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The Enantioselective Synthesis of C1g-Sphingosines 

by 

Thomas Christopher Nugent 

Committee Chairman: Tomas Hudlicky 

Chemistry 

(Abstract) 

Biocatalytic conversion of chlorobenzene to the corresponding homochiral 

cyclohexadiene cis-diol (113) allows, through careful symmetry-based planning, the 

stereodivergent synthesis of all sphingosine stereoisomers. This was achieved via the 

selective preparation of the appropiate diastereomer of azidoalcohol (118), were C-4 and 

C-5 correspond to C-3 and C-2 of the sphingosine skeleton, respectively (Scheme 1).
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I. INTRODUCTION 

In 1876 Thudichum, a London surgeon-chemist, described the chemical 

composition of the brain and alluded to the presence of cerebroside (or cerebral 

galactoside) and its exact chemical composition, including a unique aliphatic alkaloid 

called "sphingosine.” | Sphingosines constitute a group of related long-chain aliphatic 2- 

amino-1,3-diols, of which 2-amino-D-erythro-4E-octadecene-1,3-diol (1) occurs most 

frequently in animal glycosphingolipids,* the glycosides of N-acylsphingosines or 

ceramides. The structural variation inherent in fatty acids, sphingosines, and 

carbohydrates results in a great number of chemically distinct glycosphingolipids,* which 

are of intense interest? because of their diverse biological roles. 

The intention of the synthetic project devised in this thesis is the enantioselective 

synthesis of all four stereoisomers of sphingosine from one chiral synthon. This goal was 

achieved using the versatile homochiral chlorocyclohexadiene-cis-diol synthon. The 

general utility of this synthon is apparent when one looks at the number of total syntheses 

of natural products that use this compound.4 

Chlorocyclohexadiene-cis-diol is one of many enantiomerically pure diols of type 

113, accessible via the biocatalystic oxidation of aromatic compounds. Recently, it has 

been suggested that biotransformations could be used to remove toxic aromatic waste 

from the environment. It has been known for years that the soil bacterium Pseudomonas 

putida oxidatively degrades aromatic compounds to catechols and ultimately to 

muconates. In 1970 Gibson isolated a mutant strain of bacteria (Pseudomonas putida 

39D) that arrested the oxidation of aromatics to catechols at the stage of the substituted 

cyclohexadiene-cis-diol. These bacterial metabolites are >95% enantiomerically pure. 

Industrially, aromatic waste such as benzene and chlorobenzene (over 3 million tons of 

each produced annually) could be converted into chiral synthons of type 113. 

It is this marriage of chemistry and microbiology that has allowed the field of 

biotransformations to grow so rapidly recently. Biotransformations or biocatalysis are 

chemical transformations mediated by either purified enzymes or by whole cell 

organisms (e.g. bacteria, fungi, plant or mammalian tissue culture). Included under this 

broad title are steroselective hydrolysis, esterifications, oxidations, and reductions 

catalyzed by enzymes.



Organic synthesis is rich with examples of total syntheses of challenging and 

complex natural products, but upon examination of the aliphatic alkaloids called 

“sphingosines” one might be less excited. The molecule appears very simple, and it is. 

So the question arises, "Why are people still trying to make sphingosine?" 

Since the first total synthesis in 1954, there have been at least another thirty 

syntheses. Over the years, overall yield has dramatically increased along with efficiency, 

to a point now of great desparity from the original synthesis. This has been accomplished 

mostly through great insight and to a lesser degree through the use of new reagents. The 

continued interest has been fueled by two main factors. One is the fact that only D- 

erythro-sphingosine exists in any significant amount in nature. Second, occasionally one 

of the other three isomers gives more encouraging results in biological assays. So, low 

natural abundance, lack of the other three isomers and diverse biological activities create 

a demand and keep the synthetic mind open to its synthesis. It is in this context that we 

became involved in the total synthesis of sphingosines, supported by interest from 

Genencor International, a biocatalysis-oriented company. What ensues is our story of the 

synthesis of sphingosines.



1. Sphingosines 

1.1 Sphingolipid and Lysosphingolipid Structure 

This thesis is concerned with the synthesis of sphingosines and necessitates a 

definition of their structures. Essential for the discussion of synthetic targets and 

bioactivity is a familiarity with the structures of sphingolipids and lysosphingolipids, 

which are themselves part of a larger category of biomolecules, namely the lipids. 

Broadly defined, a lipid is any molecule of molecular weight between 100 and 

5000 which has a substantial portion of its constitution as either aliphatic or aromatic in 

nature. Included are the hydrocarbons, steroids, soaps, detergents, and more complex 

molecules i.e. triacylglycerols, phospholipids, gangliosides, and lipopolysaccharides. 

The physical behavior of such chemically divergent molecules will be equally diverse. 

Indeed, one of the most interesting characteristics of lipids is their varied behavior in 

aqueous systems, ranging from almost total insolubility (e.g. paraffin oil, sterol esters) to 

nearly complete solubility (e.g. soaps, detergents, bile salts, and gangliosides). This 

particular aspect of lipids is important biologically because all cells exist in an aqueous 

milieu.° 

The simplest sphingolipid is ceramide (Figure 1). All other sphingolipids have 

head groups attached at the C-1 carbon. Ceramides comprise sphingoid bases with an 

amide-linked fatty acyl chain, examples of which are stearoyl, oleoyl, palmitoyl, or 

linoleoyl residues. The stearoyl residue is the most commonly occurring fatty acyl chain. 

With the exception of sphingomyelin, which has a phosphoryl choline head group at C-1 

linked through a phosphodiester bond, sphingolipids have a glycosidic bond at C-1. 

These sugar head groups can vary in complexity from a single glucose or galactose, as in 

cerebrosides, to more complex structures, such as lactosylceramide with two sugars, 

trihexosides with three, and higher order carbohydrate moieties. Certain subclasses are 

characterized by additional components, such as sulfatides, which contain sulfate, and 

gangliosides, which carry sialic acid residues. Lysosphingolipids are based on 

sphingosine in a manner analogous to the way sphingolipids are based on ceramide 

(Figure 1). For each parental sphingolipid there is a corresponding lysosphingolipid that 

has an identical head group at C-1, but that lacks the amide-linked fatty acyl group at 

C-2. All lysosphingolipids share two important structural features with sphingosine i.e. a 

charged amine at C-2 and a hydrophobic hydrocarbon tail. Note that sphingosine itself is 

a lysosphingolipid and not a sphingolipid.
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Although sphingosine is the predominant long-chain base in many sphingolipids 

and lysosphingolipids, other sphingoids may be present (Figure 2).© 
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1. Sphingosines 

1.2 Isolation and Structure Elucidation 

Nerve tissue contains a high concentration of extremely complex lipid material. 

The three primary lipid constituents are cerebrosides,’/ sphingomyelins,’ and 

gangliosides.8 The only practical source of the sphingolipids is the brain or spinal cord, 

although they occur in blood, liver, kidney, spleen, and other organs in small amounts. 

Brain is reported to contain 2.5 to 3.0 per cent of cerebroside? and 1.0 to 3.0 per cent of 

sphingomyelin by weight.!0 A variety of methods serve to isolate sphingolipids from 

nerve tissue. Practically all involve (1) dehydration of the fresh tissue, (2) extraction of 

the glycerophosphatides, and (3) extraction of the cerebrosides and sphingomyelins. !! 

Thus Carter et al.1! described the process using 100 pounds of freshly ground 

beef brain or spinal cord. The yield of crude sphingolipid from 45.4 kilos (100 pounds) 

of spinal cord ranged from 2.2 g to 2.5 g, compared to 1.3 g to 1.6 g when brain was 

used. The sphingolipids isolated from the spinal cord were of higher purity. For a brief 

procedural summary see reference 12. 

The study of the chemical composition of the brain dates to the end of the 

eighteenth century. Foucroy made this task possible when he introduced organic solvents



(e.g. ethanol and ether) and mineral acids (e.g. H2SO4 and HNO3). In 1793 he was able 

to isolate, among other things, a substance with properties like cholesterol!3 from brain 

matter. It was not until 1812 that Vauquelin, Fourcroy's pupil, showed that phosphorus!4 

was inherent in brain matter. In 1834 Couerbe isolated pure cholesterol via exhaustive 

extraction of brain matter.!5 He also isolated a mixture of lipids, which was later referred 

to as protagon. In 1865 Liebreich hypothesized!® that the brain consisted of a single 

chemically distinct compound which he named protagon (Gr. protos, first; agonistes, a 

combatant.!7), He described it as a white powdery brain substance which had been freed 

from fat and cholesterol by extraction with ethanol and ether. Nineteen years later 

Thudichum, now known as the chemist of the brain, published his work concerning 

protagon.!8 His work showed that protagon was a mixture of phosphatides and 

cerebrosides and stated further that there were at least 14 adducts, which he isolated and 

analyzed. His contemporaries denounced his views, as Mathews!9 points out, “Our 

knowledge of the chemical constitution of the brain is owing largely to Thudichum, a 

man of extraordinary care, accuracy, insight and industry, whose abilities were much 

underrated during his life. For, owing partly to an unusually combative nature, he 

alienated many of his colleagues and his work was neglected. There is now, however, no 

question that he was far in advance of all others in this difficult field and his 1901 book, 

entitled Die chemische Konstitution des Gehirns des Menschen und der Tiere, nach 

eigenen Forschungen bearbeitet, is a monument to his ability and insight."20 

It was through extensive experimentation on the hydrolysis of phrenosine (a 

phosphorus-free entity of the brain), by Thudichum, that a parent base of "alkaloidal 

nature" was isolated. Of which he said, "in commemoration of the many enigmas which 

it presented to the inquirer" he gave the name sphingosine (Gr. sphingein, to bind 

tightly).2! 

Thudichum suggested the first formulation for sphingosine, Cj7H35NO2. In 1906 

Thierfelder22 proved the presence of a double bond by adding Br2. In 1912 Levene? 

showed that sphingosine could be reduced to dihydosphingosine, that it forms a dimethyl 

ether, and that all of its nitrogen is present as a primary amine. In the same year both 

Levene23 and Theirfelder?4 independently made the triacetate and concluded that 

sphingosine was an unsaturated dihydroxy amine. One year later Levene's oxidative 

cleavage of the double bond yielded the aminotetrose 32° and the fatty acid 5 (upon 

further oxidation). This established the position of the double bond on the aliphatic 

chain. Unfortunately the oxidized fatty acid portion was misidentified as tridecanoic acid



4, when in actuality it was tetradecanoic acid 5 (Scheme 1). It was not until 1929 that 

Klenk2® reinvestigated the chromic acid oxidation and established that the fatty acid was 

indeed tetradecanoic acid 5. He also provided the correct empirical formula, 

C1gH37NOz2, for sphingosine. 

X X O 

Zz a 29 aaa e my + HOE 

X9 X 3 4,n=11 
5,n=12 Where X represents two alcohols and one primary amine of unknown position. 

Scheme 1 

Several structural questions still remained. What was the relative order of the 

hetereo atoms on C-1 through C-3? What was their relative stereochemistry, and finally, 

what was the geometry of the olefin? The assignment of the relative position of the 

hetereo atoms was not a trivial one, because the first two assignments were incorrect 

(Scheme 2). In 1913 Levene2? made the first misassignment represented by structure 6. 

The second misassignment was made by Klenk28 when he suggested structure 7, in 1931. 

OH NH» 

NORE HO A 
OH 6 OH 7 

Scheme 2 

It was not until 1941 that Seydel29 proposed, in his dissertation, that the amino 

functionality resided on C-2. He came to this conclusion after periodate failed to cleave 

the assumed vicinal diol of the N-acyldihydrosphingosine derivative of 7. One year later 

Carter39 studied the same problem with N-benzoyldihydrosphingosine and found, as 

Seydel did, that periodate did not attack this molecule. Their independent conclusions 

were the same, namely sphingosine was a 2-amino-1,3-dihydroxy-4-octadecene. 

In addition to the periodate reaction a few more reactions were performed that 

buttressed their structure proof (Scheme 3). Periodate cleavage of dihydrosphingosine 9 

showed that all three hetero atoms were indeed on the first three carbons. In addition 

Carter found that the triacetate of sphingosine consumed 2.0 equivalents of hydrogen, 

implying that an allylic acetate was present. Hydrogenolysis of the allylic acetate formed 

olefin 11, which was further reduced to the fully saturated compound 12. Structure 12 

was not identified until 1951 when Carter29 confirmed the D-configuration of C-2 using



a chemical correlation study. He accomplished this feat by further derivatizing diacetate 

12 to the known D-a-benzamidostearic acid. Two years later Carter3! published several 

papers concerning the synthesis of D-erythro-dihydrosphingosine and showed that the 

synthetic and natural dihydrosphingosine were identical in every respect. 
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Scheme 3 

In 1947 Ohno provided a chemical correlation study which confirmed the trans 

geometry of the olefin in sphingosine.32 Degrading sphingosine to hexadecenal, he was 

then able to oxidize it to the known trans-hexadecenoic acid. This result was supported 

by Mislow2?3 who observed a strong infrared absorption at 10.3 1, indicative of a trans 

double bond. A very informative and more detailed account of this structural proof can 

be found in Chemistry of Sphingolipids by David Shapiro.*! 

1. Sphingosines 

1.3 Bioactivity 

At least 300 different sphingolipids are synthesized in various mammalian cell 

types. This diversity has intrigued investigators for many years. Thudichum, noted for 

his discovery of sphingosines,! published his first report on the chemical constitution of 

the brain34 over 120 years ago (1874). In his last publication (1901), entitled "Die 

chemische Konstitution des Gehirns des Menschen und der Tiere," Thudichum 

summarizes his life-work on cerebrosides, sphingomyelins, and sphingosine.35,36



In the latter half of the 1980's it was discovered that lysosphingolipids, the 

breakdown products of cellular sphingolipids, are biologically active. This bioactivity 

generated a new interest in the role of these molecules in cell physiology and pathology. 

Sphingolipid breakdown products, sphingosine and lysospingolipids, inhibit protein 

kinase C, a pivotal enzyme in cell regulation and signal transduction. These compounds 

also affect significant cellular responses and exhibit anti tumor promoter activities in 

various mammalian cells. These molecules may play a role as endogenous modulators of 

cell function and possibly as second messengers.>7 

Until recently scientists were only able to allude to the important cellular 

functions of the vast array of complex cellular lipids. A recurring question was why these 

molecules had survived eons of evolution when a simple phospholipid would suffice in 

bilayer formation to delimit cells and to divide the cytoplasm into its organelles and 

compartments.37 The answer, while incomplete, has more to do with the breakdown 

products and metabolites of membrane lipids than with the lipids themselves. Many of 

these breakdown products and metabolites function predominantly in signal transduction 

as agonists or as second messengers. They include diacylglycerol,38 platelet activating 

factor,39 phosphatidic acid,40 arachidonic acid4! (4), prostaglandins,4! leukotrienes,41.42 

(4,5) eicosanoids,4! thromboxanes,4! lipoxins,42 inositol phosphates,43 and inositol 

glycans.44 Although some of these, such as diacylglycerol and phosphatidic acid, are 

present constitutively in cells under resting conditions, most of the others are generated 

when cells are activated.44 

A recent addition to this growing family of biologically and physiologically active 

lipids emerged from the investigation of sphingolipid breakdown products. When added 

to cells, sphingolipid-derived molecules, sphingosine and lysosphingolipids, elicit various 

pharmacological responses. Some of these responses are inhibition of platelet and 

neutrophil activation,‘ inhibition of growth factor action,4® modulation of receptor 

function,4” and inhibition of phorbol ester-induced responses.48 

A number of biological and pathological functions are attributed to different 

sphingolipids, they are summarized in Table 1 of the appendix.49



1. Sphingosine 

1.4 Biosynthesis 

Many nutritional experiments in animals have indicated that vitamin Bg plays an 

undefined role in lipid metabolism, and particularly in the formation of polyunsaturated 

fatty acids.59 In an attempt to further assess these claims, Haskell and Snell>! conducted 

a careful comparison of the lipids of a yeast, Hanseniaspora valbyensis, grown with 

excess vitamins or deficient in vitamin Bé, pantothenic acid, or biotin. They found that 

the palmitoleic acid content of lipids from vitamin B6-deficient cells was greatly reduced 

relative to that found in normal control cells, and that this effect was specifically related 

to the deficiency in vitamin Bg. These analyses also showed that the sphingolipid base 

content was substantially reduced as a result of the vitamin deficiency. The latter finding 

caught the attention of researchers interested in the metabolism of the sphingolipid 

bases.>2 

The literature revealed an excellent rationale for the participation of pyridoxal- 

phosphate (pyridoxal-P) in formation of the sphingolipids.52 Labeling experiments in 

animals had shown that sphingolipid bases arose from palmitate and serine, with loss of 

the carboxyl group of serine, a reaction reminiscent of the pyridoxal-P-dependent 

enzymatic decarboxylation of amino acids. One postulated course for this reaction was 

via a 3-keto intermediate, formed by replacing the carboxyl group of serine with the 

palmityl group. Such a reaction would be closely analogous to the formation of 6- 

aminolevulinic acid from succinyl CoA and glycine, a reaction known to require 

pyridoxal-P.52 In addition, Brady et al.53 had already achieved cell-free (in vitro) 

synthesis of dihydrosphingosine in brain microsomes from palmitaldehyde or palmity! 

CoA and serine, and had shown that this reaction was largely inhibited by dialysis of their 

preparations against cysteine (a good complexing agent for pyridoxal-P).>3 

When it was found that a strain of Hansenula ciferri, a yeast, excretes relatively 

large quantities of dihydrosphingosine and phytosphingosine in the form of their acylated 

derivatives, a practical attempt at the biosynthesis problem could be started.>4 These 

products arose from serine and palmitic acid.°> Using the knowledge gained from 

previous studies, Snell et al.>* proposed the biosynthesis of dihydrosphingosine followed 

the reaction sequence shown by equation 1 and 2 (Scheme 4). 

10
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The key features of this proposal are the previously unknown 3-keto intermediate 

14, and the implicit assumption that two distinct enzymatic reactions are involved. From 

equations (1) and (2) it is evident that the proposed ketonic intermediate 14 should 

accumulate in the absence of TPNH (NADPH). Indeed, in the absence of TPNH the 3- 

keto intermediate 14 was formed. Separate experiments showed it to be inhibited by 

cysteine, i.e. reaction (1) appears to be pyridoxyl-P-dependent [PLP-E (pyridoxal-P 

enzyme)]. Thus Snell proposed a likely mechanism of formation (Scheme 5). 

N CO? 
Hoyo + PLP-E I> A C| 

NH> 
SS 

16 LS | & 
+\ id 

H 17 H 18 

HO KX | 
NH> L 

14 - 
+) 

H 19 

Scheme 5 

A question still remained: when was the unsaturation introduced at C-4 and C-5? 

To test their hypothesis, that the unsaturation was incorporated after formation of ketone 

11



14, synthetic 3-keto-dihydrosphingosine was treated TPNH (i.e. same reaction conditions, 

but without palmityl CoA and serine). The only observed product was 

dihydrosphingosine, via reduction of the ketone. No sphingosine was found. Since these 

enzyme preparations form sphingosine in addition to dihydrosphingosine (sphinganine) 

when palmityl CoA and serine are the substrates, one can tentatively conclude that 

desaturation during the synthesis of sphingosine must occur at the fatty acyl CoA level,>2 

and not at the ketonic level (Scheme 6).>6 

~L ——_+2H _ wk R SCoA ~~ scCoA 
-2H 

serine serine 

-CO) -CO2 

I 2-2 HLL. ~ 
R : OH 637-7777 ; aH ~7 Tce ~ - OH 

NH» NH, 

TPNH + H* TPNH + Ht 

TPN* TPN* 

NH, NH> 

Scheme 6: Probable Course of Biosynthesis for Sphingosine and Dihydrosphingosine. 
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2. Syntheses 

2.1 L-Serine Approaches 

Many syntheses of optically pure sphingosines have relied on the use of L-serine as a 

chiral building block. The first application of L-serine to sphingosine synthesis was reported by 

Newman?’ in 1973. Since then, exhaustive work using serine derivatives has culminated in highly 

efficient and diastereoselective synthesis of D-erythro- and L-threo-sphingosine. The starting 

materials for the syntheses to follow are shown in Table 1 and are commercially available. 

Table 1 
L-serine when R = H O 

HO OH N-(¢-butoxycarbonyl)-L-serine (N-Boc-L-serine) when R = COzt-Bu 
NHR 

N-(benzyloxycarbonyl)-L-serine (N-Cbz-L-serine) when R = COyCH2C¢6Hs5 

O 

L-serine methyl ester hydrochloride HO OCH, 

NH,Cl 

Newman?’ published the first synthesis of sphingosine originating from L-serine. N- 

phthaloylation of L-serine followed by treatment with acetic anhydride gave a primary acetate. 

Treatment with thionyl chloride provided the acid chloride which was subsequently reduced to 

aldehyde 20 (Scheme 7). Treatment of aldehyde 20 with trans-pentadecenyldiisobutylalane (trans- 

vinyl-alane) gave the protected sphingosine 21 in predominantly the erythro form. 

  

OAc O OAc OH 

4 iBusAl. F~nC3Hor 
C13H O 135'27 O 

20 21 

Scheme 7 

Thornton er al.58 made erythro- and threo-N-oleoyl-D-sphingosines (ceramides) and 

galactosylceramides (cerebrosides) in 1981. Starting from L-serine the oxazoline aldehyde 22 was 

made in three steps and in 65% overall yield. The key step involved the addition of trans- 

vinylalane to 22, yielding a 1:1 erythro/threo ratio of protected sphingosines 23 and 24 ina 

combined yield of 50% (Scheme 8). In a one pot sequence from 23 or 24 the corresponding 

ceramides were made in 13% overall yield. 
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CoH iBusAl. LAVA 1-0 y3Ho7 

  

= 50% yield with 1:1 threo/erythro ratio GgHs 
39 CHO Sn 

NAR 1-61 3H27 

OH 24, D-erythro 

Scheme 8 

In 1986 Rapoport et al.5? were the first to employ the lithium pentadecyne approach. The 

synthesis began with N-Cbz-L-serine which was converted to the protected L-serine isoxazolidide 

25 in two steps and with 76% yield (Scheme 9). Lithium pentadecyne was added to isoxazolidide 

25 (R!= H) to give an ynone in 90% yield. Reduction of the ynone yielded propargylic alcohols 

26 as a mixture of diastereomers. In an attempt to improve the diastereoselectivity of the 

reduction, a large variety of reducing reagents were investigated. Unfortunately no reducing agent 

gave high diastereoselectivities and high yields of propargylic alcohols 26. The best results 

provided a 5:1 ratio of diastereomers erythro 26a and threo 26b in a combined yield of 63% (53% 

erythro). 

In an attempting to improve the diastereoselectivity and yield, an alternate approach was 

investigated. Addition of lithium ethyne to 25 (R!= Si(Me)2t-Bu) afforded the corresponding 

ynone (racemized on chromatography with Florisil) in 60 - 80 % yield. Reduction of the ynone 

using NaBHy and CeCl3 provided an 85% yield of 13 (Scheme 9) in a 6:4 ratio of diastereomers 

(accurate assignment as 27a vs 27b was not made). Acetonide formation revealed the major 

diastereomer to be 28. Terminal alkyne 28 was deprotonated and alkylated to give 29 in 35% 

yield from 28. Low yields and or low diastereoselectivity hampered this total synthesis. D- 

erythro-sphingosine was made in 22% overall yield in five steps. Note that 26a and 26b were 

only separable when silica gel treated with sodium borate was used (Boric acid impregnated silica 

gel has been used to differentiate diastereomeric 1,2 diols by TLC). 

14



1 

RO , R10. OH 26a, o-OH, R = n-C}3Hz7, R! =H 
re) 1) L-==—, THF, -23°C_ ~ 26b, B—OH, R= n-Cy3H7, R! =H 

CbzHN ° SS 27a, o—OH, R = H, R¢ = Si(Me)t-Bu 
2) NaBH, 0°C CbzHN 27b, B-OH, R = H, R! = Si(Me)2t-Bu 

  

  

x x Oo” ~O 1) CH3Li 

CbzHN S C.3H Ota S Z 13/127 CbzHN H 
29 28 Sch 

eme 9 

In 1988, Garner et al.©! used N-Boc-L-serine to make D-erythro-sphingosine triacetate in 

39% overall yield. This was accomplished in eight steps with 8:1 erythro/threo 

diastereoselectivity. The first three steps were used to form the acetonide of N-Boc-L-serinal 30. 

No further chromatographic purifications were neccessary for the remainder of the synthesis. The 

key step, addition of lithium pentadecyne, yielding propargylic alcohols which were then reduced 

to sphingosine derivatives 31 and 32 (Scheme 10). This method afforded D-erythro-s;"'): 1gosine 

in 39% overall yield. Garner also investigated addition of Newman's®2 trans-vinylalane to N-Boc- 

serinal acetonide 30 and found a 2:1 threo /erythro diastereoselectivity. 

1) Li C©,3H97, THF, -23 °C SL 

a 83% yield of propargylic alcohols we Q  NBoc 
in a 8:1 erythro/threo ratio LAUD n-C43H97 

Q NBoc 2) LE(NHo, -78 °C OH 31, L-threo 

30 CHO Bua , fucne. -78 °C 
=— exane, toluene, -78 ° 

Cy3H 27 eC Q  NBoc 
NL n-G1g3H97 

60% yield with 2:1 threo/erythro ratio 
OH 32, D-erythro 

  

Scheme 10 

In 1988 Herold®3 used N-Boc-L-serine to make D-erythro- and L-threo-sphingosine 

triacetate, and their cis geometric isomers. In addition he made N-octadecanoyl-D-erythro- 

sphingosine, which is a ceramide or N-acylated sphingosine. The approach resembles that of 

Garner's in that both used lithium pentadecyne as the carbon nucleophile in the additions to N-Boc- 

serinal acetonide 30. By employing chelation control through judicious choice of Lewis acids, 

solvent, and temperature, Herold was able to add lithium pentadecyne with 95% ds to give either 

erythro or threo propargylic alcohols 33 or 34 selectively (Scheme 11). The triacetate of D- 
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erythro-sphingosine or L-threo-sphingosine was obtained in eight steps with 18% and 21% yields, 

respectively. The alkynes were reduced to the trans olefins using sodium bis(2- 

methoxyethoxy)aluminum hydride (Red-Al) in Et2O at 0 °C to room tempertaure in 65% yield. 

  

1) Li = C,3Ho7, HMPA, THF, -78 °C Q  NBoc BG n-C43Hp7 

95% ds, 71% erythro 
OH 33, D-erythro 

OQ NBoc 

ono 30 SI 
1) i= , ZnBrp, Et,O, -78 °C r.t. Q NBoc _n-C13H27 Nb Li C13Ho7 2, Ely LiF 

95% ds, 87% threo : 
OH 34, L-threo 

Scheme 11 

In 1988 a third independent synthesis of D-erythro- and L-threo-sphingosine was 

published, by Liotta et al.©4+ These chemists also took advantage of the N-Boc-L-serinal acetonide 

30 and lithium pentadecyne as Garner and Herold did. Using lithium pentadecyne in THF at -78 

°C a 9:1 erythro/threo ratio of propargylic alcohols 33 and 34 was observed. Alcohols 33 and 34 

gave a combined yield of 90% (81% erythro). Unique to this approach was the conversion of 

propargylic alcohol 33 to 34 using standard Mitsunobu conditions in 70% yield. Reduction of 

alkynes 33 or 34 with Na°/NH3 proceeded in 90% yield when performed on a small scale (< 100 

mg). When larger scale reductions were desired lithium aluminum hydride in refluxing 1,2 

dimethoxyethane had to be employed. These large scale reductions proceeded in 70% yield. In six 

steps D-erythro-sphingosine was made in 28% yield and L-threo-sphingosine in eight steps and in 

20% yield. 

In 1990 Dondoni et al.©> used N-Boc-L-serine to make the D-erythro-C29-sphingosine 

triacetate. This synthesis was accomplished in ten steps (six purifications) and with 12:1 

erythro/threo diastereoselectivity, in an overall yield of 15%. In addition phytosphingosine was 

synthesized. These researches took advantage of a stable thiazole masked aldehyde, which could 

be deprotected at the appropriate time using mild conditions. The subsequent aldehyde would 

then be subjected to Wittig olefination. Addition of 2-(trimethyl-silyl)thiazole to N-Boc-L-serinal 

acetonide 30 afforded the one carbon homologues, i.e. the masked aldehydes 35 and 36, with 85- 

90% anti-diastereoselectivity at the new asymmetric center (Scheme 12). Deprotection of thiazole 

36 and Wittig olefination of the resulting aldehyde 37 gave the protected D-erythro-C20- 

sphingosine 38, which was deprotected and then converted to its triacetate for the purposed of 

identification. 
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31% yield 

Scheme 12 

+ NBoc 38 
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1) MeI, MeCN 

2) NaBHy, 0 °C 

3) HgCl2, MeCN/H20O 

x NB 
Q : O 

HO 37 

  

L-Serine methylester hydrochloride was used by Polt et al.©7 to prepare L-threo- 

sphingosine triacetate in 1992. The synthesis was accomplished in four steps, with > 95% 

diastereoselectivity and in an overall yield of 59%. Diastreoselective syntheses of sphingosine and 

C1-deoxygenated sphingosines, derived from L-alanine, of varying chain lengths were achieved. 

The key step involved the reaction of a-imino esters (O'Donnell's Schiff bases) with aluminum 

hydrides to produce acetal-like intermediates which underwent subsequent reaction with carbon 

nucleophiles. For the synthesis of L-threo-sphingosine (Scheme 13) the Schiff base methyl O- 

(tert-butyldimethylsilyl) -N-(diphenyl-methylene)-L-serinate (39), shown pre-cordinated as an 

aluminum acetal, was converted to the protected L-threo-sphingosine (40) in > 20:1 threo/erythro 

selectivity in one pot and with 76% combined yield (72% threo). 

\J Ni, Li Ni 
k. ~ — ~ 1 

C.Hs a iBu2AlH. AhBug C.Hs ie R! C,H, A —— R 

~~ OCHy H2Cl2, “78°C " ocHa| hexanes. 78°C = NMng 
Ces .4 R CeHs a CeHs A 

Where R = CH20Si(Me)2t-Bu R) = C13H27 Ht 

CH; OH 
| CeHs OH__-R 

oO __ Brg YO — an 

H;Ce. C.Hs 

Scheme 13 
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This synthesis proceeded without epimerization, confirmed via use of Mosher's amide, 

and with a high degree of threo selectivity. Although some Boc-protected amino aldehyde 

derivatives show resistance to racemization,®8 facile loss of optical activity in o-amino aldehyde 

derivatives is a general problem.©? Sphingosine derivative 40 was fully deprotected to L-threo- 

sphingosine using HCl in dioxane at 100 °C by Polt.67 The overall yield of L-threo-sphingosine 

was 59% from L-serine methylester hydrochloride. 

The novelty and efficiency of sphingosine synthesis from serine has progressed by leaps 

and bounds since the first synthesis by Newman (Table 2). The syntheses have been arranged 

according to their overall percent yields. 
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Table 2. Syntheses of Sphingosine From Serine 

  

Author Year Starting Product Steps Overall Ref 

Material % Yield 

Polt 1992 7 D-threo-sphingosine 5 59 67 
HOY och 

NH,Cl 

Garner 1988 Ai D-erythro-sphingosine 6 39 61 

HO OF D-threo-sphingosine 6 14 
NHBoc 

Liotta 1988 Ai D-erythro-sphingosine 6 28 64 

HO OF D-threo-sphingosine 8 20 
N HBoc 

Rapoport 1986 D-erythro-sphingosine 5 22 59 
HOY oF 

N HBz 

Herold 1988 A D-erythro-sphingosine 8 18 63 

HO OH D-threo-sphingosine 8 21 
NH Boc 

Thornton 1981 Ak 1-benzoyl-D-erythro- 5 16 58 

HO A OF sphingosine 

° 1-benzoyl-D-threo- 5 16 

sphingosine 

Dondoni 1990 t D-erythro-sphingosine 10 15 65 
Hook | 

NHBoc 

Newman 1973 D-erythro-sphingosine 6 * 57 

All yields were calculated based on information obtained from the experimental sections of the cited papers and 

+. HO OH 

NH. 

references therein, when available. * Many reactions were reported without a percent yield. 
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2.2 Sugar Approaches 

A crucial problem with the L-serine approach is the introduction of the second asymmetric 

center. One way to avoid unwanted mixtures of diastereomers is to begin the synthetic sequence 

with the stereocenters already established. The chiral pool of sugars become attractive building 

blocks for such an endevor. 

The first sphingosine synthesis from sugars was accomplished by Reist et al.70 in 1970. 

Starting with 3-amino-3-deoxy-1,2:5,6-di-isopropylidene-a-D-allofuranose’! the synthesis of D- 

erythro-sphingosine was accomplished in 8 steps with a 5% overall yield. The key step was the 

Wittig olefination of aldehyde 41 which provided the coupled trans product 42 in 60% yield 

(Scheme 14). The strong band at 970 cm”! in the infrared spectrum was used to assign the 

geometry of the olefin. Upon examination of the spectral data for olefin 42 it was found that the 

methyl carbamate had been converted to the ethyl carbamate. The authors reasoned that pheny] 

lithium had attacked the solvent (ether) to produce ethylene and an ethoxy anion, which then 

proceeded to transesterify the methyl carbamate. Reist previously published a synthesis of D- 

dihydrosphingosine,’2 from the same starting material. 

C13H27 

OHCm?D 10 IL wo XJ x phosphonium salt xX 
“6 ‘ 
  

RH No 
pheny! aun 

RHN™ “O 

41 R= CO2CH3 enzene/ether 42 R= CO;CH;CH 

Scheme 14 

It was not unt] 1985 that sphingosines were again synthesized via a sugar route. Schlosser 

et al.73 were able to convert D(+)-mannose and D(+)-ribono-1,4-lactone into D-erythro- and L- 

threo-sphingosine respectively. Schlosser states that the key intermediates were the two epimers of 

4-bromo-3-methox ymethy]-2-methoxymethox ymethyl-2,3-dihydrofurans 44a and 44b (Scheme 

15). Treatment of 44 with n-butyllithium gave the alkynes 45 which were subsequently alkylated 

to give the sphingosine skeleton. In twenty four steps and in 1.3% overall yield D-erythro- 

sphingosine was made, while the preparation of L-threo-sphingosine took twenty steps and 

proceeded in 1.6% overall yield. 
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© 
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c 
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Scheme 15 

Three efficient syntheses of D-erythro-sphingosine were published in the first six months 

of 1986. Independently, Schimdt, Kiso, and Ogawa employed very similar approaches. Schmidt 

and Zimmermann‘ published a total synthesis of D-erythro-sphingosine from D-galactose in seven 

steps with an overall yield of 7%. The crucial step was the Wittig olefination of 2,4-O- 

benzylidene-D-threose 46 (Scheme 16) to yield the trans-olefin 47 in 68% yield. Conversion of 

the free alcohol intrans-olefin 47 to an azide (via _ the triflate) with inverse stereochemistry, 

followed by deprotection provided azido D-erythro-sphingosine. Despite the low overall yield the 

synthesis is an efficient one. If the first step is eliminated (formation of 4,6-O-benzylidene-D- 

galactose from D-galactose, 26% yield) the overall yield increases to 28%. In 1988 a detailed 

paper with full experimental procedures was published.’° In this publication Schmidt reports that 

2,4-O-benzyliden-D-threose 46 can be made from D-galactose and D-arabinose, and further shows 

that 2,4-O-isopropylidene-D-threose 48 can be made from D-xylose and D-glucose. 

  

R! R' 

0 CH3(CH2);4CH2P(C6Hs)3Br-_ oO 
OH C6HsLi OH 

Oo — 

H 46,R=H;R!=Ph H 47,R=H;R!=Ph 
48, R= CH3; R'= CH, 49, R= CH3; R'= CH; 

Scheme 16 

Kiso et al.’© employed the same synthetic strategy as Schmidt, the only differences being 

the initial isopropylidene protecting group vs Schimdt's benzylidene protecting group and the 

Wittig condensation. Using Schlosser Wittig betaine-ylid conditions, 2,4-O-isopropylidene-D- 

threose 48, available from 3,5-O-isopropylidene-D-xylofuranose’’ or 4,6-O-isopropylidene-D- 

galactopyranose’8 was converted to 49 in 40% yield (35% cis-olefin isolated, Scheme 16). Thus 

from D-xylose, D-erythro-sphingosine was made in seven steps and in 6% overall yield. Unlike 
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many researchers Kiso did not photoisomerize the cis-olefin 49 (these photoisomerizations’? 

generally proceed in high yield) to the trans-olefin 49, lowering his overall yield. As with 

Schmidt's synthesis the lowest yielding step is the first one, namely the formation of the 3,5-O- 

isopropylidene-xylofuranose from D-xylose. Kiso also converted his sphingosine product into 

several ceramides. 

Ogawa et al.8° used D-glucose to arrive at aldehyde 50 in three steps. Use of standard 

Wittig condensation procedures provided a 42% of the trans olefin 51, and 47% of the cis olefin 

(Scheme 17). The cis geometric isomer was photoisomerized to the trans olefin 51, so that an 

87% yield of 51 could be realized from aldehyde 50. Ogawa was interested in the synthesis of 

ceramides, thus these researchers never made azido D-erythro-sphingosine or D-erythro- 

sphingosine, but instead a related compound 52 was made (Scheme 18). Thus, from D-glucose, 

protected azido D-erythro-sphingosine 52 was made in eleven steps and in 14% overall yield. 

Noteworthy was the reduction of azide 52, accomplished in 90% yield using sodium borohydride 

in refluxing isopropanol. 

n-C43H27 
O 

+ 4 nnQ CH3(CH>), 4CH2P(C6Hs5)3Bre H nnO 
tn nBuLi, THF 

HO® 5, 0 42% cis and 47% trans HOM «1 ie) 

  

Scheme 17 

  

N3 52 

Scheme 18 

In 1993 Yadav et al.8! synthesized D-erythro- and L-threo-sphingosine from D-xylose and 

D-arabinose respectively. The key reaction was a base-induced double elimination of chloride 53 

followed by alkylation of the terminal alkyne to give high yields 

(53a — 54a in 78% yield) of the corresponding propargylic alcohols 54 (Scheme 19). While the 

B-alkoxy chloride elimination to give propargylic alcohols 54 is interesting®2 this synthesis offered 

no improvement over past syntheses. For both series fourteen steps were needed and an estimated 

overall yield of < 10% and > 5% was assumed based on the available data, as many yields were 

not reported in the paper.®! 
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Scheme 19 

In 1994 additional syntheses of sphingosines were published. First Murakami er al.83 

made D-erythro-sphingosine and phytosphingosine from D-glucosamine hydrochloride. After nine 

steps epoxytosylate 55 was made and then coupled with a dodecyl cuprate to give epoxide 56 

(Scheme 20). The epoxide was then opened with Nal to give the corresponding iodohydrin 57, 

from which either D-erythro-sphingosine or phytosphingosine was made. This synthesis in 15 

steps provides D-erythro-sphingosine in 19% overall from the hydrochloride of D-glucosamine.84 

  

  

  

O, O 
To NN OTBDPS n-C}7H>sMgBr (2 equiv.) _ 1 CyoHos —~P~—-~ oreprs 

Ae N CuBr (20 mol%), THF, -30 to O °C ~~ N 
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Ph 35 Ph 56, 84% 
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Me3SiCl (4 equiv.) 
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Scheme 20 
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�W�h�i�l�e� �t�h�e� �s�y�n�t�h�e�s�e�s� �f�r�o�m� �s�u�g�a�r�s� �d�o� �n�o�t� �s�u�f�f�e�r� �f�r�o�m� �m�i�x�t�u�r�e�s� �o�f� �d�i�a�s�t�e�r�e�o�m�e�r�s�,� �t�h�e�y� 

�g�e�n�e�r�a�l�l�y� �l�a�c�k� �t�h�e� �h�i�g�h�e�r� �o�v�e�r�a�l�l� �y�i�e�l�d�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �L�-�s�e�r�i�n�e� �a�p�p�r�o�a�c�h�e�s�.� �M�a�n�y� �t�i�m�e�s� �t�h�e� 

�i�n�i�t�i�a�l� �p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �s�u�g�a�r� �i�s� �t�h�e� �l�o�w�e�s�t� �y�i�e�l�d�i�n�g� �s�t�e�p�.� �I�f� �t�h�i�s� �f�a�c�t� �i�s� �t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t�,� �t�h�e�n� 

�m�a�n�y� �o�f� �t�h�e�s�e� �s�y�n�t�h�e�s�e�s� �a�r�e� �h�i�g�h�l�y� �e�f�f�i�c�i�e�n�t� �a�n�d� �n�o�t�e�w�o�r�t�h�y�.� �T�h�e� �s�u�g�a�r�-�b�a�s�e�d� �s�y�n�t�h�e�s�e�s� 

�h�a�v�e� �b�e�e�n� �o�r�g�a�n�i�z�e�d� �i�n� �t�a�b�u�l�a�r� �f�o�r�m� �w�i�t�h� �o�v�e�r�a�l�l� �p�e�r�c�e�n�t� �y�i�e�l�d� �a�s� �t�h�e� �c�r�i�t�e�r�i�o�n� �f�o�r� �t�h�e�i�r� �r�e�l�a�t�i�v�e� 

�o�r�d�e�r� �(�T�a�b�l�e� �4�)�.� �N�o�t�e� �t�h�a�t� �s�e�v�e�r�a�l� �(�1�,�2�,�3�)�-�t�r�i�h�y�d�r�o�x�y�-�4�E�-�o�c�t�a�d�e�c�e�n�e� �h�a�v�e� �b�e�e�n� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� 

�t�a�b�l�e�,� �s�o�m�e� �r�e�p�r�e�s�e�n�t�i�n�g� �f�o�r�m�a�l� �s�y�n�t�h�e�s�e�s�.� 

�T�a�b�l�e� �4�.� �S�y�n�t�h�e�s�e�s� �o�f� �S�p�h�i�n�g�o�s�i�n�e� �F�r�o�m� �S�u�g�a�r�s� 

� � 

�A�u�t�h�o�r� �Y�e�a�r� �S�t�a�r�t�i�n�g� �M�a�t�e�r�i�a�l� �P�r�o�d�u�c�t� �S�t�e�p�s� �%� �R�e�f� 

�W�u� �1�9�9�4� �D�-�g�l�u�c�o�s�e� �(�1�,�2�R�,�3�R�)�-�t�r�i�h�y�d�r�o�x�y�-� �5� �2�7� �~�=�8�5� 

�4�E�-�o�c�t�a�d�e�c�e�n�e� 

�D�-�g�l�u�c�o�s�e� �(�1�,�2�R�,�3�S�)�-�t�r�i�h�y�d�r�o�x�y�-� �4� �3�5� �8�5� 

�4�E�-�o�c�t�a�d�e�c�e�n�e� 

�D�-�m�a�n�n�o�s�e� �(�1�,�2�S�,�3�R�)�-�t�r�i�h�y�d�r�o�x�y�-� �6� �3�9� �8�5� 

�4�E�-�o�c�t�a�d�e�c�e�n�e� 

�D�-�x�y�l�o�s�e� �(�1�,�2�S�,�3�S�)�-�t�r�i�n�y�d�r�o�x�y�-� �7� �2�0� �8�5� 

�4�E�-�o�c�t�a�d�e�c�e�n�e� 

�M�u�r�a�k�a�m�i� �1�9�9�4� �D�-�g�l�u�c�o�s�a�m�i�n�e� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �1�3� �1�9� �8�3� 

�O�g�a�w�a� �1�9�8�6� �D�-�g�l�u�c�o�s�e� �1�,�3�-�d�i�e�t�h�o�x�y�m�e�t�h�o�x�y�-� �=� �1�1� �1�4� �8�0� 

�D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� 

�K�i�s�o� �1�9�8�6� �D�-�g�a�l�a�c�t�o�s�e� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �7� �1�0� �7�6� 

�S�c�h�m�i�d�t� �1�9�8�6� �D�-�g�a�l�a�c�t�o�s�e�,� �D�-� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �7� �7� �7�4� 

�x�y�l�o�s�e�,� �D�-�a�r�a�b�i�n�o�s�e�,� �7�5� 

�o�r� �D�-�g�l�u�c�o�s�e� 

�R�e�i�s�t� �1�9�7�0� �D�-�g�l�u�c�o�s�a�m�i�n�e� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �7� �6� �7�0� 

�Y�a�d�a�v� �1�9�9�3� �D�-�x�y�l�o�s�e� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �1�4� �<�1�0� �8�1� 

�D�-�a�r�a�b�i�n�o�s�e� �D�-�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e� �1�4� �<�1�0� �8�1� 

�S�c�h�l�o�s�s�e�r� �1�9�8�5� �D�-�m�a�n�n�o�s�e� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �2�4� �1� �7�3� 

�D�-�r�i�b�o�n�o�-�1�,�4�-�l�a�c�t�o�n�e� �D�-�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e� �2�0� �1� �7�3� 
� � 
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�2�.�3�.� �F�i�r�s�t� �T�o�t�a�l� �S�y�n�t�h�e�s�i�s� �a�n�d� �M�i�s�c�e�l�l�a�n�e�o�u�s� �A�p�p�r�o�a�c�h�e�s� 

�S�e�v�e�n�t�y�-�t�w�o� �y�e�a�r�s� �a�f�t�e�r� �t�h�e� �i�n�i�t�i�a�l� �i�s�o�l�a�t�i�o�n� �o�f� �s�p�h�i�n�g�o�s�i�n�e� �b�y� �T�h�u�d�i�c�h�u�m�,�,� �t�h�e� �f�i�r�s�t� �t�o�t�a�l� 

�s�y�n�t�h�e�s�i�s� �o�f� �t�h�e� �a�l�k�a�l�o�i�d� �s�p�h�i�n�g�o�s�i�n�e� �a�p�p�e�a�r�e�d� �a�n�d� �c�o�n�f�i�r�m�e�d� �t�h�e� �a�s�s�i�g�n�e�d� �s�t�r�u�c�t�u�r�e�.� �S�h�a�p�i�r�o� �e�t� 

�a�l�.�8�®� �b�e�g�a�n� �t�h�e�i�r� �s�y�n�t�h�e�s�i�s� �w�i�t�h� �a� �K�n�o�e�v�e�n�a�g�e�l�-�D�o�e�b�n�e�r� �c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �m�y�r�i�s�t�r�y�l� �a�l�d�e�h�y�d�e� 

�(�t�e�t�r�a�d�e�c�y�l� �a�l�d�e�h�y�d�e�)� �w�i�t�h� �m�a�l�o�n�i�c� �a�c�i�d�.� �T�h�e� �c�r�u�c�i�a�l� �r�e�a�c�t�i�o�n� �t�o�o�k� �p�l�a�c�e� �f�o�u�r� �s�t�e�p�s� �l�a�t�e�r� �w�h�e�n� �e�s�t�e�r� 

�6�8� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �b�e�n�z�e�n�e�d�i�a�z�o�n�i�u�m� �c�h�l�o�r�i�d�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�o�d�i�u�m� �a�c�e�t�a�t�e� �a�n�d� �a�m�m�o�n�i�u�m� 

�c�h�l�o�r�i�d�e� �t�o� �g�i�v�e� �h�y�d�r�a�z�o�n�e� �6�9� �(�S�c�h�e�m�e� �2�2�)�.� �T�h�i�s� �w�a�s� �t�h�e� �f�i�r�s�t� �t�i�m�e� �t�h�e� �J�a�p�p�-�K�l�i�n�g�e�m�a�n�n� 

�r�e�a�c�t�i�o�n � �� �w�a�s� �u�s�e�d� �o�n� �s�u�c�h� �a� �s�u�b�s�t�r�a�t�e�.� �A�t� �t�h�e� �t�i�m�e� �t�h�e� �c�o�u�p�l�i�n�g� �o�f� �a� �d�i�a�z�o�n�i�u�m� �s�a�l�t� �w�i�t�h� �a�k�y�]� 

�s�u�b�s�t�i�t�u�t�e�d� �a�c�e�t�o�-�a�c�e�t�i�c� �e�s�t�e�r�s� �w�a�s� �k�n�o�w�n�,� �b�u�t� �h�a�d� �n�o�t� �b�e�e�n� �c�a�r�r�i�e�d� �o�u�t� �w�i�t�h� �@�,�a�-�d�i�a�c�y�]� �e�s�t�e�r� �i�n� 

�w�h�i�c�h� �o�n�e� �o�f� �t�h�e� �a�c�y�l� �g�r�o�u�p�s� �i�s� �a�,�f�h�-�u�n�s�a�t�u�r�a�t�e�d�.� �T�h�i�s� �s�y�n�t�h�e�s�i�s� �c�a�n� �b�e� �p�e�r�f�o�r�m�e�d� �o�n� �t�e�n�s� �o�f� 

�g�r�a�m�s� �a�n�d� �p�r�o�c�e�e�d�e�d� �i�n� �3�%� �o�v�e�r�a�l�l� �y�i�e�l�d� �t�o� �g�i�v�e� �D�L�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �i�n� �n�i�n�e� �s�t�e�p�s�.� 

� � 

�P�h� �P�h� 

�C�y�a�H�o�y� �W�H� �O�E�t�  � � � ��~�-� �O� �C�y�s�H�o�p� �~� �H�T� �o�e�t� 
�e�r� �C�u�l�m� �A�B�E� �*� �2�2� 

�6�8� �O�O� �O� �0�0� �6�9� �O� �O� 

�S�c�h�e�m�e� �2�2� 

�I�n� �1�9�8�3�,� �V�a�s�e�l�l�a� �e�t� �a�l�.�8�8� �p�u�b�l�i�s�h�e�d� �a� �s�y�n�t�h�e�s�i�s� �o�f� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e�.� �O�f� �t�h�e� �s�e�v�e�r�a�l� 

�k�e�y� �r�e�a�c�t�i�o�n�s�,� �t�h�e� �f�i�r�s�t� �w�a�s� �t�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �e�n�y�n�o�l� �7�0� �(�S�c�h�e�m�e� �2�3�)�,� �v�i�a� �a� �P�d� �c�o�u�p�l�i�n�g� �r�e�a�c�t�i�o�n�.� 

�S�h�a�r�p�l�e�s�s� �e�p�o�x�i�d�a�t�i�o�n� �o�f� �7�0� �p�r�o�c�e�e�d�e�d� �i�n� �h�i�g�h� �y�i�e�l�d� �a�n�d� �e�n�a�n�t�i�o�m�e�r�i�c� �p�u�r�i�t�y�.� �T�h�i�s� �e�p�o�x�y� �a�l�c�o�h�o�l� 

�w�a�s� �t�h�e�n� �c�o�n�v�e�r�t�e�d� �t�o� �c�a�r�b�a�m�a�t�e� �7�1�a� �o�r� �i�m�i�d�a�t�e� �7�1�b� �(�S�c�h�e�m�e� �2�4�)�.� �I�n�t�r�a�m�o�l�e�c�u�l�a�r� �c�y�c�l�i�z�a�t�i�o�n� �o�f� 

�c�a�r�b�a�m�a�t�e� �7�1�a� �g�a�v�e� �t�h�e� �d�e�s�i�r�e�d� �r�e�g�i�o�c�h�e�m�i�c�a�l� �o�p�e�n�i�n�g� �o�f� �t�h�e� �e�p�o�x�i�d�e� �t�o� �a�f�f�o�r�d� �o�x�a�z�o�l�i�d�i�n�o�n�e� �7�2�a�.� 

�T�h�i�s� �o�x�a�z�o�l�i�d�i�n�o�n�e� �w�a�s� �t�h�e�n� �c�o�n�v�e�r�t�e�d� �t�o� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e�.� �T�h�e� �t�r�i�c�h�l�o�r�o�i�m�i�d�a�t�e� �7�1�b� 

�p�r�e�f�e�r�r�e�d� �t�o� �c�y�c�l�i�z�e� �w�i�t�h� �t�h�e� �o�p�p�o�s�i�t�e� �r�e�g�i�o�c�h�e�m�i�c�a�l� �o�p�e�n�i�n�g� �a�n�d� �w�a�s� �u�s�e�d� �t�o� �s�y�n�t�h�e�s�i�z�e� �t�h�e� �3�-� 

�a�m�i�n�o�-�2�-�h�y�d�r�o�x�y�-�L�-�e�r�y�t�h�r�o�-�i�s�o�m�e�r� �o�f� �s�p�h�i�n�g�o�s�i�n�e�.� 

�C�1�3�H�2�7�  ��=�=�_�H� 
�P�d�C�l�2�(�P�P�h�3�)�  �� �a�N� �4� �s�t�e�p�s� �+� �o�N�,� �C�4� �3�H� �=� �_� �C�l� �B� �C�u�l�,� �H�N�E�,� �"�2� �2 �� �7�0� �O�H� �~ ��3�9�%� �o�v�e�r�a�l�l� �y�i�e�l�d� �D�N� 

�\ ��=� �8�0�%� �y�i�e�l�d� 
 �� �S�o�n� 

�S�c�h�e�m�e� �2�3� 
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�I�n� �1�9�8�6� �V�a�s�e�l�l�a� �p�u�b�l�i�s�h�e�d� �a� �s�e�c�o�n�d� �g�e�n�e�r�a�t�i�o�n� �s�y�n�t�h�e�s�i�s� �o�f� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e�.�8�8�>� �T�h�e� 

�s�y�n�t�h�e�s�i�s� �o�f� �e�n�y�n�o�l� �7�0� �w�a�s� �i�m�p�r�o�v�e�d� �s�o� �t�h�a�t� �t�h�e� �p�a�l�l�a�d�i�u�m� �c�o�u�p�l�i�n�g� �w�a�s� �n�o� �l�o�n�g�e�r� �n�e�e�d�e�d� 

�(�S�c�h�e�m�e� �2�3�)�.� �I�n� �a�d�d�i�t�i�o�n� �t�h�e� �p�e�r�c�e�n�t� �y�i�e�l�d� �o�f� �b�o�t�h� �t�h�e� �S�h�a�r�p�l�e�s�s� �e�p�o�x�i�d�a�t�i�o�n� �a�n�d� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� 

�t�h�e� �a�l�k�y�n�e� �t�o� �t�h�e� �t�r�a�n�s� �a�l�k�e�n�e� �w�e�r�e� �i�n�c�r�e�a�s�e�d�.� �D�-�e�r�y�t�h�r�o�-�S�p�h�i�n�g�o�s�i�n�e� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �5�0�%� 

�o�v�e�r�a�l�l� �y�i�e�l�d� �a�n�d� �i�n� �s�i�x� �s�t�e�p�s�.� 

�C�1�3�H�2�7�  ��>� �O� �N�a�e� �e�n�a� �a� �-� �C�i�s�H�2�7�  ��  ��X�2�0� 
�N�-�<� �6� �y�i�e�l�d� �f�r�o�m� �e�p�o�x�y� �a�l�c�o�h�o� 

�T�i�l�a� �H� �y� �P� 

�O�,� 
�C�i�c�H�o�y� �=�P�,� �N�a�N�(�S�i�M�e�3�)�2�,� �5�.�0� �e�q�u�i�v�.� 

�7� �v�s� �7�1�8�%� �y�i�e�l�d� �f�i� �c�o�h�o�l�  ��1�2�2� �=�"� �P�p� �7�1�b� �H� �0� �y�i�e� �r�o�m� �c�p�o�x�y�a� �c�o�n�o�.� �7�b� 
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�e�n�a�n�t�i�o�s�e�l�e�c�t�i�v�e� �s�y�n�t�h�e�s�i�s� �o�f� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e�.� �U�t�i�l�i�z�i�n�g� �(�+�)�-�(�R�,�R�,�R�)�-�h�y�d�r�o�x�y�p�i�n�a�n�o�n�e� �9�3� 

�a�s� �a� �c�h�i�r�a�l� �t�e�m�p�l�a�t�e�,� �i�m�i�n�o�g�l�y�c�i�n�a�t�e� �9�4� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �(�S�c�h�e�m�e� �3�1�)�.� �F�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �t�i�t�a�n�i�u�m� 

�e�n�o�l�a�t�e� �o�f� �9�4�,� �f�o�l�l�o�w�e�d� �b�y� �a�d�d�i�t�i�o�n� �o�f� �E�-�h�e�x�a�d�e�c�e�n�a�l� �a�f�f�o�r�d�e�d� �i�m�i�n�o� �e�s�t�e�r� �9�5� �i�n� �6�0�%� �y�i�e�l�d�.� �N�o�t�e�:� 

�2�0�%� �o�f� �b�o�t�h� �t�h�e� �i�m�i�n�o�g�l�y�c�i�n�a�t�e� �9�4� �a�n�d� �E�-�h�e�x�a�d�e�c�e�n�a�l� �w�e�r�e� �r�e�c�o�v�e�r�e�d�.� �H�y�d�r�o�l�y�s�i�s� �o�f� �i�m�i�n�o� �e�s�t�e�r� 

�9�5� �a�f�f�o�r�e�d�e�d� �c�o�m�p�o�u�n�d� �9�6� �i�n� �8�5�%� �y�i�e�l�d�.� �T�h�e� �c�h�i�r�a�l� �a�u�x�i�l�l�a�r�y� �(�+�)�-�(�R�,�R�,�R�)�-�h�y�d�r�o�x�y�p�i�n�a�n�o�n�e� �9�3� 

�w�a�s� �a�l�s�o� �r�e�c�o�v�e�r�e�d�,� �i�n� �8�0�%� �y�i�e�l�d�.� �R�e�d�u�c�t�i�o�n� �o�f� �t�h�e� �e�s�t�e�r� �m�o�i�e�t�y� �i�n� �9�6� �a�f�f�o�r�d�e�d� �D�-�e�r�y�t�h�r�o�-� 

�s�p�h�i�n�g�o�s�i�n�e� �i�n� �3�5� �-� �4�0�%� �o�v�e�r�a�l�l� �y�i�e�l�d�,� �b�a�s�e�d� �o�n� �r�e�c�o�v�e�r�e�d� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�s�.� 
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�A�l�l� �t�h�e� �m�i�s�c�e�l�l�a�n�e�o�u�s� �s�y�n�t�h�e�s�e�s� �h�a�v�e� �b�e�e�n� �a�r�r�a�n�g�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r� �o�v�e�r�a�l�l� �p�e�r�c�e�n�t� �y�i�e�l�d� 

�i�n� �T�a�b�l�e� �5�.� 
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�V�a�s�e�l�l�a� �1�9�8�3� �p�e�n�t�a�d�e�c�y�n�e� �D�-�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e� �6� �5�0�%� �8�8� 
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�C�a�r�d�i�l�l�o� �1�9�8�6� �_� �t�e�t�r�a�d�e�c�y�l�-�a�l�d�e�h�y�d�e� �(�+�)�-�s�p�h�i�n�g�o�s�i�n�e� �7� �3�2�%� �8�9� 

�S�o�m�f�a�i� �1�9�9�3� � �d�i�e�t�h�y�l�-�D�-�t�a�r�t�r�a�t�e� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �1�3� �3�1�%� �9�4� 

�T�a�k�a�n�o� �1�9�9�1� �m�e�s�o�-�1�,�2�-� �L�-�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e� �1�0� �1�1�%� �9�3� 

�d�i�v�i�n�y�l�e�t�h�y�l�e�n�e�-�g�l�y�c�o�l� �D�-�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e� �1�0� �1�6�%� 

�W�h�i�t�e�s�i�d�e�s� �1�9�8�7� � �c�h�l�o�r�o�f�u�m�a�r�i�c� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �1�3� �3� �9�0� 

�a�c�i�d� 

�S�h�a�p�i�r�o� �1�9�5�4� �_� �t�e�t�r�a�d�e�c�y�l�-�a�l�d�e�h�y�d�e� �(�+�)�-�s�p�h�i�n�g�o�s�i�n�e� �9� �3� �8�6� 
� � 
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�3�.�0� �V�i�n�y�l�i�c� �o�x�i�r�a�n�e� �o�p�e�n�i�n�g�s� �w�i�t�h� �c�a�r�b�o�n� �a�n�d� �h�e�t�e�r�o�a�t�o�m� 
�n�u�c�l�e�o�p�h�i�l�e�s�.� 

�U�n�l�i�k�e� �i�s�o�l�a�t�e�d� �o�x�i�r�a�n�e�s� �w�h�i�c�h� �h�a�v�e� �t�w�o� �p�o�s�s�i�b�l�e� �s�i�t�e�s� �f�o�r� �n�u�c�l�e�o�p�h�i�l�i�c� �a�t�t�a�c�k� �v�i�n�y�l� 

�o�x�i�r�a�n�e�s� �e�x�h�i�b�i�t� �t�h�r�e�e� �(�S�c�h�e�m�e� �3�2�)�.� �V�i�n�y�l� �o�x�i�r�a�n�e�s�,� �e�n�d�o�w�e�d� �w�i�t�h� �a�l�l� �o�f� �t�h�e� �r�e�a�c�t�i�v�i�t�i�e�s� �o�f� 

�t�h�e� �f�o�r�m�e�r�,� �a�l�s�o� �l�e�n�d� �t�h�e�m�s�e�l�v�e�s� �t�o� �a� �w�h�o�l�e� �n�e�w� �c�l�a�s�s� �o�f� �r�e�a�c�t�i�o�n�s�,� �n�a�m�e�l�y� �p�a�l�l�a�d�i�u�m� 

�c�a�t�a�l�y�z�e�d� �n�u�c�l�e�o�p�h�i�l�i�c� �a�d�d�i�t�i�o�n�s�.� �A� �b�r�i�e�f� �o�v�e�r�v�i�e�w� �o�f� �t�h�e� �r�e�g�i�o�-� �a�n�d� �s�t�e�r�e�o�s�p�e�c�i�f�i�c�i�t�y� �o�f� 

�t�h�e�s�e� �r�e�a�c�t�i�o�n�s� �e�n�s�u�e�s�.� 

�B�-� �a�t�t�a�c�k� �\� � �O� 

�|� �K�U� �Q�-� �a�t�t�a�c�k� 
�S�n�2�'� �a�t�t�a�c�k� �_� �_�/� 

�S�c�h�e�m�e� �3�2� 

�N�u�c�l�e�o�p�h�i�l�i�c� �S�n�N�2� �o�p�e�n�i�n�g� �o�f� �e�p�o�x�i�d�e�s� �a�f�f�o�r�d�s� �t�r�a�n�s� �p�r�o�d�u�c�t�s�.� �W�h�e�n� 

�u�n�s�y�m�m�e�t�r�i�c�a�l� �e�p�o�x�i�d�e�s� �a�r�e� �r�i�n�g� �o�p�e�n�e�d� �w�i�t�h� �n�u�c�l�e�p�h�i�l�e�s�,� �a� �m�i�x�t�u�r�e� �o�f� �r�e�g�i�o�i�s�o�m�e�r�i�c� 

�p�r�o�d�u�c�t�s� �g�e�n�e�r�a�l�l�y� �e�n�s�u�e�s�.� �U�n�s�y�m�m�e�t�r�i�c�a�l� �c�y�c�l�i�c� �e�p�o�x�i�d�e�s�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �g�i�v�e� 

�p�r�o�d�u�c�t�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �o�n�l�y� �o�n�e� �o�f� �t�w�o� �p�o�s�s�i�b�l�e� �t�r�a�n�s�-�d�i�a�x�i�a�l� �o�p�e�n�i�n�g�s�.�2�©� �T�h�e� �e�x�c�l�u�s�i�v�e� 

�f�o�r�m�a�t�i�o�n� �o�f� �o�n�e� �p�r�o�d�u�c�t� �i�s� �t�h�e� �r�e�s�u�l�t� �o�f� �t�h�e� �s�t�e�r�e�o�e�l�e�c�t�r�o�n�i�c� �d�e�m�a�n�d�s� �i�n�h�e�r�e�n�t� �i�n� �t�h�e� 

�t�r�a�n�s�i�t�i�o�n� �s�t�a�t�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �c�o�n�f�o�r�m�a�t�i�o�n�a�l�l�y� �n�g�i�d� �c�y�c�l�i�c� �e�p�o�x�i�d�e� �9�7� �(�S�c�h�e�m�e� �3�3�)�,� 

�g�i�v�e�s� �o�n�l�y� �o�n�e� �p�r�o�d�u�c�t� �1�0�1�.�9� �T�h�e� �t�r�a�n�s�i�t�i�o�n� �s�t�a�t�e� �i�n� �t�h�e� �S�N�2� �r�e�a�c�t�i�o�n� �r�e�q�u�i�r�e�s� �t�h�a�t� �t�h�e� 
�r�e�a�c�t�i�o�n� �a�t� �C�-�2� �m�u�s�t� �g�i�v�e� �t�h�e� �t�w�i�s�t�-�b�o�a�t� �i�n�t�e�r�m�e�d�i�a�t�e� �9�8� �w�h�i�c�h� �w�o�u�l�d� �l�e�d� �t�o� �t�h�e� �d�i�e�q�u�a�t�o�r�i�a�l� 

�p�r�o�d�u�c�t� �9�9�.� �W�h�e�n� �a�t�t�a�c�k� �i�s� �a�t� �C�-�3� �t�h�e� �c�h�a�i�r� �i�n�t�e�r�m�e�d�i�a�t�e� �1�0�0� �i�s� �r�e�q�u�i�r�e�d� �a�n�d� �t�h�e� �d�i�a�x�i�a�l� 

�p�r�o�d�u�c�t� �1�0�1� �e�n�s�u�e�s�.� �T�h�i�s� �i�s� �a� �c�l�a�s�s�i�c� �e�x�a�m�p�l�e� �o�f� �a� �k�i�n�e�t�i�c�l�y� �c�o�n�t�r�o�l�l�e�d� �r�e�a�c�t�i�o�n� �p�r�o�d�u�c�t�.� 

�I�n�t�e�r�m�e�d�i�a�t�e� �1�0�0� �i�s� �l�o�w�e�r� �i�n� �e�n�e�r�g�y� �t�h�a�n� �9�8� �a�n�d� �t�h�u�s� �t�h�e� �h�i�g�h�e�r� �e�n�e�r�g�y� �d�i�a�x�i�a�l� �p�r�o�d�u�c�t� 

�1�0�1� �i�s� �f�o�r�m�e�d� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� �o�v�e�r� �t�h�e� �l�o�w�e�r� �e�n�e�r�g�y� �d�i�e�q�u�a�t�o�r�i�a�l� �p�r�o�d�u�c�t� �9�9�.� �I�n� �g�e�n�e�r�a�l�,� 

�w�h�e�n� �t�h�e� �e�n�e�r�g�y� �g�a�p� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �p�o�s�s�i�b�l�e� �t�r�a�n�s�i�t�i�o�n� �s�t�a�t�e�s� �(�e�.�g�.� �9�8� �&� �1�0�0�)� �i�s� �l�a�r�g�e�,� 

�e�x�c�l�u�s�i�v�e� �f�o�r�m�a�t�i�o�n� �o�f� �o�n�e� �p�r�o�d�u�c�t� �i�s� �f�o�u�n�d�.� �A�s� �t�h�e� �e�n�e�r�g�y� �g�a�p� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� 

�t�r�a�n�s�i�t�i�o�n�s� �s�t�a�t�e�s� �d�e�c�r�e�a�s�e�s�,� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �o�t�h�e�r� �r�e�g�i�o�i�s�o�m�e�r� �b�e�c�o�m�e�s� �p�o�s�s�i�b�l�e�.� �T�h�e� 

�s�a�m�e� �p�r�i�n�c�i�p�l�e�s� �a�p�p�l�y� �t�o� �v�i�n�y�l� �o�x�i�r�a�n�e�s�,� �a�s� �w�i�l�l� �b�e� �s�e�e�n� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�g�r�a�p�h�s�.� 
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�N�u�7� �>� �=� 
�/� �H� �9�9� �w�e� �4� 

�O� �.� �T�Y�A�s� �4� �9�8� �H� �N�u� 

�1� �2� 

�9�7� �\� �L�e� �L�e� 

�1�0�0� �W�f� �N�u� �1�0�1� �u�n� �N�u� 

�S�c�h�e�m�e� �3�3� 

�T�h�e� �a�d�d�i�t�i�o�n� �o�f� �c�a�r�b�o�n� �n�u�c�l�e�o�p�h�i�l�e�s� �t�o� �v�i�n�y�l� �o�x�i�r�a�n�e�s� �h�a�s� �b�e�e�n� �s�t�u�d�i�e�d� �e�x�t�e�n�s�i�v�e�l�y�.� 

�O�r�g�a�n�o�c�u�p�r�a�t�e� �a�n�d� �G�r�i�g�n�a�r�d� �r�e�a�g�e�n�t�s� �a�d�d� �s�t�e�r�e�o�s�e�l�e�c�t�i�v�e�l�y� �i�n� �a� �S�N�2�'� �m�a�n�n�e�r� �(�v�i�n�y�l�o�g�o�u�s� 

�a�t�t�a�c�k�)� �t�o� �y�i�e�l�d� �a�l�l�y�l�i�c� �a�l�c�o�h�o�l�s�.�? ��?� �T�a�b�l�e� �6� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�e� �s�t�e�r�e�o�s�e�l�e�c�t�i�v�e� �a�n�t�i� �a�d�d�i�t�i�o�n� �o�f� 

�o�r�g�a�n�o�c�u�p�r�a�t�e�s� �a�n�d� �t�h�e� �p�r�e�p�o�n�d�e�r�a�n�c�e� �f�o�r� �r�e�t�e�n�t�i�o�n� �o�f� �t�h�e� �i�n�i�t�i�a�l� �o�l�e�f�i�n�i�c� �g�e�o�m�e�t�r�y�.�?�/�>� 

�O�r�g�a�n�o�c�u�p�r�a�t�e� �a�d�d�i�t�i�o�n� �t�o� �c�y�c�l�i�c� �v�i�n�y�l� �o�x�i�r�a�n�e�s� �p�r�o�c�e�e�d�s� �i�n� �a�n� �a�n�a�l�o�g�o�u�s� �a�n�t�i� �S�N�2�'� �m�o�d�e�.� 

�B�-�A�t�t�a�c�k� �h�a�s� �b�e�e�n� �o�b�s�e�r�v�e�d� �b�u�t� �u�s�u�a�l�l�y� �i�s� �a� �s�e�c�o�n�d�a�r�y� �p�r�o�d�u�c�t� �t�o� �v�i�n�y�l�o�g�o�u�s� �a�t�t�a�c�k� �a�n�d� �c�a�n� 

�g�e�n�e�r�a�l�l�y� �b�e� �s�u�p�p�r�e�s�s�e�d� �b�y� �t�h�e� �u�s�e� �o�f� �c�y�a�n�o�c�u�p�r�a�t�e� �r�e�a�g�e�n�t�s� �(�S�c�h�e�m�e� �3�4�)�.� �T�h�e�s�e� 

�s�t�r�e�o�e�l�e�c�t�r�o�n�i�c� �e�f�f�e�c�t�s� �c�e�a�s�e� �t�o� �d�o�m�i�n�a�t�e� �w�h�e�n� �s�t�e�r�i�c�l�y� �d�e�m�a�n�d�i�n�g� �r�e�a�c�t�i�v�e� �c�e�n�t�e�r�s� �a�r�e� 

�i�n�v�o�l�v�e�d�.�?�/�a�.�9�8� �E�x�t�e�n�s�i�v�e� �w�o�r�k� �h�a�s� �b�e�e�n� �p�u�b�l�i�s�h�e�d� �c�o�n�c�e�r�n�i�n�g� �o�r�g�a�n�o�c�u�p�r�a�t�e� �a�d�d�i�t�i�o�n�s� �t�o� 
�1�,�3�-�c�y�c�l�o�p�e�n�t�a�d�i�e�n�e�,� �1�,�3�-�c�y�c�l�o�h�e�x�a�d�i�e�n�e�,� �a�n�d� �1�,�3�-�c�y�c�l�o�h�e�p�t�a�d�i�e�n�e� �m�o�n�o�e�p�o�x�i�d�e�s�.�?�7�4�:�9�8�,�9�9� 

�V�i�n�y�l� �a�n�d� �p�h�e�n�y�l�]� �o�r�g�a�n�o�s�t�a�n�n�a�n�e�s� �c�o�u�p�l�e� �w�i�t�h� �v�i�n�y�l� �o�x�i�r�a�n�e�s� �i�n� �g�o�o�d� �y�i�e�l�d� �t�o� �g�i�v�e� 

�a�l�l�y�l�i�c� �a�l�c�o�h�o�l�s�.�!�0�0� �O�t�h�e�r� �o�r�g�a�n�o�s�t�a�n�n�a�n�e�s� �e�i�t�h�e�r� �f�a�i�l� �t�o� �r�e�a�c�t� �(�a�l�l�y�l�,� �b�e�n�z�y�l�,� �a�n�d� �a�l�k�y�l�)� �o�r� 

�d�o� �s�o� �b�y� �o�t�h�e�r� �p�a�t�h�w�a�y�s�.� �T�h�e� �m�o�s�t� �c�o�m�m�o�n� �m�o�d�e� �o�f� �a�d�d�i�t�i�o�n� �i�s� �a�n�t�i� �S�N�2�'�,� �a�l�t�h�o�u�g�h� �B�-� 

�a�d�d�i�t�i�o�n� �s�o�m�e�t�i�m�e�s� �o�c�c�u�r�s�.� �T�h�e� �r�e�a�c�t�i�o�n�s� �a�r�e� �p�a�l�l�a�d�i�u�m� �c�a�t�a�l�y�z�e�d� �a�n�d� �a�r�e� �b�e�l�i�e�v�e�d� �t�o� 

�p�r�o�c�e�e�d� �a�s� �i�n�d�i�c�a�t�e�d� �i�n� �S�c�h�e�m�e� �3�5�.� 
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�I�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �o�r�g�a�n�o�m�e�t�a�l�l�i�c� �c�a�r�b�a�n�i�o�n�s� �m�e�n�t�i�o�n�e�d� �s�o� �f�a�r� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� 

�s�t�a�b�i�l�i�z�e�d� �c�a�r�b�a�n�i�o�n�s� �p�r�o�c�e�e�d�s� �u�n�d�e�r� �n�e�u�t�r�a�l� �c�o�n�d�i�t�i�o�n�s�.� �M�a�l�o�n�a�t�e�-�t�y�p�e� �a�d�d�i�t�i�o�n�s� �t�o� �c�y�c�l�i�c� 

�a�n�d� �a�c�y�c�l�i�c� �v�i�n�y�l� �o�x�i�r�a�n�e�s�,� �u�s�i�n�g� �p�a�l�l�a�d�i�u�m� �c�a�t�a�l�y�s�i�s� �a�f�f�o�r�d�s� �s�y�n� �S�N�2�'� �p�r�o�d�u�c�t�s� �(�S�c�h�e�m�e� 

�3�6�)�.�1�0�1� �T�h�e� �s�y�n� �a�d�d�i�t�i�o�n� �i�s� �e�x�p�l�a�i�n�e�d� �b�y� �i�n�i�t�i�a�l� �c�o�o�r�d�i�n�a�t�i�o�n� �o�f� �P�d� �(�0�)� �,� �f�o�l�l�o�w�e�d� �b�y� 

�d�e�p�r�o�t�o�n�a�t�i�o�n� �o�f� �t�h�e� �m�a�l�o�n�a�t�e� �s�p�e�c�i�e�s� �b�y� �t�h�e� �a�l�k�o�x�y�a�n�i�o�n� �1�0�6� �o�f� �t�h�e� �f�o�r�m�e�r� �e�p�o�x�i�d�e� �1�0�5�.� 

�A�t�t�a�c�k� �b�y� �t�h�e� �m�a�l�o�n�a�t�e� �a�n�i�o�n� �t�h�e�n� �o�c�c�u�r�s� �a�t� �t�h�e� �l�e�a�s�t� �s�t�e�r�i�c�a�l�l�y� �h�i�n�d�e�r�e�d� �f�a�c�e� �o�f� �t�h�e� 

�m�-�a�l�l�y�l�p�a�l�l�a�d�i�u�m� �c�o�m�p�l�e�x�.� �W�h�e�n� �t�h�e� �P�d� �c�a�t�a�l�y�s�t� �i�s� �a�b�s�e�n�t� �p�r�o�d�u�c�t�s� �a�r�i�s�i�n�g� �f�r�o�m� �a�n�t�i� �B�-� 

�a�t�t�a�c�k� �a�r�e� �o�b�s�e�r�v�e�d� �(�S�c�h�e�m�e� �3�6�)�.� 
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�T�h�e� �h�e�t�e�r�o�a�t�o�m�i�c� �o�p�e�n�i�n�g� �o�f� �v�i�n�y�l� �o�x�i�r�a�n�e�s� �h�a�s� �b�e�e�n� �e�x�a�m�i�n�e�d� �e�x�t�e�n�s�i�v�e�l�y�.�9�?� �T�h�i�s� 

�b�r�i�e�f� �d�i�s�c�u�s�s�i�o�n� �w�i�l�l� �b�e� �l�i�m�i�t�e�d� �t�o� �a�l�c�o�h�o�l�s�,� �a�c�i�d�s�,� �a�n�h�y�d�r�i�d�e�s�,� �e�s�t�e�r�s�,� �t�h�i�o�l�s�,� �a�m�i�n�e�s�,� �a�n�d� 

�a�z�i�d�e� �n�u�c�l�e�o�p�h�i�l�e�s�.� �T�r�e�a�t�m�e�n�t� �o�f� �1�,�3�-�c�y�c�l�o�h�e�x�a�d�i�e�n�e� �m�o�n�o�e�p�o�x�i�d�e� �w�i�t�h� �a�l�c�o�h�o�l�s� �o�r� 
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�U�n�d�e�r� �P�d�(�Q�)� �c�a�t�a�l�y�s�i�s� �(�e�.�g�.� �t�e�t�r�a�k�i�s�(�t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�i�n�e�)�p�a�l�l�a�d�i�u�m�)� �c�y�c�l�i�c� �a�n�d� 

�a�c�y�c�l�i�c� �v�i�n�y�l� �o�x�i�r�a�n�e�s� �c�a�n� �a�f�f�o�r�d� �a� �d�i�v�e�r�s�e� �n�u�m�b�e�r� �o�f� �m�o�n�o�-� �a�n�d� �d�i�p�r�o�t�e�c�t�e�d� �c�i�s�-�2�-� 

�(�c�y�c�l�o�)�a�l�k�e�n�e�-�1�,�4�-�d�i�o�l�s� �(�T�a�b�l�e� �7�)�.�!�9�!� �T�h�e� �c�h�e�m�i�s�t�r�y� �i�s� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �m�a�l�o�n�a�t�e� 

�"�t�y�p�e�"� �a�d�d�i�t�i�o�n� �f�o�u�n�d� �i�n� �S�c�h�e�m�e� �3�6�,� �w�e�r�e� �t�h�e� �z�w�i�t�t�e�r�i�o�n� �1�0�2� �i�s� �t�h�e� �s�a�m�e�.� �I�n� �f�a�c�t� �t�h�e� 

�p�r�e�m�i�s�e� �f�o�r� �t�h�e� �a�d�d�i�t�i�o�n� �i�s� �t�h�e� �s�a�m�e�.� �T�h�e� �o�x�y�g�e�n� �i�n� �1�0�2� �c�a�n� �f�u�n�c�t�i�o�n� �a�s� �a�n� �a�l�k�o�x�i�d�e� �b�a�s�e� 

�w�h�i�l�e� �t�h�e� �e�l�e�c�t�r�o�n� �d�e�f�i�c�i�e�n�t� �a�l�l�y�l�i�c� �s�y�s�t�e�m� �r�e�a�c�t�s� �w�i�t�h� �n�u�c�l�e�o�p�h�i�l�e�s� �i�n� �a� �m�a�n�n�e�r� �a�n�a�l�o�g�o�u�s� �t�o� 

�n�o�r�m�a�l� �n�-�a�l�l�y�l�p�a�l�l�a�d�i�u�m� �c�o�m�p�l�e�x�e�s�.�!�0�1�4� �T�h�u�s� �a�n�y� �n�u�c�l�e�o�p�h�i�l�e� �c�o�n�t�a�i�n�i�n�g� �a� �p�r�o�t�o�n� �o�f� 

�l�o�w�e�r� �a�c�i�d�i�t�y� �t�h�a�n� �a�n� �a�l�c�o�h�o�l� �s�h�o�u�l�d� �i�n� �t�h�e�o�r�y� �a�d�d� �t�o� �1�0�2�,� �T�a�b�l�e� �6�,� �i�n� �a� �s�y�n� �S�n�2�'� �f�a�s�h�i�o�n�.� 

�T�h�e� �n�u�c�l�e�o�p�h�i�l�i�c�i�t�y� �o�f� �t�h�e� �a�l�k�o�x�i�d�e� �a�n�i�o�n� �i�n� �1�0�2� �h�a�s� �a�l�s�o� �b�e�e�n� �e�x�p�l�o�i�t�e�d�,� �e�n�t�r�i�e�s� �3�-� �5�.�1�0�1�a� 

�T�e�n�a�g�l�i�a�!�9�3� �n�o�t�e�s� �t�h�a�t� �d�i�r�e�c�t� �a�m�i�n�a�t�i�o�n�,� �w�i�t�h� �p�r�i�m�a�r�y� �a�m�i�n�e�s�,� �o�f� �c�o�m�p�l�e�x�e�s� �o�f� �t�y�p�e� �1�0�2� �d�o� 
�n�o�t� �o�c�c�u�r�,� �"�b�e�c�a�u�s�e� �o�f� �t�h�e� �o�c�c�u�r�e�n�c�e� �o�f� �s�t�a�b�l�e� �u�n�r�e�a�c�t�i�v�e� �i�n�t�e�r�m�e�d�i�a�t�e� �p�a�l�l�a�d�i�u�m� 

�c�o�m�p�l�e�x�e�s�.�"� �T�h�e� �u�s�e� �o�f� �s�e�c�o�n�d�a�r�y� �a�m�i�n�e�s� �h�o�w�e�v�e�r� �d�o�e�s� �n�o�t� �h�a�v�e� �t�h�i�s� �s�h�o�r�t� �c�o�m�i�n�g�,� �e�n�t�r�y� 

�7� �p�r�o�d�u�c�e�d� �1�1�0� �i�n� �9�2�%� �y�i�e�l�d�.�!�0�4� �N�o�t�e� �t�h�a�t� �t�h�e� �s�y�n� �S�x�2�'� �a�d�d�i�t�i�o�n�s� �i�n� �T�a�b�l�e� �7� �d�o� �n�o�t� 

�e�x�c�l�u�d�e� �a�c�y�c�l�i�c� �c�a�s�e�s�,� �t�h�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �1�0�2� �t�o� �1�1�0� �i�s� �s�o�l�e�l�y� �f�o�r� �i�l�l�u�s�t�r�a�t�i�v�e� �p�u�r�p�o�s�e�s�.� 
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�T�a�b�l�e� �7�.� �P�a�l�l�a�d�i�u�m� �C�a�t�a�l�y�z�e�d� �H�e�t�e�r�o�a�t�o�m�i�c� �A�d�d�i�t�i�o�n� �t�o� �V�i�n�y�l� �O�x�i�r�a�n�e�s� 

� � 

�R� �O�R �� 

� � 

�L� �/�P�d�t� 

�1�0�2� �|� 

�E�n�t�r�y� �n�u�m�b�e�r� �N�u�c�l�e�o�p�h�i�l�e� �R� �R�'� �R�e�f�e�r�e�n�c�e� 

�1� �R�"�C�O�2�H� �R�"�C�O�?�2� �H� �f�a�)� 

�2� �A�r�O�H� �A�r�O� �H� �f�a�)� 

�3� �A�c�O�A�r� �O�A�r� �A�c� �f�a�)� 

�4� �(�R�"�C�O�)�2�0� �R�"�C�O�2� �R�"�C�O� �f�a�)� 

�5� �R�3�'�'�S�i�O�C�O�R�"� �R�3�"�S�i�O� �R�'�'�C�O� �f�b�)� 

�6� �N�a�N�3� �N�3� �H�*� �g� 

�7� �(�N�e� �a�i�n�:� �H� �h� 
�g� �A�r� �S�0�z�T�o�!� �A�r�e�"� �h� 

�9� �E�L�E� �E� �E� �e�,�h� �a�k�e� 
� � 

�*� �N�o�t�e� �t�h�a�t� �H�2�O�,� �i�n� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�,� �s�e�r�v�e�d� �a�s� �t�h�e� �p�r�o�t�o�n� �s�o�u�r�c�e�.� 

�T�h�e� �r�e�a�c�t�i�o�n� �o�f� �v�i�n�y�l� �o�x�i�r�a�n�e�s� �w�i�t�h� �s�u�l�f�u�r� �n�u�c�l�e�o�p�h�i�l�e�s� �i�s� �u�n�i�q�u�e� �i�n� �t�h�a�t� �a�-�,� �B�-�,� �a�n�d� 

�S�N�2�'� �a�d�d�i�t�i�o�n� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �s�e�l�e�c�t�i�n�g� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �c�o�n�d�i�t�i�o�n�s�.�9�9� �F�o�r� �e�x�a�m�p�l�e� 

�v�i�n�y�l� �e�p�o�x�i�d�e� �1�1�1� �u�n�d�e�r� �L�e�w�i�s� �a�c�i�d� �c�o�n�d�i�t�i�o�n�s� �a�f�f�o�r�d�e�d� �t�h�e� �B�-�a�d�d�i�t�i�o�n� �p�r�o�d�u�c�t� �i�n� �5�2�%� 

�y�i�e�l�d�.� �N�o�t�e� �t�h�a�t� �u�p�o�n� �t�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �s�a�m�e� �e�p�o�x�i�d�e� �w�i�t�h� �a� �c�a�t�a�l�y�t�i�c� �a�m�o�u�n�t� �o�f� �n�-�B�u�L�i� �a� 

�a�d�d�i�t�i�o�n� �d�o�m�i�n�a�t�e�s�.� �I�n�t�e�r�e�s�t�i�n�g�l�y� �S�y�2�'� �a�d�d�i�t�i�o�n� �o�f� �t�h�i�o�l� �p�h�e�n�o�l� �t�o� �v�i�n�y�l� �o�x�i�r�a�n�e� �1�1�2� �c�a�n� �b�e� 

�c�o�n�t�r�o�l�l�e�d� �t�o� �g�i�v�e� �e�x�c�l�u�s�i�v�e�l�y� �c�i�s� �o�r� �t�r�a�n�s� �o�l�e�f�i�n�s� �(�S�c�h�e�m�e� �3�8�)�.� 
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�1�1�1� 

 ��a�y�,� �=� 

�1�1�2� 

�C�.�H�;�S�-�S�i�M�e�s�,� �Z�n�l� �H�O� �7� �6�1�1�5� �3� �2�,� �A�Y� �+� �W�L�S� �s�c�o�H�t�s� 
� � 

�5�2�%� �S�C�g�H�s�5� �2�2�%� 

�\�_�C�g�H�5�S�-�S�i�M�e�3�,� 
�B�u�l�t� �(�0�.�0�5� �e�q�i�u�v�.�)� �a�a� �S�C�e�H�s� 

�O�H� 

�C�.�H�s�5�S�H�,� �E�t�z�N� �C�g�H�s�S� 

�a� �8�5�%� �O�f� �E�i�s�o�m�e�r� �O�N�T� �O�H� 

�C�e�H�s�S� 

� � 

�S�S� �W�w� �E�t�Q�A�I�S�C�s�H�s� 
�0�0� �1�s�o�m�e�r� 

�O�H� 

�S�c�h�e�m�e� �3�8� 
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�I�I�.� �D�I�S�C�U�S�S�I�O�N� 
�1�.� �I�n�t�r�o�d�u�c�t�i�o�n� �-� �S�t�r�a�t�e�g�y� 

�T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �i�n�v�e�s�t�i�g�a�t�i�o�n� �w�a�s� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a�l�l� �f�o�u�r� �s�t�e�r�e�o�i�s�o�m�e�r�s� �o�f� 

�s�p�h�i�n�g�o�s�i�n�e� �1�.� �W�e� �r�e�a�s�o�n�e�d� �t�h�a�t� �t�h�i�s� �c�o�u�l�d� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �f�r�o�m� �o�n�e� �c�o�m�m�o�n� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�,� 

�n�a�m�e�l�y� �(�2�R�,�3�S�)�-�2�,�3�-�d�i�h�y�d�r�o�x�y�-�1�-�c�h�l�o�r�o�c�y�c�l�o�h�e�x�a�-�4�,�6�-�d�i�e�n�e�!�9�5� �(�i�n� �f�u�t�u�r�e� �t�e�x�t� �r�e�f�e�r�r�e�d� �t�o� �a�s� 

�c�h�l�o�r�o�d�i�o�l�)� �1�1�3� �(�S�c�h�e�m�e� �3�9�)�.� �A�l�t�h�o�u�g�h� �s�e�v�e�r�a�l� �p�o�s�s�i�b�i�l�i�t�i�e�s� �e�x�i�s�t�,� �o�u�r� �r�e�t�r�o�s�y�n�t�h�e�t�i�c� �a�n�a�l�y�s�i�s� �w�a�s� 

�b�i�a�s�e�d� �b�y� �a� �w�o�r�k�i�n�g� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �r�e�a�c�t�i�v�i�t�y� �o�f� �c�h�l�o�r�o�d�i�o�l� �1�1�3� �a�n�d� �s�i�m�i�l�a�r� �d�i�o�l�s�.�!�9�6� �T�h�e� 

�s�y�n�t�h�e�s�i�s� �p�r�e�s�e�n�t�e�d� �h�e�r�e� �i�s� �t�h�e� �c�u�l�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �c�h�e�m�i�c�a�l� �k�n�o�w�l�e�d�g�e� �g�a�i�n�e�d� �d�u�r�i�n�g� �t�h�e� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �p�r�o�p�o�s�a�l�.� 

�O�H� 
�O�H� 

�S�o�H� �7�>�\�4�+�_�O�R� �H�O�P�S� �N�F� �3� �=�>� �O�Q� 
�4� �1�2� �6� �5� 

�N�g� 
�S�p�h�i�n�g�o�s�i�n�e� �1� �l�a�c�t�o�l� �1�2�2� 

�|� 

� � � 
�C�l� �C�l� 

�6� �N�O�H� �I�N� �2�4�0� 

�C�h�,� �=�=� �C�X�  ��O�H� �N�E� �0� 
�O�H� 

�c�h�l�o�r�o�d�i�o�l� �1�1�3� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8� 
�S�c�h�e�m�e� �3�9� 

�C�r�u�c�i�a�l� �t�o� �o�u�r� �s�u�c�c�e�s�s� �w�o�u�l�d� �b�e� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a�l�l� �f�o�u�r� �C�4� �a�n�d� �C�5� �s�t�e�r�e�o�i�s�o�m�e�r�s� �o�f� 

�a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8� �(�S�c�h�e�m�e� �3�9�)�.� �E�a�r�l�i�e�r� �w�o�r�k� �o�n� �c�h�l�o�r�o�d�i�o�l� �1�1�3� �s�u�g�g�e�s�t�e�d� �t�h�e� �u�s�e� �o�f� �a�n� �a�c�e�t�o�n�i�d�e� 

�p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p�.�!�0�7� �T�h�i�s� �w�o�u�l�d� �c�o�m�b�i�n�e� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �s�t�e�r�i�c� �h�i�n�d�r�a�n�c�e� �o�n� �t�h�e� �B�-�f�a�c�e� �w�i�t�h� �a�n� 

�u�n�s�y�m�m�e�t�r�i�c�a�l� �d�i�e�n�e� �u�n�i�t� �i�n� �t�h�e� �c�y�c�l�o�h�e�x�e�n�e� �r�i�n�g� �(�S�c�h�e�m�e� �4�0�)�.� �A�n�y� �s�u�b�s�e�q�u�e�n�t� �c�h�e�m�i�c�a�l� 

�t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �d�i�e�n�e� �w�o�u�l�d� �t�h�e�n� �b�e� �b�i�a�s�e�d� �t�o�w�a�r�d� �t�h�e� �a�-�f�a�c�e�.�1�9�7� �B�e�c�a�u�s�e� �o�f� 

�t�h�e� �s�t�e�r�e�o�e�l�e�c�t�r�o�n�i�c� �f�e�a�t�u�r�e�s� �o�f� �t�h�e� �d�i�e�n�e�,� �t�h�e� �C�4 ��C�5� �d�o�u�b�l�e� �b�o�n�d� �i�s� �m�o�r�e� �e�l�e�c�t�r�o�n� �r�i�c�h�,� �a�n�d� �t�h�u�s� 

�r�e�a�c�t�s� �w�i�t�h� �e�l�e�c�t�r�o�p�h�i�l�e�s� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� �o�v�e�r� �t�h�e� �C�1 ��C�6� �d�o�u�b�l�e� �b�o�n�d�.� �T�h�u�s�,� �e�x�p�l�o�i�t�a�t�i�o�n� �o�f� 

�a�c�e�t�o�n�i�d�e� �1�1�4�,� �s�h�o�u�l�d� �a�l�l�o�w� �f�o�r� �t�h�e� �h�i�g�h� �d�e�g�r�e�e� �o�f� �r�e�g�i�o�-� �a�n�d� �s�t�e�r�e�o�c�o�n�t�r�o�l� �n�e�e�d�e�d� �t�o� �s�y�n�t�h�e�s�i�z�e� 

�a�l�l� �f�o�u�r� �d�i�a�s�t�e�r�e�o�m�e�r�s� �o�f� �s�p�h�i�n�g�o�s�i�n�e� �i�n� �a�n� �e�n�a�n�t�i�o�m�e�r�i�c�a�l�l�y� �p�u�r�e� �f�o�r�m�.� 

�T�h�e� �s�t�e�r�e�o�c�e�n�t�e�r�s� �o�f� �s�p�h�i�n�g�o�s�i�n�e� �w�o�u�l�d� �b�e� �e�s�t�a�b�l�i�s�h�e�d� �a�t� �t�h�e� �c�y�c�l�i�c� �s�t�a�g�e�,� �w�e�r�e� �t�h�e� �h�i�g�h� 

�d�e�g�r�e�e� �o�f� �s�t�e�r�e�o�c�o�n�t�r�o�l� �n�e�e�d�e�d� �i�s� �m�o�r�e� �e�a�s�i�l�y� �a�c�h�i�e�v�e�d�.� �T�h�i�s� �c�o�u�l�d� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� 
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�s�y�n�t�h�e�s�i�z�i�n�g� �t�h�e� �f�o�u�r� �d�i�a�s�t�e�r�e�o�m�e�r�s� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8� �(�S�c�h�e�m�e� �3�9�)�.� �A�z�i�d�o�a�l�c�o�h�o�l�s� �1�1�8� �c�o�u�l�d� 

�t�h�e�n� �b�e� �e�x�h�a�u�s�t�i�v�e�l�y� �c�l�e�a�v�e�d� �t�o� �p�r�o�v�i�d�e� �l�a�c�t�o�l�s� �1�2�2� �(�N�o�t�e�:� �T�h�e� �c�a�r�b�o�n� �a�t�o�m�s� �o�f� �c�h�l�o�r�o�d�i�o�l� �1�1�3� 

�h�a�v�e� �r�e�t�a�i�n�e�d� �t�h�e� �s�a�m�e� �n�u�m�b�e�r�s� �i�n� �c�o�m�p�o�u�n�d�s� �1�1�8� �a�n�d� �1�2�2� �o�f� �S�c�h�e�m�e� �3�9�)�.� �A� �W�i�t�t�i�g� �r�e�a�c�t�i�o�n� �o�f� 

�l�a�c�t�o�l� �1�2�2� �w�i�t�h� �t�h�e� �y�l�i�d�e� �o�f� �t�e�t�r�a�d�e�c�y�l�t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�o�n�i�u�m� �b�r�o�m�i�d�e� �c�o�u�l�d� �t�h�e�n� �p�r�o�v�i�d�e� �a�n� 

�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �p�r�o�d�u�c�t�.� �S�i�m�p�l�e� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e� �a�z�i�d�e� �m�o�i�e�t�y� �w�o�u�l�d� �t�h�e�n� �p�r�o�v�i�d�e� �t�h�e� �n�a�t�u�r�a�l� 

�p�r�o�d�u�c�t�,� �s�p�h�i�n�g�o�s�i�n�e�.� 

�C�a�r�b�o�n�s� �C�1� �t�h�r�o�u�g�h� �C�4� �o�f� �s�p�h�i�n�g�o�s�i�n�e� �1� �w�o�u�l�d� �o�r�i�g�i�n�a�t�e� �f�r�o�m� �t�h�e� �c�h�l�o�r�o�d�i�o�l� �1�1�3� 

�(�S�c�h�e�m�e� �3�9�)�.� �T�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �v�i�n�y�l� �c�h�l�o�r�i�d�e� �m�o�i�e�t�y�,� �i�n� �1�1�8�,� �w�i�t�h� �o�z�o�n�e�,� �f�o�l�l�o�w�e�d� �b�y� �r�e�d�u�c�t�i�v�e� 

�w�o�r�k�-�u�p� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �p�r�i�m�a�r�y� �a�l�c�o�h�o�l� �o�f� �s�p�h�i�n�g�o�s�i�n�e�.� �C�a�r�b�o�n�s� �C�2� �a�n�d� �C�3� �o�f� �s�p�h�i�n�g�o�s�i�n�e� 

�c�o�r�r�e�s�p�o�n�d� �t�o� �C�5� �a�n�d� �C�4� �o�f� �a�z�i�d�o�a�i�c�o�h�o�l� �1�1�8�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�x�i�d�a�t�i�v�e� �c�l�e�a�v�a�g�e� �o�f� �C�2 ��C�3� �o�f� 

�a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �a�n� �a�l�d�e�h�y�d�e� �a�t� �C�3� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �C�4� �o�f� �s�p�h�i�n�g�o�s�i�n�e�.� 

�W�i�t�u�g� �o�l�e�f�i�n�a�t�i�o�n� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �a�l�i�p�h�a�t�i�c� �s�k�e�l�e�t�o�n� �o�f� �s�p�h�i�n�g�o�s�i�n�e�.� 
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�2�.� �R�e�s�u�l�t�s� 

�2�.�1� �A� �M�i�s�a�s�s�i�g�n�e�d� �S�t�r�u�c�t�u�r�e� 

�B�a�s�e�d� �o�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �d�a�t�a�,�!�0�8� �a�n� �a�s�s�u�m�p�t�i�o�n� �w�a�s� �m�a�d�e� �t�h�a�t� �t�r�e�a�t�m�e�n�t� �o�f� �e�p�o�x�i�d�e� �1�1�5�1�0�9� 

�w�i�t�h� �N�a�N�3� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �a� �h�o�m�o� �a�l�l�y�l�i�c� �o�p�e�n�i�n�g� �o�f� �t�h�e� �e�p�o�x�i�d�e� �t�o� �p�r�o�v�i�d�e� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�6� 

�(�S�c�h�e�m�e� �4�0�)�.� �O�u�r� �o�r�i�g�i�n�a�l� �g�o�a�l� �w�a�s� �t�o� �s�y�n�t�h�e�s�i�z�e� �t�h�e� �f�o�u�r� �C�4� �a�n�d� �C�5� �s�t�e�r�e�o�i�s�o�m�e�r�s� �o�f� �t�y�p�e� �1�1�6�,� 

�a� �r�e�g�i�o�i�s�o�m�e�r� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8� �(�S�c�h�e�m�e� �3�9�)�.� 

�F�a�c�i�l�e� �p�r�o�t�e�c�t�i�o�n� �o�f� �c�h�l�o�r�o�d�i�o�l� �1�1�3�,� �f�o�l�l�o�w�e�d� �b�y� �e�p�o�x�i�d�a�t�i�o�n� �(�m�-�C�P�B�A�)� �a�f�f�o�r�d�e�d� �e�p�o�x�y� 

�a�c�e�t�o�n�i�d�e� �1�1�5�1�0�9� �i�n� �a� �r�e�g�i�o�-� �a�n�d� �s�t�e�r�e�o�s�p�e�c�i�f�i�c� �m�a�n�n�e�r�.� �I�t� �w�a�s� �r�e�p�o�r�t�e�d�!�9�8� �t�h�a�t� �e�p�o�x�y� �a�c�e�t�o�n�i�d�e� 
�1�1�5� �u�p�o�n� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �N�a�N�3� �a�n�d� �N�H�4�C�l� �i�n� �t�h�e� �p�o�l�a�r� �s�o�l�v�e�n�t� �m�i�x�t�u�r�e� �o�f� �1�,�2�-�d�i�m�e�t�h�o�x�y�e�t�h�a�n�e�,� 

�e�t�h�a�n�o�l�,� �a�n�d� �w�a�t�e�r�,� �p�r�o�v�i�d�e�d� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�6� �(�S�c�h�e�m�e� �4�0�)�.� �U�s�i�n�g� �t�h�i�s� �r�e�a�c�t�i�o�n� �p�r�o�t�o�c�o�l�,� �a�n� 

�a�z�i�d�o�a�l�c�o�h�o�l� �b�e�l�i�e�v�e�d� �t�o� �h�a�v�e� �s�t�r�u�c�t�u�r�e� �1�1�6� �w�a�s� �o�b�t�a�i�n�e�d�.� 

�C�l� �C�l� �C�l� �C�l� 
�1� 

�O�r�t� �O�r� �E�E� �5� 
�O�n� �°� �a�x� �0� �H�O�"� �0� 

�1�1�3� �1�1�4� �1�1�5� �N�z� �1�1�6� 

�S�c�h�e�m�e� �4�0� 
�R�e�a�g�e�n�t�s� �a�n�d� �C�o�n�d�i�t�i�o�n�s�:� �(�i�)� �2�,�2�-�d�i�m�e�t�h�o�x�y�p�r�o�p�a�n�e� �,� �c�a�t�.� �p�-�T�s�O�H�,� �C�H�a�C�l�h�;� �(�i�i�)� �m�-�C�P�B�A�,� 

�C�H� �C�l�g�,� �0� �°�C�;� �(�i�t�)� �N�a�N�3�,� �N�H�4�t�C�l�-�,� �1�,�2�-�d�i�m�e�t�h�o�x�y�e�t�h�a�n�e�,� �E�t�O�H�,� �H�2�0�,� �7�0� �°�C�.� 

�T�h�e� �r�e�l�e�v�a�n�c�e� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�6� �i�s� �a�p�p�a�r�e�n�t� �i�n� �l�i�g�h�t� �o�f� �i�t�s� �r�e�t�r�o�s�y�n�t�h�e�t�i�c� �a�n�a�l�y�s�i�s� 

�(�S�c�h�e�m�e� �4�1�)�.� �A�l�t�h�o�u�g�h� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�6� �c�o�u�l�d� �b�e� �d�i�s�m�a�n�t�l�e�d� �i�n� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �w�a�y�s�,� �w�e� 

�d�e�c�i�d�e�d� �t�o� �c�l�e�a�v�e� �t�h�e� �C�2 ��C�3� �b�o�n�d� �f�i�r�s�t�.� �R�e�m�o�v�a�l� �o�f� �t�h�e� �a�c�e�t�o�n�i�d�e�,� �i�n� �1�1�6�,� �w�o�u�l�d� �a�f�f�o�r�d� �a� �v�i�c�i�n�a�l� 

�d�i�o�l� �1�1�7� �(�S�c�h�e�m�e� �4�2�)�,� �w�h�i�c�h� �c�o�u�l�d� �t�h�e�n� �b�e� �o�x�i�d�a�t�i�v�e�l�y� �c�l�e�a�v�e�d�,� �i�.�e�.� �w�i�t�h� �N�a�I�O�4�.� �T�o� �t�h�i�s� �e�n�d�,� 

�a�z�i�d�o�a�l�c�o�h�o�l� �1�1�6� �w�a�s� �d�e�p�r�o�t�e�c�t�e�d� �t�o� �a�f�f�o�r�d� �a� �v�i�c�i�n�a�l� �d�i�o�l�,� �b�e�l�i�e�v�e�d� �t�o� �h�a�v�e� �s�t�r�u�c�t�u�r�e� �1�1�7�.� 
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�H�o� �S�O�Y� �3�  ��_ � � � � � � � � � � �� �O�x� 

�N�H�»� �H�O�"� 

�l�d� �N�g� �1�1�6� 

�S�c�h�e�m�e� �4�1� 
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�C�l� �C�l� 
�O� �.� �O�H� 

�(� �.� �x�  � �� 
�o�m� �O� �o�n� �O�H� 

�N�z� �1�1�6� �N�g� �1�1�7� 
�S�c�h�e�m�e� �4�2� 

�R�e�a�g�e�n�t�s� �a�n�d� �C�o�n�d�i�t�i�o�n�s�:� �(�i�)� �A�m�b�e�r�l�y�s�t� �1�5� �(�w�e�t�)� �i�o�n�-�e�x�c�h�a�n�g�e� �r�e�s�i�n�-�s�t�r�o�n�g�l�y� �a�c�i�d�i�c�,� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.� 

�C�a�r�e�f�u�l� �s�c�r�u�t�i�n�y� �o�f� �t�h�e� �s�p�e�c�t�r�a�l� �d�a�t�a�,� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�i�s� �n�o�v�e�l� �c�o�m�p�o�u�n�d� �1�1�7�,� �r�e�v�e�a�l�e�d� 

�i�n�c�o�n�s�i�s�t�e�n�c�i�e�s�.� �T�h�e� �p�r�o�t�o�n� �s�p�e�c�t�r�u�m� �o�f� �t�h�e� �p�r�e�s�u�m�e�d� �t�r�i�o�l� �1�1�7� �w�a�s� �r�e�c�o�r�d�e�d� �i�n� �D�M�S�O�-�d�¢� 

�(�F�i�g�u�r�e� �4�)�.� �A�d�d�i�t�i�o�n� �o�f� �D�2�O� �e�l�i�m�i�n�a�t�e�d� �t�h�e� �e�x�c�h�a�n�g�e�a�b�l�e� �p�r�o�t�o�n�s�,� �l�a�r�g�e�l�y� �s�i�m�p�l�i�f�y�i�n�g� �t�h�e� 

�r�e�s�o�n�a�n�c�e� �p�a�t�t�e�r�n�s� �(�F�i�g�u�r�e� �5�)�.� �T�h�e� �c�o�n�n�e�c�t�i�v�i�t�y� �a�s�s�i�g�n�m�e�n�t� �b�e�g�a�n� �w�i�t�h� �t�h�e� �r�e�a�d�i�l�y� �i�d�e�n�t�i�f�i�a�b�l�e� 

�o�l�e�f�i�n�i�c� �p�r�o�t�o�n� �H�a� �(�6� �5�.�7�2� �d�,� �J�=� �2�.�6� �H�z�,� �1�H�)�.� �T�h�e� �o�n�l�y� �o�t�h�e�r� �p�r�o�t�o�n� �r�e�s�o�n�a�n�c�e� �s�h�o�w�i�n�g� �t�h�e� �s�a�m�e� 

�c�o�u�p�l�i�n�g� �c�o�n�s�t�a�n�t� �(�J�=� �2�.�6� �H�z�)� �w�a�s� �a�t� �3�.�9�3� �p�p�m� �(�J�=� �2�.�6�,� �7�.�8� �H�z�,� �1�H�)� �a�n�d� �t�h�e�r�e�f�o�r�e� �m�u�s�t� �b�e� �H�g�,� 

�r�e�s�i�d�i�n�g� �o�n� �c�a�r�b�o�n� �C�5�.� �T�h�i�s� �w�a�s� �s�u�p�p�o�r�t�e�d� �b�y� �s�e�l�e�c�t�i�v�e� �i�r�r�a�d�i�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s�.� �S�u�r�p�r�i�s�i�n�g�l�y�,� �t�h�e� 

�r�e�s�o�n�a�n�c�e� �p�a�t�t�e�r�n� �o�f� �t�h�i�s� �p�r�o�t�o�n� �(�H�p�)� �a�p�p�e�a�r�e�d� �t�o� �b�e� �u�n�c�h�a�n�g�e�d� �u�p�o�n� �a�d�d�i�t�i�o�n� �o�f� �D�2�O� �(�s�e�e� �F�i�g�u�r�e�s� 

�4� �a�n�d� �5�)�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �n�o� �a�l�c�o�h�o�l� �f�u�n�c�t�i�o�n�a�l�i�t�y� �w�a�s� �p�r�e�s�e�n�t� �o�n� �c�a�r�b�o�n� �C�5�.� �S�i�n�c�e� �a�n� �a�z�i�d�e� 

�f�u�n�c�t�i�o�n�a�l�i�t�y� �w�a�s� �c�l�e�a�r�l�y� �p�r�e�s�e�n�t�,� �a�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �I�R� �s�p�e�c�t�r�u�m�,� �i�t� �s�e�e�m�e�d� �l�o�g�i�c�a�l� �t�h�a�t� �t�h�e� �a�z�i�d�e� 

�r�e�s�i�d�e�d� �o�n� �c�a�r�b�o�n� �C�5�.� �F�u�r�t�h�e�r� �s�c�r�u�t�i�n�y� �o�f� �t�h�e� �s�p�e�c�t�r�u�m�s� �c�o�n�f�i�r�m�e�d� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n�s� �d�i�s�c�u�s�s�e�d� �a�n�d� 

�l�e�f�t� �u�s� �w�i�t�h� �o�n�l�y� �o�n�e� �c�o�n�c�l�u�s�i�o�n�,� �i�.�e�.� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�6� �i�s� �N�O�T� �f�o�r�m�e�d� �u�n�d�e�r� �t�h�e� �r�e�a�c�t�i�o�n� 

�c�o�n�d�i�t�i�o�n�s� �f�o�u�n�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�!�0�8� �(�S�c�h�e�m�e� �4�0�)�.� �I�n�s�t�e�a�d� �i�t�s� �r�e�g�i�o�i�s�o�m�e�r� �1�1�8�b� �w�a�s� �t�h�e� �m�a�i�n� 

�p�r�o�d�u�c�t� �(�F�i�g�u�r�e� �3�)�.� 
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�C�l� 

� � � � � 
� � � 

�H�a� �O�H�,� 

�H� �p�l�m�u�n�i�m�n� �t�o�y� �O�H�,� 

�H�y� 
�N�3� �O� 

�H�o� 
�N�H�,� 

�t�r�i�o�l� �1�1�7� �t�r�i�o�l� �1�1�9�b� 
�F�i�g�u�r�e� �6�.� �T�h�e� �e�x�p�e�c�t�e�d� �T�r�i�o�l� �1�1�7� �a�n�d� �t�h�e� �A�c�t�u�a�l� �T�r�i�o�l� �f�o�r�m�e�d� �1�1�9�b� 

�T�h�e� �a�r�t�i�c�l�e�,�!�0�8� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �t�h�e� �m�i�s�a�s�s�i�g�n�e�d� �s�t�r�u�c�t�u�r�e�,� �d�e�s�c�r�i�b�e�s� �a� �l�a�r�g�e� �v�a�r�i�e�t�y� �o�f� 

�n�u�c�l�e�o�p�h�i�l�i�c� �o�p�e�n�i�n�g�s� �o�f� �e�p�o�x�i�d�e� �1�1�5�.� �T�h�e� �a�u�t�h�o�r�s� �s�t�a�t�e� �t�h�a�t� �a�l�l� �n�u�c�l�e�o�p�h�i�l�e�s� �e�x�a�m�i�n�e�d�,� �e�x�c�e�p�t� 

�a�z�i�d�e�,� �o�p�e�n�e�d� �e�p�o�x�i�d�e� �1�1�5� �a�t� �t�h�e� �a�l�l�y�l�i�c� �s�i�t�e�.� �A�f�t�e�r� �e�x�a�m�i�n�i�n�g� �a�l�l� �o�f� �o�u�r� �d�a�t�a�,� �w�e� �n�o�w� �b�e�l�i�e�v�e�d� �t�h�a�t� 

�a�z�i�d�e� �h�a�d� �a�l�s�o� �a�t�t�a�c�k�e�d� �a�t� �t�h�e� �a�l�l�y�l�i�c� �s�i�t�e�,� �a�s� �a�l�l� �t�h�e� �o�t�h�e�r� �n�u�c�l�e�o�p�h�i�l�e�s� �h�a�d�.� �R�e�c�o�g�n�i�z�i�n�g� �t�h�i�s� �f�a�c�t� �w�e� 

�w�e�r�e� �a�b�l�e� �t�o� �e�x�p�l�a�i�n� �a�l�l� �o�f� �t�h�e� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �w�e� �w�e�r�e� �f�i�n�d�i�n�g� �w�i�t�h� �t�h�e� �s�p�e�c�t�r�a�l� �d�a�t�a� �w�e� �p�r�e�s�u�m�e�d� 

�w�a�s� �f�o�r� �t�r�i�o�l� �1�1�7� �(�F�i�g�u�r�e� �6�)�.� 

�T�h�e� �a�r�t�i�c�l�e� �s�t�a�t�e�d�,� �t�h�a�t� �a� �h�o�m�o� �a�l�l�y�l�i�c� �o�p�e�n�i�n�g� �w�i�t�h� �a�z�i�d�e� �(�t�o�p� �p�a�t�h�w�a�y� �S�c�h�e�m�e� �4�3�)� �h�a�d� 

�o�c�c�u�r�r�e�d�,� �b�u�t� �w�e� �n�o�w� �k�n�e�w� �t�h�a�t� �a�n� �a�l�l�y�l�i�c� �o�p�e�n�i�n�g� �h�a�d� �o�c�c�u�r�r�e�d� �t�o� �g�i�v�e� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�b� �w�h�i�c�h� 

�w�e� �c�o�n�v�e�r�t�e�d� �t�o� �t�r�i�o�l� �1�1�9�b�.� �T�h�e� �'�H� �N�M�R� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �t�h�e� �r�e�g�i�o�c�h�e�m�i�s�t�r�y� �o�f� �t�h�e� �p�r�o�d�u�c�t�,� �b�u�t� 

�i�t�s� �a�b�s�o�l�u�t�e� �s�t�e�r�e�o�c�h�e�m�i�s�t�r�y� �w�a�s� �s�t�i�l�l� �d�e�b�a�t�a�b�l�e�.� 

�C�l� �C�l� 
�a� �X�v� �i� �O�H� 

�C�l� �Z�Z� �o�t�h�e� �H�O�"� �O�H� 

�x� �N�3� �1�1�6� �N�3� �1�4�7� 
�i�s� �0� �C�l� �C�l� 

�1�1�5� �N�L� �L�r� �,� �w�r� 

�N�g �� �O� �N�s �� �~�~� �O�H� 

�O�H� �1�1�8�b� �O�H� �1�1�9�b� 

�S�c�h�e�m�e� �4�3� 
�R�e�a�g�e�n�t�s� �a�n�d� �C�o�n�d�i�t�i�o�n�s�:� �(�i�)� �N�a�N�3�,� �N�H�4�C�l�,� �D�M�E�/�e�t�h�a�n�o�l�/�w�a�t�e�r� �(�3�:�3�:�2�)�,� �6�5� �°�C�;� �(�i�i�)� �A�m�b�e�r�l�y�s�t� �1�5� 
�(�w�e�t�)� �i�o�n�-�e�x�c�h�a�n�g�e� �r�e�s�i�n�-�s�t�r�o�n�g�l�y� �a�c�i�d�i�c�,� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.� 

�W�h�i�l�e� �i�t� �w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �e�p�o�x�i�d�e� �1�1�5� �w�a�s� �o�p�e�n�e�d� �i�n� �a� �S�y�n�z�  ��l�i�k�e �� �f�a�s�h�i�o�n� �b�y� �a�t�t�a�c�k� �o�f� 

�a�z�i�d�e�,� �f�u�r�t�h�e�r� �p�r�o�o�f� �w�a�s� �n�e�e�d�e�d�.� �A�t�t�e�m�p�t�s� �t�o� �d�e�f�i�n�e� �t�h�e� �r�e�l�a�t�i�v�e� �s�t�e�r�e�o�c�h�e�m�i�s�t�r�y� �o�f� �t�h�e� 
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�a�z�i�d�o�a�l�c�o�h�o�l� �1�1�9�b� �b�y� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� �1�H� �N�M�R� �c�o�u�p�l�i�n�g� �c�o�n�s�t�a�n�t�s� �o�f� �H�p� �a�n�d� �H�c� �(�F�i�g�u�r�e� �4� 

�a�n�d� �5�)�,� �s�u�g�g�e�s�t�e�d� �a� �t�r�a�n�s� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �H�g� �a�n�d� �H�c� �(�J�=� �7�.�8� �H�z�)� �a�n�d� �b�e�t�w�e�e�n� �H�c� �a�n�d� �H�p� 

�(�J�=� �1�0�.�2� �H�z�)�.� �T�h�e�s�e� �d�a�t�a� �s�u�p�p�o�r�t� �s�t�r�u�c�t�u�r�e� �1�1�9�b�.� 

�I�n� �o�r�d�e�r� �t�o� �u�n�e�q�u�i�v�o�c�a�l�l�y� �p�r�o�v�e� �t�h�e� �r�e�g�i�o�-� �a�n�d� �s�t�e�r�e�o�c�h�e�m�i�s�t�r�y� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�b�,� �a� 

�c�h�e�m�i�c�a�l� �c�o�r�r�e�l�a�t�i�o�n� �s�t�u�d�y� �w�a�s� �u�n�d�e�r�t�a�k�e�n�.� �S�i�n�c�e� �b�e�n�z�y�l�a�m�i�n�o�a�l�c�o�h�o�l� �1�2�0�b� �(�S�c�h�e�m�e� �4�4�)� �w�a�s� �a� 

�k�n�o�w�n� �c�o�m�p�o�u�n�d�,�!�8� �i�t� �w�a�s� �o�u�r� �i�n�t�e�n�t�i�o�n� �t�o� �d�e�g�r�a�d�e� �b�o�t�h� �1�2�0�b� �a�n�d� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�b� �t�o� 
�t�r�i�h�y�d�r�o�x�y�a�m�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e� �1�2�1�.� �H�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�b� �u�s�i�n�g� �A�d�a�m�s�'� 

�c�a�t�a�l�y�s�t� �a�f�f�o�r�d�e�d� �t�h�e� �a�m�m�o�n�i�u�m� �s�a�l�t� �1�2�1� �i�n� �8�6�%� �y�i�e�l�d� �(�S�c�h�e�m�e� �4�4�)�.� �W�h�e�n� �b�e�n�z�y�l�a�m�i�n�o� �a�l�c�o�h�o�l� 

�1�2�0�b� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �t�h�e� �s�a�m�e� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �a� �m�i�x�t�u�r�e� �o�f� �p�r�o�d�u�c�t�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� 

�d�i�f�f�e�r�e�n�t� �l�e�v�e�l�s� �o�f� �r�e�d�u�c�t�i�o�n� �w�a�s� �o�b�t�a�i�n�e�d�.� �P�e�a�r�l�m�a�n�'�s� �c�a�t�a�l�y�s�t� �(�2�0�%� �P�d�(�O�H�)�2�)� �g�a�v�e� �s�i�m�i�l�a�r� 

�r�e�s�u�l�t�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �c�a�t�a�l�y�t�i�c� �t�r�a�n�s�f�e�r� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �p�r�o�v�i�d�e�d� �a�m�m�o�n�i�u�m� �s�a�l�t� �1�2�1� �i�n� �7�2�%� �y�i�e�l�d�.� 

�T�h�e� �t�w�o� �p�r�o�d�u�c�t�s� �w�e�r�e� �i�n�d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �b�y� �'�H� �N�M�R�,� �1�3�C� �N�M�R�,� �a�n�d� �[�a�]�p� �c�o�m�p�a�r�i�s�o�n�.� �T�h�i�s� 

�c�o�n�f�i�r�m�e�d� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�b�.� 

�C�l� 

�c�x� �.� 
�x� �8�6�%� 

�N�5�3� �0� �N�N� 
�O�H� �1�1�8�b� �O�H� 

�L�L� 

�O�H� 
�K�X� �i�i�  �� �1�2�1� 

�B�n�H�N� �O� 
�7�2�%� 

�6�H� �1�2�0�b� 

�S�c�h�e�m�e� �4�4� 
�R�e�a�g�e�n�t�s� �a�n�d� �c�o�n�d�i�t�i�o�n�s�:� �(�i�)� �8�0� �p�s�i� �H�2�,� �P�t�O�?�,� �M�e�O�H�;� �(�i�i�)� �a�m�m�o�n�i�u�m� �f�o�r�m�a�t�e�,� �1�0�%� �P�d ��C�,� �C�H�3�O�H� �r�e�f�l�u�x�.� 

�W�h�i�l�e� �t�h�e� �c�h�e�m�i�c�a�l� �c�o�r�r�e�l�a�t�i�o�n� �s�t�u�d�y� �w�a�s� �o�n�g�o�i�n�g� �w�e� �w�e�r�e� �a�b�l�e� �t�o� �g�r�o�w� �a� �s�u�i�t�a�b�l�e� �c�r�y�s�t�a�l� 

�o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�b�,� �f�o�r� �x�-�r�a�y� �c�r�y�s�t�a�l�l�o�g�r�a�p�h�i�c� �a�n�a�l�y�s�i�s�.� �T�h�e� �d�a�t�a� �o�b�t�a�i�n�e�d� �c�o�n�f�i�r�m�e�d� �a�l�l� �o�f� �o�u�r� 

�p�r�e�v�i�o�u�s� �f�i�n�d�i�n�g�s� �(�F�i�g�u�r�e� �7�)�.� 

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d�,� �t�h�a�t� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �i�n� �t�h�e� �h�o�p�e�s� 

�o�f� �s�y�n�t�h�e�s�i�z�i�n�g� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�6� �f�r�o�m� �e�p�o�x�i�d�e� �1�1�5�,� �b�u�t� �a�l�l� �a�t�t�e�m�p�t�s� �f�a�i�l�e�d�.� �A�z�i�d�o�a�l�c�o�h�o�l� �1�1�6� 

�w�a�s� �l�a�t�e�r� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �o�u�r� �g�r�o�u�p� �u�s�i�n�g� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �r�o�u�t�e�.� �1�0�6� 
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�2�.� �R�e�s�u�l�t�s� 
�2�.�2� �T�h�e� �S�y�n�t�h�e�s�i�s� �o�f� �F�o�u�r� �A�z�i�d�o�a�l�c�o�h�o�l� �S�t�e�r�e�o�i�s�o�m�e�r�s�.� 

�H�a�v�i�n�g� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�b� �f�i�r�m�l�y� �e�s�t�a�b�l�i�s�h�e�d�,� �w�e� �n�e�e�d�e�d� �t�o� �m�o�d�i�f�y� �o�u�r� 

�p�r�o�p�o�s�e�d� �s�y�n�t�h�e�s�i�s� �w�h�i�c�h� �w�a�s� �n�o� �l�o�n�g�e�r� �v�a�l�i�d�.� �T�h�e� �o�r�i�g�i�n�a�l� �s�y�n�t�h�e�t�i�c� �p�r�o�p�o�s�a�l� �c�a�l�l�e�d� �f�o�r� �o�x�i�d�a�t�i�v�e� 

�c�l�e�a�v�a�g�e� �(�t�r�e�a�t�m�e�n�t� �w�i�t�h� �O�3�,� �f�o�l�l�o�w�e�d� �b�y� �d�i�m�e�t�h�y�l�s�u�l�f�i�d�e�)� �o�f� �t�h�e� �C�1 ��C�6� �d�o�u�b�l�e� �b�o�n�d�,� �o�f� �1�1�6�,� �a�n�d� 

�a� �r�e�d�u�c�t�i�v�e� �c�l�e�a�v�a�g�e� �(�t�r�e�a�t�m�e�n�t� �w�i�t�h� �N�a�I�O�4�,� �f�o�l�l�o�w�e�d� �b�y� �N�a�B�H�g�4�)� �o�f� �t�h�e� �d�i�o�l�-�m�o�i�e�t�y�,� �C�2�-�C�3� 

�(�S�c�h�e�m�e� �4�5�)�.� �T�h�e� �n�e�w� �s�t�r�a�t�e�g�y� �w�o�u�l�d� �r�e�q�u�i�r�e� �t�h�e� �r�e�d�u�c�t�i�v�e� �c�l�e�a�v�a�g�e� �(�t�r�e�a�t�m�e�n�t� �w�i�t�h� �O�3�,� �t�h�e�n� 

�N�a�B�H�4�)� �o�f� �t�h�e� �C�1�-�C�6� �d�o�u�b�l�e� �b�o�n�d�,� �i�n� �1�1�8�b�,� �a�n�d� �o�x�i�d�a�t�i�v�e� �c�l�e�a�v�a�g�e� �(�N�a�l�O�q�4�)� �o�f� �t�h�e� �d�i�o�l�-�m�o�i�e�t�y� 

�(�C�2�-�C�3�)� �t�o� �a�f�f�o�r�d� �t�h�e� �e�n�a�n�t�i�o�m�e�r�i�c� �h�e�m�i�a�c�e�t�a�l� �1�2�2�b� �(�S�c�h�e�m�e� �4�5�)�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �d�i�a�s�t�e�r�e�o�m�e�r� 

�o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8� �c�h�o�s�e�n�,� �a�l�l� �f�o�u�r� �d�i�a�s�t�e�r�e�o�m�e�r�s� �o�f� �l�a�c�t�o�l� �1�2�2� �s�h�o�u�l�d� �b�e� �a�c�c�e�s�s�i�b�l�e�.� 
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�s�o� �x� �N�e�w� �r�o�u�t�e� �3�  �� �O�Q� �w�n� 

�N�g�  ��S�o� �6� 
�N�3� �3�0� �E� 

�z� �O�H� �1�2�2�b� �N�g� 
�O�H� �1�1�8�b� 

�S�c�h�e�m�e� �4�5� 

�W�i�t�h� �t�h�e� �n�e�w� �s�y�n�t�h�e�t�i�c� �s�t�r�a�t�e�g�y� �i�n� �h�a�n�d�,� �o�u�r� �g�o�a�l� �b�e�c�a�m�e� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�w�o� �i�s�o�m�e�r�i�c� 

�e�p�o�x�i�d�e�s�,� �1�1�5� �a�n�d� �1�2�5�.� �T�h�e�i�r� �n�u�c�l�e�o�p�h�i�l�i�c� �o�p�e�n�i�n�g� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �m�a�n�i�p�u�l�a�t�i�o�n� �c�o�u�l�d� �o�p�e�n� 

�a�c�c�e�s�s� �t�o� �a�l�l� �f�o�u�r� �s�t�e�r�e�o�i�s�o�m�e�r�s� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�.� �T�h�u�s�,� �m�e�t�h�o�d�s� �w�e�r�e� �n�e�e�d�e�d� �t�o� �s�y�n�t�h�e�s�i�z�e� 

�b�o�t�h� �a�-� �a�n�d� �B�-�e�p�o�x�i�d�e�s� �1�1�5� �a�n�d� �1�2�5� �r�e�s�p�e�c�t�i�v�e�l�y� �(�S�c�h�e�m�e� �4�6�)�.� �P�r�o�c�e�d�u�r�e�s� �l�e�a�d�i�n�g� �t�o� �b�o�t�h� 

�e�p�o�x�i�d�e�s� �1�1�5�1�0�9� �a�n�d� �1�2�5�1�1�9� �h�a�d� �a�l�r�e�a�d�y� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �i�n� �o�u�r� �g�r�o�u�p�.� �F�u�l�l� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� 

�e�p�o�x�i�d�e� �1�2�5� �a�n�d� �c�o�m�p�o�u�n�d�s� �l�e�a�d�i�n�g� �t�o� �i�t� �w�e�r�e� �l�e�f�t� �u�n�t�i�l� �t�h�i�s� �p�r�o�j�e�c�t�.� 
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�E�x�p�o�s�u�r�e� �o�f� �a�c�e�t�o�n�i�d�e� �1�1�4� �t�o� �N�-�b�r�o�m�o�s�u�c�c�i�n�i�m�i�d�e� �(�N�B�S�)�,� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �H�2�O�,� �l�e�d� 

�p�r�e�d�o�m�i�n�a�t�e�l�y�,� �b�u�t� �n�o�t� �e�x�c�l�u�s�i�v�e�l�y� �t�o� �b�r�o�m�o�h�y�d�r�i�n� �1�2�4� �i�n� �3�0�%� �y�i�e�l�d� �(�S�c�h�e�m�e� �4�7�)�.� �T�h�e� �m�i�n�o�r� 

�i�s�o�m�e�r� �1�2�7� �w�a�s� �p�r�o�d�u�c�e�d� �i�n� �3�%� �y�i�e�l�d� �a�n�d� �w�a�s� �s�h�o�w�n� �t�o� �c�y�c�l�i�z�e� �t�o� �t�h�e� �k�n�o�w�n� �e�p�o�x�i�d�e� �1�1�5�,� �t�o� �a�i�d� 

�i�n� �i�t�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n�.� �T�h�e� �e�l�e�c�t�r�o�p�h�i�l�i�c� �b�r�o�m�i�n�e� �s�p�e�c�i�e�s� �a�t�t�a�c�k�s� �t�h�e� �m�o�r�e� �e�l�e�c�t�r�o�n� �r�i�c�h� �o�l�e�f�i�n�,� 

�p�r�e�d�o�m�i�n�a�t�e�l�y� �f�r�o�m� �t�h�e� �s�t�e�r�i�c�a�l�l�y� �l�e�s�s� �h�i�n�d�e�r�e�d� �a�-�f�a�c�e�.� �S�u�b�s�e�q�u�e�n�t� �n�u�c�l�e�o�p�h�i�l�i�c� �a�t�t�a�c�k� �b�y� �H�2�O� �a�t� 

�t�h�e� �a�l�l�y�l�i�c� �s�i�t�e� �y�i�e�l�d�s� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�r�a�n�s� �b�r�o�m�o�h�y�d�r�i�n�s� �1�2�4� �a�n�d� �1�2�7�.� �T�h�e�i�r� �e�x�p�o�s�u�r�e� �t�o� �b�a�s�e� 

�f�u�r�n�i�s�h�e�d� �e�p�o�x�i�d�e�s� �1�2�5� �a�n�d� �1�1�5� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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 � �� �K� �+�  ��t�~� �1�1�5� 

�o�O� �H�o�"� �O� 
�|�*�B�r� �1�2�6� �a�.� �1�2�7� � � 

�S�c�h�e�m�e� �4�7� 
�R�e�a�g�e�n�t�s� �a�n�d� �C�o�n�d�i�t�i�o�n�s�:� �(�i�)� �N�B�S�,� �c�a�t�a�l�y�t�i�c� �p�-�T�s�O�H�,� �1�,�2�-�d�i�m�e�t�h�o�x�y�e�t�h�a�n�e�,� �H�2�O�;� �(�i�i�)� �N�a�O�H�,� 
�B�u�4�N�H�S�O�4�,� �C�H�2�C�l�?� �r�e�f�l�u�x�.� 

�A�z�i�d�o�a�l�c�o�h�o�l�s� �1�1�8�b� �a�n�d� �1�1�8�d� �s�h�o�u�l�d� �b�e� �d�i�r�e�c�t�l�y� �a�c�c�e�s�s�i�b�l�e� �f�r�o�m� �e�p�o�x�i�d�e�s� �1�1�5� �a�n�d� �1�2�5� 

�r�e�s�p�e�c�t�i�v�e�l�y� �(�S�c�h�e�m�e� �4�6�)�.� �I�n�d�e�e�d�,� �a�z�i�d�o�a�l�c�o�h�o�l�s� �1�1�8�b� �a�n�d� �1�1�8�d� �w�e�r�e� �o�b�t�a�i�n�e�d� �i�n� �h�i�g�h� �y�i�e�l�d� 

�u�p�o�n� �e�x�p�o�s�u�r�e� �o�f� �t�h�e� �e�p�o�x�i�d�e�s� �(�1�1�5� �a�n�d� �1�2�5�)� �t�o� �N�a�N�3�.� �T�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�h�e� �t�w�o� �r�e�m�a�i�n�i�n�g� 

�a�z�i�d�o�a�l�c�o�h�o�l�s� �1�1�8�a� �a�n�d� �1�1�8�c� �p�r�e�s�e�n�t�e�d� �a� �g�r�e�a�t�e�r� �c�h�a�l�l�e�n�g�e�.� �I�n�v�e�r�s�i�o�n� �o�f� �s�t�e�r�e�o�c�h�e�m�i�s�t�r�y� �a�t� �t�h�e� 

�a�l�l�y�l�i�c� �s�i�t�e� �o�f� �h�a�l�o�h�y�d�r�i�n�s� �1�2�8� �a�n�d� �1�2�9� �w�o�u�l�d� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� �f�o�r�m� �t�h�e� �c�i�s� �a�z�i�d�o�a�l�c�o�h�o�l�s� �1�1�8�a� 

�a�n�d� �1�1�8�c�.� 

�W�h�e�n� �b�r�o�m�o�h�y�d�r�i�n� �1�2�8� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �N�a�N�3� �(�T�a�b�l�e� �8�)� �a�n� �i�n�t�r�a�-� �a�n�d� �i�n�t�e�r�m�o�l�e�c�u�l�a�r� 

�c�o�m�p�e�t�i�t�i�o�n� �o�f� �e�p�o�x�i�d�e� �f�o�r�m�a�t�i�o�n� �v�s� �a�z�i�d�e� �i�n�t�r�o�d�u�c�t�i�o�n� �e�n�s�u�e�d�.� �T�h�i�s� �c�o�m�p�e�t�i�t�i�o�n� �c�o�u�l�d� �b�e� 

�c�o�n�t�r�o�l�l�e�d� �b�y� �v�a�r�y�i�n�g� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �N�a�N�3� �p�r�e�s�e�n�t�.� �S�u�r�p�r�i�s�i�n�g�l�y�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

�e�x�c�e�s�s�/�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �s�o�d�i�u�m� �a�z�i�d�e� �u�s�e�d�,� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�a� �o�r� �1�1�8�d� �c�o�u�l�d� �b�e� �o�b�t�a�i�n�e�d� �a�s� �t�h�e� 

�m�a�j�o�r� �p�r�o�d�u�c�t�.� �W�h�e�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �a�z�i�d�e� �d�i�d� �n�o�t� �g�r�e�a�t�l�y� �e�x�c�e�e�d� �t�h�a�t� �o�f� �t�h�e� �b�r�o�m�o�h�y�d�r�i�n� 

�1�2�8�,� �i�n�t�r�a�m�o�l�e�c�u�l�a�r� �c�l�o�s�u�r�e� �p�r�e�v�a�i�l�e�d� �a�n�d� �e�p�o�x�i�d�e� �1�2�5� �w�a�s� �f�o�r�m�e�d�.� �S�u�b�s�e�q�u�e�n�t� �o�p�e�n�i�n�g� �o�f� �t�h�e� 

�e�p�o�x�i�d�e�,� �w�i�t�h� �a�z�i�d�e�,� �y�i�e�l�d�s� �t�h�e� �t�r�a�n�s� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�d� �(�S�c�h�e�m�e� �4�8�)�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d� �a� �l�a�r�g�e� 

�e�x�c�e�s�s� �o�f� �N�a�N�3�,� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �h�a�l�o�h�y�d�r�i�n�,� �l�e�a�d�s� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� �t�o� �a�n� �i�n�t�e�r�m�o�l�e�c�u�l�a�r� �d�i�s�p�l�a�c�e�m�e�n�t� 

�o�f� �t�h�e� �h�a�l�o�g�e�n� �b�y� �a�z�i�d�e� �a�n�d� �a�f�f�o�r�d�e�d� �t�h�e� �c�i�s� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�a� �a�s� �t�h�e� �m�a�j�o�r� �p�r�o�d�u�c�t� �(�T�a�b�l�e� �8�)�.� 
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�C�l� �C�l� �C�l� 

�x� �x� �x� �+� 

�v�o�n� �N� �3�"� �N� �3� 

�O�H� �O�H� �O�H� 

�1�2�8�,� �X� �=� �B�r� �1�1�8�d� �1�1�8�a� 

�S�c�h�e�m�e� �4�8� 

� � 

�T�a�b�l�e� �8�.� �R�e�a�c�t�i�v�i�t�y� �o�f� �H�a�l�o�h�y�d�r�i�n�s� �t�o� �S�o�d�i�u�m� �A�z�i�d�e� 

� � 

�H�a�l�o�h�y�d�r�i�n�,� �M�o�l�a�r�i�t�y� �M�o�l�a�r�i�t�y� �E�q�u�i�v�.�r�a�t�i�o� �S�o�l�v�e�n�t� �F�i�n�a�l� �%�o�f� �%�o�f� 

�w�h�e�r�e� �X� �e�q�u�a�l�s� �o�f� �N�a�N�3� � �N�a�N�3�/�S�M� �t�e�m�p�.� �1�1�8�a� �1�1�8�d� 

�C�h�l�o�r�i�n�e� �0�.�1�8� �0�.�7�0� �3�.�8�9� �D�M�F� �8�5�°�C� �=�1�2�.�7�.� �7�7�.�3� 

�B�r�o�m�i�n�e� �0�.�2�0� �0�.�8�0� �4�.�0�0� �D�M�F� �9�0�°�C� �1�4�.�4� �7�5�.�6� 

�C�h�l�o�r�i�n�e� �0�.�1�9� �5�.�7� �3�0�.�0� �D�M�S�O� �4�0�°�c�i� �0� �0� 
�B�r�o�m�i�n�e� �0�.�6�1� �9�.�7� �1�6�.�0� �D�M�S�O� �4�0�°�C�T�t� �7�4�.�8� �2�1�.�8� 
� � 

�S�M� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �(�h�a�l�o�h�y�d�r�i�n�)�;� �+� �A�n� �u�l�t�r�a�s�o�u�n�d� �s�o�n�i�c�a�t�o�r� �w�a�s� �u�s�e�d� �t�o� �m�a�i�n�t�a�i�n� �h�o�m�o�g�e�n�e�i�t�y�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� 
�o�f� �t�h�e� �b�a�t�h� �w�a�s� �4�0� �°�C�.� 

�B�e�f�o�r�e� �t�h�e� �o�p�t�i�m�u�m� �c�o�n�d�i�t�i�o�n�s� �(�l�a�s�t� �r�o�w� �o�f� �T�a�b�l�e� �8�)� �t�o� �s�y�n�t�h�e�s�i�z�e� �1�1�8�a� �w�e�r�e� �f�o�u�n�d�,� �a� 

�v�a�r�i�e�t�y� �o�f� �d�i�f�f�e�r�e�n�t� �a�p�p�r�o�a�c�h�e�s� �w�e�r�e� �e�x�a�m�i�n�e�d�.� �T�h�u�s�,� �a�t�t�e�m�p�t�s� �a�t� �o�x�i�d�i�z�i�n�g� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�b� 

�(�S�c�h�e�m�e� �4�6�)� �t�o� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �k�e�t�o�n�e� �a�n�d� �t�h�e�n� �r�e�d�u�c�i�n�g� �i�t� �w�i�t�h� �a� �h�y�d�r�i�d�e� �r�e�a�g�e�n�t� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� 

�f�r�o�m� �t�h�e� �l�e�a�s�t� �h�i�n�d�e�r�e�d�,� �a�-�f�a�c�e�,� �f�a�i�l�e�d� �a�t� �t�h�e� �k�e�t�o�n�e� �s�t�a�g�e�.� �T�h�e� �a�l�c�o�h�o�l� �o�f� �1�1�8�b� �t�u�r�n�e�d� �o�u�t� �t�o� �b�e� 

�h�i�g�h�l�y� �r�e�s�i�s�t�a�n�t� �t�o� �o�x�i�d�a�t�i�o�n�,� �S�w�e�r�n� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �t�e�t�r�a�-�n�-�p�r�o�p�y�l�a�m�m�o�n�i�u�m� �p�e�r�r�u�t�h�e�n�a�t�e� 

�(�T�P�A�P�)�!�1�1� �f�a�i�l�e�d� �t�o� �p�r�o�d�u�c�e� �t�h�e� �k�e�t�o�n�e�.� �I�n� �s�t�i�l�l� �a�n�o�t�h�e�r� �a�t�t�e�m�p�t� �t�o� �e�x�p�l�o�i�t� �1�1�8�b�,� �t�h�e� �t�o�s�y�l�a�t�e� �w�a�s� 

�f�o�r�m�e�d�.� �T�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �t�o�s�y�l�a�t�e� �w�i�t�h� �a� �n�u�c�l�e�o�p�h�i�l�i�c� �s�o�u�r�c�e� �o�f� �o�x�y�g�e�n� �(�N�a�O�H� �a�n�d� �K�N�O�3�!�!�2�)� 

�a�l�s�o� �f�a�i�l�e�d� �t�o� �p�r�o�d�u�c�e� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�a�.� 

�A�t�t�e�m�p�t�s� �t�o� �p�r�o�t�e�c�t� �t�h�e� �a�l�c�o�h�o�l� �m�o�i�e�t�y� �o�f� �1�2�8� �(�S�c�h�e�m�e� �4�8�)�,� �p�r�i�o�r� �t�o� �b�r�o�m�i�d�e� �d�i�s�p�l�a�c�e�m�e�n�t� 

�b�y� �a�z�i�d�e�,� �a�l�s�o� �f�a�i�l�e�d�.� �T�h�e� �a�c�e�t�y�l�,� �t�r�i�m�e�t�h�y�l�s�i�l�y�l� �a�n�d� �b�e�n�z�y�l� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p�s� �w�e�r�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�F�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �a�c�e�t�a�t�e� �p�r�o�c�e�e�d�e�d� �i�n� �h�i�g�h� �y�i�e�l�d�,� �b�u�t� �a�t�t�a�c�k� �b�y� �a�z�i�d�e� �p�r�o�v�e�d� �t�r�o�u�b�l�e�s�o�m�e�.� �S�l�o�w� 

�r�e�a�c�t�i�o�n� �t�i�m�e�s� �a�n�d� �a� �c�o�m�p�l�e�x� �m�i�x�t�u�r�e� �o�f� �p�r�o�d�u�c�t�s� �f�o�r�c�e�d� �u�s� �t�o� �a�b�a�n�d�o�n� �t�h�i�s� �w�o�r�k�.� �T�r�e�a�t�m�e�n�t� �o�f� 

�t�h�e� �t�r�i�m�e�t�h�y�l�s�i�l�y�l� �e�t�h�e�r� �o�f� �b�r�o�m�o�h�y�d�r�i�n� �1�2�8� �w�i�t�h� �a�z�i�d�e� �r�e�s�u�l�t�e�d� �i�n� �d�e�p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �s�i�l�y�l� �g�r�o�u�p�.� 

�A�t�t�e�m�p�t�s� �t�o� �f�o�r�m� �t�h�e� �b�e�n�z�y�l� �e�t�h�e�r� �o�f� �1�2�8� �w�e�r�e� �u�n�s�u�c�c�e�s�s�f�u�l�,� �o�n�l�y� �t�h�e� �B�-�e�p�o�x�i�d�e� �1�2�5� �w�a�s� �f�o�r�m�e�d�.� 

�I�n� �y�e�t� �a�n�o�t�h�e�r� �a�t�t�e�m�p�t� �t�o� �s�y�n�t�h�e�s�i�z�e� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�a�,� �B�-�e�p�o�x�i�d�e� �1�2�5� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� 

�i�o�d�i�n�e�,� �a�n�d� �t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�i�n�e� �i�n� �C�H�2�C�l�2� �t�o� �g�i�v�e� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �i�o�d�o�h�y�d�r�i�n�.�!�1�3� �T�h�e� 

�i�o�d�o�h�y�d�r�i�n� �s�h�o�w�e�d� �v�i�s�i�b�l�e� �s�i�g�n�s� �o�f� �d�e�c�o�m�p�o�s�i�t�i�o�n� �a�f�t�e�r� �2�0� �m�i�n�u�t�e�s� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� 

�H�o�w�e�v�e�r� �i�f� �i�m�m�e�d�i�a�t�e�l�y� �t�r�e�a�t�e�d� �w�i�t�h� �s�o�d�i�u�m� �a�z�i�d�e� �i�n� �D�M�S�O�,� �t�h�e� �d�e�s�i�r�e�d� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�a� �w�a�s� 
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�e�x�c�l�u�s�i�v�e�l�y� �f�o�r�m�e�d�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�i�s� �s�e�q�u�e�n�c�e� �w�a�s� �f�r�u�i�t�f�u�l�,� �t�h�e� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �s�h�o�w�n� �i�n� 

�T�a�b�l�e� �8� �w�e�r�e� �m�o�r�e� �r�e�l�i�a�b�l�e�.� 
�T�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�h�e� �l�a�s�t� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�d� �w�e�n�t� �e�f�f�o�r�t�l�e�s�s�l�y�,� �i�n� �8�5�%�,� �v�i�a� �t�h�e� �d�i�r�e�c�t� 

�o�p�e�n�i�n�g� �o�f� �e�p�o�x�i�d�e� �1�2�5� �w�i�t�h� �N�a�N�3� �(�S�c�h�e�m�e� �4�6�)�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �1�1�8�d� �c�o�u�l�d� �a�l�s�o� �b�e� �a�c�c�e�s�s�e�d� 

�d�i�r�e�c�t�l�y� �f�r�o�m� �b�r�o�m�o�h�y�d�r�i�n� �1�2�4�1�1�4� �(�S�c�h�e�m�e� �4�9�)�.� �T�h�e� �s�p�e�c�t�r�a�l� �d�a�t�a� �f�o�r� �t�h�e� �t�w�o� �i�n�d�e�p�e�n�d�e�n�t� 

�s�y�n�t�h�e�s�i�z�e�s� �o�f� �a�z�i�d�o� �a�l�c�o�h�o�l� �1�1�8�d� �w�e�r�e� �i�n�d�i�s�t�i�n�g�u�i�s�h�a�b�l�e�.� �W�h�e�n� �1�1�8�d� �i�s� �s�y�n�t�h�e�s�i�z�e�d� �f�r�o�m� 

�b�r�o�m�o�h�y�d�r�i�n� �1�2�4�,� �t�h�e� �o�v�e�r�a�l�l� �y�i�e�l�d� �f�r�o�m� �c�h�l�o�r�o�d�i�o�l� �1�1�3� �i�s� �2�7�%�.� �U�s�i�n�g� �t�h�e� �r�o�u�t�e� �s�h�o�w�n� �i�n� 

�S�c�h�e�m�e� �4�6� �t�h�e� �o�v�e�r�a�l�l� �y�i�e�l�d� �f�r�o�m� �c�h�l�o�r�o�d�i�o�]� �1�1�3� �i�s� �1�3�%�.� 

� � 

�C�l� �C�l� 

�O�,� 
�N�a�N�3�,� �D�M�S�O� �o�e� 
�7�0�°�C�,� �9�0�%� �y�i�e�l�d� 

�H�O�W� �~�~� �~ ��O� �N�j �� �)� 
�B�r� �1�2�4� �O�H� �1�1�8�d� 

�S�c�h�e�m�e� �4�9� 

�I�n� �a�n� �a�t�t�e�m�p�t� �t�o� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �u�n�i�q�u�e� �r�e�a�c�t�i�o�n� �(�S�c�h�e�m�e� �4�9�)� �b�r�o�m�o�h�y�d�r�i�n� �1�2�4� �w�a�s� 

�t�r�e�a�t�e�d� �w�i�t�h� �N�a�B�r� �i�n� �D�M�S�O� �i�n� �t�h�e� �h�o�p�e�s� �o�f� �f�o�r�m�i�n�g� �b�r�o�m�o�h�y�d�r�i�n� �1�2�8� �(�S�c�h�e�m�e� �4�6�)�.� 

�U�n�f�o�r�t�u�n�a�t�e�l�y� �n�o�n�e� �o�f� �t�h�e� �d�e�s�i�r�e�d� �b�r�o�m�o�h�y�d�r�i�n� �1�2�8� �w�a�s� �o�b�s�e�r�v�e�d�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �o�b�s�e�r�v�e�d� 

�w�h�e�n� �N�a�C�l� �w�a�s� �u�s�e�d�.� 

�T�h�a�t� �a�l�l� �f�o�u�r� �a�z�i�d�o�a�l�c�o�h�o�l�s� �1�1�8�a�-�d� �w�e�r�e� �a�c�c�e�s�i�b�l�e� �f�r�o�m� �c�h�l�o�r�o�d�i�o�l� �1�1�3�,� �w�a�s� �n�o�w� �f�i�r�m�l�y� 

�e�s�t�a�b�l�i�s�h�e�d�.� �T�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e�i�r� �s�y�n�t�h�e�s�i�s� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �9�.� �I�t� �w�a�s� �n�o�w� �o�u�r� �i�n�t�e�n�t� �t�o� 

�s�y�n�t�h�e�s�i�z�e� �a� �s�t�e�r�e�o�i�s�o�m�e�r� �o�f� �s�p�h�i�n�g�o�s�i�n�e�.� �T�o� �t�h�i�s� �e�n�d� �w�e� �c�h�o�s�e� �1�1�8�b� �t�o� �b�e� �c�a�r�r�i�e�d� �t�h�r�o�u�g�h� �t�o� �L�-� 

�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e�.� 
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�T�a�b�l�e� �9�.� �E�f�f�i�c�i�e�n�c�y� �o�f� �A�z�i�d�o�a�l�c�o�h�o�l� �S�y�n�t�h�e�s�i�s� �f�r�o�m� �C�h�l�o�r�o�d�i�o�l� �1�1�3� 
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�N�u�m�b�e�r� �o�f� �s�t�e�p�s� �f�r�o�m� 

�c�h�l�o�r�o�d�i�o�l� �1�1�3� 

�f�i�v�e� �s�t�e�p�s� 

�t�h�r�e�e� �s�t�e�p�s� 

�f�o�u�r� �s�t�e�p�s� 

�t�h�r�e�e� �s�t�e�p�s� 
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�O�v�e�r�a�l�l� �%� �y�i�e�l�d� �f�r�o�m� 

�c�h�l�o�r�o�d�i�o�l� �1�1�3� 

�1�1�%� 

�4�8�%� 

�5�3�%� 
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�2�.� �R�e�s�u�l�t�s� 
�2�.�3�.� �E�x�h�a�u�s�t�i�v�e� �C�l�e�a�v�a�g�e� �o�f� �A�z�i�d�o�a�l�c�o�h�o�l�s� �7�a� �&� �7�b� �-� 
�S�y�n�t�h�e�s�i�s� �o�f� �D�-�e�r�y�t�h�r�o�-�C�1�g�-� �a�n�d� �L�-�t�h�r�e�o�-�C�1�8�-�S�p�h�i�n�g�o�s�i�n�e�.� 

�S�i�n�c�e� �a�z�i�d�o� �a�l�c�o�h�o�l� �1�1�8�b� �c�o�u�l�d� �b�e� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �h�i�g�h� �y�i�e�l�d� �i�t� �w�a�s� �c�h�o�s�e�n� �f�o�r� �o�u�r� �i�n�i�t�i�a�l� 

�i�n�v�e�s�t�i�g�a�t�i�o�n�,� �w�h�i�c�h� �w�o�u�l�d� �u�l�t�i�m�a�t�e�l�y� �l�e�a�d� �t�o� �t�h�e� �u�n�n�a�t�u�r�a�l� �L�-�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e�.� �C�o�n�t�e�n�t� �t�h�a�t� �L�-� 

�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e� �c�o�u�l�d� �b�e� �s�y�n�t�h�e�s�i�z�e�d� �f�r�o�m� �a�n� �a�l�d�e�h�y�d�e� �o�f� �t�y�p�e� �D� �(�F�i�g�u�r�e� �8�)�,� �s�e�v�e�r�a�l� 

�p�o�s�s�i�b�i�l�i�t�i�e�s� �f�o�r� �i�t�s� �s�y�n�t�h�e�s�i�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d�.� �O�z�o�n�o�l�y�s�i�s� �o�f� �t�h�e� �C�1�-�C�6� �d�o�u�b�l�e� �b�o�n�d� �i�n� 

�c�o�m�p�o�u�n�d� �A� �w�o�u�l�d� �l�e�a�d� �t�o� �c�o�m�p�o�u�n�d�s� �o�f� �t�y�p�e� �B� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �p�e�r�i�o�d�a�t�e� �c�l�e�a�v�a�g�e� �(�C�2�-�C�3�)�,� 

�a�f�t�e�r� �d�e�p�r�o�t�e�c�t�i�o�n�,� �w�o�u�l�d� �y�i�e�l�d� �a�l�d�e�h�y�d�e� �D�.� �A�l�t�e�r�n�a�t�i�v�e�l�y�,� �p�e�r�i�o�d�a�t�e� �c�l�e�a�v�a�g�e� �o�f� �1�1�8�b� �w�o�u�l�d� �f�o�r�m� 

�c�o�m�p�o�u�n�d�s� �o�f� �t�y�p�e� �C�,� �o�z�o�n�o�l�y�s�i�s� �o�f� �w�h�i�c�h� �s�h�o�u�l�d� �y�i�e�l�d� �a�l�d�e�h�y�d�e� �D�.� �C�o�m�p�o�u�n�d� �D� �t�h�e� �o�p�e�n� 

�f�r�o�m� �o�f� �l�a�c�t�o�l� �1�2�2� �w�o�u�l�d� �t�h�e�n� �b�e� �s�u�b�j�e�c�t�e�d� �t�o� �W�i�t�t�i�g� �o�l�e�f�i�n�a�t�i�o�n�,� �p�r�o�v�i�d�i�n�g� �t�h�e� �s�k�e�l�e�t�o�n� �o�f� 

�s�p�h�i�n�g�o�s�i�n�e�.� �(�N�o�t�e�:� �F�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� �s�t�e�r�e�o�i�s�o�m�e�r� �o�f� �s�p�h�i�n�g�o�s�i�n�e�,� �a�l�l� �c�o�m�p�o�u�n�d�s� 

�l�e�a�d�i�n�g� �t�o� �i�t�s� �s�y�n�t�h�e�s�i�s� �w�i�l�l� �c�a�r�r�y� �t�h�e� �s�a�m�e� �l�e�t�t�e�r� �d�e�s�i�g�n�a�t�i�o�n�.� �I�f� �a�n�o�t�h�e�r� �s�t�e�r�e�o�i�s�o�m�e�r� �o�f� 

�s�p�h�i�n�g�o�s�i�n�e� �i�s� �s�y�n�t�h�e�s�i�z�e�d� �u�s�i�n�g� �s�t�e�r�e�o�i�s�o�m�e�r�i�c� �c�o�m�p�o�u�n�d�s� �t�h�e�y� �w�i�l�l� �h�a�v�e� �t�h�e� �s�a�m�e� �n�u�m�b�e�r�s�,� �b�u�t� 

�a� �d�i�f�f�e�r�e�n�t� �l�e�t�t�e�r�.� �F�o�r� �e�x�a�m�p�l�e� �a�l�l� �c�o�m�p�o�u�n�d�s� �w�h�i�c�h� �c�o�u�l�d� �p�o�t�e�n�t�i�a�l�l�y� �l�e�d� �t�o� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �D�-� 

�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �I�a� �w�i�l�l� �b�e�a�r� �t�h�e� �l�e�t�t�e�r� �"�a � ��.�)� 
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�T�o� �t�h�i�s� �e�n�d�,� �a�l�c�o�h�o�l� �1�1�8�b� �w�a�s� �p�r�o�t�e�c�t�e�d� �a�s� �a�n� �a�c�e�t�a�t�e� �1�3�0�b� �t�o� �p�r�o�v�i�d�e� �t�h�e� �f�i�r�s�t� �s�u�b�s�t�r�a�t�e� 

�f�o�r� �t�h�e� �r�i�n�g� �c�l�e�a�v�a�g�e� �e�x�p�e�r�i�m�e�n�t�s�.� �S�c�h�e�m�e� �5�0� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �c�l�e�a�v�a�g�e� �c�h�e�m�i�s�t�r�y� �p�e�r�f�o�r�m�e�d�.� 

�A�c�e�t�o�n�i�d�e� �1�3�0�b� �w�a�s� �d�e�p�r�o�t�e�c�t�e�d� �t�o� �a�f�f�o�r�d� �d�i�o�l� �1�3�1�b�,� �w�h�i�c�h� �u�p�o�n� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �N�a�I�O�4� �i�n� �H�2�O� 

�g�a�v�e� �a�t� �l�e�a�s�t� �f�o�u�r� �c�o�m�p�o�u�n�d�s� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �t�h�e� �c�o�m�p�l�i�c�a�t�e�d� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �t�h�e� �c�r�u�d�e� 

�p�r�o�d�u�c�t� �m�i�x�t�u�r�e�.� �R�e�a�d�i�l�y� �i�d�e�n�t�i�f�i�a�b�l�e� �a�l�d�e�h�y�d�e� �a�n�d� �l�a�c�t�o�l� �r�e�s�o�n�a�n�c�e�s� �s�u�g�g�e�s�t�e�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�d�i�a�l�d�e�h�y�d�e� �1�3�2�b�,� �a�l�o�n�g� �w�i�t�h� �a� �c�y�c�l�i�c� �d�i�h�e�m�i�a�c�e�t�a�l� �(�p�r�e�s�u�m�a�b�l�y� �v�i�a� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �o�n�e� �e�q�u�i�v�a�l�e�n�t� 

�o�f� �w�a�t�e�r�,� �S�c�h�e�m�e� �5�1�)�.� �A�n� �a�t�t�e�m�p�t� �t�o� �s�i�m�p�l�i�f�y� �t�h�e� �r�e�a�c�t�i�o�n� �p�r�o�d�u�c�t� �m�i�x�t�u�r�e� �v�i�a� �r�e�d�u�c�t�i�o�n� �(�N�a�B�H�4�,� 

�b�o�t�h� �n�o�r�m�a�l� �a�n�d� �L�u�c�h�e�'�s� �c�o�n�d�i�t�i�o�n�s�!� �1�5�)� �p�r�o�v�e�d� �f�r�u�i�t�l�e�s�s� �a�n�d� �t�h�e� �r�o�u�t�e� �w�a�s� �a�b�a�n�d�o�n�e�d�.� 

� � 

� � 

�C�l� �C�l� 

�1� 
�O�H� 

�N�a�l�O�,�,� �H�2�O� �a�  �� �>� 

�N�s�u�%� �~�~� �O�H� �N�s�a�¥�~� 
�O�A�c� �O�A�c� 

�1�3�1�b� �1�3�2�b� 

�S�c�h�e�m�e� �5�1� 

�D�i�s�a�p�p�o�i�n�t�e�d� �b�y� �t�h�e� �o�u�t�c�o�m�e� �o�f� �t�h�e� �p�e�r�i�o�d�a�t�e� �c�l�e�a�v�a�g�e� �r�e�a�c�t�i�o�n�,� �w�e� �f�o�c�u�s�e�d� �o�u�r� �a�t�t�e�n�t�i�o�n� 

�o�n� �t�h�e� �c�l�e�a�v�a�g�e� �o�f� �t�h�e� �v�i�n�y�l� �c�h�l�o�r�i�d�e� �m�o�i�e�t�y� �i�n� �1�3�1�b�.� �O�z�o�n�o�l�y�s�i�s� �i�n� �M�e�O�H�,� �f�o�l�l�o�w�e�d� �b�y� �r�e�d�u�c�t�i�v�e� 

�w�o�r�k�-�u�p� �w�i�t�h� �N�a�B�H�g�,� �d�i�d� �n�o�t� �y�i�e�l�d� �m�e�t�h�y�l� �e�s�t�e�r� �1�3�3�b� �(�S�c�h�e�m�e� �5�0�)�.� �T�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� 

�p�r�o�d�u�c�t�s� �f�o�r�m�e�d� �(�a�s� �e�v�i�d�e�n�c�e�d� �b�y� �t�h�e� �T�L�C�)� �m�a�d�e� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �r�o�u�t�e� �u�n�a�t�t�r�a�c�t�i�v�e� �f�o�r� �o�u�r� �g�o�a�l�.� 

�S�i�n�c�e� �w�e� �w�e�r�e� �u�n�a�b�l�e� �t�o� �s�y�n�t�h�e�s�i�z�e� �a�n�y� �c�o�m�p�o�u�n�d�s� �o�f� �i�n�t�e�r�e�s�t� �f�r�o�m� �1�3�1�b�,� �w�e� �d�e�c�i�d�e�d� �t�o� 

�e�x�a�m�i�n�e� �t�h�e� �c�l�e�a�v�a�g�e� �o�f� �t�h�e� �v�i�n�y�l� �c�h�l�o�r�i�d�e� �m�o�i�e�t�y� �i�n� �1�3�0�b�.� �O�z�o�n�o�l�y�s�i�s� �(�m�e�t�h�a�n�o�l�,� �5�.�0� �e�q�u�i�v�a�l�e�n�t�s� 

�o�f� �s�o�d�i�u�m� �b�i�c�a�r�b�o�n�a�t�e�)�,� �f�o�l�l�o�w�e�d� �b�y� �N�a�B�H�y� �w�o�r�k�-�u�p�,� �s�u�r�p�r�i�s�i�n�g�l�y� �g�a�v�e� �v�i�n�y�l� �a�z�i�d�e� �1�3�5�b� 

�(�S�c�h�e�m�e� �5�0�)�.� �E�v�i�d�e�n�t�l�y� �a�n� �e�l�i�m�i�n�a�t�i�o�n� �o�c�c�u�r�r�e�d�,� �i�n� �w�h�i�c�h� �a�c�e�t�a�t�e� �s�e�r�v�e�d� �a�s� �t�h�e� �l�e�a�v�i�n�g� �g�r�o�u�p�.� 
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�T�h�e� �s�t�a�g�e� �a�t� �w�h�i�c�h� �t�h�i�s� �e�l�i�m�i�n�a�t�i�o�n� �o�c�c�u�r�r�e�d� �w�a�s� �n�o�t� �c�l�e�a�r�.� �O�z�o�n�o�l�y�s�i�s� �o�f� �c�o�m�p�o�u�n�d�s� 

�c�o�n�t�a�i�n�i�n�g� �a� �v�i�n�y�l� �c�h�l�o�r�i�d�e� �m�o�i�e�t�y� �(�e�.�g�.� �1�3�0�b�)� �g�e�n�e�r�a�t�e� �H�C�I� �w�h�e�n� �t�h�e� �l�a�t�e�n�t� �a�l�k�a�n�o�y�l� �c�h�l�o�r�i�d�e� �i�s� 

�a�t�t�a�c�k�e�d� �b�y� �m�e�t�h�a�n�o�l�,� �t�h�e� �s�o�l�v�e�n�t�.� �T�o� �m�a�i�n�t�a�i�n� �a� �p�H� �c�l�o�s�e� �t�o� �n�e�u�t�r�a�l�,� �s�o�d�i�u�m� �b�i�c�a�r�b�o�n�a�t�e� �i�s� 

�s�o�m�e�t�i�m�e�s� �a�d�d�e�d�.� �I�n� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �c�a�s�e�,� �a�f�t�e�r� �N�a�B�H�4� �w�o�r�k�-�u�p� �o�f� �t�h�e� �o�z�o�n�i�d�e� �a�t� �-�2�0� �°�C�,� �s�o�d�i�u�m� 

�b�i�c�a�r�b�o�n�a�t�e� �o�r� �s�o�d�i�u�m� �c�a�r�b�o�n�a�t�e� �c�o�u�l�d� �h�a�v�e� �e�a�s�i�l�y� �d�e�p�r�o�t�o�n�a�t�e�d� �t�h�e� �a�c�i�d�i�c� �&�-�p�r�o�t�o�n� �o�f� �a�l�d�e�h�y�d�e� 

�1�3�7�b� �(�S�c�h�e�m�e� �5�0�)�.� �E�l�i�m�i�n�a�t�i�o�n� �o�f� �a�c�e�t�a�t�e� �v�i�a� �t�h�e� �e�n�o�l�a�t�e� �o�f� �1�3�7�b� �m�i�g�h�t� �e�x�p�l�a�i�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� 

�t�h�e� �a�,�B�-�u�n�s�a�t�u�r�a�t�e�d� �a�l�d�e�h�y�d�e� �1�3�5�b�.� 

�T�h�i�s� �h�y�p�o�t�h�e�s�i�s� �i�s� �s�t�r�e�n�g�t�h�e�n�e�d� �b�y� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �t�h�a�t� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �s�o�d�i�u�m� 

�b�i�c�a�r�b�o�n�a�t�e� �a�l�d�e�h�y�d�e� �1�3�7�b� �i�s� �t�h�e� �m�a�i�n� �p�r�o�d�u�c�t� �(�n�o�n�e� �o�f� �t�h�e� �e�l�i�m�i�n�a�t�i�o�n� �p�r�o�d�u�c�t� �1�3�5�b� �w�a�s� 

�f�o�u�n�d�)�.� �I�n�t�e�r�e�s�t�i�n�g�l�y� �e�v�e�n� �u�n�d�e�r� �t�h�e� �f�o�r�c�e�f�u�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �e�x�c�e�s�s� �N�a�B�H�y� �t�h�e� �o�z�o�n�i�d�e� 

�r�e�d�u�c�t�i�o�n�,� �o�f� �1�3�0�b�,� �a�l�w�a�y�s� �p�r�o�v�i�d�e�d� �t�h�e� �a�l�d�e�h�y�d�e� �1�3�7�b� �a�n�d� �n�o�n�e� �o�f� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �a�l�c�o�h�o�l�.� 

�H�o�w�e�v�e�r�,� �i�f� �t�h�e� �c�r�u�d�e� �a�l�d�e�h�y�d�e� �1�3�7�b� �w�a�s� �i�s�o�l�a�t�e�d� �(�a�f�t�e�r� �a�c�i�d�i�c� �w�o�r�k�-�u�p� �-� �p�H�=� �3�.�5�)� �a�n�d� �t�r�e�a�t�e�d� 

�w�i�t�h� �N�a�B�H�y� �a�t� �0� �°�C�,� �a� �s�e�v�e�n�-�m�e�m�b�e�r�e�d� �l�a�c�t�o�l� �1�3�9�b� �e�n�s�u�e�d�.� �I�f� �t�h�e� �r�e�d�u�c�t�i�o�n� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �a�t� 

�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a� �f�i�v�e�-�m�e�m�b�e�r�e�d� �l�a�c�t�o�l� �1�3�8�b� �w�a�s� �f�o�r�m�e�d�.� 

�T�h�e� �c�l�e�a�v�a�g�e� �e�x�p�e�r�i�m�e�n�t�s� �p�e�r�f�o�r�m�e�d� �o�n� �a�c�e�t�a�t�e� �1�3�0�b� �(�S�c�h�e�m�e� �5�0�)� �p�r�o�v�i�d�e�d� �u�s� �w�i�t�h� 

�f�u�r�t�h�e�r� �i�m�p�o�r�t�a�n�t� �i�n�f�o�r�m�a�t�i�o�n�.� �W�h�e�n� �s�o�d�i�u�m� �c�y�a�n�o�b�o�r�o�h�y�d�r�i�d�e� �w�a�s� �u�s�e�d� �t�o� �r�e�d�u�c�e� �t�h�e� �o�z�o�n�i�d�e� �o�f� 

�1�3�0�b�,� �m�e�t�h�y�l� �e�s�t�e�r� �1�3�4�b� �w�a�s� �i�s�o�l�a�t�e�d� �i�n� �8�2�%� �y�i�e�l�d�.� �W�e� �e�x�p�e�c�t�e�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �v�i�c�i�n�a�l� �d�i�o�l� 

�1�3�3�b�,� �o�b�t�a�i�n�e�d� �f�r�o�m� �a�c�e�t�o�n�i�d�e� �h�y�d�r�o�l�y�s�i�s� �o�f� �1�3�4�b�,� �t�o� �p�r�o�v�i�d�e� �l�a�c�t�o�l� �1�2�2�b� �w�h�e�n� �t�r�e�a�t�e�d� �w�i�t�h� 

�N�a�l�O�4� �(�S�c�h�e�m�e� �5�2�)�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �a�f�t�e�r� �t�h�e� �a�c�e�t�o�n�i�d�e� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �w�a�s� �r�e�m�o�v�e�d�,� �a� 

�m�i�g�r�a�t�i�o�n� �o�f� �t�h�e� �a�c�e�t�y�l� �g�r�o�u�p� �o�c�c�u�r�r�e�d�.� �S�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �e�x�a�m�i�n�e�d�,� �b�u�t� 

�n�o� �i�m�p�r�o�v�e�m�e�n�t�s� �w�e�r�e� �o�b�s�e�r�v�e�d�.� �T�h�e� �p�r�o�p�e�n�s�i�t�y� �o�f� �t�h�i�s� �a�c�e�t�a�t�e� �t�o� �m�i�g�r�a�t�e� �m�a�d�e� �i�s�o�l�a�t�i�o�n� �o�f� �t�r�i�o�l� 

�1�3�3�b� �i�m�p�o�s�s�i�b�l�e�.� 

� � � � � 

�O�M�e� 
�O�M�e� 

�O�H� 

�©� 
�O�H� 

�x� �_ �� �N�O� �c�e�c�e�e�e�c�e�e�e�c�e�e�e�e�e�e� �>� �O� �w�t�O�R� 

�O�H� 

�%� 
�N� 

�N�g� �O�A�c� �3� 

�1�3�3�b� 
�1�2�2�b� �R� �=� �a�c�e�t�y�l� 

� � 

�S�c�h�e�m�e� �5�2� 

�A�t� �t�h�i�s� �p�o�i�n�t� �i�t� �b�e�c�a�m�e� �c�l�e�a�r� �t�h�a�t� �a� �d�i�f�f�e�r�e�n�t� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �h�a�d� �t�o� �b�e� �u�t�i�l�i�z�e�d�.� �W�h�e�n� �t�h�e� 

�o�z�o�n�i�d�e� �o�f� �1�3�0�b� �w�a�s� �r�e�d�u�c�t�i�v�e�l�y� �w�o�r�k�e�d�-�u�p� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �s�o�d�i�u�m� �b�i�c�a�r�b�o�n�a�t�e�,� �l�a�c�t�o�l�]� �1�3�8�b� 

�w�a�s� �o�b�t�a�i�n�e�d� �(�S�c�h�e�m�e� �5�0�)�.� �O�b�v�i�o�u�s�l�y� �t�h�e� �a�c�e�t�a�t�e� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �o�f� �1�3�0�b� �w�a�s� �a�l�s�o� �c�l�e�a�v�e�d� 

�u�n�d�e�r� �t�h�e� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �f�r�e�e� �a�l�c�o�h�o�l� �p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �a�n� �i�n�t�r�a�m�o�l�e�c�u�l�a�r� 
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�l�a�c�t�o�l�i�z�a�t�i�o�n�.� �T�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �a�n� �"�i�n�t�r�a�m�o�l�e�c�u�l�a�r� �p�r�o�t�e�c�t�i�o�n�"� �o�f� �t�h�i�s� �a�l�c�o�h�o�l� �w�a�s� �e�x�t�r�e�m�e�l�y� 

�a�p�p�e�a�l�i�n�g� �a�n�d� �t�h�u�s� �c�o�n�s�i�d�e�r�e�d� �f�u�r�t�h�e�r�.� 

�T�h�o�r�o�u�g�h� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�i�s� �"�p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p�"� �r�e�v�e�a�l�e�d� �a�n� �o�b�v�i�o�u�s� �p�r�o�b�l�e�m�.� �A�t� �t�h�e� 

�s�t�a�g�e� �o�f� �c�o�m�p�o�u�n�d� �1�4�1�b� �(�S�c�h�e�m�e� �5�3�)� �t�h�e� �"�p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p �� �w�o�u�l�d� �b�e� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �a�l�c�o�h�o�l� 

�v�i�a� �a� �h�e�m�i�a�c�e�t�a�l� �b�o�n�d�.� �T�h�u�s�,� �o�n�c�e� �t�h�e� �v�i�c�i�n�a�l� �d�i�o�l� �o�f� �1�4�0�b� �w�a�s� �c�l�e�a�v�e�d�,� �t�h�e� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� 

�w�o�u�l�d� �b�e� �r�e�a�d�i�l�y� �h�y�d�r�o�l�y�z�e�d� �u�n�d�e�r� �t�h�e� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�.� �I�n� �a�n� �a�t�t�e�m�p�t� �t�o� �o�v�e�r�c�o�m�e� �t�h�i�s� �l�a�b�i�l�i�t�y� 

�p�r�o�b�l�e�m�,� �c�o�m�p�o�u�n�d� �1�4�4�b� �w�a�s� �c�o�n�s�i�d�e�r�e�d�.� �A�t� �t�h�e� �o�x�i�d�a�t�i�o�n� �l�e�v�e�l� �o�f� �a�n� �e�s�t�e�r�,� �t�h�e� �g�y�l�o�x�a�l�a�t�e� 

�m�o�i�e�t�y� �(�i�n� �s�q�u�a�r�e�)� �m�i�g�h�t� �b�e� �s�t�a�b�l�e� �u�n�d�e�r� �t�h�e� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �y�i�e�l�d� �l�a�c�t�o�l� �1�2�2�b�,� �w�h�e�r�e� �R� �=� 

�g�l�y�o�x�a�l�a�t�e�.� �I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �1�4�2�b� �t�h�e�r�e�f�o�r�e� �a�p�p�e�a�r�e�d� �w�o�r�t�h�w�h�i�l�e�.� 
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�N�z� �n�i�e� �5� �N�a�u� �O�H� �N�3�'� �a�n�  �� �O� �O�n� �N� 
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�O� �L�o�o� �S�o� �O�H� 

�Q� �S�e� �i� �O�H� �i�i�t�.� �=� �S�S� �C�T�E�?� �w�o� �e�d� �e�e� �b�d�o�,� �|� �O�S� �C�I�N�E� �O�H� �1�4�2�b� �O�H� �1�4�3�b� �1�4�4�b� �O�H� �i� �1�2�2�b�,� �R� �=� �g�l�y�o�x�a�l�a�t�e� 
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�S�c�h�e�m�e� �5�3� 

�R�e�a�g�e�n�t�s� �a�n�d� �c�o�n�d�i�t�i�o�n�s�:� �(�i�)� �A�m�b�e�r�l�y�s�t� �1�5� �(�w�e�t�)� �i�o�n�-�e�x�c�h�a�n�g�e� �r�e�s�i�n�-�s�t�r�o�n�g�l�y� �a�c�i�d�i�c�,� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.�;� 
�(�i�i�)� �N�a�l�O�4�,� �H�2�0�.� 

�S�i�n�c�e� �t�h�e� �C�-�4� �a�c�e�t�a�t�e� �w�a�s� �c�l�e�a�v�e�d� �d�u�r�i�n�g� �t�h�e� �N�a�B�H�y� �w�o�r�k�-�u�p� �o�f� �t�h�e� �o�z�o�n�i�d�e� �o�f� �1�3�0�b�,� �w�e� 

�e�x�p�e�c�t�e�d� �d�i�r�e�c�t� �o�z�o�n�o�l�y�s�i�s� �o�f� �a�l�c�o�h�o�l� �1�1�8�b� �t�o� �p�r�o�v�i�d�e� �l�a�c�t�o�l� �1�3�8�b� �i�n� �a�n� �a�n�a�l�o�g�o�u�s� �f�a�s�h�i�o�n�.� 

�I�n�d�e�e�d�,� �u�n�d�e�r� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s� �o�z�o�n�o�l�y�s�i�s� �o�f� �a�l�c�o�h�o�l� �1�1�8�b� �a�f�f�o�r�d�e�d� �l�a�c�t�o�l� �1�3�8�b� �i�n� �y�i�e�l�d�s� �v�a�r�y�i�n�g� 

�f�r�o�m� �6�0� �-� �8�0�%�.� �T�o� �o�b�t�a�i�n� �l�a�c�t�o�n�e� �1�4�2�b�,� �t�h�e� �o�z�o�n�i�d�e� �o�f� �1�1�8�b� �w�a�s� �r�e�d�u�c�e�d� �w�i�t�h� �s�o�d�i�u�m� 

�c�y�a�n�o�b�o�r�o�h�y�d�r�i�d�e�!�1�6� �(�S�c�h�e�m�e� �5�4�)�.� �A�c�i�d� �c�a�t�a�l�y�z�e�d� �h�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �a�c�e�t�o�n�i�d�e� �i�n� �1�4�2�b� �f�o�l�l�o�w�e�d� 

�b�y� �p�e�r�i�o�d�a�t�e� �c�l�e�a�v�a�g�e� �f�a�i�l�e�d� �t�o� �g�i�v�e� �1�2�2�b� �(�R� �=� �g�l�y�o�x�a�l�a�t�e�,� �S�c�h�e�m�e� �5�3�)�,� �b�u�t� �i�n�s�t�e�a�d� �y�i�e�l�d�e�d� �1�2�2�b� 

�(�R� �=� �H�)�.� �E�v�e�n� �t�h�o�u�g�h� �o�u�r� �i�n�i�t�i�a�l� �s�t�r�a�t�e�g�y� �w�a�r�r�a�n�t�e�d� �p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �h�y�d�r�o�x�y� �g�r�o�u�p� �i�n� �l�a�c�t�o�l� 

�1�2�2�b�,� �w�h�e�r�e� �R� �=� �H�,� �w�e� �d�e�c�i�d�e�d� �t�o� �e�v�a�l�u�a�t�e� �i�t�s� �p�o�t�e�n�t�i�a�l� �a�s� �a� �W�i�t�t�i�g� �s�u�b�s�t�r�a�t�e�.� 
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�S�c�h�e�m�e� �5�4� 
�R�e�a�g�e�n�t�s� �a�n�d� �c�o�n�d�i�t�i�o�n�s�:� �(�i�)� �O�3� �(�e�x�c�e�s�s�)�,� �M�e�O�H�,� �-�7�8� �°�C�;� �(�i�i�)� �N�a�B�H�4�,� �M�e�O�H�,� �-�5�5� �°�C� �t�o� �r�t�;� 
�(�i�i�i�)� �N�a�B�H�3�C�N�,� �M�e�O�H�,� �p�H� �=� �3�.�0�,� �0� �°�C�.� 

�W�i�t�t�i�g� �o�l�e�f�i�n�a�t�i�o�n�,� �c�o�m�p�l�e�t�i�n�g� �t�h�e� �c�a�r�b�o�n� �s�k�e�l�e�t�o�n� �o�f� �s�p�h�i�n�g�o�s�i�n�e�s�,� �w�a�s� �e�x�a�m�i�n�e�d� �i�n� �g�r�e�a�t� 

�d�e�t�a�i�l�.� �E�v�e�n� �t�h�o�u�g�h� �a� �c�o�n�t�r�o�l� �r�e�a�c�t�i�o�n�,� �u�s�i�n�g� �k�n�o�w�n� �l�a�c�t�o�l� �1�4�5� �(�s�y�n�t�h�e�s�i�z�e�d� �f�r�o�m� �t�h�e� �c�h�l�o�r�o�d�i�o�l� 

�1�1�3�,�1�1�7� �T�a�b�l�e� �1�0�)� �g�a�v�e� �o�l�e�f�i�n�s� �1�4�6� �a�n�d� �1�4�7� �i�n� �a�l�m�o�s�t� �q�u�a�n�t�i�t�a�t�i�v�e� �y�i�e�l�d�,� �w�i�t�h� �s�u�b�s�t�r�a�t�e� �1�2�2�b� �(�R� 

�=� �H�)� �t�h�e� �o�v�e�r�a�l�l� �y�i�e�l�d� �o�f� �a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �w�a�s� �n�e�v�e�r� �g�r�e�a�t�e�r� �t�h�a�n� �3�0�%� �(�T�a�b�l�e� �1�1�)�.� �I�n� �t�h�e�o�r�y�,� �a� 

�m�i�n�i�m�u�m� �o�f� �t�h�r�e�e� �e�q�u�i�v�a�l�e�n�t�s� �o�f� �b�a�s�e� �a�n�d� �t�e�t�r�a�d�e�c�y�l�t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�o�n�i�u�m� �b�r�o�m�i�d�e� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� 

�t�h�e� �r�e�a�c�t�i�o�n�.� �T�h�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �a� �s�l�i�g�h�t� �e�x�c�e�s�s� �o�f� �t�h�e� �p�h�o�s�p�h�o�n�i�u�m� �s�a�l�t� �i�s� �r�e�q�u�i�r�e�d� �o�r� �t�h�e� 

�r�e�a�c�t�i�o�n� �y�i�e�l�d� �w�i�l�l� �b�e� �s�e�r�i�o�u�s�l�y� �c�o�m�p�r�o�m�i�s�e�d�.� 

�A�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�a� �(�p�r�e�c�u�r�s�o�r� �t�o� �n�a�t�u�r�a�l�l�y� �o�c�c�u�r�r�i�n�g� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e�)� �w�a�s� 

�e�x�h�a�u�s�t�i�v�e�l�y� �c�l�e�a�v�e�d�,� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �a�s� �1�1�8�b�,� �t�o� �g�i�v�e� �t�h�e� �d�i�a�s�t�e�r�e�o�m�e�r�i�c� �l�a�c�t�o�l� �1�2�2�a�.� �T�h�u�s� 

�1�1�8�a� �w�a�s� �c�o�n�v�e�r�t�e�d� �t�o� �l�a�c�t�o�l� �1�3�8�a�,� �w�h�i�c�h� �w�a�s� �t�h�e�n� �t�r�a�n�s�f�o�r�m�e�d� �i�n�t�o� �l�a�c�t�o�l� �1�2�2�a� �(�s�e�e� �t�o�p� 
�p�a�t�h�w�a�y�,� �S�c�h�e�m�e� �5�3�,� �f�o�r� �r�e�a�c�t�i�o�n� �t�y�p�e�)�.� �W�h�e�n� �l�a�c�t�o�l� �1�2�2�a� �(�T�a�b�l�e� �1�1�)� �w�a�s� �t�r�e�a�t�e�d� �u�n�d�e�r� �t�h�e� �s�a�m�e� 
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�1�2�2�b� �1�1�7�a� �4�.�0� �4�.�0� �n�-�B�u�L�i� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �T�H�F� �A� 
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�1�2�2�b� �7� �1�.�2�0� �5�.�5� �P�h�e�n�y�l�L�i� �-�7�8� �°�C� �T�H�F�/�t�o�l�u�e�n�e� �A� 

�1�2�2�b� �1�1�9�°� �4�.�0� �8�.�0� �D�i�m�s�y�l� �a�n�i�o�n� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �D�M�S�O� �A� 
�1�2�2�b� �1�2�0� �2�.�0� �2�.�0� �N�a�a�m�y�l�a�t�e� �r�o�o�m�t�e�m�p�e�r�a�t�u�r�e� �T�H�F�/�t�o�l�u�e�n�e� �1�0�/�7� 

�1�2�2�b� �3�.�2� �2�.�7� �n�-�B�u�L�i� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �T�H�F� �2�4� �/� �6�3� 

�1�2�2�a� �3�.�2� �2�.�7� �n�-�B�u�L�i� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �T�H�F� �1�4�/�4� 
� � �§� �E�q�u�i�v� �o�f� �s�a�l�t�,� �r�e�f�e�r�s� �t�o� �e�q�u�i�v�a�l�e�n�t�s� �o�f� �t�e�t�r�a�d�e�c�y�l�t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�o�n�i�u�m� �b�r�o�m�i�d�e�.� �¢� �D�e�n�o�t�e�s� �m�o�d�i�f�i�e�d� �S�c�h�l�o�s�s�e�r�-� 

�W�i�t�t�i�g� �c�o�n�d�i�t�i�o�n�s�.� �*� �T�h�e� �d�i�m�s�y�l� �a�n�i�o�n� �w�a�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �8�.�0� �e�q�u�i�v� �o�f� �N�a�H� �t�o� �D�M�S�O� �(�t�h�e� �r�e�a�c�t�i�o�n� 
�s�o�l�v�e�n�t�)�.� �+� �N�o�t�e� �t�h�i�s� �y�i�e�l�d� �w�a�s� �n�o�t� �r�e�p�e�a�t�a�b�l�e�,� �s�u�b�s�e�q�u�e�n�t� �r�e�a�c�t�i�o�n�s� �g�a�v�e� �y�i�e�l�d�s� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �l�a�c�t�o�l� 
�1�2�2�a�,� �i�.�e�.� �c�o�m�b�i�n�e�d� �y�i�e�l�d�s� �(�Z� �a�n�d� �E�)� �o�f� �2�0�%�.� �A� �N�e�i�t�h�e�r� �c�i�s�-� �o�r� �t�r�a�n�s�-�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �w�e�r�e� �o�b�s�e�r�v�e�d�.� 
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�I�t� �i�s� �k�n�o�w�n� �t�h�a�t� �a�l�d�e�h�y�d�e�s� �w�i�t�h� �a�-�h�y�d�r�o�x�y� �g�r�o�u�p�s� �g�e�n�e�r�a�l�l�y� �g�i�v�e� �p�o�o�r� �y�i�e�l�d�s� �i�n� �W�i�t�t�i�g� 

�r�e�a�c�t�i�o�n�s�.�!�2�1� �T�h�i�s� �a�l�o�n�e� �c�o�u�l�d� �a�c�c�o�u�n�t� �f�o�r� �o�u�r� �p�o�o�r� �y�i�e�l�d�s�,� �b�u�t� �w�e� �a�l�s�o� �q�u�e�s�t�i�o�n�e�d� �t�h�e� �i�n�h�e�r�e�n�t� 

�s�t�a�b�i�l�i�t�y� �o�f� �t�h�e�s�e� �l�a�c�t�o�l�s� �u�n�d�e�r� �t�h�e� �b�a�s�i�c� �c�o�n�d�i�t�i�o�n�s� �o�f� �a� �W�i�t�t�i�g� �r�e�a�c�t�i�o�n�.� �A�l�t�h�o�u�g�h� �m�a�n�y� �W�i�t�t�i�g� 

�r�e�a�c�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �p�e�r�f�o�r�m�e�d� �o�n� �l�a�c�t�o�l�s�,�!�1�9� �n�o�n�e� �c�o�u�l�d� �b�e� �l�o�c�a�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �w�i�t�h� �a� 

�d�i�s�p�o�s�i�t�i�o�n� �o�f� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p�s� �f�o�u�n�d� �i�n� �o�u�r� �l�a�c�t�o�l�s� �(�F�i�g�u�r�e� �9�)�.� �U�n�d�e�r� �t�h�e� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �i�t� 

�w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� �b�o�t�h� �a�c�i�d�i�c� �p�r�o�t�o�n�s� �w�e�r�e� �r�e�m�o�v�e�d�.� �O�n�c�e� �t�h�e� �l�a�c�t�o�l� �w�a�s� �o�p�e�n�e�d�,� �s�t�r�u�c�t�u�r�e� �F�,� �a�n� 

�i�n�t�r�a�m�o�l�e�c�u�l�a�r� �n�u�c�l�e�o�p�h�i�l�i�c� �d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �a�z�i�d�e� �c�o�u�l�d� �e�n�s�u�e�,� �f�o�r�m�i�n�g� �e�p�o�x�i�d�e�s� �G� �a�n�d� �H�.� �D�u�e� �t�o� 

�t�h�e� �i�n�s�o�l�u�b�i�l�i�t�y� �o�f� �L�i�N�3� �o�r� �N�a�N�3� �i�n� �t�h�e� �r�e�a�c�t�i�o�n� �m�e�d�i�u�m�,� �a�z�i�d�e� �w�o�u�l�d� �e�f�f�e�c�t�i�v�e�l�y� �b�e� �r�e�m�o�v�e�d� �f�r�o�m� 

�t�h�e� �r�e�a�c�t�i�o�n�.� �F�u�r�t�h�e�r� �e�x�p�e�r�i�m�e�n�t�s� �a�n�d� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �t�o� �s�u�p�p�o�r�t� �t�h�e� 

�s�u�p�p�o�s�i�t�i�o�n�s� �o�f� �F�i�g�u�r�e� �9�.� �P�o�s�s�i�b�l�y�,� �t�h�e� �p�h�o�s�p�h�o�n�i�u�m� �y�l�i�d�e� �i�t�s�e�l�f� �m�a�y� �a�t�t�a�c�k� �t�h�e� �a�z�i�d�e�,� 

�c�o�m�p�l�i�c�a�t�i�n�g� �t�h�e� �p�i�c�t�u�r�e� �f�u�r�t�h�e�r�.� �G�e�n�e�r�a�l�l�y�,� �t�h�e�s�e� �W�i�t�t�i�g� �r�e�a�c�t�i�o�n�s� �d�i�d� �n�o�t� �s�h�o�w� �a� �s�a�t�i�s�f�a�c�t�o�r�y� �m�a�s�s� 
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�r�e�c�o�v�e�r�y�.� 

�F�i�g�u�r�e� �9�.� �P�o�s�s�i�b�l�e� �D�e�c�o�m�p�o�s�i�t�i�o�n� �R�o�u�t�e� �o�f� �L�a�c�t�o�l� �1�2�2�b� �o�-� 
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�S�p�h�i�n�g�o�s�i�n�e� �c�o�n�t�a�i�n�s� �a� �t�r�a�n�s� �o�l�e�f�i�n�,� �y�e�t� �t�h�e� �W�i�t�t�i�g� �r�e�a�c�t�i�o�n�s� �w�e� �p�e�r�f�o�r�m�e�d� �g�a�v�e� 

�p�r�e�d�o�m�i�n�a�n�t�l�y� �t�h�e� �c�i�s�-�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �p�r�o�d�u�c�t�.� �T�h�e�r�e�f�o�r�e� �c�i�s�-�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e�s� �1�4�8�a� �(�D�-� 

�e�r�y�t�h�r�o�-�s�e�r�i�e�s�)� �a�n�d� �1�4�8�b� �(�L�-�t�h�r�e�o�-�s�e�r�i�e�s�)� �w�e�r�e� �p�h�o�t�o�i�s�o�m�e�r�i�z�e�d� �t�o� �t�r�a�n�s�-�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e�s� �1�4�9�a� 

�a�n�d� �1�4�9�b� �b�y� �m�e�a�n�s� �o�f� �a� �H�a�n�o�v�i�a� �4�5�0� �W� �l�a�m�p�,� �P�y�r�e�x� �f�i�l�t�e�r�,� �a�n�d� �d�i�p�h�e�n�y�l� �d�i�s�u�l�f�i�d�e�.�7�9� �R�e�d�u�c�t�i�o�n� 

�o�f� �t�r�a�n�s�-�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �1�4�9�b� �w�i�t�h� �h�y�d�r�o�g�e�n�s�u�l�f�i�d�e� �g�a�v�e� �L�-�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e� �1�b�,� �w�h�i�c�h� �w�a�s� 

�n�o�t� �i�s�o�l�a�t�e�d�,� �b�u�t� �i�n�s�t�e�a�d� �t�r�e�a�t�e�d� �w�i�t�h� �a�c�e�t�i�c� �a�n�h�y�d�r�i�d�e� �a�n�d� �p�y�r�i�d�i�n�e� �t�o� �p�r�o�v�i�d�e� �i�t�s� �t�r�i�a�c�e�t�a�t�e�,� 

�i�n�d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �f�r�o�m� �a�n� �a�u�t�h�e�n�t�i�c� �s�a�m�p�l�e�.� �t�r�a�n�s�-�A�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �1�4�9�a�,� �a� �k�n�o�w�n� �c�o�m�p�o�u�n�d�,� 

�d�i�s�p�l�a�y�e�d� �1�H� �N�M�R� �a�n�d� �[�a�]�>�'� �=� �-�3�4�.�2�°� �(�c� �1�.�5�8�,� �C�H�C�l�)� �[�l�i�t�.�!�2�2� �[�a�]� �2�?� �=� �-�3�2�.�9�°� �(�c� �4�.�0�,� �C�H�C�I�)�]� �i�n� 
�a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �v�a�l�u�e�s�.� �T�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �D�-�e�r�y�t�h�r�o�-�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �1�4�9�a� 

�c�o�n�s�t�i�t�u�t�e�s� �a� �f�o�r�m�a�l� �s�y�n�t�h�e�s�i�s� �o�f� �D�-�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e�.� 
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�2�.� �R�e�s�u�l�t�s� 

�2�.�4� �E�x�h�a�u�s�t�i�v�e� �C�l�e�a�v�a�g�e� �o�f� �A�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�d� �-� 
�S�y�n�t�h�e�s�i�s� �o�f� �D�-�t�h�r�e�o�-�C�1�4�8�3�-�S�p�h�i�n�g�o�s�i�n�e� 

�T�o� �m�e�e�t� �o�u�r� �g�o�a�l� �o�f� �s�y�n�t�h�e�s�i�z�i�n�g� �a�l�l� �f�o�u�r� �s�t�e�r�e�o�i�s�o�m�e�r�s� �o�f� �s�p�h�i�n�g�o�s�i�n�e�,� �D�-�t�h�r�e�o�-� �a�n�d� �L�-� 

�e�r�y�t�h�r�o�-�s�p�h�i�n�g�o�s�i�n�e� �n�e�e�d�e�d� �t�o� �b�e� �s�y�n�t�h�e�s�i�z�e�d�.� �T�h�i�s� �g�o�a�l� �c�o�u�l�d� �h�a�v�e� �b�e�e�n� �m�e�t� �b�y� �r�e�p�e�a�t�i�n�g� �t�h�e� 

�p�r�o�t�o�c�o�l�s� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�h�e� �f�i�r�s�t� �t�w�o� �s�p�h�i�n�g�o�s�i�n�e�s�.� �I�n�s�t�e�a�d� �w�e� �e�m�b�a�r�k�e�d� �o�n� �a� 

�s�e�c�o�n�d� �g�e�n�e�r�a�t�i�o�n� �s�y�n�t�h�e�s�i�s� �o�f� �s�p�h�i�n�g�o�s�i�n�e�.� �O�u�r� �o�r�i�g�i�n�a�l� �g�o�a�l� �o�f� �s�y�n�t�h�e�s�i�z�i�n�g� �a� �l�a�c�t�o�l� �o�f� �t�y�p�e� �1�2�2� 

�w�i�t�h� �t�h�e� �a�l�c�o�h�o�l� �p�r�o�t�e�c�t�e�d� �h�a�d� �n�e�v�e�r� �b�e�e�n� �m�e�t�.� �W�i�t�h� �t�h�i�s� �o�b�j�e�c�t�i�v�e� �i�n� �m�i�n�d� �w�e� �s�e�t� �o�u�r� �s�i�g�h�t�s� �o�n� 

�s�u�c�h� �a� �s�y�n�t�h�e�s�i�s�,� �i�n� �t�h�e� �h�o�p�e�s� �o�f� �i�m�p�r�o�v�i�n�g� �t�h�e� �W�i�t�t�i�g� �o�l�e�f�i�n�a�t�i�o�n� �r�e�a�c�t�i�o�n�.� �T�h�e� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� 

�c�h�o�o�s�e�n� �w�o�u�l�d� �h�a�v�e� �t�o� �b�e� �s�t�a�b�l�e� �u�n�d�e�r� �t�h�e� �a�c�e�t�o�n�i�d�e� �d�e�p�r�o�t�e�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �b�a�s�i�c� 

�c�o�n�d�i�t�i�o�n�s� �o�f� �a� �W�i�t�t�i�g� �r�e�a�c�t�i�o�n�,� �a�n�d� �f�i�n�a�l�l�y� �b�e� �e�a�s�i�l�y� �r�e�m�o�v�e�d� �a�t� �t�h�e� �a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �s�t�a�g�e� 

�(�S�c�h�e�m�e� �5�5�)�.� 

�C�l� 

�1�2� �N�a �� �O� 

�O�P�G� 
�p�r�o�t�e�c�t�e�d� �a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �p�r�o�t�e�c�t�e�d� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�d� 

�S�c�h�e�m�e� �5�5� 

�I�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �a� �t�e�r�t�-�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l� �(�T�B�D�P�S�)� �e�t�h�e�r� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �w�o�u�l�d� �f�u�l�f�i�l�l� 

�t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �n�e�c�e�s�s�a�r�y�.�!�2�3� �T�o� �t�h�i�s� �e�n�d�,� �a�l�c�o�h�o�l� �1�1�8�d� �w�a�s� �p�r�o�t�e�c�t�e�d� �a�s� �i�t�s� �f�e�r�t�-� 

�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l� �e�t�h�e�r� �(�T�B�D�P�S� �e�t�h�e�r�)� �1�5�0�d� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �t�r�e�a�t�e�d� �w�i�t�h� �o�z�o�n�e�,� �t�o� �p�r�o�v�i�d�e� 

�m�e�t�h�y�l� �e�s�t�e�r� �1�5�1�d� �(�S�c�h�e�m�e� �5�6�)�.� 
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�C� 

�C�l� 
�O� �O�T�B�D�P�S� 

�0� �a�e� 

 ��1�_�»� �m�e�o� �O�H� 

�|� 

�x� 

�i� �w�*� �O� 

�w� �x�X� �8�5�%� �N�S� �9�1�%� 
�N�y� �N�3� 

�O�H� �1�1�8�d� �Y�t� �~�~� �S�i� �1�5�1�d� 

�1�5�0�d� 

�S�c�h�e�m�e� �5�6� 
�R�e�a�g�e�n�t�s� �a�n�d� �c�o�n�d�i�t�i�o�n�s�:� �(�i�)� �t�e�r�t�-�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l� �c�h�l�o�r�i�d�e� �(�1�.�9�7� �e�q�u�i�v�)�,� �i�m�i�d�a�z�o�l�e� �(�2�.�3�9� �e�q�u�i�v�)�,� �T�H�F�;� �(�4�1�)� 
�(�1�)� �O�3� �(�e�x�c�e�s�s�)�,� �M�e�O�H�,� �-�7�8� �°�C�,� �(�2�)� �N�a�B�H�g� �(�e�x�c�e�s�s�)� �,� �M�e�O�H�,� �0� �°�C� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� 
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�A�c�e�t�o�n�i�d�e� �1�5�1�d�,� �u�p�o�n� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �A�m�b�e�r�l�y�s�t� �1�5� �(�w�e�t�)� �s�t�r�o�n�g�l�y� �a�c�i�d�i�c� �i�o�n�-�e�x�c�h�a�n�g�e� 

�r�e�s�i�n�,� �p�r�o�v�i�d�e�d� �t�h�e� �d�e�s�i�r�e�d� �v�i�c�i�n�a�l� �d�i�o�l� �1�5�2�d�,� �a�l�t�h�o�u�g�h� �i�n� �p�o�o�r� �y�i�e�l�d� �(�4�4�%�)�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �m�a�s�s�-� 

�b�a�l�a�n�c�e� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�r�e�e� �n�e�w� �c�o�m�p�o�u�n�d�s� �(�1�5�3�d� �-� �1�5�5�d�,� �S�c�h�e�m�e� �5�7�)�.� �F�u�l�l� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� 

�t�h�e�s�e� �n�e�w� �c�o�m�p�o�u�n�d�s� �s�h�o�w�e�d� �t�h�a�t� �d�e�p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �a�c�e�t�o�n�i�d�e� �w�a�s� �n�o�t� �a� �p�r�o�b�l�e�m�.� �I�n�s�t�e�a�d� �i�t� 

�s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �p�r�o�d�u�c�t�,� �1�5�2�d�,� �w�a�s� �i�n�h�e�r�e�n�t�l�y� �u�n�s�t�a�b�l�e� �u�n�d�e�r� �t�h�e� �a�c�i�d�i�c� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�.� 

�T�h�e� �p�r�o�d�u�c�t� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �e�s�s�e�n�t�i�a�l�l�y� �u�n�c�h�a�n�g�e�d� �w�h�e�n� �T�H�F�/�H�2�0�/�C�H�3�C�O�2�H�,� 

�T�H�F�/�H�2�0�/�C�F�3�C�O�>�2�H� �(�s�e�e� �S�c�h�e�m�e� �5�8� �f�o�r� �a�n� �e�x�a�m�p�l�e� �f�o�u�n�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�!�2�4�)�;� �a�n�d�/�o�r� 

�C�H�3�0�H�/�H�2�0�/�H�C�I�1� �s�y�s�t�e�m�s� �w�e�r�e� �e�x�a�m�i�n�e�d�.� �T�h�i�s� �r�e�s�u�l�t� �w�a�s� �u�n�e�x�p�e�c�t�e�d�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �l�i�g�h�t� �o�f� �t�h�e� 

�r�e�s�u�l�t� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �5�8�.�!�2�4� �I�n� �a�n�y� �e�v�e�n�t� �t�h�e� �p�r�o�d�u�c�t�s� �1�5�2�d� �t�h�r�o�u�g�h� �1�5�5�d� �a�r�e� �r�e�a�d�i�l�y� 
�e�x�p�l�a�i�n�e�d�.� �I�t� �s�e�e�m�s� �a�l�m�o�s�t� �w�i�t�h�o�u�t� �q�u�e�s�t�i�o�n� �t�h�a�t� �d�e�p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �a�c�e�t�o�n�i�d�e� �t�o� �f�o�r�m� �v�i�c�i�n�a�l� �d�i�o�l� 

�1�5�2�d� �o�c�c�u�r�s� �f�i�r�s�t�.� �T�h�e� �T�B�D�P�S� �g�r�o�u�p� �t�h�e�n� �m�i�g�r�a�t�e�s� �t�o� �t�h�e� �a�d�j�a�c�e�n�t� �a�l�c�o�h�o�l�.� �T�h�i�s� �m�i�g�r�a�t�i�o�n� 

�p�r�o�v�i�d�e�s� �w�h�a�t� �w�e� �b�e�l�i�e�v�e� �i�s� �t�r�i�o�l� �1�5�3�d�,� �b�a�s�e�d� �o�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m�.� �I�f� �t�r�i�o�l� �4�2�d� �i�s� �s�t�o�r�e�d� 

�n�e�a�t� �o�r� �e�x�p�o�s�e�d� �t�o� �s�i�l�i�c�a� �g�e�l� �(�s�h�o�r�t� �c�o�l�u�m�n�s� �o�f� �s�i�l�i�c�a� �g�e�l� �a�n�d� �f�a�s�t� �e�l�u�t�i�o�n� �a�r�e� �a�d�v�i�s�e�d� �f�o�r� 

�p�u�r�i�f�i�c�a�t�i�o�n�)� �l�a�c�t�o�n�e�s� �1�5�4�d� �a�n�d� �1�5�4�d� �a�r�e� �f�o�r�m�e�d�.� �F�u�l�l� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �d�i�o�l� �1�5�3�d� �w�a�s� �n�o�t� 

�a�t�t�e�m�p�t�e�d� �b�e�c�a�u�s�e� �o�f� �i�t�s� �u�n�s�t�a�b�l�e� �n�a�t�u�r�e�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �n�o�t�e� �t�h�a�t� �w�h�e�n� �p�u�r�e� �l�a�c�t�o�n�e� �1�5�4�d� �o�r� 

�1�5�5�d� �w�a�s� �p�l�a�c�e�d� �i�n� �D�M�S�O�-�d�6�,� �a� �1�:�1� �r�a�t�i�o� �o�f� �t�h�e� �t�w�o� �l�a�c�t�o�n�e�s� �(�1�5�4�d� �a�n�d� �1�5�5�d�)� �i�m�m�e�d�i�a�t�e�l�y� 

�e�n�s�u�e�d�,� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �1�H� �N�M�R�,� �a�n�d� �t�h�a�t� �t�h�i�s� �r�a�t�i�o� �d�o�e�s� �n�o�t� �c�h�a�n�g�e� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �a� �c�o�u�p�l�e� �o�f� 

�d�a�y�s�.� �Y�e�t� �w�h�e�n� �p�u�r�e� �l�a�c�t�o�n�e� �1�5�4�d� �o�r� �1�5�5�d� �i�s� �p�l�a�c�e�d� �i�n� �C�D�C�l�3� �n�o� �s�i�g�n� �o�f� �t�h�e� �o�t�h�e�r� �l�a�c�t�o�n�e� �i�s� 

�e�v�i�d�e�n�t� �b�y� �1�H� �N�M�R�.� 
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�I�n� �a�n� �a�t�t�e�m�p�t� �t�o� �t�h�w�a�r�t� �t�h�e� �s�i�l�y�l� �m�i�g�r�a�t�i�o�n� �o�f� �d�i�o�l� �1�5�2�d�,� �s�o�m�e� �n�o�n�t�r�a�d�i�t�i�o�n�a�l� �r�e�a�g�e�n�t�s� �w�e�r�e� 

�e�x�a�m�i�n�e�d�.� �T�h�u�s� �w�h�e�n� �1�5�1�d� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �d�i�m�e�t�h�y�l�a�l�u�m�i�n�u�m� �c�h�l�o�r�i�d�e�!�2�>� �t�h�e� �r�e�s�u�l�t�s� �w�e�r�e� �v�e�r�y� 
�e�n�c�o�u�r�a�g�i�n�g� �(�T�L�C�)�,� �b�u�t� �u�p�o�n� �w�o�r�k�-�u�p�,� �t�h�e� �f�o�u�r� �p�r�o�d�u�c�t�s� �w�e�r�e� �f�o�u�n�d� �a�s� �u�s�u�a�l�.� �F�i�n�a�l�l�y�,� �w�h�e�n� �1�%� 

�I�z� �i�n� �M�e�O�H� �(�w�/�v�)� �w�a�s� �e�m�p�l�o�y�e�d�!�2�6� �a�n� �8�0�%� �y�i�e�l�d� �o�f� �1�5�2�d� �w�a�s� �o�b�t�a�i�n�e�d�.� �N�o� �f�u�r�t�h�e�r� �o�p�t�i�m�i�z�a�t�i�o�n� 
�o�f� �t�h�i�s� �r�e�a�c�t�i�o�n� �w�a�s� �c�a�r�r�i�e�d� �o�u�t�.� 

�L�e� �O�H� 

�8�3�%� �R� 
�O�T�B�D�P�S� �O�T�B�D�P�S� 

�R� �=� �C�H� �o�r� �C�H�2�O�B�z� �R� �=� �C�H�3� �o�r� �C�H�2�O�B�z� 

�S�c�h�e�m�e� �5�8� 
�R�e�a�g�e�n�t�s� �a�n�d� �c�o�n�d�i�t�i�o�n�s�:� �(�1�)� �T�H�F�/�H�2�O�0�/�C�F�3�C�O�d�2�H� �(�2�0�:�5�:�1�)�,� �0� �°�C� �>� �r�t�.� 

�P�r�o�c�e�e�d�i�n�g� �w�i�t�h� �t�h�e� �s�y�n�t�h�e�s�i�s�,� �v�i�c�i�n�a�l� �d�i�o�l� �1�5�2�d� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �N�a�I�O�4� �t�o� �p�r�o�v�i�d�e� �l�a�c�t�o�l� 

�1�5�6�d� �i�n� �7�5�%� �y�i�e�l�d� �(�S�c�h�e�m�e� �5�9�)�.� �T�h�e� �s�i�l�y�l� �m�i�g�r�a�t�i�o�n� �p�r�o�d�u�c�t� �1�5�7�d� �w�a�s� �a�l�s�o� �o�b�s�e�r�v�e�d�.� 

� � 

�O�T�B�D�P�S� �O�H� �O�T�B�D�P�S� 

�N�a�l�O�,� �(�2�.�0� �e�q�u�i�v�)� �_� �O�T�B�D�P�S� �O�H� 

�H�O� �O�H� �N�3� �%� �%� 

�N�g� �N�3� 
�1�5�2�d� �1�5�6�d�,� �7�5�%� �1�5�7�d�,� �1�2�%� 

�S�c�h�e�m�e� �5�9� 

�F�r�o�m� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�d�,� �T�B�D�P�S� �p�r�o�t�e�c�t�e�d� �l�a�c�t�o�l� �1�5�6�d� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �4�6�%� �o�v�e�r�a�l�l� 

�y�i�e�l�d�.� �F�o�r� �c�o�m�p�a�r�i�s�i�o�n� �l�a�c�t�o�l� �1�2�2�b�,� �R� �=� �H�,� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �f�r�o�m� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�b� �i�n� �t�h�e� �s�a�m�e� 

�o�v�e�r�a�l�l� �y�i�e�l�d�,� �4�6�%�.� �D�i�s�a�p�p�o�i�n�t�e�d� �w�i�t�h� �t�h�e� �r�e�s�u�l�t�s� �o�f� �e�a�r�l�i�e�r� �W�i�t�t�i�g� �o�l�e�f�i�n�a�t�i�o�n� �r�e�a�c�t�i�o�n�s�,� �w�e� �l�o�o�k�e�d� 

�f�o�r�w�a�r�d� �t�o� �t�h�e� �W�i�t�t�i�g� �o�l�e�f�i�n�a�t�i�o�n� �o�f� �l�a�c�t�o�l� �1�5�6�d� �w�i�t�h� �g�r�e�a�t� �a�n�t�i�c�i�p�a�t�i�o�n�.� �C�o�n�f�i�d�e�n�t� �t�h�a�t� �s�u�c�c�e�s�s� 

�w�a�s� �a�t� �h�a�n�d�,� �m�o�d�i�f�i�e�d� �S�c�h�l�o�s�s�e�r�-�W�i�t�t�i�g� �c�o�n�d�i�t�i�o�n�s�!�1�8�b� �(�2�.�2� �e�q�u�i�v� �o�f� �p�h�o�s�p�h�o�n�i�u�m� �s�a�l�t�,� �4�.�4�0� 

�e�q�u�i�v� �o�f� �p�h�e�n�y�l�l�i�t�h�i�u�m�)� �w�e�r�e� �e�x�a�m�i�n�e�d� �f�i�r�s�t� �(�T�a�b�l�e� �1�2�)�.� �T�h�e�s�e� �c�o�n�d�i�t�i�o�n�s� �d�e�s�t�r�o�y�e�d� �t�h�e� �s�t�a�r�t�i�n�g� 

�l�a�c�t�o�l� �a�n�d� �n�o�n�e� �o�f� �t�h�e� �d�e�s�i�r�e�d� �p�r�o�d�u�c�t� �w�a�s� �o�b�s�e�r�v�e�d�.� �A�m�a�z�e�d� �b�y� �t�h�e� �r�e�a�c�t�i�v�i�t�y� �o�f� �t�h�i�s� �l�a�c�t�o�l�,� �t�h�e� 

�p�r�e�v�i�o�u�s� �c�o�n�d�i�t�i�o�n�s� �(�T�a�b�l�e� �1�1�)� �u�s�i�n�g� �s�o�d�i�u�m� �a�m�y�l�a�t�e� �a�n�d� �n�-�B�u�L�i� �w�e�r�e� �e�x�a�m�i�n�e�d�.� �T�h�u�s� �t�h�e� �b�e�s�t� 

�c�o�n�d�i�t�i�o�n�s� �a�f�f�o�r�d�e�d� �a� �c�o�m�b�i�n�e�d� �y�i�e�l�d� �o�f� �c�i�s�-�a�n�d� �t�r�a�n�s�-�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �1�4�8�d� �a�n�d� �1�4�9�d� �i�n� �1�3�%� 

�a�f�t�e�r� �W�i�t�t�i�g� �o�l�e�f�i�n�a�t�i�o�n� �a�n�d� �f�e�r�t�-�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l� �e�t�h�e�r� �c�l�e�a�v�a�g�e�.� �P�h�o�t�o�i�s�o�m�e�r�i�z�a�t�i�o�n� �o�f� �c�i�s�-� 

�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �1�4�8�d� �p�r�o�v�i�d�e�d� �t�r�a�n�s�-�a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �1�4�9�d� �a�n�d� �w�a�s� �f�o�u�n�d� �t�o� �h�a�v�e� �1�H� �N�M�R� 

�a�n�d� �[�o�l�s� �=� �-�2�.�4�°� �(�c� �0�.�2�7�,� �C�H�C�I�3�)� �i�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �v�a�l�u�e�s�.�9�3� 
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�A� �c�o�m�m�o�n� �o�b�s�e�r�v�a�t�i�o�n� �w�h�i�l�e� �p�e�r�f�o�r�m�i�n�g� �t�h�e�s�e� �W�i�t�t�i�g� �r�e�a�c�t�i�o�n�s� �w�a�s� �t�h�a�t� �o�f� �s�i�l�y�l� �m�i�g�r�a�t�i�o�n�.� 

�A�f�t�e�r� �f�i�v�e� �m�i�n�u�t�e�s� �o�f� �r�e�a�c�t�i�o�n� �t�i�m�e� �c�o�m�p�o�u�n�d� �1�5�7�d� �(�S�c�h�e�m�e� �5�9�)� �w�a�s� �a�l�w�a�y�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� 

�r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�.� �T�h�e� �w�o�r�k�-�u�p� �o�f� �t�h�e�s�e� �r�e�a�c�t�i�o�n�s� �w�a�s� �n�o�t� �a� �t�r�i�v�a�l� �t�a�s�k�.� �S�i�m�p�l�e� �a�d�d�i�t�i�o�n� �o�f� �w�a�t�e�r� 

�c�a�u�s�e�d� �s�i�l�y�l� �e�t�h�e�r� �c�l�e�a�v�a�g�e�.� �I�n� �a�n� �e�f�f�o�r�t� �t�o� �s�u�p�p�r�e�s�s� �t�h�i�s� �u�n�w�a�n�t�e�d� �s�i�l�y�l� �c�l�e�a�v�a�g�e� �s�u�b�s�e�q�u�e�n�t� 

�r�e�a�c�t�i�o�n�s� �w�e�r�e� �c�h�i�l�l�e�d� �t�o� �-�5�0� �°�C� �b�e�f�o�r�e� �q�u�e�n�c�h�i�n�g� �w�i�t�h� �s�a�t�u�r�a�t�e�d� �N�H�4�C�l� �t�h�u�s� �s�u�p�p�r�e�s�s�i�n�g� �t�h�e� �s�i�l�y�l� 

�e�t�h�e�r� �c�l�e�a�v�a�g�e�.� 

�F�i�n�a�l�l�y� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �a� �d�i�m�e�r� �w�a�s� �n�o�t�e�d�,� �n�a�m�e�l�y� �1�4�-�o�c�t�a�c�o�s�e�n�e� �(�C�2�g�H�5�6�)�.� �C�l�o�s�e�r� 

�s�c�r�u�t�i�n�y� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �r�e�v�e�a�l�e�d�,� �t�h�a�t� �i�t� �w�a�s� �f�o�r�m�i�n�g� �d�u�r�i�n�g� �t�h�e� �p�h�o�s�p�h�o�n�i�u�m� �y�l�i�d�e� 

�f�o�r�m�a�t�i�o�n�,� �i�.�e�.� �b�e�f�o�r�e� �t�h�e� �l�a�c�t�o�l� �w�a�s� �a�d�d�e�d�.� �T�h�e� �n�o�r�m�a�l� �p�r�o�t�o�c�o�l� �f�o�r� �W�i�t�t�i�g� �f�o�r�m�a�t�i�o�n� �w�a�s� �a�s� 

�f�o�l�l�o�w�s�.� �T�o� �t�e�t�r�a�d�e�c�y�l�t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�o�n�i�u�m� �b�r�o�m�i�d�e�,� �u�n�d�e�r� �a�r�g�o�n�,� �f�r�e�s�h�l�y� �d�i�s�t�i�l�l�e�d� �s�o�l�v�e�n�t� �w�a�s� 

�a�d�d�e�d�.� �A�f�t�e�r� �c�o�o�l�i�n�g� �t�h�i�s� �s�o�l�u�t�i�o�n� �i�n� �a�n� �i�c�e�-�b�a�t�h�,� �b�a�s�e� �w�a�s� �a�d�d�e�d�.� �R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �b�a�s�e� �u�s�e�d� �a� 

�c�o�l�o�r� �c�h�a�n�g�e� �e�n�s�u�e�d� �(�c�l�e�a�r� �t�o� �a� �d�a�r�k� �o�r�a�n�g�e� �o�r� �y�e�l�l�o�w�)�.� �T�h�e� �p�h�o�s�p�h�o�n�i�u�m� �y�l�i�d�e� �w�a�s� �t�h�e�n� �s�t�i�r�r�e�d� 

�f�o�r� �3�0� �m�i�n�u�t�e�s� �a�t� �0� �°�C�,� �a�t� �w�h�i�c�h� �t�i�m�e� �t�h�e� �i�c�e�-�b�a�t�h� �w�a�s� �r�e�m�o�v�e�d�.� �O�n�c�e� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �t�h�e� 

�r�e�a�c�t�i�o�n� �w�a�s� �s�t�i�r�r�e�d� �f�o�r� �a�n� �a�d�d�i�t�i�o�n�a�l� �3�0� �m�i�n�u�t�e�s�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �y�l�i�d�e� �s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� 

�a�d�j�u�s�t�e�d� �t�o� �t�h�e� �d�e�s�i�r�e�d� �r�e�a�c�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e�.� �I�t� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �p�e�r�h�a�p�s� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� 

�i�s� �t�h�e� �c�u�l�p�r�i�t� �o�f� �t�h�i�s� �d�i�m�e�r� �f�o�r�m�a�t�i�o�n� �(�S�c�h�e�m�e� �6�0�)�.� �D�e�o�x�y�g�e�n�a�t�i�o�n� �o�f� �t�h�e� �s�o�l�v�e�n�t� �d�i�m�i�n�i�s�h�e�d� �t�h�e� 

�d�i�m�e�r� �f�o�r�m�a�t�i�o�n� �(�T�a�b�l�e� �1�2�,� �e�n�t�r�y� �6�)�.� �F�u�r�t�h�e�r� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �w�o�u�l�d� �b�e� �n�e�e�d�e�d� �t�o� �d�r�a�w� �m�o�r�e� 

�a�c�c�u�r�a�t�e� �c�o�n�c�l�u�s�i�o�n�s�.� 
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�I�V�.� �S�U�M�M�A�R�Y�,� �C�O�N�C�L�U�S�I�O�N� �a�n�d� �O�U�T�L�O�O�K� 

�T�h�e� �u�t�i�l�i�t�y� �o�f� �c�h�l�o�r�o�d�i�o�l� �1�1�3� �a�s� �a� �g�e�n�e�r�a�l� �s�y�n�t�h�o�n� �f�o�r� �s�p�h�i�n�g�o�s�i�n�e� �s�y�n�t�h�e�s�i�s� �h�a�s� �b�e�e�n� 

�u�n�e�q�u�i�v�o�c�a�l�l�y� �s�h�o�w�n�.� �T�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�h�r�e�e� �o�u�t� �o�f� �t�h�e� �f�o�u�r� �p�o�s�s�i�b�l�e� �s�t�e�r�e�o�i�s�o�m�e�r�s� �o�f� 

�s�p�h�i�n�g�o�s�i�n�e� �f�r�o�m� �o�n�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �i�s� �a� �f�e�a�t� �i�n� �i�t�s� �o�w�n�,� �a�n�d� �b�o�d�e�s� �w�e�l�l� �f�o�r� �t�h�e� �e�n�a�n�t�i�o�d�i�v�e�r�g�e�n�t� 

�a�c�c�e�s�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �f�o�u�r�t�h� �i�s�o�m�e�r� �f�r�o�m� �c�h�l�o�r�o�d�i�o�l� �1�1�3�.� 

�A�t� �p�r�e�s�e�n�t� �t�h�e� �A�c�h�i�l�l�e�s �� �t�e�n�d�o�n� �o�f� �t�h�i�s� �t�o�t�a�l� �s�y�n�t�h�e�s�i�s� �i�s� �t�h�e� �W�i�t�t�i�g� �o�l�e�f�i�n�a�t�i�o�n� �o�f� �l�a�c�t�o�l�s� 

�1�2�2�a�,� �1�2�2�b�,� �a�n�d� �1�5�6�d�.� �T�o� �d�a�t�e� �t�h�e� �o�l�e�f�i�n�a�t�i�o�n� �h�a�s� �b�e�e�n� �p�l�a�g�u�e�d� �b�y� �a� �m�y�r�i�a�d� �o�f� �s�e�t� �b�a�c�k�s�.� 

�F�u�r�t�h�e�r� �w�o�r�k� �a�f�t�e�r� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n� �w�i�l�l� �t�r�y� �t�o� �a�d�d�r�e�s�s� �s�o�m�e� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �q�u�e�s�t�i�o�n�s�.� �A�r�e� �l�a�c�t�o�l�s� 

�o�f� �t�y�p�e� �1�2�2� �a�n�d� �1�5�6� �i�n�h�e�r�e�n�t�l�y� �u�n�s�t�a�b�l�e� �t�o� �b�a�s�i�c� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�?� �I�s� �t�h�e� �a�z�i�d�e� �a�t�t�a�c�k�e�d� �b�y� �t�h�e� 

�p�h�o�s�p�h�o�n�i�u�m� �y�l�i�d�e�s�?� �C�a�n� �a� �s�t�a�b�l�e� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �b�e� �f�o�u�n�d� �a�n�d� �s�t�i�l�l� �b�e� �e�a�s�i�l�y� �r�e�m�o�v�e�d� �a�t� �t�h�e� �e�n�d� 

�o�f� �t�h�e� �s�y�n�t�h�e�s�i�s�?� �I�f� �a�n� �a�p�p�r�o�p�n�a�t�e� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �i�s� �f�o�u�n�d� �w�i�l�l� �i�t� �i�n�c�r�e�a�s�e� �t�h�e� �W�i�t�t�i�g� �o�l�e�f�i�n�a�t�i�o�n� 

�y�i�e�l�d�s�?� �T�h�e�s�e� �a�r�e� �f�e�w� �o�f� �t�h�e� �q�u�e�s�t�i�o�n�s� �w�h�i�c�h� �n�e�e�d� �t�o� �b�e� �a�d�d�r�e�s�s�e�d�.� 

�T�h�e� �f�o�u�r�t�h� �i�s�o�m�e�r� �w�i�l�l� �b�e� �s�y�n�t�h�e�s�i�z�e�d� �a�f�t�e�r� �t�h�e� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n� �i�s� �s�u�b�m�i�t�t�e�d�.� �T�h�e� �s�t�r�a�t�e�g�y� 

�w�i�l�l� �e�n�t�a�i�l� �p�r�o�t�e�c�t�i�o�n� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�c� �a�s� �a� �b�e�n�z�y�l� �e�t�h�e�r�.� �U�s�i�n�g� �t�h�e� �s�a�m�e� �s�e�t� �o�f� �r�e�a�c�t�i�o�n�s� �u�s�e�d� 

�o�n� �t�h�e� �p�r�e�v�i�o�u�s� �i�s�o�m�e�r�s�,� �l�a�c�t�o�l� �1�2�2�c�,� �w�h�e�r�e� �R� �=� �b�e�n�z�y�l�,� �w�i�l�l� �b�e� �s�u�b�j�e�c�t�e�d� �t�o� �t�h�e� �W�i�t�t�i�g� 

�o�l�e�f�i�n�a�t�i�o�n�.� �I�f� �n�o� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �y�i�e�l�d� �i�s� �a�p�p�a�r�e�n�t�,� �t�h�e� �a�z�i�d�e� �(�o�f� �l�a�c�t�o�l� �1�2�2�c�)� �w�i�l�l� �b�e� �r�e�d�u�c�e�d� �a�n�d� 

�p�r�o�t�e�c�t�e�d� �a�n�d� �t�h�i�s� �n�e�w� �l�a�c�t�o�l� �w�i�l�l� �t�h�e�n� �b�e� �s�u�b�j�e�c�t�e�d� �t�o� �W�i�t�t�i�g� �o�l�e�f�i�n�a�t�i�o�n�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

�o�u�t�c�o�m�e�,� �m�o�s�t� �o�f� �t�h�e� �a�b�o�v�e� �q�u�e�s�t�i�o�n�s� �w�i�l�l� �b�e� �a�n�s�w�e�r�e�d�.� �B�e�l�o�w� �a�r�e� �S�c�h�e�m�e�s� �6�1� �a�n�d� �6�2� �w�h�i�c�h� 

�s�u�m�m�a�r�i�z�e� �w�h�a�t� �h�a�s� �b�e�e�n� �a�c�c�o�m�p�l�i�s�h�e�d� �d�u�r�i�n�g� �t�h�i�s� �i�n�v�e�s�t�i�g�a�t�i�o�n�.� 
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�V�.� �E�X�P�E�R�I�M�E�N�T�A�L� 

�G�e�n�e�r�a�l�:� �A�l�l� �r�e�a�c�t�i�o�n�s� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �i�n� �a�n� �a�r�g�o�n� �a�t�m�o�s�p�h�e�r�e� �w�i�t�h� �s�t�a�n�d�a�r�d� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �t�h�e� 

�e�x�c�l�u�s�i�o�n� �o�f� �a�i�r� �a�n�d� �m�o�i�s�t�u�r�e�.� �G�l�a�s�s�w�a�r�e� �u�s�e�d� �f�o�r� �m�o�i�s�t�u�r�e� �s�e�n�s�i�t�i�v�e� �r�e�a�c�t�i�o�n�s� �w�e�r�e� �f�l�a�m�e� �d�r�i�e�d� 

�u�n�d�e�r� �v�a�c�u�u�m�.� �A�l�l� �s�o�l�v�e�n�t�s� �w�e�r�e� �r�e�a�g�e�n�t� �g�r�a�d�e�.� �A�n�h�y�d�r�o�u�s� �s�o�l�v�e�n�t�s� �w�e�r�e� �d�r�i�e�d� �i�m�m�e�d�i�a�t�e�l�y� 

�b�e�f�o�r�e� �u�s�e�.� �T�H�F� �a�n�d� �t�o�l�u�e�n�e� �w�e�r�e� �d�i�s�t�i�l�l�e�d� �f�r�o�m� �s�o�d�i�u�m� �b�e�n�z�o�p�h�e�n�o�n�e� �k�e�t�y�l�.� �A� �o�n�e�-�p�i�e�c�e� �r�e�f�l�u�x� 

�a�p�p�a�r�a�t�u�s� �w�a�s� �u�s�e�d� �w�h�e�n� �r�e�f�l�u�x� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �n�e�e�d�e�d� �(�i�t� �w�a�s� �c�u�s�t�o�m�-�m�a�d�e� �i�n� �a� �g�l�a�s�s� �s�h�o�p� �a�n�d� 

�c�o�n�s�i�s�t�s� �o�f� �a� �j�o�i�n�t�l�e�s�s� �c�o�n�n�e�c�t�i�o�n� �o�f� �a� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �a�n�d� �a� �r�e�f�l�u�x� �c�o�n�d�e�n�s�e�r�)�,� �i�t� �c�a�n� �b�e� 

�s�u�b�s�t�i�t�u�t�e�d� �f�o�r� �b�y� �u�s�i�n�g� �a� �c�o�n�d�e�n�s�e�r� �a�n�d� �a� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k�.� 

�D�r�y� �o�x�y�g�e�n� �c�o�n�t�a�i�n�i�n�g� �a�b�o�u�t� �2�.�5�%� �o�z�o�n�e� �w�a�s� �i�n�t�r�o�d�u�c�e�d� �a�t� �a� �r�a�t�e� �o�f� �4�L�/�m�i�n� �i�n�t�o� �t�h�e� 

�s�o�l�u�t�i�o�n� �o�f� �a� �s�u�b�s�t�r�a�t�e�.� 

�T�L�C� �p�l�a�t�e�s� �w�e�r�e� �v�i�s�u�a�l�i�z�e�d� �b�y� �i�m�m�e�r�s�i�o�n� �i�n� �a� �v�a�n�i�l�l�i�m� �s�t�a�i�n�,� �f�o�l�l�o�w�e�d� �b�y� �w�a�r�m�i�n�g� �o�n� �a� �h�o�t� 

�p�l�a�t�e�.� �F�l�a�s�h� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �o�n� �M�e�r�c�k� �K�i�e�s�e�l�g�e�l� �6�0� �s�i�l�i�c�a� �g�e�l� �(�2�3�0� �-� �4�0�0� �m�e�s�h�)�.� 

�T�h�e� �i�m�p�u�r�e� �p�r�o�d�u�c�t�s� �w�e�r�e� �i�m�p�r�e�g�n�a�t�e�d� �o�n� �s�i�l�i�c�a� �g�e�l� �a�n�d� �t�h�e�n� �l�o�a�d�e�d� �o�n�t�o� �t�h�e� �c�o�l�u�m�n�.� 

�1�H� �N�M�R� �a�n�d� �A�P�T� �1�3�C� �N�M�R� �w�e�r�e� �r�e�c�o�r�d�e�d� �a�t� �2�7�0� �M�H�z� �a�n�d� �6�8� �M�H�z�.� �P�r�o�t�o�n� �a�n�d� �c�a�r�b�o�n� 

�c�h�e�m�i�c�a�l� �s�h�i�f�t�s� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �p�a�r�t�s� �p�e�r� �m�i�l�l�i�o�n� �(�p�p�m�)� �r�e�l�a�t�i�v�e� �t�o� �C�D�C�l�3� �(�1�H� �N�M�R�,� �7�.�2�4� �a�n�d� �1�3�C� 

�N�M�R�,� �7�7�.�0� �p�p�m� �-� �m�i�d�d�l�e� �p�e�a�k� �o�f� �t�h�e� �t�r�i�p�l�e�t�)�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �b�y� �A�t�l�a�n�t�i�c� 

�M�i�c�r�o�l�a�b�s�,� �I�n�c�.� 

�(�3�8�,�4�S�,�5�S�,�6�S�)�-�3�-�a�z�i�d�o�-�1�-�c�h�l�o�r�o�-�5�,�6�-�O�-�i�s�o�p�r�o�p�y�l�i�d�e�n�e�-�1�-�c�y�c�l�o�h�e�x�e�n�e�-� 

�4�,�5�,�6�-�t�r�i�o�l� �(�1�1�8�a�)�.� �T�o� �a� �5�0� �m�L� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k� �w�a�s� �a�d�d�e�d� �b�r�o�m�o�h�y�d�r�i�n� �1�2�8� �(�6�.�0�3�9� �g�,� 

�2�1�.�3�0� �m�m�o�l�)�,� �N�a�N�3� �(�2�2�.�0�0� �g�,� �3�3�8�.�4� �m�m�o�l�,� �1�5�.�9� �e�q�)� �a�n�d� �t�h�e�n� �D�M�S�O� �(�3�5�.�0� �m�L�)�.� �T�h�e� �m�i�x�t�u�r�e� 

�s�o�l�i�d�i�f�i�e�d� �i�m�m�e�d�i�a�t�e�l�y�,� �s�o� �i�t� �w�a�s� �b�r�o�k�e�n� �i�n�t�o� �m�u�c�h� �s�m�a�l�l�e�r� �p�i�e�c�e�s� �(�C�A�U�T�I�O�N�:� �A� �m�e�t�a�l� �s�p�a�t�u�l�a� �c�a�n� 

�i�n�i�t�i�a�t�e� �a�n� �e�x�p�l�o�s�i�o�n� �w�i�t�h� �d�r�y� �N�a�N�3� �a�n�d� �p�o�s�s�i�b�l�y� �w�i�t�h� �t�h�e�s�e� �t�h�i�c�k� �p�a�s�t�e�s� �o�f� �N�a�N�3�)�.� �T�h�e� �e�n�s�u�i�n�g� 

�t�h�i�c�k� �p�a�s�t�e� �w�a�s� �s�o�n�i�c�a�t�e�d� �f�o�r� �1�.�5� �h�r�s� �a�n�d� �t�h�e�n� �m�o�r�e� �D�M�S�O� �(�1�5�.�0� �m�L�)� �w�a�s� �a�d�d�e�d�.� �T�h�e� �r�e�a�c�t�i�o�n� 

�v�e�s�s�e�l� �w�a�s� �s�o�n�i�c�a�t�e�d� �f�o�r� �a�n�o�t�h�e�r� �2�.�5� �h�r�s�,� �a�t� �w�h�i�c�h� �p�o�i�n�t� �n�o� �b�r�o�m�o�h�y�d�r�i�n� �1�2�8� �w�a�s� �a�p�p�a�r�e�n�t� �b�y� 

�T�L�C�.� �D�i�s�t�i�l�l�e�d� �H�2�O� �w�a�s� �a�d�d�e�d� �u�n�t�i�l� �a�l�l� �t�h�e� �N�a�N�3� �d�i�s�s�o�l�v�e�d� �a�n�d� �t�h�e�n� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �e�x�t�r�a�c�t�e�d� 

�w�i�t�h� �E�t�O�A�c� �(�X�5�)�.� �T�h�e� �c�o�m�b�i�n�e�d� �o�r�g�a�n�i�c�s� �w�e�r�e� �d�r�i�e�d� �w�i�t�h� �M�g�S�O�a�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �v�o�l�a�t�i�l�e�s� 

�r�e�m�o�v�e�d�.� �C�o�l�u�m�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �u�s�i�n�g� �g�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �8�.�5�:�1�.�5� �a�n�d� �e�n�d�i�n�g� 

�w�i�t�h� �7�:�3�)� �g�a�v�e� �a�z�i�d�o�a�l�c�o�h�o�l� �1�1�8�a� �(�3�.�9�1�5� �g�,� �1�5�.�9�4� �m�m�o�l�)� �a�s� �a� �c�l�e�a�r� �o�i�l� �i�n� �7�4�.�8�%� �y�i�e�l�d� �a�n�d� �a�n� 

�e�p�i�m�e�r�i�c� �a�z�i�d�o�a�l�c�o�h�o�l� �[�(�3�R�,�4�S�,�5�S�,�6�S�)�-�3�-�a�z�i�d�o�-�1�-�c�h�l�o�r�o�-�5�,�6�-�O�-�i�s�o�p�r�o�p�y�l�i�d�e�n�e�-� �1�-�c�y�c�l�o�h�e�x�e�n�e�-� 

�4�,�5�,�6�-�t�r�i�o�l� �(�1�1�8�d�)�]� �(�1�.�1�4�3� �g�,� �4�.�6�5�2� �m�m�o�l�)� �a�s� �a� �b�r�o�w�n� �o�i�l� �(�p�u�r�e� �b�y� �1�H� �N�M�R�)� �i�n� �2�1�.�8�%� �y�i�e�l�d�.� 

�R�r�=� �.�3�5� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �2�:�1�)�;� �[�a�]�p�2�3�=� �+� �2�8�8�.�8� �(�c� �1�.�0�6�,� �C�H�C�l�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�4�2�0�,� �3�0�6�0�,� 

�2�9�9�5�,� �2�9�1�0�,� �2�0�9�0�,� �1�6�3�5� �c�m�-�!�;� �1�H� �N�M�R� �(�C�D�C�I�3�)� �8� �6�.�0�0� �(�d�,� �J� �=� �5�.�0� �H�z�,� �1�H�)�,� �4�.�4�9� �(�m�,� �2�H�)�,� 

�4�.�0�2� �(�m�,� �2�H�)�,� �2�.�7�7� �(�b�r�.�s�,� �1�H�)�,� �1�.�5�1� �(�s�,� �3�H�)�,� �1�.�3�9� �(�s�,� �3�H�)�;� �1�3�C� �N�M�R� �(�C�D�C�I�3�)� �6� �1�3�7�.�4� �(�C�)�,� 

�1�1�1�.�6� �(�C�)�,� �1�2�1�.�7� �(�C�H�)�,� �7�5�.�9� �(�C�H�)�,� �7�5�.�4� �(�C�H�)�,� �6�7�.�0� �(�C�H�)�,� �5�8�.�1� �(�C�H�)�,� �2�7�.�4� �(�C�H�3�)�,� �2�5�.�7� �(�C�H�3�)�;� 

�M�S� �(�C�I�,� �7�0� �e�V�)� �m�/�z� �(�t�e�l�.� �i�n�t�e�n�s�i�t�y�)� �2�4�6� �(�M�t�+�1�,� �3�.�0�)�,� �2�3�2� �(�1�9�)�,� �2�3�0� �(�5�3�)�,� �2�2�0� �(�4�2�)�,� �2�1�8� �(�9�2�)�,� 

�7�2



�2�0�5� �(�2�3�)�,� �2�0�3� �(�6�0�)�,� �1�8�2� �(�3�9�)�,� �5�9� �(�1�0�0�)�;� �A�n�a�l�.� �c�a�l�e�d� �f�o�r� �C�o�H�1�2�C�1�N�3�0�3�:� �C�,� �4�4�.�0�0�;� �H�,� �4�.�9�2�;� �N�,� 

�1�7�.�1�.� �F�o�u�n�d�:� �C�,� �4�3�.�9�1�;� �H�,� �4�.�9�3�;� �N�,� �1�6�.�9�3�.� 

�(�3�R�,�4�S�,�5�S�,�6�S�)�-�3�-�a�z�i�d�o�-�1�-�c�h�l�o�r�o�-�5�,�6�-�O�-�i�s�o�p�r�o�p�y�l�i�d�e�n�e�-�1�-�c�y�c�l�o�h�e�x�e�n�e�-�4�,�5�,�6�-�t�r�i�o�l� 

�(�1�1�8�d�)�.� �E�p�o�x�i�d�e� �1�2�5� �(�2�5�0� �m�g�,� �1�.�2�3� �m�m�o�l�)�,� �1�,�2�-�d�i�m�e�t�h�o�x�y�e�t�h�a�n�e� �(�1�3�.�0� �m�L�)�,� �e�t�h�a�n�o�l� �(�1�0�.�0� 

�m�L�)�,� �H�2�0� �(�8�.�0� �m�L�)�,� �N�a�N�3� �(�3�2�0� �m�g�,� �4�.�9�2� �m�m�o�l�,� �4�.�0�0� �e�q�u�i�v�)�,� �a�n�d� �N�H�4�C�l� �(�2�6�4� �m�g�,� �4�.�9�4� �m�m�o�l�,� 

�4�.�0�0� �m�m�o�l�)� �w�e�r�e� �a�d�d�e�d� �t�o� �a� �r�b� �f�l�a�s�k� �i�n� �t�h�e� �o�r�d�e�r� �s�t�a�t�e�d�.� �T�h�e� �r�b� �f�l�a�s�k� �w�a�s� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �r�e�f�l�u�x� 

�c�o�n�d�e�n�s�e�r� �a�n�d� �t�h�e� �a�p�p�a�r�a�t�u�s� �p�l�a�c�e�d� �i�n� �a�n� �o�i�l� �b�a�t�h� �a�t� �5�5� �°�C�.� �A�f�t�e�r� �6�0� �m�i�n� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� 

�t�o� �c�o�o�l� �t�o� �r�t� �a�n�d� �t�h�e�n� �h�a�d� �H�2�O� �(�4�0�.�0� �m�L�)� �a�d�d�e�d� �t�o� �i�t�.� �T�h�i�s� �w�a�s� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �E�t�O�A�c� �(�X�3�)�,� �t�h�e� 

�o�r�g�a�n�i�c� �e�x�t�r�a�c�t�s� �w�e�r�e� �c�o�m�b�i�n�e�d�,� �d�r�i�e�d� �w�i�t�h� �M�g�S�O�z�q�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �v�o�l�a�t�i�l�e� �o�r�g�a�n�i�c�s� �r�e�m�o�v�e�d�.� 

�C�o�l�u�m�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �o�f� �t�h�i�s� �c�r�u�d�e� �p�r�o�d�u�c�t� �u�s�i�n�g� �g�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �(�H�e�x�/�E�t�O�A�c� �3�:�1�  �� �2�:�1�)� 

�a�f�f�o�r�d�e�d� �a�z�i�d�o� �a�l�c�o�h�o�l� �(�1�1�8�d�)� �(�2�6�2�.�1� �m�g�,� �1�.�0�7� �m�m�o�l�)� �i�n� �8�7�%� �y�i�e�l�d� �a�s� �a� �c�l�e�a�r� �o�i�l� �.� �T�h�i�s� �c�l�e�a�r� �o�i�l� 

�t�u�r�n�s� �t�o� �a� �d�a�r�k� �b�r�o�w�n� �o�i�l� �w�i�t�h�i�n� �5� �h�r�s� �a�t� �r�t�,� �y�e�t� �n�o� �d�e�c�o�m�p�o�s�i�t�i�o�n� �i�s� �n�o�t�i�c�a�b�l�e� �b�y� �1�H� �N�M�R�.� �A�n� 

�a�n�a�l�y�t�i�c�a�l� �s�a�m�p�l�e� �w�a�s� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �c�o�l�u�m�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �w�i�t�h� �a�n� �a�c�e�t�o�n�e�/�C�H�2�C�l�2� �s�o�l�v�e�n�t� 

�s�y�s�t�e�m� �(�1�%� �a�c�e�t�o�n�e� �i�n� �C�H�9�C�l�o�  �� �2�%� �a�c�e�t�o�n�e� �i�n� �C�H�»�C�l�2�)�.� �R�=� �.�4�5� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �2�:�1�)�;� 

�[�a�)�p�2�2�=� �-�1�2�0�.�1� �(�c� �1�.�0�0�,� �C�H�C�l�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�4�3�0�,� �2�9�9�5�,� �2�9�3�0�,� �2�8�9�5�,� �2�1�0�0�,� �1�6�4�5�,� �1�2�2�5�,� 

�1�0�4�0� �c�m�7�!�;� �1�H� �N�M�R� �(�C�D�C�l�3�)� �§� �5�.�8�1� �(�d�,� �J� �=� �2�.�0� �H�z�,� �1�H�)�,� �4�.�5�7� �(�m�,� �2�H�)�,� �4�.�2�7� �(�t�d�,� �J�=� �1�.�8�,� �8�.�6� 

�H�z�,� �1�H�)�,� �3�.�8�1� �(�d�t�,� �J�=� �2�.�1�,� �8�.�1� �H�z�,� �1�H�)�,� �2�.�5�4� �(�d�,� �J�=� �7�.�5� �H�z�,� �-�O�H�)�,� �1�.�4�4� �(�s�,� �3�H�)�,� �1�.�4�3� �(�s�,� �3�H�)�;� 

�1�3�C� �N�M�R� �(�C�D�C�l�3�)� �8� �1�3�4�.�2� �(�C�)�,� �1�1�1�.�1� �(�C�)�,� �1�2�3�.�9� �(�C�H�)�,� �7�6�.�7� �(�C�H�)�,� �7�6�.�3� �(�C�H�)�,� �7�2�.�0� �(�C�H�)�,� 

�6�0�.�9� �(�C�H�)�,� �2�7�.�3� �(�C�H�3�)�,� �2�6�.�3� �(�C�H�3�)�;� �M�S� �(�C�I�,� �7�0� �e�V�)� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �2�4�6� �(�M�t�+�1�,� �3�.�0�)�,� �1�6�0� 

�(�3�.�0�)�,� �1�4�5� �(�2�0�)�,� �1�3�3� �(�3�.�0�)�,� �1�1�7� �(�3�.�0�)�,� �1�1�4� �(�4�.�0�)�,� �1�0�1� �(�1�5�.�0�)�,� �9�6� �(�1�5�.�0�)�,� �5�9� �(�1�0�0�)�;� �A�n�a�l�.� �c�a�l�c�d� 

�f�o�r� �C�o�H�1�2�C�1�N�3�0�3�:� �C�,� �4�4�.�0�0�;� �H�,� �4�.�9�2�;� �N�,� �1�7�.�1�1�.� �F�o�u�n�d�:� �C�,� �4�4�.�3�4�;� �H�,� �4�.�9�6�;� �N�,� �1�6�.�9�6�.� 

�(�I�R�,� �2�S�,� �3�8�S�,� �6�S�)�-�6�-�A�z�i�d�o�-�4�-�c�h�l�o�r�o�-�c�y�c�l�o�h�e�x�-�4�-�e�n�e�-�1�,�2�,�3�-�t�r�i�o�l� �(�1�1�9�b�)�.� �T�o�a� 

�s�o�l�u�t�i�o�n� �o�f� �a�z�i�d�o�a�l�c�o�h�o�l� �(�1�1�8�b�)� �(�5�1�3� �m�g�,� �2�.�0�8�8� �m�m�o�l�)� �i�n� �C�H�3�0�H� �(�2�5� �m�L�)� �w�a�s� �a�d�d�e�d� �1�.�6� �g�r�a�m�s� 

�o�f� �A�m�b�e�r�l�y�s�t� �1�5�(�w�e�t�)� �i�o�n�-�e�x�c�h�a�n�g�e� �r�e�s�i�n�.� �A�f�t�e�r� �8� �d�a�y�s� �n�o� �m�o�r�e� �a�z�i�d�o�a�l�c�o�h�o�l� �r�e�m�a�i�n�e�d� �b�y� �T�L�C�.� 

�T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �a� �p�a�d� �o�f� �c�e�l�i�t�e� �a�n�d� �t�h�e� �s�o�l�v�e�n�t� �w�a�s� �e�v�a�p�o�r�a�t�e�d� �t�o� �g�i�v�e� �4�5�3�.�9� �m�g� 

�o�f� �c�r�u�d�e� �p�r�o�d�u�c�t�.� �P�u�r�i�f�i�c�a�t�i�o�n� �b�y� �c�o�l�u�m�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�h�e�x�a�n�e�/�e�t�h�y�l�a�c�e�t�a�t�e�,� �1�:�4�)� �g�a�v�e� �1�1�m�g� �o�f� 

�S�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �a�n�d� �4�0�5�.�7� �m�g� �(�1�.�9�7�3� �m�m�o�l�,� �9�7�%�)� �o�f� �a�z�i�d�o�t�r�i�o�l� �a�s� �a� �w�h�i�t�e� �s�o�l�i�d�.� �F�o�r� �d�a�t�a� 

�c�o�l�l�e�c�t�i�o�n� �a� �p�o�r�t�i�o�n� �w�a�s� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �e�t�h�y�l�a�c�e�t�a�t�e�.� �R�r�=� �0�.�4�7� �(�E�t�h�y�l�a�c�e�t�a�t�e�)�;� �m�p� �1�3�7�-�1�3�8� �°�C�;� 

�[�a�]�p�2�9�=� �-� �1�1�.�0� �(�c� �1�.�1�,� �C�H�3�0�H�)�;� �I�R� �(� �K�B�r�)� �v� �3�2�9�0�,� �3�1�9�0�,� �2�9�0�0�,� �2�8�4�0�,� �2�0�6�0�,� �1�6�4�0�,� �1�4�3�0�,� 

�1�2�4�0� �c�m�-�!�;� �1�H� �N�M�R� �(�D�M�S�O�)� �6� �5�.�7�2� �(�1�H�,� �d�,� �J� �2�.�6�)�,� �5�.�5�1� �(�1�H�,� �d�,� �J� �6�.�1�)�,� �5�.�3�8� �(�1�H�,� �d�,� �J� �5�.�2�)�,� 

�4�.�9�8� �(�1�H�,� �d�,� �J� �6�.�1�)�,� �3�.�9�8� �(�1�H�,� �m�,� �J� �4�.�1�,� �6�.�1�)�,� �3�.�9�3� �(�1�H�,� �m� �,� �J� �2�.�6�,� �7�.�8�)�,� �3�.�6�2� �(�1�H�,� �d�d�d�,� �J� �5�.�2�,� 

�7�.�8�,� �1�0�.�2�)�,� �3�.�4�5� �(�1�H�,� �d�d�d�,� �J� �4�.�1�,� �6�.�1�,� �1�0�.�2�)�;� �1�3�C� �N�M�R� �(�D�M�S�O�)� �6� �1�3�5�.�4� �(�C�)�,� �1�2�5�.�0� �(�C�H�)�,� 

�7�1�.�4� �(�C�H�)�,� �7�1�.�0� �(�C�H�)�,� �7�0�.�0� �(�C�H�)�,� �6�3�.�6� �(�C�H�)�;� �M�S� �(�C�I� �7�0� �e�V�)� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �2�3�7� �(�5�)�,� �2�1�2� 

�7�3



�(�5�)�,� �1�8�2� �(�8�)�,� �1�8�0� �(�2�6�)�,� �1�7�8� �(�2�4�)�,� �1�6�0� �(�3�0�)�,� �1�4�5� �(�8�0�)�,� �1�1�6� �(�8�0�)�,� �1�1�4�(�1�0�0�)�;� �A�n�a�l�.� �c�a�l�c�d� �f�o�r� 
�C�s�H�g�N�3�0�3�C�l�:� �C�,� �3�5�.�0�5�;� �H�,� �3�.�9�2�;� �F�o�u�n�d�:� �C�,� �3�5�.�1�9�;� �H�,� �3�.�8�7�.� 

�I�R�,� �2�R�,� �3�R� �-� �C�y�c�l�o�h�e�x�a�n�e�t�r�i�o�l�-�4�S�-�a�m�i�n�e�:� �M�e�t�h�o�d� �#�1�:� �T�o� �a� �s�t�e�e�l� �v�e�s�s�e�l� �w�a�s� �a�d�d�e�d� �a�z�i�d�o� 

�a�l�c�o�h�o�l� �(�1�1�8�b�)� �(�3�9�6�m�g�,� �1�.�6�1�2� �m�m�o�l�)�,� �C�H�3�0�H� �(�1�4�m�L�)�,� �a�n�d� �P�t�O�2� �(�4�5�m�g�,� �0�.�1�9�8�2� �m�m�o�l�)�.� �T�h�e� 

�v�e�s�s�e�l� �w�a�s� �c�h�a�r�g�e�d� �w�i�t�h� �h�y�d�r�o�g�e�n� �a�n�d� �p�u�r�g�e�d�,� �c�h�a�r�g�e�d� �a�g�a�i�n� �a�n�d� �m�a�i�n�t�a�i�n�e�d� �a�t� �8�0� �p�s�i�.� �A�f�t�e�r� �6�h� 

�n�o� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �r�e�m�a�i�n�e�d� �b�y� �T�L�C�,� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �C�e�l�i�t�e� �a�n�d� �t�h�e� �s�o�l�v�e�n�t� 

�e�v�a�p�o�r�a�t�e�d� �t�o� �g�i�v�e� �a� �l�i�g�h�t� �b�r�o�w�n� �o�i�l�.� �T�o� �t�h�e� �o�i�l� �w�a�s� �a�d�d�e�d� �a�q�u�e�o�u�s� �H�C�I� �(�1� �m�L�,� �2�.�4�2� �N�)�,� �f�o�l�l�o�w�e�d� 

�b�y� �4� �m�L� �o�f� �C�H�3�Q�O�H� �w�i�t�h� �s�t�i�r�r�i�n�g� �(�5� �m�i�n�)�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �e�v�a�p�o�r�a�t�e�d� �t�o� �d�r�y�n�e�s�s� �a�n�d� �C�H�C�l�3� �(�2� 

�x� �1�5�m�L�)� �w�a�s� �a�d�d�e�d� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �e�v�a�p�o�r�a�t�e�d�.� �T�h�e� �c�r�u�d�e� �p�r�o�d�u�c�t� �w�a�s� �t�h�e�n� �d�i�s�s�o�l�v�e�d� �i�n� 

�C�H�3�0�H� �(�1�-�2� �m�L�)� �a�n�d� �t�h�e� �p�r�o�d�u�c�t� �w�a�s� �p�r�e�c�i�p�i�t�a�t�e�d� �f�r�o�m� �s�o�l�u�t�i�o�n� �b�y� �a�d�d�i�n�g� �h�e�x�a�n�e�,� �t�h�e�n� �e�t�h�e�r� 

�d�r�o�p�w�i�s�e�.� �T�h�e� �l�i�g�h�t�l�y� �p�i�n�k� �p�r�e�c�i�p�i�c�a�t�e� �w�a�s� �p�r�e�c�i�p�i�t�a�t�e�d� �a�g�a�i�n� �t�o� �g�i�v�e� �t�h�e� �s�a�l�t� �a�s� �a� �w�h�i�t�e� �p�r�e�c�i�p�i�t�a�t�e� 

�(�2�5�5�.�9� �m�g�,� �8�6�%�)�.� 

�M�e�t�h�o�d� �#�2�:� �T�o� �a� �o�n�e�-�p�i�e�c�e� �r�e�f�l�u�x� �a�p�p�a�r�a�t�u�s� �w�a�s� �a�d�d�e�d� �b�e�n�z�y�l�a�m�i�n�o� �a�l�c�o�h�o�l� �(�1�2�0�)� �(�2�4�9�.�0� �m�g�,� 

�0�.�8�0�4� �m�m�o�l�)�,� �f�o�l�l�o�w�e�d� �b�y� �C�H�3�0�H� �(�4� �m�L�)�,� �1�0�%� �P�d�/�C� �(�1�8�0� �m�g�)� �a�n�d� �a�m�m�o�n�i�u�m� �f�o�r�m�a�t�e� �(�2�5�0�.�0� 

�m�g�,� �3�.�9�6�5� �m�m�o�l�)�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �w�a�s� �b�r�o�u�g�h�t� �t�o� �r�e�f�l�u�x� �a�n�d� �a�f�t�e�r� �1�0� �m�i�n�.� �n�o� �s�t�a�r�t�i�n�g� 

�m�a�t�e�r�i�a�l� �r�e�m�a�i�n�e�d� �b�y� �T�L�C�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �C�e�l�i�t�e� �a�n�d� �e�v�a�p�o�r�a�t�e�d� �t�o� �g�i�v�e� �a� 

�b�r�o�w�n� �o�i�l�.� �T�h�e� �c�r�u�d�e� �o�i�l� �w�a�s� �w�o�r�k�e�d�-�u�p� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �m�e�t�h�o�d� �#�1� �u�s�i�n�g� �1� �m�L� �o�f� �1�.�2�1� �N� �H�C�l�,� �a� 

�w�h�i�t�e� �p�r�e�c�i�p�i�t�a�t�e� �e�n�s�u�e�d� �(�1�0�5�.�8� �m�g�,� �7�2�%�)�.� �R�g�=� �0�.�0� �(�e�t�h�y�l� �a�c�e�t�a�t�e�)�;� �m�p� �>� �2�0�0� �°�C�;� �[�a�]�p�2�4�=� 

�-�2�6�.�2�4� �(�c� �1�.�0�,� �H�2�O�)�;� �I�R� �(�K�B�r�)� �v� �3�4�1�0�,� �3�3�2�0�,� �3�0�5�0�,� �2�9�4�0�,� �1�6�6�0�,� �1�5�9�5�,� �1�5�1�5�,� �1�0�7�5� �c�m�-�!�;� �1�H� 

�N�M�R� �(�D�M�S�O�)� �6� �7�.�9�6� �(�3�H�,� �b�s�)�,� �5�.�3�6� �(�1�H�,� �b�s�)�,� �4�.�8�4� �(�1�H�,� �b�s�)�,� �4�.�6�0� �(�1�H�,� �b�s�)�,� �3�.�7�7� �(�1�H�,� �s�)�,� �3�.�5�2� 

�(�1�H�,� �t�,� �J� �9�.�8�)�,� �3�.�1�6� �(�1�H�,� �d�,� �J� �8�.�4�)�,� �2�.�7�4� �(�1�H�,� �b�s�)�,� �1�.�6�7� �(�3�H�,� �m�)�,� �1�.�4�1� �(�1�H�,� �m�)�;� �1�3�C� �N�M�R� 

�(�D�M�S�O�)� �6� �7�4�.�5� �(�C�H�)�,� �7�0�.�5� �(�C�H�)�,� �6�8�.�0� �(�C�H�)�,� �5�3�.�5� �(�C�H�)�,� �2�7�.�4� �(�C�H�2�)�,� �2�2�.�4� �(�C�H�2�)�;� �M�S� �(�C�I� �7�0� 

�e�V�)� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �1�4�8� �(�1�0�0�)�,� �1�1�2� �(�3�0�)�,� �8�5� �(�1�1�)�,� �8�4�(�9�)�;� �A�n�a�l�.� �c�a�l�c�d� �f�o�r� �C�g�E�H�1�4�C�I�N�O�s�z�:� �C�,� 

�3�9�.�2�4�:� �H�,� �7�.�6�9�;� �F�o�u�n�d�:� �C� �3�9�.�2�4�;� �H� �7�.�7�0� 

�G�e�n�e�r�a�l� �p�r�o�c�e�d�u�r�e� �f�o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �l�a�c�t�o�l�s� �1�2�2�a� �a�n�d� �1�2�2�b�.� �A� �0�.�1� �M� �s�o�l�n� �o�f� �l�a�c�t�o�l� 

�1�3�8� �i�n� �d�i�s�t�i�l�l�e�d� �H�2�O� �h�a�d� �a�m�b�e�r�l�y�s�t� �1�5�(�w�e�t�)� �i�o�n�-�e�x�c�h�a�n�g�e� �r�e�s�i�n� �(�4�.�0� �w�e�i�g�h�t� �e�q�.� �b�a�s�e�d� �o�n� �1�3�8�)� 

�a�d�d�e�d�.� �T�h�e� �t�e�m�p� �w�a�s� �r�a�i�s�e�d� �t�o� �6�5� �°�C� �a�n�d� �a�f�t�e�r� �5�h� �t�h�e� �r�x�n� �w�a�s� �f�i�n�i�s�h�e�d� �b�y� �T�L�C�.� �T�h�e� �s�o�l�u�t�i�o�n� 

�c�o�n�t�a�i�n�i�n�g� �c�r�u�d�e� �p�r�o�d�u�c�t� �1�4�0�b� �w�a�s� �p�a�s�s�e�d� �t�h�r�o�u�g�h� �a� �f�r�i�t�t�e�d� �g�l�a�s�s� �f�i�l�t�e�r� �a�n�d� �t�h�e� �p�H� �a�d�j�u�s�t�e�d� �t�o� �7�.�0� 

�(�+� �o�r� �-� �0�.�5�)� �w�i�t�h� �s�a�t�.� �N�a�C�O�3�H�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �d�i�l�u�t�e�d� �w�i�t�h� �H�2�O� �u�n�t�i�l� �t�h�e� �m�o�l�a�r�i�t�y� �w�a�s� 

�l�o�w�e�r�e�d� �t�o� �0�.�0�5� �M�.� �N�a�l�O�g�q� �(�1�.�0� �e�q�.�,� �b�a�s�e�d� �o�n� �1�1�)� �w�a�s� �a�d�d�e�d� �a�n�d� �t�h�e� �r�x�n� �f�l�a�s�k� �w�a�s� �t�o�t�a�l�l�y� 

�e�n�c�l�o�s�e�d� �w�i�t�h� �a�l�u�m�i�n�u�m� �f�o�i�l�,� �t�o� �e�x�c�l�u�d�e� �a�l�l� �l�i�g�h�t�.� �R�x�n� �t�i�m�e� �v�a�r�i�e�s� �f�o�r� �e�p�i�m�e�r�s�,� �1�2�2�a� �n�e�e�d�s� �0�.�5� 
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�h�r�s�,� �1�2�2�b� �n�e�e�d�s� �>� �2� �h�r�s�.� �T�h�e� �r�e�a�c�t�i�o�n� �s�o�l�n� �w�a�s� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �N�a�C�l� �a�n�d� �t�h�e� �p�r�o�d�u�c�t� �w�a�s� 

�e�x�t�r�a�c�t�e�d� �w�i�t�h� �E�t�O�A�c�/�i�s�o�p�r�o�p�a�n�o�l� �(�1�:�1�)� �u�n�t�i�l� �n�o� �m�o�r�e� �p�r�o�d�u�c�t� �c�o�u�l�d� �b�e� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �a�q�u�e�o�u�s� 

�l�a�y�e�r� �b�y� �T�L�C�.� �T�h�e� �c�o�m�b�i�n�e�d� �o�r�g�a�n�i�c� �e�x�t�r�a�c�t�s� �h�a�d� �N�a�C�l� �a�d�d�e�d� �t�o� �t�h�e�m�,� �w�e�r�e� �t�h�e�n� �d�e�c�a�n�t�e�d�,� �d�r�i�e�d� 

�w�i�t�h� �M�g�S�O�Q�g�q�,� �f�i�l�t�e�r�e�d� �a�n�d� �s�o�l�v�e�n�t� �r�e�m�o�v�e�d�.� �T�h�e� �c�r�u�d�e� �p�r�o�d�u�c�t� �w�a�s� �c�h�r�o�m�a�t�o�g�r�a�p�h�e�d� �u�s�i�n�g� 

�h�e�x�a�n�e�s�/�E�t�O�A�c� �1�:�4�,� �p�r�o�d�u�c�i�n�g� �1�2�2� �a�s� �a� �c�l�e�a�r� �o�i�l�.� 

�(�2�R�)�-�h�y�d�r�o�x�y�-�(�3�S�)�-�a�z�i�d�o�-�y�-�b�u�t�y�r�o�l�a�c�t�o�l� �(�1�2�2�b�)�.� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �o�b�t�a�i�n�e�d� �i�n� �6�4�%� 

�y�i�e�l�d� �f�r�o�m� �1�3�8�b� �f�o�l�l�o�w�i�n�g� �t�h�e� �g�e�n�e�r�a�l� �p�r�o�c�e�d�u�r�e�.� �R�=� �0�.�3�5� �(�C�H�2�C�l�p�/�a�c�e�t�o�n�e�,� �3�:�1�)�;� �[�a�]�p�2�3�=� �+� 

�3�9�.�5�8� �(�c� �1�.�2�,� �a�c�e�t�o�n�e�)�;� �I�R� �(�f�i�l�m�)� �v� �3�4�0�0�,� �2�1�0�5�,� �1�6�6�0�,� �1�6�4�0� �c�m�-�!�;� �J�H� �N�M�R� �(�D�M�S�O�)� �6� �6�.�3�8� �(�m�,� 

�2�H�)�,� �5�.�6�0� �(�d�,� �J� �=� �4�.�3�9� �H�z�,� �1�H�)�,� �5�.�3�0� �(�d�,� �J� �=� �6�.�8�3� �H�z�,� �1�H�)� �5�.�0�6� �(�t�,� �J� �=� �5�.�4�2�,� �4�.�5�2� �H�z�,� �1�H�)�,� �5�.�0�0� 

�(�d�d�,� �J� �=� �4�.�6�,� �1�.�3� �H�z�,� �1�H�)�,� �4�.�0�2� �(�m�,� �3�H�)�,� �3�.�8�0� �(�m�,� �2�H�)�,� �3�.�7�0� �(�m�,� �1�H�)�,� �3�.�4�0� �(�m�,� �2�H�)�;� �1�3�C� �N�M�R� 

�(�D�M�S�O�)� �8� �1�0�2�.�5� �(�C�H�)�,� �9�5�.�7� �(�C�H�'�)�,� �8�0�.�4� �(�C�H�)�,� �7�5�.�8� �(�C�H ��)�,� �6�5�.�3� �(�C�H�)�,� �6�4�.�7� �(�C�H�'�)�,� �6�8�.�3� 

�(�C�H�2�)�,� �6�6�.�7� �(�C�H�2�'�)�;� �M�S� �(�C�I� �7�0� �e�V�)� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �1�2�8� �(�1�5�)�,� �1�1�8� �(�8�)�,� �1�0�3� �(�6�)�,� �8�8� �(�9�3�)�,� �8�5� 

�(�5�4�)�,� �7�3� �(�3�0�)�,� �6�0� �(�1�0�0�)�;� �A�n�a�l�.� �c�a�l�c�d� �f�o�r� �C�4�H�7�N�3�0�3�:� �C�,� �3�3�.�1�1�;� �H�,� �4�.�8�6�;� �F�o�u�n�d�:� �C�,� �3�3�.�3�7�;� �H�,� 

�4�.�9�8�.� 

�(�2�S�)�-�h�y�d�r�o�x�y�-�(�3�S�)�-�a�z�i�d�o�-�y�-�b�u�t�y�r�o�l�a�c�t�o�l� �(�1�2�2�a�)�.� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �o�b�t�a�i�n�e�d� �i�n� �6�8�%� 

�y�i�e�l�d� �f�r�o�m� �1�3�8�a� �f�o�l�l�o�w�i�n�g� �t�h�e� �g�e�n�e�r�a�l� �p�r�o�c�e�d�u�r�e�.� �R�=� �0�.�2�9� �(�C�H�2�C�l�2�/�a�c�e�t�o�n�e�,� �3�:�1�)�;� �[�a�]�p�2�5�=� �+� 

�5�.�4�7� �(�c� �1�.�1�7�,� �a�c�e�t�o�n�e�)�;� �I�R� �(�f�i�l�m�)� �v� �3�4�0�0�,� �2�9�5�0�,� �2�9�0�0�,� �2�5�0�0�,� �2�1�0�5�,� �1�7�2�5�,� �1�6�5�0� �c�m�-�!�;� �1�H� �N�M�R� 

�(�D�M�S�O�)� �4� �6�.�3�9� �(�d�,� �J� �=� �5�.�2� �H�z�,� �-�O�H�)�,� �5�.�7�0� �(�d�,� �J� �=� �5�.�1� �H�z�,� �-�O�H�)�,� �5�.�0�0� �(�d�d�,� �J� �=� �5�.�2�,� �2�.�3� �H�z�,� 

�1�H�)�,� �3�.�9�5� �(�m�,� �3�H�)�,� �3�.�6�3� �(�d�d�,� �J� �=� �9�.�0�,� �4�.�0� �H�z�,� �1�H�)�;� �1�4�3�C� �N�M�R� �(�D�M�S�O�)� �6� �1�0�1�.�8� �(�C�H�)�,� �7�7�.�2� 

�(�C�H�)�,� �6�7�.�5� �(�C�H�2�)�,� �6�1�.�1� �(�C�H�)�;� �M�S� �(�C�I� �7�0� �e�V�)� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �1�2�8� �(�4�5�)�,� �1�1�8� �(�8�)�,� �1�0�3� �(�1�2�)�,� 

�1�0�0� �(�1�3�)�,� �8�5� �(�6�8�)�,� �7�2� �(�4�6�)�,� �6�0� �(�1�0�0�)�;� �A�n�a�l�.� �c�a�l�e�d� �f�o�r� �C�4�H�7�N�3�0�3�:� �C�,� �3�3�.�1�1�;� �H�,� �4�.�8�6�.� 

�(�3�8�,�4�R�,�5�R�,�6�S�)�-�4�-�b�r�o�m�o�-�1�-�c�h�l�o�r�o�-�5�,�6�-�O�-�i�s�o�p�r�o�p�y�l�i�d�e�n�e�-�1�-�c�y�c�l�o�h�e�x�e�n�e�-�3�,�5�,�6�-� 

�t�r�i�o�l� �(�1�2�4�)�.� �T�o� �c�h�l�o�r�o�c�y�c�l�o�h�e�x�a�d�i�e�n�e�d�i�o�]� �1�1�3� �(�5�.�0�0�g�,� �3�4�.�1�1� �m�m�o�l�)� �i�n� �a�c�e�t�o�n�e� �(�2�0� �m�L�,� �H�P�L�C� 

�g�r�a�d�e�)� �w�a�s� �a�d�d�e�d� �2�,�2�-�d�i�m�e�t�h�o�x�y�p�r�o�p�a�n�e� �(�3�0� �m�L�)� �a�n�d� �c�a�t�.� �p�-�t�o�l�u�e�n�e�s�u�l�f�o�n�i�c� �a�c�i�d� �m�o�n�o�h�y�d�r�a�t�e� 

�(�1�7�5� �m�g�)�.� �A�f�t�e�r� �2�0� �m�i�n�.� �a�t� �R�T�,� �n�o� �m�o�r�e� �d�i�o�l� �1�1�3� �r�e�m�a�i�n�e�d� �b�y� �T�L�C�.� �S�e�p�a�r�a�t�o�r�y� �f�u�n�n�e�l� �w�a�s�h�i�n�g� 

�w�i�t�h� �s�a�t�.� �N�a�H�C�O�3� �w�a�s� �f�o�l�l�o�w�e�d� �b�y� �C�H�C�l�»� �e�x�t�r�a�c�t�i�o�n� �o�f� �t�h�e� �a�q�u�e�o�u�s� �l�a�y�e�r�.� �T�h�e� �c�o�m�b�i�n�e�d� 

�o�r�g�a�n�i�c� �e�x�t�r�a�c�t�s� �w�e�r�e� �d�r�i�e�d� �w�i�t�h� �M�g�S�Q�g�q�,� �a�n�d� �s�o�l�v�e�n�t� �r�e�m�o�v�e�d�.� �T�h�e� �c�r�u�d�e� �a�c�e�t�o�n�i�d�e� �p�r�o�d�u�c�t� �w�a�s� 

�p�l�a�c�e�d� �u�n�d�e�r� �h�i�g�h� �v�a�c�u�u�m� �f�o�r� �1�5� �m�i�n�.� �a�n�d� �t�h�e�n� �h�a�d� �1�,�2�-�d�i�m�e�t�h�o�x�y�e�t�h�a�n�e� �(�1�4�0� �m�L�)� �a�n�d� �d�i�s�t�i�l�l�e�d� 
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�H�2�0� �(�3�5� �m�L�)� �a�d�d�e�d� �t�o� �i�t�.� �T�h�i�s� �s�o�l�n�.� �w�a�s� �c�o�o�l�e�d� �i�n� �a�n� �i�c�e�/�N�a�C�l�-�b�a�t�h� �a�n�d� �t�h�e�n� �N�B�S� �(�1�.�6� �e�q�.�,� 

�b�a�s�e�d� �o�n� �1�1�3�)�,� �5�4�.�5�8� �m�m�o�l�e�s�,� �9�.�7�1�5� �g�)� �w�a�s� �a�d�d�e�d�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �t�h�e�n� �m�a�i�n�t�a�i�n�e�d� �a�t� �0� �°�C� �f�o�r� 

�1�0� �h�r�s�,� �a�t� �w�h�i�c�h� �p�o�i�n�t� �t�h�e� �r�x�n� �w�a�s� �f�i�n�i�s�h�e�d� �b�y� �T�L�C� �(�n�o�t�e� �t�h�i�s� �r�x�n� �h�a�s� �n�o�t� �b�e�e�n� �o�p�t�i�m�i�z�e�d�)�.� �T�o� �t�h�e� 

�s�o�l�n�.� �w�a�s� �a�d�d�e�d� �b�r�i�n�e� �(�1�0�0� �m�L�)� �a�n�d� �E�t�O�A�c�.� �T�h�e� �E�t�O�A�c� �e�x�t�r�a�c�t�s� �w�e�r�e� �c�o�m�b�i�n�e�d� �a�n�d� �d�r�i�e�d� �w�t�i�h� 

�M�g�S�O�q�4�.� �R�e�m�o�v�a�l� �o�f� �v�o�l�a�t�i�l�e�s� �g�a�v�e� �4�.�2�0� �g� �o�f� �c�r�u�d�e� �p�r�o�d�u�c�t�,� �t�h�i�s� �r�e�s�i�d�u�e� �w�a�s� �d�i�s�o�l�v�e�d� �i�n� �h�o�t� 

�h�e�x�a�n�e�s� �a�n�d� �d�e�c�a�n�t�e�d� �t�o� �a�n�o�t�h�e�r� �f�l�a�s�k�.� �U�p�o�n� �c�o�o�l�i�n�g� �a� �w�h�i�t�e� �p�r�e�c�i�p�i�t�a�t�e�s� �f�o�r�m�s� �[�t�h�i�s� �i�s� �a�n� 

�u�n�d�e�s�i�r�e�d� �d�i�e�p�i�m�e�r�i�c� �b�r�o�m�o�h�y�d�r�i�n� �(�2�7�0� �m�g�,� �0�.�9�5�2� �m�m�o�l�e�s�,� �2�.�8�%� �y�i�e�l�d� �f�r�o�m� �d�i�o�l� �1�1�3�)� �w�h�i�c�h� �i�s� 

�d�i�f�f�i�c�u�l�t� �t�o� �r�e�m�o�v�e� �b�y� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �R�r�=� �0�.�3�0� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �4�:�1�)�]�,� �t�h�e� �s�o�l�n�.� �i�s� �o�n�c�e� �a�g�a�i�n� 

�d�e�c�a�n�t�e�d� �h�e�x�a�n�e�s� �r�e�m�o�v�e�d� �t�o� �g�i�v�e� �a�n� �o�i�l�l�y� �r�e�s�i�d�u�e�.� �C�o�l�u�m�n� �c�h�r�o�m�a�t�o�g�a�p�h�y� �o�f� �t�h�e� �r�e�s�i�d�u�e� �u�s�i�n�g� 

�a�c�e�t�o�n�e�/�C�H�?�2�C�l�2� �(�1�:�5�0�)� �g�i�v�e�s� �t�h�e� �d�e�s�i�r�e�d� �b�r�o�m�o�h�y�d�r�i�n� �1�2�4� �(�2�.�9�6�8� �g�,� �1�0�.�4�7� �m�m�o�l�e�s�,� �3�0�.�7� �%� �f�r�o�m� 

�d�i�o�l� �7�)� �a�s� �a� �c�l�e�a�r� �o�i�l�.� �R�g�=� �.�3�5� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �4�:�1�)�;� �m�p�=� �4�3�-�4�7� �°�C�;� �[�a�]�p�2�3�=� �+� �1�7�.�2�4� �(�c� �1�.�1�6�,� 

�C�H�C�1�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�4�8�5�,� �3�0�0�0�,� �2�9�4�0�,� �1�6�5�0�,� �1�3�8�0�,� �1�2�2�0�,� �1�0�6�0� �c�m�-�!�;� �1�H� �N�M�R� �(�C�D�C�l�3�)� �6� 

�6�.�1�0� �(�d�,� �J� �=� �4�.�4� �H�z�,� �1�H�)�,� �4�.�6�1� �(�d�m�,� �J� �=� �2�.�2�7� �H�z�,� �2�H�)�,� �4�.�3�5� �(�d�d�d�m�,� �J� �=� �9�.�1�,� �4�.�4�,� �4�.�2� �H�z�,� �1�H�)�,� 

�4�.�2�7� �(�m�,� �1�H�)�,� �2�.�8�8� �(�d�,� �J� �=� �9�.�1� �H�z�,� �1�H�)�,� �1�.�5�1� �(�s�,� �3�H�)�,� �1�.�4�1� �(�s�,� �3�H�)�;� �4�8�3�C� �N�M�R� �(�C�D�C�l�3�)� �6� �1�3�3�.�1� 

�(�C�)�,� �1�1�2�.�2� �(�C�)�,� �1�2�6�.�9� �(�C�H�)�,� �7�8�.�1� �(�C�H�)�,� �7�5�.�3� �(�C�H�)�,� �7�0�.�2� �(�C�H�)�,� �4�8�.�6� �(�C�H�)�,� �2�7�.�9� �(�C�H�3�)�,� �2�6�.�4� 

�(�C�H�3�)�;� �M�S� �(�C�I�,� �7�0� �e�V�)� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �2�8�5� �(�0�.�2�5�)�,� �2�8�3� �(�M�t�,� �0�.�4�0�)�,� �2�8�1� �(�0�.�2�7�)�,� �2�6�9� �(�4�0�.�0�)�,� 

�2�6�7� �(�3�8�)�,� �2�1�1� �(�2�0�)�,� �2�0�9� �(�6�5�)�,� �2�0�7� �(�5�0�)�,� �1�8�1� �(�2�3�)�,� �1�4�5� �(�2�3�)�,� �1�2�8� �(�2�1�)�,� �5�9� �(�1�0�0�)�;� �A�n�a�l�.� �c�a�l�e�d� �f�o�r� 

�C�o�H� �j�2�B�r�C�l�O�3�:� �C�,� �3�8�.�1�2�;� �H�,� �4�.�2�6�6�.� �F�o�u�n�d�:� �C�,� �3�8�.�0�0�;� �H�,� �4�.�2�6�.� 

�(�1�8�,�4�S�,�5�S�,�6�S�)�-�3�-�c�h�l�o�r�o�-�4�,�5�-�O�-�i�s�o�p�r�o�p�y�l�i�d�e�n�e�-�7�-�o�x�a�-�b�i�c�y�c�l�o�[�4�.�1�.�0�]�h�e�p�t�-�2�-�e�n�e�-� 

�4�,�5�-�d�i�o�l� �(�1�2�5�)�.� �T�o� �a�n� �a�r�g�o�n� �f�l�o�o�d�e�d� �o�n�e�-�p�i�e�c�e� �r�e�f�l�u�x� �c�o�n�d�e�n�s�e�r� �w�a�s� �a�d�d�e�d� �b�r�o�m�o�h�y�d�r�i�n� �1�2�4� 

�(�1�.�6�5�0� �g�,� �5�.�8�2�9� �m�m�o�l�)� �a�n�d� �C�H�2�C�l�2� �(�2�5� �m�L�)�,� �f�o�l�l�o�w�e�d� �b�y� �n�-�t�e�t�r�a�b�u�t�y�l�a�m�m�o�n�i�u�m�h�y�d�r�o�g�e�n�s�u�l�f�a�t�e� 

�(�1�9�5�.�2� �m�g�,� �0�.�5�7�5� �m�m�o�l�)� �a�n�d� �N�a�O�H� �(�3�0�0�.�0� �m�g�,� �5�.�7�4�9� �m�m�o�l�,� �n�o�t�e� �N�a�O�H� �p�e�l�l�e�t�s� �w�e�r�e� �c�r�u�s�h�e�d� �i�n� 

�a� �c�r�u�c�i�b�l�e�,� �w�e�i�g�h�e�d� �a�n�d� �i�m�m�e�d�i�a�t�e�l�y� �a�d�d�e�d�)�.� �T�h�i�s� �r�e�f�l�u�x�e�d� �f�o�r� �1�h� �a�n�d� �t�h�e�n� �s�t�i�r�r�e�d� �a�t� �r�t� �f�o�r� �a�n�o�t�h�e�r� 
�1�2�h� �a�t� �w�h�i�c�h� �p�o�i�n�t� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �f�i�n�i�s�h�e�d� �b�y� �T�L�C�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �q�u�e�n�c�h�e�d� �w�i�t�h� �s�a�t�u�r�a�t�e�d� 

�N�H�4�C�l� �a�n�d� �t�h�e� �a�q�u�e�o�u�s� �l�a�y�e�r� �w�a�s� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �C�H�2�C�l�2� �(�X�2�)�.� �T�h�e� �c�o�m�b�i�n�e�d� �C�H�2�C�l�2� �e�x�t�r�a�c�t�s� 

�w�e�r�e� �d�r�i�e�d� �w�i�t�h� �M�g�S�O�u�g�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �s�o�l�v�e�n�t� �r�e�m�o�v�e�d�.� �C�o�l�u�m�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �u�s�i�n�g� �g�r�a�d�i�e�n�t� 

�e�l�u�s�i�o�n� �(�h�e�x�a�n�e�s�/�E�t�A�O�c�,� �9�:�1� �a�n�d� �e�n�d�i�n�g� �w�i�t�h� �7�:�3�)� �g�a�v�e� �e�p�o�x�i�d�e� �1�2�5� �(�8�0�5�.�7� �m�g�,� �3�.�9�8� �m�m�o�l�)� �a�s� �a� 

�w�h�i�t�e� �s�o�l�i�d� �i�n� �6�8�.�3�%� �y�i�e�l�d�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �h�e�x�a�n�e�s� �g�a�v�e� �a�n� �a�n�a�l�y�t�i�c�a�l� �s�a�m�p�l�e�.� �R�r�=� �.�4�6� 

�(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �2�:�1�)�;� �m�p�=� �8�9�-�9�0� �°�C�;� �[�a�]�p�2�3�=� �-� �1�1�1�.�9� �(�c� �1�.�0�5�,� �C�H�C�l�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�0�7�0�,� 

�2�9�9�0�,� �2�9�1�0�,� �2�8�7�5�,� �1�6�5�0�,� �1�3�7�5�,� �1�2�5�5�,� �1�2�1�0�,� �1�0�6�0�,� �1�0�4�0� �c�m�-�!�;� �1�H� �N�M�R� �(�C�D�C�l�3�)� �6� �6�.�4�0� �(�d�,� �J� �=� 

�4�.�3� �H�z�,� �1�H�)�,� �4�.�5�9� �(�d�d�,� �J� �=� �6�.�7�,� �1�.�8� �H�z�,� �1�H�)�,� �4�.�5�2� �(�d�d�,� �J� �=� �6�.�8�,� �2�.�6� �H�z�,� �1�H�)�,� �3�.�6�1� �(�d�d�d�,� �4�.�2�,� 

�2�.�6�,� �1�.�7� �H�z�,� �1�H�)�,� �3�.�4�8� �(�t�,� �J� �=� �4�.�2� �H�z�,� �1�H�)�,� �1�.�5�2� �(�s�,� �3�H�)�,� �1�.�4�0� �(�s�,� �3�H�)�;� �1�4�3�C� �N�M�R� �(�C�D�C�l�3�)� �8� 

�1�3�5�.�7� �(�C�)�,� �1�0�9�.�1� �(�C�)�,� �1�2�5�.�6� �(�C�H�)�,� �7�5�.�5� �(�C�H�)�,� �7�4�.�0� �(�C�H�)�,� �5�4�.�5� �(�C�H�)�,� �4�9�.�6� �(�C�H�)�,� �2�7�.�1� �(�C�H�3�)�,� 

�2�5�.�3� �(�C�H�3�)�;� �M�S� �(�C�I�,� �7�0� �e�V�)� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �2�0�3� �(�M�*�t�+�1�,� �1�.�0�)�,� �1�8�7� �(�8�0�.�0�)�,� �1�4�5� �(�6�0�)�,� �1�1�7� 

�7�6



�(�7�0�)�,� �1�0�9� �(�7�5�)�,� �5�9� �(�1�0�0�)�;� �A�n�a�l�.� �c�a�l�e�d� �f�o�r� �C�o�H� �1�1�C�1�0�3�:� �C�,� �5�3�.�3�4�;� �H�,� �5�.�4�7�.� �F�o�u�n�d�:� �C�,� �5�3�.�4�4�;� 

�H�,� �5�.�5�5�.� 

�(�3�R�,�4�R�,�5�S�,�6�S�)�-�3�-�b�r�o�m�o�-�1�-�c�h�l�o�r�o�-�5�,�6�-�O�-�i�s�o�p�r�o�p�y�l�i�d�e�n�e�-�1�-�c�y�c�l�o�h�e�x�e�n�e�-�4�,�5�,�6�-� 

�t�r�i�o�l� �(�1�2�8�)�.� �T�o� �a�n� �a�r�g�o�n� �f�l�o�o�d�e�d� �o�n�e�-�p�i�e�c�e� �r�e�f�l�u�x� �c�o�n�d�e�n�s�e�r� �w�a�s� �a�d�d�e�d� �s�y�n�-�e�p�o�x�y�a�c�e�t�o�n�i�d�e� 

�1�2�5� �(�5�.�0�0�0� �g�,� �2�4�.�6�7� �m�m�o�l�)� �a�n�d� �d�i�s�t�i�l�l�e�d� �T�H�F� �(�8�0�.�0� �m�L�)�,� �f�o�l�l�o�w�e�d� �b�y� �l�i�t�h�i�u�m� �b�r�o�m�i�d�e� �(�2�.�5�7�0� �g�,� 

�2�9�.�6�0� �m�m�o�l�,� �1�.�2� �e�q�)� �a�n�d� �e�t�h�y�l�a�c�e�t�o�a�c�e�t�a�t�e� �(�6�.�2�4� �m�L�,� �4�9�.�3�4� �m�m�o�l�,� �2�.�0� �e�q�)�.� �A�f�t�e�r� �4� �h�r�s� �a�t� �3�0� �°�C�,� 

�n�o� �e�p�o�x�i�d�e� �r�e�m�a�i�n�e�d� �b�y� �T�L�C� �(�d�o� �n�o�t� �u�s�e� �h�e�x�a�n�e�/�E�t�O�A�c� �m�i�x�t�u�r�e�s� �t�o� �m�o�n�i�t�o�r� �r�x�n�,� �e�p�o�x�i�d�e� �a�n�d� 

�b�r�o�m�o�h�y�d�r�i�n� �c�o�s�p�o�t�,� �u�s�e� �a�c�e�t�o�n�e�/�C�H�2�C�l�2�)�.� �T�h�e� �r�x�n� �s�o�l�n� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �s�a�t�u�r�a�t�e�d� �N�H�4�C�l� 

�(�X�3�)�,� �t�h�e�n� �d�r�i�e�d� �w�i�t�h� �M�g�S�O�z�g�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �v�o�l�a�t�i�l�e�s� �r�e�m�o�v�e�d�,� �t�h�e� �v�i�s�c�o�u�s� �r�e�s�i�d�u�e� �w�a�s� �t�h�e�n� �l�e�f�t� 

�u�n�d�e�r� �h�i�g�h� �v�a�c�u�u�m� �a�t� �r�t� �f�o�r� �4�8� �h�r�s� �(�t�o� �r�e�m�o�v�e� �m�o�s�t� �o�f� �t�h�e� �e�t�h�y�l�a�c�e�t�o�a�c�e�t�a�t�e�)�.� �C�o�l�u�m�n� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �u�s�i�n�g� �g�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �(�a�c�e�t�o�n�e�/�C�H�2�C�l�2�,� �1�:�9�9� �a�n�d� �e�n�d�i�n�g� �w�i�t�h� �3�:�9�7� �o�r� �h�e�x�a�n�e�s�/� 

�E�t�O�A�c�,� �9�:�1� �a�n�d� �e�n�d�i�n�g� �w�i�t�h� �7�:�3�)� �g�a�v�e� �b�r�o�m�o�h�y�d�r�i�n� �1�0�b� �(�6�.�5�3�5� �g�,� �2�3�.�2�2� �m�m�o�l�)� �a�s� �a� �w�h�i�t�e� �s�o�l�i�d� 

�i�n� �9�4�.�1�%� �y�i�e�l�d�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �h�e�x�a�n�e�s� �g�a�v�e� �a�n� �a�n�a�l�y�t�i�c�a�l� �s�a�m�p�l�e�.� �R�=� �0�.�4�0� 

�(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �2�:�1�)�;� �m�p�=� �6�6�-�6�7� �°�C�;� �[�a�]�p�2�3�=� �-� �8�9�.�3� �(�c� �1�.�0�0�,� �C�H�C�l�3�)�;� �I�R� �(�K�B�r�)� �v� �3�4�2�0�,� 

�3�0�7�0�,� �2�9�9�5�,� �2�9�3�5�,� �2�9�0�5�,� �1�6�3�0�,� �1�3�7�0�,� �1�2�2�0� �c�m�-�!�;� �1�H� �N�M�R� �(�C�D�C�l�s�3�)� �5� �6�.�0�6� �(�d�,� �J� �=� �2�.�7� �H�z�,� 

�1�H�)�,� �4�.�7�5� �(�d�d�d�,� �J� �=� �7�.�7�,� �2�.�6�,� �1�.�8� �H�z�,� �1�H�)�,� �4�.�6�4� �(�d�d�,� �J� �=� �5�.�4�,� �1�.�7� �H�z�,� �1�H�)�,� �4�.�6�0� �(�d�d�,� �J� �=� �5�.�4�,� 

�2�.�4� �H�z�,� �1�H�)�,� �4�.�0�6� �(�d�d�,� �J� �=� �7�.�7�,� �2�.�4� �H�z�,� �1�H�)�,� �1�.�4�3� �(�s�,� �3�H�)�,� �1�.�4�1� �(�s�,� �3�H�)�;� �1�3�C� �N�M�R� �(�C�D�C�l�)� �6� 

�1�3�3�.�7� �(�C�)�,� �1�1�1�.�2� �(�C�)�,� �1�2�6�.�4� �(�C�H�)�,� �7�6�.�1� �(�C�H�)�,� �7�5�.�8� �(�C�H�)�,� �7�2�.�7� �(�C�H�)�,� �4�8�.�8� �(�C�H�)�,� �2�7�.�2� �(�C�H�3�)�,� 

�2�6�.�1� �(�C�H�3�)�;� �M�S� �(�C�I�,� �7�0� �e�V�)� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �2�8�7� �(�7�.�5�)�,� �2�8�5� �(�2�2�)�,� �2�8�3� �(�M�+�,�1�9�)�,� �2�6�9� �(�1�4�)�,� 

�2�6�7� �(�1�1�)�,� �2�0�9� �(�1�6�)�,� �2�0�3� �(�2�5�)�,� �1�4�7� �(�3�2�.�4�)�,� �1�4�5� �(�9�0�)�,� �5�9� �(�1�0�0�)�;� �A�n�a�l�.� �c�a�l�e�d� �f�o�r� �C�o�g�H�)�2�B�r�C�l�O�3�:� 

�C�,� �3�8�.�1�2�;� �H�,� �4�.�2�7�.� �F�o�u�n�d�:� �C�,� �3�8�.�2�9�;� �H�,� �4�.�2�3�.� 

�G�e�n�e�r�a�l� �p�r�o�c�e�d�u�r�e� �f�o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �l�a�c�t�o�l�s� �1�3�8�a� �a�n�d� �1�3�8�b�.� �A� �0�.�4� �M� �s�o�l�n� �o�f� �a�z�i�d�o� 

�a�l�c�o�h�o�l� �1�1�8� �i�n� �m�e�t�h�a�n�o�l� �w�a�s� �c�o�o�l�e�d� �i�n� �a� �d�r�y�-�i�c�e�/�a�c�e�t�o�n�e� �b�a�t�h� �a�n�d� �a�n� �e�x�c�e�s�s� �o�f� �0�3�/�O�2� �w�a�s� �b�u�b�b�l�e�d� 

�t�h�r�o�u�g�h� �t�h�e� �s�o�l�u�t�i�o�n� �u�n�t�i�l� �a� �p�e�r�s�i�s�t�e�n�t� �b�l�u�e� �c�o�l�o�r� �w�a�s� �a�p�p�a�r�e�n�t�,� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �p�r�e�s�e�n�s�e� �o�f� �O�3� �a�n�d� 

�t�h�e� �f�a�c�t� �t�h�a�t� �i�t� �i�s� �n�o� �l�o�n�g�e�r� �b�e�i�n�g� �c�o�n�s�u�m�e�d�.� �N�i�t�r�o�g�e�n� �w�a�s� �t�h�e�n� �b�u�b�b�l�e�d� �t�h�r�o�u�g�h� �t�h�e� �s�o�l�u�t�i�o�n� �f�o�r� 

�h�a�l�f� �a�n� �h�o�u�r� �a�t� �-�7�8� �°�C�.� �T�h�e� �r�e�a�c�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �t�h�e�n� �r�a�i�s�e�d� �t�o� �-�5�5� �°�C� �a�n�d� �3�.�0� �e�q�.� �o�f� �N�a�B�H�y� 

�w�e�r�e� �a�d�d�e�d� �s�l�o�w�l�y� �s�o� �t�h�a�t� �t�h�e� �r�x�n� �t�e�m�p�e�r�a�t�u�r�e� �n�e�v�e�r� �r�o�s�e� �a�b�o�v�e� �-�3�0� �°�C� �(�n�o�t�e� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�s� 

�r�o�u�t�i�n�e�l�y� �d�o�n�e� �w�i�t�h� �t�h�e� �r�o�u�n�d� �b�o�t�t�o�m� �o�p�e�n� �t�o� �t�h�e� �a�t�m�o�s�p�h�e�r�e�)�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �i�s� �a�l�l�o�w�e�d� �t�o� �c�o�m�e� �t�o� 

�r�t� �o�v�e�r� �a� �6�h� �p�e�r�i�o�d� �s�l�o�w�l�y�.� �I�f� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�s� �n�o�t� �c�o�m�p�l�e�t�e� �b�y� �T�L�C� �a�n�a�l�y�s�i�s�,� �m�o�r�e� �N�a�B�H�y�4� �s�h�o�u�l�d� 

�b�e� �a�d�d�e�d� �a�t� �r�t� �v�e�r�y� �s�l�o�w�l�y�;� �u�s�e� �0�.�3� �e�q�.� �o�f� �N�a�B�H�4�g�,� �s�t�i�r� �f�o�r� �0�.�5� �h�r�s�,� �c�h�e�c�k� �b�y� �T�L�C�.� �I�f� �n�o�t� �c�o�m�p�l�e�t�e� 

�r�e�p�e�a�t� �t�h�i�s� �r�o�u�t�i�n�e� �u�n�t�i�l� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�s� �c�o�m�p�l�e�t�e�,� �n�o�t�e� �o�v�e�r� �r�e�d�u�c�t�i�o�n� �c�a�n� �o�c�c�u�r�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� 

�a�c�i�d�i�f�i�e�d� �u�s�i�n�g� �a�q�u�e�o�u�s� �H�C�l� �(�1�.�0� �M�)� �u�n�t�i�l� �p�H� �=� �4�.�5� �G� �o�r� �-� �0�.�5�)�.� �E�x�t�r�a�c�t� �w�i�t�h� �E�t�O�A�c� �(�X�4�)�,� �w�a�s�h� 

�c�o�m�b�i�n�e�d� �o�r�g�a�n�i�c�s� �w�i�t�h� �b�r�i�n�e�,� �d�r�y� �w�i�t�h� �M�g�S�Q�g�q�,� �r�e�m�o�v�e� �v�o�l�a�t�i�l�e�s�.� �C�o�l�u�m�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �u�s�i�n�g� 

�g�r�a�d�i�e�n�t� �h�e�x�a�n�e�s�/�E�t�O�A�c� �(�6�.�5�:�3�.�5� �e�n�d�i�n�g� �w�i�t�h� �1�:�1�)� �g�i�v�e�s� �a� �c�l�e�a�r� �o�i�l� �i�n� �7�0� �-� �8�0�%� �y�i�e�l�d�.� 
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�(�2�S�,�3�S�,�4�R�)�-�2�,�3�-�O�-�I�s�o�p�r�o�p�y�l�i�d�e�n�e�-�4�-�(�(�1�'�S�)�-�1�'�-�a�z�i�d�o�-�2�'�-�h�y�d�r�o�x�y�e�t�h�y�l�)�-�y�-� 

�b�u�t�y�r�o�l�a�c�t�o�l� �(�1�3�8�b�)�.� �N�o�t�e� �t�h�e� �e�q�u�i�l�i�b�r�i�u�m� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �p�o�s�s�i�b�l�e� �a�n�o�m�e�r�i�c� �l�a�c�t�o�l�s� �i�s� �e�v�i�d�e�n�t� 

�i�n� �t�h�e� �1�H� �N�M�R� �a�n�d� �1�3�C� �N�M�R�,� �b�u�t� �o�n�e� �a�n�o�m�e�r�i�c� �f�o�r�m� �d�o�m�i�n�a�t�e�s� �i�n� �a�n� �a�p�p�r�o�x�i�m�a�t�e� �r�a�t�i�o� �o�f� �9� �t�o� �1� 

�(�c�o�n�c�.� �o�f� �1�0� �-� �2�0� �m�g� �i�n� �0�.�5� �m�L� �o�f� �C�D�C�l�3�)�.� �R�=� �.�2�9� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �1�:�1�)�;� �[�a�]�p�2�4�=� �+� �3�1�.�0�3� �(�c� 

�0�.�9�7�,� �C�H�C�l�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�4�0�0�,� �2�9�9�5�,� �2�9�4�0�,� �2�1�1�5�,� �2�0�9�5�,� �1�7�5�5�,� �1�7�2�5� �c�m�-�}�;� �1�H� �N�M�R� �(�C�D�C�l�3�)� 

�8� �5�.�4�0� �(�s�,� �1�H�)�,� �4�.�7�3� �(�d�d�,� �J� �=� �5�.�9�,� �3�.�6� �H�z�,� �1�H�)�,� �4�.�6�1� �(�d�,� �J� �=� �5�.�9� �H�z�,� �1�H�)�,� �4�.�2�4� �(�d�d�,� �J� �=� �8�.�8�,� �3�.�4� 

�H�z�,� �1�H�)�,� �4�.�1�1� �(�b�r�.�d�,� �J� �=� �2�.�0� �H�z�,� �1�H�)�,� �3�.�8�2� �(�m�,� �2�H�)�,� �3�.�7�1� �(�m�,� �1�H�)�,� �2�.�9�2� �(�b�r�.�t�,� �J� �=� �5�.�5� �H�z�,� �1�H�)�,� 

�1�.�4�4� �(�s�,� �3�H�)�,� �1�.�2�9� �(�s�,� �3�H�)�;� �1�3�C� �N�M�R� �(�C�D�C�l�)� �6� �1�1�2�.�9� �(�C�)�,� �1�0�0�.�9� �(�C�H�)�,� �8�5�.�9� �(�C�H�)�,� �7�9�.�9� 

�(�C�H�)�,� �7�9�.�5� �(�C�H�)�,� �6�3�.�5� �(�C�H�)�,� �6�2�.�1� �(�C�H�)�,� �2�5�.�9� �(�C�H�3�)�,� �2�4�.�8� �(�C�H�3�)�;� �M�S� �(�C�I�,� �7�0� �e�V�)� �m�/�z� �(�r�e�l�.� 

�i�n�t�e�n�s�i�t�y�)� �2�4�6� �(�M�+�+�1�,� �0�.�5�)�,� �2�3�0� �(�1�2�)�,� �2�1�8� �(�2�)�,� �2�0�2� �(�2�.�5�)�,� �1�5�9� �(�2�0�)�,� �7�3� �(�2�5�)�,� �5�9� �(�1�0�0�)�;� �H�R�M�S� 

�c�a�l�e�d� �f�o�r� �C�,�H�y�O�;� �:�.�.�.�.�;� �F�o�u�n�d�:� �.�.�.�.�.�.�.�.� 

�(�2�8�,�3�S�8�,�4�S�)�-�2�,�3�-�O�-�I�s�o�p�r�o�p�y�l�i�d�e�n�e�-�4�-�(�(�1�'�S�)�-�1�'�-�a�z�i�d�o�-�2�'�-�h�y�d�r�o�x�y�e�t�h�y�l�)�-�y�-� 

�b�u�t�y�r�o�l�a�c�t�o�l�.� �(�1�3�8�a�)�.� �N�o�t�e� �t�h�e� �e�q�u�i�l�i�b�r�i�u�m� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �p�o�s�s�i�b�l�e� �a�n�o�m�e�r�i�c� �l�a�c�t�o�l�s� �i�s� 

�e�v�i�d�e�n�t� �i�n� �t�h�e� �1�H� �N�M�R� �a�n�d� �1�3�C� �N�M�R�.� �A�l�s�o� �t�h�e� �n�u�m�b�e�r� �o�f� �p�r�o�t�o�n�s� �l�i�s�t�e�d� �f�o�r� �t�h�e� �s�p�l�i�t�t�i�n�g� �p�a�t�t�e�r�n�s� 

�o�f� �t�h�e� �1�H� �N�M�R� �w�i�l�l� �n�o�t� �a�l�w�a�y�s� �b�e� �i�n�t�e�g�e�r�s� �b�e�c�a�u�s�e� �t�h�e� �p�a�i�r� �o�f� �a�n�o�m�e�r�i�c� �l�a�c�t�o�l�s� �a�r�e� �p�r�e�s�e�n�t� �i�n� �a�n� 

�a�p�p�r�o�x�i�m�a�t�e� �r�a�t�i�o� �o�f� �2� �t�o� �1� �(�w�h�e�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0� �m�g� �o�f� �c�o�m�p�o�u�n�d� �a�r�e� �i�n� �0�.�5� �m�L� �o�f� �C�D�C�1�3�)�.� �I�f� 

�t�h�e� �c�o�n�c�.� �i�s� �d�e�c�r�e�a�s�e�d� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �3� �m�g� �o�f� �c�o�m�p�o�u�n�d� �i�n� �0�.�5� �m�L� �o�f� �C�D�C�l�3�)� �t�h�e� �a�n�o�m�e�r�i�c� �r�a�t�i�o� 

�c�h�a�n�g�e�s� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3� �t�o� �1�.� �R�=� �.�2�6� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �1�:�1�)�;� �[�a�]�p�2�3�=� �+� �1�1�.�7� �(�c� �0�.�9�4�,� 

�C�H�C�I�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�4�3�0�,� �2�9�9�5�,� �2�9�5�0�,� �2�1�0�0�,� �c�m�-�!�;� �J�H� �N�M�R� �(�C�D�C�l�3�)� �6� �5�.�4�4� �(�s�,� �1�H�)�,� �5�.�3�8� �(�d�,� 

�J� �=� �3�.�8�3� �H�z�,� �0�.�5�H�)�,� �4�.�8�3� �(�d�d�,� �J� �=� �6�.�0�,� �1�.�1� �H�z�,� �1�H�)�,� �4�.�7�2� �(�d�d�,� �J� �=� �6�.�8�,� �2�.�8� �H�z�,� �0�.�5�H�)�,� �4�.�6�7� �(�d�d�,� 

�J� �=� �6�.�9�,� �3�.�9� �H�z�,� �0�.�5�H�)�,� �4�.�6�1� �(�d�,� �J� �=� �5�.�9�2� �H�z�,� �1�H�)�,� �4�.�1� �(�d�d�,� �J� �=� �5�.�5�,� �2�.�8� �H�z�,� �0�.�5�H�)�,� �4�.�0�6� �(�d�d�,� �J� 

�=� �9�.�3�6�,� �1�.�2�2� �H�z�,� �1�H�)�,� �3�.�9�7� �(�d�d�,� �J� �=�1�1�.�8�,� �4�.�0� �H�z�,� �1�H�)�,� �3�.�8�1� �(�m�,� �2�.�5� �H�)�,� �3�.�6�2� �(�m�,� �1�.�5�H�)�,� �1�.�5�5� 

�(�s�,� �1�.�5�H�)�,� �1�.�4�6� �(�s�,� �3�H�)�,� �1�.�3�8� �(�s�,� �1�.�5�H�)�,� �1�.�3�1� �(�s�,� �3�H�)�;� �1�3�C� �N�M�R� �(�C�D�C�l�3�)� �6� �1�1�5�.�2� �(�C�)�,� �1�1�2�.�9� 

�(�C�)�,� �1�0�3�.�2� �(�C�H�)�,� �9�6�.�5� �(�C�H�)�,� �8�6�.�0� �(�C�H�)�,� �8�5�.�7� �(�C�H�)�,� �8�2�.�3� �(�C�H�)�,� �8�0�.�9� �(�C�H�)�,� �8�0�.�7� �(�C�H�)�,� �7�9�.�5� 

�(�C�H�)�,� �6�4�.�6� �(�C�H�)�,� �6�4�.�2� �(�C�H�)�,� �6�2�.�9� �(�C�H�o�)�,� �6�2�.�4� �(�C�H�2�)� �2�6�.�5� �(�C�H�3�)�,� �2�6�.�2� �(�C�H�3�)�,� �2�4�.�9� �(�C�H�3�)�;� 

�M�S� �(�C�I�,� �7�0� �e�V�)� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �2�4�6� �(�M�+�+�1�,� �4�)�,� �2�1�8� �(�2�3�)�,� �2�0�2� �(�2�5�)�,� �2�0�0� �(�2�5�)�,� �1�8�8� �(�4�1�)�,� �1�5�9� 

�(�6�4�)�,� �1�4�2� �(�6�1�)�,� �6�9� �(�6�9�)�,� �5�9� �(�1�0�0�)�.� 

�G�e�n�e�r�a�l� �p�r�o�c�e�d�u�r�e� �f�o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �1�4�8�a�,�b� �a�n�d� �1�4�9�a�,�b�.� �T�o� �a� �f�l�a�m�e� �d�r�i�e�d� �r�o�u�n�d� 

�b�o�t�t�o�m� �u�n�d�e�r� �A�r� �w�a�s� �a�d�d�e�d� �n�-�t�e�t�r�a�d�e�c�y�l�t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�o�n�i�u�m� �b�r�o�m�i�d�e� �(�3�.�2�0� �e�q�.�)�.� �A�f�t�e�r� �5� �m�i�n�.� 

�u�n�d�e�r� �v�a�c�u�u�m� �t�h�e� �R�B� �w�a�s� �f�l�o�o�d�e�d� �w�i�t�h� �A�r�.� �T�H�F� �w�a�s� �a�d�d�e�d� �u�n�t�i�l� �a� �1�.�0� �M� �s�o�l�n� �w�a�s� �o�b�t�a�i�n�e�d�.� 

�T�h�i�s� �s�o�l�n� �w�a�s� �c�o�o�l�e�d� �w�i�t�h� �a�n� �i�c�e� �b�a�t�h� �a�n�d� �n�-�B�u�L�i� �(�2�.�7�5� �e�q�.�,� �2�.�0� �M� �i�n� �h�e�x�a�n�e�s�)� �w�a�s� �a�d�d�e�d� �g�i�v�i�n�g� �a� 

�b�r�o�w�n�i�s�h�/�y�e�l�l�o�w� �c�o�l�o�r�.� �A�f�t�e�r� �s�t�i�r�r�i�n�g� �f�o�r� �5� �m�i�n� �t�h�e� �i�c�e�-�b�a�t�h� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� �t�h�e� �s�o�l�n� �w�a�s� 

�a�l�l�o�w�e�d� �t�o� �c�o�m�e� �t�o� �r�t�.� �A�f�t�e�r� �s�t�i�r�r�i�n�g� �a�t� �r�t� �f�o�r� �1�5� �m�i�n� �t�h�e� �l�a�c�t�o�l� �(�1�.�0� �e�q�.�)� �i�n� �T�H�F� �(�0�.�7� �M�)� �w�a�s� �a�d�d�e�d�.� 

�T�h�e� �r�o�u�n�d� �b�o�t�t�o�m� �o�r�i�g�i�n�a�l�l�y� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �l�a�c�t�o�l� �w�a�s� �r�i�n�s�e�d� �w�i�t�h� �a�d�d�i�t�i�o�n�a�l� �T�H�F� �a�n�d� �t�h�i�s� �w�a�s� 

�i�m�m�e�d�i�a�t�e�l�y� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �t�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k�.� �T�h�e� �r�x�n� �c�o�n�t�i�n�u�e�d� �t�o� �s�t�i�r� �a�t� �r�t� �a�n�d� �w�a�s� �m�o�n�i�t�o�r�e�d� �b�y� 

�7�8



�T�L�C�.� �T�L�C�'�s� �a�t� �1�,� �2�,� �3�,� �a�n�d� �5� �h�r�s� �r�e�v�e�a�l�e�d� �n�o� �a�p�p�a�r�e�n�t� �c�h�a�n�g�e� �i�n� �p�r�o�d�u�c�t� �o�r� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �(�a� 

�s�m�a�l�l� �a�m�o�u�n�t� �r�e�m�a�i�n�s�)� �i�n�t�e�n�s�i�t�y�,� �t�h�u�s� �a�f�t�e�r� �5� �h�r�s� �t�h�e� �r�x�n� �w�a�s� �q�u�e�n�c�h�e�d� �w�i�t�h� �s�a�t�u�r�a�t�e�d� �N�H�4�C�!� �s�o�l�n�.� 

�E�x�t�r�a�c�t�i�o�n� �w�i�t�h� �E�t�O�A�c� �(�X�3�)�,� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �o�r�g�a�n�i�c� �e�x�t�r�a�c�t�s�,� �d�r�y�i�n�g� �w�i�t�h� �M�g�S�Q�g�,� �f�i�l�t�r�a�t�i�o�n�,� 

�a�n�d� �r�e�m�o�v�a�l� �o�f� �t�h�e� �v�o�l�a�t�i�l�e� �s�o�l�v�e�n�t�s� �g�a�v�e� �a� �v�i�s�c�o�u�s� �r�e�s�i�d�u�e�.� �G�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �u�s�i�n�g� �H�e�x�a�n�e�/�E�t�O�A�c� 

�(�b�e�g�i�n�n�i�n�g� �w�i�t�h� �1�5�%� �E�t�O�A�c� �a�n�d� �e�n�d�i�n�g� �w�i�t�h� �3�0�%� �E�t�O�A�c�)� �g�a�v�e� �c�i�s� �a�n�d� �t�r�a�n�s� �a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e�s� �i�n� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �a� �4� �t�o� �1� �r�a�t�i�o� �r�e�s�p�e�c�t�i�v�e�l�y�,� �b�y� �1�H� �N�M�R�.� 

�(�2�S�,�3�S�,�4�E�)�-�2�-�a�z�i�d�o�-�4�-�o�c�t�a�d�e�c�e�n�-�1�,�3�-�d�i�o�l� �(�1�4�9�b�)�.� �A� �6�.�1�%� �y�i�e�l�d� �o�f� �t�h�e� �t�r�a�n�s� �p�r�o�d�u�c�t� �w�a�s� 

�o�b�s�e�r�v�e�d�.� �R�f�=� �0�.�4�5� �(�h�e�x�a�n�e�/�E�t�O�A�c�,� �2�:�1�)�;� �[�a�]�p�2�4�=� �+� �3�.�1�1� �(�c� �0�.�5�3�,� �C�H�C�l�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�3�6�0�,� 

�2�9�2�0�,� �2�8�5�5�,� �2�0�9�5�,� �1�5�2�0� �c�m�-�!�;� �J�H� �N�M�R� �(�C�D�C�1�3�)� �8� �5�.�7�8� �(�d�t�d�,� �J� �=� �1�5�.�4�,� �6�.�7�,� �0�.�7� �H�z�,� �1�H�)�,� �5�.�5�0� 

�(�d�d�t�,� �J� �=� �1�5�.�4�,� �7�.�1�,� �1�.�4� �H�z�,� �1�H�)�,� �4�.�1�9� �(�t�,� �J� �=� �6�.�5� �H�z�,� �1�H�)�,� �3�.�8�0� �(�d�d�,� �J� �=� �1�1�.�5�,� �4�.�3� �H�z�,� �1�H�)�,� �3�.�6�8� 

�(�d�d�,� �J� �=� �1�1�.�5�,� �6�.�3� �H�z�,� �1�H�)�,� �3�.�4�5� �(�d�t�,� �J� �=� �6�.�0�,� �4�.�3� �H�z�,� �1�H�)�,� �2�.�0�4� �(�q�,� �J� �=� �6�.�7� �H�z�,� �2�H�)�,� �1�.�6�3� �(�b�r�.�s�,� 

�>�2�H�)�,� �1�.�2�2� �(�m�,� �>�2�2�H�)�,� �0�.�8�6� �(�t�,� �J� �=� �6�.�6� �H�z�,� �3�H�)�;� �1�3�C� �N�M�R� �(�C�D�C�I�3�)� �8� �1�3�5�.�5� �(�C�H�)�,� �1�2�8�.�4� 

�(�C�H�)�,� �7�3�.�6� �(�C�H�)�,� �6�7�.�8� �(�C�H�)�,� �6�3�.�0� �(�C�H�2�)�,� �3�2�.�3� �(�C�H�2�)�,� �3�1�.�9� �(�C�H�2�)�,� �2�9�.�7� �(�C�H�2�)�,� �2�9�.�5� �(�C�H�2�)�,� 

�2�9�.�3� �(�C�H�2�)�,� �2�9�.�2� �(�C�H�2�)�,� �2�9�.�0� �(�C�H�2�)�,� �2�2�.�7� �(�C�H�2�)�,� �1�4�.�0� �(�C�H�3�)�;� �M�S� �;� �A�n�a�l�.� �c�a�l�c�d� �f�o�r� 

�C�1�8�g�H�3�5�N�3�0�2�:� �C�,� �6�6�.�4�2�;� �H�,� �1�0�.�8�4�;� �N�,� �1�2�.�9�1�;� �F�o�u�n�d�:� �C�,� �6�6�.�8�7�;� �H�,� �1�0�.�7�0�;� �N�,� �1�2�.�4�1�.� 

�(�2�8�,�3�S�,�4�Z�)�-�2�-�a�z�i�d�o�-�4�-�o�c�t�a�d�e�c�e�n�-�1�,�3�-�d�i�o�l� �(�1�4�8�b�)�.� �T�h�e� �c�i�s� �i�s�o�m�e�r� �w�a�s� �p�r�o�d�u�c�e�d� �i�n� �2�4�.�4� 

�%� �y�i�e�l�d�.� �R�e�=� �0�.�5�2� �(�h�e�x�a�n�e�/�E�t�O�A�c�,� �2�:�1�)�;� �L�H� �N�M�R� �(�C�D�C�I�3�)� �§� �5�.�6�4� �(�d�t�,� �J� �=� �1�1�.�1�,� �7�.�5� �H�z�,� �1�H�)�,� 

�5�.�4�4� �(�t�t�,� �J� �=� �9�.�9�,� �1�.�5� �H�z�,� �1�H�)�,� �4�.�5�3� �(�m�,� �1�H�)�,� �3�.�7�9� �(�m�,� �1�H�)�,� �3�.�6�5� �(�m�,� �1�H�)�,� �3�.�4�4� �(�d�t�,� �J� �=� �6�.�3�,� �4�.�1� 

�H�z�,� �1�H�)�,� �2�.�0�6� �(�m�,� �4�H�)�,� �1�.�2�3� �(�m�,� �>�2�2�H�)�,� �0�.�8�6� �(�t�,� �J� �=� �6�.�6� �H�z�,� �3�H�)�;� �1�3�C� �N�M�R� �(�C�D�C�I�3�)� �6� �1�3�5�.�7� 
�(�C�H�)�,� �1�2�7�.�7� �(�C�H�)�,� �6�8�.�4� �(�C�H�)�,� �6�8�.�1� �(�C�H�)�,� �6�2�.�8� �(�C�H�2�)�,� �3�1�.�9� �(�C�H�2�)�,� �2�9�.�6�4� �(�C�H�2�)�,� �2�9�.�5�6� 

�(�C�H�2�)�,� �2�9�.�5� �(�C�H�2�)�,� �2�9�.�3� �(�C�H�2�)�,� �2�8�.�0� �(�C�H�2�)�,� �2�2�.�7� �(�C�H�2�)�,� �1�4�.�0� �(�C�H�3�)�;� 

�(�2�S�,�3�R�,�4�E�)�-�2�-�a�z�i�d�o�-�4�-�o�c�t�a�d�e�c�e�n�-�1�,�3�-�d�i�o�l� �(�1�4�9�a�)�.� �A� �3�.�8� �%� �y�i�e�l�d� �o�f� �t�h�e� �t�r�a�n�s� �p�r�o�d�u�c�t� 

�w�a�s� �o�b�s�e�r�v�e�d�.� �R�f�=� �.�3�8� �(�h�e�x�a�n�e�/�E�t�O�A�c�,� �2�:�1�)�;� �[�a�]�p�2�4� �=� �-� �3�4�.�1� �(�c� �1�.�5�8�,� �C�H�C�l�3�)�;� �L�H� �N�M�R� 

�(�C�D�C�1�3�)� �6� �5�.�8�0� �(�d�t�d�,� �J� �=� �1�5�.�4�,� �6�.�7�,� �0�.�7� �H�z�,� �1�H�)�,� �5�.�5�1� �(�d�d�t�,� �J� �=� �1�5�.�4�,� �7�.�3�,� �1�.�3� �H�z�,� �1�H�)�,� �4�.�2�3� �(�1�,� 

�J� �=� �6�.�4� �H�z�,� �1�H�)�,� �3�.�7�7� �(�m�,� �2�H�)�,� �3�.�4�5� �(�q�,� �J� �=� �5�.�3� �H�z�,� �1�H�)�,� �2�.�0�5� �(�q�,� �J� �=� �7�.�0� �H�z�,� �2�H�)�,� �1�.�9�4� �(�b�r�.�s�,� 

�2�H�)�,� �1�.�2�3� �(�m�,� �>�2�2�H�)�,� �0�.�8�6� �(�t�,� �J� �=� �6�.�8� �H�z�,� �3�H�)�;� �3�C� �N�M�R� �(�C�D�C�I�1�3�)� �8� 
�(�2�8�,�3�R�,�4�Z�)�-�2�-�A�z�i�d�o�-�4�-�o�c�t�a�d�e�c�e�n�-�1�,�3�-�d�i�o�l� �(�1�4�8�a�)�.� �A� �1�4�.�0�%� �y�i�e�l�d� �o�f� �t�h�e� �c�i�s� �i�s�o�m�e�r� �w�a�s� 

�o�b�s�e�r�v�e�d�.� �R�f�=� �.�4�3� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �2�:�1�)�;� �1�H� �N�M�R� �(�C�D�C�1�3�)� �5� �5�.�6�7� �(�d�t�d�,� �J� �=� �1�1�.�0�,� �7�.�5�,� �0�.�8� 

�H�z�,� �1�H�)�,� �5�.�4�5� �(�t�t�,� �J� �=� �1�0�.�9�,� �1�.�5� �H�z�,� �1�H�)�,� �4�.�5�8� �(�d�d�d�,� �J� �=� �8�.�8�,� �5�.�8�,� �0�.�9� �H�z�,� �1�H�)�,� �3�.�7�7� �(�m�,� �2�H�)�,� 

�3�.�4�9� �(�q�,� �J� �=� �5�.�4� �H�z�,� �1�H�)�,� �2�.�1�9� �(�b�r�.�s�,� �2�H�)�,� �2�.�0�8� �(�m�,� �2�H�)�,� �1�.�2�3� �(�m�,� �>�2�2�H�)�,� �0�.�8�5� �(�t�,� �J� �=� �0�.�8�5�,� �3�H�)� 

�(�3�R�,�4�S�,�5�S�,�6�S�)�-�3�-�A�z�i�d�o�-�4�-�t�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�-�1�-�c�h�l�o�r�o�-�5�,�6�-�O�-� 

�i�s�o�p�r�o�p�y�l�i�d�e�n�e�c�y�c�l�o�h�e�x�-�1�l�-�e�n�e�-�4�,�5�,�6�-�t�r�i�o�l� �(�1�5�0�d�)�.� �T�o� �a� �o�n�e�-�p�i�e�c�e� �r�e�f�l�u�x� �a�p�p�a�r�a�t�u�s� �w�a�s� 

�a�d�d�e�d� �a�z�i�d�o� �a�l�c�o�h�o�l� �1�1�8�d� �(�2�.�3�0�2� �g�,� �9�.�3�7� �m�m�o�l�)� �a�s� �a� �s�o�l�u�t�i�o�n� �i�n� �T�H�F� �(�1�0�.�0� �m�L�)�,� �a�n� �a�d�d�i�t�i�o�n�a�l� 

�4�.�0� �m�L� �o�f� �T�H�F� �w�a�s� �u�s�e�d� �t�o� �r�i�n�s�e� �t�h�e� �s�o�l�u�t�i�o�n� �r�b� �a�n�d� �t�h�i�s� �w�a�s� �p�l�a�c�e�d� �i�n� �t�h�e� �r�e�f�l�u�x� �a�p�p�a�r�a�t�u�s�.� 

�t�B�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�c�h�l�o�r�i�d�e� �(�5�.�0�7�4� �g�,� �1�8�.�4�6� �m�m�o�l�,� �1�.�9�7� �e�q�u�i�v�)� �a�n�d� �i�m�i�d�a�z�o�l�e� �(�1�.�5�2�4� �g�,� �2�2�.�3�7� 

�7�9



�m�m�o�l�,� �2�.�3�8�7� �e�q�u�i�v�.�)� �w�e�r�e� �t�h�e�n� �a�d�d�e�d�.� �T�h�e� �a�p�p�a�r�a�t�u�s� �w�a�s� �t�h�e�n� �p�l�a�c�e�d� �i�n� �a� �7�5� �°�C� �o�i�l� �b�a�t�h� �w�i�t�h� 

�s�t�i�r�r�i�n�g�.� �A�f�t�e�r� �4�h� �o�f� �h�e�a�t�i�n�g� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �c�o�o�l� �t�o� �r�t�,� �a�n�d� �t�h�e�n� �s�t�i�r�r�e�d� �f�o�r� �a�n�o�t�h�e�r� �1�2� 

�h�.� �N�o�t�e�:� �a�s� �t�h�e� �r�e�a�c�t�i�o�n� �p�r�o�c�e�e�d�s� �a� �w�h�i�t�e� �p�r�e�c�i�p�i�t�a�t�e� �a�c�c�u�m�u�l�a�t�e�s�.� �W�o�r�k�-�u�p�:� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� 

�f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �c�e�l�i�t�e� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� �r�b� �a�n�d� �f�i�l�t�e�r� �a�r�e� �r�i�n�s�e�d� �w�i�t�h� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e�,� �t�h�e� �f�i�l�t�r�a�t�e� �i�s� 

�w�a�s�h�e�d� �w�i�t�h� �s�a�t�.� �a�m�m�o�n�i�u�m� �c�h�l�o�r�i�d�e�,� �a�n�d� �t�h�e�n� �w�i�t�h� �b�r�i�n�e�.� �T�h�e� �c�o�m�b�i�n�e�d� �o�r�g�a�n�i�c� �l�a�y�e�r�s� �w�e�r�e� 

�t�h�e�n� �d�r�i�e�d� �w�i�t�h� �M�g�S�O�g�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �e�v�a�p�o�r�a�t�e�d� �t�o� �g�i�v�e� �7�.�2�1�4� �g� �o�f� �a� �v�i�s�c�o�u�s� �b�r�o�w�n� �o�i�l�.� 

�P�u�r�i�f�i�c�a�t�i�o�n� �b�y� �f�l�a�s�h� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �u�s�i�n�g� �g�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �(�1�0�0�%� �h�e�x�a�n�e�s�  �� �3�%� �e�t�h�y�l�a�c�e�t�a�t�e� �i�n� 

�h�e�x�a�n�e�s�)� �p�r�o�v�i�d�e�d� �3�.�8�4�6� �g� �(�7�.�9�4�5� �m�m�o�l�,� �8�5�%�)� �o�f� �t�h�e� �s�i�l�y�l� �e�t�h�e�r� �a�s� �a� �v�e�r�y� �v�i�s�c�o�u�s� �c�l�e�a�r� �o�i�l�.� �R�f�=� 

�0�.�4�5� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �9�:�1�)�;� �[�a�]�p�2�4�=� �-�6�2�.�5� �(�c� �0�.�9�5�,� �C�H�C�I�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�0�7�5�,� �3�0�5�0�,� �2�9�8�5�,� 

�2�9�3�0�,� �2�8�9�5�,� �2�8�6�0�,� �2�1�0�5�,� �1�4�3�0�,� �1�3�8�0�,� �1�2�2�5� �c�m�-�!�;� �1�H� �N�M�R� �(�C�D�C�I�3�)� �5� �7�.�7�8� �(� �m�,� �4�H�)�,� �7�.�4�0� �(�m�,� 

�6�H�)�,� �5�.�7�3� �(�m�,� �J� �=� �1�.�7� �H�z�,� �1�H�)�,� �4�.�3�7� �(�d�m�,� �J�=� �8�.�7� �H�z�,� �1�H�)�,� �4�.�1�0� �(�m�,� �2�H�)�,� �3�.�6�8� �(�d�m�,� �J� �=� �8�.�8� �H�z�,� 

�1�H�)�,� �1�.�4�2� �(�s�,� �3�H�)�,� �1�.�2�7� �(�s�,� �3�H�)�,� �1�.�0�9� �(�s�,� �9�H�)�;� �1�4�3�C� �N�M�R� �(�C�C�I�s�D�)� �8� �1�3�3�.�9� �(�C�)�,� �1�3�3�.�8� �(�©�)�,� 

�1�3�2�.�2� �(�C�)�,� �1�1�0�.�6� �(�C�)�,� �1�9�.�4� �(�C�)�,� �1�3�6�.�0� �(�C�H�)�,� �1�3�5�.�9� �(�C�H�)�,� �1�3�0�.�2� �(�C�H�)�,� �1�2�9�.�9� �(�C�H�)�,� �1�2�8�.�0� �(�C�H�)�,� 

�1�2�7�.�6� �(�C�H�)�,� �7�6�.�6� �(�C�H�)�,� �7�6�.�4� �(�C�H�)�,� �7�2�.�8� �(�C�H�)�,� �6�1�.�7� �(�C�H�)�,� �2�7�.�5� �(�C�H�3�)�,� �2�6�.�8� �(�C�H�3�)�,� �2�6�.�2� 

�(�C�H�3�)�;� �M�S� �C�I� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �4�8�4� �(�M�+�,� �0�.�5�2�)�,� �4�2�6� �(�1�7�)�,� �4�0�0� �(�1�5�)�,� �3�9�9� �(�1�1�)�,� �3�9�8� �(�3�8�)�,� �3�8�6� 

�(�1�0�)�,� �3�8�5� �(�3�6�)�,� �3�8�4� �(�2�7�)�,� �3�8�3� �(�1�0�0�)�,� �3�7�8� �(�3�4�)�,� �3�6�8� �(�2�9�)�,� �3�4�8� �(�2�1�)�,� �3�4�0� �(�2�4�)�,� �3�2�0� �(�2�7�)�,� �3�0�5� �(�3�7�)�;� 

�A�n�a�l�.� �c�a�l�e�d� �f�o�r� �C�2�5�H�3�9�C�I�N�3�0�3�S�i�:� �C�,� �6�2�.�0�3�;� �H�,� �6�.�2�5�;� �N�,� �8�.�6�8�.� �F�o�u�n�d�:� �C�,� �6�2�.�4�1�;� �H�,� �6�.�5�2�,� 

�8�.�3�5�.� 

�(�2�8�S�,�3�R�,�4�8�,�5�R�)�-�5�-�A�z�i�d�o�-�4�-�t�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�o�x�y�-�1�,�2�-�O�-� 

�i�s�o�p�r�o�p�y�l�i�d�e�n�e�h�e�x�a�n�o�i�c�m�e�t�h�y�l�e�s�t�e�r�-�2�,�3�,�4�-�t�r�i�o�l� �(�1�5�1�d�)�.� �T�o� �a� �r�b� �w�a�s� �a�d�d�e�d� �v�i�n�y�l� 

�c�h�l�o�r�i�d�e� �(�1�5�0�d�)� �(�3�.�7�4�0� �g�,� �7�.�7�3� �m�m�o�l�)� �f�o�l�l�o�w�e�d� �b�y� �M�e�O�H� �(�5�1� �m�L�)�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �h�e�a�t�e�d� 

�g�e�n�t�l�y� �t�o� �c�o�m�p�l�e�t�e�l�y� �d�i�s�s�o�l�v�e� �t�h�e� �v�i�n�y�l� �c�h�l�o�r�i�d�e�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� �c�o�o�l�e�d� �i�n� �a� �d�r�y�i�c�e�/�a�c�e�t�o�n�e� 

�b�a�t�h� �a�n�d� �o�z�o�n�e� �w�a�s� �b�u�b�b�l�e�d� �t�h�r�o�u�g�h� �t�h�e� �s�o�l�u�t�i�o�n�.� �A�f�t�e�r� �2�0� �m�i�n� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �s�a�t�u�r�a�t�e�d� �w�i�t�h� 

�O�3�,� �a�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �b�l�u�e� �c�o�l�o�r�.� �T�L�C� �i�n�d�i�c�a�t�e�d� �n�o� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �r�e�m�a�i�n�e�d�.� �T�h�e� 

�g�e�n�e�r�a�t�i�o�n� �o�f� �o�z�o�n�e� �w�a�s� �t�e�r�m�i�n�a�t�e�d� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� �r�b� �h�a�d� �A�r� �b�u�b�b�l�e�d� �t�h�r�o�u�g�h� �i�t� �f�o�r� �2�0� �m�i�n� �a�t� �-�7�8� 

�°�C�.� �T�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �t�h�e�n� �p�l�a�c�e�d� �i�n� �a�n� �i�c�e�-�b�a�t�h�.� �W�i�t�h� �t�h�e� �r�b� �o�p�e�n� �t�o� �t�h�e� �a�t�m�o�s�p�h�e�r�e� �s�e�v�e�r�a�l� 

�p�o�r�t�i�o�n�s� �o�f� �N�a�B�H�y� �(�N�o�t�e�:� �u�s�e� �l�u�m�p�s� �o�f� �N�a�B�H�4� �v�s� �p�o�w�d�e�r� �w�h�e�n� �p�o�s�s�i�b�l�e�.� �I�f� �p�o�w�d�e�r� �i�s� �u�s�e�d�,� �a�d�d� 

�s�l�o�w�l�y� �i�.�e�.� �o�v�e�r� �=� �3� �-� �5� �m�i�n�)� �w�e�r�e� �a�d�d�e�d�.� �5�8�0� �m�g� �(�1�5�.�3�3� �m�m�o�l�,� �1�.�9�8� �e�q�u�i�v�)� �o�f� �N�a�B�H�y�4� �w�e�r�e� 

�a�d�d�e�d� �f�i�r�s�t�,� �=� �2�0� �-� �3�0� �m�i�n� �t�r�a�n�s�p�i�r�e�d� �a�n�d� �t�h�e�n� �m�o�r�e� �N�a�B�H�y� �(�2�2�0� �m�g�)� �w�a�s� �a�d�d�e�d�.� �2�5� �m�i�n� �p�a�s�s�e�d� 

�a�n�d� �a�n�o�t�h�e�r� �p�o�r�t�i�o�n� �o�f� �N�a�B�H�g� �(�2�4�0� �m�g�)� �w�a�s� �a�d�d�e�d�,� �a�n� �a�d�d�i�t�i�o�n�a�l� �2�5� �m�i�n� �t�r�a�n�s�p�i�r�e�d�.� �A�t� �t�h�i�s� �p�o�i�n�t� 

�t�h�e� �i�c�e�-�b�a�t�h� �w�a�s� �r�e�m�o�v�e�d�,� �a�n�d� �a�n� �a�n�o�t�h�e�r� �2�0� �m�i�n� �p�a�s�s�e�d� �a�n�d� �t�h�e�n� �t�w�o� �m�o�r�e� �p�o�r�t�i�o�n�s� �o�f� �N�a�B�H�y�4� 

�(�3�4�0� �m�g�,� �w�a�i�t� �2�0� �m�i�n�,� �t�h�e�n� �1�0�7� �m�g�)� �w�e�r�e� �a�d�d�e�d�.� �N�o�t�e�:� �i�t� �i�s� �c�r�u�c�i�a�l� �t�o� �m�o�n�i�t�o�r� �t�h�i�s� �r�e�a�c�t�i�o�n� �b�y� 

�T�L�C� �a�f�t�e�r� �e�a�c�h� �a�d�d�i�t�i�o�n� �o�f� �N�a�B�H�y�4�;� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �r�e�a�c�t�i�o�n� �m�o�r�e� �o�r� �l�e�s�s� �N�a�B�H�4� �m�a�y� �b�e� �n�e�e�d�e�d�.� 

�W�o�r�k�-�u�p�:� �A�d�d� �d�i�s�t�i�l�l�e�d� �H�2�O� �(�1�5�0� �m�L�)� �a�n�d� �t�h�e�n� �a�c�i�d�i�f�y� �w�i�t�h� �1�.�2� �N� �H�C�l� �a�c�i�d�,� �t�o� �a� �p�H� �o�f� �3�.�5�+� 

�0�.�5�.� �I�m�m�e�d�i�a�t�e�l�y� �e�x�t�r�a�c�t� �t�h�e� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �w�i�t�h� �E�t�O�A�c� �(�X�4�)�,� �w�a�s�h� �t�h�e� �c�o�m�b�i�n�e�d� �E�t�O�A�c� 

� � 

�8�0



�e�x�t�r�a�c�t�s� �w�i�t�h� �b�r�i�n�e� �(�X�2�)�,� �d�r�y� �w�i�t�h� �M�g�S�O�u�,� �f�i�l�t�e�r�,� �a�n�d� �e�v�a�p�o�r�a�t�e� �t�h�e� �E�t�O�A�c�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� 

�p�r�o�v�i�d�e�d� �a�n� �o�i�l� �w�h�i�c�h� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �f�l�a�s�h� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �u�s�i�n�g� �g�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �(�1�5�%� �E�t�O�A�c� 

�i�n� �h�e�x�a�n�e�s� �>� �4�0�%� �E�t�O�A�c� �i�n� �h�e�x�a�n�e�s�)�,� �a�n�d� �p�r�o�v�i�d�e�d� �3�.�5�9�2� �g� �(�6�.�9�9� �m�m�o�l�,� �9�0�%�)� �o�f� �t�h�e� �m�e�t�h�y�l� 

�e�s�t�e�r� �1�5�1�d� �a�s� �a� �v�i�s�c�o�u�s� �c�l�e�a�r� �o�i�l�.� �R�r�=� �0�.�4�2� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �2�:�1�)�;� �[�a�]�p�2�3�=� �+�2�9�.�6�°� �(�c� �1�.�5�6�,� 

�C�H�C�1�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�5�0�0�,� �3�0�7�0�,� �3�0�5�0�,� �2�9�8�0�,� �2�9�5�0�,� �2�9�3�0�,� �2�8�9�0�,� �2�8�5�0�,� �2�1�0�0�,� �1�7�5�5�,� �1�5�9�0� �c�m�~�!�;� 

�1�H� �N�M�R� �(�C�D�C�I�3�)� �6� �7�.�7�2� �(� �m�,� �4�H�)�,� �7�.�4�1� �(�m�,� �6�H�)�,� �4�.�4�0� �(�d�d�m�,� �J�=� �3�.�9�,� �6�.�9� �H�z�,� �1�H�)�,� �4�.�2�2� �(�m�,� 

�2�H�)�,� �3�.�5�2� �(�m�,� �6�H�)�,� �1�.�5�7� �(�s�,� �3�H�)�,� �1�.�3�1� �(�s�,� �3�H�)�,� �1�.�0�5� �(�s�,� �9�H�)�;� �1�4�3�C� �N�M�R� �(�C�C�I�s�D�)� �8� �1�7�0�.�3� �(�C�)�,� 

�1�3�3�.�3� �(�C�)�,� �1�3�3�.�0� �(�C�)�,� �1�1�0�.�6� �(�C�)�,� �1�9�.�6� �(�C�)�,� �1�3�6�.�0� �(�C�H�)�,� �1�3�5�.�9� �(�C�H�)�,� �1�3�0�.�0� �(�C�H�)�,� �1�2�7�.�8� �(�C�H�)�,� 

�1�2�7�.�7� �(�C�H�)�,� �8�0�.�1� �(�C�H�)�,� �7�5�.�4� �(�C�H�)�,� �7�0�.�4� �(�C�H�)�,� �6�4�.�6� �(�C�H�)�,� �5�1�.�8� �(�C�H�)�,� �6�2�.�3� �(�C�H�2�)�,� �2�7�.�0� 

�(�C�H�3�)�,� �2�6�.�4� �(�C�H�3�)�,� �2�5�.�1� �(�C�H�3�)�;� �M�S� �C�I� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �5�1�4� �(�M�+�+�1�,� �2�)�,� �4�8�7� �(�3�3�)�,� �4�8�6� �(�1�0�0�)�,� 

�4�2�9� �(�1�7�)�,� �4�2�8� �(�7�3�.�6�)�,� �4�0�8� �(�6�0�)�,� �3�7�9� �(�1�2�)�,� �3�7�8� �(�7�3�)�,� �3�5�8� �(�3�1�)�,� �3�5�0� �(�2�5�)�,� �3�0�0� �(�2�2�)�,� �2�9�1� �(�4�5�)�,� �2�4�0� 

�(�2�5�)�,� �2�2�0� �(�4�9�)�,� �1�9�9� �(�2�1�)�,� �1�4�4� �(�2�1�)�,� �1�3�5� �(�2�1�)�,� �5�9� �(�2�5�)�;� �A�n�a�l�.� �c�a�l�e�d� �f�o�r� �C�o�g�H�3�5�N�3�0�¢�S�i�:� �C�,� 
�6�0�.�8�0�;� �H�,� �6�.�8�7�;� �N�,� �8�.�1�8�.� �F�o�u�n�d�:� �C�,� �6�1�.�1�6�;� �H�,� �7�.�1�5�;� �N� �7�.�8�7�.� 

�(�2�8�,�3�R�,�4�S�,�5�R�)�-�5�-�A�z�i�d�o�-�4�-�t�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�o�x�y�-�h�e�x�a�n�o�i�c�m�e�t�h�y�l�e�s�t�e�r�-�2�,�3�,�4�-�t�r�i�o�l� 

�(�1�5�2�d�)�.� �T�o� �a�r�b� �w�a�s� �a�d�d�e�d� �a�c�e�t�o�n�i�d�e� �(�1�5�1�d�)� �(�1�.�7�3�0� �g�,� �3�.�3�6�7� �m�m�o�l�)� �f�o�l�l�o�w�e�d� �b�y� �3�0� �m�L� �o�f� �1�%� 

�I�g� �i�n� �M�e�O�H� �(�i�.�e�.� �1�.�0� �g� �o�f� �I�p� �p�e�r� �1�0�0� �m�L� �o�f� �M�e�O�H�)�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �p�l�a�c�e�d� �i�n� �a�n� �o�i�l� �b�a�t�h� �a�t� �4�5� 

�°�C� �w�i�t�h� �s�t�i�r�r�i�n�g�.� �A�f�t�e�r� �4�6� �h� �n�o� �m�o�r�e� �a�c�e�t�o�n�i�d�e� �r�e�m�a�i�n�e�d� �b�y� �T�L�C� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �q�u�e�n�c�h�e�d� 

�w�i�t�h� �8�0� �m�L� �o�f� �s�a�t�u�r�a�t�e�d� �s�o�d�i�u�m� �t�h�i�o�s�u�l�f�a�t�e� �(�N�a�2�S�7�0�3�)�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �E�t�O�A�c� 

�(�X�3�)�,� �t�h�e� �o�r�g�a�n�i�c� �e�x�t�r�a�c�t�s� �w�e�r�e� �c�o�m�b�i�n�e�d�,� �d�r�i�e�d� �w�i�t�h� �M�g�S�O�z�x�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �t�h�e� �v�o�l�a�t�i�l�e� �o�r�g�a�n�i�c�s� 

�r�e�m�o�v�e�d� �u�n�d�e�r� �v�a�c�u�u�m�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �p�r�o�v�i�d�e�d� �t�h�e� �c�r�u�d�e� �p�r�o�d�u�c�t� �a�s� �a� �v�i�s�c�o�u�s� �o�i�l� �w�h�i�c�h� �w�a�s� 

�p�u�r�i�f�i�e�d� �u�s�i�n�g� �g�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �(�2�5�%� �E�t�O�A�c� �i�n� �H�e�x�a�n�e�s�  �� �6�5�%� �E�t�O�A�c� �i�n� �h�e�x�a�n�e�s�)� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� �(�N�o�t�e�:� �F�o�u�r� �i�n�c�h�e�s� �o�f� �s�i�l�i�c�a� �g�e�l� �a�r�e� �s�u�f�f�i�c�i�e�n�t� �a�n�d� �n�e�c�e�s�s�a�r�y�.� �T�h�i�s� �p�r�o�d�u�c�t� �i�s� 

�p�r�o�n�e� �t�o� �s�i�l�y�l� �m�i�g�r�a�t�i�o�n� �a�n�d� �l�a�c�t�o�n�i�z�a�t�i�o�n� �o�n� �p�r�o�l�o�n�g�e�d� �e�x�p�o�s�u�r�e� �t�o� �s�i�l�i�c�a� �g�e�l�.�)� �T�h�i�s� �p�r�o�v�i�d�e�d� 

�1�.�2�7�8� �g� �(�2�.�6�9�9� �m�m�o�l�,� �8�0�%� �y�i�e�l�d�)� �o�f� �t�h�e� �d�e�s�i�r�e�d� �v�i�c�i�n�a�l� �d�i�o�l� �(�1�5�2�d�)�.� �N�o�t�e�:� �I�f� �t�h�e� �r�e�a�c�t�i�o�n� �i�s� 

�p�e�r�f�o�r�m�e�d� �a�t� �h�i�g�h�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �t�w�o� �k�n�e�w� �p�r�o�d�u�c�t�s� �(�l�a�c�t�o�n�e�s� �1�5�4�d� �a�n�d� �1�5�5�d�)� �a�p�p�e�a�r�.� �T�h�e� 

�p�h�y�s�i�c�a�l� �d�a�t�a� �f�o�r� �t�h�e� �l�a�c�t�o�n�e�s� �f�o�l�l�o�w�s� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�a�l�.� �R�=� �0�.�1�9� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �1�:�1�)�;� 

�[�a�]�p�2�3�=� �+�1�3�.�4�°� �(�c� �1�.�0�0�,� �C�H�C�l�3�)�;� �m�p�=� �7�8� �-� �8�2� �°�C�;� �I�R� �(�K�B�r�)� �v� �3�4�7�0�,� �3�4�3�0�,� �3�3�5�0�,� �3�0�7�5�,� �3�0�5�0�,� 

�3�0�2�0�,� �3�0�0�0�,� �2�9�5�0�,� �2�9�3�0�,� �2�8�9�0�,� �2�8�5�5�,� �2�0�9�5�,� �1�7�5�5�,� �1�5�9�0�,� �1�4�2�5�,� �1�1�0�0�,� �1�0�8�0�,� �8�1�0� �c�m�-�!�;� �1�H� 

�N�M�R� �(�D�M�S�O�-�d�6�)� �5� �7�.�6�9� �(� �m�,� �4�H�)�,� �7�.�4�2� �(�m�,� �6�H�)�,� �5�.�6�2� �(�d�,� �J�=� �5�.�9� �H�z�,� �-�O�H�)�,� �5�.�3�1� �(�d�,� �J�=� �5�.�8� 

�H�z�,� �-�O�H�)�,� �4�.�9�1� �(�t�,� �J�=� �5�.�2� �H�z�,� �-�O�H�)�,� �4�.�2�7� �(�t�,� �J�=� �6�.�1� �H�z�,� �1�H�)�,� �3�.�8�3� �(�t�,� �J�=� �4�.�3� �H�z�,� �1�H�)�,� �3�.�7�6� �G�,� 

�J�=� �5�.�4� �H�z�,� �1�H�)�,� �3�.�6�6� �(�q�,� �J�=� �5�.�7� �H�z�,� �1�H�)�,� �3�.�5�2� �(�s�,� �3�H�)�,� �3�.�3�7� �(�t�,� �J�=� �5�.�6� �H�z�,� �2�H�)�,� �0�.�9�8� �(�s�,� �9�H�)�;� 

�1�3�C�@� �N�M�R� �(�C�C�I�3�D�)� �6� �1�7�2�.�9� �(�C�)�,� �1�3�2�.�8� �(�C�)�,� �1�9�.�5� �(�C�)�,� �1�3�6�.�0� �(�C�H�)�,� �1�3�0�.�2� �(�C�H�)�,� �1�2�7�.�9� �(�C�H�)�,� 

�7�5�.�4� �(�C�H�)�,� �7�1�.�8� �(�C�H�)�,� �7�1�.�6� �(�C�H�)�,� �6�4�.�5� �(�C�H�)�,� �5�2�.�5� �(�C�H�)�,� �6�1�.�4� �(�C�H�2�)�,� �2�7�.�0� �(�C�H�3�)�;� �M�S� �C�I� �m�/�z� 

�(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �5�1�4� �(�M�+�+�1�,� �2�)�;� �A�n�a�l�.� �c�a�l�c�d� �f�o�r� �C�2�3�H�3�1�N�3�0�6�S�i�:� �C�,� �5�8�.�3�3�;� �H�,� �6�.�5�9�;� �N�,� �8�.�8�7�.� 

�F�o�u�n�d�:� �C�,� �6�4�.�4�7�;� �H�,� �7�.�4�9�;� �N� �9�.�3�0�.� 
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�(�2�8�S�,�3�S�,�4�S�)�-�2�-�h�y�d�r�o�x�y�-�3�-�(�t�e�r�t�-�B�u�t�y�l�d�i�p�e�n�y�l�s�i�l�y�l�)�o�x�y�-�4�-�(�(�1�R�'�)�-�1�'�-�a�z�i�d�o�-�2�'�-� 

�h�y�d�r�o�x�y�e�t�h�y�l�)�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�1�5�4�d�)�.� �T�h�e� �p�r�o�c�e�d�u�r�e� �u�s�e�d� �t�o� �m�a�k�e� �(�2�S�,�3�R�,�4�S�,�5�R�)�-�5�-� 

�A�z�i�d�o�-�4�-�t�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�o�x�y�-�h�e�x�a�n�o�i�c�m�e�t�h�y�l�e�s�t�e�r�-�2�,�3�,�4�-�t�r�i�o�l� �(�1�5�2�d�)� �a�l�s�o� 

�p�r�o�v�i�d�e�d� �t�h�i�s� �l�a�c�t�o�n�e�.� �R�f�=� �0�.�4�5� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �1�:�1�)�;� �[�a�]�p�2�4�=� �-�4�5�.�3�°� �(�c� �1�.�0�3�,� �C�H�C�I�3�)�;� �m�p�=� 

�1�0�4�-�1�0�5� �°�C�;� �I�R� �(�K�B�r�)� �u� �3�3�5�0�,� �3�0�7�0�,� �3�0�4�5�,� �2�9�4�0�,� �2�8�9�0�,� �2�8�5�0�,� �2�1�0�5�,� �1�7�9�0�,� �1�7�7�5�,� �7�0�0� �c�m�-�!�;� �1�H� 
�N�M�R� �(�C�D�C�I�l�3�)� �6� �7�.�6�6� �(� �m�,� �4�H�)�,� �7�.�4�6� �(�m�,� �6�H�)�,� �4�.�5�7� �(�m�,� �1�H�,� �n�o�t�e� �w�i�t�h� �a� �d�r�o�p� �o�f� �D�2�O� �p�r�e�s�e�n�t� �t�h�e� 

�m�u�l�t�i�p�l�e�t� �i�s� �s�i�m�p�l�i�f�i�e�d� �t�o� �a� �d�,� �J�=� �6�.�0� �H�z�,� �1�H�)�,� �4�.�3�4� �(�d�,� �J�=� �5�.�9� �H�z�,� �1�H�)�,� �3�.�9�9� �(�d�,� �J�=� �2�.�1� �H�z�,� �1�H�)�,� 

�3�.�6�1� �(�d�d�,� �J�=� �7�.�7�,� �1�1�.�2� �H�z�,� �1�H�)�,� �3�.�4�4� �(�d�d�,� �5�.�4�,� �1�1�.�2� �H�z�,� �1�H�)�,� �2�.�9�2� �(�b�r� �s�,� �1�H�,� �-�O�H�)�,� �2�.�6�9� �(�m�,� 

�1�H�,� �n�o�t�e� �w�i�t�h� �a� �d�r�o�p� �o�f� �D�2�0� �p�r�e�s�e�n�t� �t�h�e� �m�u�l�t�i�p�l�e�t� �i�s� �s�i�m�p�l�i�f�i�e�d� �t�o� �a� �h�e�p�t�e�t�,� �J�=� �2�.�2�,� �5�.�4�,� �7�.�6� �H�z�,� 

�1�H�)�,� �1�.�6�4� �(�b�r� �s�,� �1�H�,� �-�O�H�)�,� �1�.�0�9� �(�s�,� �9�H�)�,� �(�N�o�t�e�:� �I�f� �t�h�e� �1�H� �N�M�R� �s�o�l�v�e�n�t� �i�s� �D�M�S�O�-�d�g� �o�r� �a�c�e�t�o�n�e�-� 

�d�g� �t�h�e� �l�a�c�t�o�n�e� �(�1�5�5�d�)� �i�m�m�e�d�i�a�t�e�l�y� �a�p�p�e�a�r�s�.�)�;� �1�3�C� �N�M�R� �(�C�C�I�3�D�)� �d� �1�7�4�.�8� �(�C�)�,� �1�3�2�.�5� �(�C�)�,� �1�3�1�.�4� 

�(�C�)�,� �1�9�.�2� �(�C�)�,� �1�3�5�.�7� �(�C�H�)�,� �1�3�0�.�8� �(�C�H�)�,� �1�3�0�.�6� �(�C�H�)�,� �1�2�8�.�3� �(�C�H�)�,� �8�3�.�2� �(�C�H�)�,� �7�1�.�7� �(�C�H�)�,� �6�8�.�2� 

�(�C�H�)�,� �6�2�.�1�5� �(�C�H�)�,� �6�2�.�2�4� �(�C�H�2�)�,� �2�6�.�9� �(�C�H�3�)�;� �M�S� �C�I� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �5�1�4� �(�M�t�+�+�1�,� �2�)�;� �A�n�a�l�.� 

�c�a�l�e�d� �f�o�r� �C�2�2�H�2�7�N�3�0�5�S�i�:� �C�,� �5�9�.�8�4�;� �H�,� �6�.�1�6�;� �N�,� �9�.�5�2�.� �F�o�u�n�d�:� �C�,� �5�9�.�4�6�;� �H�,� �6�.�1�5�;� �N� �9�.�3�4�.� 

�(�2�8�,�3�S�,�4�S�)�-�2�-�(�t�e�r�t�-�B�u�t�y�l�d�i�p�e�n�y�l�s�i�l�y�l�)�o�x�y�-�3�-�h�y�d�r�o�x�y�-�4�-�(�(�1�R�'�)�-�1�'�-�a�z�i�d�o�-�2�'�-� 

�h�y�d�r�o�x�y�e�t�h�y�l�)�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e�(�1�5�5�d�)� �s�e�c�o�n�d� �l�a�c�t�o�n�e�.� �T�h�e� �p�r�o�c�e�d�u�r�e� �u�s�e�d� �t�o� �m�a�k�e� 

�(�2�S�,�3�R�,�4�S�,�5�R�)�-�5�-�A�z�i�d�o�-�4�-�t�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�o�x�y�-�h�e�x�a�n�o�i�c�m�e�t�h�y�l�e�s�t�e�r�-�2�,�3�,�4�-�t�r�i�o�l� 

�(�1�5�2�d�)� �a�l�s�o� �p�r�o�v�i�d�e�d� �t�h�i�s� �l�a�c�t�o�n�e�.� �R�r�=� �0�.�2�8� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �1�:�1�)�;� �[�a�]�p�2�4�=� �-�7�7�.�2�°� �(�c� �1�.�0�0�,� 

�C�H�C�l�3�)�;� �m�p�=� �1�2�1�-�1�2�3� �°�C�;� �I�R� �(�K�B�r�)� �v� �3�3�5�0�,� �3�0�7�0�,� �3�0�4�5�,� �2�9�6�0�,� �2�9�3�5�,� �2�8�9�0�,� �2�8�6�0�,� �2�1�0�5�,� �1�7�8�5�,� 

�7�0�0� �c�m�-�!�;� �1�H� �N�M�R� �(�C�D�C�l�3�)� �6� �7�.�8�2� �(�m�,� �2�H�)�,� �7�.�6�9� �(�m�,� �2�H�)�,� �7�.�4�7� �(�m�,� �6�H�)�,� �4�.�6�5� �(�d�,� �J�=� �5�.�5� 

�H�z�,�1�H�)�,� �4�.�4�4� �(�d�,� �J�=� �2�.�4� �H�z�,� �1�H�)�,� �3�.�8�1� �(�d�,� �J�=� �6�.�4� �H�z�,� �1�H�)�,� �3�.�7�8� �(�d�d�,� �J�=� �0�.�8�,� �5�.�5� �H�z�,� �1�H�)�,� �3�.�6�1� 

�(�d�d�d�,� �J�=� �2�.�5�,� �6�.�4� �H�z�,� �1�H�)�,� �2�.�9�8� �(�b�r� �s�,� �-�O�H�)�,� �2�.�0�5� �(�b�r� �s�,� �-�O�H�)�,� �1�.�1�6� �(�s�,� �9�H�)�,� �(�N�o�t�e�:� �I�f� �t�h�e� �!�H� 

�N�M�R� �s�o�l�v�e�n�t� �i�s� �D�M�S�O�-�d�g� �t�h�e� �l�a�c�t�o�n�e� �(�1�5�4�d�)� �i�m�m�e�d�i�a�t�e�l�y� �a�p�p�e�a�r�s�.�)�;� �4�3�C� �N�M�R� �(�C�C�I�3�D�)� �&� 

�1�7�3�.�3� �(�C�)�,� �1�3�2�.�2� �(�C�)�,� �1�3�1�.�0� �(�C�)�,� �1�9�.�3� �(�C�)�,� �1�3�5�.�9� �(�C�H�)�,� �1�3�5�.�5� �(�C�H�)�,� �1�3�0�.�6� �(�C�H�)�,� �1�3�0�.�5� �(�C�H�)�,� 

�1�2�8�.�1� �(�C�H�)�,� �1�2�8�.�0� �(�C�H�)�,� �8�2�.�1� �(�C�H�)�,� �7�0�.�2� �(�C�H�)�,� �6�9�.�5� �(�C�H�)�,� �6�2�.�3� �(�C�H�)�,� �6�2�.�8� �(�C�H�2�)�,� �2�6�.�8� 

�(�C�H�3�)�;� �M�S� �C�I� �m�/�z� �(�r�e�l�.� �i�n�t�e�n�s�i�t�y�)� �4�4�2� �(�M�t�+�+�1�,� �2�.�5�)�,� �3�8�5� �(�1�1�)�,� �3�8�4� �(�4�3�)�,� �3�6�5� �(�2�2�)�,� �3�6�4� �(�1�0�0�)�,� 

�3�2�8� �(�2�6�)�,� �3�1�0� �(�1�1�)�,� �3�0�9� �(�1�8�)�,� �3�0�8� �(�8�3�)�,� �2�9�0� �(�2�6�)�,� �2�6�3� �(�1�7�)�,� �2�4�9� �(�2�0�)�,� �2�2�2� �(�1�7�)�,� �2�2�1� �(�2�4�)�,� �2�0�2� 

�(�2�5�)�,� �2�0�0� �(�2�1�)�,� �1�9�9� �(�3�4�)�,� �1�6�3� �(�1�7�)�,� �6�0� �(�5�2�)�;� �A�n�a�l�.� �c�a�l�e�d� �f�o�r� �C�o�2�H�2�7�N�3�0�5�S�i�:� �C�,� �5�9�.�8�4�;� �H�,� 

�6�.�1�6�;� �N�,� �9�.�5�2�.� �F�o�u�n�d�:� �C�,� �5�9�.�8�3�;� �H�,� �6�.�2�3�;� �N� �9�.�4�2�.� 

�S�e�r�i�e�s� �I�I�I� �c�o�m�p�o�u�n�d� �l�e�a�d�i�n�g� �t�o� �D�-�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n�e� 

�(�3�R�)�-�A�z�i�d�o�-�(�2�S�)�-�t�e�r�t�-�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�o�x�y�-�y�-�b�u�t�y�r�o�l�a�c�t�o�l� �(�1�5�6�d�)�.� �T�o� �a� �r�b� �f�l�a�s�k� �w�a�s� 

�a�d�d�e�d� �v�i�c�i�n�a�l� �d�i�o�]� �(�1�5�2�d�)� �(�1�.�2�7�8� �g�,� �2�.�6�9�9� �m�m�o�l�)�,� �8�0� �m�L� �o�f� �a� �3�:�1� �m�i�x�t�u�r�e� �o�f� �M�e�O�H�/�H�2�0�,� �a�n�d� 

�N�a�l�O�g� �(�1�.�1�5�4� �g�,� �5�.�3�9�7� �m�m�o�l�,� �2�.�0�0� �e�q�u�i�v�)�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �e�x�c�l�u�d�e�d� �f�r�o�m� �l�i�g�h�t� �a�n�d� �s�t�i�r�r�e�d�.� �T�h�e� 
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�s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �w�a�s� �c�o�n�s�u�m�e�d� �a�f�t�e�r� �3� �h�.� �N�o�t�e�:� �A� �w�h�i�t�e� �p�r�e�c�i�p�a�t�e� �a�c�c�u�m�u�l�a�t�e�s� �a�s� �t�h�e� �r�e�a�c�t�i�o�n� 

�p�r�o�c�e�e�d�s�,� �i�t� �i�s� �n�o�t� �t�h�e� �p�r�o�d�u�c�t�.� �W�o�r�k�-�u�p�:� �C�H�2�C�l�2� �(�8�0� �m�L�)� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �r�e�a�c�t�i�o�n� �a�n�d� �t�h�e� 

�r�e�s�u�l�t�i�n�g� �s�o�l�u�t�i�o�n� �w�a�s� �p�a�s�s�e�d� �t�h�r�o�u�g�h� �a� �p�l�u�g� �o�f� �s�i�l�i�c�a� �g�e�l� �o�v�e�r� �c�e�l�i�t�e�.� �T�o� �t�h�e� �f�i�l�t�r�a�t�e� �w�a�s� �a�d�d�e�d� 

�H�2�0� �(�8�0� �m�L�)�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �p�l�a�c�e�d� �i�n� �a� �s�e�p�a�r�a�t�o�r�y� �f�u�n�n�e�l� �a�n�d� �t�h�e� �o�r�g�a�n�i�c� �l�a�y�e�r� �r�e�m�o�v�e�d�.� 

�T�h�e� �a�q�u�e�o�u�s� �l�a�y�e�r� �w�a�s� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �C�H�2�C�l�2� �(�K�3�)�,� �t�h�e� �o�r�g�a�n�i�c� �e�x�t�r�a�c�t�s� �w�e�r�e� �c�o�m�b�i�n�e�d�,� �d�r�i�e�d� 

�w�i�t�h� �M�g�S�O�v�x�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �v�o�l�a�t�i�l�e�s� �r�e�m�o�v�e�d� �t�o� �p�r�o�v�i�d�e� �a�n� �o�i�l�.� �G�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �(�2�5�%� �E�t�O�A�c� �i�n� 

�h�e�x�a�n�e�s�  �� �5�0�%� �E�t�O�A�c�/�h�e�x�a�n�e�s�)� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �p�r�o�v�i�d�e�d� �7�7�8�.�1� �m�g� �(�2�.�0�2�9� �m�m�o�l�,� �7�5�%�)� �o�f� 

�l�a�c�t�o�l� �(�1�5�6�d�)� �a�s� �a� �v�i�s�c�o�u�s� �c�l�e�a�r� �o�i�l�.� �I�n� �a�d�d�i�t�i�o�n� �1�3�4�.�4� �m�g� �(�0�.�3�5�0� �m�m�o�l�,� �1�3�%�)� �o�f� �t�h�e� �s�i�l�y�l� 

�m�i�g�r�a�t�e�d� �p�r�o�d�u�c�t� �(�1�5�7�d�)� �w�a�s� �i�s�o�l�a�t�e�d�.� �N�o�t�e� �t�h�e� �t�w�o� �p�o�s�s�i�b�l�e� �a�n�o�m�e�r�i�c� �l�a�c�t�o�l�s� �a�r�e� �e�v�i�d�e�n�t� �i�n� �t�h�e� 

�1�H� �N�M�R� �a�n�d� �!�3�C� �N�M�R�,� �c�o�m�p�l�i�c�a�t�i�n�g� �t�h�e� �s�p�e�c�t�r�u�m�.� �T�h�e� �t�w�o� �a�n�o�m�e�r�s� �e�x�i�s�t� �i�n� �a�n� �a�p�p�r�o�x�i�m�a�t�e� 

�r�a�t�i�o� �o�f� �1� �t�o� �1�.�2� �(�c�o�n�c�.� �o�f� �1�0� �-� �2�0� �m�g� �i�n� �0�.�5� �m�L� �o�f� �C�D�C�l�3�)�.� �H� �a�n�d� �H�'� �a�r�e� �u�s�e�d� �t�o� �i�n�d�i�c�a�t�e� �t�h�e� 

�s�e�p�a�r�a�t�e� �l�a�c�t�o�l� �r�e�s�o�n�a�n�c�e�s�,� �a�s� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �T�O�C�S�Y� �N�M�R�.� �R�g�e�=� �0�.�2�8� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �4�:�1�)�;� 

�[�a�l�p�=� �-�2�.�2�2�°� �(�c� �1�.�3�5�,� �C�H�C�I�1�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�4�3�5�,� �3�0�8�0�,� �3�0�5�5�,� �2�9�8�0�,� �2�9�5�0�,� �2�8�9�5�,� �2�8�6�0�,� �2�1�0�0�,� 

�1�5�9�0�,� �1�4�2�5�,� �1�1�1�0�,� �6�9�5� �c�m�}�;� �1�H� �N�M�R� �(�C�D�C�I�3�)� �6� �7�.�6�6� �(� �m�,� �4�H�)�,� �7�.�4�5� �(�m�,� �6�H�)�,� �5�.�2�8� �(�d�d�,� �J� �=� 

�4�.�0�,� �9�.�8� �H�z�,� �1�H ��)�,� �5�.�2�5� �(�d�,� �J�=� �7�.�9� �H�z�,� �1�H�)�,� �4�.�2�8� �(�d�d�,� �J�=� �5�.�2�,� �9�.�8� �H�z�,� �1�H�)�,� �4�.�1�8� �(�d�d�,� �J�=� �4�.�6�,� 

�9�.�8� �H�z�,� �1�H�'� �&� �d�,� �J�=� �1�.�5� �H�z�,� �1�H�)�,� �4�.�1�2� �(�d�d�,� �J�=� �2�.�2�,� �4�.�0� �H�z�,� �1�H ��)�,� �4�.�0�1� �(�d�d�,� �J�=� �2�.�3�,� �9�.�8� �H�z�,� 

�1�H�)�,� �3�.�9�6� �(�d�,� �J�=� �9�.�8� �H�z�,� �-�O�H ��'�)�,� �3�.�7�6� �(�d�t�,� �J�=� �1�.�7�,� �5�.�0� �H�z�,� �1�H�)�,� �3�.�6�6� �(�d�d�d�,� �J�=� �0�.�5�,� �2�.�1�,� �9�.�8� �H�z�,� 

�1�H ��)�,� �3�.�6�2� �(�p�,� �J�=� �2�.�1�,� �4�.�6� �H�z�,� �1�H ��)�,� �2�.�6�3� �(�d�,� �J�=� �7�.�9� �H�z�,� �-�O�H�)�,� �1�.�1�3� �(�s�,� �9�H�)�,� �1�.�0�9� �(�s�,� �9�H�)�;� �1�3�C� 

�N�M�R� �(�C�C�I�3�D�)� �6� �1�3�2�.�7� �(�C�)�,� �1�3�2�.�4� �(�C�)�,� �1�3�2�.�0� �(�C�)�,� �1�3�1�.�4� �(�C�)�,� �1�9�.�1� �(�C�)�,� �1�9�.�0� �(�C�)�,� �1�3�5�.�6� �(�C�H�)�,� 

�1�3�5�.�5�8� �(�C�H�)�,� �1�3�0�.�6� �(�C�H�)�,� �1�3�0�.�5� �(�C�H�)�,� �1�3�0�.�2�4� �(�C�H�)�,� �1�3�0�.�1�9� �(�C�H�)�,� �1�2�8�.�2� �(�C�H�)�,� �1�2�8�.�1� �(�C�H�)�,� 

�1�2�8�.�0� �(�C�H�)�,� �1�2�7�.�9� �(�C�H�)�,� �1�0�3�.�5� �(�C�H�)�,� �9�7�.�0� �(�C�H�)�,� �8�1�.�1� �(�C�H�)�,� �7�6�.�5� �(�C�H�)�,� �6�6�.�2� �(�C�H�)�,� �6�5�.�9� 

�(�C�H�)�,� �7�1�.�2� �(�C�H�)�,� �6�8�.�2� �(�C�H�2�)�,� �2�6�.�9� �(�C�H�3�)�,� �2�6�.�8� �(�C�H�3�)�.� 

�(�3�R�)�-�A�z�i�d�o�-�1�-�t�e�r�t�-�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�o�x�y�-�(�2�S�)�-�h�y�d�r�o�x�y�-�y�-�b�u�t�y�r�o�l�a�c�t�o�l� �(�1�5�7�d�)�.� �T�h�e� 

�p�r�o�c�e�d�u�r�e� �u�s�e�d� �t�o� �m�a�k�e� �(�3�R�)�-�A�z�i�d�o�-�(�2�S�)�-�2�-�t�e�r�t�-�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�o�x�y�-�y�-�b�u�t�y�r�o�l�a�c�t�o�l� 

�(�1�5�6�d�)� �a�l�s�o� �p�r�o�v�i�d�e�d� �1�3�4�.�4� �m�g� �(�0�.�3�5�0� �m�m�o�l�,� �1�3�%�)� �o�f� �t�h�i�s� �a�n�o�m�e�r�i�c� �s�i�l�y�l�o�x�y� �p�r�o�t�e�c�t�e�d� �l�a�c�t�o�l� 

�(�1�5�7�d�)�.� �R�e�=� �0�.�4�5� �(�h�e�x�a�n�e�s�/�E�t�O�A�c�,� �4�:�1�)�;� �[�a�]�p�°�=� �-�8�6�.�2�°� �(�c� �1�.�3�0�,� �C�H�C�I�3�)�;� �I�R� �(�n�e�a�t�)� �v� �3�5�0�5�,� 

�3�0�7�0�,� �3�0�5�0�,� �2�9�5�5�,� �2�9�3�0�,� �2�8�9�5�,� �2�8�5�5�,� �2�1�0�0�,� �1�5�9�0�,� �1�4�2�5�,� �1�1�1�0�,� �6�9�5� �c�m�-�!�;� �1�H� �N�M�R� �(�C�D�C�l�3�)� �8� 

�7�.�6�7� �(�m�,� �4�H�)�,� �7�.�4�3� �(�m�,� �6�H�)�,� �5�.�4�1� �(�d�,� �J� �=� �3�.�7� �H�z�,� �1�H�)�,� �4�.�2�0� �(�d�d�,� �J�=� �5�.�7�,� �9�.�7� �H�z�,� �1�H�)�,� �4�.�1�3� �(�m�,� 

�2�H�)�,� �3�.�6�6� �(�d�d�,� �J�=� �4�.�4�,� �9�.�0� �H�z�,� �1�H�)�,� �2�.�9�1� �(�d�,� �J�=� �7�.�5� �H�z�,� �-�O�H�)�,� �1�.�1�2� �(�s�,� �9�H�)�;� �1�3�C� �N�M�R� 

�(�C�C�I�3�D�)� �8� �1�3�2�.�5� �(�C�)�,� �1�3�2�.�4� �(�C�)�,� �1�9�.�2� �(�©�)�,� �1�3�5�.�6� �(�C�H�)�,� �1�3�5�.�5� �(�C�H�)�,� �1�3�0�.�2� �(�C�H�)�,� �1�3�0�.�1� �(�C�H�)�,� 

�1�2�7�.�9� �(�C�H�)�,� �1�2�7�.�8� �(�C�H�)�,� �9�7�.�2� �(�C�H�)�,� �7�7�.�2� �(�C�H�)�,� �6�6�.�1� �(�C�H�)�,� �6�8�.�6� �(�C�H�2�)�,� �2�6�.�8� �(�C�H�3�)�;� 
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�r�i�e�s� �I�T�I� �c�o�m�p�o�u�n�d� �l�e�a�d�i�n� �-�t�h�r�e�o�-�s�p�h�i�n�g�o�s�i�n� 

�(�2�R�,�3�R�,�4�E�)�-�2�-�A�z�i�d�o�-�4�-�o�c�t�a�d�e�c�e�n�-�1�,�3�-�d�i�o�l� �(�1�4�8�d�/�1�4�9�d�)�.� �T�o� �a� �f�l�a�m�e� �d�r�i�e�d� �r�b� �f�l�a�s�k� 

�u�n�d�e�r� �A�r� �w�a�s� �a�d�d�e�d� �n�-�t�e�t�r�a�d�e�c�y�l�t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�o�n�i�u�m� �b�r�o�m�i�d�e� �(�3�5�8�.�8� �m�g�,� �0�.�6�6�5� �m�m�o�l�,� �3�.�5�0� 

�e�q�u�i�v�)�.� �T�h�e� �p�h�o�s�p�h�o�n�i�u�m� �s�a�l�t� �w�a�s� �p�u�t� �u�n�d�e�r� �v�a�c�u�u�m� �(�0�.�0�7�5� �+� �0�.�0�2�5� �m�m� �H�g�)� �f�o�r� �1� �h� �a�n�d� 

�s�u�b�s�e�q�u�e�n�t�l�y� �f�l�o�o�d�e�d� �w�i�t�h� �A�r�.� �T�H�F� �(�2�.�5�0� �m�L�)� �w�a�s� �a�d�d�e�d�*� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �p�l�a�c�e�d� �i�n� �a�n� �i�c�e�-� 

�b�a�t�h�.� �A�f�t�e�r� �s�t�i�r�r�i�n�g� �f�o�r� �1�5� �m�i�n�,� �s�o�d�i�u�m� �a�m�y�l�a�t�e�t� �(�0�.�2�7� �M�,� �2�.�5� �m�L�,� �3�.�5� �e�q�u�i�v�)� �w�a�s� �a�d�d�e�d� 
�d�r�o�p�w�i�s�e� �o�v�e�r� �1�5� �s�e�c�.� �T�h�e� �s�o�l�u�t�i�o�n� �i�m�m�e�d�i�a�t�e�l�y� �b�e�c�a�m�e� �a�n� �o�r�a�n�g�e� �c�o�l�o�r�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �s�t�i�r�r�e�d� �f�o�r� 

�1�5� �m�i�n� �a�n�d� �t�h�e�n� �t�h�e� �i�c�e�-�b�a�t�h� �w�a�s� �r�e�m�o�v�e�d�.� �A�f�t�e�r� �3�0� �m�i�n� �a�t� �r�t� �t�h�e� �y�l�i�d�e� �s�o�l�u�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� �0� �°�C� 

�a�g�a�i�n�.� �T�h�e� �l�a�c�t�o�l� �(�7�2�.�9� �m�g�,� �0�.�1�9�0� �m�m�o�l�,� �1�.�0� �e�q�u�i�v�)� �i�n� �T�H�F� �(�1�.�5� �m�L�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �o�v�e�r� �1� 

�m�i�n�.� �A�f�t�e�r� �0�.�5� �h� �t�h�e� �i�c�e�-�b�a�t�h� �w�a�s� �r�e�m�o�v�e�d�.� �A�f�t�e�r� �1�.�5� �h�1�T� �o�f� �t�o�t�a�l� �r�e�a�c�t�i�o�n� �t�i�m�e� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� 
�c�o�o�l�e�d� �t�o� �-�5�5� �°�C� �a�n�d� �t�h�e�n� �q�u�e�n�c�h�e�d� �w�i�t�h� �s�a�t�u�r�a�t�e�d� �N�H�4�C�l� �(�1�0� �m�L�)�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �e�x�t�r�a�c�t�e�d� 

�w�i�t�h� �E�t�O�A�c� �(�X�3�)�,� �t�h�e� �o�r�g�a�n�i�c� �e�x�t�r�a�c�t�s� �w�e�r�e� �c�o�m�b�i�n�e�d�,� �d�r�i�e�d� �w�i�t�h� �M�g�S�Q�u�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �t�h�e� �v�o�l�a�t�i�l�e� 

�o�r�g�a�n�i�c�s� �r�e�m�o�v�e�d� �t�o� �y�i�e�l�d� �t�h�e� �c�r�u�d�e� �p�r�o�d�u�c�t� �a�s� �a� �v�i�s�c�o�u�s� �d�a�r�k� �o�i�l�.� �G�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�1�0�0�%� �h�e�x�a�n�e�s�  �� �h�e�x�a�n�e�s�/�E�t�O�A�c�,� �7�:�3�)� �p�r�o�v�i�d�e�d� �3�2� �m�g� �o�f� �i�m�p�u�r�e� �s�p�h�i�n�g�o�s�i�n�e� 

�a�d�d�u�c�t� �(�#�#�)�.� �F�u�r�t�h�e�r� �a�t�t�e�m�p�t�s� �a�t� �p�u�r�i�f�i�c�a�t�i�o�n� �w�e�r�e� �f�u�t�i�l�e�.� �T�h�i�s� �c�r�u�d�e� �p�r�o�d�u�c�t� �h�a�d� �T�H�F� �(�2�.�0� �m�L�)� 

�a�d�d�e�d� �t�o� �i�t� �f�o�l�l�o�w�e�d� �b�y� �n�-�B�u�N�F� �(�4�0� �m�g�)�.� �A�f�t�e�r� �5� �m�i�n� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �f�i�l�t�e�r�e�d� �a�n�d� �t�h�e� �T�H�F� 

�e�v�a�p�o�r�a�t�e�d� �t�o� �p�r�o�v�i�d�e� �a�n� �o�i�l�.� �C�o�l�u�m�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �o�f� �t�h�i�s� �o�i�l�,� �u�s�i�n�g� �g�r�a�d�i�e�n�t� �e�l�u�t�i�o�n� �(�1�0�0�%� 

�h�e�x�a�n�e�s�  �� �h�e�x�a�n�e�s�/�E�t�O�A�c�,� �7�:�3�)�,� �p�r�o�v�i�d�e�d� �8�.�3� �m�g� �(�0�.�0�2�5� �m�m�o�l�,� �1�3�%� �y�i�e�l�d�)� �o�f� �a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� 

�(�#�#�)�.� 

�*� �N�o�t�e�:� �T�h�e� �p�h�o�s�p�h�o�n�i�u�m� �s�a�l�t� �c�o�m�p�l�e�t�e�l�y� �d�i�s�s�o�l�v�e�s� �i�n� �t�h�e� �T�H�F�,� �b�u�t� �t�h�e� �s�o�l�u�t�i�o�n� �i�s� �n�o�t� �t�r�a�n�s�p�a�r�e�n�t�.� 

�+� �F�o�r� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �s�o�d�i�u�m� �a�m�y�l�a�t�e� �s�e�e�:� �R�.�P�.� �S�h�o�r�t�,� �B�.�C�.� �R�a�n�u�,� �J�.�M�.� �R�e�v�o�l� �a�n�d� �T�.� �H�u�d�l�i�c�k�y�,� �G�e�n�e�r�a�l� �M�e�t�h�o�d� �o�f� 

�S�y�n�t�h�e�s�i�s� �o�f� �C�y�c�l�o�p�e�n�t�a�n�o�i�d� �T�e�r�p�e�n�i�c� �A�c�i�d�s�.� �S�t�e�r�e�o�c�o�n�t�r�o�l�l�e�d� �T�o�t�a�l� �S�y�n�t�h�e�s�e�s� �o�f� �(�+�)�-�I�s�o�c�o�m�e�n�i�c� �A�c�i�d� �a�n�d� �(�+�)�-� 

�E�p�i�i�s�o�c�o�m�e�n�i�c� �A�c�i�d�,� �J�.� �O�r�g�.� �C�h�e�m�.�,� �4�8�,� �4�4�5�3�-�4�4�6�1� �(�1�9�8�3�)�.� 

�§� �Y�o�u� �m�u�s�t� �h�e�a�t� �t�h�e� �s�o�d�i�u�m� �a�m�y�l�a�t�e� �t�o� �=� �6�5�-�7�0� �°�C�,� �t�h�e�n� �r�e�m�o�v�e� �i�t� �v�i�a� �s�y�r�i�n�g�e�,� �a�n�d� �a�d�d� �i�t� �q�u�i�c�k�l�y� �t�o� �t�h�e� �c�o�o�l�e�d� 

�s�o�l�u�t�i�o�n� �o�f� �t�h�e� �p�h�o�s�p�h�o�n�i�u�m� �s�a�l�t�.� �I�f� �t�h�e� �s�y�r�i�n�g�e� �c�o�o�l�s� �t�o� �r�t� �t�h�e� �a�m�y�l�a�t�e� �w�i�l�l� �c�r�a�s�h� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �a�n�d� �j�a�m�n� �t�h�e� 

�s�y�r�i�n�g�e�.� 

�+�+� �N�o�t�e�:� �A�f�t�e�r� �1�5� �m�i�n� �(�4�5� �m�i�n� �t�o�t�a�l� �r�e�a�c�t�i�o�n� �t�i�m�e�)� �a�t� �r�t� �t�h�e� �s�o�l�u�t�i�o�n� �t�u�r�e�d� �a� �n�o�n� �t�r�a�n�s�l�u�c�e�n�t� �b�r�o�w�n� �c�o�l�o�r�.� 

�(�2�R�,�3�R�,�4�Z� �&� �4�E�)�-�2�-�A�z�i�d�o�-�3�-�t�e�r�t�-�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�y�l�o�x�y�-�4�-�o�c�t�a�d�e�c�e�n�-�1�,�3�-�d�i�o�l� 

�(�1�5�9�d�)�.� �T�h�e� �'�H� �N�M�R� �o�f� �t�h�e� �i�m�p�u�r�e� �s�i�l�y�l�o�x�y� �a�z�i�d�o�s�p�h�i�n�g�o�s�i�n�e� �i�n�d�i�c�a�t�e�s� �a� �9�:�1� �c�i�s�/�t�r�a�n�s� �r�a�t�i�o� �o�f� 

�g�e�o�m�e�t�r�i�c� �i�s�o�m�e�r�s�.� �N�o�t�e�:� �W�h�e�n� �t�h�e� �r�e�a�c�t�i�o�n� �i�s� �r�u�n� �a�t� �r�t� �a� �6�:�4� �c�i�s�/�t�r�a�n�s� �r�a�t�i�o� �i�s� �o�b�s�e�r�v�e�d�.� �O�n�e� 

�p�r�o�t�o�n� �w�i�l�l� �b�e� �d�e�f�i�n�e�d� �a�s� �t�h�e� �s�u�m� �o�f� �e�q�u�i�v�a�l�e�n�t� �c�i�s� �a�n�d� �t�r�a�n�s� �p�r�o�t�o�n� �i�n�t�e�g�r�a�t�i�o�n� �a�r�e�a�s�.� �T�h�e� �m�a�j�o�r� 

�i�m�p�u�r�i�t�y� �i�s� �t�e�r�t�-�b�u�t�y�l�d�i�p�h�e�n�y�l�s�i�l�a�n�o�l�.� �1�H� �N�M�R� �(�C�D�C�l�s�3�)� �6� �7�.�6�7� �(�m�,� �4�H�)�,�7�.�4�2� �(�m�,� �6�H�)�,� �5�.�7�2� �(�m�,� 

�0�.�1�H�,�t�r�a�n�s�)�,� �5�.�5�5� �(�d�t�,� �J�=� �7�.�3�,� �1�1�.�0� �H�z�,� �0�.�9�H�,�c�i�s�)�,� �5�.�3�8� �(�m�,� �1�H�)�,� �4�.�4�3� �(�p�e�n�t�e�t�,� �J�=� �4�.�8� �a�v�e�.�,� 

�0�.�9�H�,� �c�i�s�)�,� �4�.�1�3� �(�q�,� �J�=� �5�.�6� �H�z�,� �0�.�1�H�,� �t�r�a�n�s�)�,� �3�.�8� �(�m�,� �4�H�)�,� �3�.�4�2� �(�m�,� �2�H�)�,� �1�.�9�9� �(�m�,� �2�H�)�,� �1�.�2�6� �(�s�,� 

�2�2�H�)�,� �0�.�8�9� �(�t�,� �J�=� �6�.�9� �H�z�,� �3�H�)�.� 
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�(�2�R�,�3�R�,�4�Z�)�-�2�-�A�z�i�d�o�-�4�-�o�c�t�a�d�e�c�e�n�-�1�,�3�-�d�i�o�l� �(�1�4�8�d�)�.� �T�h�e� �c�i�s� �i�s�o�m�e�r� �w�a�s� �p�r�o�d�u�c�e�d� �i�n� �1�2�.�0� 

�%� �y�i�e�l�d�.� �R�f�=� �0�;� �1�H� �N�M�R� �(�C�D�C�1�I�3�)� �8� �5�.�6�6� �(�d�t�m�,� �J�=� �7�.�7�,� �1�1�.�0� �H�z�,� �1�H�)�,� �5�.�4�6� �(�d�d�t�,� �J�=� �1�.�5�,� 

�1�0�.�8�,� �1�0�.�8� �H�z�,� �1�H�)�,� �4�.�5�2� �(�m�,� �1�H�)�,� �3�.�8�1� �(�m�,� �1�H�)�,� �3�.�6�7� �(�m�,� �1�H�)�,� �3�.�4�6� �(�d�d�d�,� �J�=� �4�.�1�,� �6�.�4�,� �6�.�4� �H�z�,� 

�1�H�)�,� �2�.�0�8� �(�m�,� �2�H�)�,� �1�.�9�0� �(�m�,� �2�H�)�,� �1�.�2�4� �(�s�,� �>�2�0�H�)�,� �0�.�9�0� �(�t�,� �J�=� �7�.�0� �H�z�,� �1�H�)�.� 
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�V�I�.� �S�E�L�E�C�T�E�D� �S�E�C�T�R�A� 

�O�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�g�e�s� �s�e�l�e�c�t�e�d� �s�p�e�c�t�r�a� �a�r�e� �p�r�o�v�i�d�e�d�.� 
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