
STUDIES ON THE BIOSYNTHESIS OF PODOPHYLLOTOXIN: 

Synthesis of Labelled Yatein and Matairesinol, 

Two Potential Precursors of Podophyllotoxin 

by 

Kurt Alan Neidigh 

Thesis submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

MASTER OF SCIENCE 

Chemistry 

  
APPROVED: \ duc] ora [ 

D.G.I. Kingston, Chairman — 

    

February 1992 

Blacksburg, Virginia



bb ss 
c
s
)
 

SS 
S
M
 

BR S
e
 

J
a
x
 
x
e
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Two Potential Precursors of Podophyllotoxin 

by 

Kurt A. Neidigh 

Dr. David G.I. Kingston, Chairman 

Department of Chemistry 

(ABSTRACT) 

Podophyllotoxin, a naturally occurring lignan isolated from several species of 

Podophyllum, is used as a precursor to the clinical chemotherapeutic agents teniposide and 

etoposide. The biosynthesis of podophyllotoxin is not fully understood, but its optical 

activity, like that of most lignans, is suggestive of enzyme-mediated processes. 

It has been proposed that the formation of podophyllotoxin begins with stereo- 

controlled coupling of a hydroxy cinnamy]l alcohol derivative and a substituted hydroxy 

Cinnamic acid, although no "coupling" enzyme has been isolated to date. Further 

biosynthetic modifications of the coupled compound could lead to matairesinol and/or 

yatein, which have been proposed as potential biological precursors of podophyllotoxin. 

Although no firm evidence has been obtained to date, conversion of matairesinol to yatein 

has been postulated. This conversion would, however, involve biosynthetic steps which, 

though common for hydroxycinnamates, are unprecedented at the dimeric level. 

Conversion of yatein to podophyllotoxin has been demonstrated, with the conversion 

involving a stereo-controlled cyclization and subsequent stereospecific hydroxylation. 

In order to investigate the biosynthesis of podophyllotoxin, leading from the 

postulated precursors matairesinol and yatein, a series of stereospecific deuterium-labelled



matairesinol and yatein derivatives was proposed and the synthetic methodology for each 

compound developed. The methodology used to obtain deuterium-labelled compounds can 

be extended to generating tritium-labelled compounds as well. 

With sufficient quantities of a number of the deuterium-labelled compounds, 

feeding studies can now be carried out in Podophyllum plants. Isolation and analysis of 

podophyllotoxin, from plants fed with labelled yatein, will allow determination of the 

stereochemical nature of yatein cyclization. Isolation and analysis of yatein, from plants 

fed with labelled matairesinol, will indicate whether matairesinol is indeed a precursor to 

yatein (and, hence, podophyllotoxin). The information obtained from the synthesis and 

incorporation of such labelled compounds should then provide a clearer understanding of 

some interesting but, as yet, unestablished biotransformations.
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I. INTRODUCTION 

I.1 Historical 

Driven by hunger, disease, or climatic changes, prehistoric people tended to be 

nomadic, and during the course of their wanderings, these people probably ingested nearly 

every form of vegetation they found. Undoubtedly, they learned that certain plants 

provided nourishment, while some, instead of being nourishing, produced sickness, pain, 

or even death. They also found that other plants gave strength and alleviated disease or 

illness. Gradually, people learned not only to cultivate plants for food, but also for use as 

poisons, as well as for the prevention and treatment of a wide variety of ailments.! 

| Until fairly recently, plant materials or plant extracts -- folk remedies, as they are 

commonly known -- were used with little understanding of the basis for their action. It has 

only been within the last three centuries that serious scientific study of natural products has 

been carried out. With the birth of pharmacognosy (the branch of pharmacy dealing with 

biologically active compounds from plant sources) in the early 1800s, and the advances in 

organic chemistry between the mid-1700s and the turn of this century, it was discovered 

that the activity of traditional medicinally useful plants could be attributed most often to a 

single compound or series of related compounds.! Instead of crude plant preparations, the 

purified active compound(s) gradually became more popular, and presently purified 

compounds are nearly exclusively used in the treatment of illnesses. 

One of the most active areas of research during the past 50 years has been that of 

cancer chemotherapy, involving either the synthesis of potential chemotherapeutic agents, 

the isolation of similarly active compounds from natural sources, or a combination of both, 

i.e. utilizing plant-derived products as starting materials in the semi-synthesis of potential 

agents.* Because prospective anticancer drugs may exhibit undesirable side effects, they



must pass through a rigorous testing period. Out of thousands of test compounds only one 

may be found to satisfy the strict testing criteria and be allowed to be marketed as a 

clinically useful anticancer agent. Thus, of the large number of potential compounds 

isolated from plant sources and shown to have promising activities in tissue and animal 

trials, only a relative few have proven to be clinically useful and have become established 

chemotherapeutic agents. Among the most successful compounds used to date are the 

Vinca alkaloids obtained from Catharanthus roseus. Vincristine (1) has particular 

effectiveness in the treatment of childhood leukemia, and in allowing short-term remission 

of reticulum-cell sarcoma and Hodgkin's disease.2,3_ Vinblastine (2) is useful in the 

treatment of generalized Hodgkin's disease, lymphocytic lymphoma, advanced testicular 

carcinoma, and Kaposi’s sarcoma.? Vindesine (3),.a semi-synthetic derivative of 

vinblastine, has also shown promise as a chemotherapeutic agent, especially for use in 

patients who have become resistant to vincristine (1) and vinblastine (2).3 

Another class of plant natural products, the lignans, has shown high potential as a 

source of anticancer agents as well. Such naturally occurring lignans as colchicine (4), 

isolated from Colchicum autumnale, and podophyllotoxin (5) and its derivatives, from 

several species of Podophyllum, have been found to exhibit profound cytotoxic properties. 

Two semi-synthetic derivatives of podophyllotoxin, teniposide (6) and etoposide (7), are 

currently the preferred chemotherapeutic agents in the treatment of small cell lung 

carcinoma, and have shown activity against Hodgkin's disease and other malignant 

lymphomas, pediatric leukemias, and a variety of other types of cancer.
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I.2 Lignans 

Lignans are a class of natural products which are widely distributed among the 

higher species of the plant kingdom. By definition, lignans are composed of two 

phenylpropanoid units, stereospecifically linked at the side chain B-carbon atoms (8).4 

Phenylpropanoid natural products with dimeric linkages other than the B-B type comprise 

the class of compounds known as neolignans (see 9, for example). 
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It has been shown that lignans and neolignans are produced by the coupling of 

para-hydroxy phenylpropane monomers, e.g. para-hydroxycinnamy] alcohol derivatives, 

through a phenolic oxidative coupling mechanism (Figure 1).5 Because lignans and 

neolignans are generally optically active, it has been suggested that their biosynthesis is 

enzyme-mediated,® although to date, no coupling enzyme has been isolated. 

Structurally, the lignans are quite varied, and can be classified into several main 

groups, all having the same carbon skeleton (8), but differing in the chemical bonding 

patterns of the phenylpropanoid monomers, the number and nature of aromatic 

substituents, and in oxidation state. These groups include diarylbutanes, e.g. 

isolariciresinol (10) and phyllanthin (11); tetrahydrofuran derivatives, e.g. liovil (12) and 

lariciresinol (13); bistetrahydrofurans, e.g. epipinoresinol (14) and phillyrin (15);



diarylbutyrolactones, e.g. matairesinol (16), arctiin (17), and yatein (18); aryltetralines, 

e.g. podophyllotoxin (5); and cyclooctadienes, e.g. stegnanone (19) (Figure 2). 

G6 Qs 
R =CH,OH_ R'=H 

= CHO = OH 

= CO)H = OCH, lignan 

Figure 1: Generalized phenolic oxidative coupling scheme 

Lignans have been isolated from the bark, leaves, stems, roots, and rhizomes of 

many plants. By 1978, more than 200 of these natural products had been isolated, 

characterized, and their syntheses developed, and since that time many more have been 

discovered.’? While their exact function in plants is not fully understood, it has been 

proposed that plants accumulate lignans because of their ability to serve as antibacterial and 

antifungal agents, as well as insect antagonists. Their high capacity as chemical deterrents 

is due to the fact that lignans often exhibit a range of physiological effects, including 

antiviral, antimitotic, and cytotoxic activities.8 In light of their biological activity, it is not 

surprising that folk medicines employing crude lignan preparations have been known and 

used for thousands of years by different cultures, for the treatment of a wide variety of 

ailments. In fact, the plant Phyllanthus niruri L. is well known for its liver-protecting 

properties, and has been used since ancient times in India. Modern analysis and testing of
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Figure 2: General lignan types



the plant's chemical constituents shows that the antihepatotoxic activity of the plant can be 

attributed, in large part, to lignans.? The meadow saffron, Colchicum autumnale, is rich in 

colchicine (4), which, long before knowledge of its antitumor activity, was the drug of 

choice in relieving acute gout, with its use dating back to the time of Alexander of Thalles, 

circa 550 A.D.!0 An early English medical text from circa 900 to 950 A.D., the Leech 

Book of BALD, records the use of wild chervil root in the treatment of cancer (chervil 

contains desoxypodophyllotoxin (20), a compound now known to display antitumor 

activity). !1 
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desoxypodophyllotoxin 20



I.3 Podophyllum Lignans 

When European settlers first arrived in North America, they found that the native 

people employed a variety of plant-derived remedies in the treatment of many types of 

diseases and illnesses.! Because supplies of medicine were often difficult to obtain from 

Europe, the settlers began relying on these native remedies to treat their own ailments. 

Several of these remedies, the conditions warranting their use, and the more recently 

determined active component(s) or more current uses, are given in Table 1. 

One of the native North American remedies was derived from the roots and 

rhizomes of the plant Podophyllum peltatum, which is closely related to the species P. 

hexandrum, common to the Himalayan region of Asia, and also used by the natives of that 

region.!2.13 P. peltarum is an herbaceous perennial known commonly as the "May apple" 

or "American mandrake”, and is indigenous to the United States and Canada, growing in 

the oak-hickory forests of eastern North America from Quebec to Florida , and westward to 

Minnesota and Texas. P. peltatum plants typically appear in mid-April and grow through 

early October, and are characterized by a pair of multidentate leaves, a solitary white flower 

which appears in May, and a single fleshy, apple-like fruit containing a large number of 

seeds, maturing in July. The American Indians knew well the properties of the dried roots 

and rhizomes as a purgative (laxative), emetic (vomiting agent), anthelmintic (intestinal 

worm preventive), and as a deadly poison. This knowledge was passed on to the early 

settlers, who used the material extensively as a purgative, emetic, and cholagogue (an agent 

which enhances the flow of bile to the intestine). The alcohol extract of the roots and 

rhizomes, known as podophyllin, in addition to the properties mentioned above, was also 

found to be a good topical agent for treating fungal growths, and in the mid 1800s, it was



even suggested that its topical efficacy might prove useful in the treatment of cancerous 

growths. 13 

With the advent of pharmacognosy and the development of synthetic organic 

techniques came the knowledge that the activity of medicinally useful plants could be 

attributed to one compound or a series of related compounds, and that these active 

compounds could be synthesized and used instead of crude plant preparations. Thus, in 

general, "synthetic" medicines gradually grew in popularity, and by about 1900 they had 

virtually replaced traditional folk remedies.! The use of podophyllin, in particular, likewise 

declined, in response to other milder and more effective laxative and emetic agents on the 

market. However, in 1942, Kaplan}4 reported that the topical application of podophyllin in 

the treatment of condyloma acuminatum, a type of venereal wart, produced very 

satisfactory clinical results. Several years later, King and Sullivan!5 reported that 

podophyllin produced pronounced cytological changes in normal rabbit and human skin; 

and the following year, Belkin!6 and Hartwell and Shear!’ published the first reports that 

podophyllin exerted a strong destructive effect on experimental animal cancer cells. These 

reports initiated a renewed medical interest in podophyllin because of its apparent 

antimitotic activity, and during the next few years, it became well established that 

podophyllin indeed caused mitotic arrest and cell damage.!3 Investigations of the chemical 

composition of podophyllin during the late 1940s and early 1950s showed the compound 

podophyllotoxin (5) to be the main active constituent, with several other related aryltetralin 

compounds and their glycosides showing varying cytotoxic activities.18-24 These 

Podophyllum lignans are all characterized by a central tetrahydronaphthalene moiety, with 

an aromatic methylenedioxy group, a highly strained trans-y-butyrolactone system, and a 

pendant tri-substituted aromatic ring. They can be classified into two primary groups: 

compounds having a trimethoxy substitution pattern on the pendant aromatic ring, 

10



Table 1 

Pl r pl Ti 

Strips of willow bark or 
willow roots 

Stoneseed (a common weed) 

Jimsonweed 

Cherry tree root 
Blackberry root 
Horsetail weed 

Swamp root 
Juniper tree twigs 

: Native American remedies* 

n ndition 

Fever; headache; sore 
throat 

Birth control 

Asthma; cholera; epilepsy 

Diarrhea 

Upset stomach 

* Adapted from reference 1. 

11 

Active compound(s) 
or current 

tic usa 

Salicylic acid (the 
“parent” compound 
of acetyl salicylic 
acid, the active com- 
pound in aspirin) 

Estrogens (hormonal 
components found 
in modern female 
contraceptives) 

Atropine (vaso- 
dilator, anti- 
spasmotic, 
anesthetic, and 
mydriatic) 

Antidiarrheal 

Diuretic



e.g. podophyllotoxin (5) and its derivatives -- this group generally predominates in 

Podophyllum species; and compounds having a dimethoxyhydroxy substitution pattern, 

e.g. the 4'-demethy] series. 

CH,07 A “OCH, CH,0~ A ~OCH, 
OCH, OH 

Substitution pattern of pendant aromatic rings, giving rise to 

classification of Podophylium aryltetralin lignans 

The lignan content of the roots/rhizomes of P. peltatum, and the related Asian species P. 

hexandrum and P. pleianthum, is summarized in Table 2. As the data indicate, there is a 

significant difference in the relative proportions of the lignans within the three species. All 

three Podophyllum species produce the same lignans, however P. peltatum contains 

roughly the same proportions of podophyllotoxin (5), o-peltatin (23), and B-peltatin (24), 

while the Asian species contain very low or negligible levels of 23 and 24 but relatively 

high levels of podophyllotoxin (5) and 4'-demethylpodophyllotoxin (21).25 

12



Table 2: Aryltetralin lignan content of Podophyllum species” 

  

/ 10g dried hi ial 

_Lignan P._peltatum P. hexandrum __P. pleianthum 

Podophyllotoxin § 75 128 13.5 
Desoxypodophyllotoxin 20 0.7 0.5 1.0 
4'-Demethylpodophyllotoxin 21 0.2 13.5 4.1 
4'-Demethyldesoxy- 

podophyllotoxin 22 0.2 0.3 0.3 
a-Peltatin 23 7.5 0.2 ---- 
B-Peltatin 24 10.0 0.3 ---- 
Podophyllotoxone 25 0.6 1.7 3.7 
4'-Demethylpodophyllo- 

toxone 26 0.2 0.4 1.3 
Isopicropodophyllone 27 0.2 1.0 2.0 
4'-Demethylisopicro- 

podophyllone 28 0.1 0.2 0.5 

*Data from reference 25. 

OH 
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R,; = H, R2 = OH 

R; = Me, R2 = OH 
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I.4 Podophyllotoxin 

1.4.1 Mode of Action 

It has been shown26.27.28 that podophyllotoxin (5) acts as a classic mitotic spindle 

poison, producing metaphase arrest during cell division (Figure 3). Specifically, 

podophyllotoxin (5) "binds competitively to the microtubule protein, tubulin, and interferes 

with the assembly of microtubules in the mitotic apparatus to arrest cells in metaphase." 26 

yt wal ys La 

abr 
c. prophase d. metaphase 
       

e. late metaphase f. anaphase g. telophase h. late telophase 

Figure 3: The stages of cell division 

Tubulin has a molecular weight of approximately 110,000 daltons, consisting of 

two subunits, designated a- and B-tubulin, of roughly 55,000 daltons, which can assemble 

in a very intricate fashion, under proper conditions, to form microtubules. Microtubules 

are long, cylindrical "polymers" about 240 Angstroms in diameter, and have been 

implicated in a number of cellular processes, such as motility, mitosis, and movement of 

surface receptors. It has been shown2? that microtubules at steady state "preferentially 

14



assemble tubulin at one end of the microtubule and preferentially disassemble tubulin at the 

opposite end" !! -- a process commonly referred to as "treadmilling" (see Figure 4). 

Microtubule 

      

Tubulin Diner 

®o— eo et 
“ 6 

Figure 4: Schematic of microtubule assembly-disassembly equilibrium 

Podophyllotoxin (5) inhibits microtubule formation by adding to the tubulin dimer, 

preventing further assembly into microtubules, but it does not inhibit the disassembly 

process occurring at the opposite end.!! In this regard, podophyllotoxin (5) is similar in 

its mode of action to the Vinca alkaloids, vincristine (1) and vinblastine (2), as well as 

colchicine (4). Indeed it has been found that podophyllotoxin and colchicine have nearly 

the same binding site on tubulin.30.31 The presence of a trimethoxyphenyl group in both 

compounds suggests a common role in tubulin binding, however podophyllotoxin (5) 

binds about ten times as rapidly as colchicine (4). Unlike colchicine (4), which does not 

bind appreciably to tubulin at 0° C, podophyllotoxin (5) binds readily at this temperature, 

and its binding is known to be freely reversible.!9 

15



1.4.ii Teniposide and Etoposide 

Despite its initial promise as a potent chemotherapeutic agent, due to its high 

antimitotic activity, podophyllotoxin (5) was found during clinical studies to have severe 

toxic side effects, virtually eliminating its usefulness in treating human neoplasms. In an 

attempt to produce less toxic but equally (or more) effective podophyllotoxin analogs, the 

design and synthesis of new derivatives was initiated in the 1960s. In the early 1970s, 

Stahelin32,33 reported that two semi-synthetic derivatives of podophyllotoxin, VM26 and 

VP16-213, known as teniposide (6) and etoposide (7), respectively, showed potential 

antitumor activity, with significantly less severe side effects. These compounds both differ 

from podophyllotoxin in having a 4'-hydroxy group rather than a 4'-methoxy group on the 

pendant aromatic ring; and having, in the case of teniposide (6), a B-linkage to the pendant 

O-thenylidene-B-D-glucopyranoside; and, in the case of etoposide (7), a B-linkage to the 

pendant O-ethylidene-B-D-glucopyranoside. Both compounds passed through all stages of 

clinical trials in the 1970s and 1980s, and have since been marketed for use as 

chemotherapeutic agents. Etoposide, marketed under the name Vepesid, has been reported 

to be the more potent agent, however both drugs appear to be effective in the treatment of 

several types of cancer (Table 3).34 

Unlike podophyllotoxin (5), teniposide (6) and etoposide (7) show no effect on the 

assembly of microtubules, indicating their mode of action is different from that of 

podophyllotoxin (5).!! Experiments have indicated that the C and D rings of 

podophyllotoxin (5) are necessary for interaction with tubulin,!! and further, that the 

highly strained trans-fused butyrolactone system is essential for its antitumor activity -- 

activity is negligible in the cis-fused lactone, picropodophyllotoxin (29).2 Additionally, in 

experiments with 4'-demethyl podophyllotoxin derivatives, namely, 4'- 

16



demethylpodophyllotoxin (21), 4'-demethyldesoxypodophyllotoxin (22), and a-peltatin 

(23), it was found that these compounds differ from podophyllotoxin (5) in their mode of 

action. Instead of binding to tubulin, these compounds exhibit their cytotoxic activity by 

  

OCH, 

podophyllotoxin 5 

inhibiting the enzyme DNA topoisomerase II,!! which is responsible for repairing DNA 

Strand breakage and "knotting". Similarly, teniposide (6) and etoposide (7) have been 

shown to exert their cytotoxic activities by inhibition of DNA topoisomerase II, inducing 

single- and double-strand breaks in DNA.36 Their mode of action can be partially 

explained by their structural similarity to the 4'-demethyl series, and partially by the fact 

that NMR analysis has shown that the glucopyranoside moiety occupies a position over the 

lactone ring, and could be responsible for sterically blocking any interaction of the drug 

with tubulin.!! The question of whether cells could metabolize teniposide (6) or etoposide 

(7) to the corresponding aglycone, i.e. 4'-demethyl epipodophyllotoxin (30), which could 

then act as a microtubule poison or as a DNA topoisomerase II inhibitor, was answered in 

human metabolism studies37.38 using etoposide (7), in which it was shown that the 

17



Table 3: Clinical effectiveness of Etoposide and Teniposide* 

Etoposide (VP16-215) 

is one of the most active single agents 
in small cell lung cancer, with a 40% 
single agent response rate in clinical 
trials, and a 6% complete response rate 

is active against Hodgkin's disease and 
other malignant lymphomas 

has some activity against some types of 
acute adult leukemia, with good 
response rates 

is useful in the treatment of pediatric 
leukemias 

has some effect on breast cancer, with a 
17% partial response rate for heavily 
pretreated patients 

has shown good activity against testicular 
cancer, with up to 46% response rate 

is fairly active against Kaposi's sarcoma, 
associated with AIDS -- in fact, the most 
active single agent tested to date 

Teniposide_(VM26) 

is similar to etoposide in its 
efficacy and has had a 28% response 
rate in clinical trials, and an 8% 
complete response rate in one trial 

is also active against Hodgkin's 
disease and other malignant 
lymphomas 

is also useful in the treatment of 
pediatric leukemias 

has some activity in brain tumors, 
with responses in up to 35% of 
cases 

* Adapted from references 34 and 35. 
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�i�n�f�i�l�t�r�a�t�i�o�n�.�6�2�,�6�3� �U�n�l�i�k�e� �l�i�g�n�i�n�,� �w�h�i�c�h� �i�s� �r�a�c�e�m�i�c� �d�u�e� �t�o� �t�h�e� �n�a�t�u�r�e� �o�f� �i�t�s� �p�r�o�p�o�s�e�d� 

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

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

�t�h�e�s�e� �m�o�n�o�m�e�r�s� �a�r�e� �s�e�g�r�e�g�a�t�e�d� �b�e�t�w�e�e�n� �l�i�g�n�i�n� �a�n�d� �l�i�g�n�a�n� �b�i�o�s�y�n�t�h�e�s�i�s� �i�s� �n�o�t� �k�n�o�w�n�.� 

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

�p�a�t�h�w�a�y�s� �l�e�a�d�i�n�g� �f�r�o�m� �p�h�e�n�y�l�a�l�a�n�i�n�e� �(�3�1�)�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.� �I�n�i�t�i�a�l�l�y�,� �a�m�m�o�n�i�a� 

�i�s� �e�l�i�m�i�n�a�t�e�d� �f�r�o�m� �p�h�e�n�y�l�a�l�a�n�i�n�e� �(�3�1�)�,� �i�n�v�o�l�v�i�n�g� �t�h�e� �e�n�z�y�m�e� �L�-�p�h�e�n�y�l�a�l�a�n�i�n�e� �a�m�m�o�n�i�a� 

�l�y�a�s�e� �(�P�A�L�)�,� �g�i�v�i�n�g� �c�i�n�n�a�m�i�c� �a�c�i�d� �(�3�2�)�.� �p�-�C�o�u�m�a�r�i�c� �a�c�i�d� �(�3�3�)� �i�s� �t�h�e�n� �f�o�r�m�e�d� �f�r�o�m� 

�c�i�n�n�a�m�i�c� �a�c�i�d� �(�3�2�)� �v�i�a� �a�n� �o�x�i�d�a�t�i�o�n� �i�n�v�o�l�v�i�n�g� �t�h�e� �s�o�-�c�a�l�l�e�d� �N�I�H� �s�h�i�f�t�.� �A�n�o�t�h�e�r� 

�h�y�d�r�o�x�y�l�a�t�i�o�n� �g�i�v�e�s� �c�a�f�f�e�i�c� �a�c�i�d� �(�3�4�)�,� �w�h�i�c�h� �c�a�n� �t�h�e�n� �b�e� �O�-�m�e�t�h�y�l�a�t�e�d� �a�t� �t�h�e� �3�-�p�o�s�i�t�i�o�n� 

�g�i�v�i�n�g� �f�e�r�u�l�i�c� �a�c�i�d� �(�3�5�)�.� �F�e�r�u�l�i�c� �a�c�i�d� �(�3�5�)� �c�a�n� �b�e� �c�o�n�v�e�r�t�e�d� �t�o� �3�,�4�-�m�e�t�h�y�l�e�n�e�d�i�o�x�y�-� 
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�c�i�n�n�a�m�i�c� �a�c�i�d� �(�3�6�)� �o�r� �u�n�d�e�r�g�o� �a�n�o�t�h�e�r� �h�y�d�r�o�x�y�l�a�t�i�o�n� �g�i�v�i�n�g� �s�i�n�a�p�i�c� �a�c�i�d� �(�3�7�)�,� �w�h�i�c�h� �c�a�n� 

�l�e�a�d� �t�o� �t�h�e� �O�-�m�e�t�h�y�l�a�t�e�d� �p�r�o�d�u�c�t�s�,� �s�y�r�i�n�g�i�c� �a�c�i�d� �(�3�8�)� �a�n�d� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�c�i�n�n�a�m�i�c� �a�c�i�d� 

�(�3�9�)�.�6�4� 

�O�n�e� �o�f� �t�h�e� �e�a�r�l�i�e�s�t� �e�x�p�e�r�i�m�e�n�t�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �b�i�o�s�y�n�t�h�e�s�i�s� �o�f� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� 

�w�a�s� �p�u�b�l�i�s�h�e�d� �i�n� �t�h�e� �l�a�t�e� �1�9�6�0�s�.�6�5� �I�t� �w�a�s� �r�e�p�o�r�t�e�d� �t�h�a�t� �[�U�-�!�4�C�]�-�L�-�p�h�e�n�y�l�a�l�a�n�i�n�e� �(�3�1�)� �w�a�s� 

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

�i�n�t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �(�w�i�c�k�-�f�e�e�d�i�n�g� �i�s� �a� �c�o�m�m�o�n�l�y� �u�s�e�d� �t�e�c�h�n�i�q�u�e� �i�n� �w�h�i�c�h� �a� �w�i�c�k� �i�s� 

�t�h�r�e�a�d�e�d� �t�h�r�o�u�g�h� �t�h�e� �p�l�a�n�t� �s�t�e�m� �a�n�d� �d�i�p�p�e�d� �i�n�t�o� �a�n� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �c�o�n�t�a�i�n�i�n�g� �t�h�e� 
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�s�y�r�i�n�g�i�c� �a�c�i�d� �3�8� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y� �c�i�n�n�a�m�i�c� �a�c�i�d� �3�9� 
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�p�r�e�c�u�r�s�o�r�)�.� �S�u�b�s�e�q�u�e�n�t� �i�s�o�l�a�t�i�o�n� �o�f� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �f�r�o�m� �t�h�e� �p�l�a�n�t�s� �s�h�o�w�e�d� �t�h�a�t� 

�p�h�e�n�y�l�a�l�a�n�i�n�e� �(�3�1�)� �i�s� �i�n�d�e�e�d� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �a�t� �a� �l�e�v�e�l� �o�f� �1�.�4�%� 

�(�A�c�c�e�p�t�a�b�l�e� �i�n�c�o�r�p�o�r�a�t�i�o�n�s� �i�n� �p�l�a�n�t�s� �a�r�e� �o�f�t�e�n� �b�e�l�o�w� �1�%�,� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t�:� �(�1�)� �p�r�e�c�u�r�s�o�r�s� 

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

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

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

�p�l�a�n�t� �i�s� �a�b�l�e� �t�o� �a�b�s�o�r�b� �t�h�e� �p�r�e�c�u�r�s�o�r� �a�n�d�/�o�r� �t�r�a�n�s�p�o�r�t� �i�t� �t�o� �t�h�e� �s�i�t�e�(�s�)� �w�h�e�r�e� �t�h�e� 

�b�i�o�t�r�a�n�s�f�o�r�m�a�t�i�o�n�(�s�)� �c�a�n� �t�a�k�e� �p�l�a�c�e�.�©�)�.� �A� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �i�n� 

�1�9�8�1�,�6�6� �i�n� �w�h�i�c�h� �D�L�-�[�B�-�1�4�C�]�-�p�h�e�n�y�l�a�l�a�n�i�n�e� �(�3�1�)� �w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d� �t�o� �P�o�d�o�p�h�y�l�l�u�m� 

�p�l�a�n�t�s�.� �F�o�l�l�o�w�i�n�g� �i�s�o�l�a�t�i�o�n� �a�n�d� �o�x�i�d�a�t�i�v�e� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �i�t� �w�a�s� 

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

�(�s�e�e� �F�i�g�u�r�e� �7�)�.� 

�S�t�o�c�k�i�g�t� �a�n�d� �K�l�i�s�c�h�i�e�s� �h�a�d� �p�r�e�v�i�o�u�s�l�y� �d�e�m�o�n�s�t�r�a�t�e�d�® �� �t�h�a�t� �t�h�e� �l�i�g�n�a�n� �g�l�u�c�o�s�i�d�e�s�,� 

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

�B�y� �f�e�e�d�i�n�g� �3�,�4�-�[�4�-�O�C�H�2�>�H�]�-�d�i�m�e�t�h�o�x�y�c�i�n�n�a�m�i�c� �a�c�i�d� �(�3�6�)�,� �[�B�-�!�4�C�,� �-�O�C�H�2�3�H�]�-� 

�g�l�u�c�o�f�e�r�u�l�i�c� �a�c�i�d� �(�4�0�)�,� �[�B�-�1�4�C�,� �-�O�C�H�2�3�H�]�-�c�o�n�i�f�e�r�y�l� �a�l�d�e�h�y�d�e� �(�4�1�)�,� �a�n�d� �[�B�-�!�4�C�,� �-� 

�O�C�H�?�2�3�H�]�-�c�o�n�i�f�e�r�i�n� �(�4�2�)� �t�o� �F�o�r�s�y�t�h�i�a� �p�l�a�n�t�s�,� �t�h�e� �a�u�t�h�o�r�s� �w�e�r�e� �a�b�l�e� �t�o� �e�s�t�a�b�l�i�s�h� �t�h�a�t� �3�6� 

�w�a�s� �n�o�t� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �l�i�g�n�a�n�s� �1�7� �o�r� �1�5�,� �h�o�w�e�v�e�r�,� �p�r�e�c�u�r�s�o�r�s� �4�0�,� �4�1�,� �a�n�d� �4�2� �w�e�r�e� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�o�r�p�o�r�a�t�e�d�,� �w�i�t�h� �n�o� �a�p�p�r�e�c�i�a�b�l�e� �c�h�a�n�g�e� �i�n� �t�h�e�i�r� �3�H�/� �1�4�C� �r�a�t�i�o�s� �(�s�e�e� �F�i�g�u�r�e� 

�8� �a�n�d� �T�a�b�l�e� �6�)�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �4�-�h�y�d�r�o�x�y�l� �g�r�o�u�p�,� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �c�l�e�a�v�a�g�e� �o�f� �t�h�e� 

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

�I�n� �1�9�8�4� �J�a�c�k�s�o�n� �a�n�d� �D�e�w�i�c�k�®� �r�e�p�o�r�t�e�d� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e�i�r� �e�x�p�e�r�i�m�e�n�t�s� �t�o� �e�s�t�a�b�l�i�s�h� 

�i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �p�h�e�n�y�l�p�r�o�p�a�n�o�i�d� �p�r�e�c�u�r�s�o�r�s� �i�n�t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�.� �D�L�-�(�1�-�!�4�c�]�-� 

�p�h�e�n�y�l�a�l�a�n�i�n�e� �(�3�1�)� �a�n�d� �t�h�e� �s�o�d�i�u�m� �s�a�l�t�s� �o�f� �t�h�e� �1�4�C�-�l�a�b�e�l�l�e�d� �c�i�n�n�a�m�i�c� �a�c�i�d�s� �3�2�,� �3�5�,� �3�6�,� 

�3�8�,� �a�n�d� �3�9� �w�e�r�e� �a�d�m�i�n�i�s�t�e�r�e�d� �t�o� �t�h�e� �r�o�o�t�s� �o�f� �P�o�d�o�p�h�y�l�l�u�m� �p�l�a�n�t�s�,� �b�y� �s�u�s�p�e�n�d�i�n�g� �t�h�e� 
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�p�l�a�n�t�s� �i�n� �t�h�e� �p�r�e�c�u�r�s�o�r� �s�o�l�u�t�i�o�n�s�.� �P�h�e�n�y�l�a�l�a�n�i�n�e� �(�3�1�)� �a�n�d� �c�i�n�n�a�m�i�c� �a�c�i�d� �(�3�2�)� �p�r�o�v�e�d� �t�o� �b�e� 

�f�a�i�r�l�y� �g�o�o�d� �p�r�e�c�u�r�s�o�r�s� �o�f� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n�,� �h�o�w�e�v�e�r�,� �f�e�r�u�l�i�c� �a�c�i�d� �(�3�5�)�,� �s�y�r�i�n�g�i�c� �a�c�i�d� �(�3�8�)�,� 

�3�,�4�-�m�e�t�h�y�l�e�n�e�d�i�o�x�y�c�i�n�n�a�m�i�c� �a�c�i�d� �(�3�6�)�,� �a�n�d� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�c�i�n�n�a�m�i�c� �a�c�i�d� �(�3�9�)� �w�e�r�e� 

�f�o�u�n�d� �t�o� �b�e� �m�o�r�e� �p�o�o�r�l�y� �i�n�c�o�r�p�o�r�a�t�e�d� �(�T�a�b�l�e� �7�)�.� �W�h�i�l�e� �t�h�e� �l�e�v�e�l� �o�f� �f�e�r�u�l�i�c� �a�c�i�d� �(�3�5�)� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �w�a�s� �f�a�i�r�l�y� �l�o�w�,� �i�t� �w�a�s� �r�e�p�o�r�t�e�d�,� �b�a�s�e�d� �o�n� 

�d�e�g�r�a�d�a�t�i�v�e� �s�t�u�d�i�e�s�,� �t�h�a�t� �b�o�t�h� �h�a�l�v�e�s� �o�f� �t�h�e� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �i�s�o�l�a�t�e�d� �f�o�r� �t�h�i�s� �p�r�e�c�u�r�s�o�r� 

�w�e�r�e� �e�q�u�a�l�l�y� �l�a�b�e�l�l�e�d�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�w�o� �p�h�e�n�y�l�p�r�o�p�a�n�o�i�d� �u�n�i�t�s� �h�a�v�i�n�g� �t�h�e� �4�-�h�y�d�r�o�x�y�-�3�-� 

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

�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �(�F�i�g�u�r�e� �9�)�.� �T�h�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �i�n�c�o�r�p�o�r�a�t�i�o�n� �l�e�v�e�l� �o�f� �f�e�r�u�l�i�c� �a�c�i�d� 

�(�3�5�)� �i�n�t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �c�o�u�l�d� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �l�i�k�e�l�y� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �f�e�r�u�l�i�c� �a�c�i�d� 

�(�3�5�)� �i�n�t�o� �o�t�h�e�r� �s�u�b�s�t�a�n�c�e�s� �w�i�t�h�i�n� �t�h�e� �p�l�a�n�t�,� �p�a�r�t�i�c�u�l�a�r�l�y� �l�i�g�n�i�n�.� �T�h�e� �o�x�i�d�a�t�i�o�n� �s�t�a�t�e� �o�f� �t�h�e� 

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

�c�o�u�l�d� �t�a�k�e� �p�l�a�c�e� �i�n� �e�i�t�h�e�r� �t�h�e� �a�l�d�e�h�y�d�e�-�a�l�d�e�h�y�d�e� �o�r� �a�l�c�o�h�o�l�-�a�c�i�d� �o�x�i�d�a�t�i�o�n� �s�t�a�t�e�s�.� 

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

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

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

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

�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�.�6� �T�h�e� �r�e�l�a�t�i�v�e� �n�o�n�-�i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �(�3�8�)� �a�n�d� �(�3�9�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� 

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

�o�f� �(�3�9�)�,� �p�r�o�v�i�d�e�s� �f�u�r�t�h�e�r� �e�v�i�d�e�n�c�e� �o�f� �a� �p�h�e�n�o�l�i�c� �o�x�i�d�a�t�i�v�e� �c�o�u�p�l�i�n�g� �m�e�c�h�a�n�i�s�m�.� �T�h�e� �l�e�v�e�l� 

�o�f� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �(�3�6�)� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �b�e� �d�u�e� �t�o� �i�n� �v�i�v�o� �d�e�m�e�t�h�y�l�e�n�e�a�t�i�o�n� �o�f� �(�3�6�)� �t�o� 

�c�a�f�f�e�i�c� �a�c�i�d� �(�3�4�)� �a�n�d� �l�o�s�s� �o�f� �l�a�b�e�l�l�e�d� �f�o�r�m�a�l�d�e�h�y�d�e� �o�r� �f�o�r�m�i�c� �a�c�i�d� �t�o� �t�h�e� �C�j�-�p�o�o�l�.� �L�a�t�e�r� �r�e�-� 

�e�m�e�r�g�e�n�c�e� �a�s� �a� �l�a�b�e�l�l�e�d� �m�e�t�h�y�l� �i�n� �S�-�a�d�e�n�o�s�y�l�m�e�t�h�i�o�n�i�n�e� �(�S�A�M�)�,� �c�o�u�l�d� �a�l�l�o�w� �r�e�m�e�t�h�y�l�a�t�i�o�n� 

�o�f� �3�4�,� �g�i�v�i�n�g� �t�h�e� �f�e�r�u�l�i�c� �a�c�i�d� �p�a�t�t�e�r�n� �(�F�i�g�u�r�e� �1�0�)�.�6�:�6�8� 
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�2� �_� �1�4� �=� �C� �H�O� 
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�F�i�g�u�r�e� �1�0�:� �M�e�t�a�b�o�l�i�s�m� �o�f� �[�O�0�'�C�H�,�0�}�-�3�,�4�-�m�e�t�h�y�l�e�n�e�d�i�o�x�y�c�i�n�n�a�m�i�c� �a�c�i�d�,� 
�g�i�v�i�n�g� �(�'�4�C�]�-�m�e�t�h�y�l�-�l�a�b�e�l�l�e�d� �f�e�r�u�l�i�c� �a�c�i�d� 

�S�u�b�s�e�q�u�e�n�t�l�y�,� �K�a�m�i�l� �a�n�d� �D�e�w�i�c�k�*�?� �r�e�p�o�r�t�e�d� �t�h�e� �r�e�s�u�l�t�s� �o�f� �e�x�p�e�r�i�m�e�n�t�s� �t�o� �d�e�t�e�r�m�i�n�e� 

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

�a�u�t�h�o�r�s� �a�d�m�i�n�i�s�t�e�r�e�d� �t�h�e� �[�4�'�-�0�1�4�C�H�3�]�-�l�a�b�e�l�l�e�d� �d�i�a�r�y�l�b�u�t�y�r�o�l�a�c�t�o�n�e� �l�i�g�n�a�n�s�,� �p�o�d�o�r�h�i�z�o�l� 

�(�4�3�)�,� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�,� �a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)�,� �a�n�d� �y�a�t�e�i�n� �(�1�8�)�,� �t�o� �P�o�d�o�p�h�y�l�l�u�m� 

�r�o�o�t�s�.� �Y�a�t�e�i�n� �(�1�8�)� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �c�o�n�v�e�r�t�e�d� �t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �t�o� �a� �s�m�a�l�l� �e�x�t�e�n�t� 

�(�0�.�1�9�%�)�,� �w�h�i�l�e� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)�,� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�,� �a�n�d� �a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)� �w�e�r�e� 

�n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�o�r�p�o�r�a�t�e�d� �(�0�.�0�0�4�%�,� �0�.�0�0�3�%�,� �a�n�d� �0�.�0�0�1�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�e� 

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

�i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �1�1�.� �I�n� �t�h�i�s� �s�c�h�e�m�e� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �i�s� �p�o�s�t�u�l�a�t�e�d� �a�s� �a� �p�r�e�c�u�r�s�o�r� �t�o� 
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�y�a�t�e�i�n� �(�1�8�)�,� �i�n�v�o�l�v�i�n�g� �a� �h�y�d�r�o�x�y�l�a�t�i�o�n�,� �t�w�o� �m�e�t�h�y�l�a�t�i�o�n�s�,� �a�n�d� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� 

�m�e�t�h�y�l�e�n�e�d�i�o�x�y� �f�u�n�c�t�i�o�n�a�l�i�t�y�.� �I�t� �i�s� �s�p�e�c�u�l�a�t�e�d� �t�h�a�t� �y�a�t�e�i�n� �(�1�8�)� �i�s� �t�h�e� �c�o�m�m�o�n� �p�r�e�c�u�r�s�o�r� �o�f� 

�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)�,� �a�n�d� �a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)�,�5�9� �a�l�t�h�o�u�g�h� �a�t� �t�h�e� 

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

�t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �y�a�t�e�i�n� �(�1�8�)� �a�n�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)�.� �W�h�i�l�e� �h�y�d�r�o�x�y�l�a�t�i�o�n� �a�n�d� 

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

�a�c�i�d� �(�3�5�)� �a�n�d� �s�i�n�a�p�i�c� �a�c�i�d� �(�3�7�)�,� �n�o� �s�u�c�h� �b�i�o�s�y�n�t�h�e�t�i�c� �p�a�t�h�w�a�y�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �a�t� �t�h�e� 

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

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

�c�l�a�s�s�i�f�i�e�d� �b�y� �t�h�e� �s�u�b�s�t�i�t�u�t�i�o�n� �p�a�t�t�e�r�n� �o�f� �t�h�e� �p�e�n�d�a�n�t� �a�r�o�m�a�t�i�c� �r�i�n�g�,� �n�a�m�e�l�y�,� �t�h�e� �4�-�h�y�d�r�o�x�y�-� 

�3�,�5�-�d�i�m�e�t�h�o�x�y� �s�e�r�i�e�s�,� �e�.�g�.� �4�'�-�d�e�m�e�t�h�y�l�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�2�1�)�,� �a�n�d� �t�h�e� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y� 

�s�e�r�i�e�s�,� �e�.�g�.� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �1�9�8�4�,�.�6�9�,�7�0�,�7�1� �F�r�o�m� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� 

�S�t�u�d�y�,� �i�t� �w�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� �4�-�h�y�d�r�o�x�y�-�3�,�5�-�d�i�m�e�t�h�o�x�y� �s�e�r�i�e�s� �a�n�d� �t�h�e� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y� 

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

�l�i�g�n�a�n�s�,� �a�n�d� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�c�o�n�v�e�r�s�i�o�n� �o�f� �e�i�t�h�e�r� �c�l�a�s�s� �i�n�t�o� �t�h�e� �o�t�h�e�r� �(�s�e�e� �F�i�g�u�r�e� �1�2�)�.� 

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

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

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

�r�e�s�t�r�i�c�t�e�d� �p�e�r�i�o�d� �i�n� �w�h�i�c�h� �t�o� �e�s�t�a�b�l�i�s�h� �p�r�e�c�u�r�s�o�r� �i�n�c�o�r�p�o�r�a�t�i�o�n� �l�e�v�e�l�s�.� �J�a�c�k�s�o�n� �a�n�d� �D�e�w�i�c�k�®� 

�r�e�p�o�r�t�e�d� �i�n� �1�9�8�4� �t�h�a�t� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �D�L�-�[�1�-�!�4�C�]�-�p�h�e�n�y�l�a�l�a�n�i�n�e� �(�3�1�)� �t�o� �P�o�d�o�p�h�y�l�l�u�m� 

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

�i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �t�h�e� �p�r�e�c�u�r�s�o�r� �3�1� �i�n�t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �(�1�.�1�9�%�)� �o�c�c�u�r�r�e�d� �i�n� �J�u�l�y�,� 

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

�s�u�b�s�t�a�n�t�i�a�l�l�y� �l�o�w�e�r� �i�n�c�o�r�p�o�r�a�t�i�o�n� �l�e�v�e�l�s� �(�T�a�b�l�e� �8�)�.� 

�T�a�b�l�e� �8�:� �I�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �D�L�-�[�1�-�!�4�C�]�-�p�h�e�n�y�l�a�l�a�n�i�n�e� �i�n�t�o� 
�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �i�n� �P�o�d�o�p�h�y�l�l�u�m� �h�e�x�a�n�d�r�u�m� �6� 

�P�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �%� 
�D�a�t�e� �f�e�d�  ��S�s � � ��C�i�s�o�l�a�t�e�d� �(�%�)� �_�_� �I�n�c�o�r�p�o�r�a�t�i�o�n� 

�1�2� �M�a�y� �1�2�.�0� �0�.�0�4� 
�1�2� �J�u�n�e� �1�2�.�9� �0�.�1�3� 
�1�4� �J�u�l�y� �2�2�.�6� �1�.�1�9� 
�1�2� �A�u�g� �2�.�8� �0�.�0�8� 
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�F�i�g�u�r�e� �1�2�:� �L�i�g�n�a�n� �i�n�t�e�r�c�o�n�v�e�r�s�i�o�n�s� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �P�o�d�o�p�h�y�l�l�u�m� �h�e�x�a�n�d�r�u�m�®� 
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�T�h�u�s�,� �i�n� �t�h�e� �c�a�s�e� �o�f� �P�o�d�o�p�h�y�l�l�u�m� �s�p�e�c�i�e�s�,� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �r�e�a�s�o�n�a�b�l�e� �p�r�e�c�u�r�s�o�r� 

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

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

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

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

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

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

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

�b�i�o�s�y�n�t�h�e�s�i�s� �o�f� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �t�h�e� �a�n�s�w�e�r�s� �t�o� �w�h�i�c�h� �w�o�u�l�d� �h�e�l�p� �t�o� �m�o�r�e� 

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

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

�q�u�e�s�t�i�o�n�s�.� 
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�I�I�.� �R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�I�I�.�1� �R�e�s�e�a�r�c�h� �O�b�j�e�c�t�i�v�e�s� 

�I�t� �h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �t�h�a�t� �y�a�t�e�i�n� �(�1�8�)� �i�s� �a� �p�o�t�e�n�t�i�a�l� �p�r�e�c�u�r�s�o�r� �o�f� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� 

�(�5�)�,� �b�a�s�e�d� �o�n� �a� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �b�u�t� �s�i�g�n�i�f�i�c�a�n�t� �l�e�v�e�l� �o�f� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �r�a�d�i�o�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� 

�(�1�8�)� �i�n�t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�.�5�9� �S�u�c�h� �a� �c�o�n�v�e�r�s�i�o�n� �w�o�u�l�d� �i�n�v�o�l�v�e� �a� �c�y�c�l�i�z�a�t�i�o�n� �s�t�e�p� �a�n�d� 

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

�D�e�w�i�c�k�.�®�9� �I�n� �1�9�8�5�,� �P�e�l�t�e�r�,� �e�t� �a�l�.�?�2� �p�r�o�p�o�s�e�d� �t�w�o� �c�y�c�l�i�z�a�t�i�o�n� �s�c�h�e�m�e�s� �f�o�r� �a�r�y�l�t�e�t�r�a�l�i�n� 

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

�s�u�m�m�a�r�i�z�e�d� �i�n� �F�i�g�u�r�e�s� �1�3� �a�n�d� �1�4�.� �I�n� �t�h�e� �f�i�r�s�t� �s�c�h�e�m�e�,� �F�i�g�u�r�e� �1�3�,� �c�y�c�l�i�z�a�t�i�o�n� �i�s� 

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

�r�e�a�r�o�m�a�t�i�z�a�t�i�o�n� �b�y� �l�o�s�s� �o�f� �a� �p�r�o�t�o�n� �t�o� �g�i�v�e� �d�e�s�o�x�y�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�2�0�)�.� �I�n� �t�h�e� �s�e�c�o�n�d� 

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

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

�d�e�s�o�x�y�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�2�0�)�.� �I�n� �e�i�t�h�e�r� �c�a�s�e�,� �t�h�e� �p�o�s�t�u�l�a�t�e�d� �o�x�i�d�a�t�i�o�n� �o�f� �t�h�e� �c�y�c�l�i�z�a�t�i�o�n� 

�p�r�o�d�u�c�t� �w�o�u�l�d� �t�h�e�n� �y�i�e�l�d� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�.� �O�n�e� �q�u�e�s�t�i�o�n�,� �w�h�i�c�h� �t�o� �d�a�t�e� �h�a�s� �n�o�t� �b�e�e�n� 

�a�n�s�w�e�r�e�d�,� �i�s� �t�h�a�t� �o�f� �t�h�e� �s�t�e�r�e�o�c�h�e�m�i�s�t�r�y� �o�f� �t�h�e� �r�i�n�g� �c�l�o�s�u�r�e� �o�f� �y�a�t�e�i�n� �(�1�8�)� �e�n� �r�o�u�t�e� �t�o� 

�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �i�.�e�.� �w�h�e�t�h�e�r� �i�t� �i�s� �t�h�e� �p�r�o�-�R� �o�r� �p�r�o�-�S� �h�y�d�r�o�g�e�n� �w�h�i�c�h� �i�s� �l�o�s�t� �d�u�r�i�n�g� 

�c�y�c�l�i�z�a�t�i�o�n�.� 
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�d�e�s�o�x�y�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �2�0� 

�F�i�g�u�r�e� �1�3�:� �A� �p�o�s�s�i�b�l�e� �y�a�t�e�i�n� �c�y�c�l�i�z�a�t�i�o�n� �s�c�h�e�m�e� 
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�=�H� �_� �H�t� 

�r�e�a�r�o�m�a�t�i�z�a�t�i�o�n�)� 

�C�H�,�0� �O�C�H�,� �C�H�,�0� �O�C�H�,� �O�C�H�,� 

�O�C�H�;� �O�C�H�,� �O�C�H�,� 

�d�e�s�o�x�y�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �2�0� 

�F�i�g�u�r�e� �1�4�:� �A� �p�o�s�s�i�b�l�e� �y�a�t�e�i�n� �c�y�c�l�i�z�a�t�i�o�n� �s�c�h�e�m�e� 

�I�t� �h�a�s� �a�l�s�o� �b�e�e�n� �p�r�o�p�o�s�e�d� �t�h�a�t� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �c�o�u�l�d� �s�e�r�v�e� �a�s� �a� �p�r�e�c�u�r�s�o�r� �t�o� �y�a�t�e�i�n� 

�(�1�8�)�5�9�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�5�,� �a�l�t�h�o�u�g�h� �n�o� �d�a�t�a� �e�x�i�s�t�s� �t�o� �s�u�p�p�o�r�t� �t�h�i�s� �h�y�p�o�t�h�e�s�i�s�.� �A�s� 

�m�e�n�t�i�o�n�e�d� �p�r�e�v�i�o�u�s�l�y�,� �t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �t�o� �y�a�t�e�i�n� �(�1�8�)� �w�o�u�l�d� �i�n�v�o�l�v�e� 
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� � 

�y�a�t�e�i�n� �1�8� 

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

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

�d�i�m�e�r�i�c� �l�e�v�e�l�.� 

� � 

�p�o�d�o�p�h�y�l�i�o�t�o�x�i�n� �§� 

�F�i�g�u�r�e� �1�5�:� �M�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �a�n�d� �y�a�t�e�i�n� �(�1�8�)� �a�s� �p�o�s�s�i�b�l�e� 

�p�r�e�c�u�r�s�o�r�s� �o�f� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�5�9� 

�A�n�o�t�h�e�r� �q�u�e�s�t�i�o�n� �w�h�i�c�h� �h�a�s� �n�o�t� �b�e�e�n� �a�n�s�w�e�r�e�d� �i�s� �w�h�e�t�h�e�r� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �i�s� �i�n�d�e�e�d� 

�c�o�n�v�e�r�t�e�d� �t�o� �y�a�t�e�i�n� �(�1�8�)� �i�n� �P�o�d�o�p�h�y�l�l�u�m� �s�p�e�c�i�e�s�.� 
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�I�I�.�2� �S�y�n�t�h�e�s�i�s� �o�f� �Y�a�t�e�i�n� �D�e�r�i�v�a�t�i�v�e�s� 

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

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

�r�e�p�o�r�t�e�d� �b�y� �K�a�m�i�l� �a�n�d� �D�e�w�i�c�k�.�5�9� �T�h�e� �k�e�y� �s�t�e�p�s� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �(�F�i�g�u�r�e� �1�6�)� �a�r�e� �t�h�e� 

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

�p�r�e�s�u�m�a�b�l�y� �f�r�o�m� �t�h�e� �l�e�s�s� �h�i�n�d�e�r�e�d� �b�o�t�t�o�m� �f�a�c�e� �o�f� �4�5� �t�o� �g�i�v�e� �c�i�s�-� 

�d�i�d�e�u�t�e�r�o�a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�5�2�)�,� �a�n�d� �e�p�i�m�e�r�i�z�a�t�i�o�n� �o�f� �5�2� �t�o� �g�i�v�e� �t�h�e� �d�e�s�i�r�e�d� 

�s�t�e�r�e�o�c�h�e�m�i�s�t�r�y� �o�f� �y�a�t�e�i�n� �(�1�8�)� �w�i�t�h� �a� �s�i�n�g�l�e� �s�t�e�r�e�o�s�p�e�c�i�f�i�c� �i�s�o�t�o�p�i�c� �l�a�b�e�l� �a�t� �t�h�e� �6�-�B� �p�o�s�i�t�i�o�n�.� 

�A�s� �p�r�o�p�o�s�e�d�,� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �i�s� �i�n�i�t�i�a�t�e�d� �b�y� �a� �S�t�o�b�b�e� �c�o�n�d�e�n�s�a�t�i�o�n� 

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

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

�s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�4�7�)�,� �i�s� �t�h�e�n� �h�y�d�r�o�g�e�n�a�t�e�d�,� �g�i�v�i�n�g� �r�a�c�e�m�i�c� �a�-�p�i�p�e�r�o�n�y�l� 

�s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�]� �e�s�t�e�r� �(�4�8�)�.� �T�r�e�a�t�m�e�n�t� �o�f� �t�h�i�s� �m�a�t�e�r�i�a�l� �w�i�t�h� �(�-�)�-�e�p�h�e�d�r�i�n�e� �(�4�9�)� �i�n� 

�9�5�%� �e�t�h�a�n�o�l� �a�l�l�o�w�s� �t�h�e� �i�s�o�l�a�t�i�o�n� �o�f� �t�h�e� �d�e�s�i�r�e�d� �e�n�a�n�t�i�o�m�e�r� �a�s� �t�h�e� �(�-�)�-�e�p�h�e�d�r�i�n�e� �s�a�l�t�.� 

�S�u�b�s�e�q�u�e�n�t� �a�c�i�d�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�a�l�t� �a�f�f�o�r�d�s� �t�h�e� �d�e�s�i�r�e�d� �(�R�)�-�a�-�p�i�p�e�r�o�n�y�]� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-� 

�m�e�t�h�y�l� �e�s�t�e�r� �(�4�8�a�)�.� �F�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �p�o�t�a�s�s�i�u�m� �s�a�l�t� �a�n�d� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �c�a�l�c�i�u�m� 

�b�o�r�o�h�y�d�r�i�d�e� �p�e�r�m�i�t�s� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �(�R�)�-�(�+�)�-�B�-�p�i�p�e�r�o�n�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)�.� �T�h�e� �n�e�x�t� 

�s�t�e�p� �i�n� �t�h�e� �s�c�h�e�m�e� �i�s� �a� �b�a�s�e�-�c�a�t�a�l�y�z�e�d� �c�o�u�p�l�i�n�g� �o�f� �t�h�e� �l�a�c�t�o�n�e� �(�5�0�)� �w�i�t�h� �3�,�4�,�5�-� 

�t�r�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�5�1�)� �t�o� �a�f�f�o�r�d� �a� �m�i�x�t�u�r�e� �o�f� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)�,� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�,� 

�a�n�d� �a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)�,� �t�h�e� �l�a�t�t�e�r� �o�f� �w�h�i�c�h�,� �a�c�c�o�r�d�i�n�g� �t�o� �K�a�m�i�l� �a�n�d� �D�e�w�i�c�k�,� �s�h�o�u�l�d� 

�b�e� �t�h�e� �p�r�e�d�o�m�i�n�a�n�t� �c�o�m�p�o�u�n�d� �i�n� �t�h�e� �p�r�o�d�u�c�t� �m�i�x�t�u�r�e�.�5�?� �A�f�t�e�r� �s�e�p�a�r�a�t�i�o�n� �o�f� �t�h�e� 

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

�c�a�t�a�l�y�s�t� �a�f�f�o�r�d�i�n�g� �t�h�e� �d�o�u�b�l�y� �d�e�u�t�e�r�i�u�m�-�l�a�b�e�l�l�e�d� �c�i�s�-�d�i�h�y�d�r�o�a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�5�2�)�,� �o�r� 

 ��c�i�s�-�y�a�t�e�i�n ��.� �E�p�i�m�e�r�i�z�a�t�i�o�n� �o�f� �c�o�m�p�o�u�n�d� �(�5�2�)� �u�n�d�e�r� �m�i�l�d�l�y� �b�a�s�i�c� �c�o�n�d�i�t�i�o�n�s� �a�f�f�o�r�d�s� �t�h�e� 
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�0� �C�H�O� �N�a�O�C�H�,� �O� �>� �C�O�s�C�H�;� 

�O� �M�e�O�H�,� �r�e�f�l�u�x� �O� �C�O�,�H� 

�4�7� 

� � 

� � 

�4�6� 

�H�2�/� �P�a�(�C�)� 

�H� �H� 
�é� �=�,�C�O�,�C�H�,� �1�.� �(�-�)�-�E�p�h�e�d�r�i�n�e� �4�9� �°� �c�r�t� 

�=� 

�O� �C�O�,�H� �2� �W�W� �H�C�I� �O� �C�O�,�H� 
�4�8�a� �4�8� 

�1�.� �2�M� �K�O�H� �C�H� 

�2�.� �C�a�(�B�H�y�)� �i�n� �9�5�%� �E�t�O�H� �0� 

�C�H�,�O� �O�C�H�,� 
�H� �O� �=� �5�1� �O�C�H�;� 

�«� �O�8�0�  � � ��_ ��_�_�>� 
�O� �1�.�N�a�O�C�H�;� �/� �M�e�O�H� 

�5�0� �O� �(�o�r� �L�D�A� �/� �T�H�F�)� 

�(�o�r� �L�H�M�S� �/� �T�H�F�)� 

�2�.� �L�N� �H�C�!� �q�u�e�n�c�h� 

�B�a�s�e� �e�p�i�m�e�r�i�z�a�t�i�o�n� 
� � � � � �6�B�-�2�H�,�-�y�a�t�e�i�n� �(�1�8�a�)� 

�F�i�g�u�r�e� �1�6�:� �P�r�o�p�o�s�e�d� �s�y�n�t�h�e�t�i�c� �s�c�h�e�m�e� �f�o�r� �l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�a�)� 
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�f�i�n�a�l� �p�r�o�d�u�c�t� �6�B�-�d�e�u�t�e�r�i�u�m�-�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�a�)�.� �U�s�i�n�g� �t�h�e� �s�a�m�e� �m�e�t�h�o�d�o�l�o�g�y�,� �i�t� �w�o�u�l�d� 

�b�e� �p�o�s�s�i�b�l�e� �t�o� �p�r�e�p�a�r�e� �t�h�e� �6�a�-�d�e�u�t�e�r�i�u�m�-�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�b�)� �b�y� �b�a�s�e�-�c�a�t�a�l�y�z�e�d� �c�o�u�p�l�i�n�g� 

�o�f� �t�h�e� �l�a�c�t�o�n�e� �(�5�0�)� �w�i�t�h� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�5�1�a�)� �(�l�a�b�e�l�l�e�d� �w�i�t�h� �d�e�u�t�e�r�i�u�m� �i�n� 

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

�a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�a�)�,� �h�y�d�r�o�g�e�n�a�t�i�o�n� �w�i�t�h� �h�y�d�r�o�g�e�n� �g�a�s� �o�v�e�r� �A�d�a�m ��s� �c�a�t�a�l�y�s�t�,� �a�n�d� 

�m�i�l�d� �b�a�s�e� �e�p�i�m�e�r�i�z�a�t�i�o�n� �t�o� �g�i�v�e� �1�8�b�.� 

� � 

�6�a�-�7�H�,�-�y�a�t�e�i�n� �(�1�8�b�)� 

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

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

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

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

�p�i�p�e�r�o�n�y�l�i�d�e�n�e� �s�u�c�c�i�n�i�c� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�4�7�)�,� �w�a�s� �o�b�t�a�i�n�e�d� �v�i�a� �S�t�o�b�b�e� �c�o�n�d�e�n�s�a�t�i�o�n� �o�f� 

�p�i�p�e�r�o�n�a�l� �(�4�6�)� �a�n�d� �d�i�m�e�t�h�y�l� �s�u�c�c�i�n�a�t�e� �(�D�M�S�)�,� �u�s�i�n�g� �s�o�d�i�u�m� �m�e�t�h�o�x�i�d�e� �a�s� �b�a�s�e�,� �i�n� 

�r�e�f�l�u�x�i�n�g� �m�e�t�h�a�n�o�l�.� �W�h�i�l�e� �t�h�e� �a�u�t�h�o�r�s� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �s�y�n�t�h�e�s�i�s� �o�f� �y�a�t�e�i�n�5�?� �r�e�p�o�r�t�e�d� �a� �y�i�e�l�d� 

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

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

�r�e�l�a�t�i�v�e�l�y� �u�n�s�u�c�c�e�s�s�f�u�l�,� �a�s� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �9�.� 
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�T�h�e� �s�e�c�o�n�d� �s�t�e�p� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �i�n�v�o�l�v�e�d� �h�y�d�r�o�g�e�n�a�t�i�o�n� �o�f� �t�h�e� �a�-�p�i�p�e�r�o�n�y�l�i�d�e�n�e� 

�s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�4�7�)�,� �a�n�d� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �a� �s�t�r�a�i�g�h�t�f�o�r�w�a�r�d� �m�a�n�n�e�r� �u�s�i�n�g� 

�p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�5� �o�r� �1�0�%�)� �i�n� �a�c�e�t�i�c� �a�c�i�d�.� �T�h�e� �p�r�o�d�u�c�t� �4�8� �w�a�s� �o�b�t�a�i�n�e�d� �i�n� �t�y�p�i�c�a�l� 

�y�i�e�l�d�s� �o�f� �7�5�%� �t�o� �8�7�%�.� 

�T�h�e� �r�a�c�e�m�i�c� �&�-�p�i�p�e�r�o�n�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�]� �e�s�t�e�r� �(�4�8�)� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �(�-�)�-� 

�e�p�h�e�d�r�i�n�e� �(�4�9�)� �i�n� �9�5�%� �e�t�h�a�n�o�l� �t�o� �a�c�h�i�e�v�e� �c�h�i�r�a�l� �r�e�s�o�l�u�t�i�o�n�.� �(�-�)�-�E�p�h�e�d�r�i�n�e� �(�4�9�)� �i�s� �w�i�d�e�l�y� 

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

�b�a�s�e�d� �o�n� �t�h�e� �f�a�c�t� �t�h�a�t� �w�h�e�n� �a� �c�h�i�r�a�l� �r�e�s�o�l�v�i�n�g� �a�g�e�n�t�,� �s�u�c�h� �a�s� �(�-�)�-�e�p�h�e�d�r�i�n�e� �(�4�9�)�,� �i�s� �a�d�d�e�d� 

�T�a�b�l�e� �9�:� �S�u�m�m�a�r�y� �o�f� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �u�n�s�u�c�c�e�s�s�f�u�l� �a�t�t�e�m�p�t�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �y�i�e�l�d� �o�f� �t�h�e� 

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

� � 

�R�a�t�i�o� 

�E�x�p�e�r�i�m�e�n�t� �#� �_� �(�4�6�:� �D�M�S� �:� �B�a�s�e�)� �B�a�s�e� �S�o�l�v�e�n�t� �R�e�a�c�t�i�o�n�t�i�m�e� �_� �Y�i�e�l�d� �(�%�)� 

�1� �1�:�2�:�1�2� �N�a�O�C�H�3� �m�e�t�h�a�n�o�l� �4�.�5� �h�r�s� �4�3�.�6� 

�2� �1�:�2�:�2�.�6� �L�i�O�C�H�3� �m�e�t�h�a�n�o�l� �2�.�5� �h�r�s� �3�4�.�7� 

�3� �1�:�1�5�:�1�2� �K�O�C�H�3� �m�e�t�h�a�n�o�l� �6� �h�r�s� �1�0�.�5� 

�4� �1�:�1�5�:�1�2� �N�a�O�C�H�3� �m�e�t�h�a�n�o�l� �3�.�5� �h�r�s� �4�0�.�0� 

�5� �1�:�1�2�:�1�3� �N�a�O�C�H�3� �m�e�t�h�a�n�o�l� �1�8� �h�r�s� �3�6�.�1� 

�t�o� �a� �m�i�x�t�u�r�e� �o�f� �r�a�c�e�m�a�t�e�s�,� �s�u�c�h� �a�s� �@�-�p�i�p�e�r�o�n�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�4�8�)�,� �t�w�o� 

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

�i�n�c�l�u�d�i�n�g� �m�e�l�t�i�n�g� �p�o�i�n�t�,� �c�r�y�s�t�a�l� �s�t�r�u�c�t�u�r�e�,� �a�n�d� �s�o�l�u�b�i�l�i�t�y�.� 
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�C�t�.� 
�(�1�R�,�2�S�)�-�(�-�)�-�e�p�h�e�d�r�i�n�e� �(�4�9�)� 

�u
�O

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

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

�d�i�s�s�o�l�v�e�d� �i�n� �s�o�l�u�t�i�o�n�.�7�3� �T�h�i�s� �i�s� �i�n�d�e�e�d� �t�h�e� �c�a�s�e� �w�h�e�n� �(�-�)�-�e�p�h�e�d�r�i�n�e� �(�4�9�)� �i�s� �u�s�e�d� �w�i�t�h� �a�-� 

�p�i�p�e�r�o�n�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�]� �e�s�t�e�r� �(�4�8�)�:� �a�f�t�e�r� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �(�-�)�-�e�p�h�e�d�r�i�n�e� �(�4�9�)� �a�n�d� 

�s�e�v�e�r�a�l� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n�s� �f�r�o�m� �e�t�h�a�n�o�l�,� �t�h�e� �e�p�h�e�d�r�i�n�e� �s�a�l�t� �o�f� �4�8� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �a�c�i�d� �t�o� 

�g�i�v�e� �t�h�e� �d�e�s�i�r�e�d� �(�R�)�-�a�-�p�i�p�e�r�o�n�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�4�8�a�)�.� �T�y�p�i�c�a�l� �y�i�e�l�d�s� �f�o�r� 

�t�h�i�s� �p�r�o�c�e�d�u�r�e� �w�e�r�e� �s�o�m�e�w�h�a�t� �l�o�w�,� �r�a�n�g�i�n�g� �f�r�o�m� �2�1�%� �t�o� �3�0�%�,� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �a� 

�r�a�n�g�e� �o�f� �4�2�%� �t�o� �6�0�%� �e�n�a�n�t�i�o�m�e�r�i�c� �r�e�c�o�v�e�r�y�.� �A�n� �e�n�a�n�t�i�o�m�e�r�i�c� �p�u�r�i�t�y� �o�f� �9�7�.�7�%� �w�a�s� 

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

�v�a�l�u�e�s�.� �W�i�t�h� �r�e�g�a�r�d� �t�o� �s�y�n�t�h�e�t�i�c� �u�t�i�l�i�t�y�,� �t�h�e� �t�w�o�-�s�t�e�p�,� �l�o�w�-�y�i�e�l�d� �(�2�0� �%�)� �c�o�n�v�e�r�s�i�o�n� �o�f� 

�c�o�m�p�o�u�n�d� �4�7� �t�o� �c�o�m�p�o�u�n�d� �4�8�a� �w�a�s� �s�u�p�e�r�s�e�d�e�d� �b�y� �a� �r�e�p�o�r�t�e�d� �r�h�o�d�i�u�m�-�c�a�t�a�l�y�z�e�d� 

�a�s�y�m�m�e�t�r�i�c� �h�y�d�r�o�g�e�n�a�t�i�o�n� �o�f� �c�o�m�p�o�u�n�d� �4�7� �t�o� �g�i�v�e� �c�o�m�p�o�u�n�d� �4�8�a� �d�i�r�e�c�t�l�y� �a�n�d� 

�q�u�a�n�t�i�t�a�t�i�v�e�l�y�,� �i�n� �g�r�e�a�t�e�r� �t�h�a�n� �8�9�%� �e�n�a�n�t�i�o�m�e�r�i�c� �e�x�c�e�s�s�.�6�!� �B�e�c�a�u�s�e� �t�h�e� �s�y�n�t�h�e�t�i�c� �s�t�r�a�t�e�g�y� 

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

�(�a�f�f�o�r�d�i�n�g� �4�8�a�)� �a�t� �t�h�e� �t�i�m�e� �t�h�e� �a�s�y�m�m�e�t�r�i�c� �h�y�d�r�o�g�e�n�a�t�i�o�n� �m�e�t�h�o�d� �a�p�p�e�a�r�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,� 

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

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �(�R�)�-�(�+�)�-�B�-�p�i�p�e�r�o�n�y�]�~�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �b�y� �f�i�r�s�t� 

�f�o�r�m�i�n�g� �t�h�e� �p�o�t�a�s�s�i�u�m� �s�a�l�t� �o�f� �c�o�m�p�o�u�n�d� �4�8�a�,� �a�n�d� �t�h�e�n� �t�r�e�a�t�i�n�g� �t�h�i�s� �s�a�l�t� �w�i�t�h� �c�a�l�c�i�u�m� 

�4�7



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

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

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

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

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

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

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

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

�b�o�r�o�h�y�d�r�i�d�e� �w�a�s� �a� �v�e�r�y� �p�a�l�e� �y�e�l�l�o�w� �o�i�l�,� �i�n� �9�0�%� �t�o� �9�6�%� �y�i�e�l�d�.� 

�U�s�i�n�g� �t�h�e� �m�e�t�h�o�d� �o�f� �K�a�m�i�l� �a�n�d� �D�e�w�i�c�k�9�9�,� �s�e�v�e�r�a�l� �a�t�t�e�m�p�t�s� �w�e�r�e� �m�a�d�e� �a�t� �f�o�r�m�i�n�g� 

�a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�u�t�h�o�r�s�,� �a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)� �i�s� �t�h�e� 

�p�r�e�d�o�m�i�n�a�n�t� �p�r�o�d�u�c�t� �o�f� �t�h�e� �s�o�d�i�u�m� �m�e�t�h�o�x�i�d�e�-�c�a�t�a�l�y�z�e�d� �c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �(�R�)�-�(�+�)�-�B�-� 

�p�i�p�e�r�o�n�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)� �w�i�t�h� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�5�1�)�,� �i�n� �a� �r�a�t�i�o� �o�f� 

�3�:�1�.�3�:�1� �t�o� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �a�n�d� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�i�t�h� �a�n� �o�v�e�r�a�l�l� �y�i�e�l�d� �o�f� 

�a�b�o�u�t� �5�0�%�.� �H�o�w�e�v�e�r�,� �i�n� �a�l�l� �a�t�t�e�m�p�t�s� �m�a�d�e� �i�n� �o�u�r� �l�a�b�o�r�a�t�o�r�y�,� �n�o� �a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)� 

�w�a�s� �i�s�o�l�a�t�e�d�,� �b�u�t� �r�a�t�h�e�r�,� �o�n�l�y� �a� �m�i�x�t�u�r�e� �o�f� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �a�n�d� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�.� 

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

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

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

�e�x�p�e�r�i�m�e�n�t�s� �c�o�n�d�u�c�t�e�d� �t�o�w�a�r�d� �o�b�t�a�i�n�i�n�g� �a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)�.� 

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

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

�(�4�5�)� �(�a�l�t�h�o�u�g�h� �a�c�c�o�r�d�i�n�g� �t�o� �K�a�m�i�l� �a�n�d� �D�e�w�i�c�k�,�>�9� �t�h�e� �E�-�i�s�o�m�e�r� �i�s� �m�o�r�e� �f�a�v�o�r�e�d�,� �b�a�s�e�d� �o�n� 

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

�a�c�i�d�i�c� �c�o�n�d�i�t�i�o�n�s�,� �i�.�e�.� �u�p�o�n� �w�o�r�k�-�u�p�,� �s�i�n�c�e� �a�c�i�d� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �n�e�c�e�s�s�a�r�y� �t�o� �r�e�c�y�c�l�i�z�e� �t�h�e� 
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�l�a�c�t�o�n�e�)�.� �H�o�w�e�v�e�r�,� �n�o� �e�l�i�m�i�n�a�t�i�o�n� �p�r�o�d�u�c�t�s� �w�e�r�e� �n�o�t�e�d�,� �o�n�l�y� �a�n� �a�p�p�a�r�e�n�t�l�y� �u�n�r�e�a�c�t�e�d� 

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

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

�b�a�c�k� �t�h�e� �m�i�x�t�u�r�e� �o�f� �a�l�c�o�h�o�l�s�.� �A�l�t�h�o�u�g�h� �t�i�m�e� �d�i�d� �n�o�t� �p�e�r�m�i�t� �a� �f�o�l�l�o�w�-�u�p� �o�n� �t�h�i�s� �q�u�e�s�t�i�o�n�,� 

�s�i�n�c�e� �a� �n�e�w� �s�t�r�a�t�e�g�y� �h�a�d� �b�e�e�n� �u�n�d�e�r�t�a�k�e�n� �(�a�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�)�,� �i�t� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� 

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

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

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

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

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

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

�p�r�o�d�u�c�t�(�s�)�.� 
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�T�a�b�l�e� �1�0�:� �S�u�m�m�a�r�y� �o�f� �u�n�s�u�c�c�e�s�s�f�u�l� �a�t�t�e�m�p�t�s� �a�t� �p�r�e�p�a�r�i�n�g� �a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)� 

�C�1� �t� �»� 

�C�H�,�O� 

� � 

�a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �4�5� 

�1� 
�2� 
�3� 
�4� 

�5� 
�6� 
�7� 
�8� 
�9� 

�T�H�F� 

�T�H�F� 
�e�t�h�e�r� 

�C�H�2�C�l�2� 
�C�H�2�C�l�2� 
�C�H�2�C�l�2� 

�C�H�O� 

�O�C�H�,� 
�O�C�H�,� 

� � 

�1�)� �L�D�A�,� �L�H�M�S�,� �N�a�O�C�H�;�,� �o�r� �L�i�O�C�H�3�,� 
�i�n� �T�H�F�,� �C�H�2�C�l�y�,� �o�r� �E�t�,�O�,� �v�a�r�.� �T�e�m�p�.� �&� �T�i�m�e� 

�2�)� �1�N� �H�C�l� �q�u�e�n�c�h� 

� � � � 
�-�7�8� 
�-�7�8� 
�-�1�0� 
�-�1�0� 

�r�.�t�.� 

�r�t� 

�r�t� 

�5�0� 

�6� �h�r�s� �5�0� �5�0� �-� 
�6� �h�r�s� �5�0� �5�0� �-�-� 
�2� �h�r�s� �5�0� �5�0� �-� 
�2� �h�r�s� �5�0� �5�0� �-�-� 

�4�2� �h�r�s� �5�5� �4�5� �-�-� 
�1�3�5� �h�r�s� �6�0� �4�0� �-�-� 
�5� �m�i�n�s� �4�0� �6�0� �-�-



�A�s� �n�o�t�e�d� �a�b�o�v�e�,� �t�h�e� �m�i�x�t�u�r�e� �o�f� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �a�n�d� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �w�a�s� �r�e�a�d�i�l�y� 

�o�b�t�a�i�n�e�d� �i�n� �g�o�o�d� �y�i�e�l�d� �f�r�o�m� �t�h�e� �b�a�s�e�-�c�a�t�a�l�y�z�e�d� �c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �(�R�)�-�(�+�)�-�B�-�p�i�p�e�r�o�n�y�l�-�y�-� 

�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)� �a�n�d� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�5�1�)�.� �I�t� �w�a�s� �d�e�c�i�d�e�d�,� �i�n� �l�i�g�h�t� �o�f� �t�h�e� 

�p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �a�n�h�y�d�r�o�p�o�d�o�r�h�i�z�o�l� �(�4�5�)�,� �t�h�a�t� �t�h�e� �m�i�x�t�u�r�e� �o�f� �t�h�e� 

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

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

�a�s� �s�h�o�w�n� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �d�i�a�g�r�a�m�,� �F�i�g�u�r�e� �1�7�:� �_� 

�P�d�(�C�)� �1�0�%� 
�H�,� �,� �A�c�O�E�t�,� �H�+� 
 ��_ ��_ � � �� 

�-�o�r�-� 

�R�a�n�e�y� �N�i� 

�H�,� �,� �A�c�O�E�t�,� �H�+� � � � �p�o�d�o�r�h�i�z�o�l� �4�3� �/� �e�p�i�p�o�d�o�r�h�i�z�o�l� �4�4� 

�F�i�g�u�r�e� �1�7�:� �H�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �a�n�d� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�,� 

�l�e�a�d�i�n�g� �t�o� �y�a�t�e�i�n� �(�1�8�)� 

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

�p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�1�0�%�)� �o�r� �R�a�n�e�y� �n�i�c�k�e�l�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �p�a�l�l�a�d�i�u�m�,� �i�t� �h�a�s� �b�e�e�n� 

�r�e�p�o�r�t�e�d ��5�.�7�6� �t�h�a�t� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �p�r�o�c�e�e�d�s� �w�i�t�h� �i�n�v�e�r�s�i�o�n� �o�f� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �i�.�e�.�:� 
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� � 

�A�n�d�,� �c�o�n�v�e�r�s�e�l�y�,� �i�n� �t�h�e� �c�a�s�e� �o�f� �R�a�n�e�y� �n�i�c�k�e�l�,� �i�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d�7�5�-�*�4� �t�h�a�t� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� 

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

�H� �O�H� 

�,� �s�S� �R� �R�a�n�e�y� �N�i� 
�S�A� �H� 

� � 

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

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

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

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

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

�a�d�s�o�r�b�s� �w�i�t�h� �t�h�r�e�e� �s�u�b�s�t�i�t�u�e�n�t�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �h�y�d�r�o�x�y�l� �g�r�o�u�p�,� �o�n� �R�a�n�e�y� �n�i�c�k�e�l�;� �a�n�d� �o�n�l�y� 

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

�d�i�f�f�e�r�e�n�c�e�s� �c�a�n� �b�e� �d�e�p�i�c�t�e�d� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�8�,� �w�h�e�r�e� �(�*�)� �d�e�n�o�t�e�s� �t�h�e� �m�e�t�a�l� �s�u�r�f�a�c�e�.� 
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�R�e�t�e�n�t�i�o�n� �o�f� �c�o�n�f�i�g�u�r�a�t�i�o�n� �I�n�v�e�r�s�i�o�n� �o�f� �c�o�n�f�i�g�u�r�a�t�i�o�n� 

�F�i�g�u�r�e� �1�8�:� �M�e�c�h�a�n�i�s�m� �o�f� �s�t�e�r�e�o�s�p�e�c�i�f�i�c� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�v�e�r� �n�i�c�k�e�l� �a�n�d� �p�a�l�l�a�d�i�u�m�/�5� 

�5�3



�A� �m�i�x�t�u�r�e� �o�f� �t�h�e� �t�w�o� �a�l�c�o�h�o�l�s� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �a�n�d� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �w�a�s� 

�s�u�b�j�e�c�t�e�d� �t�o� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�v�e�r� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�1�0�%�)�,� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �a� �c�a�t�a�l�y�t�i�c� 

�a�m�o�u�n�t� �o�f� �a�c�i�d� �(�H�C�l�]� �o�r� �H�C�1�0�4�)�,� �s�i�n�c�e� �i�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �s�t�r�o�n�g� �a�c�i�d� 

�t�o� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �r�e�a�c�t�i�o�n�s� �g�r�e�a�t�l�y� �e�n�h�a�n�c�e�s� �t�h�e� �r�e�a�c�t�i�o�n� �r�a�t�e�.�8�3�.�4� �W�i�t�h�o�u�t� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� 

�a�c�i�d� �t�h�e� �r�e�a�c�t�i�o�n� �t�i�m�e�s� �w�e�r�e� �t�y�p�i�c�a�l�l�y� �q�u�i�t�e� �l�o�n�g� �(�i�.�e�.� �>� �1�2�0� �h�o�u�r�s�)�;� �h�o�w�e�v�e�r� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� 

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

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

�m�i�x�t�u�r�e� �h�a�d� �b�e�e�n� �c�o�n�s�u�m�e�d� �w�h�i�l�e� �t�h�e� �o�t�h�e�r� �r�e�m�a�i�n�e�d� �e�s�s�e�n�t�i�a�l�l�y� �u�n�r�e�a�c�t�e�d�,� �b�y� �T�L�C� 

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

�f�o�r�m�e�d� �l�e�s�s� �p�o�l�a�r� �m�a�t�e�r�i�a�l�.� �B�y� �T�L�C� �c�o�m�p�a�r�i�s�o�n� �t�o� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �a�n�d� �e�p�i�p�o�d�o�r�h�i�z�o�l� 

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

�r�e�s�i�d�u�e� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �p�r�e�p�a�r�a�t�i�v�e� �T�L�C�,� �a�n�d� �t�h�e� �l�e�s�s� �p�o�l�a�r� �c�o�m�p�o�u�n�d� �w�a�s� �i�s�o�l�a�t�e�d� �i�n� 

�2�7�%� �y�i�e�l�d� �(�a�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �s�t�a�r�t�i�n�g� �m�i�x�t�u�r�e� �o�f� �a�l�c�o�h�o�l�s�)�.� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�i�s� 

�m�a�t�e�r�i�a�l� �b�y� �N�M�R� �a�n�d� �M�S� �c�o�n�f�i�r�m�e�d� �i�t�s� �i�d�e�n�t�i�t�y� �a�s� �y�a�t�e�i�n� �(�1�8�)�,� �b�a�s�e�d� �u�p�o�n� �c�o�m�p�a�r�i�s�o�n� �t�o� 

�v�a�l�u�e�s� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.�8�5� 

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

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

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

�b�e�l�o�w� �i�n� �F�i�g�u�r�e� �1�9�.� �T�h�e� �f�i�r�s�t� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �A�,� �t�h�a�t� �o�f� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�,� �s�h�o�w�s� �a� 

�s�i�t�u�a�t�i�o�n� �i�n� �w�h�i�c�h� �f�o�r�m�a�t�i�o�n� �o�f� �a� �h�y�d�r�o�g�e�n� �b�o�n�d� �b�e�t�w�e�e�n� �t�h�e� �C�-�6� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �a�n�d� �t�h�e� 

�l�a�c�t�o�n�e� �c�a�r�b�o�n�y�l� �i�s� �p�o�s�s�i�b�l�e� �b�e�c�a�u�s�e� �t�h�e�r�e� �i�s� �l�i�t�t�l�e� �s�t�e�r�i�c� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �b�u�l�k�y� 

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

�p�o�d�o�r�h�i�z�o�l� �(�4�3�)�,� �h�y�d�r�o�g�e�n� �b�o�n�d�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �C�-�6� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �a�n�d� �t�h�e� �l�a�c�t�o�n�e� 

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

�l�a�c�t�o�n�e� �r�i�n�g�.� �T�h�i�s� �i�n�t�e�r�a�c�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �r�o�t�a�t�i�o�n� �a�r�o�u�n�d� �t�h�e� �C�-�6� �/� �C�-�2� �b�o�n�d� �t�o� �t�h�e� �c�o�n�f�o�r�m�e�r� 
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�C�,� �a�l�l�o�w�i�n�g� �a� �l�o�w�e�r� �e�n�e�r�g�y� �s�t�e�r�i�c� �a�r�r�a�n�g�e�m�e�n�t�,� �b�u�t� �c�r�e�a�t�i�n�g� �a� �s�i�t�u�a�t�i�o�n� �i�n� �w�h�i�c�h� �h�y�d�r�o�g�e�n� 

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

�s�u�p�p�o�r�t�e�d� �b�y� �N�M�R� �f�i�n�d�i�n�g�s�.�4�4� �T�h�u�s�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �h�y�d�r�o�g�e�n� �b�o�n�d�i�n�g� �a�b�i�l�i�t�y� �o�f� �t�h�e� 

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

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

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

�g�r�o�u�p� �a�t� �t�h�e� �b�e�n�z�y�l�i�c� �p�o�s�i�t�i�o�n�.�7�6�.�7�8�-�8�2� �H�y�d�r�o�g�e�n� �b�o�n�d�i�n�g� �i�n� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �w�o�u�l�d� 

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

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

�w�o�u�l�d� �a�l�l�o�w�,� �i�n� �t�h�e� �c�a�s�e� �o�f� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�,� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �"�x�-�s�t�a�c�k�i�n�g �� �o�f� �t�h�e� �t�w�o� 

�a�r�o�m�a�t�i�c� �r�i�n�g�s�,� �w�h�i�c�h� �m�i�g�h�t� �s�e�r�v�e� �t�o� �f�u�r�t�h�e�r� �s�t�a�b�i�l�i�z�e� �t�h�e� �a�l�c�o�h�o�l� �4�4� �i�n� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� 

�f�a�v�o�r�a�b�l�e� �f�o�r� �h�y�d�r�o�g�e�n� �b�o�n�d�i�n�g�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)�,� �x�-�s�t�a�c�k�i�n�g� �m�i�g�h�t� �b�e� 

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

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

�e�x�p�l�a�i�n� �w�h�y� �t�h�e�r�e� �i�s� �a�n� �a�p�p�a�r�e�n�t� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �t�h�e� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�,� 

�a�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �2�0�.� 
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� � 
�p�o�d�o�r�h�i�z�o�l� �4�3� 

�o�N� �O�C�H�,� 

�w�e� �¥�8� �n�=� �L�V� �c�c�n� 
�O�C�H�,� 

�F�i�g�u�r�e� �1�9�:� �N�e�w�m�a�n� �p�r�o�j�e�c�t�i�o�n�s� �s�h�o�w�i�n�g� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �a�b�o�u�t� �t�h�e� �C�-�6� �/� �C�-�2� 

�b�o�n�d� �f�o�r� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �a�n�d� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� 
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�P�d�(�C�)� �1�0�%� 
�H�,� �,� �A�c�O�E�t�,� �H�+� 

� � � � 

�P�d�(�C�)� �1�0�%� 
�H�,� �,� �A�c�O�E�t�,� �H�+� 

� � 

�p�o�d�o�r�h�i�z�o�l� �4�3� 

�F�i�g�u�r�e� �2�0�:� �P�r�e�f�e�r�e�n�t�i�a�l� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �t�o� �y�a�t�e�i�n� �(�1�8�)� 

�I�n� �l�i�g�h�t� �o�f� �t�h�e� �s�u�c�c�e�s�s�f�u�l� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �t�o� �y�a�t�e�i�n� �(�1�8�)�,� �i�t� �i�s� 

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

�p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �o�r� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �p�r�o�v�e�d� �t�o� �b�e� �u�n�s�u�c�c�e�s�s�f�u�l�,� �a�n�d� �t�h�a�t�  ��b�o�t�h� �i�s�o�m�e�r�s� 

�p�r�o�v�e�d� �e�x�t�r�e�m�e�l�y� �i�n�e�r�t�.�.�.�u�n�d�e�r� �a� �v�a�r�i�e�t�y� �o�f� �c�o�n�d�i�t�i�o�n�s �� �t�o�w�a�r�d�s� �c�a�t�a�l�y�t�i�c� �h�y�d�r�o�g�e�n�o�l�y�s�i�s�.�>�9� 

�I�n� �a�n� �a�t�t�e�m�p�t� �t�o� �s�y�n�t�h�e�s�i�z�e� �t�h�e� �d�e�s�i�r�e�d� �6�B�-�2�H�-�y�a�t�e�i�n� �(�1�8�a�)�,� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� 

�w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�v�e�r� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�1�0�%�)� �u�s�i�n�g� �d�e�u�t�e�r�i�u�m� �g�a�s�.� 

�T�h�e� �r�e�s�u�l�t�i�n�g� �p�r�o�d�u�c�t� �w�a�s� �t�h�e�n� �p�u�r�i�f�i�e�d� �b�y� �p�r�e�p�a�r�a�t�i�v�e� �T�L�C� �a�n�d� �a�n�a�l�y�z�e�d� �b�y� �N�M�R� �a�n�d� 
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�M�S�.� �U�n�e�x�p�e�c�t�e�d�l�y�,� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �a�p�p�e�a�r�e�d� �t�o� �b�e� �n�e�a�r�l�y� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�e� �s�p�e�c�t�r�u�m� 

�f�o�r� �u�n�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�)�,� �i�.�e�,� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�  ��d�o�u�b�l�e�t� �o�f� �d�o�u�b�l�e�t�s �� �(�a�c�t�u�a�l�l�y� �p�a�r�t� �o�f� �a� 

�m�o�r�e� �c�o�m�p�l�e�x� �A�B�X� �p�a�t�t�e�r�n�)� �a�t� �a�b�o�u�t� �2�.�9�1� �p�p�m�,� �d�u�e� �t�o� �t�h�e� �p�r�o�t�o�n�s� �o�n� �C�-�6� �o�f� �y�a�t�e�i�n� �(�1�8�)�,� 

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

�e�x�p�e�c�t�e�d� �t�h�a�t� �t�h�i�s� �s�i�g�n�a�l� �w�o�u�l�d� �c�o�n�d�e�n�s�e� �t�o� �a� �d�o�u�b�l�e�t� �u�p�o�n� �p�l�a�c�i�n�g� �a� �l�a�b�e�l� �a�t� �t�h�e� �6�-�p�o�s�i�t�i�o�n�.� 

�A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �f�o�r� �t�h�e� �a�r�o�m�a�t�i�c� �p�o�r�t�i�o�n� �o�f� �t�h�e� �N�M�R� �s�p�e�c�t�r�u�m� �f�o�r� �t�h�e� 

 ��l�a�b�e�l�l�e�d �� �m�a�t�e�r�i�a�l� �a�p�p�e�a�r�e�d� �t�o� �b�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �l�e�s�s� �t�h�a�n� �f�o�r� �u�n�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�)�.� �U�p�o�n� 

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

�e�x�p�e�c�t�e�d� �s�h�a�r�p� �m�o�l�e�c�u�l�a�r� �i�o�n� �p�e�a�k� �a�t� �4�0�1� �m�a�s�s� �u�n�i�t�s�,� �t�h�e�r�e� �w�a�s� �i�n�s�t�e�a�d� �a� �G�a�u�s�s�i�a�n� 

�d�i�s�t�r�i�b�u�t�i�o�n� �c�e�n�t�e�r�e�d� �a�t� �4�0�3� �m�a�s�s� �u�n�i�t�s�.� �C�o�u�p�l�e�d� �w�i�t�h� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �N�M�R� 

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

�d�e�s�i�r�e�d� �6�B�-�p�o�s�i�t�i�o�n�,� �h�y�d�r�o�g�e�n� �f�r�o�m� �t�h�e�  ��c�a�t�a�l�y�t�i�c �� �a�m�o�u�n�t� �o�f� �c�o�n�c�e�n�t�r�a�t�e�d� �(�u�n�l�a�b�e�l�l�e�d�)� 

�H�C�l� �u�s�e�d� �w�a�s� �p�l�a�c�e�d� �a�t� �t�h�e� �6�-�p�o�s�i�t�i�o�n� �.� �U�p�o�n� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �h�y�p�o�t�h�e�s�i�z�e�d� �n�-�b�e�n�z�y�l� �-� 

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

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

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

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

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

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

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

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

�n�u�m�b�e�r� �o�f� �n�e�w� �e�x�p�e�r�i�m�e�n�t�s� �w�a�s� �t�r�i�e�d�,� �u�s�i�n�g� �d�e�u�t�e�r�a�t�e�d� �a�c�i�d�s�,� �i�.�e�.� �3�7�%� �D�C�I� �i�n� �D�2�O� �o�r� 

�6�9�%� �D�C�1�0�4� �i�n� �D�2�0�.� �H�o�w�e�v�e�r�,� �i�n� �m�a�n�y� �o�f� �t�h�e�s�e� �e�x�p�e�r�i�m�e�n�t�s�,� �t�h�e� �a�m�o�u�n�t� �o�f� �l�a�b�e�l�l�e�d� 

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

�m�a�s�s� �s�p�e�c�t�r�u�m�.� �W�h�e�n� �e�n�o�u�g�h� �m�a�t�e�r�i�a�l� �c�o�u�l�d� �b�e� �i�s�o�l�a�t�e�d�,� �t�h�e� �N�M�R� �a�n�d� �M�S� �s�p�e�c�t�r�a�l� �d�a�t�a� 
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�i�n�d�i�c�a�t�e�d� �n�o� �l�a�b�e�l� �p�l�a�c�e�m�e�n�t� �a�t� �t�h�e� �6�B� �p�o�s�i�t�i�o�n�,� �b�u�t� �r�a�t�h�e�r� �o�n� �t�h�e� �a�r�o�m�a�t�i�c� �r�i�n�g�s�.� �I�n� �t�h�e�s�e� 

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

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

�p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n�,� �s�u�p�p�l�i�e�d� �b�y� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�m�p�a�n�y�,� �t�y�p�i�c�a�l�l�y� �c�o�n�t�a�i�n�s� �2�%� �t�o� 

�4�%� �w�a�t�e�r� �(�a�s� �r�e�p�o�r�t�e�d� �i�n� �c�o�n�v�e�r�s�a�t�i�o�n� �w�i�t�h� �A�l�d�r�i�c�h� �t�e�c�h�n�i�c�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s�)�,� �a�n�d� �m�a�y� 

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

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

�i�d�e�n�t�i�f�i�e�d� �b�y� �'�H� �N�M�R� �a�n�d� �m�a�s�s� �s�p�e�c�t�r�a�l� �d�a�t�a� �a�s� �i�s�o�d�e�s�o�x�y�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n�,� �h�a�v�i�n�g� �a� 

�S�t�r�u�c�t�u�r�e� �s�i�m�i�l�a�r� �t�o� �d�e�s�o�x�y�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�2�0�)�,� �b�u�t� �d�i�f�f�e�r�i�n�g� �b�y� �i�t�s� �B�-�o�r�i�e�n�t�a�t�i�o�n� �o�f� �t�h�e� 

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

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

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

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

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

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

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

�A�t� �t�h�i�s� �p�o�i�n�t�,� �i�t� �w�a�s� �t�h�o�u�g�h�t� �t�h�a�t� �i�f� �6�-�2�H�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)� �c�o�u�l�d� �b�e� �f�o�r�m�e�d�,� 

�t�h�e�n� �t�h�e� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �t�h�i�s� �m�a�t�e�r�i�a�l� �w�i�t�h� �h�y�d�r�o�g�e�n� �a�n�d� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�1�0�%�)� 

�(�e�s�t�a�b�l�i�s�h�e�d� �a�s� �b�e�i�n�g� �s�u�c�c�e�s�s�f�u�l� �p�r�e�v�i�o�u�s�l�y� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �u�n�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�)�)� 

�w�o�u�l�d� �l�e�a�d� �t�o� �6�a�-�2�H�}�-�y�a�t�e�i�n� �(�1�8�b�)�.� �C�o�n�v�e�r�s�e�l�y�,� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �t�h�i�s� �m�a�t�e�r�i�a�l� �u�s�i�n�g� 

�R�a�n�e�y� �n�i�c�k�e�l� �a�s� �t�h�e� �c�a�t�a�l�y�s�t� �w�o�u�l�d� �l�e�a�d� �t�o� �t�h�e� �r�e�t�e�n�t�i�o�n� �o�f� �t�h�e� �i�s�o�t�o�p�i�c� �l�a�b�e�l�,� �a�f�f�o�r�d�i�n�g� �6�B�-� 

�2�H�-�y�a�t�e�i�n� �(�1�8�a�)�,� �a�s� �i�n�d�i�c�a�t�e�d� �i�n� �F�i�g�u�r�e� �2�1�.� 
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�6�-�7�H�,�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �4�4�a� �H�,� �,� �A�c�O�E�t�,� �H�+� 

� � 

�6�-�B�-�H�,�-�y�a�t�e�i�n� �1�8�a� 

�F�i�g�u�r�e� �2�1�:� �6�-�2�H�1�-�E�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)� �t�o� �6�-�a�-�2�H�1�-�y�a�t�e�i�n� �(�1�8�b�)�,� 

�a�n�d� �t�o� �6�B�-�2�H�1�-�y�a�t�e�i�n� �(�1�8�a�)� 
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�I�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �6�-�2�H�j�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�y�n�t�h�e�t�i�c� �s�c�h�e�m�e� 

�(�F�i�g�u�r�e� �2�2�)� �w�a�s� �d�e�v�e�l�o�p�e�d�:� 

�O�x� �,�C�l� 
�H� 

�O�o� �°� 

�«� �o�.�6�|�C�U�F� �L�H�M�S�,� �T�H�F�,� 
 � ��_ ��_�_�_� 

�0� �C�H�,�O� �O�C�H�,� �  ��1�0�C�w�r�t�,� �4�h� 
�O�o� �O�C�H�,� 

�5�0� 
�5�3� 

� � 

�6�-�7�H�,�-�p�o�d�o�r�h�i�z�o�l� �4�3�a� 

�N�N� �C�h�r�o�m�a�t�o�g�r�a�p�h�i�c� 

�a� 
�e�e� 

�6�-�7�H�,�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �4�4�a� 

� � 

�4�3�a�/�4�4�a� 

�F�i�g�u�r�e� �2�2�:� �P�r�o�p�o�s�e�d� �s�y�n�t�h�e�s�i�s� �o�f� �6�-�2�H�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)� �v�i�a� �p�o�d�o�r�h�i�z�o�n�e� �(�5�4�)� 

�T�h�e� �f�i�r�s�t� �s�t�e�p� �i�n�v�o�l�v�e�s� �b�a�s�e�-�c�a�t�a�l�y�z�e�d� �c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �(�R�)�-�(�+�)�-�B�-�p�i�p�e�r�o�n�y�l�-�y�-� 

�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)� �w�i�t�h� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�o�y�l� �c�h�l�o�r�i�d�e� �(�5�3�)�,� �t�o� �y�i�e�l�d� �p�o�d�o�r�h�i�z�o�n�e� 

�(�5�4�)�.� �T�h�i�s� �c�o�m�p�o�u�n�d� �c�a�n� �t�h�e�n� �b�e� �r�e�d�u�c�e�d� �t�o� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �m�i�x�t�u�r�e� �o�f� �d�e�u�t�e�r�i�u�m�-� 

�l�a�b�e�l�l�e�d� �a�l�c�o�h�o�l�s� �(�4�3�a� �a�n�d� �4�4�a�)� �u�s�i�n�g� �s�o�d�i�u�m� �b�o�r�o�d�e�u�t�e�r�i�d�e�.� �F�o�l�l�o�w�i�n�g� �c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� 

�6�1



�s�e�p�a�r�a�t�i�o�n�,� �6�-�2�H�,�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �t�o� �b�e� �c�o�n�v�e�r�t�e�d�,� �v�i�a� 

�h�y�d�r�o�g�e�n�o�l�y�s�i�s�,� �t�o� �d�e�u�t�e�r�i�u�m�-�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�a� �a�n�d� �1�8�b�)�.� 

�(�R�)�-�(�+�)�-�B�-�P�i�p�e�r�o�n�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �t�h�e� �b�a�s�e� �l�i�t�h�i�u�m� 

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

�w�i�t�h� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�o�y�l� �c�h�l�o�r�i�d�e� �(�5�3�)�.� �T�h�e� �c�r�u�d�e� �p�r�o�d�u�c�t� �m�i�x�t�u�r�e� �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� �a�n�d� �u�p�o�n� �s�t�a�n�d�i�n�g�,� �t�h�o�s�e� �f�r�a�c�t�i�o�n�s� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �p�r�o�d�u�c�t�,� 

�p�o�d�o�r�h�i�z�o�n�e� �(�5�4�)�,� �y�i�e�l�d�e�d� �l�o�n�g�,� �v�e�r�y� �f�i�n�e�,� �c�o�l�o�r�l�e�s�s� �n�e�e�d�l�e�s�.� �Y�i�e�l�d�s� �f�o�r� �t�h�i�s� �r�e�a�c�t�i�o�n� �w�e�r�e� 

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

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

�y�i�e�l�d� �o�f� �7�2�%�)�.� 

�P�o�d�o�r�h�i�z�o�n�e� �(�5�4�)� �w�a�s� �t�h�e�n� �t�r�e�a�t�e�d� �w�i�t�h� �s�o�d�i�u�m� �b�o�r�o�d�e�u�t�e�r�i�d�e� �i�n� 

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

�T�L�C�.� �T�h�e� �d�e�s�i�r�e�d� �a�l�c�o�h�o�l�,� �6�-�2�H�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)�,� �w�a�s� �i�s�o�l�a�t�e�d� �i�n� �a�b�o�u�t� �5�0�%� �y�i�e�l�d�.� 

�T�h�e� �o�t�h�e�r� �a�l�c�o�h�o�l�,� �6�-�2�H�-�p�o�d�o�r�h�i�z�o�l� �(�4�3�a�)�,� �w�a�s� �a�l�s�o� �i�s�o�l�a�t�e�d�,� �i�n� �a�b�o�u�t� �4�5�%� �y�i�e�l�d�.� 

�6�-�2�H�-�E�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �u�s�i�n�g� �h�y�d�r�o�g�e�n� �g�a�s� 

�a�n�d� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�1�0�%�)�,� �w�i�t�h� �a� �c�a�t�a�l�y�t�i�c� �a�m�o�u�n�t� �o�f� �H�C�l�O�4�.� �T�h�e� �c�r�u�d�e�,� �c�o�l�o�r�l�e�s�s� 

�p�r�o�d�u�c�t� �m�i�x�t�u�r�e� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �p�r�e�p�a�r�a�t�i�v�e� �T�L�C�,� �a�n�d� �t�h�e� �d�e�s�i�r�e�d� �c�o�m�p�o�n�e�n�t�,� �6�-�a�-�2�H�j�-� 

�y�a�t�e�i�n� �(�1�8�b�)� �w�a�s� �i�s�o�l�a�t�e�d� �i�n� �3�0�%� �y�i�e�l�d�.� �T�h�e� �y�i�e�l�d� �w�a�s� �s�o�m�e�w�h�a�t� �l�o�w�e�r� �t�h�a�n� �e�x�p�e�c�t�e�d�,� 

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

�s�p�e�c�t�r�o�m�e�t�r�i�e�s�.� �T�h�e� �s�p�e�c�t�r�a�l� �d�a�t�a� �a�p�p�e�a�r�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �d�e�s�i�r�e�d� �c�o�m�p�o�u�n�d� �(�1�8�b�)� �w�a�s� 

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

�a�t� �a�b�o�u�t� �2�.�9�1� �p�p�m� �i�n�t�o� �a� �d�o�u�b�l�e�t�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e�r�e� �i�s� �o�n�l�y� �o�n�e� �p�r�o�t�o�n� �o�n� �C�-�6� �o�f� �t�h�e� 

�y�a�t�e�i�n�,� �a�n�d� �t�h�a�t� �i�t� �i�s� �b�e�i�n�g� �s�p�l�i�t� �o�n�l�y� �b�y� �t�h�e� �p�r�o�t�o�n� �o�n� �t�h�e� �a�d�j�a�c�e�n�t� �C�-�2� �(�i�.�e�.�,� �n�o� �g�e�m�i�n�a�l� 

�s�p�l�i�t�t�i�n�g�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �m�a�s�s� �s�p�e�c�t�r�u�m� �s�h�o�w�s� �a� �m�o�l�e�c�u�l�a�r� �i�o�n� �p�e�a�k� �a�t� �4�0�1� �m�a�s�s� �u�n�i�t�s�,� 

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

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

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

�h�a�v�e� �p�r�e�s�u�m�a�b�l�y� �b�e�e�n� �i�n�v�e�r�t�e�d� �t�o� �t�h�e� �a�-�c�o�n�f�i�g�u�r�a�t�i�o�n� �i�n� �t�h�e� �f�i�n�a�l� �p�r�o�d�u�c�t�,� �g�i�v�i�n�g� �6�-�a�-�2�H�)�-� 

�y�a�t�e�i�n� �(�1�8�b�)�.� 
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�D�u�e� �t�o� �t�h�e� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �o�b�t�a�i�n�i�n�g� �6�B�-�2�H�-�y�a�t�e�i�n� �(�1�8�a�)� �f�r�o�m� �t�h�e� 

�h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �u�s�i�n�g� �d�e�u�t�e�r�i�u�m� �o�v�e�r� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n�,� �a�n� 

�a�l�t�e�r�n�a�t�e� �a�p�p�r�o�a�c�h� �w�a�s� �u�n�d�e�r�t�a�k�e�n�.� �I�n� �t�h�i�s� �a�p�p�r�o�a�c�h�,� �6�-�2�H�}�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)� �w�a�s� 

�e�n�v�i�s�i�o�n�e�d� �t�o� �u�n�d�e�r�g�o� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�v�e�r� �R�a�n�e�y� �n�i�c�k�e�l� �t�o� �g�i�v�e� �t�h�e� �d�e�s�i�r�e�d� �y�a�t�e�i�n� �(�1�8�a�)�.� 

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

�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �1�8�a� �w�a�s� �n�e�g�l�i�g�i�b�l�e�,� �e�v�e�n� �w�h�e�n� �p�r�o�l�o�n�g�e�d� �r�e�a�c�t�i�o�n� �t�i�m�e�s� �(�i�.�e�.� �>�1�3�5� �h�o�u�r�s�)� 

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

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

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

�n�i�c�k�e�]�.�7�5�,�7�6�,�8�0�,�8�1� �F�u�r�t�h�e�r�m�o�r�e�,� �u�n�l�i�k�e� �t�h�e� �c�a�s�e� �w�h�e�n� �a� �p�a�l�l�a�d�i�u�m� �c�a�t�a�l�y�s�t� �i�s� �u�s�e�d�,� �a�d�d�i�t�i�o�n� 

�o�f� �c�a�t�a�l�y�t�i�c� �a�m�o�u�n�t�s� �o�f� �a�c�i�d� �(�H�C�!� �a�n�d� �H�C�1�O�g�4�)� �d�i�d� �n�o�t� �e�n�h�a�n�c�e� �t�h�e� �r�e�a�c�t�i�o�n� �r�a�t�e� �o�f� 

�h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �6�-�2�H�)�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)� �o�v�e�r� �R�a�n�e�y� �n�i�c�k�e�l�.� 

�A�n�o�t�h�e�r� �a�t�t�e�m�p�t� �a�t� �f�o�r�m�i�n�g� �6�B�-�2�H�-�y�a�t�e�i�n� �(�1�8�a�)� �w�a�s� �m�a�d�e�,� �b�y� �u�s�i�n�g� �e�p�i�p�o�d�o�r�h�i�z�o�l� 

�(�4�4�)�,� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�5�%�)�,� �a�n�d� �d�e�u�t�e�r�i�u�m� �g�a�s�.� �I�n� �t�h�i�s� �r�e�a�c�t�i�o�n� �s�e�v�e�r�a�l� �p�r�e�c�a�u�t�i�o�n�s� 

�w�e�r�e� �t�a�k�e�n� �t�o� �e�n�s�u�r�e� �t�h�a�t� �n�o� �e�x�c�h�a�n�g�a�b�l�e� �p�r�o�t�o�n�s� �w�e�r�e� �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� 

�C�a�t�a�l�y�s�t� �w�a�s� �t�w�i�c�e� �s�t�i�r�r�e�d� �i�n� �9�9�.�9�+�%� �D�2�0� �a�n�d� �a�l�l�o�w�e�d� �t�o� �e�q�u�i�l�i�b�r�a�t�e� �w�i�t�h� �d�e�u�t�e�r�i�u�m� �g�a�s� �f�o�r� 

�2�4� �h�o�u�r�s�;� �t�h�e� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �w�a�s� �t�w�i�c�e� �d�i�s�s�o�l�v�e�d� �i�n� �C�D�C�l�3� �t�o� �a�z�e�o�t�r�o�p�e� �w�i�t�h� �a�n�y� 

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

�w�a�s� �f�r�e�s�h�l�y� �o�b�t�a�i�n�e�d� �7�0�%� �D�C�I�O�4� �i�n� �D�2�0� �,� �c�o�n�t�a�i�n�i�n�g� �9�9�.�9�+�%� �i�s�o�t�o�p�i�c� �l�a�b�e�l�.� �T�h�e� �r�e�s�u�l�t�i�n�g� 

�p�r�o�d�u�c�t�,� �p�u�r�i�f�i�e�d� �b�y� �p�r�e�p�a�r�a�t�i�v�e� �T�L�C�,� �w�a�s� �a�n�a�l�y�z�e�d� �b�y� �N�M�R� �a�n�d� �M�S�.� �W�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� 

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

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

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

�s�p�e�c�t�r�u�m� �a�t� �a�b�o�u�t� �2�.�9�1� �p�p�m�.� �T�h�e� �2�.�9�1� �p�p�m� �m�u�l�t�i�p�l�e�t� �g�a�v�e� �a�n� �i�n�t�e�g�r�a�t�i�o�n� �v�a�l�u�e� �e�q�u�i�v�a�l�e�n�t� 

�t�o� �t�w�o� �p�r�o�t�o�n�s�.� �T�h�e� �m�a�s�s� �s�p�e�c�t�r�u�m� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�e� �c�o�m�p�o�u�n�d� �a�p�p�e�a�r�e�d� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� 
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�o�b�t�a�i�n�e�d� �p�r�e�v�i�o�u�s�l�y� �(�p�a�g�e� �5�8�)� �b�y� �t�h�e� �s�a�m�e� �r�o�u�t�e�,� �i�.�e�.�,� �d�i�s�p�l�a�y�i�n�g� �a� �G�a�u�s�s�i�a�n� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�m�a�s�s� �p�e�a�k�s� �c�e�n�t�e�r�e�d� �a�t� �4�0�3� �m�a�s�s� �u�n�i�t�s�.� �A�p�p�a�r�e�n�t�l�y�,� �t�h�e� �p�r�e�c�a�u�t�i�o�n�s� �t�a�k�e�n� �w�e�r�e� �n�o�t� 

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

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

�W�i�t�h� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �l�a�r�g�e� �r�a�t�i�o� �o�f� �c�a�t�a�l�y�s�t� �t�o� �s�u�b�s�t�r�a�t�e�,� �t�h�i�s� �m�i�g�h�t� �e�x�p�l�a�i�n� �t�h�e� �l�a�c�k� �o�f� �l�a�b�e�l� �a�t� 

�c�a�r�b�o�n�-�6� �o�f� �y�a�t�e�i�n�.� �H�o�w�e�v�e�r�,� �e�v�e�n� �i�n� �p�r�e�v�i�o�u�s� �a�t�t�e�m�p�t�s� �w�h�e�n� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �a�m�o�u�n�t�s� �o�f� 

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

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

�p�r�o�t�o�n� �p�e�a�k� �i�n�t�e�g�r�a�t�i�o�n�.� 
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�I�I�.�3� �S�y�n�t�h�e�s�i�s� �o�f� �M�a�t�a�i�r�e�s�i�n�o�l� �D�e�r�i�v�a�t�i�v�e�s� 

�T�h�e� �q�u�e�s�t�i�o�n� �o�f� �w�h�e�t�h�e�r� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �c�a�n� �s�e�r�v�e� �a�s� �a� �p�r�e�c�u�r�s�o�r� �t�o� �y�a�t�e�i�n� �(�1�8�)� �i�n� 

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

�m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �c�o�u�l�d� �a�l�s�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �p�r�e�c�u�r�s�o�r� �t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �s�i�n�c�e� �i�t� 

�h�a�s� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �y�a�t�e�i�n� �(�1�8�)� �i�s� �a� �p�r�e�c�u�r�s�o�r� �t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�.�5�9� �I�n� �o�r�d�e�r� �t�o� 

�i�n�v�e�s�t�i�g�a�t�e� �t�h�i�s� �p�o�s�s�i�b�i�l�i�t�y�,� �t�h�e� �s�y�n�t�h�e�t�i�c� �s�c�h�e�m�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�4� �w�a�s� �e�n�v�i�s�i�o�n�e�d�,� 

�f�o�l�l�o�w�i�n�g� �t�h�e� �m�e�t�h�o�d� �o�f� �B�r�o�w�n� �a�n�d� �D�a�u�g�a�n�.�8�6� �T�h�i�s� �s�c�h�e�m�e� �n�o�t� �o�n�l�y� �o�u�t�l�i�n�e�s� �t�h�e� 

�s�y�n�t�h�e�s�i�s� �o�f� �l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�a�)�,� �b�u�t� �t�h�e� �l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �d�e�r�i�v�a�t�i�v�e�s� �6�4�a�,� 

�6�4�b�,� �a�n�d� �6�4�c� �a�s� �w�e�l�l�.� �T�h�e� �r�a�t�i�o�n�a�l�e� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�h�e�s�e� �d�e�r�i�v�a�t�i�v�e�s� �i�s� �t�h�a�t� �t�h�e�i�r� �u�s�e� 

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

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

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

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

�m�i�g�h�t� �o�c�c�u�r�.� �T�h�e� �p�o�s�s�i�b�l�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �a�r�e� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �2�5�.� �T�h�u�s� �t�h�e� �s�y�n�t�h�e�s�i�s� 

�o�f� �t�h�e� �l�a�b�e�l�l�e�d� �c�o�m�p�o�u�n�d�s� �i�n�d�i�c�a�t�e�d� �b�y� �n�u�m�b�e�r� �i�n� �F�i�g�u�r�e� �2�5� �m�i�g�h�t� �h�e�l�p� �t�o� �b�e�t�t�e�r� 

�e�s�t�a�b�l�i�s�h�,� �t�h�r�o�u�g�h� �s�u�c�c�e�s�s�f�u�l� �i�n�c�o�r�p�o�r�a�t�i�o�n� �i�n�t�o� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �t�h�e� �l�i�k�e�l�i�h�o�o�d� �a�n�d� 

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

�A�n�o�t�h�e�r� �s�e�t� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s�,� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�6�,� �w�a�s� �a�l�s�o� �e�n�v�i�s�i�o�n�e�d�,� �b�u�t� 

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

�b�e�i�n�g� �b�e�y�o�n�d� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �p�r�o�j�e�c�t�.� 

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

�t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�4�,� �i�s� �i�n�i�t�i�a�t�e�d� �b�y� �a� 

�S�t�o�b�b�e� �c�o�n�d�e�n�s�a�t�i�o�n�,� �i�n�v�o�l�v�i�n�g� �v�a�n�i�l�l�i�n� �(�5�5�)�,� �d�i�m�e�t�h�y�l� �s�u�c�c�i�n�a�t�e�,� �a�n�d� �l�i�t�h�i�u�m� �m�e�t�h�o�x�i�d�e� �a�s� 

�b�a�s�e�,� �i�n� �r�e�f�l�u�x�i�n�g� �m�e�t�h�a�n�o�l�,� �y�i�e�l�d�i�n�g� �-�v�a�n�i�l�l�y�l�i�d�e�n�e� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�]� �e�s�t�e�r� �(�5�6�)�.� 
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�R�O� �M�e�O�H�,� �r�e�f�l�u�x� 

�R�=�H� �5�5� 

�x� �R�=�C�H�>�P�h� �5�5�a� 

�1�.� �R�-�(�+�)�-�M�e�t�h�y�l�b�e�n�z�y�]�-� 
�C�H�,�O� �u� �C�O�,�C�H�,� �a�m�i�n�e�,� �$�8�,� �i�n� �A�c�O�E�t� �O�r�e� 

�H�O� �C�O�.�H� 
� � 

� � 

 ��O�T� 

�H�O� �C�O�,�H� 

�C�H�,�O� �C�H�O� �N�a�O�C�H�;� �C�I� �o�H� �A�c�o�,� �M�O�H� 
�5�6� 

�H�2�/�P�d�(�C�)� 

�a�e� �G�e�l� 

�H�O� �C�O�,�H� 
�5�7� �5�7�a� 

�1�.� �2�M� �K�O�H� 
�2�.� �C�a�(�B�H�,�)�;� �i�n� �9�5�%� �E�t�O�H� 

�H� �C�H�,�O� �=� �L�D�A� �o�r� �L�H�M�S�,� �a�e�:� �R�,�O� �R�y� �0� �.� �e�a� �B�r� 

�R�,�=�H� �5�9� �3� �O�C�H�;� 
�|� �6�1�a�:� �R�o� �=� �H�,� �R�3� �=� �C�H�>�P�h� �6�2�a� 

�R�,�=�C�H�2�P�h� �6�0� �6�1�b�:� �R�.� �=� �O�C�H�,�P�h�,� �R�;� �=� �C�H�»�P�h� �6�2�b� 
�6�l�e�:� �R�o� �=� �O�C�H�3�,� �R�;� �=� �C�H�P�h� �6�2�c�¢� 

�6�1�d�:� �R�.� �=� �O�C�H�,� �R�;� �=� �C�H�;� �6�2�d� 

�u�s�i�n�g� �D�+�/�D�,�0� 

� � 

�1�6�a�:� �R�2� �=� �D�,� �R�;� �=�H� 
�6�4�a�:� �R�2� �=� �O�H�,� �R�;� �=�H� 

�6�4�b�:� �R�,� �=� �O�C�H�,� �R�;�=�H� 

�6�4�c�:� �R�2� �=� �O�C�H�;� �R�;�=�C�H�,� 

�D�e�u�t�e�r�i�u�m� �e�x�c�h�a�n�g�e�,� 

� � 

�D�e�p�r�o�t�e�c�t�i�o�n�,� 
�u�s�i�n�g� �P�d�(�C�)�,� �H�2� 

� � 

�1�6�:� �R�,�=�R�3�;�=�H� 

�6�3�a�:� �R�2� �=� �O�H�,� �R�3�=�H� 
�6�3�b�:� �R�a� �=� �O�C�H�,� �R�3� �=�H� 

�6�3�c�:� �R�a� �=� �O�C�H�3�,� �R�;� �=� �C�H�,� 

�F�i�g�u�r�e� �2�4�:� �P�r�o�p�o�s�e�d� �s�y�n�t�h�e�t�i�c� �s�c�h�e�m�e� �f�o�r� �l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �a�n�d� �d�e�r�i�v�a�t�i�v�e�s�.� 
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� � 

�m�a�t�a�i�r�e�s�i�n�o�l� �1�6� �o�?� 
�?� �m�e�t�h�y�l�a�t�i�o�n� 

�s�s� 

�C�H�,�0� �a� 

�c�y� �T�Y� 
�H�O� 

�H� �O� 

�H�O� �|� �O�C�H�;� 
�O�C�H�,� �m�e�t�h�y�l�a�t�i�o�n� 

�4� 

�|� �m�e�t�h�y�l�a�t�i�o�n� 

�m�e�t�h�y�l�e�n�e�d�i�o�x�y� 
�f�o�r�m�a�t�i�o�n� 
� � � � � �6�3�c� 

�F�i�g�u�r�e� �2�5�:� �P�o�s�s�i�b�l�e� �b�i�o�t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �l�e�a�d�i�n�g� �f�r�o�m� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �t�o� �y�a�t�e�i�n� �(�1�8�)� 
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� � � � � � � 

� � 

� � � � 

� � 

�m�e�t�h�y�l�e�n�e�d�i�o�x�y� 
�f�o�r�m�a�t�i�o�n� 

�h�y�d�r�o�x�y�l�a�t�i�o�n� 

�m�e�t�h�y�l�a�t�i�o�n� 
� � � � 

�y�a�t�e�i�n� �1�8� 

�F�i�g�u�r�e� �2�6�:� �P�o�s�s�i�b�l�e� �b�i�o�t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �l�e�a�d�i�n�g� �f�r�o�m� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �t�o� �y�a�t�e�i�n� �(�1�8�)� 
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�T�h�i�s� �m�a�t�e�r�i�a�l� �i�s� �h�y�d�r�o�g�e�n�a�t�e�d�,� �g�i�v�i�n�g� �r�a�c�e�m�i�c� �a�-�v�a�n�i�l�l�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f� �m�e�t�h�y�l� �e�s�t�e�r� 

�(�5�7�)�.� �I�t� �w�o�u�l�d� �a�l�s�o� �b�e� �p�o�s�s�i�b�l�e� �a�t� �t�h�i�s� �p�o�i�n�t� �t�o� �t�r�e�a�t� �c�o�m�p�o�u�n�d� �5�7� �w�i�t�h� �b�a�s�e� �i�n� �o�r�d�e�r� �t�o� 

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

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

�C�H�,�O� �.� �C�O�.�C�H�,� 

�w�k�,� 

�5�7�b� 

�T�r�e�a�t�m�e�n�t� �o�f� �c�o�m�p�o�u�n�d� �5�7� �w�i�t�h� �(�R�)�-�(�+�)�-�a�-�m�e�t�h�y�l�b�e�n�z�y�l�a�m�i�n�e� �(�5�8�)� �i�n� �e�t�h�y�l� �a�c�e�t�a�t�e� 

�w�o�u�l�d� �a�l�l�o�w� �t�h�e� �i�s�o�l�a�t�i�o�n� �o�f� �t�h�e� �d�e�s�i�r�e�d� �e�n�a�n�t�i�o�m�e�r�,� �a�s� �t�h�e� �(�R�)�-�(�+�)�-�a�-�m�e�t�h�y�l�b�e�n�z�y�l�a�m�i�n�e� 

�s�a�l�t�.� �S�u�b�s�e�q�u�e�n�t� �a�c�i�d�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�a�l�t� �a�f�f�o�r�d�s� �t�h�e� �d�e�s�i�r�e�d� �(�R�)�-�(�+�)�-�a�-�v�a�n�i�l�l�y�l� �s�u�c�c�i�n�i�c� 

�a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�5�7�a�)�.� �T�h�e� �p�o�t�a�s�s�i�u�m� �s�a�l�t� �i�s� �t�h�e�n� �f�o�r�m�e�d�,� �f�o�l�l�o�w�e�d� �b�y� �t�r�e�a�t�m�e�n�t� 

�w�i�t�h� �c�a�l�c�i�u�m� �b�o�r�o�h�y�d�r�i�d�e� �t�o� �o�b�t�a�i�n� �t�h�e� �p�r�o�t�e�c�t�e�d� �(�R�)�-�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�9�)�.� 

�P�r�o�t�e�c�t�i�o�n� �o�f� �5�9� �a�s� �t�h�e� �b�e�n�z�y�l� �e�t�h�e�r� �y�i�e�l�d�s� �c�o�m�p�o�u�n�d� �6�0�,� �w�h�i�c�h� �i�s� �s�u�b�j�e�c�t�e�d� �t�o� �b�a�s�i�c� 

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

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

�6�1�d�)�,� �t�o� �g�i�v�e� �p�r�o�t�e�c�t�e�d�,� �l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�o�r� �d�e�r�i�v�a�t�i�v�e�s�)� �6�2�a�,� �6�2�b�,� �6�2�c�,� �a�n�d� �6�2�d�.� 

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

�r�e�s�u�l�t�e�d�,� �b�a�s�e�d� �o�n� �t�h�e� �a�u�t�h�o�r�'�s� �r�e�s�u�l�t�s�.� �T�h�i�s� �s�t�e�r�e�o�c�h�e�m�i�s�t�r�y� �c�a�n� �b�e� �a�t�t�r�i�b�u�t�e�d� �m�a�i�n�l�y� �t�o� �t�h�e� 

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

�D�e�p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�i�s� �c�o�m�p�o�u�n�d� �u�s�i�n�g� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �w�o�u�l�d� �a�f�f�o�r�d� �m�a�t�a�i�r�e�s�i�n�o�l� �1�6� �o�r� 

�i�t�s� �d�e�r�i�v�a�t�i�v�e�s� �6�3�a�,� �6�3�b�,� �6�3�c�,� �w�h�i�c�h� �c�a�n� �t�h�e�n� �b�e� �t�r�e�a�t�e�d� �w�i�t�h� �a� �d�e�u�t�e�r�i�u�m�-�l�a�b�e�l�l�e�d� �a�c�i�d� 

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

�m�a�t�a�i�r�e�s�i�n�o�l� �a�n�a�l�o�g�s� �1�6�a�,� �6�4�a�,� �6�4�b�,� �6�4�c�.� �A�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �s�y�n�t�h�e�s�i�s�,� 

�7�0



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

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

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

�u�n�d�e�r� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �p�l�a�n�t� �(�i�.�e�.�,� �n�e�a�r�l�y� �n�e�u�t�r�a�l� �p�H�)� �t�h�i�s� �o�c�c�u�r�r�e�n�c�e� 

�s�h�o�u�l�d� �b�e� �r�e�l�a�t�i�v�e�l�y� �m�i�n�i�m�a�l�.� �S�u�c�h� �a� �s�i�t�u�a�t�i�o�n� �c�o�u�l�d� �b�e� �a�v�o�i�d�e�d� �u�s�i�n�g� �c�o�m�p�o�u�n�d� �5�7�b�,� �a�s� 

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

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

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

�e�s�t�e�r� �(�5�6�)� �v�i�a� �S�t�o�b�b�e� �c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �v�a�n�i�l�l�i�n� �(�5�5�)� �a�n�d� �d�i�m�e�t�h�y�l� �s�u�c�c�i�n�a�t�e�,� �u�s�i�n�g� �l�i�t�h�i�u�m� 

�m�e�t�h�o�x�i�d�e� �a�s� �b�a�s�e�,� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �p�r�o�c�e�d�u�r�e� �o�f� �B�r�o�w�n� �a�n�d� �D�a�u�g�a�n�.�8�6� �T�h�e� �a�u�t�h�o�r�s� 

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

�w�i�t�h�o�u�t� �t�h�e� �n�e�e�d� �f�o�r� �p�r�i�o�r� �p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �v�a�n�i�l�l�i�n� �h�y�d�r�o�x�y�l� �g�r�o�u�p�,� �w�i�t�h� �a� �9�0�%� �y�i�e�l�d� 

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

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

�3�%� �t�o� �1�5�%� �r�a�n�g�e�.� �U�s�e� �o�f� �s�o�d�i�u�m� �m�e�t�h�o�x�i�d�e� �d�i�d� �n�o�t� �a�p�p�r�e�c�i�a�b�l�y� �i�m�p�r�o�v�e� �t�h�e� �y�i�e�l�d�s� �(�4�%� �t�o� 

�1�6�%�)� �w�i�t�h�o�u�t� �p�r�i�o�r� �p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �v�a�n�i�l�l�y�l� �h�y�d�r�o�x�y�l� �g�r�o�u�p�.� �H�o�w�e�v�e�r�,� �i�n�i�t�i�a�l� �p�r�o�t�e�c�t�i�o�n� 

�o�f� �v�a�n�i�l�l�i�n� �w�i�t�h� �b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�m�e�t�h�a�n�o�l�/�p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e�;� �6�4�%� �t�o� �7�4�%� �y�i�e�l�d�)� �a�n�d� 

�c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �t�h�i�s� �m�a�t�e�r�i�a�l� �5�5�a� �w�i�t�h� �d�i�m�e�t�h�y�l� �s�u�c�c�i�n�a�t�e� �u�s�i�n�g� �s�o�d�i�u�m� �m�e�t�h�o�x�i�d�e� �i�n� 

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

�t�o� �6�5�%�.� 

�T�h�e� �p�r�o�d�u�c�t�,� �$�6�,� �f�r�o�m� �t�h�e� �a�b�o�v�e� �r�e�a�c�t�i�o�n�,� �w�a�s� �h�y�d�r�o�g�e�n�a�t�e�d� �(�a�n�d� �d�e�p�r�o�t�e�c�t�e�d�,� 

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

�c�a�r�b�o�n� �(�5�%� �o�r� �1�0�%�)� �i�n� �a�c�e�t�i�c� �a�c�i�d�,� �t�o� �y�i�e�l�d� �5�7� �i�n� �t�y�p�i�c�a�l� �y�i�e�l�d�s� �o�f� �5�5�%� �t�o� �6�5�%� �a�f�t�e�r� 

�r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n�.� 
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�T�h�e� �r�a�c�e�m�i�c� �a�-�v�a�n�i�l�l�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�5�7�)� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �(�R�)�-� 

�(�+�)�-�a�-�m�e�t�h�y�l�b�e�n�z�y�l�a�m�i�n�e� �(�5�8�)� �i�n� �e�t�h�y�l� �a�c�e�t�a�t�e� �t�o� �a�c�c�o�m�p�l�i�s�h� �c�h�i�r�a�l� �r�e�s�o�l�u�t�i�o�n�.� �S�i�m�i�l�a�r� �t�o� 

�(�-�)�-�e�p�h�e�d�r�i�n�e� �(�4�9�)� �i�n� �i�t�s� �f�u�n�c�t�i�o�n� �a�s� �a� �c�h�i�r�a�l� �r�e�s�o�l�v�i�n�g� �a�g�e�n�t�,� �a�-�m�e�t�h�y�l�b�e�n�z�y�l�a�m�i�n�e� �(�5�8�)� �i�s� 

�t�h�e� �m�o�s�t� �w�i�d�e�l�y� �u�s�e�d� �s�y�n�t�h�e�t�i�c� �r�e�s�o�l�v�i�n�g� �a�g�e�n�t�.�7�3� 

�C�H�,�.� �.�H� 
�»� 

�N�H�,� 

�(�R�)�-�(�+�)�-�a�-�m�e�t�h�y�l�b�e�n�z�y�l�a�m�i�n�e� �(�5�8�)� 

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

�w�i�t�h� �a�c�i�d� �t�o� �a�f�f�o�r�d� �t�h�e� �d�e�s�i�r�e�d� �(�R�)�-�(�+�)�-�a�-�v�a�n�i�l�l�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�5�7�a�)�.� 

�T�y�p�i�c�a�l� �y�i�e�l�d�s� �r�a�n�g�e�d� �f�r�o�m� �1�9�%� �t�o� �3�3�%�,� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �a� �r�a�n�g�e� �o�f� �3�8�%� �t�o� �6�6�%� �a�-� 

�H� �e�n�a�n�t�i�o�m�e�r� �r�e�c�o�v�e�r�y�.� �A�n� �e�n�a�n�t�i�o�m�e�r�i�c� �p�u�r�i�t�y� �o�f� �9�3�.�9�%� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� 

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

�w�h�e�n� �t�h�e� �r�a�c�e�m�i�c� �a�-�v�a�n�i�l�l�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�5�7�)� �w�a�s� �r�e�p�r�o�t�e�c�t�e�d� �w�i�t�h� 

�b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�m�e�t�h�a�n�o�l�/�p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e�)� �p�r�i�o�r� �t�o� �a�t�t�e�m�p�t�s� �a�t� �c�h�i�r�a�l� �r�e�s�o�l�u�t�i�o�n�,� �t�h�e� 

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

�v�i�s�c�o�u�s� �o�i�l�,� �w�h�i�c�h� �d�i�d� �n�o�t� �p�r�o�d�u�c�e� �c�r�y�s�t�a�l�s� �e�v�e�n� �u�p�o�n� �p�r�o�l�o�n�g�e�d� �(�s�e�v�e�r�a�l� �w�e�e�k�s�)� �s�t�a�n�d�i�n�g� 

�a�t� �-�4�°� �C�.� 

�F�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �(�R�)�-�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�9�)� �p�r�o�c�e�e�d�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�t�h�e� �e�n�a�n�t�i�o�m�e�r�i�c�a�l�l�y� �p�u�r�e� �a�-�v�a�n�i�l�l�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�5�7�a�)� �w�a�s� �c�o�n�v�e�r�t�e�d� �t�o� 

�i�t�s� �p�o�t�a�s�s�i�u�m� �s�a�l�t� �b�y� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �K�O�H� �a�n�d� �t�h�e� �p�o�t�a�s�s�i�u�m� �s�a�l�t� �w�a�s� �t�h�e�n� �t�r�e�a�t�e�d� �w�i�t�h� 
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�c�a�l�c�i�u�m� �b�o�r�o�h�y�d�r�i�d�e�,� �a�f�f�o�r�d�i�n�g� �t�h�e� �p�r�o�d�u�c�t� �l�a�c�t�o�n�e� �5�9� �a�s� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�s�,� �i�n� �a�b�o�u�t� �6�0�%� 

�y�i�e�l�d�.� 

�P�r�i�o�r� �t�o� �s�u�b�s�e�q�u�e�n�t� �s�t�e�p�s� �i�n� �t�h�e� �p�r�o�p�o�s�e�d� �s�y�n�t�h�e�s�i�s�,� �i�t� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �r�e�p�r�o�t�e�c�t� 

�t�h�e� �p�h�e�n�o�l�i�c� �h�y�d�r�o�x�y�l� �g�r�o�u�p�.� �T�h�i�s� �w�a�s� �d�o�n�e� �b�y� �t�r�e�a�t�i�n�g� �5�9� �w�i�t�h� �b�e�n�z�y�l� �b�r�o�m�i�d�e� 

�(�a�c�e�t�o�n�e�/�p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e�,� �1�6� �h�r� �r�e�f�l�u�x�)�,� �t�o� �o�b�t�a�i�n� �6�0� �a�s� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�s� �i�n� �5�7�.�9�%� 

�y�i�e�l�d�.� 

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

�u�s�e�d� �i�n� �c�o�u�p�l�i�n�g� �t�o� �t�h�e� �O�-�b�e�n�z�y�l�-�(�R�)�-�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�6�0�)�,� �i�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� 

�p�r�o�t�e�c�t�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�6�2�a�)�.� �T�h�e� �r�e�a�c�t�i�o�n� �s�e�q�u�e�n�c�e� �f�o�r� �o�b�t�a�i�n�i�n�g� �t�h�e� �p�r�o�t�e�c�t�e�d� �v�a�n�i�l�l�y�l� 

�b�r�o�m�i�d�e� �i�s� �s�h�o�w�n� �b�e�l�o�w� �i�n� �F�i�g�u�r�e� �2�7�,� �a�n�d� �f�o�l�l�o�w�s� �t�h�e� �m�e�t�h�o�d� �o�f� �B�a�r�t�o�n�,� �e�t� �a�l�.�8�7� �A�s� 

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

�i�n�v�o�l�v�e�s� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �b�e�n�z�y�l� �b�r�o�m�i�d�e�.� �T�h�e� �p�r�o�d�u�c�t�,� �O�-�b�e�n�z�y�l� �v�a�n�i�l�l�i�n� �(�5�5�a�)�,� �i�s� �t�h�u�s� 

�o�b�t�a�i�n�e�d� �a�s� �f�i�n�e�,� �v�e�r�y� �p�a�l�e� �y�e�l�l�o�w� �c�r�y�s�t�a�l�s�,� �i�n� �6�4�%� �t�o� �7�5�%� �o�v�e�r�a�l�l� �y�i�e�l�d�.� �T�h�e� �s�e�c�o�n�d� �s�t�e�p� 

�i�n� �t�h�e� �s�e�q�u�e�n�c�e� �i�s� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �O�-�b�e�n�z�y�l� �v�a�n�i�l�l�i�n� �(�5�5�a�)� �t�o� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �a�l�c�o�h�o�l�,� �b�y� 

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

�a�b�o�u�t� �8�0�%� �y�i�e�l�d� �a�f�t�e�r� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� �T�h�e� �c�r�y�s�t�a�l�l�i�n�e� �m�a�t�e�r�i�a�l� �5�5�b� �i�s� �c�o�n�v�e�r�t�e�d� �t�o� �t�h�e� 

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

�t�h�i�s� �r�e�a�c�t�i�o�n� �i�s� �o�b�t�a�i�n�e�d� �i�n� �a�b�o�u�t� �5�0�%� �y�i�e�l�d�,� �a�f�t�e�r� �p�u�r�i�f�i�c�a�t�i�o�n�.� 

�O�-�B�e�n�z�y�l�1�-�(�R�)�-�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�6�0�)� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �O�-�b�e�n�z�y�l� 

�v�a�n�i�l�l�y�l� �b�r�o�m�i�d�e� �(�6�1�a�)�,� �u�s�i�n�g� �L�H�M�S� �a�s� �b�a�s�e�,� �t�o� �o�b�t�a�i�n� �d�i�-�O�-�b�e�n�z�y�]� �m�a�t�a�i�r�e�s�i�n�o�l� �(�6�2�a�)�,� �a�s� 

�a� �v�e�r�y� �p�a�l�e� �y�e�l�l�o�w� �o�i�l�,� �i�n� �6�9�%� �y�i�e�l�d�.� �D�i�-�O�-�b�e�n�z�y�l� �m�a�t�a�i�r�e�s�i�n�o�l� �(�6�2�a�)� �w�a�s� �t�h�e�n� �d�e�p�r�o�t�e�c�t�e�d� 

�b�y� �h�y�d�r�o�g�e�n�a�t�i�o�n� �o�v�e�r� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�5�%�)�,� �a�f�f�o�r�d�i�n�g� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)�,� �a�s� 

�c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�s� �(�a�f�t�e�r� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �e�t�h�y�l� �a�c�e�t�a�t�e�)�,� �i�n� �8�0�%� �y�i�e�l�d�.� �T�h�e� �d�e�u�t�e�r�i�u�m�-� 

�l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�a�)� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �t�r�e�a�t�i�n�g� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �w�i�t�h� �D�C�1�0�4� �i�n� 
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�T�H�F�/�C�D�C�1�3� �(�r�.�t�.�,� �4�h�r�)�.� �C�o�n�f�i�r�m�a�t�i�o�n� �o�f� �f�u�l�l� �e�x�c�h�a�n�g�e� �o�f� �d�e�u�t�e�r�i�u�m� �f�o�r� �t�h�e� �a�r�o�m�a�t�i�c� 

�h�y�d�r�o�g�e�n�s� �o�f� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �w�a�s� �m�a�d�e� �b�y� �'�H� �N�M�R� �a�n�d� �M�S� �d�a�t�a�.� 

�C�H�O� �C�H�O� 
�P�h�C�H�,�B�r� 
�K�,�C�O�;� 
�I� 

�o�c�H�,� �M�e�O�H� �r�e�f�l�u�x� �O�C�H�,� 
�O�H� �O�C�H�,�P�h� 

�5�5� �5�5�a� 

�N�a�B�H�,� 

�M�e�O�H�/�C�H�C�h�,� 
�o�c� 

�O�H� 

�N�B�S�/�d�i�m�e�t�h�y�1� 

�s�u�l�f�i�d�e� 

�O�C�H�,� �c�a�c�h�,� �1�0�°�C� �-�1�0�°� �C�c� �O�C�H�,� 

�O�C�H�P�h� �O�C�H�,�P�h� 
�6�l�a� �5�5�b� 

�F�i�g�u�r�e� �2�7�:� �S�y�n�t�h�e�s�i�s� �o�f� �p�r�o�t�e�c�t�e�d� �v�a�n�i�l�l�y�!� �b�r�o�m�i�d�e� �(�6�1�a�)�.� 

�I�n� �o�r�d�e�r� �t�o� �e�x�p�l�o�r�e� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �p�o�t�e�n�t�i�a�l� �o�f� �o�t�h�e�r� �m�a�t�a�i�r�e�s�i�n�o�l� �d�e�r�i�v�a�t�i�v�e�s�,� �a�s� 

�m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �p�r�e�p�a�r�e� �t�h�e� �b�r�o�m�i�n�a�t�e�d� �c�o�m�p�o�u�n�d�s� �6�1�b�,� �6�1�c�,� �a�n�d� 

�6�1�d�,� �w�h�i�c�h�,� �a�f�t�e�r� �c�o�u�p�l�i�n�g� �t�o� �O�-�b�e�n�z�y�l�-�(�R�)�-�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�6�0�)�,� �f�o�l�l�o�w�e�d� 

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

�d�e�r�i�v�a�t�i�v�e�s� �6�4�a�,� �6�4�b�,� �a�n�d� �6�4�c�.� 
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�x� 
�m�e�e�e� �c�r�r�s�p�e�r�r�r�y�r�y� �B�o�p�e�a�r�l�p�e�n� �r�t� 

�7�0� �§� �3� �§� �0� �5�5� �3�0� �4�8� �4�9� �6�3�8� �1�4� �2�4�8� 

�F�i�g�u�r�e� �2�8�:� �1�H� �N�M�R� �s�p�e�c�t�r�a� �f�o�r� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �a�n�d� �2�H�g�-�m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�a�)� 
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�P�r�e�p�a�r�a�t�i�o�n� �o�f� �c�o�m�p�o�u�n�d�s� �6�1�b� �a�n�d� �6�1�c� �w�a�s� �e�n�v�i�s�i�o�n�e�d� �t�o� �f�o�l�l�o�w� �t�h�e� �r�e�a�c�t�i�o�n� 

�s�c�h�e�m�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�9�,� �w�h�i�c�h� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �r�e�a�c�t�i�o�n� �s�c�h�e�m�e� �(�F�i�g�u�r�e� �2�7�)� �f�o�r� �t�h�e� 

�p�r�e�p�a�r�a�t�i�o�n� �o�f� �O�-�b�e�n�z�y�l� �v�a�n�i�l�l�y�l� �b�r�o�m�i�d�e� �(�6�1�a�)�.� 

�K�O� 

�"�M�e�O�H�.� �r�e�f�l�u�x� �O�C�H�,� �r�e�f�l�u�x� �O�C�H�,� 

�R�=�H� 
�O�C�H�,�P�h� 

�R�=�C�H�P�h� �6�5�a� 
�R�=� �C�H�,� �e�c� �R�=� �C�H�,� �6�6�a� 

�N�a�B�H�,� 
�M�e�O�H�/�C�H�C�l�,� 

�o�°�c� 

�N�B�S�/�d�i�m�e�t�h�y�l� 

�s�u�l�f�i�d�e� 

�c�h� �4�0�°�C� �-�1�0�°�C� 
�o�c�H�,� �O�C�H�,� 

�O�C�H�2�P�h� �O�C�H�,�P�h� 

�R�=�C�H�,�P�h� �6�1�b� �R�=�C�H�)�P�h� �6�5�b� 
�R�=�C�H�;� �6�c� �R�=�C�H�;� �6�6�b� 

�F�i�g�u�r�e� �2�9�:� �S�y�n�t�h�e�s�i�s� �o�f� �3�,�4�-�d�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�y�]� �b�r�o�m�i�d�e� �(�6�1�b�)� 
�a�n�d� �O�-�b�e�n�z�y�l� �s�y�r�i�n�g�y�l� �b�r�o�m�i�d�e� �(�6�1�c�)�.� 

�T�h�e� �f�i�r�s�t� �s�t�e�p� �i�n�v�o�l�v�e�s� �p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �p�h�e�n�o�l� �g�r�o�u�p� �o�f� �c�o�m�p�o�u�n�d�s� �6�5� �a�n�d� �6�6�,� 

�u�s�i�n�g� �b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�K�2�C�Q�3�,� �a�c�e�t�o�n�e�,� �r�e�f�l�u�x�)� �t�o� �a�f�f�o�r�d� �c�o�m�p�o�u�n�d�s� �6�5�a� �a�n�d� �6�6�a�,� �i�n� 

�y�i�e�l�d�s� �o�f� �6�7�%� �a�n�d� �6�5�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �s�e�c�o�n�d� �s�t�e�p� �i�s� �t�h�e� �s�o�d�i�u�m� �b�o�r�o�h�y�d�r�i�d�e� 
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�r�e�d�u�c�t�i�o�n� �o�f� �t�h�e� �a�l�d�e�h�y�d�e� �o�f� �c�o�m�p�o�u�n�d�s� �6�5�a� �a�n�d� �6�6�a� �t�o� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �a�l�c�o�h�o�l�s�,� �6�5�b� 

�a�n�d� �6�6�b�,� �w�h�i�c�h� �a�r�e� �o�b�t�a�i�n�e�d� �i�n� �9�8�%� �a�n�d� �7�4�%� �y�i�e�l�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �t�h�i�r�d� �s�t�e�p� �o�f� �t�h�e� 

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

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

�g�i�v�i�n�g� �t�h�e� �c�o�m�p�o�u�n�d�s� �6�1�b� �a�n�d� �6�I�c� �i�n� �5�6�%� �a�n�d� �5�1�%� �y�i�e�l�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �c�o�m�p�o�u�n�d� �6�1�d� �w�a�s� �t�h�o�u�g�h�t� �t�o� �b�e� �p�o�s�s�i�b�l�e� �b�y� �f�o�l�l�o�w�i�n�g� �t�h�e� �s�a�m�e� 

�s�y�n�t�h�e�t�i�c� �m�e�t�h�o�d�o�l�o�g�y� �a�s� �u�s�e�d� �f�o�r� �c�o�m�p�o�u�n�d�s� �6�1�a�,� �6�1�b�,� �a�n�d� �6�1�c�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� 

�3�0�:� 

�C�H�O� �O�n� �N�a�B�H�,� 
�M�e�O�H�/�C�H�,�C�l�,� 
 ��_ ��-� 

�C�H�,�O� �O�C�H�,� �o�C� �C�H�,�O� �O�C�H�,� 
�O�C�H�,� �O�C�H�,� 

�6�7� �6�7�a� 

�N�B�S�/�d�i�m�e�t�h�y�]� 

�s�u�l�f�i�d�e� 

�C�H�,�C�h�,�,� �-�1�0�°�C� 

�B�r� 

�C�H�,�O� �O�C�H�,� 
�O�C�H�,� 

�6�1�d� 

�F�i�g�u�r�e� �3�0�:� �S�y�n�t�h�e�s�i�s� �o�f� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�6�1�d�)�.� 

�7�7



�T�h�e� �f�i�r�s�t� �s�t�e�p�,� �r�e�d�u�c�t�i�o�n� �o�f� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�7�)� �w�i�t�h� �s�o�d�i�u�m� 

�b�o�r�o�h�y�d�r�i�d�e�,� �w�e�n�t� �a�s� �p�l�a�n�n�e�d�,� �a�f�f�o�r�d�i�n�g� �6�7�a� �a�s� �a� �c�o�l�o�r�l�e�s�s�,� �v�i�s�c�o�u�s� �o�i�l�,� �i�n� �q�u�a�n�t�i�t�a�t�i�v�e� 

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

�w�i�t�h� �N�-�b�r�o�m�o�s�u�c�c�i�m�i�d�e� �a�n�d� �d�i�m�e�t�h�y�l� �s�u�l�f�i�d�e�,� �i�n� �a�b�o�u�t� �5�5�%� �y�i�e�l�d�.� 

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

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

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

�r�e�a�c�t�i�o�n� �y�i�e�l�d�s� �w�e�r�e� �t�y�p�i�c�a�l�l�y� �l�o�w� �(�a�b�o�u�t� �5�0�%�)�,� �w�i�t�h� �s�i�d�e� �p�r�o�d�u�c�t�s� �m�a�k�i�n�g� �u�p� �a� �l�a�r�g�e� 

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

�w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �N�M�R� �a�n�d� �M�S� �t�o� �h�a�v�e� �b�r�o�m�i�n�e� �o�n� �t�h�e� �a�r�o�m�a�t�i�c� �r�i�n�g�,� �a�n�d� �e�i�t�h�e�r� �a�n� 

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

�O�H� �B�r� 

�B�r� �B�r� 

�R� �O�C�H�,� �R� �O�C�H�,� 

�O�R �� �O�R �� 

�R� �=�H�,� �O�C�H�;�,� �O�C�H�,�P�h� 
�R�'� �=� �C�H�,� �C�H�,�P�h� 

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

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

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

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

�p�r�i�o�r� �t�o� �o�r� �s�u�b�s�e�q�u�e�n�t� �t�o� �t�h�e� �e�l�e�c�t�r�o�p�h�i�l�i�c� �a�t�t�a�c�k� �o�f� �b�r�o�m�i�n�e� �o�n� �t�h�e� �r�i�n�g�.� 

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

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

�B�a�r�t�o�n�'�s� �m�e�t�h�o�d�,� �a�n� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� �a�t� �r�e�a�c�t�i�n�g� �3�,�4�-�d�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�y�l� 

�a�l�c�o�h�o�l� �w�i�t�h� �p�h�o�s�p�h�o�r�o�u�s� �t�r�i�b�r�o�m�i�d�e� �i�n� �e�t�h�e�r� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �A�f�t�e�r� �5� �m�i�n�u�t�e�s� �t�h�e� 

�r�e�a�c�t�i�o�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �c�o�m�p�l�e�t�e� �b�y� �T�L�C� �a�n�a�l�y�s�i�s�,� �a�n�d� �a�f�t�e�r� �w�o�r�k�-�u�p�,� �t�h�e� �d�e�s�i�r�e�d� �b�e�n�z�y�l� 

�b�r�o�m�i�d�e� �w�a�s� �i�s�o�l�a�t�e�d� �i�n� �n�e�a�r�l�y� �q�u�a�n�t�i�t�a�t�i�v�e� �y�i�e�l�d�,� �a�n�d� �i�t�s� �i�d�e�n�t�i�t�y� �c�o�n�f�i�r�m�e�d� �b�y� �N�M�R� �a�n�d� 

�M�S�.� 

�B�r� 

�_�P�B�r�n� �E�R�O�.� �E�t�,�0�,� 

�P�h�C�H�,� �O�C�H�,� �S�i�n� �P�h�C�H�,�O� �O�C�H�,� 
�O�C�H�2�P�h� �O�C�H�,�P�h� 

�6�5�b� �6�1�b� 

�F�i�g�u�r�e� �3�1�:� �C�o�n�v�e�r�s�i�o�n� �o�f� �3�,�4�-�d�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�y�l� �a�l�c�o�h�o�l� �(�6�5�b�)� 

�t�o� �3�,�4�-�d�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�6�1�b�)� 

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

�6�1�b�,� �6�1�c�,� �a�n�d� �6�1�d�,� �a�n�d� �h�a�v�i�n�g� �s�u�c�c�e�s�s�f�u�l�l�y� �c�o�u�p�l�e�d� �c�o�m�p�o�u�n�d� �6�1�a� �w�i�t�h� �O�-�b�e�n�z�y�l�-�(�R�)�-� 
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�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�6�0�)�,� �i�t� �w�a�s� �r�a�t�i�o�n�a�l�i�z�e�d� �t�h�a�t� �c�o�u�p�l�i�n�g� �o�f� �6�1�b�,� �6�1�c�,� �a�n�d� 

�6�1�d� �w�i�t�h� �t�h�e� �l�a�c�t�o�n�e� �6�0� �w�o�u�l�d� �p�r�o�v�e� �t�o� �b�e� �e�q�u�a�l�l�y� �f�a�c�i�l�e�.� �A�t� �t�h�i�s� �p�o�i�n�t� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� 

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

�l�e�a�d�i�n�g� �t�o� �c�o�m�p�o�u�n�d�s� �6�4�a�,� �6�4�b�,� �a�n�d� �6�4�c�,� �i�t� �w�o�u�l�d� �b�e� �m�o�r�e� �p�r�u�d�e�n�t� �t�o� �u�n�d�e�r�t�a�k�e� 

�p�r�e�l�i�m�i�n�a�r�y� �i�n�c�o�r�p�o�r�a�t�i�o�n� �s�t�u�d�i�e�s� �u�s�i�n�g� �j�u�s�t� �t�h�e� �l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �1�6�a�,� �i�n� �k�e�e�p�i�n�g� �w�i�t�h� 

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

�y�a�t�e�i�n� �(�1�8�)� �a�n�d�/�o�r� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�.� 

�W�i�t�h� �a� �d�e�u�t�e�r�i�u�m�-�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�b�)� �a�n�d� �d�e�u�t�e�r�i�u�m�-�l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�a�)� 

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

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

�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �i�n� �t�h�e� �c�a�s�e� �w�h�e�n� �t�h�e� �l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �c�o�m�p�o�u�n�d� �1�8�b� �i�s� �e�m�p�l�o�y�e�d�,� 

�s�h�o�u�l�d� �a�l�l�o�w� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �w�h�e�t�h�e�r� �t�h�e� �p�r�o�-�R� �o�r� �p�r�o�-�S� �l�a�b�e�l� �i�s� �l�o�s�t� �o�r� �r�e�t�a�i�n�e�d� 

�d�u�r�i�n�g� �t�h�e� �p�r�o�p�o�s�e�d� �c�y�c�l�i�z�a�t�i�o�n�.� �I�s�o�l�a�t�i�o�n� �o�f� �y�a�t�e�i�n� �(�1�8�)� �a�n�d�/�o�r� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �i�n� 

�t�h�e� �c�a�s�e� �w�h�e�n� �l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�a�)� �i�s� �u�s�e�d�,� �s�h�o�u�l�d� �a�l�l�o�w� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� 

�w�h�e�t�h�e�r� �y�a�t�e�i�n� �(�1�8�)� �a�n�d�/�o�r� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �c�a�n� �b�e� �d�e�r�i�v�e�d� �f�r�o�m� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �i�n� 

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

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

�c�h�i�e�f�l�y� �b�y� �i�d�e�n�t�i�f�y�i�n�g� �t�h�e� �p�r�e�c�u�r�s�o�r�(�s�)� �i�n�v�o�l�v�e�d� �i�n� �p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)� �b�i�o�s�y�n�t�h�e�s�i�s�,� �a�n�d� 

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

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

�m�a�t�a�i�r�e�s�i�n�o�l� �d�e�r�i�v�a�t�i�v�e�s� �6�4�a�,� �6�4�b�,� �a�n�d� �6�4�c�.� 

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

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

�P�o�d�o�p�h�y�l�l�u�m� �p�l�a�n�t�s�.� �W�h�i�l�e� �6�B�-�2�H�;�-�y�a�t�e�i�n� �(�1�8�a�)� �w�a�s� �n�e�v�e�r� �s�u�c�c�e�s�s�f�u�l�l�y� �p�r�e�p�a�r�e�d�,� �t�h�e� 
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�c�o�m�p�o�u�n�d�s� �6�0�.�-�2�H�|�-�y�a�t�e�i�n� �(�1�8�b�)� �a�n�d� �2�H�¢�-�m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�a�)� �w�e�r�e� �p�r�e�p�a�r�e�d� �a�n�d� �c�a�n� �n�o�w� 

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

�l�a�b�e�l�l�e�d� �c�o�m�p�o�u�n�d�s� �i�n� �p�l�a�n�t� �i�n�c�o�r�p�o�r�a�t�i�o�n� �s�t�u�d�i�e�s�,� �a�n�d� �i�s�o�l�a�t�i�o�n� �o�f� �y�a�t�e�i�n� �(�1�8�)� �a�n�d�/�o�r� 

�p�o�d�o�p�h�y�l�l�o�t�o�x�i�n� �(�5�)�,� �i�n� �o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �s�u�c�h� �c�o�m�p�o�u�n�d�s� �a�r�e� �i�n�d�e�e�d� �i�n�c�o�r�p�o�r�a�t�e�d�,� �t�h�e� 

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

�a�s�p�e�c�t� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �w�i�l�l� �b�e� �c�o�n�d�u�c�t�e�d� �b�y� �D�r�.� �N�o�r�m�a�n� �G�.� �L�e�w�i�s� �a�n�d� �h�i�s� �r�e�s�e�a�r�c�h� �g�r�o�u�p� �a�t� 

�t�h�e� �I�n�s�t�i�t�u�t�e� �o�f� �B�i�o�l�o�g�i�c�a�l� �C�h�e�m�i�s�t�r�y�,� �W�a�s�h�i�n�g�t�o�n� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� �D�r�.� �L�e�w�i�s�,� �f�o�r�m�e�r�l�y� �a� 

�f�a�c�u�l�t�y� �m�e�m�b�e�r� �o�f� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�o�o�d� �S�c�i�e�n�c�e� �a�n�d� �F�o�r�e�s�t� �P�r�o�d�u�c�t�s�,� �V�i�r�g�i�n�i�a� 

�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �i�s� �a� �c�o�l�l�a�b�o�r�a�t�o�r� �o�n� �t�h�i�s� �p�r�o�j�e�c�t�.� �B�a�s�e�d� �o�n� �t�h�e� 

�f�i�n�d�i�n�g�s� �o�f� �D�r�.� �L�e�w�i�s�'� �i�n�c�o�r�p�o�r�a�t�i�o�n� �s�t�u�d�i�e�s�,� �i�t� �i�s� �c�o�n�c�e�i�v�a�b�l�e� �t�h�a�t� �a� �b�r�o�a�d�e�r� �s�e�r�i�e�s� �o�f� 

�i�n�c�o�r�p�o�r�a�t�i�o�n� �s�t�u�d�i�e�s� �c�o�u�l�d� �b�e� �i�n�i�t�i�a�t�e�d�.� �I�n� �s�u�c�h� �a� �c�a�s�e�,� �t�h�e� �d�e�u�t�e�r�i�u�m�-�l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� 

�d�e�r�i�v�a�t�i�v�e�s� �6�4�a�,� �6�4�b�,� �a�n�d� �6�4�¢� �c�o�u�l�d� �b�e� �e�m�p�l�o�y�e�d�,� �a�s� �w�e�l�l� �a�s� �o�t�h�e�r� �y�a�t�e�i�n� �a�n�d� �m�a�t�a�i�r�e�s�i�n�o�l� 

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

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

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

�o�u�t� �b�o�t�h� �t�h�e� �s�y�n�t�h�e�t�i�c� �w�o�r�k� �a�n�d� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �s�t�u�d�i�e�s�.� 
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�I�I�I�.� �E�X�P�E�R�I�M�E�N�T�A�L� 

�G�e�n�e�r�a�l� 

�M�e�l�t�i�n�g� �p�o�i�n�t�s� �w�e�r�e� �r�e�c�o�r�d�e�d� �o�n� �a� �G�a�l�l�e�n�k�a�m�p� �m�e�l�t�i�n�g� �p�o�i�n�t� �a�p�p�a�r�a�t�u�s� �a�n�d� �a�r�e� 

�u�n�c�o�r�r�e�c�t�e�d�.� �O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� �v�a�l�u�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �o�n� �a� �P�e�r�k�i�n�-�E�l�m�e�r� �2�4�1� �p�o�l�a�r�i�m�e�t�e�r�,� 

�u�s�i�n�g� �s�o�d�i�u�m� �D� �l�i�n�e� �i�l�l�u�m�i�n�a�t�i�o�n�,� �a�t� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�.� �P�r�o�t�o�n�,� �d�e�u�t�e�r�i�u�m�,� �a�n�d� �1�3�C� 

�N�M�R� �s�p�e�c�t�r�a� �w�e�r�e� �r�e�c�o�r�d�e�d� �o�n� �B�r�u�k�e�r� �W�P� �2�0�0�,� �W�P� �2�7�0�,� �o�r� �V�a�r�i�a�n� �U�n�i�t�y� �4�0�0� �M�H�z� 

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

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

�d�e�s�i�g�n�a�t�e�d� �a�s� �s� �(�s�i�n�g�l�e�t�)�,� �d� �(�d�o�u�b�l�e�t�)�,� �t� �(�t�r�i�p�l�e�t�)�,� �q� �(�q�u�a�r�t�e�t�)�,� �a�n�d� �m� �(�m�u�l�t�i�p�l�e�t�)�.� �C�o�u�p�l�i�n�g� 

�c�o�n�s�t�a�n�t�s� �a�r�e� �g�i�v�e�n� �i�n� �H�e�r�t�z� �(�H�z�)�,� �a�n�d� �e�x�c�e�p�t� �w�h�e�r�e� �i�n�d�i�c�a�t�e�d�,� �a�l�l� �s�p�e�c�t�r�a� �w�e�r�e� �r�e�c�o�r�d�e�d� �i�n� 

�d�e�u�t�e�r�o�c�h�l�o�r�o�f�o�r�m� �(�C�D�C�1�3�)� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �I�n�f�r�a�r�e�d� �s�p�e�c�t�r�a� �w�e�r�e� �r�e�c�o�r�d�e�d� �o�n� �a� 

�P�e�r�k�i�n�-�E�l�m�e�r� �7�1�0�B� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�.� �L�o�w� �r�e�s�o�l�u�t�i�o�n� �e�l�e�c�t�r�o�n� �i�o�n�i�z�a�t�i�o�n� �(�E�I�)� �m�a�s�s� 

�s�p�e�c�t�r�a� �w�e�r�e� �o�b�t�a�i�n�e�d� �o�n� �a� �V�G� �A�n�a�l�y�t�i�c�a�l� �7�0�7�0�E�-�H�F� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r�.� �A�n�a�l�y�t�i�c�a�l� �t�h�i�n� 

�l�a�y�e�r� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �E�.� �M�e�r�c�k� �a�l�u�m�i�n�u�m�-�s�u�p�p�o�r�t�e�d� �s�i�l�i�c�a� �g�e�l� �6�0� �F�2�5�4� 

�(�0�.�2�m�m�)� �p�l�a�t�e�s�.� �P�r�e�p�a�r�a�t�i�v�e� �t�h�i�n� �l�a�y�e�r� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �2�0�c�m� �x� �2�0�c�m� 

�G�F�2�5�4� �(�0�.�5�m�m�)� �g�l�a�s�s�-�s�u�p�p�o�r�t�e�d� �p�l�a�t�e�s�.� �S�i�l�i�c�a� �g�e�l� �f�o�r� �f�l�a�s�h� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �w�a�s� �E�.� �M�e�r�c�k� 

�(�2�3�0�-�4�0�0� �m�e�s�h�)�.� 

�F�o�r�m�a�t�i�o�n� �o�f� �a�-�p�i�p�e�r�o�n�y�l�i�d�e�n�e� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�4�7�)� 

�S�o�d�i�u�m� �m�e�t�h�o�x�i�d�e� �(�2�5� �w�t�.�%� �s�o�l�u�t�i�o�n� �i�n� �m�e�t�h�a�n�o�l�;� �4�6�.�7�7�g� �s�o�l�u�t�i�o�n�;� �2�1�6�.�5�m�m�o�l�)� �w�a�s� 

�a�d�d�e�d� �t�o� �1�0�0�m�l� �m�e�t�h�a�n�o�l�,� �a�n�d� �w�i�t�h� �s�t�i�r�r�i�n�g�,� �b�r�o�u�g�h�t� �t�o� �r�e�f�l�u�x�.� �I�n� �t�h�e� �m�e�a�n�t�i�m�e�,� �p�i�p�e�r�o�n�a�l� 

�(�4�6�)� �(�2�5�.�0�g�;� �1�6�6�.�5�m�m�o�l�)� �a�n�d� �d�i�m�e�t�h�y�l� �s�u�c�c�i�n�a�t�e� �(�2�6�.�8�g�;� �1�8�3�.�2�m�m�o�l�)� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� 

�5�0�m�l� �w�a�r�m� �m�e�t�h�a�n�o�l�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �s�l�o�w�l�y� �a�d�d�e�d� �t�o� �t�h�e� �r�e�f�l�u�x�i�n�g� �s�o�d�i�u�m� �m�e�t�h�o�x�i�d�e� 

�s�o�l�u�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� �a�l�l�o�w�e�d� �t�o� �r�e�f�l�u�x� �f�o�r� �4�2�h�r�,� �a�t� �w�h�i�c�h� �t�i�m�e� �i�t� �w�a�s� 

�8�2



�d�e�t�e�r�m�i�n�e�d� �b�y� �T�L�C� �a�n�a�l�y�s�i�s� �(�C�H�2�C�l�2�/�M�e�O�H�,� �1�5�:�1�)� �t�h�a�t� �t�h�e� �p�i�p�e�r�o�n�a�l� �(�4�6�)� �h�a�d� �b�e�e�n� 

�c�o�n�v�e�r�t�e�d� �m�a�i�n�l�y� �t�o� �a� �m�o�r�e� �p�o�l�a�r� �m�a�t�e�r�i�a�l� �(�R�¢�~� �0�.�4�)�,� �a�l�t�h�o�u�g�h� �a� �n�u�m�b�e�r� �o�f� �s�i�d�e� �p�r�o�d�u�c�t�s� 

�w�a�s� �e�v�i�d�e�n�t� �f�r�o�m� �t�h�e� �T�L�C� �p�l�a�t�e�.� �T�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �a�l�l�o�w�e�d� �t�o� �c�o�o�l� �t�o� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�h�e� �m�e�t�h�a�n�o�l� �w�a�s� �r�e�m�o�v�e�d� �o�n� �a� �r�o�t�a�r�y� �e�v�a�p�o�r�a�t�o�r�.� �T�o� �t�h�e� �y�e�l�l�o�w�-�c�o�l�o�r�e�d� 

�r�e�s�i�d�u�e� �w�a�s� �a�d�d�e�d�,� �w�i�t�h� �s�t�i�r�r�i�n�g�,� �1�5�0�m�l� �1�N� �H�C�l�,� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� �e�x�t�r�a�c�t�e�d� �w�i�t�h� 

�d�i�e�t�h�y�l� �e�t�h�e�r� �(�3� �x� �1�5�0�m�l�)�.� �T�h�e� �c�o�m�b�i�n�e�d� �e�t�h�e�r� �p�o�r�t�i�o�n�s� �w�e�r�e� �w�a�s�h�e�d� �w�i�t�h� �1�0�%� �s�o�d�i�u�m� 

�b�i�c�a�r�b�o�n�a�t�e� �(�3� �x� �1�5�0�m�l�)� �t�o� �s�e�p�a�r�a�t�e� �t�h�e� �p�r�o�d�u�c�t� �4�7� �f�r�o�m� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �4�6�.� �T�h�e� 

�c�o�m�b�i�n�e�d� �a�q�u�e�o�u�s� �l�a�y�e�r�s� �w�e�r�e� �r�e�a�c�i�d�i�f�i�e�d� �w�i�t�h� �6�N� �H�C�I� �a�n�d� �r�e�-�e�x�t�r�a�c�t�e�d� �w�i�t�h� �e�t�h�e�r�.� �T�h�e� 

�o�r�g�a�n�i�c� �l�a�y�e�r� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e� �(�3� �x� �7�5�m�l�)�,� �t�h�e�n� �d�r�i�e�d� �w�i�t�h� �a�n�h�y�d�r�o�u�s� �m�a�g�n�e�s�i�u�m� 

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

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

�r�e�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �e�t�h�e�r�.� �Y�i�e�l�d�:� �1�5�.�6�g� �(�3�5�.�5�%�)�;� �m�e�l�t�i�n�g� �p�o�i�n�t�:� �1�3�4�.�5�-�1�3�7�.�5�°�C� �(�l�i�t�.�5�2�;� 

�1�3�6�-�1�3�8�°�C�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �5� �7�.�8�2�s�,� �1�H�,� �v�i�n�y�l�i�c�;� �6�.�8�2�-�6�.�9�4�m�,� �3�H�,� �a�r�o�m�a�t�i�c�;� �6�.�0�1�s�,� 

�2�H�,� �-�O�C�H�2�0�-�;� �3�.�8�4�s�,� �3�H�,� �C�H�3�;� �3�.�6�0�s�,� �2�H�,� �a�l�l�y�l�i�c�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �2�6�4� 

�(�M�*�,� �3�0�)�,� �2�3�2� �(�5�2�)�,� �2�2�0� �(�3�0�)�,� �1�6�0� �(�1�0�0�)�,� �1�0�2� �(�4�3�)�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �a�-�p�i�p�e�r�o�n�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�4�8�)� 

�H�y�d�r�o�g�e�n�a�t�i�o�n� �o�f� �a�@�-�p�i�p�e�r�o�n�y�l�i�d�e�n�e� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�4�7�)� �(�1�5�.�6�g�;� 

�5�9�.�0�m�m�o�l�)� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �u�s�i�n�g� �h�y�d�r�o�g�e�n� �g�a�s� �(�r�.�t�.�,� �1� �a�t�m�)� �a�n�d� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� 

�(�1�0�%�)� �(�1�.�8�8�g�;� �1�.�7�7�m�m�o�l�)� �a�s� �c�a�t�a�l�y�s�t�,� �i�n� �1�5�0�m�l� �a�c�e�t�i�c� �a�c�i�d�.� �W�h�e�n� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� 

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

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

�c�o�l�o�r�e�d� �r�e�s�i�d�u�e� �w�a�s� �r�e�d�i�s�s�o�l�v�e�d� �i�n� �5�0�m�l� �e�t�h�e�r�,� �a�n�d� �w�i�t�h�i�n� �m�i�n�u�t�e�s� �p�r�e�c�i�p�i�t�a�t�i�o�n� �o�f� �c�o�l�o�r�l�e�s�s� 

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

�1�2�.�1�g� �o�f� �c�o�m�p�o�u�n�d� �4�8� �(�7�6�.�8�%�)�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �9�0�.�5�-�9�3�.�5�°�C� �(�l�i�t�.�5�2�:� �9�0�-�9�2�°�C�)�.� �1�H� 
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�N�M�R� �(�C�D�C�I�3�)� �6� �6�.�7�4�d�,� �1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �7�.�8�H�z�;� �6�.�6�4�d�,� �1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �1�.�6�H�z�;� 

�6�.�5�9�d�d�,� �1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �7�.�8�,� �1�.�6�H�z�;� �5�.�9�3�s�,� �2�H�,� �-�O�C�H�2�0�-�;� �3�.�6�8�s�,� �3�H�,� �C�H�3�;� �~�3�.�0�4�m�,� 

�1�H�;� �~�2�.�8�4�m�,� �2�H�;� �~�2�.�5�6�m�,� �2�H�,� �b�e�n�z�y�l�i�c�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �2�6�6� �(�M�*�,� �2�0�)�,� �2�3�4� 

�(�5�.�6�)�,� �2�1�7� �(�4�)�,� �2�0�6� �(�1�2�.�3�)�,� �1�3�5� �(�1�0�0�)�,� �7�7� �(�1�3�.�5�)�.� 

�I�s�o�l�a�t�i�o�n� �o�f� �(�R�)�-�a�-�p�i�p�e�r�o�n�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�4�8�a�)� 

�(�1�R�,�2�S�)�-�(�-�)�-�E�p�h�e�d�r�i�n�e� �4�9� �(�6�.�6�6�g�;� �4�0�.�3�m�m�o�l�)�,� �o�b�t�a�i�n�e�d� �f�r�o�m� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.�,� �w�a�s� 

�d�i�s�s�o�l�v�e�d� �w�i�t�h� �s�t�i�r�r�i�n�g� �i�n� �5�0�m�l� �w�a�r�m� �9�5�%� �e�t�h�a�n�o�l�.� �C�o�m�p�o�u�n�d� �4�8� �(�1�0�.�5�g�;� �3�9�.�5�m�m�o�l�)� 

�w�a�s� �l�i�k�e�w�i�s�e� �d�i�s�s�o�l�v�e�d� �i�n� �5�0�m�l� �w�a�r�m� �9�5�%� �e�t�h�a�n�o�l�,� �a�n�d� �t�h�e� �t�w�o� �s�o�l�u�t�i�o�n�s� �w�e�r�e� �c�o�m�b�i�n�e�d� 

�w�i�t�h� �s�t�i�r�r�i�n�g�.� �A�f�t�e�r� �s�t�i�r�r�i�n�g� �u�n�d�e�r� �h�e�a�t� �f�o�r� �2�0� �m�i�n�u�t�e�s�,� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �c�o�o�l� �a�n�d� 

�w�a�s� �t�h�e�n� �s�t�o�r�e�d� �o�v�e�r�n�i�g�h�t� �b�e�l�o�w� �0�°�C�.� �T�h�e� �r�e�s�u�l�t�a�n�t� �f�l�u�f�f�y� �w�h�i�t�e� �c�r�y�s�t�a�l�s� �w�e�r�e� �f�i�l�t�e�r�e�d� �a�n�d� 

�r�e�c�r�y�s�t�a�l�l�i�z�e�d� �s�e�v�e�r�a�l� �t�i�m�e�s� �f�r�o�m� �9�5�%� �e�t�h�a�n�o�l� �t�o� �a� �c�o�n�s�t�a�n�t� �m�e�l�t�i�n�g� �p�o�i�n�t� �r�a�n�g�e� �o�f� �1�3�1�-� 

�1�3�3�.�5�°�C� �(�l�i�t�.�5�2�:�_� �1�3�2�-�1�3�4�9�C�)�.� �T�h�e� �c�r�y�s�t�a�l�l�i�n�e� �m�a�t�e�r�i�a�l� �w�a�s� �t�h�e�n� �d�i�s�s�o�l�v�e�d� �i�n� �w�a�t�e�r� �a�n�d� 

�t�r�e�a�t�e�d� �w�i�t�h� �1�N� �H�C�l�.� �T�h�e� �p�r�o�d�u�c�t� �4�8�a� �w�a�s� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �e�t�h�e�r� �(�3� �x� �4�0�m�l�)�,� �a�n�d� �t�h�e� 

�c�o�m�b�i�n�e�d� �e�t�h�e�r� �l�a�y�e�r�s� �w�e�r�e� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e� �(�3� �x� �3�0�m�l�)�,� �t�h�e�n� �d�r�i�e�d� �w�i�t�h� �a�n�h�y�d�r�o�u�s� 

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

�~�1�5�m�l� �a�n�d� �s�t�o�r�e�d� �o�v�e�r�n�i�g�h�t� �b�e�l�o�w� �0�°�C�.� �T�h�e� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�s� �w�h�i�c�h� �f�o�r�m�e�d� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �a�n�d� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �e�t�h�e�r� �t�o� �a� �c�o�n�s�t�a�n�t� �m�e�l�t�i�n�g� �p�o�i�n�t� �r�a�n�g�e� �o�f� �1�0�1�-�1�0�5�°�C� 

�(�l�i�t�.�5�2�:� �1�0�2�-�1�0�4�9�C�)�.� �Y�i�e�l�d�:� �2�.�8�7�g� �(�2�7�.�3�%� �t�o�t�a�l�,� �i�.�e�.� �5�4�.�6�%� �e�n�a�n�t�i�o�m�e�r�i�c� �r�e�c�o�v�e�r�y�)�.� 

�O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� �v�a�l�u�e�s�:� �[�&�]�p� �=� �+�2�9�.�7�9�,�c� �=� �1�,� �C�H�C�l�3� �(�l�i�t�.�5�2�:� �[�a�]�p�2�9� �=� �+�3�0�.�4�9�,� �c� �=� �2�,� 

�M�e�O�H�)�.� 

�S�y�n�t�h�e�s�i�s� �o�f� �(�R�)�-�(�+�)�-�B�-�p�i�p�e�r�o�n�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �(�R�)�-�(�+�)�-�B�-�p�i�p�e�r�o�n�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)� �w�a�s� �i�n�i�t�i�a�t�e�d� �b�y� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� 

�t�h�e� �p�o�t�a�s�s�i�u�m� �s�a�l�t� �o�f� �c�o�m�p�o�u�n�d� �4�8�a�,� �w�h�i�c�h� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �b�y� �d�i�s�s�o�l�v�i�n�g� �4�8�a� �(�1�.�3�0�4�g�;� 
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�4�.�9�m�m�o�l�)� �i�n� �1�0�m�l� �o�f� �9�5�%� �e�t�h�a�n�o�l� �a�n�d� �t�i�t�r�a�t�i�n�g� �w�i�t�h� �2�M� �K�O�H� �(�i�n� �9�5�%� �e�t�h�a�n�o�l�)� �t�o� �n�e�u�t�r�a�l� 

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

�a�d�d�i�t�i�o�n�a�l� �5�0�m�l� �9�5�%� �e�t�h�a�n�o�l� �a�n�d� �t�h�e� �s�t�i�r�r�e�d� �s�o�l�u�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� �0�°�C�.� �C�a�l�c�i�u�m� �c�h�l�o�r�i�d�e� 

�(�1�.�3�6�5�g�;� �1�2�.�3�m�m�o�l�)� �w�a�s� �t�h�e�n� �a�d�d�e�d� �p�o�r�t�i�o�n�w�i�s�e� �t�o� �t�h�e� �s�t�i�r�r�i�n�g� �s�o�l�u�t�i�o�n�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�a�n�t� 

�s�l�u�r�r�y� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �a�t� �0�°�C� �f�o�r� �2�0� �m�i�n�u�t�e�s�.� �A�t� �t�h�i�s� �t�i�m�e�,� �a� �s�o�l�u�t�i�o�n� �o�f� �s�o�d�i�u�m� 

�b�o�r�o�h�y�d�r�i�d�e� �(�0�.�7�4�2�g�;� �1�9�.�6�m�m�o�l�)� �i�n� �2�5�m�l� �9�5�%� �e�t�h�a�n�o�l� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �o�v�e�r� �3�0� 

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

�t�i�m�e� �T�L�C� �a�n�a�l�y�s�i�s� �(�C�H�2�C�I�2�/�M�e�O�H�,� �1�5�:�1�)� �i�n�d�i�c�a�t�e�d� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �4�8�a� �h�a�d� �b�e�e�n� 

�c�o�m�p�l�e�t�e�l�y� �c�o�n�s�u�m�e�d�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �q�u�e�n�c�h�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �c�o�l�d� �6�N� �H�C�l� �t�o� �p�H� 

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

�M�g�S�O�Q�O�g�.� �A�f�t�e�r� �f�i�l�t�e�r�i�n�g� �o�f�f� �t�h�e� �d�r�y�i�n�g� �a�g�e�n�t�,� �t�h�e� �s�o�l�v�e�n�t� �w�a�s� �r�e�m�o�v�e�d� �b�y� �r�o�t�a�r�y� 

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

�s�t�o�r�i�n�g� �b�e�l�o�w� �0�°�C�)�,� �i�n� �9�3�.�4�%� �y�i�e�l�d�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �3�0�.�5�-�3�3�.�5�°�C� �(�l�i�t�.�5�2�:� �3�1�-�3�3�.�5�0�C�.� 

�O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� �v�a�l�u�e�s�:� �[�a�]�p� �=�+�4�.�7�1�9�,� �c� �=� �0�.�7�6�,� �C�H�C�]�3� �(�l�i�t�.�5�2�:� �[�a�]�p�2�9� �=� �+�4�.�8�7�9�,� �c� �=� 

�0�.�8�7�,� �C�H�C�l�3�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �8� �6�.�7�4�d�,� �1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �7�.�8�H�z�;� �6�.�6�4�d�,� �1�H�,� 

�a�r�o�m�a�t�i�c�,� �J� �=� �1�.�7�H�z�;� �6�.�6�0�d�d�,� �1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �7�.�8�,� �1�.�7�H�z�;� �5�.�9�4�d�,� �2�H�,� �-�O�C�H�2�0�-�,� �J� �=� 

�4�.�9�H�z�;� �4�.�3�3�d�d�,� �1�H�,� �H�-�4�B�,� �J� �=� �9�.�2�,� �6�.�8�H�z�;� �4�.�0�3�d�d�,� �1�H�,� �H�-�4�a�,� �J� �=� �9�.�2�,� �5�.�9�H�z�;� �~�2�.�8�0�m�,� 

�1�H�,� �H�-�3�;� �2�.�6�9�d�d�,� �2�H�,� �H�-�5�a�,�B�,� �J� �=� �7�.�1�,� �3�.�0�H�z�;� �2�.�5�9�d�d�,� �1�H�,� �H�-�2�B�,� �J� �=� �1�7�.�4�,� �7�.�9�H�z�;� 

�2�.�2�7�d�d�,� �1�H�,� �H�-�2�a�,� �J� �=� �1�7�.�4�,� �6�.�8�H�z�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �2�2�0� �(�M�t�,� �2�8�)�,� �1�3�5� 

�(�1�0�0�)�,� �7�7� �(�1�4�)�.� 

�F�o�r�m�a�t�i�o�n� �o�f� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �a�n�d� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� 

�(�R�)�-�(�+�)�-�B�-�P�i�p�e�r�o�n�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)� �(�5�5�0�m�g�;� �2�.�5�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� �s�t�i�r�r�i�n�g� 

�i�n� �1�0�m�l� �T�H�F� �(�d�r�y�,� �d�i�s�t�i�l�l�e�d�)� �a�n�d� �c�o�o�l�e�d� �t�o� �-�7�8�°�C�,� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �b�l�a�n�k�e�t�.� �T�o� �t�h�e� �s�t�i�r�r�i�n�g� 
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�s�o�l�u�t�i�o�n� �w�a�s� �s�l�o�w�l�y� �a�d�d�e�d� �L�D�A� �(�3�m�m�o�l�;� �1�.�2� �m�o�l�a�r� �e�q�u�i�v�.�)�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� 

�w�a�r�m� �t�o� �0�°�C� �t�o� �e�n�s�u�r�e� �e�n�o�l�a�t�e� �f�o�r�m�a�t�i�o�n�,� �t�h�e�n� �r�e�c�o�o�l�e�d� �t�o� �-�7�8�°�C�.� �A�f�t�e�r� �2�0� �m�i�n�u�t�e�s �� 

�a�d�d�i�t�i�o�n�a�l� �s�t�i�r�r�i�n�g�,� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�5�1�)� �(�4�9�0�.�5�m�g�;� �2�.�5�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� 

�5�m�l� �T�H�F�,� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �t�o� �t�h�e� �e�n�o�l�a�t�e� �s�o�l�u�t�i�o�n�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� 

�p�r�o�c�e�e�d� �f�o�r� �1�.�S�h�r�,� �a�t� �w�h�i�c�h� �t�i�m�e� �T�L�C� �a�n�a�l�y�s�i�s� �(�C�H�2�C�l�2�/�M�e�O�H�,� �1�5�:�1�)� �i�n�d�i�c�a�t�e�d� �c�o�m�p�l�e�t�e� 

�c�o�n�v�e�r�s�i�o�n� �o�f� �t�h�e� �l�a�c�t�o�n�e� �5�0� �t�o� �a�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�:�1� �m�i�x�t�u�r�e� �o�f� �t�h�e� �a�l�c�o�h�o�l�s� �4�3� �a�n�d� �4�4�.� 

�T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �q�u�e�n�c�h�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �1�N� �H�C�!� �a�n�d� �t�h�e� �s�o�l�v�e�n�t�s� �w�e�r�e� �r�e�m�o�v�e�d� �b�y� 

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

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

�e�v�a�p�o�r�a�t�e�d�,� �l�e�a�v�i�n�g� �t�h�e� �m�i�x�t�u�r�e� �o�f� �a�l�c�o�h�o�l�s� �4�3� �a�n�d� �4�4� �a�s� �a� �c�o�l�o�r�l�e�s�s� �o�i�l� �i�n� �8�9�%� �y�i�e�l�d� 

�(�8�4�1�.�5�m�g�)�.� �T�h�e� �a�l�c�o�h�o�l�s� �4�3� �a�n�d� �4�4� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �f�l�a�s�h� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� 

�(�C�H�2�C�l�2�/�M�e�O�H�,� �9�8�:�2�)�,� �w�i�t�h� �e�p�i�p�o�d�o�r�h�i�z�o�l� �4�3� �e�l�u�t�i�n�g� �f�i�r�s�t�.� �Y�i�e�l�d� �o�f� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)�:� 

�3�7�2�.�3�m�g� �(�4�0�.�2�%�)�;� �y�i�e�l�d� �o�f� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�:� �3�9�7�.�1�m�g� �(�4�2�.�9�%�)�;� �9�3�.�4�%� �t�o�t�a�l� �r�e�c�o�v�e�r�y� 

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

�P�o�d�o�r�h�i�z�o�l� �(�4�3�)�;� �m�e�l�t�i�n�g� �p�o�i�n�t�:� �1�2�3�-�1�2�5�.�5�°�C� �(�i�t�.�5�9�:� �1�2�4�-�1�2�6�0�C�)� �'�H� �N�M�R� �(�C�D�C�1�3�)� 

�6�.�4�7�s�,� �2�H�,� �H�-�2�"�,� �H�-�6�"�;� �6�.�5�9�d�,� �1�H�,� �H�-�5�'�,� �J� �=� �7�.�7�H�z�;� �6�.�3�0�d�d�,� �1�H�,� �H�-�6�'�,� �J� �=� �7�.�8�,� �1�.�5�H�7�z�;� 

�6�.�2�2�d�,� �1�H�,� �H�-�2�'�,� �J� �=� �1�.�5�H�z�;� �5�.�9�2�d�d�,� �2�H�,� �-�O�C�H�2�0�-�,� �J� �=� �1�.�4�,� �1�.�4�H�z�;� �5�.�2�5�d�,� �1�H�,� �H�-�6�,� �J� �=� 

�2�.�9�H�z�;� �4�.�3�9�d�d�,� �1�H�,� �H�-�4�a�,� �J� �=� �8�.�7�,� �8�.�0�H�z�;� �3�.�9�7�d�d�,� �1�H�,� �H�-�4�B�,� �J� �=� �8�.�7�,� �8�.�9�H�z�;� �3�.�8�3�s�,� 

�3�H�,� �4�"�-�O�M�e�;� �3�.�8�2�s�,� �6�H�,� �3�"�-�,� �5�"�-�O�M�e�;� �~�2�.�8�0�m�,� �1�H�,� �H�-�3�;� �2�.�6�l�d�d�,� �1�H�,� �H�-�2�,� �J� �=� �6�.�1�,� 

�2�.�9�H�z�;� �2�.�4�7�d�d�,� �1�H�,� �H�-�5�a�,� �J� �=� �1�3�.�7�,� �7�.�7�H�z�;� �2�.�2�5�d�d�,� �1�H�,� �H�-�5�B�,� �J� �=� �1�3�.�7�,� �8�.�1�H�z�.� �E�I�M�S� 

�m�i�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �4�1�6� �(�M�*�,� �1�3�.�8�)�,� �3�9�9� �(�3�.�3�)�,� �2�6�4� �(�2�.�3�)�,� �2�2�0� �(�2�0�.�2�)�,� �1�9�8� �(�7�0�.�0�)�,� �1�9�7� 

�(�3�8�.�8�)�,� �1�8�2� �(�1�6�)�,� �1�7�0� �(�2�1�)�,� �1�5�5� �(�1�1�)�,� �1�3�6� �(�3�5�)�,� �1�3�5� �(�1�0�0�)�,� �1�0�5� �(�8�.�2�)�,� �7�7� �(�2�1�.�4�)�.� 

�E�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)�;� �m�e�l�t�i�n�g� �p�o�i�n�t�:� �1�3�2�-�1�3�3�.�5�°�C� �(�l�i�t�.�5�9�:� �1�3�3�-�1�3�4�9�C�)� �'�H� �N�M�R� �(�C�D�C�I�3�)� �5� 

�6�.�6�6�d�,� �1�H�,� �H�-�S�'�,� �J� �=� �8�.�2�H�z�;� �6�.�6�5�s�,� �2�H�,� �H�-�2�"�,� �H�-�6�"�;� �6�.�3�4�d�d�,� �1�H�,� �H�-�6�'�,� �J� �=� �8�.�2�,� �1�.�7�H�z�;� 

�6�.�3�3�d�,� �1�H�,� �H�-�2�'�,� �J� �=� �1�.�7�H�z�;� �5�.�9�2�d�d�,� �2�H�,� �-�O�C�H�2�0�O�-�,� �J� �=� �1�.�4�,� �1�.�4�H�z�;� �4�.�7�9�d�,� �1�H�,� �H�-�6�,� �J� �=� 
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�7�.�9�H�z�;� �4�.�1�8�d�d�,� �1�H�,� �H�-�4�a�,� �J� �=� �9�.�3�,� �7�.�8�H�z�;� �3�.�9�2�d�d�,� �1�H�,� �H�-�4�B�,� �J� �=� �9�.�3�,� �8�.�4�H�z�;� �3�.�8�8�s�,� 

�6�H�,� �3�"�-�,� �5�"�-�O�M�e�;� �3�.�8�3�s�,� �3�H�,� �4�"�-�O�M�e�;� �2�.�6�2�d�d�,� �1�H�,� �H�-�2�,� �J� �=� �9�.�1�,� �7�.�8�H�z�;� �~�2�.�5�0�m�,� �1�H�,� 

�H�-�3�;� �2�.�2�0�d�d�,� �1�H�,� �H�-�S�5�a�,� �J� �=� �1�3�.�8�,� �8�.�9�H�z�;� �2�.�1�2�d�d�,� �1�H�,� �H�-�5�B�,� �J� �=� �1�3�.�7�,� �5�.�4�H�z�.� �E�I�M�S� 

�m�i�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �4�1�6� �(�M�t�,� �1�2�.�9�)�,� �3�9�9� �(�3�.�2�)�,� �2�6�4� �(�2�.�2�)�,� �2�2�0� �(�2�0�.�2�)�,� �1�9�8� �(�6�3�)�,� �1�9�7� 

�(�3�8�)�,� �1�8�2� �(�1�8�)�,� �1�7�0� �(�2�1�)�,� �1�5�5� �(�9�.�0�)�,� �1�3�6� �(�3�1�)�,� �1�3�5� �(�1�0�0�)�,� �1�0�5� �(�9�.�1�)�,� �8�5� �(�7�.�1�)�,� �7�7� �(�9�.�3�)�.� 

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

�p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �a�n�d� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� 

�A� �1�:�1� �m�i�x�t�u�r�e� �o�f� �t�h�e� �a�l�c�o�h�o�l�s� �4�3� �a�n�d� �4�4� �(�3�3�7�.�1�m�g�;� �0�.�8�1�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �1�6�m�l� �o�f� 

�e�t�h�a�n�o�l�-�C�H�2�C�l�2�,� �1�:�1�,� �w�i�t�h� �s�t�i�r�r�i�n�g�,� �i�n� �a� �2�5�-�m�l� �t�w�o�-�n�e�c�k�,� �s�e�p�t�u�m�-�s�e�a�l�e�d� �R�B� �f�l�a�s�k�.� �T�o� �t�h�i�s� 

�s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�5�%�)� �(�8�6�2�.�2�m�g�;� �0�.�4�1�m�m�o�l�)�.� �A�f�t�e�r� �5� �t�o� �1�0� 

�m�i�n�u�t�e�s �� �s�t�i�r�r�i�n�g�,� �t�h�e� �f�l�a�s�k� �w�a�s� �a�t�t�a�c�h�e�d� �t�o� �a� �h�y�d�r�o�g�e�n�a�t�o�r� �w�i�t�h� �a� �5�0�m�l� �h�y�d�r�o�g�e�n� �g�a�s� 

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

�h�y�d�r�o�g�e�n� �g�a�s�.� �A�f�t�e�r� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �a� �f�e�w� �d�r�o�p�s� �o�f� �7�0�%� �H�C�1�0�O�g� �v�i�a� �s�y�r�i�n�g�e�,� �t�h�e� �r�e�a�c�t�i�o�n� 

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

�T�L�C� �(�C�H�2�C�l�2�/�M�e�O�H�,� �1�5�:�1�)�.� �A�f�t�e�r� �8�h�r�s� �t�h�e� �T�L�C� �s�h�o�w�e�d� �a� �n�o�n�-�p�o�l�a�r� �s�p�o�t� �a�t� �R�¢� �~� �0�.�8�,� �i�n� 

�a� �r�e�l�a�t�i�v�e� �r�a�t�i�o� �o�f� �1�:�1�:�2� �w�i�t�h� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �a�n�d� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A�t� �t�h�i�s� 

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

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

�p�r�e�p�a�r�a�t�i�v�e� �T�L�C� �(�C�H�2�C�l�o�/�M�e�O�H�,� �9�8�:�2�;� �d�e�v�e�l�o�p�e�d� �t�w�i�c�e�)�,� �a�n�d� �t�h�e� �n�o�n�-�p�o�l�a�r� �b�a�n�d� �w�a�s� 

�i�s�o�l�a�t�e�d�,� �a�f�f�o�r�d�i�n�g� �8�7�.�7�m�g� �(�2�7�.�1�%�)� �o�f� �a� �v�e�r�y� �p�a�l�e� �y�e�l�l�o�w� �g�l�a�s�s�y� �s�o�l�i�d�,� �w�h�i�c�h� �w�a�s� 

�i�d�e�n�t�i�f�i�e�d� �a�s� �y�a�t�e�i�n� �1�8�.� �O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� �v�a�l�u�e�s�:� �[�a�]�p� �=�-�2�4�.�7�9�,� �c� �=� �1�.�2�4�,� �C�H�C�l�;� �(�l�i�t�.�8�9�:� 

�[�a�]�p�2�9� �=� �-�2�8�.�4�9�,� �c� �=� �0�.�3�2�,� �C�H�C�l�3�)�.� �I�R� �s�p�e�c�t�r�u�m� �(�K�B�r� �p�e�l�l�e�t�)�:� �1�7�6�4�,� �1�2�4�3�,� �1�5�9�0�,� �1�5�0�6�,� 

�1�4�8�9�,� �2�7�7�7� �c�m�-�!�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �6� �6�.�7�0�d�,� �1�H�,� �H�-�5�'�,� �J� �=� �6�.�8�H�z�;� �6�.�4�9�d�d�,� �1�H�,� �H�-�6�'�,� 

�J� �=� �6�.�9�,� �1�.�6�H�z�;� �6�.�4�6�d�,� �1�H�,� �H�-�2 ��,� �J� �=� �1�.�6�H�z�;� �6�.�3�6�s�,� �2�H�,� �H�-�2�"�,� �H�-�6�"�;� �5�.�9�4�d�d�,� �-�O�C�H�2�O�-�,� 
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�J� �=� �2�.�5�,� �1�.�4�H�z�;� �4�.�1�8�d�d�,� �1�H�,� �H�-�4�a�0�,� �J� �=� �9�.�3�,� �7�.�1�H�z�;� �3�.�8�8�d�d�,� �1�H�,� �H�-�4�B�,� �J� �=� �9�.�3�,� �7�.�5�H�z�;� 

�3�.�8�5�s�,� �3�H�,� �4�"�-�O�M�e�;� �3�.�8�3�s�,� �6�H�,� �3�"�-�,� �5�"�-�O�M�e�;� �2�.�9�4�m�,� �1�H�,� �H�-�6�a�;� �2�.�8�8�m�,� �1�H�,� �H�-�6�f�;� 

�~�2�.�6�2�m�,� �1�H�,� �H�-�5�B�;� �~�2�.�5�7�m�,� �1�H�,� �H�-�2�;�~�2�.�5�1�m�,� �1�H�,� �H�-�5�a�;� �~�2�.�4�9�m�,� �1�H�,� �H�-�3�.� �1�3�C� �N�M�R� 

�(�C�D�C�1�3�)� �6� �C�1�)� �1�7�8�.�4�9�,� �C�2�)� �4�6�.�4�9�,� �C�3�)� �4�1�.�0�7�,� �C�r�4�)� �7�1�.�1�8�,� �C�y�s�)� �3�8�.�3�7�,� �C�6�)� �3�5�.�2�8�,� �C�e�r� 

�1�3�1�.�5�7�,� �C�y� �1�0�8�.�7�9�,� �C�c�3� �1�4�7�.�9�7�,� �C�r�4�y� �1�4�6�.�4�5�,� �C�o�s�y� �1�0�8�.�3�4�,� �C�r�p� �1�2�1�.�5�7�,� �C�y�)� �1�3�3�.�3�3�,� 

�C�a�"�)� �1�0�6�.�3�5�,� �C�3�"�)� �1�5�3�.�3�1�,� �C�i�g�"�)� �1�3�6�.�8�0�,� �C�i�s�"�)� �1�5�3�.�3�1�,� �C�g�r�)� �1�0�6�.�3�5�,� �-�O�C�H�2�0�-� �1�0�1�.�1�1�,� 

�C�(�3�"�)�-�O�C�H�3� �5�6�.�1�4�,� �C�i�4�"�)�-�O�C�H�3� �6�0�.�8�7�,� �C�(�5�"�)�-�O�C�H�3� �5�6�.�1�4�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� 

�i�n�t�e�n�s�i�t�y�)� �4�0�0� �(�M�t�,� �5�4�)�,� �2�6�4� �(�3�.�4�)�,� �2�5�1� �(�4�.�1�)�,� �2�3�8� �(�2�.�8�)�,� �2�1�9� �(�3�.�7�)�,� �1�8�1� �(�1�0�0�)�,� �1�6�7� �(�1�3�)�,� 

�1�5�1� �(�1�6�)�,� �1�3�5� �(�5�2�)�,� �1�0�5� �(�1�2�)�,� �8�4� �(�2�6�)�,� �7�7� �(�2�8�)�,� �6�5� �(�9�)�.� 

�H�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �t�o� �u�n�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�)� 

�E�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �(�5�2�m�g�;�0�.�1�2�5�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� �s�t�i�r�r�i�n�g� �i�n� �7�m�l� �e�t�h�y�l� �a�c�e�t�a�t�e� �i�n� �a� 

�1�5�-�m�l� �t�w�o�-�n�e�c�k�,� �s�e�p�t�u�m�-�s�e�a�l�e�d� �R�B� �f�l�a�s�k�.� �T�o� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� 

�(�5�%�)� �(�1�3�3�m�g�;� �0�.�0�6�2�5�m�m�o�l�)� �a�n�d� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �f�o�r� �a�n� �a�d�d�i�t�i�o�n�a�l� �5�-� 

�1�0�m�i�n�s�.� �T�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �t�h�e�n� �a�t�t�a�c�h�e�d� �t�o� �a� �h�y�d�r�o�g�e�n�a�t�o�r� �w�i�t�h� �a� �5�0�m�l� �h�y�d�r�o�g�e�n� �g�a�s� 

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

�a�d�d�i�t�i�o�n� �o�f� �2� �d�r�o�p�s� �7�0�%� �H�C�1�Q�0�«�,� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �p�r�o�c�e�e�d�.� �A�t� �6�h�r�s� �T�L�C� 

�a�n�a�l�y�s�i�s� �(�C�H�2�C�l�o�/�M�e�O�H�,� �1�5�:�1�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �h�a�d� �b�e�e�n� �c�o�n�v�e�r�t�e�d� �t�o� �a� 

�l�e�s�s� �p�o�l�a�r� �m�a�t�e�r�i�a�l� �a�t� �R�f� �~� �0�.�8�,� �p�r�e�s�u�m�a�b�l�y� �y�a�t�e�i�n� �(�1�8�)�.� �A�f�t�e�r� �w�o�r�k�-�u�p� �t�o� �r�e�m�o�v�e� �r�e�s�i�d�u�a�l� 

�a�c�i�d�,� �a�n�d� �p�r�e�p�a�r�a�t�i�v�e� �T�L�C� �p�u�r�i�f�i�c�a�t�i�o�n�,� �1�4�m�g� �o�f� �y�a�t�e�i�n� �(�1�8�)� �w�a�s� �i�s�o�l�a�t�e�d� �(�2�8�.�0�%� �y�i�e�l�d�)�.� 

�A�t�t�e�m�p�t�e�d� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �t�o� �u�n�l�a�b�e�l�l�e�d� �y�a�t�e�i�n� �(�1�8�)� 

�T�o� �c�o�n�f�i�r�m� �t�h�a�t� �p�o�d�o�r�h�i�z�o�l� �(�4�3�)� �i�s� �n�o�t� �c�o�n�v�e�r�t�e�d� �t�o� �y�a�t�e�i�n� �(�1�8�)� �u�n�d�e�r� �h�y�d�r�o�g�e�n�o�l�y�s�i�s� 

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

�(�6�3�m�g�;�0�.�1�5�1�m�m�o�l�)� �i�n� �p�l�a�c�e� �o�f� �e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�)� �(�0�.�0�7�6� �m�m�o�l� �p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n�,� 
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�5�%�)�.� �E�v�e�n� �a�f�t�e�r� �1�5�5�h�r�s�,� �n�o� �r�e�a�c�t�i�o�n� �h�a�d� �o�c�c�u�r�r�e�d�,� �a�s� �n�o�t�e�d� �b�y� �T�L�C� �a�n�a�l�y�s�i�s�,� �s�o� �t�h�e� 

�s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �(�4�3�)� �w�a�s� �r�e�c�o�v�e�r�e�d� �b�y� �s�t�a�n�d�a�r�d� �w�o�r�k�-�u�p� �a�n�d� �p�r�e�p�a�r�a�t�i�v�e� �T�L�C� 

�p�u�r�i�f�i�c�a�t�i�o�n�.� 

�S�y�n�t�h�e�s�i�s� �o�f� �p�o�d�o�r�h�i�z�o�n�e� �(�5�4�)� 

�(�R�)�-�(�+�)�-�B�-�P�i�p�e�r�o�n�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�0�)� �(�8�9�0�m�g�;� �4�.�0�5�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� �s�t�i�r�r�i�n�g� 

�i�n� �1�5�m�l� �T�H�F� �(�d�r�y�,� �d�i�s�t�i�l�l�e�d�)� �a�n�d� �c�o�o�l�e�d� �t�o� �-�7�8�9�C�,� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �b�l�a�n�k�e�t�.� �A�f�t�e�r� �1�0� 

�m�i�n�u�t�e�s �� �s�t�i�r�r�i�n�g�,� �L�D�A� �(�4�.�6�5�m�m�o�l�;� �1�.�1�5� �m�o�l�a�r� �e�q�u�i�v�.�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �t�o� �t�h�e� �s�t�i�r�r�i�n�g� 

�l�a�c�t�o�n�e� �s�o�l�u�t�i�o�n�.� �T�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �a�l�l�o�w�e�d� �t�o� �w�a�r�m� �t�o� �0�°�C� �t�o� �e�n�s�u�r�e� �e�n�o�l�a�t�e� 

�f�o�r�m�a�t�i�o�n�,� �t�h�e�n� �r�e�c�o�o�l�e�d� �t�o� �-�7�8�°�C�.� �A�f�t�e�r� �2�0� �m�i�n�u�t�e�s�,� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�o�y�l� �c�h�l�o�r�i�d�e� 

�(�5�3�)� �(�1�.�1�7�g�;� �5�.�0�6�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �1�0�m�l� �T�H�F�,� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �t�o� �t�h�e� �s�t�i�r�r�i�n�g� 

�e�n�o�l�a�t�e� �s�o�l�u�t�i�o�n�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �p�r�o�c�e�e�d� �f�o�r� �3�h�r�s� �a�t� �-�7�8�°�C�,� �t�h�e�n� �w�a�s� �a�l�l�o�w�e�d� 

�t�o� �w�a�r�m� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �o�v�e�r� �t�h�e� �n�e�x�t� �1�6�h�r�s�.� �A�t� �t�h�i�s� �t�i�m�e�,� �T�L�C� �a�n�a�l�y�s�i�s� 

�(�e�t�h�e�r�/�h�e�x�a�n�e�,� �4�:�1�)� �s�h�o�w�e�d� �t�h�e� �r�e�a�c�t�i�o�n� �t�o� �b�e� �e�s�s�e�n�t�i�a�l�l�y� �c�o�m�p�l�e�t�e�,� �i�.�e�.� �n�o� �r�e�m�a�i�n�i�n�g� 

�l�a�c�t�o�n�e�.� �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� �a�b�o�u�t� �1�0�m�l� �s�a�t�u�r�a�t�e�d� �a�m�m�o�n�i�u�m� �c�h�l�o�r�i�d�e� 

�s�o�l�u�t�i�o�n�,� �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�h�e�r� �(�3� �x� �5�0�m�l�)�.� �T�h�e� �c�o�m�b�i�n�e�d� �e�t�h�e�r� 

�p�o�r�t�i�o�n�s� �w�e�r�e� �w�a�s�h�e�d� �w�i�t�h� �1�N� �H�C�l� �(�5�0�m�l�)� �a�n�d� �b�r�i�n�e� �(�3� �x� �5�0�m�l�)�,� �t�h�e�n� �d�r�i�e�d� �w�i�t�h� 

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

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

�s�u�b�j�e�c�t�e�d� �t�o� �f�l�a�s�h� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�e�t�h�e�r�/�h�e�x�a�n�e�,� �4�:�1�)�.� �W�h�e�n� �a�l�l�o�w�e�d� �t�o� �s�t�a�n�d� �f�o�r� �a� �p�e�r�i�o�d� 

�o�f� �t�i�m�e�,� �t�h�o�s�e� �f�r�a�c�t�i�o�n�s� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �p�r�o�d�u�c�t�,� �p�o�d�o�r�h�i�z�o�n�e� �(�5�4�)�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �T�L�C� 

�a�n�a�l�y�s�i�s� �(�e�t�h�e�r�/�h�e�x�a�n�e�,� �4�:�1�)�,� �y�i�e�l�d�e�d� �4�7�3�m�g� �o�f� �l�o�n�g�,� �t�h�i�n�,� �c�o�l�o�r�l�e�s�s� �n�e�e�d�l�e�s� �(�2�8�.�2�%� �y�i�e�l�d�)�.� 

�M�e�l�t�i�n�g� �p�o�i�n�t�:� �1�3�1�-�1�3�4�°�C� �(�l�i�t�.�6�1�;� �1�2�9�-�1�3�0�°�C�)�.� �O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� �v�a�l�u�e�s�:� �[�a�]�p� �=� �+�7�4�.�8�°�,� 

�c� �=� �0�.�3�3�,� �C�H�C�l�;� �(�l�i�t�.�6�!�:� �[�a�]�p�2�3� �=� �+�7�9�.�6�°�,� �c� �=� �0�.�6�8�,� �C�H�C�l�3�)�.� �'�H� �N�M�R� �(�C�D�C�l�s�)� �8� �7�.�1�7�s�,� 

�2�H�,� �H�-�2�"�,� �H�-�6�"�;� �6�.�6�0�-�6�.�7�0�m�,� �3�H�,� �H�-�2�'�,� �H�-�5�'�,� �H�-�6�'�;� �5�.�9�2�d�d�,� �2�H�,� �-�O�C�H�2�O�-�,� �J� �=� �2�.�5�,� 
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�1�.�3�H�z�;� �4�.�5�4�d�d�,� �1�H�,� �H�-�4�B�,� �J� �=� �8�.�9�,� �7�.�1�H�z�;� �4�.�2�5�d�,� �1�H�,� �H�-�2�,� �J� �=� �6�.�3�H�z�;� �4�.�1�4�d�d�,� �1�H�,� �H�-� 

�4�a�,� �J� �=� �8�.�9�,� �5�.�9�H�z�;� �3�.�9�3�s�,� �3�H�,� �4�"�-�O�M�e�;� �3�.�8�9�s�,� �6�H�,� �3�"�-�,� �5�"�-�O�M�e�;� �3�.�4�1�m�,� �1�H�,� �H�-�3�;� 

�2�.�7�9�d�d�,� �1�H�,� �H�-�5�B�,� �J� �=� �1�9�.�0�,� �1�3�.�8�H�z�;� �2�.�7�6�d�d�,� �1�H�,� �H�-�S�5�a�,� �J� �=� �1�9�.�0�,� �1�3�.�8�H�z�.� �E�I�M�S� �m�/�z� 

�(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �4�1�4� �(�M�*�,� �2�5�)�,� �2�7�9� �(�9�)�,� �1�9�5� �(�6�4�)�,� �1�6�1� �(�1�0�0�)�,� �1�3�1� �(�4�8�)�,� �7�7� �(�1�6�)�.� 

�R�e�d�u�c�t�i�o�n� �o�f� �p�o�d�o�r�h�i�z�o�n�e� �(�5�4�)� �w�i�t�h� �s�o�d�i�u�m� �b�o�r�o�d�e�u�t�e�r�i�d�e� 

�P�o�d�o�r�h�i�z�o�n�e� �(�5�4�)� �(�6�3�.�1�m�g�;� �0�.�1�5�2�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� �s�t�i�r�r�i�n�g� �i�n� �5�m�l� �9�5�%� �e�t�h�a�n�o�l�,� 

�a�n�d� �c�o�o�l�e�d� �t�o� �O�°�C�.� �A�f�t�e�r� �s�t�i�r�r�i�n�g� �f�o�r� �1�5� �m�i�n�u�t�e�s�,� �s�o�d�i�u�m� �b�o�r�o�d�e�u�t�e�r�i�d�e� �(�1�5�.�9�m�g�;� 

�0�.�3�8�m�m�o�l�)� �w�a�s� �a�d�d�e�d� �p�o�r�t�i�o�n�w�i�s�e� �t�o� �t�h�e� �s�t�i�r�r�i�n�g� �s�o�l�u�t�i�o�n� �o�v�e�r� �3�0� �m�i�n�u�t�e�s�.� �T�h�e� �r�e�a�c�t�i�o�n� 

�w�a�s� �a�l�l�o�w�e�d� �t�o� �p�r�o�c�e�e�d� �f�o�r� �2�h�r�s�,� �a�t� �w�h�i�c�h� �t�i�m�e� �T�L�C� �a�n�a�l�y�s�i�s� �(�C�H�2�C�l�2�/�M�e�O�H�,� �1�5�:�1�)� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �5�4� �h�a�d� �b�e�e�n� �c�o�m�p�l�e�t�e�l�y� �c�o�n�v�e�r�t�e�d� �t�o� �a� �m�i�x�t�u�r�e� �o�f� �t�h�e� 

�d�e�u�t�e�r�a�t�e�d� �a�l�c�o�h�o�l�s� �4�3�a� �a�n�d� �4�4�a�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �q�u�e�n�c�h�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �5�m�l� �1�N� 

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

�i�n� �C�H�2�C�l�9�,� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e� �(�3� �x� �1�5�m�l�)�,� �d�r�i�e�d� �w�i�t�h� �m�a�g�n�e�s�i�u�m� �s�u�l�f�a�t�e�,� �f�i�l�t�e�r�e�d�,� �a�n�d� 

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

�T�L�C� �(�C�H�2�C�l�2�/�M�e�O�H�,� �9�8�:�2�)� �a�n�d� �t�h�e� �t�w�o� �m�a�j�o�r� �b�a�n�d�s�,� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �e�p�i�m�e�r�i�c� 

�a�l�c�o�h�o�l�s� �4�3�a� �a�n�d� �4�4�a�,� �w�e�r�e� �i�s�o�l�a�t�e�d�.� �Y�i�e�l�d� �o�f� �6�-�2�H�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �4�4�a�:� �3�1�.�7�m�g� 

�(�5�0�.�1�%�)�;� �y�i�e�l�d� �o�f� �6�-�7�H�-�p�o�d�o�r�h�i�z�o�l� �4�3�a�:� �2�9�.�3�m�g� �(�4�6�.�3�%�)�;� �t�o�t�a�l� �y�i�e�l�d� �o�f� �4�3�a� �a�n�d� �4�4�a�:� 

�9�6�%�)�.� 

�6�-�2�H�-�E�p�i�p�o�d�o�r�h�i�z�o�l� �4�4�a�:� �1�H� �N�M�R� �(�C�D�C�1�3�)� �s�h�o�w�e�d� �t�h�e� �s�a�m�e� �s�p�e�c�t�r�a�l� �d�a�t�a� �a�s� �t�h�a�t� �i�n� �t�h�e� 
�s�p�e�c�t�r�u�m� �f�o�r� �e�p�i�p�o�d�o�r�h�i�z�o�l� �4�4�,� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�c�e�p�t�i�o�n�s�:� �m�i�s�s�i�n�g� �4�.�7�9�p�p�m� �d�o�u�b�l�e�t�,� 

�w�i�t�h� �c�o�u�p�l�i�n�g� �c�o�n�s�t�a�n�t�,� �J� �=� �7�.�9�H�z�;� �a�n�d� �t�h�e� �2�.�6�2� �d�o�u�b�l�e�t� �o�f� �d�o�u�b�l�e�t�s�,� �w�i�t�h� �c�o�u�p�l�i�n�g� 

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

�9�.�0�H�z�.� �2�H� �N�M�R� �(�C�H�C�I�3�)� �s�h�o�w�e�d� �a� �b�r�o�a�d� �s�i�n�g�l�e�t� �a�t� �4�.�8�1�p�p�m�,� �r�e�l�a�t�i�v�e� �t�o� �C�H�C�l�3� �p�e�a�k� �a�t� 

�7�.�2�5�p�p�m�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �4�1�7� �(�M�+�,� �2�.�9�)�,� �3�9�9� �(�7�.�6�)�,� �3�8�4� �(�1�.�3�)�,� �2�6�4� �(�7�.�0�)�,� 
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�2�2�0� �(�2�8�.�5�)�,� �1�9�7� �(�4�9�.�9�)�,� �1�8�2� �(�2�1�.�0�)�,� �1�3�5� �(�1�0�0�)�,� �1�2�6� �(�1�3�.�4�)�,� �1�1�1� �(�1�2�.�7�)�,� �9�6� �(�1�0�.�8�)�,� �7�7� 

�(�1�4�.�6�)�.� 

�6�-�2�H�-�P�o�d�o�r�h�i�z�o�l� �4�3�a�:� �1�H� �N�M�R� �(�C�D�C�1�3�)� �s�h�o�w�e�d� �t�h�e� �s�a�m�e� �s�p�e�c�t�r�a�l� �d�a�t�a� �a�s� �t�h�a�t� �i�n� �t�h�e� 

�s�p�e�c�t�r�u�m� �f�o�r� �p�o�d�o�r�h�i�z�o�l� �4�3�,� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�c�e�p�t�i�o�n�s�:� �m�i�s�s�i�n�g� �5�.�2�5�p�p�m� �d�o�u�b�l�e�t�,� 

�w�i�t�h� �c�o�u�p�l�i�n�g� �c�o�n�s�t�a�n�t�,� �J� �=� �2�.�9�H�z�;� �a�n�d� �t�h�e� �2�.�6�1� �d�o�u�b�l�e�t� �o�f� �d�o�u�b�l�e�t�s�,� �w�i�t�h� �c�o�u�p�l�i�n�g� 

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

�6�.�1�H�z�.� �2�H� �N�M�R� �(�C�H�C�1�3�)� �s�h�o�w�e�d� �a� �b�r�o�a�d� �s�i�n�g�l�e�t� �a�t� �5�.�2�5�p�p�m�,� �r�e�l�a�t�i�v�e� �t�o� �C�H�C�]�3� �p�e�a�k� �a�t� 

�7�.�2�5�p�p�m�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �4�1�7� �(�M�+�,� �2�.�8�)�,� �3�9�9� �(�0�.�8�)�,� �2�6�4� �(�1�.�1�)�,� �2�2�0� �(�2�0�.�5�)�,� 

�1�9�7� �(�3�8�.�0�)�,� �1�8�2� �(�2�0�.�5�)�,� �1�7�0� �(�7�.�3�)�,� �1�3�5� �(�1�0�0�)�,� �1�2�6� �(�1�2�.�1�)�,� �1�1�1� �(�1�1�.�9�)�,� �9�6� �(�9�.�5�)�,� �7�7� 

�(�2�3�.�7�)�,� �6�6� �(�1�0�.�9�)�.� 

�H�y�d�r�o�g�e�n�o�l�y�s�i�s� �o�f� �6�-�2�H�1�-�e�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)� �t�o� �6�-�a�-�2�H�,�-�y�a�t�e�i�n� �(�1�8�b�)� 

�6�-�2�H�-�E�p�i�p�o�d�o�r�h�i�z�o�l� �(�4�4�a�)� �(�7�5�m�g�;�0�.�1�8�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� �s�t�i�r�r�i�n�g� �i�n� �7�m�l� �e�t�h�y�l� 

�a�c�e�t�a�t�e� �i�n� �a� �1�5�-�m�l� �t�w�o�-�n�e�c�k�,� �s�e�p�t�u�m�-�s�e�a�l�e�d� �R�B� �f�l�a�s�k�.� �T�o� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� 

�p�a�l�l�a�d�i�u�m�-�o�n�-�c�a�r�b�o�n� �(�1�0�%�)� �(�4�8�m�g�;� �0�.�0�4�3�m�m�o�l�)� �a�n�d� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �f�o�r� 

�a�n� �a�d�d�i�t�i�o�n�a�l� �5�-�1�0�m�i�n�s�.� �T�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �t�h�e�n� �a�t�t�a�c�h�e�d� �t�o� �a� �h�y�d�r�o�g�e�n�a�t�o�r� �w�i�t�h� �a� 

�5�0�m�l� �h�y�d�r�o�g�e�n� �g�a�s� �c�a�p�a�c�i�t�y�,� �a�n�d� �t�h�e� �s�y�s�t�e�m� �w�a�s� �p�u�r�g�e�d� �o�f� �a�i�r� �a�n�d� �c�h�a�r�g�e�d� �w�i�t�h� �h�y�d�r�o�g�e�n� 

�g�a�s�.� �A�f�t�e�r� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �3� �d�r�o�p�s� �c�o�n�c�.� �H�C�l�,� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �p�r�o�c�e�e�d�,� �w�h�i�l�e� 

�m�o�n�i�t�o�r�i�n�g� �h�y�d�r�o�g�e�n� �u�p�t�a�k�e� �a�n�d� �c�h�e�c�k�i�n�g� �p�e�r�i�o�d�i�c�a�l�l�y� �b�y� �T�L�C� �(�C�H�2�C�l�2�/�M�e�O�H�,� �1�5�:�1�)�.� �A�t� 

�4�8�h�r�s� �T�L�C� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �h�a�d� �b�e�e�n� �c�o�n�v�e�r�t�e�d� �t�o� �a� �l�e�s�s� �p�o�l�a�r� 

�m�a�t�e�r�i�a�l� �a�t� �R�f� �~� �0�.�8�,� �p�r�e�s�u�m�a�b�l�y� �6�-�c�-�2�H�-�y�a�t�e�i�n� �(�1�8�b�)�.� �A�f�t�e�r� �w�o�r�k�-�u�p� �t�o� �r�e�m�o�v�e� �r�e�s�i�d�u�a�l� 

�a�c�i�d�,� �t�h�e� �p�r�o�d�u�c�t� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �p�r�e�p�a�r�a�t�i�v�e� �T�L�C�,� �a�f�f�o�r�d�i�n�g� �2�1�.�7�m�g� �o�f� �6�-�c�.�-�2�H�-�y�a�t�e�i�n� 

�(�1�8�b�)�,� �a�s� �a� �c�o�l�o�r�l�e�s�s�,� �g�l�a�s�s�y� �s�o�l�i�d� �(�3�0�.�1�%� �y�i�e�l�d�)�.� �O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� �v�a�l�u�e�s�:� �[�a�]�p� �=� �~�-�2�5�.�6�°�,� 

�c� �=� �0�.�4�,� �C�H�C�l�3� �(�l�i�t�.�8�5�:� �[�a�]�p�2�0� �=� �-�2�8�.�4�°�,� �c� �=� �0�.�3�2�,� �C�H�C�I�3�)� �1�H� �N�M�R� �(�C�D�C�l�3�)� �s�h�o�w�e�d� 

�t�h�e� �s�a�m�e� �s�p�e�c�t�r�a�l� �d�a�t�a� �a�s� �t�h�a�t� �i�n� �t�h�e� �s�p�e�c�t�r�a� �f�o�r� �y�a�t�e�i�n� �1�8�,� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�c�e�p�t�i�o�n�:� 
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�T�h�e� �A�B�X� �m�u�l�t�i�p�l�e�t� �a�t� �~�2�.�8�8�-�2�.�9�4�p�p�m�,� �i�n�t�e�g�r�a�t�i�n�g� �f�o�r� �t�h�e� �t�w�o� �p�r�o�t�o�n�s�,� �H�-�6�a� �a�n�d� �H�-�6�f�,� 

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

�o�n�e� �p�r�o�t�o�n�,� �H�-�6�8�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �4�0�1� �(�M�+�,� �5�2�)�,� �3�8�5� �(�1�8�)�,� �2�6�5� �(�3�.�5�)�,� �2�5�2� 

�(�4�.�8�)�,� �2�3�9� �(�3�.�1�)�,� �1�8�2� �(�1�0�0�)�,� �1�3�5� �(�4�6�)�,� �7�7� �(�1�8�)�,� �5�5� �(�1�7�)�.� 

�P�r�o�t�e�c�t�i�o�n� �o�f� �v�a�n�i�l�l�i�n� �(�5�5�)� �w�i�t�h� �b�e�n�z�y�l� �b�r�o�m�i�d�e� 

�V�a�n�i�l�l�i�n� �(�5�5�)� �(�2�5�.�5�6�g�;� �0�.�1�6�8�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� �s�t�i�r�r�i�n�g� �i�n� �1�5�0�m�l� �M�e�O�H�.� �P�o�t�a�s�s�i�u�m� 

�c�a�r�b�o�n�a�t�e� �(�2�7�.�9�2�g�;� �0�.�2�0�2�m�o�l�)� �w�a�s� �t�h�e�n� �a�d�d�e�d� �t�o� �t�h�e� �s�o�l�u�t�i�o�n�,� �a�n�d� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� 

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

�l�i�m�e�-�g�r�e�e�n� �c�o�l�o�r�.� �A�f�t�e�r� �4�5�m�i�n�,� �b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�2�8�.�7�6�g�;� �0�.�1�6�8�m�o�l�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� 

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

�(�e�t�h�e�r�/�h�e�x�a�n�e�,� �1�:�1�)�.� �A�f�t�e�r� �6� �h�o�u�r�s�,� �t�h�e� �r�e�a�c�t�i�o�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �c�o�m�p�l�e�t�e�.� �T�h�e� �r�e�a�c�t�i�o�n� 

�f�l�a�s�k� �w�a�s� �t�h�e�n� �c�o�o�l�e�d� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �1�N� �H�C�L� �w�a�s� �a�d�d�e�d� �t�o� �q�u�e�n�c�h� �t�h�e� �r�e�a�c�t�i�o�n�,� �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�h�e� �r�e�s�i�d�u�e� �w�a�s� �r�e�d�i�s�s�o�l�v�e�d� �i�n� �a� �m�i�n�i�m�u�m� �o�f� �h�o�t� �9�5�%� 

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

�m�a�t�e�r�i�a�l� �w�a�s� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �t�w�i�c�e� �f�r�o�m� �9�5�%� �e�t�h�a�n�o�l�,� �a�f�f�o�r�d�i�n�g� �3�0�.�2�g� �(�7�4�%� �y�i�e�l�d�)� �o�f� �O�-� 

�b�e�n�z�y�l� �v�a�n�i�l�l�i�n� �(�5�5�a�)�,� �a�s� �f�i�n�e� �y�e�l�l�o�w� �c�r�y�s�t�a�l�s�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �6�3�.�5�-�6�4�.�5�°�C� �(�1�i�t�.�8�8�:� �6�4�-� 

�6�5�°�C�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �5� �9�.�8�3�s�,� �1�H�,� �C�H�O�;� �7�.�3�9�m�,� �5�H�,� �C�e�H�s�C�H�2�0�-�;� �6�.�9�8�-�7�.�4�2�m�,� 

�3�H�,� �a�r�o�m�a�t�i�c�;� �5�.�2�4�s�,� �2�H�,� �C�s�H�s�C�H�2�0�-�;� �3�.�9�4�s�,� �3�H�,� �O�C�H�3�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� 

�2�4�2� �(�M�+�,� �2�5�)�,� �1�5�1� �(�4�3�)�,� �9�1� �(�1�0�0�)�.� 

�F�o�r�m�a�t�i�o�n� �o�f� �a�-�v�a�n�i�l�l�y�l�i�d�e�n�e� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�5�6�)� 

�S�o�d�i�u�m� �m�e�t�h�o�x�i�d�e� �(�2�5� �w�t�.�%� �s�o�l�u�t�i�o�n� �i�n� �m�e�t�h�a�n�o�l�;� �2�7�.�3�g� �s�o�l�u�t�i�o�n�;� �1�2�6�.�4�m�m�o�l�)� �w�a�s� �a�d�d�e�d� 

�t�o� �7�5�m�l� �m�e�t�h�a�n�o�l�,� �a�n�d� �w�i�t�h� �s�t�i�r�r�i�n�g�,� �b�r�o�u�g�h�t� �t�o� �r�e�f�l�u�x�.� �I�n� �t�h�e� �m�e�a�n�t�i�m�e�,� �O�-�b�e�n�z�y�]� �v�a�n�i�l�l�i�n� 

�(�5�5�a�)� �(�2�2�.�7�g�;� �9�3�.�6�m�m�o�l�)� �a�n�d� �d�i�m�e�t�h�y�l� �s�u�c�c�i�n�a�t�e� �(�1�6�.�4�g�;� �1�1�2�.�3�m�m�o�l�)� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� 
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�7�5�m�l� �w�a�r�m� �m�e�t�h�a�n�o�l�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �s�l�o�w�l�y� �a�d�d�e�d� �t�o� �t�h�e� �r�e�f�l�u�x�i�n�g� �s�o�d�i�u�m� �m�e�t�h�o�x�i�d�e� 

�s�o�l�u�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� �a�l�l�o�w�e�d� �t�o� �r�e�f�l�u�x� �f�o�r� �1�2�h�r�,� �a�t� �w�h�i�c�h� �t�i�m�e� �i�t� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �T�L�C� �a�n�a�l�y�s�i�s� �(�C�H�2�C�l�2�/�M�e�O�H�,� �1�5�:�1�)� �t�h�a�t� �t�h�e� �O�-�b�e�n�z�y�l� �v�a�n�i�l�l�i�n� �(�5�5�a�)� �h�a�d� 

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

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

�a�d�d�e�d�,� �w�i�t�h� �s�t�i�r�r�i�n�g�,� �1�5�0�m�l� �1�N� �H�C�l�,� �a�n�d� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �t�h�e�n� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �d�i�e�t�h�y�l� 

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

�b�i�c�a�r�b�o�n�a�t�e� �(�3� �x� �7�5�m�l�)� �t�o� �s�e�p�a�r�a�t�e� �t�h�e� �p�r�o�d�u�c�t� �5�6� �f�r�o�m� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �5�5�a�.� �T�h�e� 

�c�o�m�b�i�n�e�d� �a�q�u�e�o�u�s� �l�a�y�e�r�s� �w�e�r�e� �r�e�a�c�i�d�i�f�i�e�d� �w�i�t�h� �6�N� �H�C�I� �a�n�d� �r�e�-�e�x�t�r�a�c�t�e�d� �w�i�t�h� �e�t�h�e�r�.� �T�h�e� 

�o�r�g�a�n�i�c� �l�a�y�e�r� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e� �(�3� �x� �5�0�m�l�)�,� �t�h�e�n� �d�r�i�e�d� �w�i�t�h� �a�n�h�y�d�r�o�u�s� �m�a�g�n�e�s�i�u�m� 

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

�e�v�a�p�o�r�a�t�i�o�n� �t�o� �a�b�o�u�t� �7�5�m�l�.� �U�p�o�n� �c�h�i�l�l�i�n�g� �o�v�e�r�n�i�g�h�t�,� �t�h�e� �s�o�l�u�t�i�o�n� �y�i�e�l�d�e�d� �c�o�l�o�r�l�e�s�s� 

�c�r�y�s�t�a�l�s�,� �w�h�i�c�h� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �t�w�i�c�e� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �e�t�h�e�r�.� �Y�i�e�l�d� �o�f� �5�6�:� �1�9�.�0�g� 

�(�5�7�%�)�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �1�1�2�.�5�-�1�1�5�°�C�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �6� �7�.�8�5�s�,� �1�H�,� �v�i�n�y�l�i�c�;� �7�.�3�8�m�,� 

�_�5�H�,� �C�6�H�s�5�C�H�2�0�-�;� �6�.�8�4�-�7�.�0�1�m�,� �3�H�,� �a�r�o�m�a�t�i�c�;� �5�.�2�0�s�,� �2�H�,� �P�h�C�H�2�0�-�;� �3�.�9�1�s�,� �3�H�,� �C�H�3� 

�(�e�s�t�e�r�)�;� �3�.�8�5�s�,� �3�H�,� �C�H�3� �(�a�r�o�m�.� �m�e�t�h�o�x�y�)�;� �3�.�6�2�s�,� �2�H�,� �a�l�l�y�l�i�c�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� 

�i�n�t�e�n�s�i�t�y�)� �3�5�6� �(�M�t�,� �2�.�1�)�,� �3�2�4� �(�4�.�3�)�,� �1�6�1� �(�2�.�6�)�,� �9�1� �(�1�0�0�)�,� �7�7� �(�2�.�4�)� �6�5� �(�6�.�7�)�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �a�-�v�a�n�i�l�l�y�]� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�5�7�)� 

�c�-�V�a�n�i�l�l�y�l�i�d�e�n�e� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�]� �e�s�t�e�r� �(�5�6�)� �(�1�0�.�2�g�;� �2�8�.�6�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� 

�S�t�i�r�r�i�n�g� �i�n� �8�0�m�l� �o�f� �1�:�1� �a�c�e�t�i�c� �a�c�i�d�/�e�t�h�y�l� �a�c�e�t�a�t�e�.� �T�o� �t�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �p�a�l�l�a�d�i�u�m�-�o�n�-� 

�c�a�r�b�o�n� �(�1�0�%�)� �(�0�.�9�1�3�g�;� �0�.�8�6�m�m�o�l�)� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �a�t�t�a�c�h�e�d� �t�o� �a� �1�L� 

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

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

�T�L�C� �a�n�a�l�y�s�i�s� �(�C�H�2�C�l�2�/�M�e�O�H�,� �1�5�:�1�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �w�a�s� �e�n�t�i�r�e�l�y� 
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�c�o�n�v�e�r�t�e�d� �t�o� �p�r�o�d�u�c�t�.� �T�h�e� �c�a�t�a�l�y�s�t� �w�a�s� �t�h�e�n� �r�e�m�o�v�e�d� �b�y� �f�i�l�t�r�a�t�i�o�n� �a�n�d� �t�h�e� �s�o�l�v�e�n�t�s� �w�e�r�e� 

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

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

�w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �e�t�h�e�r� �t�o� �a�f�f�o�r�d� �4�.�4�g� �o�f� �t�h�e� �r�a�c�e�m�i�c� �c�o�m�p�o�u�n�d� �5�7� 

�(�5�7�.�6�%� �y�i�e�l�d�)�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �9�0�-�9�2�.�5�°�C� �(�l�i�t�.� �8�6�:� �9�1�-�9�3�°�C�)�.� �1�H� �N�M�R� �(�C�D�C�l�3�)� �8� �6�.�8�3�d�d�,� 

�1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �8�.�6�,� �1�.�8�H�z�;� �6�.�6�4�d�,� �1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �8�.�6�H�z�;� �6�.�6�2�d�,� �1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� 

�1�.�8�H�z�;� �5�.�6�0�b�r�.�s�,� �1�H�,� �O�H� �(�p�h�e�n�o�l�i�c�)�;� �3�.�8�6�s�,� �3�H�,� �C�H�3� �(�e�s�t�e�r�)�;� �3�.�6�8�s�,� �3�H�,� �C�H�3� �(�a�r�o�m�.� 

�m�e�t�h�o�x�y�)�;� �~�3�.�0�3�m�,� �1�H�;� �~�2�.�8�6�m�,� �2�H�;� �~�2�.�5�6�m�,� �2�H�,� �b�e�n�z�y�l�i�c�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� 

�2�6�8� �(�M�*�,� �1�4�.�3�)�,� �2�3�6� �(�3�.�8�)�,� �2�1�9� �(�2�.�9�)�,� �2�0�8� �(�8�.�4�)�,� �1�3�7� �(�1�0�0�)�,� �1�2�2� �(�7�.�5�)�,� �7�7� �(�7�.�2�)�.� 

�I�s�o�l�a�t�i�o�n� �o�f� �(�R�)�-�(�+�)�-�c�-�v�a�n�i�l�l�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�5�7�a�)� 

�a�-�V�a�n�i�l�l�y�l� �s�u�c�c�i�n�i�c� �a�c�i�d� �h�a�l�f�-�m�e�t�h�y�l� �e�s�t�e�r� �(�5�7�)� �(�3�.�2�g�;� �1�1�.�9�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �1�5�m�l� 

�w�a�r�m� �e�t�h�y�l� �a�c�e�t�a�t�e�.� �(�R�)�-�(�+�)�-�a�-�M�e�t�h�y�l�b�e�n�z�y�l�a�m�i�n�e� �(�5�8�)� �(�1�.�4�7�g�;� �1�2�.�2�m�m�o�l�)�,� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.�,� �w�a�s� �l�i�k�e�w�i�s�e� �d�i�s�s�o�l�v�e�d� �i�n� �1�5�m�l� �w�a�r�m� �e�t�h�y�l� �a�c�e�t�a�t�e�,� �a�n�d� �t�h�e� �t�w�o� 

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

�t�o� �c�o�o�l�.� �U�p�o�n� �p�r�o�l�o�n�g�e�d� �s�t�a�n�d�i�n�g� �(�2�-�3� �d�a�y�s�)� �a�t� �0�-�4�°�C�,� �p�r�e�c�i�p�i�t�a�t�i�o�n� �o�f� �f�i�n�e�,� �c�o�l�o�r�l�e�s�s� 

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

�a�c�e�t�a�t�e�,� �t�o� �a� �c�o�n�s�t�a�n�t� �m�e�l�t�i�n�g� �p�o�i�n�t� �r�a�n�g�e� �o�f� �1�2�9�-�1�3�4�°�C� �(�l�i�t�.�8�6�:� �1�2�6�-�1�3�4�°�C�)�.� �T�h�i�s� �s�a�l�t� �w�a�s� 

�t�h�e�n� �d�i�s�s�o�l�v�e�d� �i�n� �5�0�m�l� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�,� �a�n�d� �t�o� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �5�0�m�!� �1�N� �H�C�l� �w�i�t�h� 

�s�t�i�r�r�i�n�g�.� �A�f�t�e�r� �2�0�m�i�n�,� �t�h�e� �h�e�m�i�-�e�s�t�e�r� �5�7�a� �w�a�s� �e�x�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� �a�q�u�e�o�u�s� �l�a�y�e�r� �w�i�t�h� �e�t�h�e�r� 

�(�3� �x� �3�0�m�l�)�.� �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� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e� �(�3� �x� �3�0�m�l�)�,� �d�r�i�e�d� �w�i�t�h� 

�m�a�g�n�e�s�i�u�m� �s�u�l�f�a�t�e�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �c�o�n�c�e�n�t�r�a�t�e�d� �t�o� �~�1�5�m�l�.� �A�f�t�e�r� �s�t�a�n�d�i�n�g� �a�t� �O�°�C� �f�o�r� �a� �p�e�r�i�o�d� 

�o�f� �t�i�m�e�,� �c�r�y�s�t�a�l�s� �o�f� �t�h�e� �e�n�a�n�t�i�o�m�e�r�i�c�a�l�l�y� �p�u�r�e� �c�o�m�p�o�u�n�d� �5�7�a� �p�r�e�c�i�p�i�t�a�t�e�d� �f�r�o�m� �s�o�l�u�t�i�o�n�.� 

�C�o�l�l�e�c�t�i�o�n� �a�n�d� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �o�f� �t�h�i�s� �m�a�t�e�r�i�a�l� �a�f�f�o�r�d�e�d� �9�0�5�m�g� �o�f� �f�i�n�e�,� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�l�i�n�e� 

�5�7�a�,� �i�n� �2�8�.�3�%� �y�i�e�l�d� �(�5�6�.�6�%� �e�n�a�n�t�i�o�m�e�r�i�c� �r�e�c�o�v�e�r�y�)�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �9�6�-�9�9�.�5�°�C� �(�l�i�t�.�8�6�:� 
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�9�7�.�5�-�1�0�0�.�5�°�C�)�.� �O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� �v�a�l�u�e�s�:� �[�a�]�p� �=� �+�2�6�.�3�°�,� �c� �=� �0�.�8�,� �C�H�C�I�3� �(�l�i�t�.�8�6�:� �[�a�]�p� �=� 

�+�2�8�°�,� �c� �=� �1�,� �M�e�O�H�)�.� 

�S�y�n�t�h�e�s�i�s� �o�f� �(�R�)�-�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�9�)� 

�C�o�m�p�o�u�n�d� �5�7�a� �(�8�8�0�m�g�;� �3�.�2�8�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �1�0�m�l� �o�f� �9�5�%� �e�t�h�a�n�o�l� �a�n�d� �t�i�t�r�a�t�e�d� 

�w�i�t�h� �2�M� �K�O�H� �(�i�n� �9�5�%� �e�t�h�a�n�o�l�)� �t�o� �n�e�u�t�r�a�l� �p�H�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �m�u�l�t�i�c�o�l�o�r� �p�H� �i�n�d�i�c�a�t�o�r� 

�p�a�p�e�r�.� �T�o� �t�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �a�n� �a�d�d�i�t�i�o�n�a�l� �7�5�m�l� �9�5�%� �e�t�h�a�n�o�l� �a�n�d� �t�h�e� �s�t�i�r�r�i�n�g� �s�o�l�u�t�i�o�n� 

�w�a�s� �c�o�o�l�e�d� �t�o� �0�°�C�.� �C�a�l�c�i�u�m� �c�h�l�o�r�i�d�e� �(�1�.�6�4�g�;� �1�4�.�8�m�m�o�l�)� �w�a�s� �t�h�e�n� �a�d�d�e�d� �p�o�r�t�i�o�n�w�i�s�e� �t�o� 

�t�h�e� �s�t�i�r�r�e�d� �s�o�l�u�t�i�o�n�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�a�n�t� �s�l�u�r�r�y� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �a�t� �O�°�C� �f�o�r� �2�0� �m�i�n�u�t�e�s�.� �A�t� 

�t�h�i�s� �t�i�m�e�,� �a� �s�o�l�u�t�i�o�n� �o�f� �s�o�d�i�u�m� �b�o�r�o�h�y�d�r�i�d�e� �(�1�.�2�4�g�;� �3�2�.�8�m�m�o�l�)� �i�n� �4�0�m�l� �9�5�%� �e�t�h�a�n�o�l� �w�a�s� 

�a�d�d�e�d� �d�r�o�p�w�i�s�e�,� �o�v�e�r� �3�0� �m�i�n�u�t�e�s�,� �t�o� �t�h�e� �s�t�i�r�r�e�d� �s�l�u�r�r�y�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �t�h�e�n� �a�l�l�o�w�e�d� �t�o� 

�p�r�o�c�e�e�d� �f�o�r� �1�8�h�r�,� �a�t� �w�h�i�c�h� �t�i�m�e� �T�L�C� �a�n�a�l�y�s�i�s� �(�C�H�2�C�l�2�/�M�e�Q�H�,� �1�5�:�1�)� �i�n�d�i�c�a�t�e�d� �t�h�e� �s�t�a�r�t�i�n�g� 

�m�a�t�e�r�i�a�l� �5�7�a� �h�a�d� �b�e�e�n� �c�o�m�p�l�e�t�e�l�y� �c�o�n�s�u�m�e�d�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �q�u�e�n�c�h�e�d� �b�y� �t�h�e� �s�l�o�w� 

�a�d�d�i�t�i�o�n� �o�f� �c�o�l�d� �6�N� �H�C�l� �t�o� �p�H� �1�.� �A�f�t�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �s�o�l�u�t�i�o�n� �b�y� �r�o�t�a�r�y� 

�e�v�a�p�o�r�a�t�i�o�n�,� �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�h�e�r� �(�3� �x� �3�0�m�l�)�.� �T�h�e� �c�o�m�b�i�n�e�d� �e�t�h�e�r� �p�o�r�t�i�o�n�s� 

�w�e�r�e� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e� �a�n�d� �d�r�i�e�d� �w�i�t�h� �M�g�S�O�q�.� �A�f�t�e�r� �f�i�l�t�e�r�i�n�g� �o�f�f� �t�h�e� �d�r�y�i�n�g� �a�g�e�n�t�,� �t�h�e� 

�s�o�l�v�e�n�t� �w�a�s� �r�e�m�o�v�e�d� �b�y� �r�o�t�a�r�y� �e�v�a�p�o�r�a�t�i�o�n� �a�n�d� �h�i�g�h� �v�a�c�u�u�m�,� �a�f�f�o�r�d�i�n�g� �4�4�9�.�8�m�g� �(�6�1�.�7�%� 

�y�i�e�l�d�)� �o�f� �f�i�n�e�,� �v�e�r�y� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�s�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �1�1�9�.�5�-�1�2�2�.�5�°�C� �(�l�i�t�.�5�3�:� �1�1�9�-�1�2�1�9�C�)�.� 

�O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� �v�a�l�u�e�s�:� �[�a�]�p� �=� �+�9�.�2�9�,� �c� �=� �0�.�7�3�,� �C�H�C�l�3� �(�l�i�t�.�5�3�:� �[�a�]�p�2�3� �=� �+�1�0�9�,� �c� �=� �1�,� 

�C�H�C�l�3�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �8� �6�.�8�6�d�d�,� �1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �7�.�3�,� �1�.�3�H�z�;� �6�.�6�6�d�,� �1�H�,� 

�a�r�o�m�a�t�i�c�,� �J� �=� �1�.�3�H�z�;� �6�.�6�5�d�,� �1�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �7�.�3�H�z�;� �4�.�3�3�d�d�,� �1�H�,� �H�-�4�B�,� �J� �=� �9�.�1�,� �6�.�8�H�z�;� 

�4�.�0�4�d�d�,� �1�H�,� �H�-�4�a�,� �J� �=� �9�.�1�,� �5�.�9�H�z�;� �3�.�8�9�s�,� �3�H�,� �C�H�3�;� �~�2�.�8�0�m�,� �1�H�,� �H�-�3�;� �2�.�7�1�d�d�,� �2�H�,� �H�-� 

�5�a�,�B�,� �J� �=� �8�.�1�,� �3�.�2�H�z�;� �2�.�6�1�d�d�,� �1�H�,� �H�-�2�B�,� �J� �=� �1�7�.�4�,� �7�.�9�H�z�;� �2�.�2�9�d�d�,� �1�H�,� �H�-�2�a�,� �J� �=� �1�7�.�4�,� 

�6�.�7�H�z�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �2�2�2� �(�M�t�,� �1�8�.�1�)�,� �1�3�8� �(�1�1�.�6�)�,� �1�3�7� �(�1�0�0�)�,� �9�4� �(�5�.�8�)�,� 

�7�7� �(�6�.�5�)�,� �5�1� �(�4�.�2�)�.� 
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�P�r�o�t�e�c�t�i�o�n� �o�f� �(�R�)�-�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�9�)� �w�i�t�h� �b�e�n�z�y�l� �b�r�o�m�i�d�e� 

�(�R�)�-�(�+�)�-�B�-�V�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�5�9�)� �(�4�4�3�m�g�;� �2�.�0�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� �s�t�i�r�r�i�n�g� �i�n� 

�1�5�m�l� �d�r�y�,� �d�i�s�t�i�l�l�e�d� �a�c�e�t�o�n�e�,� �i�n� �a� �f�l�a�m�e�-�d�r�i�e�d� �2�5�-�m�l� �s�e�p�t�u�m�-�s�e�a�l�e�d�,� �2�-�n�e�c�k�e�d� �R�B� �f�l�a�s�k�.� �T�o� 

�t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �a�n�h�y�d�r�o�u�s� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �(�3�3�1�m�g�;� �2�.�3�9�m�m�o�l�)�,� �a�n�d� �s�t�i�r�r�i�n�g� 

�w�a�s� �c�o�n�t�i�n�u�e�d� �w�h�i�l�e� �h�e�a�t�i�n�g� �t�o� �r�e�f�l�u�x�.� �B�e�n�z�y�l� �b�r�o�m�i�d�e� �(�6�8�2�.�2�m�g�;� �3�.�9�9�m�m�o�l�)� �w�a�s� �s�l�o�w�l�y� 

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

�b�e�i�n�g� �m�o�n�i�t�o�r�e�d� �b�y� �T�L�C� �(�e�t�h�e�r�/�h�e�x�a�n�e�,� �3�:�1�)�.� �A�f�t�e�r� �2�0�h�r�s� �t�h�e� �r�e�a�c�t�i�o�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� 

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

�H�C�l� �w�a�s� �a�d�d�e�d� �t�o� �n�e�u�t�r�a�l�i�z�e� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�.� �A�f�t�e�r� �r�e�m�o�v�a�l� �o�f� �t�h�e� �a�c�e�t�o�n�e�,� �t�h�e� �r�e�s�i�d�u�e� 

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

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

�r�e�s�i�d�u�e� �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�,� �y�i�e�l�d�i�n�g� �3�6�0�.�2�m�g� �(�5�7�.�9�%� �y�i�e�l�d�)� �o�f� �f�i�n�e�,� 

�c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�l�i�n�e� �6�0�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �7�9�.�5�-�8�1�.�5�°�C� �(�l�i�t�.�8�6�:� �8�0�-�8�1�.�5�9�C�)�.� �O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� 

�v�a�l�u�e�s�:� �[�@�]�p� �=� �+�3�.�7�9�,� �c� �=� �1�.�0�,� �C�H�C�l�;� �(�l�i�t�.�8�6�;� �[�a�]�p� �=� �+�4�9�,� �c� �=� �2�,� �C�H�C�l�3�)�.� �1�H� �N�M�R� 

�(�C�D�C�1�3�)� �8� �7�.�3�2�-�7�.�4�6�m�,� �5�H�,� �C�s�H�5�C�H�2�0�-�;� �6�.�8�8�-�7�.�1�2�m�,� �3�H�,� �a�r�o�m�a�t�i�c�;� �5�.�1�3�s�,� �2�H�,� 

�P�h�C�H�>�2�0�O�-�;� �4�.�3�3�d�d�,� �1�H�,� �H�-�4�B�,� �J� �=� �9�.�2�,� �6�.�8�H�z�;� �4�.�0�3�d�d�,� �1�H�,� �H�-�4�a�,� �J� �=� �9�.�2�,� �5�.�9�H�z�;� �3�.�8�8�s�,� 

�3�H�,� �O�C�H�3�;� �2�.�8�2�m�,� �1�H�,� �H�-�3�;� �2�.�7�1�d�d�,� �2�H�,� �H�-�5�a�,�B�,� �J� �=� �6�.�3�,� �3�.�1�H�z�;� �2�.�6�1�d�d�,� �1�H�,� �H�-�2�8�,� 

�J� �=� �1�7�.�5�,� �8�.�0�H�z�;� �2�.�2�8�d�d�,� �1�H�,� �H�-�2�a�,� �J� �=� �1�7�.�5�,� �6�.�7�H�z�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �3�1�2� 

�(�M�*�,� �1�1�.�7�)�,� �2�2�1� �(�1�.�2�)�,� �1�3�7� �(�1�.�7�)�,� �9�2� �(�8�.�1�)�,� �9�1� �(�1�0�0�)�,� �7�7� �(�2�.�7�)�,� �6�5� �(�8�.�4�)�.� 

�R�e�d�u�c�t�i�o�n� �o�f� �O�-�b�e�n�z�y�i� �v�a�n�i�l�l�i�n� �(�5�5�a�)� �w�i�t�h� �s�o�d�i�u�m� �b�o�r�o�h�y�d�r�i�d�e� 

�O�-�B�e�n�z�y�l� �v�a�n�i�l�l�i�n� �(�5�5�a�)� �(�1�2�.�6�5�g�;� �5�2�.�3�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �1�2�0�m�l� �M�e�O�H�/�C�H�2�C�l�,� �2�:�1�,� 

�a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� �0�°�C�.� �T�o� �t�h�e� �s�t�i�r�r�i�n�g� �s�o�l�u�t�i�o�n�,� �s�o�d�i�u�m� �b�o�r�o�h�y�d�r�i�d�e� �(�4�.�1�5�g�;� 

�1�0�9�.�8�m�m�o�l�)� �w�a�s� �a�d�d�e�d� �p�o�r�t�i�o�n�w�i�s�e� �o�v�e�r� �2�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� �p�r�o�c�e�e�d� �f�o�r� 

�L�h�r� �a�t� �0�°�C�,� �t�h�e�n� �f�o�r� �a�n� �a�d�d�i�t�i�o�n�a�l� �1�h�r� �w�h�i�l�e� �w�a�r�m�i�n�g� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �A�t� �t�h�i�s� �t�i�m�e�,� �t�h�e� 
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�r�e�a�c�t�i�o�n� �a�p�p�e�a�r�e�d� �c�o�m�p�l�e�t�e� �b�y� �T�L�C� �a�n�a�l�y�s�i�s� �(�C�H�2�C�l�2�/�M�e�Q�O�H�,� �1�5�:�1�)�,� �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� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �1�5�0�m�l� �1�N� �H�C�l�.� �T�h�e� �p�r�o�d�u�c�t� �a�l�c�o�h�o�l� �5�5�b� �w�a�s� �w�o�r�k�e�d� �u�p� �i�n� 

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

�Y�i�e�l�d�:� �1�0�.�6�g� �(�8�3�.�2�%�)�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �7�3�.�5�-�7�8�.�5�°�C� �(�l�i�t�.�8�8�:� �7�0�°�C�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �8� 

�7�.�2�8�-�7�.�4�5�m�,� �5�H�,� �C�6�H�5�C�H�2�0�-�;� �6�.�8�0�-�6�.�9�3�m�,� �3�H�,� �a�r�o�m�a�t�i�c�;� �5�.�1�4�s�,� �2�H�,� �C�e�H�s�C�H�2�0�-�;� 

�4�.�5�8�s�,� �2�H�,� �C�H�2�O�H�;� �3�.�8�8�s�,� �3�H�,� �O�C�H�3�;� �1�.�7�9�s�,� �1�H�,� �O�H�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� 

�2�4�4� �(�M�+�,� �1�4�)�,� �9�1� �(�1�0�0�)�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �O�-�b�e�n�z�y�l� �v�a�n�i�l�l�y�l� �b�r�o�m�i�d�e� �(�6�1�a�)� 

�N�-�B�r�o�m�o�s�u�c�c�i�m�i�d�e� �(�1�1�.�6�g�;� �6�5�.�2�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �1�2�0�m�l� �d�r�y�,� �d�i�s�t�a�i�l�l�e�d� �C�H�7�C�l�,� �i�n� 

�a� �f�l�a�m�e�-�d�r�i�e�d� �5�0�0�-�m�l� �s�e�p�t�u�m�-�s�e�a�l�e�d� �3�-�n�e�c�k� �R�B� �f�l�a�s�k� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �b�l�a�n�k�e�t�.� �A�f�t�e�r� �c�o�o�l�i�n�g� 

�t�o� �0�°�C�,� �d�i�m�e�t�h�y�l� �s�u�l�f�i�d�e� �(�4�.�9�3�g�;� �7�9�.�5�S�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �4�0�m�l� �C�H�2�C�l�2�,� �w�a�s� �a�d�d�e�d� 

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

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

�a�l�l�o�w�e�d� �t�o� �s�t�i�r� �f�o�r� �a�n� �a�d�d�i�t�i�o�n�a�l� �4�5�m�i�n�.� �A�t� �t�h�i�s� �t�i�m�e�,� �O�-�b�e�n�z�y�l� �v�a�n�i�l�l�y�l� �a�l�c�o�h�o�l� �(�5�5�b�)� 

�(�1�0�.�6�g�;� �4�3�.�4�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �4�0�m�l� �C�H�2�C�l�o�,� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �v�i�a� �a�d�d�i�t�i�o�n� �f�u�n�n�e�l� �t�o� 

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

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

�s�e�p�a�r�a�t�i�o�n�,� �t�h�e� �b�r�i�n�e� �l�a�y�e�r� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �C�H�2�C�l�z�.� �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� 

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

�w�a�s� �p�u�r�i�f�i�e�d� �v�i�a� �f�l�a�s�h� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �y�i�e�l�d�i�n�g� �6�.�9�3�g� �o�f� �c�o�l�o�r�l�e�s�s�,� �c�r�y�s�t�a�l�l�i�n�e� �6�1�a� 

�(�5�2�.�0�%�)�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �9�2�-�9�4�.�5�°�C� �(�l�i�t�.�8�7�:� �9�4�-�9�5�0�C�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �5� �7�.�3�0�-�7�.�4�4�m�,� 

�5�H�,� �C�6�H�5�C�H�2�0�-�;� �6�.�7�9�-�6�.�9�3�m�,� �3�H�,� �a�r�o�m�a�t�i�c�;� �5�.�1�5�s�,� �2�H�,� �C�s�H�s�5�C�H�2�0�-�;� �4�.�4�8�s�,� �2�H�,� 
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�C�H�2�B�r�;� �3�.�9�0�s�,� �3�H�,� �O�C�H�3�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �3�0�8�/�3�0�6� �(�M�+�,� �9�)�,� �2�2�7� �(�1�6�)�,� �9�1� 

�(�1�0�0�)�,� �6�5� �(�1�6�)�.� 

�C�o�u�p�l�i�n�g� �o�f� �O�-�b�e�n�z�y�l�-�(�R�)�-�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�6�0�)� �w�i�t�h� �O�-� 

�b�e�n�z�y�l� �v�a�n�i�l�l�y�l� �b�r�o�m�i�d�e� �(�6�1�a�)� 

�O�-�B�e�n�z�y�l�-�(�R�)�-�(�+�)�-�B�-�v�a�n�i�l�l�y�l�-�y�-�b�u�t�y�r�o�l�a�c�t�o�n�e� �(�6�0�)� �(�1�0�0�m�g�;� �0�.�3�2�1�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� 

�w�i�t�h� �s�t�i�r�r�i�n�g� �i�n� �S�m�l� �T�H�F� �(�d�r�y�,� �d�i�s�t�i�l�l�e�d�)� �a�n�d� �c�o�o�l�e�d� �t�o� �-�7�8�°�C�,� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �b�l�a�n�k�e�t�.� �T�o� 

�t�h�e� �s�t�i�r�r�i�n�g� �s�o�l�u�t�i�o�n� �w�a�s� �s�l�o�w�l�y� �a�d�d�e�d� �l�i�t�h�i�u�m� �h�e�x�a�m�e�t�h�y�l�d�i�s�i�l�a�z�a�n�e� �(�0�.�3�2�7�m�m�o�l�;� �1�.�0�2� 

�m�o�l�a�r� �e�q�u�i�v�.�)�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �w�a�r�m� �t�o� �0�°�C� �t�o� �e�n�s�u�r�e� �e�n�o�l�a�t�e� �f�o�r�m�a�t�i�o�n�,� �t�h�e�n� 

�r�e�c�o�o�l�e�d� �t�o� �-�7�8�°�C�.� �A�f�t�e�r� �1�5� �m�i�n�u�t�e�s�,� �t�h�e� �O�-�b�e�n�z�y�l� �v�a�n�i�l�l�y�l� �b�r�o�m�i�d�e� �(�6�1�a�)� �(�1�0�3�.�5�m�g�;� 

�0�.�3�3�7�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �5�m�l� �T�H�F�,� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �t�o� �t�h�e� �e�n�o�l�a�t�e� �s�o�l�u�t�i�o�n�.� �T�h�e� 

�r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �p�r�o�c�e�e�d� �f�o�r� �7�.�5�h�r�,� �a�t� �w�h�i�c�h� �t�i�m�e� �T�L�C� �a�n�a�l�y�s�i�s� �(�e�t�h�e�r�)� �i�n�d�i�c�a�t�e�d� 

�c�o�m�p�l�e�t�e� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �t�h�e� �l�a�c�t�o�n�e� �6�0�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �q�u�e�n�c�h�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� 

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

�2�0�m�l� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�,� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �w�o�r�k�e�d� �u�p� �i�n� �t�h�e� �u�s�u�a�l� �m�a�n�n�e�r�,� �a�f�f�o�r�d�i�n�g� �a� 

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

�i�s�o�l�a�t�i�o�n� �o�f� �t�h�e� �m�a�j�o�r� �b�a�n�d�,� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �d�i�-�O�-�b�e�n�z�y�l�-�m�a�t�a�i�r�e�s�i�n�o�l� �(�6�2�a�)�,� �y�i�e�l�d�e�d� 

�1�1�9�.�5�m�g� �o�f� �a� �v�e�r�y� �p�a�l�e� �y�e�l�l�o�w� �o�i�l� �(�6�9�.�2�%�)�.� �O�p�t�i�c�a�l� �r�o�t�a�t�i�o�n� �v�a�l�u�e�s�:� �[�a�]�p� �=� �-�2�0�.�6�°�,� �c� �=� 

�0�.�8�7�,� �C�H�C�l�;� �d�i�t�.�3�:� �[�a�]�p� �=�  ��2�2�9�,� �c� �=�1�,� �C�H�C�l�1�3�)�.� �I�R� �(�N�u�j�o�l�)� �=� �3�0�3�3�,� �2�9�3�1�,� �1�7�7�3�,� �1�6�0�8�,� 

�1�5�8�9�,� �1�5�1�3�,� �1�2�6�2�,� �1�2�3�2�,� �1�1�6�2�,� �1�1�3�8�,� �1�0�2�2� �c�m�-�!�.� �1�H� �N�M�R� �(�C�D�C�1�3�)� �8� �7�.�2�9�-�7�.�4�3�m�,� 

�1�0�H�,� �C�s�H�5�s�C�H�2�0�-�;� �6�.�4�7�-�6�.�7�8�m�,� �6�H�,� �H�-�2 ��,� �H�-�5�'�,� �H�-�6�'�,� �H�-�2�"�,� �H�-�5�"�,� �H�-�6�"�;� �5�.�1�2�s�,� �4�H�,� 

�P�h�C�H�2�0�-�;� �4�.�1�1�d�d�,� �1�H�,� �H�-�4�B�,� �J� �=� �9�.�1�,� �6�.�7�H�z�;� �3�.�8�9�d�d�,� �1�H�,� �H�-�4�a�,� �J� �=� �9�.�1�,� �6�.�0�H�z�;� �3�.�8�3�s�,� 

�3�H�,� �O�C�H�3�;� �3�.�8�0�s�,� �3�H�,� �O�C�H�3�;� �2�.�9�2�m�,� �2�H�,� �H�-�6�a�,�B�;� �2�.�5�2�m�,� �4�H�,� �H�-�2�,� �H�-�3�,� �H�-�5�a�,�B� �(�l�i�t�.� 

�1�H� �N�M�R�S�3�:� �8� �7�.�3�-�7�.�6�6�m�,� �1�0�H�,� �a�r�o�m�a�t�i�c�;� �6�.�4�3�-�7�.�0�m�,� �6�H�,� �H�-�2�'�,� �H�-�5�'�,� �H�-�6�'�,� �H�-�2�"�,� �H�-� 

�5�"�,� �H�-�6�"�;� �5�.�1�3�s�,� �4�H�,� �P�h�C�H� �0�O�-�;� �4�.�1�5�m�,� �1�H�,� �a�n�d� �3�.�9�5�m�,� �1�H�,� �H�-�4�a�,�B�;� �3�.�8�5�s�,� �3�H�,� �O�C�H�3�;� 
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�3�.�8�2�s�,� �3�H�,� �O�C�H�3�;� �2�.�9�3�m�,� �2�H�,� �H�-�6�a�,�B�;� �2�.�5�2�m�,� �4�H�,� �H�-�2�,� �H�-�3�,� �H�-�5�a�,�8�)�.� �E�I�M�S� �m�/�z� 

�(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �5�3�8� �(�M�t�,� �7�.�7�)�,� �4�4�8� �(�2�.�3�)�,� �3�8�7� �(�0�.�7�)�,� �3�5�8� �(�0�.�9�)�,� �3�1�7� �(�0�.�8�)�,� �1�3�7� �(�1�4�.�1�)�,� 

�9�1� �(�1�0�0�)�,� �7�3� �(�9�.�8�)�,� �5�9� �(�1�0�.�2�)�.� 

�D�e�p�r�o�t�e�c�t�i�o�n� �o�f� �d�i�-�O�-�b�e�n�z�y�l�-�m�a�t�a�i�r�e�s�i�n�o�l� �(�6�2�a�)� 

�D�i�-�O�-�b�e�n�z�y�l�-�m�a�t�a�i�r�e�s�i�n�o�l� �(�6�2�a�)� �(�1�1�5�m�g�;� �0�.�2�1�4�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �1�0� �m�l� �e�t�h�y�l� �a�c�e�t�a�t�e� 

�i�n� �a� �1�5�-�m�l� �s�e�p�t�u�m�-�s�e�a�l�e�d� �2�-�n�e�c�k� �R�B� �f�l�a�s�k�.� �T�o� �t�h�e� �s�t�i�r�r�i�n�g� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �p�a�l�l�a�d�i�u�m�-� 

�o�n�-�c�a�r�b�o�n� �(�5�%�)� �(�S�O�m�g�;� �0�.�0�2�4�m�m�o�l�)�,� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �a�t�t�a�c�h�e�d� �t�o� �a� �5�0�-�m�l� 

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

�r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �p�r�o�c�e�e�d� �w�h�i�l�e� �m�o�n�i�t�o�r�i�n�g� �h�y�d�r�o�g�e�n� �u�p�t�a�k�e�.� �A�f�t�e�r� �a�b�o�u�t� �3�0�m�i�n� �i�t� 

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

�o�f� �2� �d�r�o�p�s� �6�N� �H�C�l�,� �h�y�d�r�o�g�e�n� �u�p�t�a�k�e� �w�a�s� �r�a�p�i�d�,� �i�.�e�.� �8�m�l� �i�n� �~�1�m�i�n�.� �W�i�t�h�i�n� �S�5�m�i�n� �h�y�d�r�o�g�e�n� 

�u�p�t�a�k�e� �h�a�d� �d�r�o�p�p�e�d� �t�o� �z�e�r�o�,� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �c�h�e�c�k�e�d� �b�y� �T�L�C� �(�C�H�2�C�l�2�/�M�e�O�H�,� �9�9�:�1�)�.� 

�T�h�e� �T�L�C� �p�l�a�t�e� �s�h�o�w�e�d� �o�n�l�y� �a� �s�i�n�g�l�e�,� �r�e�l�a�t�i�v�e�l�y� �p�o�l�a�r� �p�r�o�d�u�c�t� �s�p�o�t� �a�t� �R�f�~�0�.�1�2�.� �T�h�e� �c�a�t�a�l�y�s�t� 

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

�r�e�s�i�d�u�e�.� �A�f�t�e�r� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �e�t�h�y�l� �a�c�e�t�a�t�e�,� �6�0�.�7�m�g� �(�7�9�.�8�%�y�i�e�l�d�)� �o�f� �c�o�l�o�r�l�e�s�s� 

�c�r�y�s�t�a�l�l�i�n�e� �1�6� �w�a�s� �o�b�t�a�i�n�e�d�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �7�2�.�5�-�7�4�.�5�9�C� �(�l�i�t�.�5�3�:� �7�3�-�7�5�°�C�)�.� �O�p�t�i�c�a�l� 

�r�o�t�a�t�i�o�n� �v�a�l�u�e�s�:� �[�a�]�p� �=� �~�3�9�.�6�°�,� �c� �=� �0�.�9�6�,� �C�H�C�]�;� �(�l�i�t�.�5�3�:� �[�a�]�p�2�3� �=� �-�4�2�.�8�9�,� �c� �=� �0�.�8�4�,� 

�M�e�2�C�O�)�.� �I�R� �(�K�B�r� �p�e�l�l�e�t�)� �=� �3�3�3�2�,� �1�7�5�0�,� �1�6�0�2�,� �1�5�1�5�,� �1�1�5�6�,� �1�1�2�8�,� �1�0�2�7� �c�m�-�!�.� �'�H� �N�M�R� 

�(�C�D�C�1�3�)� �6� �6�.�4�0�-�6�.�8�3�m�,� �6�H�,� �a�r�o�m�a�t�i�c�;� �5�.�6�5�s�,� �1�H�,� �O�H�;� �5�.�6�4�s�,� �1�H�,� �O�H�;� �4�.�1�5�d�d�,� �1�H�,� �H�-� 

�4�B�,� �J� �=� �9�.�2�,� �6�.�9�H�z�;� �3�.�8�8�d�d�,� �1�H�,� �H�-�4�a�,� �J� �=� �9�.�2�,� �6�.�9�H�z�;� �3�.�8�0�s�,� �6�H�,� �O�C�H�3�;� �2�.�9�5�d�d�,� �1�H�,� 

�H�-�6�a�0�,� �J� �=� �1�4�.�1�,� �5�.�3�H�z�;� �2�.�8�6�d�d�,� �1�H�,� �H�-�6�B�,� �J� �=� �1�4�.�1�,� �6�.�7�H�z�;� �2�.�4�1�-�2�.�6�2�m�,� �4�H�,� �H�-�2�,� �H�-�3�,� 

�H�-�5�a�,�B�.� �(�l�i�t�.� �1�H� �N�M�R�5�3�:� �8� �6�.�5�-�7�.�1�m�,� �6�H�,� �a�r�o�m�a�t�i�c�;� �5�.�7�0�b�r�.�s�,� �2�H�,� �O�H�;� �4�.�1�5�m�,� �1�H�,� �a�n�d� 

�3�.�9�m�,� �1�H�,� �H�-�4�a�,�B�;� �3�.�8�3�s�,� �6�H�,� �O�C�H�3�;� �2�.�9�3�m�,� �2�H�,� �H�-�6�a�,�B�;� �2�.�5�5�m�,� �4�H�,� �H�-�2�,� �H�-�3�,� �H�-� 

�9�9



�5�a�,�B�)�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �3�5�8� �(�M�t�,� �1�1�.�5�)�,� �1�3�7� �(�1�0�0�)�,� �1�2�2� �(�2�2�.�4�)�,� �1�0�5� �(�9�.�3�)�,� 

�9�4� �(�2�3�.�1�)�,� �7�7� �(�1�3�.�9�)�,� �6�5� �(�9�.�7�)�.� 

�E�x�c�h�a�n�g�e� �o�f� �d�e�u�t�e�r�i�u�m� �f�o�r� �a�r�o�m�a�t�i�c� �h�y�d�r�o�g�e�n�s� �o�f� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �g�i�v�i�n�g� 

�l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�a�)� 

�M�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)� �(�1�8�.�7�m�g�;� �0�.�0�5�2�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �3�m�l� �T�H�F�/�C�D�C�l�3� �(�1�:�1�)�.� �T�o� �t�h�e� 

�s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� �a�d�d�e�d� �6�8�%� �D�C�1�0�g�4� �i�n� �D�2�0� �(�0�.�2�3�5�m�l�;� �2�.�6�2�m�m�o�l�;� �5�0� �m�o�l�a�r� �e�q�u�i�v�.�)�,� �a�n�d� 

�t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �w�h�i�l�e� �m�o�n�i�t�o�r�i�n�g� �a�l�i�q�u�o�t�s� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �b�y� �N�M�R� �(�i�.�e�.�,� 

�d�i�s�a�p�p�e�a�r�a�n�c�e� �o�f� �a�r�o�m�a�t�i�c� �p�e�a�k�s�)�.� �A�t� �4�h�r�,� �t�h�e� �e�x�c�h�a�n�g�e� �a�p�p�e�a�r�e�d� �t�o� �b�e� �c�o�m�p�l�e�t�e� �b�y� �N�M�R� 

�a�n�a�l�y�s�i�s�.� �T�o� �t�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �a�d�d�e�d� �1�0�m�l� �C�H�C�l�,� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� 

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

�p�u�r�i�f�i�e�d� �b�y� �p�r�e�p�a�r�a�t�i�v�e� �T�L�C�.� �T�h�e� �p�r�o�d�u�c�t� �1�6�a� �w�a�s� �t�h�u�s� �i�s�o�l�a�t�e�d� �i�n� �8�3�.�5�%� �y�i�e�l�d� �(�1�5�.�8�m�g�)�.� 

�T�h�e� �'�H� �N�M�R� �(�C�D�C�1�3�)� �a�p�p�e�a�r�e�d� �t�h�e� �s�a�m�e� �a�s� �f�o�r� �u�n�l�a�b�e�l�l�e�d� �m�a�t�a�i�r�e�s�i�n�o�l� �(�1�6�)�,� �w�i�t�h� �t�h�e� 

�e�x�c�e�p�t�i�o�n� �t�h�a�t� �n�o� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n� �p�e�a�k�s� �w�e�r�e� �e�v�i�d�e�n�t�,� �a�s� �e�x�p�e�c�t�e�d�.� �'�H� �N�M�R� �(�C�D�C�I�3�)� �8� 

�5�.�5�2�s�,� �1�H�,� �O�H�;� �5�.�5�0�s�,� �1�H�,� �O�H�;� �4�.�1�5�d�d�,� �1�H�,� �H�-�4�B�,� �J� �=� �9�.�1�,� �7�.�0�H�z�;� �3�.�8�8�d�d�,� �1�H�,� �H�-�4�a�,� 

�J� �=� �9�.�1�,� �7�.�0�H�z�;� �3�.�8�2�s�,� �6�H�,� �O�C�H�3�;� �2�.�9�5�d�d�,� �1�H�,� �H�-�6�a�,� �J� �=� �1�4�.�2�,� �5�.�5�H�z�;� �2�.�8�7�d�d�,� �1�H�,� �H�-� 

�6�B�,� �J� �=� �1�4�.�2�,� �6�.�8�H�z�;� �2�.�4�1�-�2�.�6�3�m�,� �4�H�,� �H�-�2�,� �H�-�3�,� �H�-�5�a�,�f�.� �(�l�i�t�.� �1�H� �N�M�R�9�3�:� �8� �6�.�5�-�7�.�1�m�,� 

�6�H�,� �a�r�o�m�a�t�i�c�;� �5�.�7�0�b�r�.�s�,� �2�H�,� �O�H�;� �4�.�1�5�m�,� �1�H�,� �a�n�d� �3�.�9�m�,� �1�H�,� �H�-�4�a�,�B�;� �3�.�8�3�s�,� �6�H�,� �O�C�H�3�;� 

�2�.�9�3�m�,� �2�H�,� �H�-�6�a�,�B�;� �2�.�5�5�m�,� �4�H�,� �H�-�2�,� �H�-�3�,� �H�-�5�a�,�B�)�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �3�6�4� 

�(�M�+�,� �1�4�.�2�)�,� �2�2�4� �(�5�.�8�)�,� �1�9�7� �(�5�.�3�)�,� �1�6�7� �(�7�.�1�)�,� �1�4�0� �(�1�0�0�)�,� �1�2�5� �(�1�0�.�3�)�,� �9�7� �(�8�.�8�)�,� �8�0� �(�5�.�2�)�,� �6�8� 

�(�3�.�8�)�.� 
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�P�r�o�t�e�c�t�i�o�n� �o�f� �3�,�4�-�d�i�h�y�d�r�o�x�y�-�5�-�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�5�)� �w�i�t�h� �b�e�n�z�y�l� 

�b�r�o�m�i�d�e� 

�3�,�4�-�D�i�h�y�d�r�o�x�y�-�5�-�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�5�)� �(�0�.�7�5�g�;� �4�.�4�6�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� 

�s�t�i�r�r�i�n�g� �i�n� �4�0�m�l� �a�c�e�t�o�n�e� �(�d�r�y�,� �d�i�s�t�i�l�l�e�d�)�.� �A�f�t�e�r� �1�5�m�i�n�,� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �(�1�.�5�4�g�;� 

�1�1�.�2�m�m�o�l�)� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �s�o�l�u�t�i�o�n�,� �a�n�d� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �h�e�a�t�e�d� �t�o� �r�e�f�l�u�x�,� �r�e�s�u�l�t�i�n�g� �i�n� 

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

�b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�2�.�2�9�g�;� �1�3�.�4�m�m�o�l�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �b�y� �a�d�d�i�t�i�o�n� �f�u�n�n�e�l�,� �a�n�d� �t�h�e� 

�r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �p�r�o�c�e�e�d� �w�h�i�l�e� �b�e�i�n�g� �m�o�n�i�t�o�r�e�d� �b�y� �T�L�C� �(�e�t�h�e�r�/�h�e�x�a�n�e�,� �1�:�1�)�.� �A�f�t�e�r� 

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

�t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �1�N� �H�C�!� �w�a�s� �a�d�d�e�d� �t�o� �q�u�e�n�c�h�.� �T�h�e� �s�o�l�v�e�n�t� �w�a�s� �r�e�m�o�v�e�d� �b�y� �r�o�t�a�r�y� 

�e�v�a�p�o�r�a�t�i�o�n� �a�n�d� �t�h�e� �r�e�s�i�d�u�e� �w�a�s� �r�e�d�i�s�s�o�l�v�e�d� �i�n� �e�t�h�e�r� �a�n�d� �w�o�r�k�e�d� �u�p� �i�n� �t�h�e� �u�s�u�a�l� �m�a�n�n�e�r�.� 

�T�h�e� �r�e�s�u�l�t�i�n�g� �m�a�t�e�r�i�a�l� �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� �(�e�t�h�e�r�/�h�e�x�a�n�e�,� �1�:�1�)�,� 

�a�f�f�o�r�d�i�n�g� �1�.�0�4�6�g� �(�6�7�.�4�%�)� �o�f� �6�5�a�,� �a�s� �a� �p�a�l�e� �y�e�l�l�o�w� �o�i�l�.� �'�H� �N�M�R� �(�C�D�C�l�3�)� �8� �9�.�8�2�s�,� �1�H�,� 

�C�H�O�;� �7�.�2�8�-�7�.�4�3�m�,� �1�0�H�,� �C�e�H�s�C�H�2�0�-�;� �7�.�1�4�d�d�,� �2�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �1�0�.�2�,� �1�.�7�H�z�;� �5�.�1�4�s�,� 

�4�H�,� �C�e�H�s�5�C�H�2�0�-�;� �3�.�8�9�s�,� �3�H�,� �O�C�H�3�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y�)� �3�4�8� �(�M�t�,� �7�.�2�)�,� �2�5�7� 

�(�9�.�6�)�,� �1�8�1� �(�1�5�.�3�)�,� �9�1� �(�1�0�0�)�,� �6�5� �(�1�3�.�6�)�.� �|� 

�R�e�d�u�c�t�i�o�n� �o�f� �3�,�4�-�d�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�5�a�)� 

�3�,�4�-�D�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�5�a�)� �(�1�.�0�4�6�g�;� �3�.�0�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �1�5�m�l� 

�M�e�O�H�/�C�H�2�C�l�o�g�,� �3�:�2�,� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� �0�°�C�.� �S�o�d�i�u�m� �b�o�r�o�h�y�d�r�i�d�e� �(�0�.�2�3�9�g�;� 

�6�.�3�m�m�o�l�)� �w�a�s� �a�d�d�e�d� �p�o�r�t�i�o�n�w�i�s�e� �o�v�e�r� �1�5�m�i�n�,� �a�n�d� �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�n�t�i�n�u�e� �f�o�r� 

�1�5�m�i�n�,� �a�t� �w�h�i�c�h� �t�i�m�e� �T�L�C� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �h�a�d� �b�e�e�n� �c�o�m�p�l�e�t�e�l�y� 

�c�o�n�s�u�m�e�d�.� �T�o� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �1�N� �H�C�l� �t�o� �q�u�e�n�c�h� �t�h�e� �b�o�r�o�h�y�d�r�i�d�e� �r�e�a�g�e�n�t�.� �T�h�e� 

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

�w�i�t�h� �e�t�h�e�r�.� �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� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e�,� �d�r�i�e�d� �w�i�t�h� �M�g�S�O�q�,� 
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�f�i�l�t�e�r�e�d�,� �a�n�d� �e�v�a�p�o�r�a�t�e�d� �t�o� �a� �p�a�l�e� �y�e�l�l�o�w� �o�i�l�,� �w�h�i�c�h� �w�a�s� �h�o�m�o�g�e�n�e�o�u�s� �b�y� �T�L�C� �a�n�a�l�y�s�i�s�.� 

�U�p�o�n� �s�t�a�n�d�i�n�g� �a�t� �0�°�C�,� �t�h�e� �o�i�l� �c�r�y�s�t�a�l�l�i�z�e�d� �i�n�t�o� �l�o�n�g�,� �f�i�n�e�,� �p�a�l�e� �y�e�l�l�o�w� �n�e�e�d�l�e�s�.� �Y�i�e�l�d� �o�f� 

�6�5�b�:� �1�.�0�3�3�g� �(�9�8�.�3�%�)�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �5�2�.�5�-�5�4�.�5�°�C�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �5� �7�.�2�8�-�7�.�4�5�m�,� 

�1�0�H�,� �C�6�H�s�C�H�2�0�-�;� �6�.�6�1�d�d�,� �2�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �9�.�4�,� �1�.�7�H�z�;� �5�.�0�8�s�,� �2�H�,� �C�e�H�s�C�H�2�0�-�;� 

�5�.�0�1�s�,� �2�H�,� �C�s�H�5�C�H�2�0�-�;� �4�.�5�7�b�r�.�s�,� �2�H�,� �C�H�2�O�H�;� �3�.�8�2�s�,� �3�H�,� �O�C�H�3�.� �E�I�M�S� �m�/�z� �(�r�e�l�a�t�i�v�e� 

�i�n�t�e�n�s�i�t�y�)� �3�5�0� �(�M�t�,� �8�.�5�)�,� �2�5�9� �(�8�.�4�)�,� �9�1� �(�1�0�0�)�,� �6�5� �(�1�8�.�2�)�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �3�,�4�-�d�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�6�1�b�)� 

�N�-�B�r�o�m�o�s�u�c�c�i�m�i�d�e� �(�1�9�0�.�8�m�g�;� �1�.�0�7�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �4�m�l� �d�r�y�,� �d�i�s�t�i�l�l�e�d� �C�H�2�C�1�g�,� �i�n� 

�a� �f�l�a�m�e�-�d�r�i�e�d� �5�0�-�m�l� �s�e�p�t�u�m�-�s�e�a�l�e�d� �3�-�n�e�c�k� �R�B� �f�l�a�s�k� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �b�l�a�n�k�e�t�.� �A�f�t�e�r� �c�o�o�l�i�n�g� 

�t�o� �0�°�C�,� �d�i�m�e�t�h�y�l� �s�u�l�f�i�d�e� �(�6�6�.�5�g�;� �1�.�0�7�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �1�.�5�m�l� �C�H�2�C�l�2�,� �w�a�s� �a�d�d�e�d� 

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

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

�a�l�l�o�w�e�d� �t�o� �s�t�i�r� �f�o�r� �a�n� �a�d�d�i�t�i�o�n�a�l� �4�5�m�i�n�.� �A�t� �t�h�i�s� �t�i�m�e�,� �3�,�4�-�d�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�y�]� 

�a�l�c�o�h�o�l� �(�6�5�b�)� �(�3�8�1�.�5�m�g�;� �1�.�0�9�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �5�m�l� �C�H�2�C�l�2�,� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �v�i�a� 

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

�a�d�d�i�t�i�o�n�,� �t�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �a�l�l�o�w�e�d� �t�o� �w�a�r�m� �g�r�a�d�u�a�l�l�y� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �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�n�t�i�n�u�e� �f�o�r� �7�.�5�h�r�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� �p�a�r�t�i�t�i�o�n�e�d� �b�e�t�w�e�e�n� 

�h�e�x�a�n�e� �a�n�d� �b�r�i�n�e�,� �a�n�d� �a�f�t�e�r� �s�e�p�a�r�a�t�i�o�n�,� �t�h�e� �b�r�i�n�e� �l�a�y�e�r� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �C�H�2�C�l�2�.� �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� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e�,� �d�r�i�e�d�,� �t�h�e�n� �e�v�a�p�o�r�a�t�e�d� �t�o� �a� �y�e�l�l�o�w�-� 

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

�2�5�1�.�2�m�g� �o�f� �a� �v�i�s�c�o�u�s�,� �p�a�l�e� �y�e�l�l�o�w� �o�i�l�,� �6�1�b� �(�5�5�.�8�%�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �8� �7�.�2�9�-�7�.�4�6�m�,� 

�1�0�H�,� �C�e�s�H�s�C�H�2�0�O�-�;� �6�.�6�l�d�d�,� �2�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� �9�.�3�,� �1�.�7�H�z�;� �5�.�0�7�s�,� �2�H�,� �C�e�H�s�C�H�2�0�-�;� 

�5�.�0�1�s�,� �2�H�,� �C�e�H�s�C�H�2�0�-�;� �4�.�5�6�s�,� �2�H�,� �C�H�2�B�r�;� �3�.�8�3�s�,� �3�H�,� �O�C�H�3�.� 
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�P�r�o�t�e�c�t�i�o�n� �o�f� �4�-�h�y�d�r�o�x�y�-�3�,�5�-�d�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�6�)� �w�i�t�h� �b�e�n�z�y�l� 

�b�r�o�m�i�d�e� 

�4�-�H�y�d�r�o�x�y�-�3�,�5�-�d�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�6�)� �(�0�.�9�7�5�g�;� �5�.�3�5�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �w�i�t�h� 

�s�t�i�r�r�i�n�g� �i�n� �4�0�m�l� �a�c�e�t�o�n�e� �(�d�r�y�,� �d�i�s�t�i�l�l�e�d�)�.� �A�f�t�e�r� �1�5�m�i�n�,� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �(�1�.�8�5�g�;� 

�1�3�.�4�4�m�m�o�l�)� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �s�o�l�u�t�i�o�n�,� �a�n�d� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �h�e�a�t�e�d� �t�o� �r�e�f�l�u�x�,� �r�e�s�u�l�t�i�n�g� 

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

�3�0�m�i�n�,� �b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�0�.�9�1�4�g�;� �5�.�3�5�m�m�o�l�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �b�y� �a�d�d�i�t�i�o�n� �f�u�n�n�e�l�,� �a�n�d� 

�t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �p�r�o�c�e�e�d� �w�h�i�l�e� �b�e�i�n�g� �m�o�n�i�t�o�r�e�d� �b�y� �T�L�C� �(�e�t�h�e�r�/�h�e�x�a�n�e�,� �1�:�1�)�.� 

�A�f�t�e�r� �6� �h�o�u�r�s�,� �t�h�e� �r�e�a�c�t�i�o�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �c�o�m�p�l�e�t�e�.� �T�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �w�a�s� �t�h�e�n� �c�o�o�l�e�d� �t�o� 

�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �1�N� �H�C�I� �w�a�s� �a�d�d�e�d� �t�o� �q�u�e�n�c�h�.� �T�h�e� �s�o�l�v�e�n�t� �w�a�s� �r�e�m�o�v�e�d� �b�y� �r�o�t�o�r�y� 

�e�v�a�p�o�r�a�t�o�r� �a�n�d� �t�h�e� �r�e�s�i�d�u�e� �w�a�s� �r�e�d�i�s�s�o�l�v�e�d� �i�n� �e�t�h�e�r� �a�n�d� �w�o�r�k�e�d� �u�p� �i�n� �t�h�e� �u�s�u�a�l� �m�a�n�n�e�r�.� 

�T�h�e� �r�e�s�u�l�t�i�n�g� �m�a�t�e�r�i�a�l� �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� �(�e�t�h�e�r�/�h�e�x�a�n�e�,� �1�:�1�)�,� 

�a�f�f�o�r�d�i�n�g� �9�5�0�.�2�m�g� �(�6�5�.�3�%�)� �o�f� �6�6�a�,� �a�s� �f�i�n�e�,� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�s�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �5�8�.�5�-� 

�6�1�.�5�°�C� �(�l�i�t�.�5�3�:� �5�9�-�6�1�°�C�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �8� �9�.�8�5�s�,� �1�H�,� �C�H�O�;� �7�.�2�9�-�7�.�4�8�m�,� �5�H�,� 

�C�e�6�H�s�5�s�C�H�2�0�-�;� �7�.�1�1�s�,� �2�H�,� �a�r�o�m�a�t�i�c�;� �5�.�1�3�s�,� �2�H�,� �C�s�H�s�C�H�2�0�-�;� �3�.�8�9�s�,� �6�H�,� �O�C�H�3� �(�l�i�t�.� �1�H� 

�N�M�R�S�3�;� �8� �1�0�.�0�s�,� �1�H�,� �C�H�O�;� �7�.�4�6�m�,� �5�H�,� �C�e�H�s�C�H�?�2�0�-�;� �7�.�2�1�s�,� �2�H�,� �a�r�o�m�a�t�i�c�;� �5�.�2�s�,� �2�H�,� 

�C�6�H�s�C�H�2�0�-�;� �3�.�9�1�s�,� �6�H�,� �O�C�H�3�)�.� 

�R�e�d�u�c�t�i�o�n� �o�f� �4�-�O�-�b�e�n�z�y�l�-�3�,�5�-�d�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�6�a�)� 

�4�-�O�-�B�e�n�z�y�l�-�3�,�5�-�d�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�6�a�)� �(�8�9�0�.�2�m�g�;� �3�.�2�7�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� 

�1�5�m�l� �M�e�O�H�/�C�H�2�C�l�2�,� �3�:�2�,� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� �0�°�C�.� �S�o�d�i�u�m� �b�o�r�o�h�y�d�r�i�d�e� 

�(�2�4�2�m�g�;� �6�.�5�4�m�m�o�l�)� �w�a�s� �a�d�d�e�d� �p�o�r�t�i�o�n�w�i�s�e� �o�v�e�r� �1�5�m�i�n�,� �a�n�d� �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�n�t�i�n�u�e� �f�o�r� �2�5�m�i�n�,� �a�t� �w�h�i�c�h� �t�i�m�e� �T�L�C� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �h�a�d� �b�e�e�n� 

�c�o�m�p�l�e�t�e�l�y� �c�o�n�s�u�m�e�d�.� �T�o� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �1�N� �H�C�l� �t�o� �q�u�e�n�c�h� �t�h�e� �b�o�r�o�h�y�d�r�i�d�e� 

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

�M�g�S�0�O�a�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �e�v�a�p�o�r�a�t�e�d� �t�o� �a� �c�o�l�o�r�l�e�s�s� �r�e�s�i�d�u�e�,� �w�h�i�c�h� �w�a�s� �r�e�d�i�s�s�o�l�v�e�d� �i�n� �e�t�h�e�r�.� 

�U�p�o�n� �s�t�a�n�d�i�n�g� �t�h�e� �s�o�l�u�t�i�o�n� �y�i�e�l�d�e�d� �6�6�3�.�9�m�g� �o�f� �f�i�n�e�,� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�l�i�n�e� �6�6�b� �(�7�4�.�1�%�)�.� 

�M�e�l�t�i�n�g� �p�o�i�n�t�:� �4�6�-�4�8�.�5�°�C� �(�l�i�t�.�5�3�:� �4�7�-�4�9�0�C�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �6� �7�.�3�1�-�7�.�5�1�m�,� �5�H�,� 

�C�6�H�s�C�H�2�0�-�;� �6�.�5�8�s�,� �2�H�,� �a�r�o�m�a�t�i�c�;� �4�.�9�9�s�,� �2�H�,� �C�s�H�s�5�C�H�2�0�-�;� �4�.�6�2�s�,� �2�H�,� �C�H�2�O�H�;� �3�.�8�3�s�,� 

�6�H�,� �O�C�H�3� �(�l�i�t�.� �1�H� �N�M�R�9�3�:� �6� �7�.�2�7�-�7�.�6�7�m�,� �5�H�,� �C�6�H�s�C�H�2�0�-�;� �6�.�5�7�s�,� �2�H�,� �a�r�o�m�a�t�i�c�;� 

�5�.�0�2�s�,� �2�H�,� �C�e�s�H�s�C�H�2�0�-�;� �4�.�5�1�s�,� �2�H�,� �C�H�2�O�H�;� �3�.�7�6�s�,� �6�H�,� �O�C�H�3�;� �3�.�0�6�s�,� �1�H�,� �O�H�)�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �4�-�O�-�b�e�n�z�y�l�-�3�,�5�-�d�i�m�e�t�h�o�x�y�b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�6�l�c�)� 

�N�-�B�r�o�m�o�s�u�c�c�i�m�i�d�e� �(�1�9�0�.�8�m�g�;� �1�.�0�7�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �4�m�l� �d�r�y�,� �d�i�s�t�i�l�l�e�d� �C�H�2�C�l�o�,� �i�n� 

�a� �f�l�a�m�e�-�d�r�i�e�d� �1�5�-�m�l� �s�e�p�t�u�m�-�s�e�a�l�e�d� �3�-�n�e�c�k� �R�B� �f�l�a�s�k� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �b�l�a�n�k�e�t�.� �A�f�t�e�r� �c�o�o�l�i�n�g� 

�t�o� �0�°�C�,� �d�i�m�e�t�h�y�l� �s�u�l�f�i�d�e� �(�6�6�.�5�m�g�;� �1�.�0�7�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �1�.�5�m�l� �C�H�2�C�l�2�,� �w�a�s� �a�d�d�e�d� 

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

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

�a�l�l�o�w�e�d� �t�o� �s�t�i�r� �f�o�r� �a�n� �a�d�d�i�t�i�o�n�a�l� �4�5�m�i�n�.� �A�t� �t�h�i�s� �t�i�m�e�,� �4�-�O�-�b�e�n�z�y�l�-�3�,�5�-�d�i�m�e�t�h�o�x�y�b�e�n�z�y�l� 

�a�l�c�o�h�o�l� �(�6�6�b�)� �(�3�0�0�m�g�;� �1�.�0�9�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �1�.�5�m�l� �C�H�2�C�l�2�,� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �v�i�a� 

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

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

�h�e�x�a�n�e� �a�n�d� �b�r�i�n�e�,� �a�n�d� �a�f�t�e�r� �s�e�p�a�r�a�t�i�o�n�,� �t�h�e� �b�r�i�n�e� �l�a�y�e�r� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �C�H�2�C�l�2�.� �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� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e�,� �d�r�i�e�d�,� �t�h�e�n� �e�v�a�p�o�r�a�t�e�d� �t�o� �a� �y�e�l�l�o�w�-� 

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

�1�8�6�.�6�m�g� �o�f� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�s�,� �6�1�¢� �(�5�0�.�8�%�)�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �4�2�-�4�3�.�5�°�C� �(�l�i�t�.�5�3�:� �4�3�-�4�4�°�C�)�,� 

�1�H� �N�M�R� �(�C�D�C�I�3�)� �8� �7�.�3�1�-�7�.�5�0�m�,� �5�H�,� �C�e�H�s�C�H�2�0�-�;� �6�.�7�1�s�,� �2�H�,� �a�r�o�m�a�t�i�c�;� �5�.�0�3�s�,� �2�H�,� 

�C�6�H�5�C�H�2�0�-�;� �4�.�5�3�s�,� �2�H�,� �C�H�2�B�r�;� �3�.�8�3�s�,� �6�H�,� �O�C�H�3� �(�l�i�t�.� �1�H� �N�M�R�S�5�3�:� �8� �7�.�3�3�-�7�.�7�0�m�,� 
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�5�H�,� �C�6�H�s�C�H�2�0�-�;� �6�.�6�5�s�,� �2�H�,� �a�r�o�m�a�t�i�c�;� �5�.�0�5�s�,� �2�H�,� �C�g�H�s�C�H�2�0�-�;� �4�.�4�6�s�,� �2�H�,� �C�H�2�B�r�;� 

�3�.�8�1�s�,� �6�H�,� �O�C�H�3�)�.� 

�R�e�d�u�c�t�i�o�n� �o�f� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�7�)� 

�3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�6�7�)� �(�2�.�2�4�g�;� �8�.�5�8�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �2�5�m�l� 

�M�e�O�H�/�C�H�?�2�C�l�2�,� �3�:�2�,� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� �0�°�C�.� �S�o�d�i�u�m� �b�o�r�o�h�y�d�r�i�d�e� �(�6�5�0�m�g�;� 

�1�7�.�1�6�m�m�o�l�)� �w�a�s� �a�d�d�e�d� �p�o�r�t�i�o�n�w�i�s�e� �o�v�e�r� �1�5�m�i�n�,� �a�n�d� �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�n�t�i�n�u�e� 

�f�o�r� �2�0�m�i�n�,� �a�t� �w�h�i�c�h� �t�i�m�e� �T�L�C� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �h�a�d� �b�e�e�n� 

�c�o�m�p�l�e�t�e�l�y� �c�o�n�s�u�m�e�d�.� �T�o� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �1�N� �H�C�!� �t�o� �q�u�e�n�c�h� �t�h�e� �b�o�r�o�h�y�d�r�i�d�e� 

�r�e�a�g�e�n�t�.� �T�h�e� �o�r�g�a�n�i�c� �a�n�d� �a�q�u�e�o�u�s� �l�a�y�e�r�s� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �a�n�d� �t�h�e� �a�q�u�e�o�u�s� �l�a�y�e�r� �w�a�s� �w�a�s�h�e�d� 

�s�e�v�e�r�a�l� �t�i�m�e�s� �w�i�t�h� �e�t�h�e�r�.� �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� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e�,� �d�r�i�e�d� �w�i�t�h� 

�M�g�S�0�O�4�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �e�v�a�p�o�r�a�t�e�d� �t�o� �a� �c�o�l�o�r�l�e�s�s� �o�i�l�,� �a�f�f�o�r�d�i�n�g� �2�.�2�3�g� �o�f� �c�o�m�p�o�u�n�d� �6�7�a� 

�(�9�8�.�8�%�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �6� �6�.�5�9�s�,� �2�H�,� �a�r�o�m�a�t�i�c�;� �4�.�6�2�s�,� �2�H�,� �C�H�2�O�H�;� �3�.�8�6�s�,� �3�H�,� �4�-� 

�O�C�H�3�;� �3�.�8�3�s�,� �6�H�,� �3�-�,�5�-�O�C�H�3�;� �1�.�9�8�s�,� �1�H�,� �O�H� �(�l�i�t�.� �1�H� �N�M�R�8�9�:� �§� �6�.�6�3�s�,� �2�H�,� �a�r�o�m�a�t�i�c�;� 

�4�.�6�3�s�,� �2�H�,� �C�H�2�O�H�;� �3�.�8�6�s�,� �9�H�,� �O�C�H�3�;� �2�.�5�6�s�,� �1�H�,� �O�H�)�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�6�1�d�)� 

�N�-�B�r�o�m�o�s�u�c�c�i�m�i�d�e� �(�4�4�0�m�g�;� �2�.�4�7�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �8�m�l� �d�r�y�,� �d�i�s�t�i�l�l�e�d� �C�H�2�C�l�g�,� �i�n� �a� 

�f�l�a�m�e�-�d�r�i�e�d� �2�5�-�m�l� �s�e�p�t�u�m�-�s�e�a�l�e�d� �3�-�n�e�c�k� �R�B� �f�l�a�s�k� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �b�l�a�n�k�e�t�.� �A�f�t�e�r� �c�o�o�l�i�n�g� �t�o� 

�O�0�°�C�,� �d�i�m�e�t�h�y�l� �s�u�l�f�i�d�e� �(�1�5�3�.�5�m�g�;� �2�.�4�7�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �2�m�]� �C�H�2�C�l�2�,� �w�a�s� �a�d�d�e�d� 

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

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

�a�l�l�o�w�e�d� �t�o� �s�t�i�r� �f�o�r� �a�n� �a�d�d�i�t�i�o�n�a�l� �4�5�m�i�n�.� �A�t� �t�h�i�s� �t�i�m�e�,� �3�,�4�,�5�-�t�r�i�m�e�t�h�o�x�y�b�e�n�z�y�!� �a�l�c�o�h�o�l� �(�6�7�a�)� 

�(�4�0�5�.�5�m�g�;� �2�.�5�2�m�m�o�l�)�,� �d�i�s�s�o�l�v�e�d� �i�n� �2�m�l� �C�H�2�C�l�2�,� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �v�i�a� �a�d�d�i�t�i�o�n� �f�u�n�n�e�l� 

�t�o� �t�h�e� �s�t�i�r�r�i�n�g� �b�r�o�m�i�d�e� �s�o�l�u�t�i�o�n�,� �o�v�e�r� �3�0�m�i�n�.� �U�p�o�n� �c�o�m�p�l�e�t�i�o�n� �o�f� �t�h�e� �a�d�d�i�t�i�o�n�,� �t�h�e� �r�e�a�c�t�i�o�n� 
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�f�l�a�s�k� �w�a�s� �a�l�l�o�w�e�d� �t�o� �w�a�r�m� �g�r�a�d�u�a�l�l�y� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �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�n�t�i�n�u�e� �f�o�r� �6�h�r�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� �p�a�r�t�i�t�i�o�n�e�d� �b�e�t�w�e�e�n� �h�e�x�a�n�e� �a�n�d� �b�r�i�n�e�,� �a�n�d� �a�f�t�e�r� 

�s�e�p�a�r�a�t�i�o�n�,� �t�h�e� �b�r�i�n�e� �l�a�y�e�r� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �C�H�2�C�l�o�.� �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� 

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

�w�a�s� �p�u�r�i�f�i�e�d� �v�i�a� �f�l�a�s�h� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �y�i�e�l�d�i�n�g� �3�5�9�.�4�m�g� �o�f� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�s�,� �6�1�d� 

�(�5�4�.�6�%�)�.� �M�e�l�t�i�n�g� �p�o�i�n�t�:� �7�3�.�5�-�7�7�°�C� �(�l�i�t�.�8�9�:� �7�5�-�7�8�9�C�)�.� �1�H� �N�M�R� �(�C�D�C�I�3�)� �8� �6�.�7�2�s�,� �2�H�,� 

�a�r�o�m�a�t�i�c�;� �4�.�5�5�s�,� �2�H�,� �C�H�2�B�r�;� �3�.�9�2�s�,� �3�H�,� �4�-�O�C�H�3�;� �3�.�8�7�s�,� �6�H�,� �3�-�,�5�-�O�C�H�3� �(�l�i�t�.� �1�H� 

�N�M�R�®�8�?�:� �5� �6�.�6�6�s�,� �2�H�,� �a�r�o�m�a�t�i�c�;� �4�.�4�6�s�,� �2�H�,� �C�H�2�B�r�;� �3�.�8�6�s�,� �9�H�,� �O�C�H�3�)�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �3�,�4�-�d�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�6�1�b�)� �v�i�a� �a�n� 

�a�l�t�e�r�n�a�t�e� �a�n�d� �v�e�r�y� �e�f�f�i�c�i�e�n�t� �r�o�u�t�e� 

�3�,�4�-�D�i�-�O�-�b�e�n�z�y�l�-�5�-�m�e�t�h�o�x�y�b�e�n�z�y�1� �a�l�c�o�h�o�l� �(�6�5�b�)� �(�2�3�3�.�3�m�g�;� �0�.�6�6�7�m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� 

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

�(�6�0�.�2�m�g�;� �0�.�2�2�2�m�m�o�l�)�,� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �f�o�r� �f�i�v�e� �m�i�n�u�t�e�s�,� �a�t� �w�h�i�c�h� �t�i�m�e� 

�i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �T�L�C� �a�n�a�l�y�s�i�s� �(�E�t�2�0�/�h�e�x�a�n�e�,� �2�:�1�)� �t�h�a�t� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �c�o�m�p�l�e�t�e�.� �T�h�e� 

�r�e�a�c�t�i�o�n� �w�a�s� �q�u�e�n�c�h�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �1�0�m�l� �s�a�t�u�r�a�t�e�d� �N�a�z�C�O�3� �(�a�q�u�e�o�u�s�)�.� �T�h�e� �o�r�g�a�n�i�c� 

�l�a�y�e�r� �w�a�s� �s�e�p�a�r�a�t�e�d� �a�n�d� �w�a�s�h�e�d� �w�i�t�h� �b�r�i�n�e� �(�3� �x� �1�5�m�l�)�,� �d�r�i�e�d� �w�i�t�h� �a�n�h�y�d�r�o�u�s� �m�a�g�n�e�s�i�u�m� 

�s�u�l�f�a�t�e�,� �a�n�d� �r�e�m�o�v�e�d� �b�y� �r�o�t�a�r�y� �e�v�a�p�o�r�a�t�i�o�n�,� �l�e�a�v�i�n�g� �2�7�1�.�2�m�g� �(�9�8�.�5�%�)� �o�f� �a� �v�e�r�y� �p�a�l�e� 

�y�e�l�l�o�w�,� �v�i�s�c�o�u�s� �o�i�l�.� �T�h�e� �o�i�l�y� �m�a�t�e�r�i�a�l� �w�a�s� �c�o�n�f�i�r�m�e�d� �t�o� �b�e� �c�o�m�p�o�u�n�d� �6�1�b� �b�y� �1�H� �N�M�R� 

�a�n�a�l�y�s�i�s�.� �1�H� �N�M�R� �(�C�D�C�1�3�)� �6� �7�.�2�8�-�7�.�4�7�m�,� �1�0�H�,� �C�s�H�s�C�H�?�2�O�-�;� �6�.�6�1�d�d�,� �2�H�,� �a�r�o�m�a�t�i�c�,� �J� �=� 

�9�.�3�,� �1�.�7�H�z�;� �5�.�0�6�s�,� �2�H�,� �C�e�H�s�5�C�H�2�0�-�;� �5�.�0�0�s�,� �2�H�,� �C�e�H�s�5�C�H�2�0�-�;� �4�.�5�4�s�,� �2�H�,� �C�H�o�B�r�;� �3�.�8�2�s�,� 

�3�H�,� �O�C�H�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�M�e�y�e�r�,� �G�.�G�.�;� �B�l�u�m�,� �K�.�;� �a�n�d� �C�u�l�l�,� �J�.�G�.�,�  ��F�o�l�k� �M�e�d�i�c�i�n�e� �a�n�d� �H�e�r�b�a�l� �H�e�a�l�i�n�g ��,� 

�C�h�a�r�l�e�s� �C�.� �T�h�o�m�a�s�,� �P�u�b�l�i�s�h�e�r�,� �S�p�r�i�n�g�f�i�e�l�d�,� �I�l�l�i�n�o�i�s�,� �1�9�8�1�.� 

�A�b�d�u�l�-�R�a�h�m�a�n�,� �M�.�,�  ��S�t�u�d�i�e�s� �o�n� �t�h�e� �B�i�o�s�y�n�t�h�e�s�i�s� �o�f� �L�i�g�n�a�n�s� �a�n�d� �T�h�e�i�r� �P�r�o�d�u�c�t�i�o�n� �i�n� 

�P�l�a�n�t� �C�e�l�l� �C�u�l�t�u�r�e�s �� �(�D�o�c�t�o�r�a�l� �D�i�s�s�e�r�t�a�t�i�o�n�,� �N�o�t�t�i�n�g�h�a�m� �U�n�i�v�e�r�s�i�t�y�,� �U�.�K�.�)�,� �1�9�8�8�.� 

�T�y�l�e�r�,� �V�.�E�.�;� �B�r�a�d�y�,� �L�.�R�.�;� �a�n�d� �R�o�b�b�e�r�s�,� �J�.�E�.� �(�E�d�s�.�)�,�  ��P�h�a�r�m�a�c�o�g�n�o�s�y �� �(�9�t�h� �E�d�i�t�i�o�n�)�,� 

�L�e�a� �a�n�d� �F�e�b�i�g�e�r�,� �P�h�i�l�a�d�e�l�p�h�i�a�,� �1�9�8�8�,� �p�.� �2�2�7�-�2�2�8�.� 

�W�h�i�t�i�n�g�,� �D�.�A�.�,�  ��L�i�g�n�a�n�s� �a�n�d� �N�e�o�l�i�g�n�a�n�s ��,� �i�n� �N�a�t�.� �P�r�o�d�.� �R�e�p�.� �1�9�8�5�,� �2�,� �1�9�1�.� 

�F�r�e�u�d�e�n�b�e�r�g�,� �K�.� �a�n�d� �D�i�e�t�r�i�c�h�,� �H�.� �B�e�r�.� �1�9�5�3�,� �8�6�,� �1�1�5�7�.� 

�J�a�c�k�s�o�n�,� �D�.�E�.� �a�n�d� �D�e�w�i�c�k�,� �P�.�M�.� �P�h�y�t�o�c�h�e�m�i�s�t�r�y� �1�9�8�4�,� �2�3�,� �1�0�2�9�.� 

�R�a�o�,� �C�.�B�.�S�.� �(�E�d�.�)�,�  ��C�h�e�m�i�s�t�r�y� �o�f� �L�i�g�n�a�n�s ��,� �A�n�d�h�r�a� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �I�n�d�i�a�,� �1�9�7�8�.� 

�M�a�c�R�a�e�,� �W�.�D�.� �a�n�d� �T�o�w�e�r�s�,� �G�.�H�.�N�.� �P�h�y�t�o�c�h�e�m�i�s�t�r�y� �1�9�8�4�,� �2�3�,� �1�2�0�7�.� 

�S�i�n�g�h�,� �B�.�;� �A�g�r�a�w�a�l�,� �P�.�K�.�;� �a�n�d� �T�h�a�k�u�r�,� �R�.�S�.� �J�.� �N�a�t�.� �P�r�o�d�.� �1�9�8�9�,� �5�2�,� �4�8�.� 

�.� �L�u�d�u�e�n�a�,� �R�.�F�.� �i�n�  ��M�i�c�r�o�t�u�b�u�l�e�s ��,� �R�o�b�e�r�t�s�,� �K�.� �a�n�d� �H�y�a�m�s�,� �J�.�S�.� �(�E�d�s�.�)�,� �A�c�a�d�e�m�i�c� 

�P�r�e�s�s�,� �N�e�w� �Y�o�r�k�,� �1�9�7�9�.� 

�L�o�i�k�e�,� �J�.�D�.�,� �C�a�n�c�e�r� �C�h�e�m�o�t�h�e�r�.� �P�h�a�r�m�a�c�o�l�.� �1�9�8�2�,� �7�,� �1�0�3�.� 

�H�a�r�t�w�e�l�l�,� �J�.�L�.� �a�n�d� �S�c�h�r�e�c�k�e�r�,� �A�.�W�.� �F�o�r�t�s�c�h�r�i�t�e�,� �1�9�5�8�,� �1�5�,� �8�3�.� 

�K�e�l�l�y�,� �M�.�G�.� �a�n�d� �H�a�r�t�w�e�l�l�,� �J�.�L�.� �J�.� �N�a�t�i�o�n�a�l� �C�a�n�c�e�r� �I�n�s�t�.� �1�9�5�4�,� �1�4�,� �9�6�7�.� 

�K�a�p�l�a�n�,� �L�W�.�,� �N�e�w� �O�r�l�e�a�n�s� �M�e�d�.� �S�u�r�g�.� �J�o�u�r�n�a�l� �1�9�4�2�,� �9�4�,� �3�8�8�.� 

�K�i�n�g�,� �L�.�S�.� �a�n�d� �S�u�l�l�i�v�a�n�,� �M�.� �S�c�i�e�n�c�e� �1�9�4�6�,� �1�0�4�,� �2�4�4�.� 

�B�e�l�k�i�n�,� �M�.� �F�e�d�e�r�a�t�i�o�n� �P�r�o�c�.� �(�A�m�e�r�.� �S�o�c�.� �E�x�p�.� �B�i�o�l�.�)� �1�9�4�7�,� �6�,� �3�0�8�.� 

�H�a�r�t�w�e�l�l�,� �J�.�L�.� �a�n�d� �S�h�e�a�r�,� �M�.� �J�.� �C�a�n�c�e�r� �R�e�s�.� �1�9�4�7�,� �7�,� �7�1�6�.� 

�S�u�l�l�i�v�a�n�,� �M�.� �a�n�d� �B�l�a�n�c�h�a�r�d�,� �K�.� �B�u�l�l�.� �J�o�h�n�s� �H�o�p�k�i�n�s� �H�o�s�p�.� �1�9�4�7�,� �8�1�,� �6�5�.� 

�S�u�l�l�i�v�a�n�,� �M�.�;� �F�r�i�e�d�m�a�n�,� �M�.�;� �a�n�d� �H�e�a�r�i�n�,� �J�.�T�.� �S�o�u�t�h�e�r�n� �M�e�d�.� �J�o�u�r�n�a�l� �1�9�4�8�,� �4�1�,� �3�3�6�.� 
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�2�0�.� 

�2�1�.� 

�2�2�.� 

�2�3�.� 

�2�4�.� 

�2�5�.� 

�2�6�.� 

�2�7�.� 

�2�8�.� 

�2�9�.� 

�3�0�.� 

�3�1�.� 

�3�2�.� 

�3�3�.� 

�3�4�.� 

�3�5�.� 

�3�6�.� 

�3�7�.� 

�S�u�l�l�i�v�a�n�,� �M�.� �A�r�c�h�.� �D�e�r�m�a�t�o�l�.� �a�n�d� �S�y�p�h�i�l�o�l�.� �(�U�.�S�.�A�.�)� �1�9�4�9�,� �6�0�,� �1�.� 

�H�a�r�t�w�e�l�l�,� �J�.�L�.� �a�n�d� �D�e�t�t�y�,� �W�.�E�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�5�0�,� �7�2�,� �2�4�6�.� 

�H�a�r�t�w�e�l�l�,� �J�.�L�.� �a�n�d� �S�c�h�r�e�c�k�e�r�,� �A�.�W�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�5�1�,� �7�3�,� �2�9�0�9�.� 

�S�c�h�r�e�c�k�e�r�,� �A�.�W�.� �a�n�d� �H�a�r�t�w�e�l�l�,� �J�.�L�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�5�3�,� �7�5�,� �5�9�1�6�.� 

�J�a�r�d�i�n�e�,� �I�.� �i�n� �"�A�n�t�i�c�a�n�c�e�r� �A�g�e�n�t�s� �B�a�s�e�d� �o�n� �N�a�t�u�r�a�l� �P�r�o�d�u�c�t� �M�o�d�e�l�s ��,� �V�o�l�.� �1�,� 

�C�a�s�s�a�d�y�,� �J�.�M�.� �a�n�d� �D�o�u�r�o�s�,� �J�.�D�.� �(�E�d�s�.�)�,� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �N�e�w� �Y�o�r�k�,� �1�9�8�0�,� �p�.� �3�1�9�.� 

�J�a�c�k�s�o�n�,� �D�.�E�.� �a�n�d� �D�e�w�i�c�k�,� �P�.�M�.� �P�h�y�t�o�c�h�e�m�i�s�t�r�y� �1�9�8�5�,� �2�4�,� �2�4�0�7�.� 

�A�r�n�o�l�d�,� �A�.�M�.� �a�n�d� �W�h�i�t�e�h�o�u�s�e�,� �J�.�M�.�A�.� �T�h�e� �L�a�n�c�e�t�,� �O�c�t�.� �2�4�,� �1�9�8�1�,� �9�1�2�.� 

�W�i�l�s�o�n�,� �L�.� �a�n�d� �F�r�i�e�d�k�i�n�,� �M�.� �B�i�o�c�h�e�m�i�s�t�r�y� �1�9�6�7�,� �6�,� �3�1�2�6�.� 

�W�i�l�s�o�n�,� �L�.� �a�n�d� �B�r�y�a�n�,� �J�.� �i�n� �"�A�d�v�a�n�c�e�s� �i�n� �C�e�l�l� �a�n�d� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y ��,� �V�o�l�.� �3�,� 

�D�u�p�r�a�w�,� �E�.�J�.� �(�E�d�.�)�,� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �N�e�w� �Y�o�r�k�,� �1�9�7�4�,� �p�.� �2�1�.� 

�M�a�r�g�o�l�i�s�,� �R�.�L�.� �a�n�d� �W�i�l�s�o�n�,� �L�.� �C�e�l�l� �1�9�7�8�,� �7�3�,� �1�.� 

�W�i�l�s�o�n�,� �L�.�;� �B�a�m�b�u�r�g�,� �J�.�R�.�;� �M�i�z�e�l�,� �S�.�B�.�;� �G�r�i�s�h�a�m�,� �L�.�M�.�;� �a�n�d� �C�r�e�s�w�e�l�l�,� �K�.�M�.� 

�F�e�d�e�r�a�t�i�o�n� �P�r�o�c�.� �(�A�m�e�r�.� �S�o�c�.� �E�x�p�.� �B�i�o�l�.�)� �1�9�7�4�,� �3�3�,� �1�5�8�.� 

�W�i�l�s�o�n�,� �L�.� �B�i�o�c�h�e�m�i�s�t�r�y� �1�9�7�0�,� �9�,� �4�9�9�9�.� 

�S�t�a�h�e�l�i�n�,� �H�.� �E�u�r�.� �J�.� �C�a�n�c�e�r� �1�9�7�0�,� �6�,� �3�0�3�.� 

�S�t�a�h�e�l�i�n�,� �H�.� �E�u�r�.� �J�.� �C�a�n�c�e�r� �1�9�7�3�,� �9�,� �2�1�5�.� 

�I�s�s�e�l�l�,� �B�.�F�.� �C�a�n�c�e�r� �C�h�e�m�o�t�h�e�r�.� �P�h�a�r�m�a�c�o�l�.� �1�9�8�2�,� �7�,� �7�3�.� 

�K�i�n�g�s�t�o�n�,� �D�.�G�.�I�.� �i�n�  ��C�a�n�c�e�r� �M�a�n�a�g�e�m�e�n�t� �i�n� �M�a�n�:� �B�i�o�l�o�g�i�c�a�l� �R�e�s�p�o�n�s�e� �M�o�d�i�f�i�e�r�s�,� 

�C�h�e�m�o�t�h�e�r�a�p�y�,� �A�n�t�i�b�i�o�t�i�c�s�,� �H�y�p�e�r�t�h�e�r�m�i�a�,� �S�u�p�p�o�r�t�i�n�g� �M�e�a�s�u�r�e�s�"�,� �W�o�o�l�l�e�y�,� �P�.�V�.� 

�(�E�d�.�)�,� �K�l�u�w�e�r� �A�c�a�d�e�m�i�c� �P�u�b�l�i�s�h�e�r�s�,� �D�o�r�d�r�e�c�h�t�,� �T�h�e� �N�e�t�h�e�r�l�a�n�d�s�,� �1�9�8�9�.� 

�T�h�u�r�s�t�o�n�,� �L�.�S�.�;� �I�r�i�e�,� �H�.�;� �T�a�n�i�,� �S�.�;� �H�a�n�,� �F�.�-�S�.�;� �L�i�u�,� �Z�.�-�C�.�;� �C�h�e�n�g�,� �Y�.�-�C�.�;� �a�n�d� �L�e�e� �K�.�-� 

�H�.� �J�.� �M�e�d�.� �C�h�e�m�.� �1�9�8�6�,� �2�9�,� �1�5�4�7�.� 

�P�e�l�s�o�r�,� �F�.�R�.�;� �A�l�l�e�n�,� �L�.�M�.�;� �a�n�d� �C�r�e�a�v�e�n�,� �P�.�J�.� �J�.� �P�h�a�r�m�.� �S�c�i�.� �1�9�7�8�,� �6�7�,� �1�1�0�6�.� 
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�3�8�.� 

�3�9�.� 

�4�0�.� 

�4�1�.� 

�4�2�.� 

�4�3�.� 

�4�4�,� 

�4�5�.� 

�4�6�.� 

�4�7�.� 

�4�8�.� 

�4�9�.� 

�3�0�.� 

�3�1�.� 

�5�2�.� 

�3�3�.� 

�5�4�.� 

�3�5�.� 

�5�6�.� 

�5�7�.� 

�A�l�l�e�n�,� �L�.�M�.�;� �M�a�r�c�k�s�,� �C�.�;� �a�n�d� �C�r�e�a�v�e�n�,� �P�.�J�.� �P�r�o�c�.� �A�m�.� �A�s�s�o�c�.� �C�a�n�c�e�r� �R�e�s�.� �1�9�7�6�,� 

�1�7�,� �6�.� 

�K�e�l�l�e�h�e�r�,� �J�.�K�.� �C�a�n�c�e�r� �T�r�e�a�t�m�e�n�t� �R�e�p�o�r�t�s� �1�9�7�8�,� �6�2�,� �1�4�4�3�.� 

�K�i�s�e�l�e�v�,� �V�.�V�.� �C�h�e�m�i�s�t�r�y� �o�f� �N�a�t�u�r�a�l� �C�o�m�p�o�u�n�d�s� �1�9�8�8�,� �2�3�,� �5�2�9�.� 

�K�e�l�l�e�r�-�J�u�s�l�i�n�,� �C�.�;� �K�u�h�n�,� �M�.�;� �a�n�d� �v�o�n� �W�a�r�t�b�u�r�g�,� �A�.� �J�.� �M�e�d�.� �C�h�e�m�.� �1�9�7�1�,� �1�4�,� �9�3�6�.� 

�K�a�d�k�a�d�e�,� �P�.�G�.� �P�l�a�n�t� �S�c�i�e�n�c�e� �L�e�t�t�.� �1�9�8�2�,� �2�5�,� �1�0�7�.� 

�S�c�h�r�e�i�e�r�,� �E�.� �H�e�l�v�.� �C�h�i�m�.� �A�c�t�a� �1�9�6�4�,� �4�7�,� �1�5�2�9�.� 

�K�u�h�n�,� �M�.� �a�n�d� �v�o�n� �W�a�r�t�b�u�r�g�,� �A�.� �H�e�l�v�.� �C�h�i�m�.� �A�c�t�a� �1�9�6�7�,� �5�0�,� �1�5�4�6�.� 

�K�e�n�d�e�,� �A�.�S�.�;� �L�i�e�b�e�s�k�i�n�d�,� �L�.�S�.�;� �M�i�l�l�s�,� �J�.�E�.�;� �R�u�t�l�e�d�g�e�,� �P�.�S�.�;� �a�n�d� �C�u�r�r�a�n�.�,� �D�.�P�.� �J�.� 

�A�m�,� �C�h�e�m�.� �S�o�c�.� �1�9�7�7�,� �9�9�,� �7�0�8�2�.� 

�B�r�o�w�n�,� �E�.�;� �R�o�b�i�n�,� �J�.�P�.�;� �a�n�d� �D�h�a�l�,� �R�.� �J�.� �C�h�e�m�.� �S�o�c�.� �C�h�e�m�.� �C�o�m�m�.� �1�9�7�8�,� �5�5�6�.� 

�Z�i�e�g�l�e�r�,� �F�.�E�.� �a�n�d� �S�c�h�w�a�r�t�z�,� �J�.�A�.� �J�.� �O�r�g�.� �C�h�e�m�.� �1�9�7�8�,� �4�3�,� �9�8�5�.� 

�T�o�m�i�o�k�a�,� �K�.� �a�n�d� �K�o�g�a�,� �K�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�.� �1�9�7�9�,� �3�5�,� �3�3�1�5�.� 

�A�c�h�i�w�a�,� �K�.� �H�e�t�e�r�o�c�y�c�l�e�s� �1�9�7�9�,� �1�2�,� �5�1�5�.� 

�R�o�b�i�n�,� �J�.�P�.�;� �D�h�a�l�,� �R�.�;� �a�n�d� �B�r�o�w�n�,� �E�.� �T�e�t�r�a�h�e�d�r�o�n� �1�9�8�2�,� �3�8�,� �3�6�6�7�.� 

�B�r�o�w�n�,� �E�.�;� �L�o�r�i�o�t�,� �M�.�;� �a�n�d� �R�o�b�i�n�,� �J�.�P�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�.� �1�9�8�2�,� �2�3�,� �9�4�9�.� 

�B�r�o�w�n�,� �E�.� �a�n�d� �D�a�u�g�a�n�,� �A�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�.� �1�9�8�5�,� �2�6�,� �3�9�9�7�.� 

�B�r�o�w�n�,� �E�.� �a�n�d� �D�a�u�g�a�n�,� �A�.� �J�.� �N�a�t�.� �P�r�o�d�.� �1�9�9�1�,� �5�4�,� �1�1�0�.� 

�T�a�k�a�n�o�,� �S�.�;� �O�t�a�k�i�,� �S�.�;� �a�n�d� �O�g�a�s�a�w�a�r�a�,� �K�.� �J�.� �C�h�e�m�.� �S�o�c�.� �C�h�e�m�.� �C�o�m�m�.� �1�9�8�5�,� �4�8�5�.� 

�S�p�e�y�b�r�o�e�c�k�,� �R�.�V�.�;� �G�u�o�,� �H�.�;� �V�a�n� �d�e�r� �E�y�c�k�e�n�,� �J�.�;� �a�n�d� �V�a�n�d�e�w�a�l�l�,� �M�.� �T�e�t�r�a�h�e�d�r�o�n� 

�1�9�9�1�,� �4�7�,� �4�6�7�5�.� 

�V�a�n� �d�e�r� �E�y�c�k�e�n�,� �J�.�;� �D�e�C�l�e�r�c�q�,� �P�.�;� �a�n�d� �V�a�n�d�e�w�a�l�l�e�,� �M�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�.� �1�9�8�5�,� �2�6�,� 

�3�8�7�1�.� 

�P�e�l�t�e�r�,� �A�.�;� �W�a�r�d�,� �R�.�S�.�;� �P�r�i�t�c�h�a�r�d�,� �M�.�C�.�;� �a�n�d� �K�a�y�,� �I�.�T�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�.� �1�9�8�5�,� �2�6�,� 

�6�3�7�7�.� 
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�5�8�.� 

�5�9�.� 

�6�0�.� 

�6�1�.� 

�6�2�.� 

�6�3�.� 

�6�4�.� 

�6�5�.� 

�6�6�.� 

�6�7�.� 

�6�8�.� 

�6�9�.� 

�7�0�.� 

�7�1�.� 

�7�2�.� 

�M�a�c�D�o�n�a�l�d�,� �D�.�I�.�,� �a�n�d� �D�u�r�s�t�,� �T�.� �J�.� �O�r�g�.� �C�h�e�m�.� �1�9�8�6�,� �5�1�,� �4�7�4�9�.� 

�K�a�m�i�l�,� �W�.�M�.� �a�n�d� �D�e�w�i�c�k�,� �P�.�M�.� �P�h�y�t�o�c�h�e�m�i�s�t�r�y� �1�9�8�6�,� �2�5�,� �2�0�9�3�.� 

�D�h�a�l�,� �R�.�;� �L�a�l�a�m�i�,� �K�.�;� �a�n�d� �B�r�o�w�n�,� �E�.� �O�r�g�a�n�i�c� �P�r�e�p�a�r�a�t�i�o�n�s� �a�n�d� �P�r�o�c�e�d�u�r�e�s� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �1�9�8�9�,� �2�1�,� �1�0�9�.� 

�M�o�r�i�m�o�t�o�,� �T�.�;� �C�h�i�b�a�,� �M�.�;� �a�n�d� �A�c�h�i�w�a�,� �K�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�.� �1�9�9�0�,� �3�1�,� �2�6�1�.� 

�S�c�h�u�b�e�r�t�,� �W�.�J�.�,� �L�i�g�n�i�n�,� �i�n� �"�P�h�y�t�o�c�h�e�m�i�s�t�r�y� �(�V�o�l�.� �I�)�"�,� �M�i�l�l�e�r�,� �L�.�P�.� �(�E�d�.�)�,� �V�a�n� 

�N�o�s�t�r�a�n�d� �R�e�i�n�h�o�l�d� �C�o�.�,� �N�e�w� �Y�o�r�k�,� �1�9�7�3�.� �_� 

�"�S�u�m�m�a�r�y� �R�e�p�o�r�t� �o�f� �a� �W�o�r�k�s�h�o�p� �o�n� �L�i�g�n�i�n� �R�e�s�e�a�r�c�h�:� �N�e�e�d�s� �a�n�d� �O�p�p�o�r�t�u�n�i�t�i�e�s�"�,� 

�U�n�i�v�e�r�s�i�t�y� �o�f� �I�l�l�i�n�o�i�s�,� �A�p�r�i�l� �1�8�-�1�9�,�1�9�8�8�,� �U�.�S�.� �D�e�p�a�r�t�m�e�n�t� �o�f� �E�n�e�r�g�y�,� �O�f�f�i�c�e� �o�f� 

�E�n�e�r�g�y� �R�e�s�e�a�r�c�h�,� �D�i�v�i�s�i�o�n� �o�f� �E�n�e�r�g�y� �B�i�o�s�c�i�e�n�c�e�s� �(�S�p�o�n�s�o�r�)�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �p�.� 

�1�0�.� 

�H�e�r�b�e�r�t�,� �R�.�B�.�,� �"�T�h�e� �B�i�o�s�y�n�t�h�e�s�i�s� �o�f� �S�e�c�o�n�d�a�r�y� �M�e�t�a�b�o�l�i�t�e�s�"�,� �S�e�c�o�n�d� �E�d�i�t�i�o�n�,� 

�C�h�a�p�m�a�n� �a�n�d� �H�a�l�l�,� �N�e�w� �Y�o�r�k�,� �1�9�8�9�.� 

�A�y�r�e�s�,� �D�.�C�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�.� �1�9�6�9�,� �1�1�,� �8�8�3�.� 

�A�y�r�e�s�,� �D�.�C�.�;� �F�a�r�r�o�w�,� �A�.�;� �a�n�d� �C�a�r�p�e�n�t�e�r�,� �B�.�G�.� �J�.� �C�h�e�m� �S�o�c�.� �P�e�r�k�i�n� �T�r�a�n�s�.� �I� �1�9�8�1�,� 

�7�,� �2�1�3�4�.� 

�S�t�o�c�k�i�g�t�,� �J�.�,� �a�n�d� �K�l�i�s�c�h�i�e�s�,� �M�.� �H�o�l�z�f�o�r�s�c�h�u�n�g� �1�9�7�7�,� �3�1�,� �4�1�.� 

�D�e�w�i�c�k�,� �P�.�M�.� �i�n� �"�S�t�u�d�i�e�s� �i�n� �N�a�t�u�r�a�l� �P�r�o�d�u�c�t�s� �C�h�e�m�i�s�t�r�y�,� �V�o�l�.� �5�,� �S�t�r�u�c�t�u�r�e� 

�E�l�u�c�i�d�a�t�i�o�n� �(�P�a�r�t� �B�)�"�,� �R�a�h�m�a�n�,� �A�.�U�.� �(�E�d�.�)�,� �E�l�s�e�v�i�e�r�,� �N�e�w� �Y�o�r�k�,� �1�9�8�9�,� �p�.� �4�8�0�.� 

�J�a�c�k�s�o�n�,� �D�E�.�,� �a�n�d� �D�e�w�i�c�k�,� �P�.�M�.� �P�h�y�t�o�c�h�e�m�i�s�t�r�y� �1�9�8�4�,� �2�3�,� �1�0�3�7�.� 
�J�a�c�k�s�o�n�,� �D�.�E�.�,� �a�n�d� �D�e�w�i�c�k�,� �P�.�M�.� �P�h�y�t�o�c�h�e�m�i�s�t�r�y� �1�9�8�4�,� �2�3�,� �1�1�4�7�.� 

�J�a�c�k�s�o�n�,� �D�.�E�.�,� �a�n�d� �D�e�w�i�c�k�,� �P�.�M�.� �J�.� �P�h�a�r�m�.� �P�h�a�r�m�a�c�o�l�.� �1�9�8�1�,� �3�3�,� �1�8�P�;� �1�9�8�2�,� �3�4�,� 

�1�5�P�.� 

�P�e�l�t�e�r�,� �A�.�;� �W�a�r�d�,� �R�.�S�.�;� �a�n�d� �R�a�o�,� �R�.�R�.� �T�e�t�r�a�h�e�d�r�o�n� �1�9�8�5�,� �4�1�,� �2�9�3�3�.� 
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�7�4�.� 
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�7�7�.� 
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�8�0�.� 

�8�1�.� 

�8�2�.� 

�8�3�.� 

�8�4�.� 

�8�5�.� 

�8�6�.� 

�8�7�.� 

�8�8�.� 

�8�9�.� 

�"�E�n�a�n�t�i�o�m�e�r�s�,� �R�a�c�e�m�a�t�e�s�,� �a�n�d� �R�e�s�o�l�u�t�i�o�n�s�"�,� �J�a�c�q�u�e�s�,� �J�.�,� �C�o�l�l�e�t�,� �A�.�,� �a�n�d� �W�i�l�e�n�,� �S�.�H�.� 

�(�E�d�s�.�)�,� �J�o�h�n� �W�i�l�e�y� �a�n�d� �S�o�n�s�,� �I�n�c�.�,� �N�e�w� �Y�o�r�k�,� �1�9�8�1�,� �p�.� �2�5�8�.� 

�K�o�l�l�o�n�i�t�s�c�h�,� �J�.�;� �F�u�c�h�s�,� �O�.�;� �a�n�d� �G�a�b�o�r�,� �V�.� �N�a�t�u�r�e� �1�9�5�5�,� �1�7�5�,� �3�4�6�.� 

�M�i�t�s�u�i�,� �S�.�;� �K�u�d�o�,� �Y�.�;� �a�n�d� �K�o�b�a�y�a�s�h�i�,� �M�.� �T�e�t�r�a�h�e�d�r�o�n� �1�9�6�9�,� �2�5�,� �1�9�2�1�.� 

�M�i�t�s�u�i�,� �S�.�;� �I�m�a�i�z�u�m�i�,� �S�.�;�,� �a�n�d� �E�s�a�s�h�i�,� �Y�.� �B�u�l�l�.� �C�h�e�m�.� �S�o�c�.� �J�a�p�a�n� �1�9�7�0�,� �4�3�,� �2�1�4�3�.� 
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