.40d 

When the iodide 48 was allowed to reaet with benzaldchyde under the 

alkylation reaction conditions with Mn/Zn (1:4), the alkylation product (49 

or 50) was not obtained. Instead, a cyclized 5-membered ring iodide 51 was 

isolated in 55% yield from the reaction mixture. The formation of this 

product has often been inlerpreted as evidence of a radical rncchanism 

known as "iodine atom transfer reaction".41 Thus, this rcsult indicated the 

presence of sorne sort of radical species and it provided a direct evidence 

into the mechanism for this kind of reactions. 

~I+ 
48 

~OH 
SI 

Scbeme12. 
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Scheme 13. 

The explanation for the iodine transfer reaction is as follows: action 

of the metal on the iodide 48 produced the tertiary radical 52, which 

immediately cyclized to give the primary radical 53. The primary radical 53 

then picked up an iodine from another molecule of 48 to complete the iodine 

transfer process and regenerate another radical 52. 

As demonstrated by Fraser-Reid and others recently,42 radicals can 

add to a carbonyl double bond in the same way as to a carbon-carbon double 

bond, a1though this is less frequent. The Cailure of the alkylation with this 

probe May be attributed to the faet that the intramolecular eyclization 

procesaJ of the radical is faster than its addition to a carbonyl double bond. 

In the case of t-butyl iodide, the intramolecular competing process 

was absent and the alkylation product was obtained. 

We should mention, however, that when the same probe 48 was 

8ubjected to other Metal ( Zn, In, Sn) mediated reactions, no reaction was 

observed. 

2.>3 Sfereocbemtsfl'y of the Allylation Reactions 

In recent years, there has been extensive investigation of the 
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stereochemistry of the addition of allylic organometallic reagents to 

aldehydes, which inc1uded diastereoselective addition to achiral aldehydcs 

(Type 1), and diastereoselective addition to chiral aldehydes (Type II).43,44,45 

Schemel4. 

Type 1 
JlH+ 

y~X .. R~ 
Y =Me, halogen etc 

Type II R.~H+ ~X ~R.~ 
Controlling the stereochemistry of reactions between aldehydes and 

subRtituted allyl metal compounds bas attracted mucb research intercst 

recentIy. As mentioned previously, we have examincd the addition of crot yI 

halides to aldehydes. Under the experimental conditions, the reaction did 

not show significant selectivity. When the methyl moiety was replaced bya 

chloro group, moderate selectivity was observed with zinc and fairly high 

selectivity was observed with tin. Both the addition of organic solve nt and 

the application of ultrasonic waves did not change the selectivity. 

Pb/u Sn/HzO 
-----t .... Ph 
CHz=CHCH2Br 

syn 

QH 
Ph~ 

anti 

The selectivity of the Type II reaction is normally rationalized via 

Cram's rule46 or Felkin's mode1.47 Allylation of a-phenylpropanal with tin 
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( and aUyl bromide in water produced a mixture of diastereomers (55 and 58) 

in 1.8:1 (syn:anti) ratio which also agreed with Felkin's model. 

We are interested in reactions between a-hydroxyl or alkoxyl 

aldehydes and allyl halide. since this can produce compounds with two 

adjacent oxygenated functional groups which have potential application in 

natural product synthesis. 

In the case of a-hydroxyl aldehydes, diastereoselectivity is usually 

explained by the chelation model as in Scheme 15. Felkin's model 

predicates the same result if the hydroxy group is considered to be medium 

size. However, if Felkin's model is due to the O.-7t interaction as in Scheme 

17, then anti product would be formed. 

H , , 
o '. 

.ynprdt. ~ ~ 
S H L 

Olelation mode) 

Scbemel5. 

syn prdt. 

o 
M(OH», 

L(Me) 
c:::::::~> S (H 

H 

Felkin's model 

m 

When the a-hydroxyl aldehyde 57 wap ,.. ~ 'wed to react with a11yl 

bromide and zinc, syn selectivity of product 58 v. f, l { ,served as expected. 

Tin and indium gave the same results (Table 14). The determination and 

assignment of the diastereomers was performed according to a literature 

procedure (Eq. 15),458 which was confirmed later by its iodocyclization 

product (Section 2.9). The same trend of syn selectivity was found by 

Whitesides in aqueous medium allylation of sugars with tin.70 

------- --- ---
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Table 14. Allylation of a-Hydroxyl Aldehyde 

Entry Aldehyde Metal Yield Syn:anti 

1 CH3CH(OH)CHO Zn 85 67:33 

2 CH3CH(OH)CHO Sn 88 70:30 

3 CH3CH(OH)CHO In 88 67:33 

OH o 
OH 

OH 

~ 
OH (F~.15) 

S8 S9 

The addition of C-nuc1eophiles to a-alkoxyl aldehydes (and ketones) 

in organie solvents follows the same chelation model (Cram's ruIe). That is 

the aldehyde forms the chelate 60. The C-nuc1eophile (R-) attacks rro". 'he 

Jess hindered side as indicated by the arrow, giving the chelation-conL.l lied 

product 61a preferentially over the non-che}ation product 6tb ( Scheme 16). 

This ehelation-control approach serves as a useful and convenient 

synthesis of 61a. On the other hand, it is important in organic synthesis 10 

be able to obtain both syn and anti selectively. Yet, selective formation of the 

non-ehelation produet 8tb is not an easy task sinee there is no general way 

to avoid chelation of the a-alkoxyl aldehyde with conventional 

organometallic ( Grignard, organolithium, zinc or copper) reagents in 

organic solvents.48 

We envisioned that in aqueous solution the chelation might be 

redueed. This predieted that the anti product 6tb should be formed, if OR2 

is eonsidered sterically larger than Rl according to Cram's rule. If 
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Felkin's model is due to the 0*-7t interaction, the sarne anti product would 

still be formed. 

SchemeUL 

Scheme 17. 

60 61a 

o 

R2() OH 

+ Rl,,,,H"'R 
H H 

61b 

4 1\1 (Me> 
anti prdt. L(PO) ~ 

H 
S(H) 

In contra st to the chelation-controlled additions obtained in organic 

solvents and the previous aqueous allylation with a-hydroxyl aldehydes, 

reversed stereoselectivity was observed in the zinc-rnediated allylation of 

chiral a-2' ,6'-dichlorobenzoxy-propanal, prepared from compound 62, in 

aqueous media (Scheme 18). 

OH 

~OMe 
OMe 

62 

ODeB 

~ d.l.~OMe 
OMe 

63 

ODeR ODCB 

~A ~~~ 
CHO " T 

OH 

64a 64b 

Scbeme 18. a). 2,6-Dichlorobenzyl bromidelNaH/DMSO/r.t.; 
b). Dowex-50 H+1H20nOoC; 
c). Allyl bromide IZnlH20/r.t. 

Other a-protected aldehydes show a sirnilar behavior. The 

diastereofacial selectivity results are summarized in Table 15. The three Q­

benzoxyaldehydes aIl reacted with aIl yI Grignards in ether (-780C) to give 

preferentiaUy the chelation-controlled products. Similar reaction with 
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diallylzinc in ether72 resulted in a complicated mixture. On the other hand, 

al1ylations of the aldehydes with allylbromide and zinc in watcr at room 

temperature gave, in aIl cases, the non-chelation-control1ed product 

preferentially. The sorne reaction in ether71 resulted in the polymeriza tion 

of the aldehyde. Similar reversaI of stereoselection was observed for a-2,S-

dichlorobenzyloxy (ODCB) propanal. However, no reversaI of 

diastereofacial selection was observed in the reactions of u-phenylpropanal 

(entries 5a and 5b), the typical chiral a-substit.uted aldehydes. 1'hus the 

change in stereoselection may he ascrihed to an absence of chelation in the 

critical carbon-carbon bond formation step in aqueous media. However, 

non-chelation-controlled product was also obtained with zinc in DMF(entry 

4c).73 Irrespective of the origin of the anti chelation bchavior, the anti 

selectivity provides a use fuI method for the selective preparation of anti 

related oxygenated functional groups. 

Table 15. Stereo selective Allylation of Chi raI u-Substituted Aldehydes 

Entry RI R2() Method Syn:Anti Yield(%) 

la Ph BnO O(Mg) 67:33 75 
lb Ph BnO A(Zn) 43:57 00 

2a Bu BnO O(Mg) 60:40 00 
a, Bu BnO A(Zn) 24:76 8) 

3a Me BnO O(Mg) 65:35 00 

:1> Me BnO A(Zn) 35:65 85 

4a Me DCBO O(Mg) 60:40 45 

4b Me DCBO A(Zn) 29:71 85 

4c Me DCBO DMF(Zn) 33:67 œ 
5a Ph Me O(Mg) 60:40 00 

li> Ph Me A(Zn) 68:32 85 

0, organic; A, aqueou8. 
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This observation 81so gcnerated a convenient route to the synthesis of 

the natural product (+ )-muscarine. 

2.9 Total Synthesis or (+ )-Muscarine and (+)·Epimuscarine 

To find useful applications of a methodology is as important as to 

develop it. Following the methodology studies, we tried to apply them to 

natural product synthesis. Our first target molecule was the widely studied 

alkaloid, (+ )-muscarine. 

OH 

~NMe3+1' 

o 

(+) Muscarine 

6S 

OH 

~NMeJ+1" 
o 

(+) Epimuscarine 

66 

(+)-Muscarine49 (65, I-=OH- ), an alkaloid present in a variety of 

poisonous mushrooms, e.g. Amanita muscaria (fly agaric), has gained 

renewed interest because of the implication of the various subtypes of 

muscarinic receptors in the study of Alzheimer's disease.50 The synthesis 

of muscarine has been accompli shed a number of times from difTerent 

precursors.51 However, a very efficient enantiomerically pure synthesis of 

this compound is still a challenge for organic chemists. By applying our 

previously developed method, we found an efficient synthesis of (+)­

muscarinr. ~65} and (+)-epimuscarine (66) from readily available s-(·)·ethyl 

lactate (69)52 in a very straight forward manner. 

The initial study of the synthesis was carried out according to 

Scheme 19. (±.)-2-Hydroxypropanal dimethyl aeetal (62) was prepared by 

LiAIH4 reduction of a commercially available pyruvaldehyde dimethyl 
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acetal (67) in ether. Treat.ment of the 2-hydroxypropanai dimethyl acctai 

(62) with Dowex-50 (H+) in water at 700C for l.5h resuited in the fonnation 

the racemic 2-hydroxypropanal (57) which reacted without isolation with 

aUyl bromide and zinc in water to give a mixture of the corresponding diols 

58a and 58b (syn:anti= 2; 1) (Scheme 19). 

o OH OH 

.)l ~OMe ~.J.. ~OMe ~ A ., '< ' "< CHO 
OMe OMe 

67 

Scbeme19. 

62 57 

OI-

major ~I 
(±) 

688 

OH 
: 1 

mIDŒ -Q-' 

a). LiAlH,vEt20; 

(±) 

68c 

b). Dowex 50-H.f.1H20/70oC; 
c) allyl bromide IZnJH20/r.t.; 
d) 12I'acetoni trilelOoC . 

011 
c) .A.A Ao .. ". yv 

OH 

58a.S8b 

68b 

OH 

...(J."III/I 
o 

<.±) 

68d 

Iodo induced cyclisation of the diols 'l8a and 58b in acetonitrile gave a 

mixture of four pairs of racemic iodo compounds 68a-d as shown. lH NMR 
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spectrum of the crude mixture shows the presence of two major racemic 

compounds (88a and 68b) coming from cyclization of the syn diol 58a and 

two minor compounds 68c and 68d coming from the anti diol 58b. They can 

be transformed to the desired muscarines directIy by reaction with 

trimethylamine, if they are separated. 

The foregoing study proved the feasibility of the synthetic plan. 

However, the syn:anti ratio of 58 showed that the allylation of the aldehyde 

57 gave the undesired diastereomer 58a preferentially, resulting in 68e as 

the minor cyclized product. 

In ordur to synthesize enantiomerically pure muscarine, the three 

chiral centers in the molecule have to be controlled by one way or another 

via chiral starting material and stereocontrolled reactions. 

Currently, the most efficient method for the synthesis of muscarine 

from acyclic precursor is via the stereoselective iodocyclization of the mono 

2,6-dichlorobenzyl protected diol (71a),5~; which can give stereospecifically 

the cis 2,5- relationship of muscarine. However, the synthesis of this 

precursor usually is fairly tedious.53 

To achieve the anti selection in the formation of diols, we have tried 

also a recently reported procedure,45e which can selectively give either syn 

or anti product from a-alkoxyaldehyde by changing the order of "H-" and 

"R- II addition (Scheme 20a). However, in the present case, the diallylation 

product 72 W8S always obtained as the major product instead of the anti 

product 718 (Scheme 20b). 

Scheme2Oa. 
OR 
i 

~COOR 
:> 
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ODCS ODeB 
OH 
': a) . ---..... 

~COOEt 

- b), c) -. . 
.. ~COOEt .. _-~ 

~ 
OH 

69 70 71a l c,b) 

+ 
ODCB 

ODCB --- . -
~ 

. 

~ -
OH~ OH 

Quantitative 

Scheme2nb. 72 7lb 

a). 2,6-Dichlorobenzyl bromide/Ag20lEt20/reflux; 
h). DibaVether/-78oC; 
c). CH2=CHCH2MgBr/ether/-78oC. 

By applying the aqueous allylation reaction to the a-alkoxyaldehyde 

73, the desired anti product 71a was obtained selectively. Consequently, an 

enantiomerically pure synthesis of (+ )-muscarine was completed (Scheme 

21).52 

S-(-)-Ethyl lactate is a commercially available compound with high 

optical purity. Treatment of the lactate with 2,6-dichlorobenzyl bromide in 

the presence of silver oxide afforded the bellzyl ether 70 (90%) with retenti on 

of configuration.54 DIBAL reduction of the ester gave the aldehyde 73.55 

Treatment of the crude aldehyde with allyl bromide and zinc powder in H20 

by the catalysis ofNH4Cl produced a mixture of diastereomers 71a and 7lb 

in a 71:29 ( Anti: Syn) ratio in 85% combined yield. The two diastereomers 

can be easily separated by flash chromatography ( eluent: hexane/ethyl 

acetate= 20/1). Iodocyclization of the 71a in CHaCN at OOC gave the product 
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74. stereospecifically in 85% yield. Finally, treatment of 74. with excess 

trimethylamine in ethanol provided (+)-muscarine 65 (28, 4R, 58). 

OH ODeR b 
ODCR a = = A CH: O A COlEt 

~ 

~e01Et • 
90% 

70 73 

85%j c 

OH OH gDeB - - , ., : + : 1 d 
~NMe3 r e • ~ • ~ 60% 85% 

0 OH 

65 748 7la 

+ 

OH OH QDCB 

~NMel l- e ~I d ~ ~- • 
60% 85% 0 0 OH 

66 74b 7lb 

Scbeme2L a). 2'6'-Dichlorobenzyl bromidelAg20lEt20/reflux; 
b). nmAI1ether/-7BoC; 
c). Allyl bromide flnIH20/r.t.; 
d). I2I'Acetone/OOC; 
e). MeaN/ethanol/BOoC. 

Via the srune sequence, the minor syn mono protected diol 71 b was 

converted to iodo alcohol 74b and subsequently to (+}epimuscarine 86. 

This highly efficient synthesis allows us to easily obtain (+)­

muscarine and (+ )-epimuscarine. Large scale synthesis is also possible. 

Furthermore, by simply changing the chirality of the starting lactate, this 

, 
78 

synthesis could a1so be used to obtain enantiomerically pure (-)-muscarine 1 
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and (-)-epimuscarine. This work also demonstrated that the aqueous 

allylation reaction can make a meaningful difl'erence in synthe sis. 

3.10 Synthesis of (+)·KDN and (+)·KDO 

Another application of the aqueous Grignard reaction is the 

syntheses of (+)-KDN and (+)-KDO. 3-Deoxy-D-glycero-D-galacto­

nonulosonic aeid (KDN, 75 a) was recently isolated from 

polysialoglycoprotein (PSGP) of rainbow trout eggs.56 Structural analysis 

has shown that the KDN residues were exclusively located st the non­

reducing termini in PSGP. Terminal capping of oligo(poly)sialyl chaîns by 

the KDN residues protects these chaîns from exosialidases, and thcreby 

helps them to perform sorne required, but as yet unidentified functions 

during egg activation or early development. 3-Deoxy-D-manno-octulosonic 

aeid (KDO, 7Gb) is a characteristic Bugar component of lipopolysaccharides 

(LPS) and capsular polysaccharides whieh occur in the cell surface of 

Gram negative bacteria.57 Incorporation of KDO is vital for the growth and 

proliferation of these bacteria. 

H~~~H 
H~COOH 

HO OH 

HO 
--~-

HO 

7sa (+)·KDN 76b (+)·KDO 

The synthesis of KDO has been reported many times with different 

methodologies.58 KDN, on the other hand was only synthesized once as 8 

mixture without isolation59a and once via enzyme immobilized aldolase59b, 

and prepared twice by modification of the corresponding neuraminic 
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Our synthetic plan can be illustrated by the following cartoon: 

C~ 
close 

../ 
> 

open close 

The attempted synthesis starts from a sugar (most ofit e"l:ists in a 
cyclic form). Opening of the elosed fonn and a coupling reaction of 
the 8ugar by a proper reaction in water produce a polyhydroxylated 
open chain product. Then, c10sing of the open chain at the expected 
positions forms the final cJosed fonn product with a head (COOR) 
and a tail (HO(CH2)(CHOH)n-) . 

Initially, we tried to couple a sugar with ethyl bromopyruvate directIy 

to produce the a-keto carboxylic ester. This attempt did not succeed with 

the model compound benzaldehyde under a variety of conditions (Eq. 16). 

Et 

(Eq.16) 

77 78 

Then, another approach to the target molecules was considered. 

Binee indium can efficiently Mediate the coupling of aldehydes with methyl 

(2-bromomethyl)acryla te, a similar reaction should occur on sugars. When 

arabinose was subjected to the reaction conditions, the coupling reaction 

produced a mixture of products. Ozonolysis of the cru de material, followed 

by the protection of the hydroxyl groups with acetic anhydride/pyridine 

catalyzed by DMAP resulted in a mixture which was difficult to separate. 

Furthermore, the diastereoselectivity around the newly generated chiral 
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1 center could not be determined (Scheme 22). 

Scheme22. 

B~M' 
n6r" -03l'CH30H/CH2Cl.:.. _A_C_2_0_/Pyri_'di_'_ne~ _ _ • Mixture 

1n/H20 /RT/5h RT/18h 

79 

In order to solve this problem, the sequence of ozonolysis and 

acetylation was exchanged according to Scheme 23. D-(+)-Arabinose (79) 

was coupled efficiently with methyl (2-bromomethyl)acrylate 80 and indium 

in water to give the compounds (81a, 81b) which were converted to the 

peracetates 82a and 82b. In this case, the diastereofacial sclectivity at the 

new chiral center was 5:1 favoring the syn diastereomer 81a. The major 

acetate isomer, 82a leading to the formation of epi-KDO (D-gluco-KDO), was 

isolated in pure form through flash column chromatography. Subsequent 

ozonolysis of this cOlnpound produced the erude a-keto ester 83. 

Purification of the keto ester 83 on siliea gel column furnished eomplctely 

the elimination product 84, which had been used as a precursor of KDO 

synthesis before.61 The reaction sequence is therefore a formaI synthesis of 

lIDO. 

A similar coupling reaction from D-mannose (85), as outlined in 

Scheme 24, followed by acetylation of the hydroxy groups in 86 gave a 

mixture of diastereomers 87a and 87b in 6:1 ratio. In this case, the 

preferred diastereomer 87a has the same syn stercoehemistry as KDN. The 

major isomer 87a was isolated in pure form by flash chromatography. 

Ozonolysis orthe compound 87a gave the corresponding keto ester 88. 
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[ H~OH _ .... --- HO»n"] 
HO HO 0 

79a D-(+)-Arabinose 0 79b 
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80 

OH OH 

o OMe] [HO OH OH 

o OMe] 
OH OH 

8tb 8la 

~A~O!Pyridine/DMAP 1 A~OlPyridine/Dr-,' AP 
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OMe 
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AcO AcO 0 

OMe 
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"~~~COOH 
OH 

OH 

84 

I~~_m____ =tÇ:~COOH 
HO OH 

768 (+) epi-KDO 76b (+)-KOO 

Scheme 23. Synthesis ofKOO 



, , 
\' 
c 

~ , 
i 
\ • 
~ 

i , 
l , 
f 
~ 
t 
t· 

~ 
j 

;;;" OH G • HSHI! 1 
H~ OH OH 

8Sa D-(+)-Mannosc 8Sb 
o Br-t OM. In/H,O/RT/5h 

HO 
86a 

~ A~O/Pyridinc/DMAP 

AcO AcQ AcO 
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Scbeme 24. Synthesis ofKDN 
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Attempts to remove the aeetate groups of the erude keto ester to give 

KDN directIy by KOH or other weaker bases, su ch as Na2C03, gave a 

complicated mixture. 

The failure of the reaction is because the a-keto ester 88 is too labile to 

bases. On the other hand, wh en the keto ester 88 was treated with dilute 

HCI in methanol for 24 h according to a recent report,69 the corresponding 

KDN methyl ester 89 was obtained, which has been transformed in one step 

to the corresponding (+)-KDN in the literature.58 Thus, a formaI synthesis 

of (+)-KDN was also completed. 

However, decomposition of the ester was observed on long standing. 

In order to avoid the decomposition, the methyl ester 89 was saponificd 

directIy with dilute KOR in aqueous methanol, followed by passing the 

produced potassium salt through an ion-exchange resin eluted with dilute 

fonnic acid and Iyophilized to give KDN (75a) in pure fonn. The KDN was 

then transformed into its ammonium salt 90 by treatment with dilute 

NH40H. The NMR spectrum was in agreement with literature reports.58,59 

Alter the suceess of the synthesis, a more concise route was also 

devel(\~ed. The protection and deprotection process in the above sequence 

could be completelyeliminated. The major alkylation product 88a (62%) 

was easily obtained and purified by recrystalization from methanollEtOAc. 

Ozonization of 88a directly in methanol for 25 min followed by the treatment 

with Na2S03 afforded the corresponding a-keto ester 91 which immediately 

cyclized to give the (+) KDN methyl ester 89. The same procedure of 

saponification and ion exchange chromatography produced the (+) KDN 

(79% from 88a) which was alllo characterized through its ammonium salt 

90. The new procedure produced the (+) KDN essentially in three steps in 

excellent yield (overa1149%). The speetra of the ammonium salt from these 
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twn procedures are identical in any aspect. The sarne reaction sequence 

from D-arabinose should give the corresponding epi-KDO conveniently. 

1). Oy'Methanol 
2). Na1S03 

86a • 
[

HO HO HO 0 ] 

HO oOMe 

HO HO 

(+) KDN ~4~-------

Scheme25. 

HO HO 0 
HO .. ..l. ~ JL 
~ 11-H 

OH NHAc 
92 

HO 
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91 

l 

89 

-_ •••••••••••••••••••• > Mixture 

ScheIDe 28. 

COzMe 
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938 

+ 
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The coupling reaction 81so oceurred on N~aeetyl·Il-D·mannosamine 

92 (Scheme 26) gave 9Sb. This should give an easy entry to the synthesis of 

neuraminic acids. Further study is still in progress. 

2.11 EqJerimental Section 

The zinc powder was obtained from Anaehemia Chernieal Company 

as dust; tin powder was obtained from Fisher Seentific Lirnited as 325 

rnesh; indium and manganese were obtained from Aldrich Chernieal 

Company as 150 and 325 mesh respectively. AlI the metal powders were 

used directly without any previous treatment. Solvents were dried prior to 

use: THF and hexane were dried over sodium metal/benzophenone, 

Methylene chloride was dried over phot'lphorus pentoxide, pyridine was 

dried and distilled over KOH, and acetonitrile was dried over CaH2. Melting 

points were taken with a Gallenkarnp apparatus and are uncorrected. 

Nuclear magnetie resonanee speetra were taken with Varian XL·200, or 

XL·300, Gemini·200 or Jeol CPF·270 instruments. Infrared spectra were 

obtained from films on NaCI plates for liquids and as a KBr pellets for soUds 

on an Analect FTIR AQS-18 spectrophotometer and reported in cm-l. 

Optical rotations were measured on a JASCO DID-140 Pola rimeter. 

Column chromatography was performed on siliea gel 60 ( Merck or EM 

Science). Low Resolution Mass Spectra were determined on a DuPont 21· 

492B spectrometer, High Resolution Mass Spectra were performed on a VG 

ZAB-HS instrument at the Biomedical Mass Spectrometry Unit, McGill 

University. 
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General Procedure for the AIlylation ofCarbonyl Compounds Mediated by 
Zinc and Tin: 

A mixture of allyl bromide (1.5 mmol), the aldehyde (1 romol), tin 

powder or zinc powder ( 1 mmol and 1.5 mmol respectively) and 10 mL of 

water in a 50 mL ftask was heated with mafnetic stirring to sooe ( 400C for 

zinc) for 2 h. The reaction mixture was cooled and 1 mL of IN HOI was 

added followed by stirring for 10 min. The reaction mixture was poured 

into a separatory funnel and was extracted three times with ether. The 

combined organic layer was dried over anhydrous MgS04. Evaporation of 

the solvent gave a crllde product, which was purified by silica gel 

chroma tography. 

General Procedure for the AIlylation of Carbonyl Compounds Mediated by 
indium: 

A mixture of carbonyl compound ( 1 mmol), a11yl halide ( 1.5 mmol) 

and indium powder ( 1 mmol) in water ( 15 mL) was stirred at room 

temperature in a stoppered 25 mL flask for 1-6 h. Then, 1 mL of IN Hel 

was added followed by stirring for 10 min. The product was extracted with 

ether and purified \>y flash chromatography. 

Geœral Procedure for the AIlylatiOD of Carbonyl Compounds MecUated by 
Manp"eae: 

A mixture of carbonyl compound (1 mmol), a1lyl halide (1.5 mmol) 10 

mL of water was stirred at room temperature. While stirring, a pre-mixed 

powder of Mn/Cu was added in one portion and the mixture was stirred for 

the corresponding time. Then. 1 mL of IN Hel was added followed by 

stirring for 5 min. The product was extracted with ether and purified by 

flash chromatography. 
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General Procedure for the Preparation of l,s·Butadienes: 

MethodA: 

A mixture of carbonyl compound (1 mm 01), 1,3-dichloropropene (1 

mmol), and zinc powder (2 mmol) in 10 mL of watcr was heatcd to 35-400 C 

with vigorous stirring for 3-4 h. The reaction mixture was cooled and 

quenched with ether. The organic product was isolated from the ether 

phase and purified by flash column chromatography to give the 

corresponding 1,3-butadiene. 

MetlJodB: 

A mixture of carbonyl compound (1 mmo1), 1-chloro-3-iodo-propene 

(1.5 mmol) a:ld zinc powder (1.5 mmol) in 10 mJ..., of water was stirred at 

room temperature until the zinc powder almost disappeared (in case where 

the reaction did not start properly, 2-3 drops of hydrobromic acid (48%) or 

saturated NH4CI solution could be added to initiate the reaction). To the 

reaction !'CtÏxture was then added 2 mL of hydrobromic acid (48%) and zinc 

powder (10 mmol) sporadically during a period of 5 h. The reaction mixture 

was then extracted with ether, dried and evaporation of the solvent gave, 

after purification, the diene. 

General ProcedUl'e for the Preparation ofVlnyloxiraDes: 

MethodA: 

After the first stage of l,a-diene synthesis (method B), the reaction 

was interrupted by extraction with ether, the intcrmediate chlorohydrin 

was isolated by column chromatography. The chlorohydrin was treated 

with NaOH in ethanol (0.4 g/10 mL) to give the vinyloxirane in quantitative 

yield. 
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MetbodB: 

A mixture of carbonyl compound (1 mmol), l-chloro-3-iodo-propene 

(1.5 mmol) and tin powder 0.5 mmol) in 10 mL of water and 2 mL ether was 

processed with a ultrasonic processor for lh. The reaction mixture was 

eJ:tracted with ether and the intermediate chlorohydrin was isolated by 

column chromatography. The chlorohydrin was treated as above to give the 

vinyloxirane in quantitative yield. 

Dienes: 

l-Ch1or03-iodo-propene (11):6 

A mixture of 1,3-dichloro-propene (11.1 g, 0.1 mol) and Na! (30 g, 0.2 

mol) in 100 mL of acetone was stirred at room temperature un der nitrogen 

for 4h. The solid was filtered off. Vacuum distillation of the liquid mixture 

gave the title compound, b.p. 420C/15 mmHg. lH NMR (CDC13), 8=3.90 (m, 

2H), 6.15(m, 2H); IR: 3155, 1793, 1473, 1381cm- l , Both lH NMR and GC 

indicated the presence of a mixture of cis and trans (5:3). The assignment 

of the stereochemistry was based on the general trend that cis compound 

has a lower boiling point and a smaller coupling constant between the two 

adjacent =CH protons. 

I-PheDyl-l,s..butadleDe (98): 

The title compound was prepared from the general procedure, either 

method A or method B, from henzaldehyde. lH NMR(CDC1a): 8= 5.1-5.4(m, 

2H). 6.4-6.9(m, 3H), 7.35(br. 5H)ppm; IR: 3081. 1620. 1327. 1159cm-1; 

MS(EI): 130(M. 100%), 129(92). 115(75), 102(32),89(21).77(39),63(37),51(35). 

39(37). 27(26). 6 

4-Phenyl-l,3-pentadiene (ge): 

The title compound was prepared by the general procedure, either 

method A or method B, from acetophenone. lH NMR(CDC1a): S= 
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1 2.12{minor, 8, 3H), 2.12(major, S, 3H), 5.25{m, 2H), 6.47(m, IH),6.8(m, 1H), 

7.3{m, 5H)ppm; IR: 3065, 3058, 3029, 2948, 1628, 1596, 1496, 1448cm- 1; 

MS{EI): 144(M,48%), 129(100), 115(27), 103(10),91(21), 77(23), 65(22),63(25), 

51(28),39(48),27(9).5 

I-Phenyl-l,3,5-hexatriene (9d): 

The title compound was prepared by the general procedure (eithcr 

method A or method B) from cinnamaldehyde. 1H NMR(CDC13): 8= 5.1-

5.4(m, 2H), 6.4-6.9(m, 5H), 7.35(br, 5H)ppm; IR: 3155, 1793, 1656, 1615, 1473, 

1361cm-1; MS(EI): 156(M, 12%), 129(87), 115(33), 105(31), 91(41), 83(100), 

77(50),47(56), 39(14), 35(48), 28(55).6 

l-(4-Chlorophenyl).l,3-butadiene (9i): 

The title compound was prepared by the general procedure method B 

from 4-chloro-benzaldehyde. lH NMR(CDCI3): 8= 5.18-5.4(m, 2H), 6.4-6.6(m, 

2H), 6.7-6.83(m, lH), 7.3(m, 5H)ppm; IR: 3089, 3042, 3015, 1635, 1603, 

1591cm.-1•64 

l-(4-Methylpbenyl)-l,3-butadiene (9j): 

The title compound was prepared by the general procedure method B 

from p-tolualdehyde. lH NMR(CDCI3): 8= 2.35(8, 3H), 5.18-5.4(m, 2H), 6.4-

6.6(m, 2H), 6.7-6.83(m, 1H), 7.3(m, 4H)ppm; IR: 3020, 2943, 1635, 1601, 1458 

cm- l ; MS(EI): 144(M, 49.6%), 129(100), 115(23.5), 105(10.8),91(18.8),83(62.5), 

75(34),65(10), 47(14), 39(20), 28(18).65 

l,3-Tridecadiene (9b): 

The title compound was prepared by the general procedure (either 

method A or method B) from decyl aldehyde. lH NMR(CDC13): 8= 0.9(t, 3H), 

1.3(br, 14H), 2.l(m, 2H), 5.0(m, 2H), 5.7(m, IH), 6.05(m, 1H), 6.4(m, 1H)ppm; 

IR: 3034, 2927, 1653, 1604cm-1; MS(EI): 180(M, 41%), 152(3.2), 138(2.6), 

109(15,1),95(62.4),81(76.2),67(86.6),54(100),41(89), 27(71).5 
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4-Metbyl-l,s.tridecadiene (9g): 

The title compound was prepared by the general prùcedure Ceither 

method A or method B) from 2-undecanone. lH NMRCCDC13): B= 0.9(t, 3H), 

1.3(br, 14H), 1.75(8, 3H), 2.05(major, t, 2H), 2.15(minor, t, 2H), 5.0(m, 2H), 

5.75(d, J= 11Hz, IH), 6.6(m, IH)ppm; IR: 3085, 2928, 1653, 1598, 1466, 

1458cm-1; MS(EI): 194(M,40%), 123(32), 109(20),95(77),82(100),68(87),55(68), 

43(66), 29(65).66 

l-Cyc1ohesyl-l,3-butadiene (9c): 

The title compound was prepared by the general procedure (either 

method A or method B) from cyclohexanecarboxaldehyde. lH NMR(CDCI3): 

B= 1.2(br, 6H), 1.7(br, 4H), :l.O(m, 1H), 5.05(m, 2H), 5.65(dd, J=6.7, 6.0Hz, 

IH), 6.05(m, IH), 6.3(dt, J=10.0, 16.8Hz, IH)ppm; MS(El): 136(M, 67%), 

121(22), 107(41),94(57),82(87),67(100),54(86),41(64),39(71), 29(27), 27(36).5 

2-Pro~denecyclohex8œ (9k): 

The title compound was prepared by the general procedure method B 

from cyc1ohexanone. lH NMR(CDC13): B= 1.5(br, 6H), 2.2(m, 4H), 5.05(m, 

2H), 5.7(m, IH), ".6(m, 1H)ppm; IR: 3065, 2931, 1629, 1448cm·l ; MS(EI): 

136(M, 67%), 121(21), 107(41),94(57), 82(87), 67(100), 54(86), 41(64), 39(71), 

29(27), 27(36). 5 

2-Propenylldenec)dononane (91): 

The title compound was pl"epared by the general procedure method A 

from cyclononanone. lH NMR(CDC1a): 8= 1.3-1.S(m, 12H), 2.15-2.35(m, 4H), 

5.0(m, 2H), 5.95(d, J=11.4Hz, lH), 6.6(dt, Ja=10.3, Jb=17Hz, lH)ppm; 

MS(EI): 164(M, 33%), 149(4), 135(15), 123(10),95(51), 81(80), 67(82),55(53), 

39(48),28(100). 

4-Butyl-l,3-octadieœ (91): 

The title compound was obtained by the general procedure method A 
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from 5·nonanone. 1H NMR(CDCl3): B= 0.9(t, 6H). 1.3(br, 8H). 2.05(t, IH), 

2.15(t, 1H), 5.0(m, 2H), 5.9(d, J= 1004Hz, IH), 6.5(dt, Ja= 10.4, Jb=16.7Hz, 

1H)ppm; MS(EI): 167(M+ 1, 18), 149(21), 129(32), 111(30),97(25),85(43),71(52), 

57(100),43(85),29(44). 

Vmyloxiranes: 

4-Phenyl..s,4-0xo-l.bufene (128): 

Using the general procedure from either method A or mcthod Band 

starting from benzaldehyde and 1·chloro-3-iodo·propene, a mixture of 1· 

phenyl·2·chloro-3-buten·1-o1 diastereomers was obtained: lH NMR(CDCI3): 

~= (major) 2.85(d, J=3.4Hz, 1H), 4.55(m, lH), 4.73(dd, J= 3.6, 7.3Hz, 1H), 

5.2(m, 2H), 5.7(m, 1H), 7.3(m, 5H)ppm; (minor) 2.62(d,J=3.4Hz,lH), 4.55(m, 

lH), 4.95(m, 1H), 5.2(m, 2H), 5.7(m, 1H), 7.3(m, 5H)ppm; IR: 3431(0H), 

3005, 1640, 1455cm- l . The chlorohydrin diastereomeric mixture W8S 

transformed to the title compound upon treatmcnt with sodium hydroxide 

in ethanol. IH NMR(CDC13): (cis) B= 3.67(dd, Ja=:4.3Hz, Jb=7.2Hz, 1 H), 

4.26(d, J=4.2Hz IH), 5.2·5.85(m, 3H), 7.35(br, 5H)ppm; (trans) B= 3.35(dd, 

Ja=1.9Hz, Jb=7.2Hz, 1H), 3.78(d, J=l.BHz, 1H)ppm. 6, 62 

4-(4-CbJoI'Ophenyl).3,4-0XO-l·butene (l2b): 

From 4·chloro-benzaldehyde, using the general procedure (either 

method A or method B), 1·(4"chlorophenyl)-2·chloro·a·buten-l-ol was 

produced. lH NMR(CDCla): 8= (major) 2.85(d, J=3.4Rz, 1H), 4.5(m, lH), 

4.70(dd, J= 3.6, 7.3Hz, IH), 5.2(m, 2H), 5.7(m, 1H), 7.3(m, 5H)ppm; (minor) 

2.62(d,J=3.4Hz,lH), 4.5(m, lH), 4.9(m, 1H), 5.2(01, 2H), 5.7(m, 1H), 7.3(m, 

5H)ppm; IR: 3016, 1521, 1421cm-1. Treatment of this chlorohydrin by 

NaOHlethanol gave the title compound. IH NMR(CDCI3): ô= (os) 3.68(dd, 

Ja=4.3Hz, Jb=7.2Hz, lH), 4.20(d, J=4.2Hz, lH), 5.2-5.85(m, 3H), 7.30(m, 

4H)ppm; (trans) 8= 3.3Hdd, Ja=1.9Hz, Jb=7.2Hz, lH), 3.74(d, J=1.BHz, IH), 
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t 5.2-5.85(m, 3H}, 7.30(m, 4H)ppm. 62 

4-(4-Metbylpbenyl)-3,4~][o-l·butene (12c): 

From p-tolualdehyde, using the general procedure (either method A 

or method B), 1-(4-methylphenyl)-2-chloro-3-buten-l-01 was produced. lH 

NMR(CDC1a): ô= (major) 2.35(8, 3H), 2.75(d, J=3.4Rz, IR), 4.55(m, lH), 

4.70(dd. J= 3.6, 7.3Hz, un, 5.2(m, 2H). 5.B(m, lH). 7.3(m, 4H)ppm; (minor) 

2.45(s, 3H), 2.5(d,J=3.4Hz,lH), 4.5(m, lH), 4.9(m. lH), 5.2(m, 2H), 5.B(m, 

lH), 7.3(m, 4H)ppm; IR: 3016. 1520. 1421cm· l . Treatment of the 

chlorohydrin by NaOH/ethanol gave the title compound. IH NMR(CDC13): 

ô= (cis) 2.34(8. 3H), 3.65(dd. Ja=4.4Hz, Jb=7.0Hz, 1H), 4.21(d. J=4.4Hz, lH), 

5.2-5.85(m, 3H), 7.2(m, 4H)ppm; (trans) ô= 3.35(dd, Ja=1.8Hz, Jb=7.0Hz, lH), 

3.74(d, J=1.8Hz, IH), 5.2-5.85(m, 3H), 7.2(m, 4H)ppm. MS(El), 160(M+, 

15.9%). 159(8.4), 145(19.3), I:U(100), 116(16.0), 103(31.0), 91(33.0), 78(21.0), 

65(9.2),51(7.5).39(11.5),28(26.0).63 

3,4-0s0-1-trideœne (12d): 

The title compound was prepared by the general procedure (method 

A or method B) from decyl aldehyde. lH NMR(CDCla): ô= (cis) 0.9(t, 3H), 

1.2-1.7(br, 16H), 3.07(m, IH), 3.38(dd, Ja=4.1Hz, Jb=7.0Hz, tH),5.2-5.8(m, 

3H)ppm; (trans) O.9(t, 3H), 1.2-1.7(br, 16H), 2.41(dt, Ja=I.9Hz, Jb=7.2Hz, IH), 

2.81(dt, Ja=2Hz, Jb=5.6Hz, lH), 5.2-5.85(m, 3H), 7.35(br, 5H)ppm. MS(C!), 

197CM+l, 19.9%), 179(29.2), 155(100), 137(24.8),123(29.9), 109(44.4),95(57.4), 

83(52.3),71(38.7),69(37.2).63 

2-VlDJl-l-osasp1ro{2, 6]octane (12e): 

The title compound was prepared from method A. IH NMR(CDCla): 

Ô= 1.4-1.8(br, 10H), 3.19(d, J=7.2Hz, tH), 5.3-5.9(m .. 3H)ppm.63 
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General Procedure for the Preparation of2-Methylene-tetrahydrofuran 
Il3ri.vati:ws: 

A mixture of the carbonyl compound (1 mmol), 2-chloromethyl-3-

iodo-propene (1.5 mmol) and zinc powder (1.5 mmo}) in 10 mL of water wns 

stirred vigorously at room temperature. Very often, 2-3 drops of saturated 

aqueou8 NH4C1 solution or 48% hydrobromic acid was addcd to initiate the 

reaction. The mixture was stirred until the zinc almost disappcarcd 

(usually in 3-4 h). The reaction mixture was then cxtractcd wilh ether to 

give the alcohol intermediate in good yield. With or without purification, 

the alcohol was converted to methylene-tetrahydrofurans by treatmcnt with 

KO-t-Bu/isopropanol (3 mmoJf20 mL) or KO-t-Bu/hcxane (2 mmol/20 mL). 

The final product was isolaood by flash chromatography. 

2-(Cbloromethyl)-3-iodo-propene (24): 

A mixture of l-chloro-2-Cchloromethyl)-propcne C30 g, 0.242 mol), 

sodium iodide (36 g, 0.242 mol) in 200 mL of acetone was stirred under 

nitrogen at room temperature until no further solid came out from the 

solution (-3 h). The solid was filtered off and the liquid mixture was 

separated by vacuum distillation to obtain the tiUe compound, (29 g, 59%): 

b.p. 51oC/1.1 mmHg, 1H NMR(CDC13): ô= 4.06(s, 2H), 4.25(s, 2H), 5.25(s, tH), 

5.4(8, IH)ppm; l3C NMR(CDC13): li= 5.6, 45.7, 117.6, 142,49ppm; MS(El): 

218{M+2, 31%), 216(M, 93%), 181(1~), 127(15),89(100),53(53). 

2,S-Bis(chlol'Ometbyl)-l,5-bexadiene (32): 

This compound was obtained by stirring 2-chloromethyl-3-iodo­

propene (214 mg, 1 mmol) with Zn powder (130 mg, 2 mmol) in 10 mL of' 

water under the catalysis of 1 mL of saturated NH4CI solution. The 

compound was isolated by column chromatography (hexane:EtOAc=30:1) 

lH NMR(CDC13): li= 2.37(s, 4H), 4.06(s, 4H), 5.0(s, 2H), 5.16(s, 2H)ppm; 13e 
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NMR(CDC1a): 8= 30.66, 48.31, 114.99, 144.26ppm; IR: 3153, 2988, 1815, 

1561cm-1; MS(EI): 143(M-35, 6.0%), 141(5.8), 129(45), 107(43),93(100), 79(27), 

67(22),53(65),39(29),27(7). 

2-Phenyl-4-methyleuetetmhydrofuran (28a): 

Reaction of benzaldehyde (l05 mg, t mmol) with 2-chloromethyl-3-

iodo-propene in water by the general procedure gave the coupled product 3-

chloromethyl-l-phenyl-3-buten-l-ol, which was purified by column 

chromatography (hexanelEtOAc=20/1), (180 mg, 92%): lH NMR(CDCI3): B= 

2.1(br, 1H), 2.6(m, 2H), 4.06(s, 2H), 4.9(br, tH), 5.1(s, 1H), 5.27(s, 1H), 7.3(br, 

5H)ppm. Treatment of this compound \Vith potassium t-butoxide in 

isopropyl alcohol gave the title compound quantitatively. 1H NMR(CDC1a): 

8= ?.6(m, 1H), 2.95(m, lH), 4.5(m, 2H), 5.0(01, 3H), 7.37(m, 5H)ppm; IR: 

3085,3075,3063,3028,2959,1669cnr1.19 

2-(4-Chlorophenyl)+methylenetetrahydrofuran (2Gb): 

The general procedure of the coupling reaction afforded the 

compound 3-chloromethyl-l-(4-chlorophenyl)-3-buten-l-01, which was 

purified by column chromatography (hexane/EtOAc= 20/1): lH 

NMR(CDC1a): 8= 2.2(br, lH), 2.55(m, 2H), 4.06(s, 2H), 4.85(m, lH), 5.1(s, lH), 

5.27(8, 1H), 7.3(br, 4H)ppm; IR: 3363(OH), 3065, 2948, 1646, 1596cm-1. 

Treatment of the coupled product with potassium t-butoxide in isopropyl 

alcohol gave the title compound quantitatively. lH NMR(CDC1a): 8= 2.5(m, 

lH), 2.95(m, 1H), 4.5(m, 2H), 5.0(m, 3H), 7.37(m, 4H)ppm; IR: 3082, 2910, 

1669, 1599, 1493cm-1. 

2-(4-Methylp~l)+methylenetetrahydrofuran (26c): 

The general procedure of the synthesis from 4-methylbenzaldehyde 

produced the title compound. IH NMR(CDC1a): ô= 2.35(8, 3H), 2.55(m, tH), 

2.95(m, 1H), 4.5(m, 2H), 5.0(m, 3H), 7.37(m, 4H)ppm; IR: 3025, 2913, 1668, 
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1517cm-1. 

2-(2'-Phenylvinyl)-4-metbylenetetrahydrofuran (26f): 

From cinnamaldehyde, using the general procedure of the synthcsis, 

the title compound was produced. IH NMR(CDCI3): 0= 2.47(m, tH), 2.80(m, 

IH), 4.5(m, 3H), 5.0(m, 2H), 6.25(dd, J= 6.7, 16Hz, tH), 6.6(d, J= 16Hz, IH), 

7.3(m, 5H)ppm; ffi: 3062,3059,3027,2852,1668, 1600cm,1.67 

2-Nonyl4methylenetetrahydrofuran (26d): 

Using the general procedure of the coupling roaction, 2-

chloromethyl-I-tridece-4-o1 was obtained followed by purification with 

column chromatography (hexanelEtOAc=201l). lH NMR(CDCI3): ô= 0.85(t, 

3H), 1.2-1.6(br, 16H), 1.6(s, lH), 2.2(m, lH), 2.45(m, un, 3.8(m, 1H), 4.1(s, 

2H), 5.07(d, J= 1. 1Hz, 1H), 5.26(d, J= 1.1Hz, IH)ppm. Treatment of the 

coupled product with pctassium t-butoxide in isopropyl alcohol gave the tiUe 

compound, which was purified through a short column chromatography 

(hexanelEtOAc= 40/1). lH NMR(CDCI3): ô= 0.86(t, 3H), 1.2-1.8(br, 16H), 

2.2(m, IH), 2.6(m, 1H), 3.9(m, IH), 4.3(m, 2H), 4.9(dt, J= 2.4, 14Hz, 2H)ppm; 

ffi: 3076, 2921, 2854, 1671, 1465cm-l .67 

2-Cyclobesyl-4-metbylenetetrahydrofuran (26e): 

General procedure of the coupled reaction from 

cyclohexanecarboxaldehyde afforded 3-chloromethyl-l-cyc1ohexyl-3-buten-l-

01, which was purified by column chromatography (hexanelEtOAc=20/1). 

lH NMR(CDCla): 8= 1.0-1.9(br, 1IH), 2.19(m, IH), 2.5(m, IH), a.5(m, IH), 

4.1(8, 2H), 5.07(8, 1H), 5.25(s, IH)ppm. Treatment of the coupled product by 

potassium t-butoxide in hexane gave quantitatively the title compound. IH 

NMR(CDC1a): 8= 0.9-2.0(br, 11H), 2.25(m, lH), 2.55(m, lH), 3.6(m, 1H), 

4.3(m, 2H), 4.9(m, 2H)ppm; IR: 3076, 2924, 1666, 1449cm,1.68 

2 
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Spirocyclohemne-l,2'-(4-metbylenetetrabydrofuran) (26g): 

General procedure of the synthesie, from cyclohexanone produced the 

title compound. lH NMR(CDCla): B= 1.2-1.8(br, lOH), 2.35(d, J=1.3Hz, 2H), 

4.3(d, J= 1.6Hz, 2H), 4.9(m, 2H)ppm; IR: 3076, 2933, 1667, 1448cm·l.l9 

2-Metbyl-2-pbenyl-4-methylenetetrahydrofuran (26h): 

General procedure of the synthesis from acetophenone produced the 

title compound. lH NMR(CDCla): 8= 1.56(8, 3H), 2.85(q, 2H), 4.45(q, 2H), 

4.9(dm, 2H), 7.35(m, 5H)ppm; IR: 3063,3061,2927, 1668, 1431cm·l.l9 

Spiro(2-cyclohexene)..l,2'-(4-metbylenefetrahydrofuran) (281): 

General procedure of the coupling reaction from 2-cyc1ohexenone 

afforded the compound 1-(2-chloromethyl-2-propenyl)-2-cyclohexen-l-ol, 

which was purified by column chromatography (hexanelEtOAc=201l): lH 

NMR(CDC1a): B= 1.6(br, tH), t.7(br, 4H), 2.0(br, 2H), 2.45(8, 2H), 4.2(8, 2H), 

5.05(d, J=I.5Hz, tH), 5.3(d, J=1.5Hz, tH), 5.75(m, 2H)ppm. Treatment of the 

coupled product by potassium t-butoxide in hexane gave the title compound. 

lH NMR(CDC1a): 8= t.2-2.2(br, 6H), 2.45(d, J=1.6Hz, 2H), 4.3(d, J= 1.6Hz, 

2H),4.9(m, 2H), 5.8(m, 2H)ppm; IR: 3076, 2933, 1667, 1448cm·l.19 

2-(l-PbeDyle~I).4.methy1enetetrabydrotu.ran (2QI): 

The title compound was prepared by the general procedure from 2-

phenylpropanal and purified by column chromatography (hexanelEtOAc= 

40/1). lH NMR (CDC1a): B= (major) 1.4(d, 3H), 2.0-3.0(m, 3H), 4.0-4.5(m, 3H), 

4.85(br, 2H), 7.3(m, SR); (minor) 1.35(d, 3H)ppm; IR: 2076, 2963, 1687,1453, 

1055cm·l. 

Machaolam: 

DialIylstaDnyl dibromide (41): 

To a suspension of tin powder (l.78g, 0.015 mol) in 15 ml of toluene 
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1 was added mercuric chloride (0.05 g, 0.2 mol). The resulting mixture was 

refluxed for 30 min with stirring. Aner cooling, triethylamine (0.02 g, 0.2 

mol) was added and the mixture was heated to reflux again. Then, al1yl 

bromide (1.82 g, 0.015 mol) was added dropwise to the reaction mixture with 

efficient stirring. Stirring was continued for 1.5 h. The reaction apparatus 

was cooled down. Unchanged tin together with sorne other soUd were 

filtered off and the filtrate was evaporated under reduced pressure. The 

residue oil was distil1ed in vacuo yielding 1.8 g (50%) of dial1yl tin dibromide 

b.p. 100-1020C/8 mmHg. lH NMR(CDC13): ô= 2.8(d, 4H), 5.0-5.4(m, 4H), 5.8-

6.l(m, 2H)ppm.40 

Preparation of magnesium iodide: 

A mixture of Mg (2.4 g, 0.1 mol) and 50 mL dry ether in a 250 mL 

flask was heated to reflux under nitrogen. To the refluxing suspension, a 

solution of Iodine (25.4 g, 0.1 mol) in 150 mL of ether was added dropwise. 

The reflux was continued for another ah after the completion of the 

addition. Evaporation of the solvent in vacuo left a soUd, which can be used 

directly. 

2-Metbyl-&hepten-2-01 (4'1): 

Mg (1.8 1,73.7 mmol) and 50 mL of dry ethyl ether was mixed in a 250 

mL flask. To the mixture, 5-bromo-l-pentene(10 g, 67 mol) in 50 mL ether (a 

few crystals of iodine were added to initiate the reaction) were added. 

Following the addition, the mixture was stirred for 2 h. Afterwards, a 

solution of acetone (4.7 g, 83.8 mmol) in 40 mL ethe:r was added dropwise, 

and stirring was continued for another 2 h following the additiclD. Then 40 

mL of water was added. The organic layer was separated and dried over 

anhydrous MgSO". Evaporation of the solvent gave a crude material. The 

desired 2-methyl-6-hepten-2-ol (47) was isolated by vacuum distillation (35-
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37oC/1.1 mmHg) , yield 75%; 1H NMR (CDCI3) 8= 1.21(s, 6H), 1.47(m,4H), 

2.07(m, 2H), 5.0(m, 2H), 5.08(m, lH); ffi: 'U= 3370, 3010, 2973, 1641, 909cm-1. 

&J0d0.8.methyl-l-hepfene (48): 

(Method A): MgI2 (3.614 g, 13 mmol) was added into a solution of 47 

(3.2 g, 25 mmol) in 20 mL of pentane. The reaction mixture was stirred 

under nitrogen for 3 days. Evaporation of the solvent gave a sticky liquid. 

Distillation ( vacuum, 1 mmHg) resulted in an inseparable mixture of 6-

iodo-6-methyl-l-heptene and the starting alcohol. 

(Method B): A solution of 47 (2.56 g, 20 mmol) in 100 mL molecular 

t,jieve dried chloroform was stirred under a stream of nitrogen. Then 

iodotrimethylsilane(5.70 mL, 20 mmon was added dropwise at OOC. After 

the addition, the reaction mixture was stirred at r.t. for 1 h. The 

chloroform was removed in vacuo and 50 mL of pentane was added. The 

solution was washed with 10 mL of water and dried over anhydrous MgS04. 

Vacuum distillation of the crude mixture gave 2.9 g of 6-iodo-6-methyl-1-

heptene (48, 60% ) (40oCIl.0 mmHg); 1H NMR (CDC13) 8== 1.58(m, 4H), 1.90(s, 

6H), 2.07(m, 2H), 5.0(m, 2H), 5.08(m, 1H)ppm. 41 

2-Dime~I.I.iodometbyl cyclopentane (51): 

IH NMR (CnCI3): 6= 0.76<8, 3H), 1.02(8, 3H), 1.2-1.6(m, 5H), 1.8-2.2(m, 

2H), 2.94(dd, J=9.4, 11.4 Hz, 1H), 3.3(dd, J= 3.7, 9.3 Hz, IH)ppm; 13C NMR 

(CDC13) 8= 8.95, 19.98,20.99,27.97,32.39,41.77,42.66, 52.84ppm. 41 

Muscarine: 

D, lr2-BydroQPl'OpanaJ dim~ acetal (82): 

Into a dry 250 mL three-neck Oask containing LiAlH4 (3.6 g, 95 mmol) 

in 75 mL of anhydrous ether under nitrogen, dimethyl acetal 

pyruvaldehyde (10.2 g, 86 mmol) was added dropwise. When the addition 
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was complete, an additional 75 mL of ether was added. The reaetion 

mixture was refluxed for lh, cooled and qup.nched with dropwise addition of 

saturated aqueous NaCI solution. To the mixture, Na2S04 was added to 

absorb water, and the slurry was filtered. The solid was washed with 

ether, and a11 organie solution were comb~ned and concentrated under 

vacuum. Distillation of the residue gave 8.4 g (83%) of the title compound. 

h.p. 650C/28 mmHg; lH NMR(CDCla): 8= 1.16 (d, J= 6.4, 3H), 2.l3(s, br, lH), 

3.43(d, J= 6.4, 6H), 3.74(m, lH), 4.06(d, J= 6.0, IH)ppm. 

D, L-2-Dichlorobenzyoxypropanal dimethyl acetal (63): 

To a dispersion of NaH (48 mg, 2 romol) in 10 mL of dry DMSO, D, L-

2-hydroxyl propanal dimethyl aeetal (240 mg, 2 mmol) was added dropwise. 

The resulting mixture was stirred for 30 min and DCBBr(480 mg, 2 mmol) 

was added. After stirring at room tempe rature for 12h, the reaetion 

mixture was quenched with water and extracted with ether. The ethereal 

layer was washed with NH4C1 aqueous solution and water, dried over 

MgS04. After evaporation af the solvent, the residue was run through a 

short column (hexanelEtOAc =10/1) to give the title compound. Yield (490 

mg, 89%). 

1.Haen-4,5-dio1(l)'D:8Ilti) (58): 

D, L-Lactaldehyde dimethyl aceta1(120 mg, 1 mmol) was dissolved in 

10 mL ofdistilled water. The solution was heated with Dowex-50-H+ at 700C 

for 5b. The reaction mixture was cooled down, allyl bromide (240 mg, 2 

mmol) and 2 mmol of M (Zn, Sn, In) was added. The reaction mixture was 

stirred at room temperature ( 750 C for Sn) for 2 b, after work up and 

purification to give the title diol 8S a mixture. major(syn): 1 H NMR(CDCI3) 

8= 1.2(br 3H), 2.2(br, 4H), 3.41(br, lH), 3.62(m, IH), 5.2(m, 2H), 5.85(m, 

IH)ppm; minor( anti): lH NMR (CDC1a): 8= 3.62(br, tH), 3.85(m, IH)ppm. 
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2, S-beundiol(syn:anti) (59): 

The hydrogenation was carried out according to a literature 

procedure to give the saturated diol. Major (syn): 1H NMR(CDCla): B= 

0.92(t, 3H), 1.1-1.3(br, 3H), l.3-1.6(br, 4H), 2.7( br, OH, 2H), 3.35(br, 1H), 

3.58(m, lH)ppm; minor(anti): 1H NMR(CDCla): B= 3.61(br, lH), 3.79(m, 

IH)ppm.45a 

Ethyl S(-)-2-(2',6'-dichlorobenzyl)osy-propionate (70): 

Dry powdered silver oxide (1.3 g, 5.25 mmol) was added to a solution 

of ethyl S-( -)-lactate (559 mg, 5 mmol) and 2,6-dichlorobenzyl bromide (1.2 g, 

5 mmol) in 50 mL dry ether over a period of 40 min. with stirring. The 

reaction was kept refluxing for 6 h until TLC showed complete 

disappearance of the stnrting lactate. Then the reaction mixture was 

filtered through celite. Evaporation of the solvent resulted in a crude 

material, which was purified by flash chromatography (hexane : ethyl 

acetate= 20: 1) to give 1.25 g (90%) colorless oil. lH NMR(CDCla): B= 1.30(t, 

J= 7.1, 3H), l,41(d, J::6.9, 3H), 4.1(q, J=7.l, lH), 4.2(q, J=7.l, 2H), 4.7(d, J= 

10.6, 1H), 5.02(d, J=10.61, lH), 7.25(m, 3H)ppm; IR(neat): u= 2986, 2901, 

2886, 1746, 1581, 1564, 1436, 1373, 1268, 1197, 1139, 1116, 766cm-1; HRMS: 

CaH1403C12+H+, cale. 277.03988, round 277.03983. 

(28, SR).2-(D1chlorobenzylozyl)-5-bsen-S-ol (71a): 

To a solution of the lactate (556 mg, 2 mmol) in 20 mL ethyl ether 

under argon, diisobutyl aluminium hydride 2.2 mL (1.0 M in hexane) was 

added dropwise with a syringe over 40 min at -780C. After stirring for 2h, 

saturated ammonium chloride solution 10 mL was added to quench the 

reaction, followed by the addition of 2 mL 10% HCI. The organic layer was 

separated and dried over MgS04. Evaporat~on of the solvent afforded a 

crud6 material, which was directIy used without purification. The crude 
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aldehyde was transferred into a 100 mL of Oask and mixed with 50 mL of 

H20. To the suspension was added (360 mg, 3 mmol) allyl bromide and zinc 

powder (192 mg, 3 mmol) and 2 mL of saturated ammonium chloride 

solution to catalyze the reaction. The reaction was followed until the 

aldehyde disappeared. Then, the reaction mixture was extracted with 

ether. The ethereal extraction was dried over MgS04. Evaporation of the 

solvent gave a mixture of diastereomers (2- 3 : 1), Separation of the 

diastereomers i8 possible by flash chromatography (hexane : ethyl acetate = 

20: 1). The major isomer was proved to be (28, 3R)-2-(dichlorobenzyloxyl)-5-

hexen-3-01302 mg (55%). IH NMR(CDC13): ~= 1.21(d, J=6.3, 3H), 2.21(br, 

3H), 3.50(m, 1H), 3.71(m, 1H), 4.75(dd, J= 10.2, 17.5, 2H), 5.1(m, 2H), 5.8(m, 

1H), 7.25(m, 3H)ppm; l3C NMR(CDCI3): S= 13.96, 36.75,65.3, 72.2, 77.65, 

117.31,128.28, 129.81, 133.31, 134.86, 136.62ppm.53 

(78, 3S)-2-(Dlehlorobenzyloxyl)-5.hexen.:J.ol (7tb): 

The above minor product proved ta be (2S,38)-2-(dichlorobenzyloxyl)-5-

hexen-3-01 126 mg (yield 23%); lH NMR(CDC13) 8= 1.23(d, J=6.0, 3H), 

2.21(br, 2H), 2.77(d, OH, J=2.6, 1H), 3.41(m, 2H), 4.80(dd, J= 10.2,43.1, 2H), 

5.1(m, 2H), 5.8(m, 1H), 7.25(m, 3H)ppm; l3C NM~(CDC13): ô= 15.2, 37.1, 

65.2,74.2,77.95,116.91,128.3, 129.94, 133.1,134.6, 136.6ppm.53 

(28, 4R, 68) 2-lodomethyl-5-metbyl.tetrabydrofuran-4~l (748): 
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(28, 3R)-2-(Dichlorobenzyloxyl)-5-hexen-3-o1 (266 mg, 0.97 mmol) in 15 

mL acetonitrile was treated in smaU p?rtions under thf' protection of 

nitrogen at -50 C with iodine (254 mg, 1.0 mmo}). Mter stirring for 3h at 

ooe, the mixture was diluted with ether and washed with water and 

thiosulfate. After short drying (MgS04), (28, 4R, 58) 2-iodomethyl-5-methyl­

furan-4-o1 was isolated by flash chromatography (hexane: EtOAc = 2: 1) as a 

coloriees oil 234 mg (85%); lH NMR(CDCI3): 5= 1.21(d, J=6.4, 3H), 1.88(m, 



lH), 2.0(m, lH), 2.6(8, br, lH), 3.25(m, 2H), 3.9-4.2(m, 3H)ppm; 13C 

NMR(CDC13): 10.41, 19.72,40.79, 76.99, 77.21, 83.16ppm; IR (neat): u= 3399 

(br, OH). 2970,2930,1733, 1445,1358, 1249,1096,1063,984,992, 905cm-1•53 

(28, 48, 68) 2-lodometbyl-5-metbyl-furan-4-o1 (7.tb): 

The compound was obtained from (28, 38)-2-(Dichlorobenzylox)1)-5-

hexen-3-o1 by the same proredure as de8cribed above as colorless needle 

crystaIs, m.p. 620C Oit.53d 62-63); IH NMR(CDCI3): S= 1.28(d, J=6.4, 3H), 

1.75(br, 2H), 2.4(m, 1H), 3.35(m, 2H), 3.8-4.0(m, 2H), 4.16(m, lH)ppm; 13C 

NMR(CDC13): 79.85, 76.68, 73.39,41.41, 14.07, 1l.8ppm; IR(KBr): u= 3435(br, 

OH), 2885,1716, 1539,1179,1164,1065,1039, 1013cm-1.53 

(+)-Muscarine iodide (65): 

The iodoalcohol (170 mg, 0.7 mmol) and excess of trimethylamine (-

500mg) was put in ethanol, heated to 800 C in an ampoule for 4h. On 

cooling, (+)-muscarine iodide erystallizE:.d from solution as eolorless 

needles. Recrystallization of the erude material, twice from 2-propanol, 

furnished colorless crystals, yield 60%. m.p. 14l-l430C; (lit.53c 138-1420C, 

l49.22OC2); [a]2Oo + 6.30 (c 1.0, EtOH), Oit.50b [«]200 +6.360 (c 0.346, EtOH); 

lH NMR(D20): S= 1.23(d, J= 6.5, aH), 2.1(m, 2H), 2.9(br, lH), 3.25(s, 9H), 

3.55(m, 2H), 4.15(m, 2H), 4.65(m, 1H)ppm; IR(KBr): u= 3374(br, OH), 3016, 

2969,2923,2906,2741, 1651, 1486, 1465, 1183, 1100, 1008,970, 929cm-l ; 

(+)-EpimU8C8l'iDe iodide (88): 

By die same procedure as described above, (+ )-epimuscarine was 

obtained 3S colorless needle crystals, m.p. l69-l70OC Oit.53d 1750C); [a]2Oo + 

41.90 (c 0.34, EtOH), Oit.5Ob [a]200 + 43.230 (c 0.636, EtOH); IH NMR(D20): 

S= 1.25(d, J= 6.4, 3H), 1,65(m, 1H), 2.65(m, 1H), 3.20(s, 9H), 3.55(m, 2H), 

3.96(m, 1H), 4.25(m, 1H), 4.45(m, 1H)ppm. 
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1 KDN and KDO Syntheses 

Metby14,5,8, 7,8-penta.()..acetyl-3-deoxy-2-metbylene-octonate (manno and 
gluco) (828, 82b): 

Indium powder (230 mg, 2 mmol) was added to a stirring mixture of 

D-(-)-arabinose (150 mg, 1 mmol) and methyl bl'omomethylacl'ylate (358 mg, 

2 mmol) in 20 mL of water. The reaetion mixture was stirl'ed at l'oom 
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temperatul'e for 7h. Dowex-50 (H+) was added to neutralize the water 

solution. Filtration of the resin and evaporation of water lell. a erude 

residue. The erude material was then dissolved in 5 mL of pyridine and 3 

mL of aeetic anhydride. DMAP (10 mg) was added to the solution and th~ 

resulting mixture was stirred at r.t. for 18h. Evaporation of the solvents 

produced a erude materia1. E'ctraetion of the erude material with 

hexane/EtOAe ( 3: 1) lell. a yellow solide The extraction was concentrated to 

give a yellow syrup. Column ehromatography (eluent: hexane/ethyl acetate 

= 3/1) of the syrup give 363 mg (79%) of a mixture of diastereomers (5:1). 

The major eomponent was isolated in pure form through another column 

chromatography (eluent: CH2CI2fF;t20 = 9/1). lH NMR (CDCI3): S= 1.95(s, 

3H), 2.02(s, 3H), 2.03(8, 3H), 2.05(8, 3H), 2.2(s, 3H), 2.2-2.4(m, IH), 2.7-2.8(dd, 

1H), 3.7(s, 3H), 4.0-4.12(dd, J= 5.3, 12.5, 1H), 4.16-4.25(dd, J= 3.5, 12.5, lH), 

5.0-5.l(m, lH), 5.25(m, 2H), 5.45(dd, J= 3.2, 7.3, 1H), 5.55(br, lH), 6.12(br, 1H) 

ppm. laC NMR (CDCla): 8= 20.5, 34.1, 51.9,61.4, 68.4, 70, 71, 128, 135.2, 

166.3, 169.8, 169.9, 170, 170.5 ppm. 

Me~14,5,8,7,s.peDta.().aœtyl~s.y-octu1080nate Cgluœ) (83, cnlde): 

The above compound (230 mg, 0.5 mmol) was dissolved in 15 mL of 

CH2CI2. The solution was eooled down to -780 C and subjected to ozonization 

until a blue color appeared. The reaction mixture was allowed to come to 

r.t. after treatment with an excess amount (- 5 mmol) of dimethyl 8uIfide, 
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and stirring was continued at r.t. for l2h. Evaporation of the solvents 

under vacuum len. a crude product. lH NMR(CDCla): ~= 2.0(m, 15:9), 2.8-

3.0(dd, IH), 3.15-3.25(dd, IH), 3.82(8, 3H), 4.0-4.25(m, 2H), 5.0-5.5(br, 

4H)ppm. 

Metbyl5,8,7 ,s.tetra~aœtyl-or.tulO8Onen-a.:\te (M): 

Column chromatography 'Jn silica gel of the above compound 

afforded the title compound (154 mg, 67%). lH NMR(CDCla): ~= 2.0-2.2(m, 

l2H), 3.86(8, 3H), 4.l-4.3(m, 2H), 5.l5-5.25(m, lH), 5.4-5.5(m, lH), 5.75(br, 

lH), 6.7-6.8(dd, J= 1.6, 15.9, lH), 6.96-7.05(dd, J= 4.3, 15.9, IH)ppm.6la 

Methyl4,5,6, 7,8,9-heu-O-acetyl..a.deoxy-2-methylene-D-nonanonate (S7a, 
87b): 

The sa me reaction sequence as in the KDO synthesis from D­

mannose (360 mg, 2 mmol) produced a mixture of diastereomers (820 mg, 

77%) in 6:1 ratio. The major one leading to the formation of KDN was 

isolated in pure form by flash column chromatography (eluent: 

CH~IVEt20 = 9: 1). lH NMR (CDC1a): ~= 1.95(8, 3H), 2.02(s, 6H), 2.04(8, 3H), 

2.08(s, 3H), 2.12(s, 3H), 2.1-2.2(m, 1H), 2.6-2.7(dd, J= 2.9, 13.8, 1H), 3.72(8, 

3H), 3.95-4.05(dd, J=5.1, 12.5), 4. 15-4.25(dd, J=2.9, 12.7, IH), 4.9-5.0(m, IH), 

5.l5-5.23(m, 2H), 5.26-5.33(m, IH), 5.38-5.45(m, 1H)5.5(br, 1H), 6.1(br, 

IH)ppm. lac NMR (CDC!a): 3= 20.1, 34, 51, 61, 66.9, 67.4, 68.1, 68.4, 69, 127.6, 

135.8, 166.6, 169.7, 169.9, 170.1, 170.3, 170.6 ppm. 

Me~14,1,8,7,8,9-heu.().aœtyl-s.deoxy.D-DODuJsoD8te (crude) (88): 

The same procedure of ozonolysis of the above compound (267 mg, 0.5 

mmol) produced the crude title compound. IH NMR (CDCla): ~= 2.0-2.1(m, 

18H), 2.68-2.8(dd, IH), 3.04-3.17(dd, 1H), 3.82(s, 3H), 3.92-4.02(dd, IH), 4.1-

4.2(dd, IH), 4.8-5.0(m, 5H)ppm. 
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1 (+)-KDN (758) (and its ammonium salt, 90) 

Method A: The above erude material was treated with 40 mL of dilute 

Hel in methanol (- 0.05 M) for 24 h at room temperature. TLC indieated 

the disappearance of the starting material. Evaporation of the solvent 

produced the cyclized KDN methyl ester 89. The ester was then treated with 

5 mL O.lM KOH in aqueou8 Methanol for 6 h at room tempe rature 

providing the (+)-KDN sodium salt, which was passed through ion 

exchange resin (AG 50W-8A, formate form equiliberated with NaCI watcr 

solution) by elution with dilute formic aeid (0.05 M ;n water) and lyophilised 

to yield (+)-KDN (80 mg, 58%). Treatment orthe KDN with dilute NH40H (3 

mL, 0.5 M) followed by lyophilization to give the (+)-KDN ammonium salt 

(90)(82 mg, 100%). lH NMR (D20): 5= 1.75(t, J=l2 Hz, lH), 2.15(dd, J=5, 

13Hz, 1H), 3.5-4.05(m, 7H)ppm; 13C NMR (D20): ô= 39.2, 63.5, 68.5, 69.2, 

70.2, 70.5, 72.0, 96.8, 176.9 ppm. They are in agreement with literature 

report.58a,58b,59 
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Method B: Compound 86a (118 mg, 0.42 mmol) was dissolved in 15 

mL of methanol. The solution was subjected to ozone for 25 min at -780C 

and followed by treatment with Na2S03(53 mg, 0.42 mmol). After stirring at 

room temperature for 15 h, the reaction mixture was filtered and the 

filtrate was concentrated to give a syrup. lH NMR spectrum of this syrup 

was identical to the KDN methyl ester in Method A. The aame 

saponification and lyophilization procedure as ab ove produced the KDN (89 

mg, 79%) which was then quantitatively transformed to the ammonium 

salt 90. 

Metbyl4/JA7,8,9-Hembydroxy-3-deoxy-2-metbylene-O-nonanooate (86&): 

Coupling reaction between D-mannose and methyl (2-bromomethyl)­

acrylate followed by treatment with Dowex-50 (H+) and lyophilization gave a 

.. 
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white solid mixture. Extraction of the mixture with Methanol and 

evaporation of the BoIvent afforded another white solid. Recrystallization of 

the solid from methanol/ethyl acetate produced the pure tille compound. 

IH NMR (D20): 8= 2.5(d, J=6.7Hz, 2H), 3A-3.S(m, 6H), 3.66(s, aH), 3.97(t, 

J=6.9Hz, IH), 5.69(s, IH), 6.17(8, IH)ppm; 13C NMR (D20): B= 31.8, 65.9, 

71.1,71.6,73.4,73.5,80.2, 125.2, 137.1, 176.6 ppm. 
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J Cbapter S. Cross Aldol Type CondeDsation and Belonnatsky Reacdoœm 
AqueousMedia 

The aldol condensation is another important reaction for forming 

carbon-carbon bonds. 1 However, under the classical aldol reaction 

conditions involving basic media, dimers, polymers, self-condensation 

products, or a,p-unsaturated carbonyl compounds are often formed as weIl. 

The formation of these products is attributed to the fact that the aldol 

condensation is an equilibrium process (Eq. 1),2 Useful modifications of the 

classical aldol condensation, especially using Lewis aeid promoted 

reactions of enol silyl, or tin ethers with carbonyl compounds,3,4 have been 

developed to alleviate these difTiculties. These modifications typically 

include the use of an organic solvent as the reaction medium and require 

the exclusion of moisture. Because of the structural similarity between a­

halo carbonyl compounds and allyl halides, we suspected that similar 

coupling reactions might take place, BeCore carrying out the reaction, we 

first examined the reactivity of sorne a-halo ketones with metals under 

aqueous conditions. 

-LQ 

(Eq.1) 

1 3 

8.1 Becluction of a-halo CarboDJl Compounds 
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Reduction of a-halo carbonyl compounds is one of the basic 

procedures which are oftcn encountered in organic bynthesis. A varlet y of 

new methods have been developed recentIy in this aspect.5 In order ta check 
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out the reactivity of a-halo ketones in the aqueous organometallic reaction 

conditions, we first examined the reduction of a-halo carbonyl compounds.6 

It W8S round that in water alone, under mild neutral condition, a-bromo 

and chloro ketones were efTectively hydrodehalogenated to the parent 

ketones by tin or zinc powder (Eq. 2). Some experimental results with tin 

are listed in Table 1. Both aromatic and aliphatic bromo ketones can be 

reduced. The reaction temperature seems to be critical to the reduction. 

The steric factor also affects the reduction as shown in entries 1 and 3. (1-

Chloro ketones was reduced as well as a-bromo ketones, but higher 

reaction temperature and longer reaction time had to be applied. 

(Eq.2) 

4 M=Sn, Zn 

Table 1. Dehalogenation of a-Halo Ketones by Tin in Aqueous Media 

Entry a-halo ketone(4) Temp. Time Product(5) Yield 

1 PhCOCBr(CH3>2 750C 3h Ife PhCOCH(CH3>2 38% 

2 PhCOCBr(CHa>2 B5 3h 58 PhCOCH(CH3>2 91 

3 PhCOCHBICH3 75 3h a. PhCOCH2CH3 100 

4 PhCOCH2Br 75 3h Ge PhCOCHa 100 

5 PhCOCH2CI 75 3h Ge PhCOCHa 6 

6 PhCOCH2CI g) 4h Ge PhCOCHa Tl 

7 2-Cl-cyclohexanone 00 3h &l cyc1ohexanone 53 
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These results demonstrated that a-halo carbonyl compounds are 

reactive enough under the aqueous organometallic reaction conditions. 

Thus, it suggested the possibility of carrying out crossed aldol type 

condensation reactions in aqueous medium in the presence of another 

carbonyl compound. 

3.2 C.I'08I Aldol Type Condensation Reactions with Tin or Zinc in 
Aqueous Media 

Recently, it was reported that the aldol reaction of silyl enol ethers 

with carbonyl compound fi could be carried out in aqueous solvents without 

anyaeid catalyst. However, the reaction took several days to complete (Eq 

3).7,8 The cross-aldol products showed a slight syn diastereoselectivity, the 

same as the reactions in organic solvent under high pressure. 

1 week 

(Eq.3) 

(; 7 8 

We found that in aqueous medium direct cross aldol type reaction 

products were obtained when a-carbonyl compounds, a metal and an 

aldehyde were reacted together (Eq. 4). Either tin or zinc can be used to 

mediate the reaction, depending on the reaction temperature. The results 

are summarized in Table 2. 

~H R~RJ M/H2O 6! + ... 
R RJ 

RI Rl (Eq.4) 

9 10 M= Sn, Zn 11 

1 14 
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Table 2. Cross Aldol Type Reactions in Aqueous Media. 

Entry Halide(equiv.) Aldehyde(equiv.) MetaVtemp.ltime Yield(11) Ery/thr 

1 PhCOCMe2Br(1) PhCHO(I) Sn(leq.)I700C/4<h) 11a 41 

2 PhCOCMe2Br( 1) PhCHO(I) Sn(1)/85/4 Ua 0 

3 PhCOCMe2Br(1.5) PhCHO(I) Zn( 4)1r. t.l2 Ua 76 

4 PhCOCMe2Br( 1) n-CsH17CHO]) Sn(I)175/3 11b 57 

5 PhCOCHMeBr( 1.5) PhCHO(l) Zn( 4)1r. t.l2 He 82 7v.!9 

6 PhCOCHMeBr(1.5) Me2CHCH()(1) Zn( 4)1r. t.l2 Ud 74 45'55 
7 PhCOCHMeBr( 1.5) C-CsHllCH()(I) Zn(4)1r.t.l2 1le 83 4G'OO 
8 PhCOCHMeBr(I.5) n-CsHl7CH()(I) Zn( 4)1r. t.l2 ut fIl 64I'J6 

9 PhCOCHMeBr( 1.5) n-CaH7CHO(l) Zn(4)/r.t.l2 111 8) 68'32 

10 PhCOCHMeBr(l) PhCHO(I) Sn(1)/80/4 Ile f1l 47/53 

11 PhCOCHMeBr(l) C-CsHll CHO(l) Sn(l)/80/4 1le 83 64136 

12 PhCOCH2Br(l) PhCHO(l) Sn(1)/80/4 I1h Si 

13 PhCOCH~r(1.5) PhCHO(l) Zn( 4)1r. t.l2 I1h 85 

1 14 MeCOCHMeBr(1.5) PhCHO(I) Zn(4)/3512 lU 71 61/39 

15 MeCH2COCH2Br(1.5) PhCHO(I) Zn(4)/3512 1JJ 72 

16 MeCOCHMeBr(I) PhCHO(l) Sn(lY80/4 lU 84 771Zd 
17 MeCH2COCH2Br(l) PhCHO(I) Sn(1)/80/4 1Jj 17 

18 MeCOCHMeBr(1.5) n-CsHnCH()(l) Zn(4)/3512 0 

19 MeCOCHMeBr(l) n-CsHl7CH()(l) Sn(1)/80/4 0 
Z) MeCOCH2C1(l.5) PhCH()(l) Zn(4)/3512 Uk Si 

The reaction. were carried out OD 1 mmol scale. The ratio of erythro/threo waa 

determined by lH NMR. 

The reaction has several interesting features; firatly, the aldol 

product is not accompanied by the usual si de products Crom self-

condensation of the aliphatic aldehydes expected from metai enolate 

chemistry in aqueous media. Secondly, the reactions of I-bromobutan-2-one 

or its regioisomer 3-bromobutan-~!-one with benzaldehyde were regiospecific 

t (entries 14 and 15) in giving the appropriate crossed aldol type products 
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1 without a trace of the regioisomers. A metal cnolate intermediate would he 

expected to equilibrate in aqueous medium to give the various regioisomeric 

enolates. 

OM 

~ 
Thirdly, the reduction product, which is more likely to he derived 

from the metal enolate, was formed by a pathway apparently different from 

that giving the crossed aldol product. For example, in the reaction of 2-

bromo-2-methyl-l-phenylpropan-l-one with benzaldehyde and tin at 70oC, 

the aldol produet was formed together with the reduction produet (entry 1). 

On the other hand, when the same reaction was carried out 8t a 

temper~ture of 850C, only the reduced product was ohtained (entry 2). 

It was found that aromatic aldehydes can smoothly reaet with 

different a-halo ketones. However, aliphatie aldehydes only reacted with 

aromatic halo ketones. 

As in the reduetion, the yield of the aldol condensation product W88 

dependant on both the reactivity and the sterie effect of the a-halo carbonyl 

compounds. Under similar conditions, secondary halide gave the higher 

yield relative to primary or tertiary halides, presumably because of a 

balance of these two effects. In the cases of secondary halide, a mixture of 

diastereomers was produced. The diastereofacial selectivity was different 

with different reactants and different metals. Yet, the diastereoselectivity 

was not significant enough to be synthetically useful. 

ln the case of simple a·halo aliphatic ketones, sinee the boiling point 

of both the halo ketones and their redueed product were relatively low, it 

1 t 6 
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was uncertain whether the halo ketones had been reduced to their 

corresponding ketones or simply not recovered. In order to resolve this 

question, I-bromo-2-butanone was used as a probe to check the reaction in 

deuterium water. 

First, the same aldol reaction was carried out in deuterated water 

instead of water. After the reaction was complete, the lH NMR spectrum of 

the reaction mixture was taken directly (Eq. 6). Then, the sarne reaction 

was performed with the same conditions but without benzaldehyde in 

deuterated water (Eq. 5). Comparing lH NMR spectra of these two reaction 

mixtures, it was found that ail the I-bromo-2-butanone has either reacted 

with benzaldehyde in giving the aldol product or reduced to I-deutero-2-

butanone. Therefore, no bromobutanone remained unreaeted under the 

reaetion conditions. 

~Br ~D (Eq.5) 

Il 13 
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(Eq.8) 

12 14 13 IS 

3.3 Retormataky Reactions with 11n and Zinc 

Reformatsky type reactions in aqueous media were first reported in 

1985,9 using bromomethylacrylie aeid and metallie zinc to prepare a­

methylene-y-butyrolactones (Eq. 7). Normal a-halo carboxylic esters did not 
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react under these conditions. The substrate was structurally an allylic 

balide. Therefore, the reaction most likely took place via allylation reaction 

similar to the allylation reactions of the previous chapter. 

~ 
ZnJTHFIH20 

Br. ~ 
OOU reflux 

(Eq.7) 

16 17 18 

Table 3. Reformatsky Reactions Mediated by Zinc and Tin 

Entry RCHO Halide RCHOlhalidelM TemplTime Ery:thra Yield 

1 PhCHO BrC(CHa>2CÜ2Et 1J1J(Sn)l 80oC/4(h) mam 
2 PhCHO BrCH(CHa)CO~t 1J1J(Sn)l 8014 61:39 DJ 15& 
3 PhCHO BrCH~Û2Et 1J1J(Sn)1 80/4 0 
4 n-CsH17CHO BrC(CHa>2CÛ2Et 1J1J(Sn)l 80/4 0 
5 PhCHO BrC(CHa>2CÜ2Et 1J1J(Zn)1 45/4 maœ 
6 PhCHO BrCH(CH3)CO~t 1J1J(Zn) 1 45/4 55:45 DJ 15& 
7 PhCHO BrCH2C<hEt 1JlI(Zn)1 45/4 0 
8 n-CsH17CHO BrC(CHa>2CÜ2Et 1J1J(Zn)1 45/4 0 

a: Determined by IH NMR. 

When benzaldehyde was alloweJ to react with alkyl a-halocarboxylic 

esters and tin powder in water, the corresponding Reformatsky reaction 

product was obtained (Eq. 7 and 8). Other aromatic aldehydes reacted 

similarly. The reaction was however strongly influenced by the structure of 

both carbonyl compounds and the halo esters. As in the case of aldol 

condensation, aliphatic aldehydes failed to react. Tertiary halo esters gave 

the highest yield and no reaction was round with primary halo esters. 

Similar reactions were round with zinc in water. Vet, a11 tbe reactions only 
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gave moderate yields of the products and slight diastereoselectivity for 

secondary halo esters. 

(Eq.8) 

19 20 

3.4 Aldol and Reformatsky Reactions with Indium 

In the previous chapter, we described the intriguing character of 

indium in allylation reactions. The high reactivity of indium powder on the 

allylation reaction suggested the possibility of mediating other reactions 

8uch as cr088 aldol type condensation reactions. It was round that cross 

aldol type reaetions with indium in aqueous medium also oecurred 

smoothly at room tempe rature in good yields (Table 4), in contra st to the 

above Sn and Zn methods which required heating. However, as in the cases 

of Sn and Zn, aliphatic aldehydes did not reaet with aliphatic a-halo 

ketones. 

+ 

21 

228 
SchemeL 

+ 

12 : 1 

OH 
i 

22b 
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The diastereoselectivity of the aldol products produced from 

secondary a-halo ketones with indium was quite high. For example, 

reaction of benzaldehyde and 2-bromopropiophenone with indium in water 

gave a mixture of diastereomers in 12:1 ratio favoring the erythro isomer 

228 (Scheme 1), whereas in the cases of Zn and Sn, only a slight excess of 

one diastereomer was observed (Table 2). 

Table 4. Cross Aldol and Reformatsky Type Reactions Mediatcd by Indium 

Entry RCHO Halide RCHO/halide/In Time Ery:thr Yield 

1 PhCHO BrC(CH3l2COPh 1/1.5/1 3(h) lIa 88 
2 PhCHO BrCH(CH3)COPh 1/1.5/1 3 12:1 Ile 85 
3 PhCHO BrCH(CH3)COPh 1/1/1 3 12:1 Ile 56R 
4 MePhCHO BrCH(CH3)COPh 1/])1 5 12:1 lU 72 
5 CHa(CH2hCHO BrCH(CHz)COPh 1/1/1 5 4:1 Ilf 64 
6 PhCHO BrCH2COPh 1/])1 5 lib 15 

7 PhCHO BrCH(CH3)COCH3 1/111 5 3:1 lU 48 
8 PhCHO BrQCH3>2CÜ2Et 1/1/1 4 52 
9 PhCHO BrCH(CHa)CO~t 1/1/1 5 2.2:1 35 

10 PhCHO BrCH2COCH2CHa 1/1/1 15 UJ -10 

a. In methanollwater 1:1; AlI reactions were performed at 1 mmol scale in 
water by stirring the reaction mixture for the corresponding time. 

The high reactivity of indium may also be ascribed to the low 

ionization potential of the metal as in the case of allylation. Yet the exact 

origin of the high stereoselectivity is not clear. The lower reaction 

temperature might have been a factor, but it should not be very significant, 

since not much diastereoselectivity difference was observed between zinc 

and tin. Therefore, we postulate that the selectivity May be attributed to the 

coordination of the reactants on the surface of indium metal 8S in 23, which 
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, blocks one face of the reaction. This postulation agrees with our previous 

proposed single electron transfer mechanism. The reaction gave higher 

selectivity when both the carbonyl compound and the halide were aromatic. 

This may be because the aromatic ring has a better coordination ability 

than an aliphatic chain. Addition of Methanol to the reaction system 

slightly increases the yield but does not change the stereoselectivity. Chloro 

substitution on the benzene ring of benzaldehyde also made no difference to 

the stereoselectivity. 

The coordination model explaining the diastereoselectivity in the 

reaction of benzaldehyde 'Ni th 21 is shown in Scheme 2. Both of the 

aromatic reactants are lying fIat on the metal surface. The most favorable 

alignment for the a-halo ketone 21 is that the methyl points away from the 

metal surface. The two oxygen atoms of the carbonyl groups together with 

the halogen are coordinated with the newly generated metal ion on the 

metal surface. The radical anion intermediate from 21 adds to the aldehyde 

from the top face. This analysis predicts erythro as the major product, in 

agreement with the experiment result. From this model, it can also be 

anticipated that replacing the methy) with another more sterie hindered 

group may increase the diastereoselectivity . 

Scheme2. 23 

Reaction of 2-bromoisobutylphenone with benzaldehyde gave the 

condensation product in very high yield. It was also ditrerent from the Sn 
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and Zn reaction in that in this case, no reduction of either benzaldehyde or 

the halide was observed. The by-product in the In reaction was almost 

exc1usively the coupling of the halide. In the absence of carbonyl 

compounds, however, there was no reaction between the halide and 

indium. The reason for this is not clear at present. 

3.5 Aldol Reactions with Manganese 

Attempts to perform crossed aldol reaction with mangancse gave 

produets in low yield. As in the allylation, the reaction was hlduced to 

proceed by the addition of NH4Cl. It could also proceed by using a Mn-Cu 

bimetal mixture. Sorne results are listed in Table 5. Aliphatic aldehydC8 

failed to reaet under the same conditions. The reaction was not further 

explored. 

Table 5. Aldol Reactions Mediated by Manganese in Water 

Entry a-Halo Ketone Condition Time Ery.lThr. Yield 

1 (CH3>2CBrCOPh Mn/H20 15h 2i 

2 (CH3>2CBrCOPh Mn/NH4CI(sat. aq.) 20min 71 

3 (CHal2CBrCOPh MnlCulH20· 2h 79 

4 CH3CHBrCOPh MnlCulH20· 2h 74:26 47 

AlI the reaction were performed with benzaldehyde; • Mn/Cu= 2: 1. 

3.6 Mechanisti.c Consideration 

As in the allylation reaction, a similar single electron transfer 

reaction mechanism invoking the intermediate of a radical anionic species 

is proposed for the crossed aldol and Reformatsky reactions (Scheme 3). In 

the reaction process, the critical carbon-carbon bond for.mation occurs prior 
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to the formation of the free metal enolate 27, possibly on the metal surface. 

In support of this mechanism, compound SI was obtained as a minor 

product in the reaction of 2-bromo-2-methyl-l-phenylpropan-l-one with 

benzaldehyde. Compound 31 is most likely derived from the coupling orthe 

radical intermediate. 

+ 
SET [+rRC"~ R~X. + M .. 

I/ffqn #»'1,/ 
M+o M+o 

24 2S 26 

l SET lSET 

Ryg 
+ HlO ~M2+X· 

~ 

M2+ x-
29 27 28 

l"2
0 

[PbCOCH(CIIS>12 
R~ 

Scbeme3. 31 30 
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3.7 Experimental Section 

General Procedure for the Aqueous Aldol and Reformatsky Type 
Reactions: 

The metal powder (Zn, Sn or In, 1 mmol scale) wa8 added to a 

mixture of an a-halocarbonyl compound and an aldehyde in 15 ml of water. 

The reaction mixture was stirred at the appropria te temperature for the 

corresponding period of time, then quenched with ether. The ether solution 

was dried, evaporated, and the crude product was purified by flash 

chromatography on silica gel to give the corresponding product (for specifie 

conditions, see the tables in the text). 

3-Hydroxy-2,2.cJimethyl-l,3-diphenylpropan-l-one (lIa) 

lH NMR (CDCla): B= 1.18 (d, J =22.4Hz, 6H) , 3.0 (br, IH) , 5.12 (s, IH) , 

7.40 (m, 8H) , 7.57(m, 2H) ppm; MS (%): 253 (M+-l, 0.2), 236 (M+-18, 1.7), 

148(69.3),133(38.8),122(31.0), 115(20.1), 105(98.0),91(38.2),77(100).10 

S.Hydroxy-l,3-dlp~lpropan-I~De (1lh) 

1H NMR (CDC1a): B= 3.70(m, 2H), 3.90(8, IH), 5.03(m, IH), 7.20-

7.65(m, 8H), 7.92(m, 2H)ppm; MS (%): 226(M+, 0.1), 225(0.6), 134(2.9), 

120(19.5), 105(100), 94 (32.2), 77(56).10 

3-Hydroxy-2-methyl-l,3-dlphenylpropan-I-one (llc) 

lH NMR (CDC1a): B= Threo-isomer: 1.05(d, J=7.2Hz, 3H), 3.08(d, 

J=4.0Hz, IH), 3.83(p, J=7.4Hz, IH), 4.98(dd, J=8.0, 4.0Hz, IH), 7.45(m, 8H), 

7.98(m, 2H)ppm; Erythro-isomer: 1.20(d, J=7.1Hz, 3H), 3.72(qd, J=7.2, 4.0Hz, 

lH), 3.96(br., lH), 5.17(d, J=4.0Hz, 1H), 7.37(m, 8H), 7.90(d, J=7.0Hz, 

2H)ppm; MS (%): 240(M+, 0.5), 222(1.5), 134 (36.0), 108(51.5), 105(55.0), 
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86(61.4), 77 (53.5), 43 (100). IR (neat): 3500, 3016, 1675, 1598, 1215, 1001, 751 

cm- l ,1o 

S.Hydro~.2-methyl·l·pheDyI-3-(4'.methylphenyl)propan.l-one (111) 

IH NMR (CDC13): 8= Threo-isomer: 1.03(d, 3H), 2.4(8, 3H), 3.85(m, 

1H), 5.0(m, 1H), 7.45·8.0(m, 9H)ppm; Erythro·isomer: 1.20(d, J=5.2Hz, 3H), 

2.3(8, 3H), 3.70(m, 1H), 5.2(d, J=3.1Hz, lH), 7.l·B.0(m, 9H) .10,13 

4-lIydro~-4-pbenyl-3-metbylbutan.1-one (11i) 

IH NMR (CDC13): 8= Threo-isomer: 0.87(dd, J=7.2, 1.8Hz, 3H), 2.18(8, 

3H), 2.90(p, J=7.2Hz, lH), 4.08 (m, 1H), 4.70(dd, J=8.6, 104Hz, 1H), 7.30(m, 

5H)ppm; Erythro-isomer: 1.06 (d, J=7.6Hz, 3H), 2.09(8, 3H), 2.81(qd, J=7.2, 

4.2Hz, 1H), 3.74(m, 1H), 5.04(dd, J=4.2, 1.5Hz, 1H), 7.29(m, 5H)ppm; MS(%): 

l60(M+·18, 0.5), 122(8.0), 106(70.1), 105(56.4), 77(58.6), 43(100). IR(neat): 

3400,3060,3029,2978,2942,1704,1453,1358,1023cm-1,ll 

l·Hydro~·l·pbenylpentan~ne (11J) 

lH NMR (CDC13): 8= 1.05(t, J=7.3Hz, 3H), 2.44(q, J=7.2Hz, 2H), 

2.79(m, 2H), 3.50(br., 1H), 5.13(m, 1H), 7.33(m, 5H)ppm; MS(%): 160(M+·18, 

2.0), 131(18.3), 106(55.1), 105(53.0), 77(58.3), 72(38.0), 57 (24.6), 51(39,9), 

43(100). IR(neat): 3400, 3035,2983, 2942, 2901, 1701, 1453, 1028cm-l,1l 

S.~2-methPl.pbe~l.l·UDdecaDone (lU) 

lH NMR (CDC13): 8= 0.83(t, J=6.2Hz, 3H), 1.23(m, 15H), 1.4B(m, 2H), 

3.11(br., 1H), 3.43(qd, J=7.1,3.3Hz, Erythro), 3.53(p, J=7.1Hz, Threo), 3.B3(m, 

Threo), 3.97(m, Erythro), 7046(m, 3H), 7.93(m, 2H)ppm; MS (%): 276 (M+, 

0.1), 134(38.4), 105(89.9), 84(62.4), 77(56.8), 71(56.1), 57(88.9), 43(100). 

IR(neat): 3450,3065,2938,2909, 1686, 1598, 1458, 1448, 1375, 1214cm-1. 

s.~.2,2.dime~·l.pheuyl.l·undooanoœ (lib) 
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1 

j 

-

IH NMR (CDC1a): B= 0.9(t, 3H), 1.2-1.7(br, 20H), 2.7(br, 1H), 3.85(d, 

1H), 7.4-7.7(m, 5H) ppm; IR(neat): 3500, 2925, 2855, 1669, 1458, 1265, 1074 

cm- l . 

3-Cyclohesyl..s.bydrosy.2-methyl.t.phenyl.t·pl'Opanone (Ile) 

IH NMR (CDC1a): B= 0.90-2.15(m, 14H), 3.l5(br., IH), 3.50-3.80(m, 2H), 

7.45(m, 3H), 7.92(m, 2H)ppm; MS (%): 246(M+, 0.3), 228(2.4), 163(37.8), 

134(50.7), 133(20.7), 105(95.2),83(51.6), 77(70,8), 55(92.7), 43(100). IR(neat): 

3463,2936,2850,1669,1597,1450, 1373, 1210cm-l ,1a 

Etbyl2,2-Dimetbyl-3-bydroxy-3-phenyl-propionate (208) 

lH NMR (CDC1a): B= 1.11(d, J=5.4, 6H), 1.25(t, J=7.1, 3H), 4,15(q, 

J=7.1, 2H), 4.9(8, 1H), 7.3(br, 5H)ppm. IR(neat): 3470, 2985, 1733, 1473,1365, 

1263,1262,1126cm-l,12 

Etbyl2-Methyl-3-hydroxy-s.pbenyl-propionaœ (2Ob) 

IH NMR (CDC1a): B= IR(neat): 3500, 2968, 2875, 1735, 1717, 1436, 1363, 

1265,1232, 1195,1167, 1039, 1026cm-1,12 
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Cbapter 4. Oudook for Future Development 

In conclusion, we have studied and developed Barbier-Grignard 

a1lylation, alkylation, aldol and Reformatsky reactions in aqueous solution 

mediated by Zn, Sn, In and Mn metals etc. The reaction mechanism has 

been examined briefly. The aqueous methadalogy has successfully bcen 

used in the synthesis of 1,3-butadienes, methylenetetrahydrofurans, (+)­

muscarine, (+)-KDN and KDO. 

In terms of the future development of this project, a lot of interesting 

research can be continued. The yield of aqueous Grignard alkylation, 

which is still very important, needs to be improved. The mechanism study 

on allylation and aldol reactions still needs to be examined in greater detail. 

These methodologies should also find other important applications in 

organic synthesis. For example, there is a large number of marine natural 

products recently isolated from the widely distributed rad algne of the genus 

Laurencia. 1 Most of these Metabolites passess a characteristic five 

membered tetrahydrofuran ring with cis side chains, which are in a trans 

or cis relationsbip to an oxygen substituent at C(3) as in the structures of 

muscarine or epimuscarine. A representative selection of Metabolites of 

this common type is shown as follows (1-12): 
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The previous muscarine synthe sis May provide a convenient generai 

entry into the synthesis of these compounds. A similar methodology May 

also be used in the synthesis of 6-membered ring compounds and other 

hetero cyclic compounds. Those structures also exist widely in natural 

products. 

The aqueous organometallic reactions should find the Most vaIuabie 

application in carbohydrate chemistry, hecause of the possibility of avoiding 

protection and deprotection procedures. In the synthesis of KDN and KDO, 

if the 2-hydroxy group of the starting sugar was changed to a protected 

amino group, the same procedure can he used for the synthesis of another 

type of very important naturai products, neuraminic acids, a characteristic 

structural fragment of dift'erent kinds of influenza virus receptors. 

These compounds can be further manipulated to more complicated 

molecules such as sialyl oligosaccharide Neua-2,6Gal~1,4GlcNAc (15), a 

higher structural unit of the receptor and inhihitor of human influenza 

virus,2 and its analogues. 

ScbemeL 

HO HO 0 

HO- .l. 1.. JL '" Y 1 -H 
ÔH NHAc 

..... -... 
HO"'" -AcHN 

HO 
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HO HO 0 <~..:Ô~ 
HO~\\~A~H 

15 

Another important continuation of this project is asymmetrical 

synthesis. We have shown that about 10% ee was obtained in the product in 

the allylation reaction whenlysineoHCl was present in the aqueous media. 

OH 
o ZnI(+)-lysine.HCl 
)l + CIIr--cH~ • 

Ph H ~O 
Ph~ 

H 

(·)10%ee 

16 17 

Although the degree of chiral induction is not very significant at this 

moment, it May be possible to use sorne other water soluble natural chiral 

materials to obtain better chiral inductions. The use of water as solvent in 

these reactions can also make the recycling of the chiral axillary easier by 

simply adjusting the pH value of the post-reaction mixture to precipitate the 

chiral auxiliary. 

The Most promising continuation of this research is probably the 

indium metal induced reactions. Their intriguing reactivity and 

diastereoselectivityare worth exploring further. 

Finally, the aldol type condensation reactions should also find 

significant applications in natura! product synthesis. 

131 



1 
References: 

1. For reviews see: a). Faulkner, D. J. Nat. Prod. Reports 1990, 269; 
b). Brown, M. J.; Harrison, T.; Overman, L. E. J. Am. Chem. Soc. 
1991, 113, 5378. 

2. Sabesan, S.; Duns, J. 0.; Domaine, P.; Kelm, S.; Pauson, J. C. J. Am. 
Che~Soc. 1991,113,5865. 

132 



133 

( 

PART fi 

Development of a New TeUurium Reagent for Organic Syntbesis 

« 



1 
Chapter 1. IntrodUCdOD to Orpnotellurlum ChemlsCz'y 

Tellurium1 is located in the same group in the periodic table as 

oxygen, su1fur and selenium; they are collectively known as chalcogens. 

Tellurium has the electronic structure [Kr ]4d l05S25p4 and an atomic 

number of 52. The element tellurium was discovered (and appropriately 

named metallum problematicum) by Franz Joseph Mueller von 

Rechenstein in 1782 from a Transylvanian ore which had previously been 

thought to be some kind of alloy of antimony and bismuth, although neither 

of these were in reality constituents of the mineraI. The present na me 

tellurium, derived from the Latin tellus, earth, is by Kloproth in 1789.1 The 

abundance of tellurium in the earth's crust has been determined to be 2 x 

10-7 percent by weight. Native tellurium is uncommon, usually occurring 

in conjunction with native sulfure Its minerais are rare, the most 

abundant ones are tellurides of lead, copper, silver, gold and antimony. 

Tellurium mineraIs however do Dot fonn large deposits and tel1urium has 

often been obtained as a by-product of mining and processing operations of 

other ore8, such as in electrolytic copper refining. The anode sludge can 

contain up to 8 percent tellurium. Crystalline tellurium is a silver-white 

substance with a meta11ic luster. It melts at 449.8oC to a dark liquid and 

boils at 1390oC. Tellurium alloys have been used as additives to copper, 

copper a110ys and to lead. Small quantities of tellurium have been used to 

cotor glas8 and ceramics. Tellurium has also round sorne application as 

secondary vulcanizing agents for natural rubber. 
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The first organic tellurium compounds, dialkyl tellurides, were 

prepared by Woehler in 1840.2 In the decade of the 1910's, Lederear 

enriched the knowledge in this area of chemistry. His synthetic efforts 

produced a large number of aromatic tellurium derivatives. Starting in the 

1960's, research in organotellurium chemistry expanded rapidly. The 

recent tremendous interest in the application of tellurium compounds in 

organic synthesis began after Barton's procedure for the preparation of 

sodium hydrogen telluride (NaHTe).23 Therefore, although organie 

tellurium chemistry is almost as old as organic chemistry, it is only in the 

last two decades that it has drawn special attention. The most widely 

explored area is telluration (introducing tellurium into organic molecules) 

and sodium hydrogen telluride-based organic transformations. 

Organotellurium compounds have found important applications also in the 

organie semiconductor area and in chemical therapy. For example, heat­

resistant telluro-polymers with ccntrollable band gaps, intrinsic eleetronic 

and optical properties and other electronic properties characteristic of 

insulators, semiconductors, or conductors are prepared by 

polycondensation of tellurophene with an aliphatic, aromatic or 

heterocyclic aldehydes.3 Tellurapyrylium dyes have been considered as 

potential photochemotherapeutic agents." 

• The recommended maximum permissible concentration of 

tellurium in air is 0.1 mg/m3, which is 2 orders of magnitude lower than 

hydrogen cyanide (10 mg / m3). Therefore, ail tel.lurium compounds should 

• SAx. 1. Dangerous Properties of Industrial Matenals. Reinhold Publishing 
Corporation. New York, N. Y. (1975). 

< 
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be handled with care. However, these compound s, spart from hydrogen 

telluride, are less toDe than those of selenium. 

1.1 Methods for the Introduction of Tellurium into Organic Molecules 

Introducing telluriurn into organic Molecules and the preparation of 

many kinds of organotellurium compounds is the entire st.udy of enrly 

organic tellurium chemistry.5a A number of organic tellurium compounds 

can be synthesized directly from elemental tellurium. The inorganic 

tellurium compounds Most often employed as starting materials are 

tellurium tetrahalides and alkali metal telluride. Diphosphorus 

pentatelluride, aluminum telluride, tellurium dioxide. hydrogen telluride. 

tetramethoxy tellurium and hexamethoxy tellurium have round very 

limited application. Certain organic tellurium compounds can react 

further with organic reagents to yield compounds wi th more organic 

groups bonded to the tellurium atom than in the starting material. 

1.1.1 From Elemental Tellurium 

Reactions with Orpnic Halides 

Among the methods for introducing tellurium into organic 

molecules, only a few organic iodides have been used. They react with 

elemental tellurium to produce dialkyl tellurium diiodides in moderate 

yields. (Eq. 1).5 

2R1 + Te •..• _ .••• _ .•.• - ••••• _ •• > R2Tel2 (Eq.l) 

1 3 
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1 Organie dihalides, X-(CH2)n-X, combine with tellurium to form 

telluraeycloalkane 1,1-dihalides.6 The reactivity of the dihalides seems to 

decrease with decreasing atomic mass of the halogen atom. 

Insertion Reactions into Carbon·metal Bonds 

Elemental tellurium inserts into the carbon-metal bonds of 

compounds of the type RMgBr,7 RLi8 and R-C=C-Na9 (Eq. 2-4) to form 

unstable adduets which are therefore not isolated but treated immediately 

with the appropriate reagent to form tellurides, ditellurides, diorgano 

tellurium dihalides and tellurols. The reactions, however, are often more 

complicated th an they seem. 

R-M,Br + Te ........ _ ••••• _ ••••• _ .. > R-Te·MgBr (Eq.2) 

4 5 

R-U + Te ......................... _ •••• > R-Te-Li (Eq.3) 

6 7 

a.c.C·Na + Te •••••••••••••••••••••• > R-C.C-Te·Na (Eq.4) 

8 

ReactiODS with Orpnic Radicals 

Minors of elemental tellurium. are removed by radicals like CHa", 

CFa", CaH7' and CH2: generated by the thermal decomposition ofvariety of 

compounds.10 These reaetions are unimportant as synthetie methods, 

sinee the organie tellurium compounds formed can be prepared much 

easier and in higher yields by other methods. 
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RepJacement of Mercury, ~ Groups and Hydrogen 

Diaryl mercuryll reacts with tcllurium upon heating in the absence 

of a solvent according to equation 5. The yields range from 53-100%. 

RzIII + 2 Te - •••. ----.> R2Te + HgTe (Eq.5) 

10 Il 12 

Tellurium replaces the 802 group in biphenylene sulfone (13)12 and 

thianthrene 5,5,lO,lO-tetroxide (14)13 upon heating, to give in both cases 

dibenzotellurophene (15) (Eq. 6). 

Te 

~ 
VTeV 

Te 15 

(Eq.8) 

1.1.2 From Tellurium. Halides 

Among the tellurium tetrahalides, the tetl'achloride is used almost 

exel usively. 

Condensation ReactiODS of Tellurium Tetrachloride with Elimination 
olllydrogen Cbloride 

Tellurium tetrachloride combines with subst.ances containing 

activated hydrogen atoms to form cycBc and Bnear condensation products. 

1,3-Diketones condense with tellurium tetrachloride producing I-tellura-
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3,5-cyclohexanedione-l,1-dichlorides (Eq. 7). Most oC the work in this area 

W8S do ne by Morgan and coworkers in the 1920's.14 Some of this work was 

reinvestigated Iater in the 1960'8.15 

°vvO ) l. + Teel. 
ft R 

-2HCl 

(Eq.7) 

16 17 18 

Monoketones,16 carboxylic aeid anhydrides,17 dimethyl sulfite1S and 

substituted aromatic compounds19 have also been investigated as organic 

compounds for the condensation. Tellurium tetrabromide and tetraiodide 

do not undergo condensation reactions to the same extent as the 

tetrachloride. 

ReactlODS of TeJIurium HaJides with OrganometaWc Compounds 

Tellurium tetrahalides have been reacted witb Grignard reagents, 

organomercury chlorides, organic lithium compounds, diethyl zinc and 

bis(pentaOuorophenyl)thallium bromide.20 Tellurium tetrabromide and 

tetraiodide give the same yields in reactions with Grignard reagents as 

tellurium tetracbloride; these reactioDs give complicated results as they 

will a1ways give mixtures under tbese conditions. Aryl Mercury chlorides 

are employed to form the carbon-tellurium bond when a direct 

condensation between tellurium tetrachloride and an aromatic compounds 

is not possible. Equimolar quantities of aryl Mercury chlorides and 

tel1urium tetrachloride give exclusively the aryl tellurium trichloride in 

yields ranging from 60-90% (Eq. 8). 
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RHaCJ + TeCl,j _._._ •••••••• _._ •••• > RTeCls + H,c12 (Eq.8) 

19 10 li 

Organic lithium compounds combine with tellurium tetrachloride 

with the elimination of lithium chloride. The reaction proceeds to Corm 

organotellurium trichloride, diorganotellurium dichloride, triorgano­

tellurium chloride and tetraorganotelluride depending on the molar ratios 

employed. 

1.1.3 From AIkali Metal Tellurides and Other Inorganic Tcllurium 
CA»mpounds 

Alkali metal tellurides are easily alkylated by organic chloridcs, 

bromides and iodides (Eq. 9, 10). 

Na2Te + 2RX •••••• _ •••••••••••••• _.> R2Te + 2NaX Œq.9) 

22 23 14 

Na21'e2 + 2RX ._._._ •••••• _._._ •• > R2T~ + 2Nd (Eq.IO) 

25 26 

The alkylation reactions are carried out either in an aqueouB 

medium, when the tell uri de were prepared according to Tschugaetr and 

Chlopin,21 or in liquid ammonia,22 when the telluride was synthesized 

from the alkali metal and elemental tellurium. Although the aqueous 

systems are easier to handle, liquid ammonia is the appropria te solvent for 

higher alkyl halides which are not appreciably soluble in an aqueous 

medium. Diorganotellurides and sorne diorganyl ditellurides are prepared 

in this way. Recently, Barton modified the preparation by stirring a 
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mixture of tellurium and sodium borohydride in water/ethanol making this 

method much more popular for the preparation of organic tellurium 

compound a .23 

Sodium tel1uride also reacts with diacetylenes (2'1) in methanol at 

room temperature to form the dianion intermediate (28), which is 

hydrolyzed to produce tellurophenes (29) (Eq. 11).24 

Na1Te 
R-=~-.~-R • 

27 

Na~Na H H 

R~_ \\-R---I~~ R~R 
Te Te (Eq.ll) 

28 29 

Aluminum tell uri de, A12Te3, was also employed in sorne of the 

telluride preparations.25 

1.1.4 From Other Organic TeUurium Compounds 

Further manipulation of organic tellurium compounds can lead to 

the formation of additional carbon-tellurium bonds. Alkylation of naphthyl 

tellurium iodide with Grignard reagents was used to synthesize 

unsymmetrical tel1urides.26 Organomercury chlorides react with organyl 

tellurium trichlorides to produce dialkyl wllurium dichlorides which can 

also be obtained by addition of trichlorides27 to carbon-carbon double bonds. 

Organotellurium trichlorides and tribromides condense with acetone, 

acetophenone, alkoxyl or dialkylamino or 2,4-dihydroxylbenzene to form 

diorganotellurium dihalides. Reaction of organotellurium trichlorides 

with ditellurides gave diorganyl tellurium dichi~rides and tellurium 

(Eq.12).28 
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2ft2Tet + 2RTeCls ._ .... __ •••.••• _> 3R2TeCl2 + STe 

30 

(Eq.12) 

Diorganotellurides combine with organic halides to give triorgano­

tellurium halides. Diorganyl ditellurides are c1eaved by methyl iodide to 

give diorgano methyl telluronium iodide and organo methyl tellurium 

diiodide. 29 Vic·dibromides28 transform ditellurides into diorganyl 

tellurium dibromides with the elimination of tellurium. Ditellurides 

decompose thermally to tellurides and tellurium.28 

1.2 Sodium Tenuride (NaHTe or NazTe) as a Versatile Reagent in 
Organic Synthesis 

Sodium telluride is not only the most important and widely used 

reagent for the introduction of elemental tellurium into organic molecules, 

but also the most widely used tellurium reagent in organic synthesis. New 

applications in organie transformations by this reagent have been 

emphasized after Barton developed a new procedure for its preparation.23 

The reagent formed by the new procedure was called sodium hydrogen 

telluride. However, the existing species in the reagent was found to be 

Na2Te,NaHTe or Na2Te2 depending on the ratio ofreactants and the pH of 

the solution.30 Sodium telluride ia used in a variety of organie functional 

group transformations.3l 

Sodium hydrogen telluride is recognized as a useful reagent for 

debromination uic-dibromides to olefins (Eq. 13).32 The debromination 

occura by an anti E2 ~-e1imination as determined by the stereochemical 

results. 
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,rfa 
R1--C-C-R .. 

1 1 

NaHTelEtOH, reflux 2h 

76-89% • 
~Br (Eq.1S) 

31 32 

ge m -Dibromocyclopropanes are reduced to monobromo­

cyc1opropanes by NaHTe.33 This reduction was Cound ta be Caster and more 

selective than NaBH4 (Eq. 14). 

Br 

d Br NaHTe,reOux 9~ ~Br 
55% V + 

33 34 

Br 

ci (Eq.14) 

35 

Sodiwn hydrogen tdluride is also effective for the selective removaloC 

halogen atoms adjacent to carbonyl groups (Eq. 15).34,35 The method seems 

ta be general, chemoselective, and free from si de reactions. 

The mechanism oC this reaction was not studied in detail but W8S 

8ssumed tI) iDvolve a nucleophilic attack of telluride ion on halogen leading 

to the formation of an enolate. 

o R 
Il J a 

R1-C-C-X 

~ 
36 

NaHre ~ ,. 
-------t~~ R1-C-C-H 

1 
R,a 

37 

X=halogen, sulfonyl 

(Eq.lS) 
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Under the sa me conditions, the sulfonyl group at the a-position of the 

carbonyl was also removed.36•37 Simi1arly, a-methylthio-a,p-unsaturated 

sulfones (38) were also desulfonylated (Eq.16).38 

NaHTe 

(Eq.18) 

a-Diketones are partially reduced to the corresponding a­

hydroxyketones in the presence of aeetic aeid. or trifluoroacetic aeid 

(Eq.17).39 The reactive species here seems to be hydrogen telluride rather 

than sodium hydrogen telluride. 

o 0 

~ 
NaHTe HO 0 

~ (Eq.17) 

40 41 

Sodium hydrogen telluride is also able to reduce carbon-carbon 

double bonds in high yields without affecting the carbonyl or aromatic ring 

(Eq.18).40-46 Later, the reaction mechanism was also studied and a hydride 

transfer proœs8 was proposed.47 

-\ 
R 

42 

NaHTc 

Œq.18) 

43 

The action of N aHTe on non-electrophilic carbon-carbon double bonds 

was aIso investigated.48,49 The reaction is very sensitive to the substituents 

on the ethylenic linkage. The reagents add to isolated mono and 
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disubstituted double bonds leading to organotellurium derivatives and with 

Ilem-disubstituted ones it leads to a mixture of reduction and addition 

products. These resu1ts are interpreted in terms of a radical mechanism 

involving hydrogen atom transfer from HTe- to the double bond. 

A limited amount of the reagent can reduce activated carbon-carbon 

triple bonds to carbon-carbon double bonds (Eq. 19). When the reagent is in 

excess, the double bond produced is reduced to a saturated carbon-carbon 

bond.50 

Ph....;;;;;;-COzMe NaHTe ~ Ph~ 
COzMe 

44 4S 

(Eq.19) 

The reagent was also found to reduce a variety of nitrogen containing 

compounds. The reagent reduces secondary amines with carbonyl 

compounds to tertiary amines under mild conditions.51 Thus, reOuxing 

piperidine with benzaldehyde and NaHTe in ethanol gave N­

benzylpiperidine (47) (Eq. 20). 

The action of sodium hydrogen telluride on imines was also reported 

(Eq. 21).52,53 The reaction mechanism has been studied.53 The reagent also 

reduced quatemary ammonium salts54 and imonium salts (Eq. 22).55 The 

products of the latter depend upon the pH value of the sol\.1tion. Under 

alkaline pH, only dihydro derivatives are formed. Alkyl and aryl azides was 

reduced by NaHTe to the corresponding primary amines (Eq. 23).56 For a· 

azido ketones, the produced amines self-condensed followed by aerobic 

oxidation to give pyrazines.57 
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CNH PhCHO/NaHTe CN-CHaPb ~ 

(Eq.20) 

46 47 

RI Nal-lTe Rl 
)=N-R ~ r NHR 

Ils Ils Œq.21) 

48 49 

Rl ,Ra NalITe 
Rl 

)-NRsR4 >=N~ X· ... 
R2 R4 R2 (Eq.22) 

50 51 

NaHTe 
R-Na ~ R-NH:z (Eq.23) 

52 53 

Various nitro compounds were effectively reduced to the 

corresponding amines in good yield (Eq. 24).58-60 Under the same 

conditions, N-oxides were reduced to secondary amines (Eq. 25), but 

sulfoxides were not reduced.6O 

R-N02 
NaHTc 

R-NHl ... Œq.24) 

54 

RI 
NaHTc Rl , , 

N-O· ~ NH 
&.' ~' (Eq.25) 

55 56 

Alcohols can be converted into the corresponding benzyl ethers by 

reaction with the Vilsmeier salt, chloro(phenylmethylene)-dimethyl 

\ 
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ammonium chloride 57 (prepared Crom dimethylbenzamide and phosgene), 

giving the imidate salt8 58, followed by reduction with sodium hydrogen 

telluride (Eq. 26).61 The reaction proceeds un der mild conditions, most 

probably via the tellurobenzoate and hydrogen atom transfer. 

Ph / ROH Ph / NaHTe 
>=N+ cr ... )=N+cr ~ 

Cl , RO , 

57 58 

[ Ph "1 )=Te ........ ... RO-CHsPh 
Ra (Eq.28) 

59 60 

Reductive cleavage oC disulfides with NaHTe gives the corresponding 

thiol in 65-98% yield (Eq. 27).62 

RSSR 

61 

NaHTe .. RSH 

62 

a,p-Epoxy ketones were chemo- and regioselectively reduced to p­

hydrozy ketones by the NaHTe (Eq. 28).63 The reaction also opens 

unactivated epoxides c1eanly by an Sl'42 process to give telluro-alcohols, 

which by reduction with borohydride dord alcohols.54 

o 
NaHTe, EtOH, O"C ~. 

------------~.~ ~OH 
(Eq.28) 

63 64 
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1 The reagent has also been used in the deprotection of alcohols or 

aeids by the formation of different esters through cleavage of the ester bond 

(Eq. 29).64.69 Five-membered eyclic acetals were also c1eaved by this reagent 

to give the corresponding diols (Eq. 30).71 

NaHTe 

65 66 

Rl=Ar, Phenyacyl, Benzyl, Alkyl, CH2CH2X 
R2= Me, Et, Pr, iPr, Benzyl, Ar 

NaHTe OH OH 

~ 
67 68 

<FAI.29) 

(Eq.SO) 

Diallyltetrahydroquinolinediones (89) undergo partial dealkylation to 

give allylhydroxyquinolines (70) on treatment with NaHTe in boiling 

ethanol (Eq. 31).71 

OR 

NaHTe 
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(Eq.Sl) 
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1.3 Otber Tellurlum Compounds as Alternatives olNaHTe ln Organic 
Synthesls 

In addition to the widely used NaHTe, some other tellurium 

compounds have been used as alternatives to this reagent in difTerent 

reactions. Among them, most frequently used are diaryl tell uri de , diaryl 

ditelluride and bis(2-thienyl)ditelluride. 

The dehalogenation of vic-dibromides with diphenyl telluride giving 

diphenyl dibromide and the corresponding olefin is the first reported 

transformation of an organic Molecule by means of organotellurium 

compounds (Eq. 32).72 The conversion occurs by heating the reaction 

mixture for several hours. The stercospecificity of the anti-elimination is 

supported by the formation of trans olefins from meso dibromides. 

71 

Br~ 

R 1+-f-R4 

Ils Br 

Ph Br -........ 'T: + 
pt! 'Br 

71. 

(Eq.32) 

SimiIar to diaryl tellurides, diaryl ditellurides ('13) also reduce vic­

dibromidea to 0le6ns. The reaction involves the corresponding 

aryltellurenyl bromide (74) which is then converted into a 1:1 mixture of 

diaryltellurium dibromide and elemental tellurium. In the reaction 

however, half of the tellurium is lost. Similar stereochemistry is observed 

with this reagent as with diaryltelluride mediated reductive elimi­

nation. 73-75 

149 



, 
, 

1 
Br 1.la 

ArTeTeAr + RI +f-R.c 

~Br 
73 

Ar= MeO-Ph-, EtO-Ph-

Scbeme 1. 

2AtI'eBr 

74 

l 
Ar Br 'T' + Te 
Ar/ 'Br 

7S 

A recently reported method for the debrominalion of vic-dibromides 

employa sodium borohydride together with a catalytic amount of bis(2-

thienyl) di tell uri de (78). The ditelluride is reduced to the corresponding 

sodium telluride (77) which debrominates vic-dibromides to olefins through 

attack on bromine. The ditelluride is regenerated by the successive reaction 

of the formed tellurenyl bromide with another mole cule of telluroate 

ion.76,77 1,4-Dibromo-2-o1efins and 1,2,3,4-tetrabromoalkanes are reduced to 

1,a-dienes by this methodology.78 

Q..Te-Te1() 
76 

?tIfs 
R1-C-C-H 

1 
ft... 

NaBHJEtOH 
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The 2-thiophenetelluroate anion 77 produced from the reductioll of 

bis(2-thienyl) ditelluride with sodium borohydride also reduces a number of 

a-halo, a-acetoxyl, (l-mesyloxyl-, and a-thiophenyl-ketones in good yields.79 

It reacts with 2,2,2-trichloro-tert-butyloxycarbonyl (TCBOC) protected 

amine derivatives 78 to give the deprotected amines 79 (Eq. 33).80 

(Eq.33) 

78 79 
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Chapter 2. BIs(trlpbenylstannyl)teIluride (1) as a New Tellurium Reapnt 

for Orpnlc Syntheals 

155 

The previou8 8ummary has shown the versatility and importance of 

sodium hydrogen telluride in the introduction of tellurium into organic 

compounds and its useful application in organic transformations. 

However, there are still several criticallimitations of this reagent: 

1. The reagent itself is not stable enough and cannot be stored for a long 

period; each time when it is used, it has to be freshly prepared. 

Thus, the use of this reagent is not convenient. 

2. AlI the preparation procedures of this reagent, including Barton's 

modification, involve the ~se of a protic solvent (ethanol, water, or 

liquid ammonia). These solvents are not always desired in organic 

C synthesis. 

3. From the preparation procedure, the reagent was obtained by the 

reaction of tellurium with an excess amount of sodium borohydride 

under reflux. Thus, the reagent mixture is both a strong base and a 

strong reducing agent. This may induce 8: de reactions in organic 

synthesis, especially for complicated Molecules. 

4. Because of the preparation method, it is difticu1t to carry out very 

smaU scale quantitative reactions with this reagent. This limits its 

application in fine organic synthesis involving smaU amounts 

reactants (mmol reactions). 

In order to overcome the above limitations as the purpose of this 

section of the thesis, we intend to develop a new tellurium reagent which 

can be prepared, stored and used very easily in virtua1ly any soivent system. 
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ln addition, it should be mild and effective ror nearly any scale reaction. 

2.1 Preparation and Pbpiœl ProperUes ofBIs(tripbeoylstann,l)teUurlde 
(1) 

Following earUer studiel on the seriel or bis(triphenylstannyl and 

silyl)chalcogenidel and on fluorodestannylation in tml laboratory,l we 

wished to exploit the cbemical reactions of telluride 1. We suspected that it 

might be a good candidate ror the new tellurium reagent through the 

followinl fluorodestannylation procedure. 

SchemeL 

Ph, ,Pb " F ft 

Ph-Sn-Te-Sn-Ph ~ 
Ph" -. Ph or KF.2IfsO 

Te·2 or HTe' 

1 

Bis(triphenylstannyl)telluride was tiret synthesized in 1964 by 

Schumann IIÛJ a multi-atep aynthesis involving the preparation of PhsSn' 

Li+. lta reaction with tellurium gave Ph38nTeLi and finally the reaction of 

Ph3SnTeLi with PhsSnCl in ether gave the tenuride reagent 1.2,s Later the 

preparation wae improved by Mathiasch4 in 1981 and Einstein5 in 1983 VÜJ 

the reaction of a benzene solution oC the triphenyltin chloride with an 

aqueous phase containing an exceu amount of Na2Te. which wal prepared 

in .itu tram th. reaction oC tellurium powder with an aqueou. ethanol 

solution of sodium borohydride.8 

The lSC , 1198n, 125Te NMR spectra as weil as its 1198n and 1251'e 

M08sbauer spectra have been determined.4,5,7 This compound forma white 

need1el and its crystal structure has been determined.5 Tbe molecule 
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exhibite a "bent- ,eometry in which the Sn-Te-Sn angle =103.68(2)0 and the 

Te-Sn bond length. 2.7266(6)A. The Te atom lies on a crystallographic two­

Cold axil (Fig. 1). 

Scheme 2. Prepantlon otbla(trlp~lstaDDyl)telluride (1) 

LvrHF Te 
--..... ~ PhaSnIA 

3 

ClSnPha 
------~~~ ~~ 

NaBHJEtOHlHtO 
----------~ .. ~ NaBTe 

6 

2ClSnPhs 
------~.~ ~ 

Fi,. 1. ORTEP diacram or (PhaSn>2Te molecule. (Hydrogen atoms are not 
included.)I 
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Bil(triphenylltannyl)telluride (1) il dift'erent from other alkyl tin 

telluridea in that thia aromatic derivative il a fairly stable Bolid which can 

be prepared, purified and handled very easily. The compound can be stored 

in a reCrilerator for long perioda without obvioua decompoliüon taking 

place (e.g. 1 year). These characteristica luggest that this molecule could 

be a useful reagent for organic Iynthesis. Itl ehemieal properties or 

applications have not been examined berore. However, t-butyldimethylsilyl 

and trimethylsi1yl telluride (8), are much less stable and hence more 

difficult to work with. Silyl telluride 8 on the other hand, has been 

examined once. The compound W8S round to be a good reducing agent for 

the group 6A ondes (Eq. 1)8 to give the corresponding chalcogenide. 

RM(->O)R' + R"aSlTeSiR"a --------> RMR' + R"aSiOSlR's + TaO 

7 8 9 10 

Il, R' • alkyl and aryl 

R" • trimethyl and t-butyldimethyl 

M =8, Se. Te 

U BJa(trI~urtde as a New TeDuratloD "Dt 

(Eq.l) 

Telluration oC difTerent organic compound. to give diorlanic 

telluridel i. the mOlt fUndamentally studied area of organie tellurium 

chemistry. However. the currently employed methods ,enerally use 

sodium hydrolen tell uri de or disodium telluride as the telluration 

reagent.I,tG The reaction conditionl are usually basic and without 

selectivity. The reaction also sulTers from the formation of ditelluride, 

which bal to be thermolyzed to remove one tellurium. Other by-productl 
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are formed due to the existence of ex cess sodium borohydride. Alternatives 

to this reagent are generally only applicable for a specifie reaction and can 

not be widely uled. Thua, our 6rst study of this new reagent was the 

telluration proCedure. 

Bil<triphanylltann11)telluride (1) was prepared accordin, to the 

reported procedure& with a modification of the solvent of crysta1lization and 

recrystallization trom ethanollhexane to ethanollchloroform. When 

different organic halidel Il are treated with telluride 1, the corresponding 

diorganotelluridel 12 wen obtained (Eq. 2). Unlike procedures UtUÙt; 

NaHTe or Na2Te, the telJuride thus Cormed il pure and free from 

diteUuride. 

Ph Ph 
Ph-SD-Te-S~·Ph + JRX 
pli 'Ph 

Ph 
\ 

R-Te-R+2Ph-Sn-X pt! 
(Eq.2) 

11 12 13 

The choice or solvent hal a 8trong influence on the reaction. A 

variety of solvents, a.l. THF. chloroform, acetonitrile, can be uaed. 

Howevar. the reaction is falter when the more polar acetonitrile is used .s 

the solvent; the rate of the reaction was found tG be increuec:l ae the polarity 

or the solvent meruaed. 

The reaction was allO sensitive to different typel of halides, shOwilli 

the foUowing reactivity: benzylic (allylic) > alkyl > aryl; iodide > bromide > 

chloride. The mOlt active kind of baUde (benzylic) reacta smootbly with 

telluride 1 to cive dihenzyl telluride. Alkyl balides need 10 he activated with 

cesium Ouorida. 



, 
160 

1 
Table 1. Reaction oC Bia(triphenylatannyl)telluride with Organie Halidea 

Entry Halides Produet(12) Yield(%) Solvent Time(h) 

la PhCH2Br 121 (phCfI2)2Te quanLr. CDJcNf 24 

lb Ph0l2Br 12. (phCH2>2Te 33c cnO] 48 

le Ph0l2Br NRx. CDCl3' 24 

2ab CH3(CH2>91 12b (CH3(CH2)9nTe quanlC MeCNtrHfd 1 

2b CH3(CH2l91 NRx. MeCNfIHPI S 

3b CH3(CH2l9Br 12b (0I3(CH2)9nTe 40 MeCNfIlIFd 1 

4b CH3(CHV9CI NRx. MeCNtrHfd S 

Sb o-C6I'I4(CH2Brn 12e o-C6H4(Oh)2Te 50 MeCN!fHPI 1 

6b C6HsI NRx. MeCNfIlIFd S 
'1 

'. ( 7b (CH3nCHI 12d «CH2)2CHhTe SOC MeCN(IHFd 1 

8ab BJCH2COPh 12e (phCOCH2>2Te 64e MeeN S 

12e' +PhCOCH3 Ise 

Sb BIOI2COPh 12e' PhCOCH3 Ise MeeN 

• Iaolat.ed JÎeld UDIeaa othenrile mentioned; b 4 equivalenta of CaF wu added; e 1H 
NMR Yield; d 311 ratio;. CIOmpared to an authentic sample by GLe and 1H NMR;' 
41500; The oUalra wen carried out at l'OOm temverature. 

The activation procelS is 8uaeated to proceed al ahown in Scheme 3. 

Attack of the Ouoride on tin in ,itu deli\'ered PhaSnTe·. The hi,hly 

nucleophilic anion then Ukely attacks the halide immediately to produce 

triphenylatannyl organo teIturide through a SN2 nucleophilic substitution 

reaction. Repetition oC the Ouorodestannylation and SN2 substitution gives 

1 
the final diorgano telluride. A summary of the telluration reactions 
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perf'ormed are collectee! in Table 1.11 

Schema & ActivatiOD DIqram ofbls(Tripbeoylstannyl)teDuride (1) by 
FIuorlde loB 

Ph Ph 
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Ph ~~ \ 1 1 ~ 
Ph-Sn-Te-Sn-Ph+ R-X 

1 \ X" R-Te-Sn-Ph+Ph-Sn-F + 

Ph'~ 'Ph 

F· 

Rate Detenn1n1n,Stepi 

J'Ph PIf 

RGe+ F" 

! Ph 
R-Te-R+ Ph-Sn-F + X· 

Pt! 

Thuit the F- activated telluration process cao be separaud into two 

Ourodeltaonylationl and two tellurations. A Iikely sequence oC steps is 

shown .1 followl. 

Ilow 
1). Pba9DTe8DPba + (c.+I'") ------~--> PhaSDTe-c.+ + FSnPba 

Cast 
Il). PbaSn~+ + lm _ .... _ •• _ •• _ ••• -_ ... > PbaSDTeR + [c.+X·] 

slow 
Iii) PbaSnTeR+ [c.+X·] ._._ •• _ ••• _ •• _._ .. _> RTe-c.+ + F8DPha 

fast 
IV) RTe"C.+ + RX _ .................................. > R-Te-R + [0.+][-] 

1 In these lteps, the two ftuorodestannylationa involve charge 
\ 
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separation, because that inorganie salt is le8& soluble in the organie BoIvent 

than the organie telluride salt; the two telluration& involve charle 

cancellation. Reactions involving charge separation normany will he 

aceelerated by the use of more polar sol vents, otherwise the reacUon will not 

be appreciably affeeted. Binee bis(triphenylstannyl>telluride(1)-based 

telluration il strongly dependent on the pola rit y of the solvent and more 

polar solvent favore the reaetion. the steps that control the formation oC the 

product in the whole teUuration process are the charge separation onel 

involving OuorodestannyJatiolls. 

Alkyl halides (alkyl iodides, or bromides) can resct essily through the 

Ouoroactivation process. Aryl halides and alkyl cblorides however are still 

completely inactive even when they were further activated by adding a 

crown ether.12 Because of this sensitivity of the reagent, selective 

transformation or the bromo group (in the presence of a displaceable 

chlorine aOOm ) 10 tellurium is possible (Scheme 4). The reaction provides 

the first example ror the preparation of this type of compound. 

Cl~Br 

14 

PhaSnTeSnPh~CIF 

61" 

Cl~Te~Cl 

15 

When reagent 1 combined with cesium Ouoride was allowed to react 

with a-halo carboxylie estera, high yields of symmetric teJ1uro esters were 

obtained. This type or compound has not appeared beCore in the literature. 
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The only compound of trua type, menthyl tellurodiacetate,13 wa. obtained a. 

a by-product from the thermal decomposition of the menthyl ester of di-n­

but yI telluretine bromide. The bactericidal power of diethyl 

tellurodiacetate1• hal been investigated before, but the preparation wa. not 

reported. The difficu1ty with the preparation of thi. compound might come 

from the facile cleavage of the ester with the general telluration reagent.1& 

The preparation of a varlet y of this class was achieved and is aummarized 

as Collowa. l6 

CsFlMeCN 
Ph3SnThSnPhs +X(CHvaCOOR _ ............. > Te«CH2>aCOOR>J Œq.S) 

R. T. 
16 17 

X= Br, CI 17. R=Me n= 1 

17b R=Et n= 1 

17c R= nPr n= 1 

17d R= t-Bu n- I 

17. R=Et n= 3 

The propertie8 of theae compounda were inve8ti,ated. Surpri'ina.y, 

unlike the allyl teUuride17 or a-telluroketonel,18 which decompose easUy, 

theae compound. are .table. Under the protection of nitrolen, alter 

renuune with AIBN in benzene for 10 h, there i. no chan,e in th. 

compound. These compound. Beem also very atable both to li,ht and air. 

Under nitrogen, UV irradiation for 24 h cauaed no detectabl. 

decomposition. These properties seem to be the same as normal dialkyl 

telluridel. 

Without protection by an inert gas, the sample can be kept at room 

temperature for Beveral month8 without decomposition. Thu8 the se 

1 
> 
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compounds appear to have potential a8 stable precursor8 for other aynthetic 

procedures. 

The reaction can also be used to prepare other symmetrical telluro 

esters. Thus y-telluroeater l'7e waa prepared aimilarly. In the preparation 

of P-telluroestera, rapid decomposition occurred after ita initial formation. 

Secondary a-telluroesters, such as dimethyl 2-tellurodipropionat8 

can also be prepared. However, rapid decomposition during the process of 

purification makes full characterization difficult. The de composition 

product involving the formation of an «,p-unsaturated compound, methyl 

acrylate, was detected by IH NMR spectroscopy. The decomposition likely 

proceeded by a radical p).'ocess. 

Ph3SnTeSnPha 
CHsCBBrCOOMe -------> Te(CH(CUs>COOMe>2 

CsFlMeCN 
18 19 

(Eq.4) 

Te(CH(CIJa)COOMe>l --> ICHaCoCOOMe] -> CB2.cuCOOMe Œq.1> 

20 21 22 

The decompoaitioD naction 8uggesta a novel olefination methodolOlY 

from organic halides, inatead of carbonyl compcunda a8 in the conventional 

Wittig and Peterson Ole&nation, in the following way. 

Base 
Te(CBICOOR>I + R'X > Te(CHR'COOR)2 --> R'CU.cHCOOR 

When we reacted ethyl telluroacetate with benzaldehyde and K2C03 

in THF for 24 h at room U!mperature, we obtained co. 10% of the 
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corresponding 01e6nation product by IH NMR. Trying to improve the yield 

of olefination with diff'erent conditions and difTerent bases was not 

succesaful. 

In the case of bromoacetophenone as the halide, interestingly 

enougb, more than 30 percent of the reduced product acetophenone was 

obtained, together with the telluride. The reduced product Most likely came 

from the decomposition of the telluration product or its inte~ediate. When 

the reaction was carried out without adding CsF, only 15 % of the 

acetophenone was formed. This unexpected result 8uggested a useful 

methodology for the reduction of a-halo carbonyl compounds. 

In general, the high selectivity, good yields and mild reaction 

conditions make this telluration reaction a more convenient and efficient 

route than the currently mating methods. 

2.3 Bl8(trlpheDJlstalmJl>teBurlde (1) as a DehalogenatioD Reapnt of «­
Halo CarboDII CAmpoUDdl 

DurinC the atudy of telluration by bis(triphenyI8tannyl)telluride (1), 

we obaened the formation of a dehalogenation product when it reacted with 

a·halo carbonyl compounda. However, thil product il only the minor one. 

When we u8ed KF·2H20 .e the Ouride lource inltead of celium ftuoride, 

quantitative dehalogenation took place (Table 2).19 The reaction wa. Cree 

from the telluration product. 

An alternative poaaibility to thi8 process could be lJiG tE!llurol 

intermediate 28, i.e. during the reaction, the semitelluration first takel 

place; a sub8equent rearrangement detelluration proce8s would then give 

the enolate, which rearranges to give the reduced product. A similar 

detelluration rearrangement hae been suggested in the reaction of allyl 
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halides with sodium telluride.17 The two possible paths are shown in 

Scheme 7. 

Table 2. Dehalogenation of a-Halo Ketones by Bis(triphenylst&nny1)telluride(l) 

Entty a-Halo ketone Solvenl Tune(h) ProduCI Vieil 

1 PhCOCH1Br CH,CN S PhCOCH, 79(quanl) 

2 PhCOCH1Bt CD,CNb S PhCOCH, (3S) 

3 PbCOCH1Br Cl>JŒ S PhCOCH, (IS) 

4 PhCOCH2Br CH,ot' 0.2 PhCOCH, (quant) 

S PbCOCHBrCH, CH,CN S PhCOCH1CH, 87(quant) 

6 PbCOCHBrCH, CH,of 0.2 PhCOCH1CH, ml 

7 PbCOCBr(CH3h CH,CN 10 PhCOCH(ClI3n 69(78) 

8 PbCOCHzCl CH,CN 10 PhCOCH3 77(quant) 

9 6° Cl>]CN S 6 (63) 

10 CH,COCHzCI CD,CN 4 CH,COCH, (92) 

11 ~2Br CD,CN CH3CH1COCH, (qun) 

AU the reactioos weœ carried out al room temperat\R with the haloketone : tdIwide : 

KF.2H20. 1 : 1 : 3 ( mole ratio); • isolatcd yields; IHnmr yields in parentheses; 

bwith CsF as catalyst; cwithout KF.2H20; d refluxing. 

The process suggests that during the reaction with KF.2H20 a 

triphenylstannyl hydrogen telluride intermediate 25 was formed in situ; 
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thi. would reduce the halogen to hydrogen tbrough protonation of the 

carbonyl, reductive enolization by the Te anion, and rearrangement of the 

enolate. 

In both euggested mechanisme, the enolate species should be 

present. However. trying to trap the enolate with benzaldehyde. we were 

unable to obtain the aldol condensation product. Thus. there is still no 

direct evidence for the proposed mechanism. 

Scheme '1. PoaaIbIe Mechanlsm orthe Dehalotenatlon Reaction 

25 

KF.2Ht<) 

28 

26 

----------- .. ~ 

B q3 
)(_ ""RI 

RI RI 

29 

27 

l 
B ... l

RI RAt. ~ 
24 

t 
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Attempts to dehalogenate a-halo esters by this mcthod only gave a 

mixture of telluration and dehalogenation products. General alkyl halides 

still give the telluration products by this method. 

2.4 Bis{tripbenylstannyl)teDuride (1) as a Debromination Reagent of vic­
DJhromldei 

Dehalogenation of 1,2-dihalides is a common process whicb is 

encountered in organic synthesis. That sodium hydrogen telluride20 and 

selenium anions21·23 in ethanol have been used Ù) debrominate dihalidcs to 

form olefins suggested that the combinntion of rcagent 1/F. might be uscful 

for this important reaction. When a variety of 1,2·dibromides were treated 

with 1.6 equivalenta of 1 in the presence of Ouoride ion, excellent yields of 

debrominated olefins were produced (Table 3).11 

ft Ph,8nTeSnPhy'CsF 
'CRBrCIlsBr ~ 

J2 33 

The reaction ie carried out in acetonitrile under very mild conditions. 

The presence oC Borne labile functional groups, e. g. sulfones (entry 3) and 

a-aceta1s (Eq. 8), do not interfere with the reaction. Other solventB can also 

be used as. Thil novel debromination method appearB to he an excellent 
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procedure to deliver deanl)' a very high yield of olefin; it is partieularly 

effective Cor amall quantiûes of Bubstrate (0.05 mmol). 

BXO) Ph~nTeSnPh:lC8F 

Cj ~ 

Br 0 (48) 

34 quantitatively 35 

Table S. DebromlDafJOD oIvic-dibromidea 

Entry Dibromide Product Yield(%) Time(h) 

la- PhCHBrCH2Br PhCH=CH2 28b,e 3 

lb PhCHBrCH~r PhCH=CH2 quantb,. 3 

2a ~(CH2hCHBrCH2Br CHa(CH2l,cH=CH2 asc 1.5 

a, Cli3(CH2hCHBrCH2Br CHa(CH2}~::CH2 quantC • 
3 PhSO~H~HBrCH2Br PhSO~~=CH2 97d 3 

4 PhCHBrCHBrPh(meso) PhCH=CHPh(trans) 94d 5 

Ali the readioDi were carried out at room temperature in aeetonitrile; aU or the 
producta were compared on OC to authentic lamplea; aTellurideldibromide:O.5, 
othel'll.5I1; b Hn.mr yield; COW yield; disolated yield; am deuterium acetonitrile. 

Scheme IL DetermlDatlon ottbe Elimination SCereocb.emIatr 

a)'Q elimina tion 

Ph Br 

B..HB_~ 
B Ph anti elimination 

meso 

36 

Ph 

~Ph 
37b 

------------------------~--. 
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Tbe atereochemisty of the reaction waa examined throu,h th, 

relationship between starting dibromide 38 and the fonned oletin 87b. The 

result shows that the reaction is a c1ean anti-elimination process Cree nom 

the syn elimination product. 

The reaction mechanism appea ra to be the same .1 other Te anion 

promoted reductive elimination reaction of uic-dibromides.20 

Scheme 8. Possible Mechanfsm of the Elimination!» 

2.5 Selective Monodesulfurization of Organic Trisulfldea by 
Bis(trip~teDuride (1) 

The disulfide and tri sul fi de linkage is found in • large number of 

natural products24 and bioactive antitumor compounds such as 

calicheamicin8.25 Cleavage of the sutfur-sutfur bond ia of major 

importance in the chemistry and biochemistry of theae compounda. 

DesuIrurization of disuUides and trisulfides are normally carried out with 

phosphine.,26 phosphites27 and aminophosphines.28 They sometimel 

require long reaction times at reflux to etrect the desulf'urization. When we 

applied our tellurium reagent to different organie trisulfides, selective 

monodesulfurization of organic trisulfidea was accompliehed in a novel 

manner. Other bis(triphenylstannyl)chaJcogerùdes (1, lb, le) were found to 

reduce various trisulfide similarly (Eq. 9). 
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PhaSn-X·SnPha 
1 

a.B-e-SR ••••••••••••••••••••••.••••••••• _ •••• > R·B-S-R 

38 

-

R= 

x= 

-; -- (CHjbS)a 

A 

39 

alkyl, aryl. benzyl 

Te,Se,S 

1, lb, le 

- 1-

B 

171 

(Eq.9) 

(CH,PbS). 

1 

1 

1 
1 

\
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1 
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Fig. 2. HPLC Spectra of Selective Monodesulfurization of Tolyl Trisulfide. 
Condition: CD coated column: A. tolyl disulftde standard; B. tolyl 
trisulftde standard; C. desulfurization mixture. 

Bis(triphenylstannyl)telluride (1) was round to be the most reactive 

chalcogenide; it smoothly monodesulfurizes aryl and aliphatic tri sulfidC8 . 
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Bis(triphen)'latann)'l)lelenide (lb) monodeaulCurizel ar)'1 and benz)'1 

trisul6del. In thele two caaea, a black powdered elemental deposit was 

Cormed which caD be easily separated from the deau1furization product 

through tiltration and be recyc1ed. The m08t unreactive chalcogenide ia 

bis(triphen)'18tanny1)8ulfide (le), which requirea reOuin, to effect 

desulfurization. Thi. trend i. consistent with the nucleophilicitiea and 

reducing abilitiel oC chalcogenidea. The reaction with au1fide (le) can not 

be puahed to completion even after 3 da)'8 of refluxing in acetonitrile. 

Elemental aulfur waB alao not observed as a reaction product. This 

observation auggesta that an equilibrium might be reached. 

-

(CIfaPbSl.8 

. 'a" i ~ i i i ~ i "~ 1 1 i ~:.: i:..L • • 

, i ' , , •••• , , l ' ••• , , , , • t i • , • , , , • , i ' , , , , • i i , j •••• i • , •• i t , , • i , • , i r • , , , i • , • , 1 
• , • • • • • IN 1 

Fi,. 3. lH NMR Spectra of Selective Monodesulfur" ;ation of ToI)'l Trisu1fide. 
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Table 4. Selective Monodesulfurization of Trisulfides 

BSSB lfiSRR EAtrx u.crœ (P~)aX (§Qu.> Temp. 
Solvent 

7iml(bl 
OOlld~ (Rcooy.~ 

1 (CH,fbS~ (Pb,sn~Te(l) B Reflux 8 as m 
2 (CH,PbS~ (Ph,sn>aTe<I.2) A R.T. 3 fi) 0 

3 (CH,PhS).JI (PhaSn~Te(1) A C'Pc • M 9 

4 (CHaPbS~ (Ph,sn~ Te(l) C R.T 15 m 40 

li (CH,PbS>aS (Ph,sn~Te(l) A -aSJC 15 m 9 

6 (CH,fbS~ (PbaSn~1) A R. T. 6 t6 7 

7 (CHaPbS~ (PhaSn}~l) A R.T. • 0 100 
8 (CH,fbS).JI (Pb.sn~l) A Reflus 15 œ G 

9 (CH,fb8~ (Pb ,Sn).jJ.1) A Reflux 12 8) :IJ 

10 (FPhS),JJ (Pb3'~n~ Te(!) A R.T. 3 852 10" 

11 (PhCfItS).JI (PhaSn~Te(l) B Reflus 10 li li 

12 (PhClftS>:aS (PhaSn~ Te(1.l) A RT. • 1J 9 

13 <Ph~).JI (PbaSn~l) A R.T. 12 19 7 
14 <PhCfftS).JI (PhaSn~1) A Reflus • m 28 
16 <PhClftS~ (PbaSn~1) A Reflux 12 !IJ m 
18 (PhCH(CH~~ (PhaSn~Te(l) A R.T. 10 li 915 

17 (CH.CHaœ.B>aS <Ph,snla Te(l) A R.T. • lrl 9f1 
18 (CHaCHaCHtB>aS (PhaSn~Te(l) A R.T. 'l2 7r1 '/JI 
19 (CH.CflaCHtSJaS (Ph.Bn).JJe(l) A R. T. 2' ~ PAl 
1) (CH.CfIaCHtS>aS (PhaSn).JKl) A Reflux M ~ NI 

A: AœtoDibil.; B: Toluene; C: TIIF, 'The product diatribution wen determined by 
lHNMR and con8rmed by HPLC with internaI standard. the dift'erence i. fUrther 
reacted product. otherwiae mentioned; 2determined by 1'FNMR; 'determined by OC 
with an internai .tandard. further reaction product& were not determined. 

To demoDatrate this, dite.lyl disulfide and bis(triphenyl­

stannyl)di8ulfide (40) were mixed and reDuxed under the same conditions 
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ae the deeulfurization reaction. As a result, ditolyl triau1tide waa formed 

and the ratio of trisulfideldieu1fide was found to be the same. Thue the 

following equilibrium hae been established (Eq. 10). 

~+R6R ":::q=~"==-

40 

(Eq.l0) 

This desu1furization reaction is generally more selective than 

previoue phosphine reactions. A large reactivity difTerence between 

difTerent types of trisultides was observed. Desu1furization of aromatic 

trisu1ficles by thiB method took place most easily. It ie likely that the 

reactivity dift'erence ie due to the bett.er leaving ability of ArS- vs RB-. Th us , 

telluride reagent 1 can differentiate aromatic and benzylic from alkyl 

tri sulfides , and the selenide reagent lb can difTerentiate aromatic from 

benzylic trisulfidea. 

The reaction is also strongly dependent on the use of BoIvent. For 

instance, 10 h reOuxinl of ditolyJ trisu1fide with the telluride in toluene is 

inlerior to that of 3 h room temperature stimng in acetonitrile. It is also 

dift'erent from the previou8 methods in that the reaction with aromatic 

tri.ullide. lIDootbly take. place even at -35OC. It seema that polar solvent. 

ravor the reaction. Solvent wu also found to be important to the selectivity. 

The U8e of a more polar solvent THF (compared to toluene) can increase the . 
rate of the reamon, even though very low selectivity was round. 

The possible mechanism for the desulfurization may either be a 

concerted one through transition state 41 or ft stepwise one involving ionic 

speciea 42-47. 
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Scbeme & POIIIibJe Mechan1am ofDesulfurizaUOD Reaction 

Pathl 
III 

~ Sn 
S.. " ... , , 
l 'A 
1 D, .Te 

~.,' , " 
;1' 8 'Sn 

III 
41 

Path2 

SoIveat ~ 
PhsSnTeSnPba -----> PhsSnTe- ••••• ----.-> PhaSnTeSSR + RB-

41 

------> RSSR + Ph:JSnS' + Te«» 

44 

~ + PhaSn+ "BoIvent' --_ ••• > PhsSnSSDPha 

45 

'DI' -3n~n=" 

47b 

43 

47. 
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This proces. wa. el'amined by a intermolecular crossed reaction (Eq. 

11). 

P~SnTeSnPh3 
PhCH~sPh + CHa~CHa •..••. -------------> 

MeeN/r.tJ 4h 
48 49 

PbCRzS9CACDa +~CHs+ PbCB~JPb 

50 (70") SI (8%) 52 (14%) 

(Eq.ll) 

This large portion of croBsed product rules out a concerted 

mechanism and suggests that the reaction occurs in a stepwise manner. 

The result is also consistent with the observation that polar solventa 

facilitate the reaction. 

The chalcogenide desulfurization exposes a novel alternative to the 

conventional phosphorous Methode The large reactivity difTerence of 

bis(triphenylstanny1)chalcogenides with different trisulfides makes this 

method unique. Furthermore, the reactivity and selectivity of this reagent 

can al80 p08sibly be controlled and modified by changing the triphenyl 

group to trialkyl and the tin atom silicon. 

2.8 C1eavaae olOlpDlc DIsuIftdes by BIs(tripbeo.7ls~l)tellurlde (1) 

When bil(triphenylstannylltelluride (1) and selenide (lb) wa. added 

in el'ces. or wben they reacted with ditolyl disulftde 18, further reaction 

takea place to give a new compound with a small ehemieal IIbift of the 

metbyl substituent. lnitially, we suspected that the compound May be 

further desulfurized ta give monosulfide 54 (Eq. 12) 

TolSSTol + Pb3SnXSnPb3 -X-> TolSTol + Ph3SnSSnPb3 + xo Œq.12) 

53 54 
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However. when we tried to isolate the product by flash column 

chromatography. we obtained 89% of tolyl thiol (61). Furthermore. the 

chemical shif\ of the methyl group of the unknown compound is at bi,her 

field than it should be for monosulfide, ev en bigher than the methyl of tolyl 

thiol. This chemica1 ahift Buggests that the sulfur may be oonnected to a 

metal, which could be the triphenylstannyl group. 

NaOH/H20/CCt. 
ClfaPhSH + ClSnPba • __ ._._._. __ .... _. __ ._> ClfaPhSSoPba (Eq.18) 

55 56 57 

In order to prove tbis assUlDption, we prepared tolyl triphenylstannyl 

sulfide (17) according to a standard procedure (Eq. 13).29 Both the melting 

point and spectroscopie data were consistent with the unknown compound. 

Therefore, the truol was due to the hydrolysis of the triphenylstannyl sullide 

on silica gel during the separation. ThuI, reaction of bis(tri· 

phenylstannyl)telluride and selenide with organic disulfides gave 

triphenylstannylorgano sulfide 58 quantitatively. The reaction, however, 

walonly IUCC8Saful with aromatic disulfide •. Benzylie and alkyl disul6de. 

failed to react under the eame conditions. 

RS9R+PbaSnXSnPba -----•• --> 2RS8DPba + xc­
Il 

R= aryl X=Te, Se 

(Eq.14) 

Thil might be a preferable method for the preparation of 

triorganylstannyl organic sulfides (a class of potential synthetic useful 
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precursors), which ia u8ually prepared Crom odorou8 thiol. and a 

trialkylstannyl halogenide.29 

2.'7 Conclusion 

In conclusion. we have developed a new tellurium reagent, 

bis(triphenylstannyl)telluride (1), which is a synthetic equivalent oC Te-2 or 

TeH- depending on the fluorodestannylation method. The reagent is stable 

and crystalline, and can be prepared, stored and used very easily. It aJso 

displays other capabilities such as desu1furization in addition to being as an 

equivalent of Barton's reagent. AIl the reactions with this reagent 

proceeded under very mild conditions. 

Melting points are uncorrected. Infrared spectra were obtained from 

films on NaCl plates for liquida and as a KBr pellet for solids on an Analect 

FTIR AQS-18 spectrophotometer. The lH NMR and l3C NMR spectra were 

recorded on Varlan XL-200, XL-300, and Gemini·200 instrumenta. Low 

Resolution Masl Spectra were determined on a DuPont 21-492B 

spectrometer, High Relolution Mass Spectra were perCormed at the 

Biomedical Mail Spectrometry Unit. McGill University. Column 

chromatoil'aphy W8S performed on silles gel 60 (Merck and EM Science). 

Acetonitrile was dried by reOuxing over CaH2' 

Preparatlonofbls(tr1p~teDuride (1):7 

A mixture of tellurium powder (3.54 g, 0.0279 mol), NaBlI4 (2.46 " 

0.065 mol), ethanol (40 mL) and water (10 mL) was placed under nitrogen 

in a 250 mL flask, which 'vas equipped with a water condenser. The 

i 

• 
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mixture wal ltilTed and refluxed until the Te almost disappeared to form a 

purple solution. To the reaction mixture, a solution of triphenyltin chloride 

(21.51 g, 0.0558 mmol) in benzene W8S added over 40 min through a 

dropping funnel, and atirred at room temperature for 2 h. The whole 

reaction mixture wa. filtered through celite. The aqueoui phase in the 

filtrate was removed and the benzene solution evaporated to dryness to give 

a soUd mixture. The solid was dissolved in a small amount of chloroform. 

To the solution, absolute ethanol was added to fonn a large amount of 

colorless needle-like crysta1s. Recrystallization trom chloroform and 

alcohol gave 12.65 r (55~) of pure bis{triphenylstannyl)telluride (1), m.p. 

146-148OC (lit.7 14800). 1H NMR(CDC13): 8=7.3 (m)ppm; 119Sn NMR(CDC13): 

3= -142.3 (s)Ppm. 

GeDeral Procedure of TeDuration Reaction: 

The corresponding halide in the appropriate solvent wal protected 

under nitrogen. To the solution, bis(triphenylstannyl)telluride (0.5 eq.) was 

added in one portion, Collowed by the addition of an excess amount of CsF 

(or without CaF). The reaction mixture was stirred and followed by TLC or 

lHNMR. 

JlIben~ teIhoide (12a): 

The compound wa. prepared by the Reneral procedure t'rom benzyl 

bromide at 450C in acetonitrile for 24 h without the activation of CsF, and 

isolated by column cllromatography. lH NMR(CDCls): 8= 4.05(8, 4H), 7.3(m, 

lOH), J(Te-H)=; MS(EI): 312<M, 0.8%), 310(0.6), 298(9.7). 296(9.6), 207(2.8), 

205(3.5), 196(9.3), 154(15),92(25), 91aOO), 78(17), 77(19.3). The data agree with 

literature.30 
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Dldec;yI teIluride (l2b): 

The compound wal prepared by the general procedure from decyl 

iodide and bromide in • mixture of acetonitrilelrHF (3/1) at room 

tempe rature with the activation of CaF, and isolated by column 

chromatoer8phy. IH NMR(CDCI3): 8= 0.87(t, 6H), 1.25<br, 14H), 1.70(m, 4H), 

2.61(t, 4H)ppm; 13C NMR(CDCI3): 8= 6.1, 15.5, 24.0, 30.2. 30.6. 30.9. 30.95, 

33.4, 33.6, 33.8ppm, J(125Te·13C)= ; MS(EI): 413(M+l, 15%), 412(M. 63%), 

411(16),410(59),409(9),408(40), 407(18), 271(30), 269(28), 267(32), 159(19), 

157(18),86(41),71(50),57(100); HRMS: C2oH42Te+H+. caled. 413.2427. round 

413.2428. 

Di.l-(&cbloroheql) teIIurlde (1G): 

IH NMR(CDC13): 8. 1.3-1.5(br.8H), 1.65.1.9(br, 8H), 2.6(t, 4H). 3.55(t, 

4H)ppm. MS(EI): 372(M+4. 3%), 370(M+2, 20), 368(M, 48). 333(18), 249(79), 

247(65),193(19),83(59),65(100). 

Dime~ teIIurodIacetate (l'la): 

A mixture of methy! a·bromoacetate (71 mg. 0.42 mmol). 

bia(triphenylatannyl)telluride (1) (182 mg, 0.22 mmo}), and CsF (152 mg. 1.0 

mmol) in 10 mL of acetonitlile was stirred at room temperature under 

nitro,en for 3 h. The reaction mixture W81 filtered through celite. 

Evaporation of the solvent lave a cru de material. which was extracted by 

chloroform leaviDe a white solid. The chloroform extract WBI concentrated 

under vacuum and further purified by a short flash column 10 give 65 mg 

(88%) of pure 1'1. as a yellowish oil. IH NMR(CDC13): 8:: 3.70 (s. 6H). 3.52(s. 

4H)ppm, J(Te125·Hl) = 34Hz. 13C NMR(CDCh): 8= 173.85,52.48, 1.84ppm, 

J(Te125·C13)= 170.4Hz; IR(CDC13): u= 2950, 1723, 1265cm-1. HRMS: 

CsHloO,Te, cale 275.9646; round, 275.9641. 
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Dletb,l ta1lurodlaœtaf8 (l'lb): 

The procedure wal the lame as in 178, yield 90% a8 a yellowish oil. 

IH NMR (CDC1a): 8= 4.16(q, 4H), 3.52(1, 4H), 1.26(t, 6H)ppm, J(Te125·Hl):I 

34Hz. 13C NMR (CDCla): 8= 173.67, 61.29, 10.03, 2.31ppm, J(Te125-Cl3)= 

171.3Hz; IR(CDC1a): u. 2985, 1722, 1263em-1. HRMS: CSHI40"Te, cale 

303.9959; Cound, 303.9954. 

Dlpropyl feDurodIaœtate (l'le): 

The reaction was carried out in the same way 8S in 178, stirring for 5 

h. The final extraction was performed with hexane. Evaporation of hexane 

without further purification gave pure 17e in 99% yield as a yellowish oil. 

IH mm (CDC13): 8= 4.06(t, 4H), 3.50(s, 4H), 1.06(m, 4H), 0.93(t, 6H)ppm, 

J(Te125·Hl) = 34Hz. lac NMR(CDC13): &= 173.50,66.83,21.83, 10.30,2.21ppm, 

J(Te125·C13). 168.9Hz; IR(CDCla): u= 2970, 1717, 1268em-1. HRMS: 

CloHlsO.Te, cale. 332.0272; found, 332.0269. 

Di-t-buQl teIIurodIaœtate (l'Id): 

The reaction wu carried out in the lame way al for l'Je, using trbutyl 

a-bromoacetate or cbloroacetate (stirred for 6 h and 12 h respectively) to rive 

17d iD 9HJ yield u a yeUowiah oil. IH NMR(CDC13): a. 4.05(q. 4H), 3.42( •• , 
4H). 1.44(1, 18H)ppm, J(Te126.Hl) = 32.4Hz. 13C NMR(CDC1a): 8= 172.61, 

81.02, 27.78, 4.13ppm, J(Te125·C13)= 167.3Hz; IR(CDC1a): u= 2961, 1706, 

1285cm-l• HRMS: C1211a04Te, cale. 360.0585; found, 360.0579. 

DletJJ,1 teIIurocHbutJrate (17e): 

The reaction was C8rried out in the same way 8S for 17a with sUrring 

for 6 h. The final extraction was done with methylene chloride. 

Evaporation oC the methylene chloride and flash column purification gave 
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l'1e in 75% yield a8 a yelloWÎsh oïl. IH NMR(CDCI3): 8= 4.1(q, 4H), 2.65(t, 

4H). 2.4(t, 4H), 2.1(m, 4H). 1.25(t, 6H)ppm. 13C NMR(CDCI3): 8= 172.80, 

60.35,36.25, 27.33, 14.20, 1.69ppm, J(Te125-C13)= 158.4Hz; IR(CDCI3): u= 

2983, 1728, 1376cm-1• HRMS: CJJH22<>.Te, cale. 360.0585; round,360.0580. 

Geoeral Procedure for Debromlnatlon otl1ic-Dibromldee 
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A solution of the vic-dibromide (0.5 mmol) in 15 mL oC acetonitrile 

was deoxygenated for 5 min with a flow oC nitrogen. To the solution, 

bis(triphenylstannyl)telluride (1) (620 mg, 0.75 mmol) was added in one 

portion foUowed by CsF (456 mg, 3.0 mmol). The reaction mixture W8S 

stirred at room temperature Cor the corresponding time under nitrogen. 

Work-up of the reaction mixture gave the olefine whieh were identical to 

authentic samples. 

GcDeraI Procedure lor DebaloIenation of Cl-Halo CarboIQ'I C'Ampounds 

A 80lution of a·carbonyl compound (0.5 mmol) in 15 mL of 

Icetonitrile wa. deoJ:y,enated for 5 min with a Oow of nitrogeD. To the 

solution, bis(triphenylstannyl)telluride (1) (414 mg, 0.5 mmol) wu added in 

one portion foUowed by KF .2H20 (228 mg, 1.5 DUnOl). The reactioD mixture 

wa. ltirred et th. appropriate temperature for the corresponding time 

under nitroeen. Workup of the reaction mixture gave the correspondin, 

carbonyl compound. 

GeDeral Procedure for Desu1turIzatioDofTdsulftdes 

Il solution of the trisu16de (0.1 mmol) in 5 mL of acetonitrile W8S 

deoxygenated Cor 5 min with a flow of nitrogen. To the solution, 

bis(triphenylstannyl)chalcogenide (1) (0.1 mmol) was added in one portion 
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followed by etirring under nitrogen at the corresponding temperature. The 

reaction mixture wae ftltered through ceUte. The final product wal 

checked by lH NMR, OLe or HPLC spectra, 

Cleavap 01 Ditclyl Disulflde by Bis(triphenylstannyl)teIluride (1): 

A 8olution of the ditolyl disuJfide (246 mg, 1 mmol) in 20 mL of 

acetonitrile wal deoxygenated for 5 min with a flow of nitrogen. To the 

solution, bis(triphenylstannyl)telluride (1) (827 mg, 1 ounol) was added in 

one portion Collowed by stirring under nitrogen at room temperature Cor 3 h. 

The black reaction mixture was filtered through celite. Evaporation of the 

solvent 1("1\ a yellowish oil. Addition of 2 mL ethanol to the oil produced 

white crystal. whicb was further purified by recrystalization 

(CC14Iethanol), 94tJ m.p. l02-1040 C the same as the following tolyl 

triphenylstannyl sulfide standard. (Lit.29 102·104OC). 

Preparation oI~ Trlphenylstannyl Sulfide (57):-

A solution of triphenylstallnyl chloride (3.85 g, 10 mmol) and p. 

tolylthiol (1.24 g. 10 mmol) in 30 mL of CCI .. was mixed with 30 mL aqueoUi 

solution of NaOH (0.4 e. 10 mmol) at room temperature. The reaction 

mixture waa atirred vigorousl)' for 3 h. The organic layer wa. separa ted 

and dried (M,S04). Evaporation of the BoIvent gave the title compound 

which wa. purified by rect')'ltalization CCWethanol; yield 4.54 g (96") m.p. 

102-104.78 

PnparatlonotBen"t ToJ,I DiA~ 1fIde (50):31 

A solution of N-(p-tolylthio)phthalimide (3.8 l, 0.014 mol) and (x. 

tohlenethiol (1.74,,0.014 mol) in 70 mL of dry benzene was reftuxed under 

nitrogen for 3 days. The solution W8S filtered to remove crystalline 
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phthalimide and the benzene solvent was removed under reduced pressure. 

The residue of crude benzy. p-tolyl disulfide waB recrystallized from ligroin 

to give the title compound 3.27 g (95%), m.p. 33·34C1C Oit.32 34-350C). 
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