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ABSTRACT 

Because of the efficacy of taxol against a wide variety of cancers, the demand for this 

drug has vastly increased during the last decade. Due to its limited natural supply, a number 

of alternative sources of taxol continue to be investigated. One approach toward alleviating 

the taxol supply problem is by the systematic investigation of the structure-activity 

relationships of the molecule, in order to establish the structural features and functionalities 

necessary for biological activity. Research efforts during the last decade have led to the 

establishment of the molecular domains and functionalilties which are crucial for biological 

activity, however at the inception of this work, the structure-activity relationships of the C-4 

position of taxol were unknown. It was thus the major goal of this work to prepare 4- 

deacetyltaxol, in order to assess the importance of the C-4 acetate for overall activity, as well 

as to have a template molecule with which to begin studies aimed at determining the effect 

on activity rendered by replacement of the C-4 acetate with other acyl groups. 

Preliminary studies of the deacylation and reacylation of baccatin III were carried out in 

order to find conditions necessary for the preparation of 4-deacetylbaccatin III, and hence 

4-deacetyltaxol. 4-Deacetyltaxol has now been prepared from baccatin III via two synthetic 

approaches and from taxol via one synthetic approach, and has been shown to be 

significantly less potent than taxol, suggesting that the C-4 acetate is necessary for biological 

activity.



From the investigation of several potential synthetic approaches toward the formation of 

4-acyltaxol analogs, one methodology has been developed which has allowed the 

preparation of 4-acyltaxol derivatives from baccatin III] or the more readily available 10- 

deacetylbaccatin III. This particular methodology can be extended to the preparation of 

other 4-acvitaxol or 4-acyltaxotere derivatives. 

Two C-5a halogenated oxetane ring-opened compounds have been prepared from a 4- 

deacetyltaxol derivative, offering the opportunity to investigate the potential effects on 

biological activity generated by modifications to the oxetane ring.



ACKNOWLEDGEMENTS 

I would like to express my sincere gratitude and appreciation to my research advisor, 

Professor David G.I. Kingston, for the ideas, suggestions, guidance, support and patience 

he has given throughout the course of this work. 

My committee members, Professors H.M. Bell, N. Castagnoli, Jr., J.S. Merola and J.M. 

Tanko are gratefully acknowledged for their patient guidance and encouragement 

throughout this work. Additional thanks are given to Dr. Castagnoli for the many lessons I 

learned from him on the squash court (He certainly does not play like an old man). 

I offer special thanks to Dr. A.A.L. (Leslie) Gunatilaka, who, in addition to being an 

outstanding scientist and dedicated teacher, is an amazing individual and a respected friend. 

I am very honored to have had the opportunity to work with this man and equally grateful 

for his willingness to share his time and knowledge. I will always value the many 

conversations and the insight I have gained from him about chemistry and life. 

It has been a privilege to work with all the past and present members of Dr. Kingston’s 

research group, especially my good friends Dr. George G. Harrigan and Dr. Robert F. 

Keyes. The long hours in the lab were made much easier by the many golf games, squash 

matches, hikes, trips to the river, and the conversations over a “wee refreshment” at the 

Pub. I would particularly like to thank Dr. Paul Higgs for the re-synthesis of some of the 

final products for spectroscopic verification and anticipated biological testing. I would also 

like to extend thanks to Dr. Thomas Piccariello, Dr. Gamini Samaranayake, Dr. John 

Rimoldi, Dr. Mahendra Chordia, Dr. Ashok Chaudhary, Dr. Milind Gharpure, Dr. Carl 

Heltzel, Dr. Anthony Molinero, Ms. Carol Ivey, Ms. Jena Young, Mr. Xian Liang and Ms. 

Ru Chen for the many helpful discussions, advice and camaraderie. 

Financial support for this work, provided by grants from Bristol-Myers Squibb and the 

National Institutes of Health, is gratefully acknowledged. 

I offer my sincerest appreciation and love to the members of my “extended family:” to 

John Peterson, a rare friend and kindred spint (Thanks for always being there, John); to 

IV



Sarah Pucciarelli, for the friendship and laughter, and the countless hours of conversation 

and philosophical discussion (Thank you for Ithaka); and to Sharon Dunn, my best friend 

and confidant, for her support and encouragement throughout the writing of this 

dissertation (Thank you for everything you have done in helping me to achieve this goal, 

Sharon. You truly are a beautiful person and your generosity, insight, strength and 

independence continually amaze and inspire me. I am deeply grateful for the friendship, 

love and happiness we have found in each other). 

Finally, my deepest gratitude and love go to my immediate familv: to my parents, Glenn 

and Carol, for the love and support they have always shown and for the inspiration they 

have provided through their example; to my brother, Kraig, who has always generously 

given his friendship, love and support; and to my daughter, Laurel, who has provided me 

with more happiness than words could ever express and who has taught me more about life 

than she knows.



To Laurel



TABLE OF CONTENTS 

J. INTRODUCTION Page: 

L.1L Historical 000000 b bees ceeenttetttedcpesesittireettitieesseeen ] 

L.2 Camcer: Am Overview 2000000000000 c eee te cece eee e ett ae eee seeeeeecetttstseteeesens 6 

LB  Taxames 00 cc cece e etc ee desc tet eee ce cetceteeeseesettesseseseceetnetevereteesseey 9 

1.4 The Emergence of Taxol 000.000.0000 ccc eee te ett e neste t ett etttetteteneeni 18 

1.5 Taxol’s Mode of Action 00.00.00 ccc ccc ce ete ee ete e cee setsteetteetiseetctisettstrtenen 21 

1.5.1 The Tubulin-Microtubule System 2000.00.00 21 

1.5.2 Tubulin-Microtubule Assembly 0000000000000 eteeeeeetee 21 

1.5.3 Taxol’s Mechanism of Action 000000000000 etttteee 22 

1.6 Approaches to the Supply of Taxol 0.000000 eee et cneeeree 24 

1.6.1 Introduction 22.00.0000 Looe bbc bb bbc bbt bette 24 

1.6.2 Taxol From Natural Sources .0000.0000000 occ ccc ett ete e te tieeectnees 24 

1.6.2.1 Taxus Needles as a Renewable Source of Taxol .......0.0000000.000.... 24 

1.6.2.2 Taxol Production by Plant Tissue-Culture 0.00000.000000 ee. 25 

1.6.2.3 Taxol Production by Fungal Culture oo... 26 

1.6.3 Taxol From Synthetic Methodologies ....0000000000000 0 tees 26 

1.6.3.1 Taxol Production by Total Synthesis 00000000 eee. 26 

1.6.3.2 Taxol Production by Partial Synthesis... co 27 

1.7 Structure-Activity Relationships of Taxol ....0000.000 cece eee cst eeteeeee 29 

1.7.1 Introduction 20... ee 29 

1.7.2 The Side Chain 2.000000 ob tne cnet 30 

1.7.3 The Northern Hemisphere 00000000 ttt 33 

1.7.3.1 Effects of Changes at the C-7 Position 000.000.0000 ee 34 

1.7.3.2 Effects of Changes at the C-9 Position 2000 ee 34 

1.7.3.3 Effects of Changes at the C-10 Position 20.0000. 34 

1.7.3.4 Effects of Changes to the C-11(C-12) Olefin... 0... 35 

1.7.4 The Southern Hemisphere 2220000000000 ccee ete ee ttteteeteee 36 

1.7.4.1 Effects of Changes at the C-14 Position... nnn. 37 

1.7.4.2 Effects of Changes at the C-1 Position 000s 39 

1.7.4.3 Effects of Changes at the C-2 Position 0000000000. ee. 39 

1.7.4.4 Effects of Changes at the C-4 Position 0000000... 40 

vii



1.7.4.5 The C-4(C-20),C-5 Oxetane Ring 002. 

1.7.5 Modifications to the Taxol Ring System ....... 

II. RESULTS AND DISCUSSION 

2.1 Preparation of 4-Deacetyltaxol . ... 

2.1.1 Introduction 9.0 be ce eee ee 

2.1.2 Deacylation Studies of Baccatin I... a. 

2.1.3 Taxol Side Chain Preparation 20 20.000.00.0 cece 

2.1.4 Coupling of 2,4,10-Tris(deacyl)-7-(triethylsilyl baccatin 

III (2.8) with Side Chain 2.19 oo cocceccccecccceessvceesseecteereeees 

2.1.5 Coupling of 4,10-Bis(deacetyl)-7-(triethylsilyl)baccatin II 

(2.7) with Side Chain 2.19 © 

2.1.6 Acetylation of Compound 2.26 0.00 ccc 

2.1.7 Coupling of 4-Deacetyl-7-(triethylsilyl)baccatin III (2.25) 

with Side Chain 2.19 0 eee cece cette 

2.1.8 Deprotection of Compound 2.27, followed by 3'- N- 

Benzoylatiom cece c cece cece e ete cev vette vn tet tttntttets certtees 

2.1.9 Preparation of 4-Deacetyltaxol (2.1) from Taxol ....... 

2.1.10 Biological Test Results of 4-Deacetyltaxol (2.1) 0000000000000... 

2.1.10.1 Biological Test Systems 00.00 on. 

2.1.10.2 Biological Test Results 2.0.0.0 eee. 

3.1 Preparation of 4-Acyltaxol Analogs ..... Ce tc tttettee 

S.L.L Introduction ee cece ect ctcretreey 

3.1.2 Reacylation Attempts Utilizing 2'-(tert-Butyldimethylsilyl)- 

4-deacetyl-7-(triethylsilyl)taxol (2.34) 000 

3.1.3 Reacylation Attempts Utilizing 2'-( tert- Butyldimethylsilyl)- 

2-debenzoyl-1,2-carbonato-4-deacetyl-7-(triethylsily!)taxol 

3.1.4 An Unexpected Oxetane Ring-Opened Product ....0..00..0........ 

3.1.5 Model Reacylation Studies Performed on 4,10-Bis- 

(deacetyl)-7-(triethylsilyl )baccatin HI (2.7) 0000. 

3.1.6 Approaches Toward C-4 Reacylation Using Modified 

Baccatin Substrates sss ee 

3.1.6.1 Introduction... .. re 

Vill



3.1.6.2 Reaction of 4-Deacetyl-7-(triethylsily!)-13-oxo- 

baccatin ITI (3.13) with Propionic Anhydride 20.0000. nn, 105 

3.1.6.3 Reaction of 4-Deacetyl-7 -(triethylsily!)-13-oxo- 

baccatin IT (3.13) with Chloroacetic Anhydride... 108 

3.1.6.4 Reaction of 4-Deacetyl-7-(triethylsilyl)-13-oxo- 

baccatin II (3.13) with Trichloroacetic Anhydride ........ . 109 

3.1.6.5 Reaction of 4-Deacetyl-7-(tnethylsilyl)-13-oxo- 

baccatin ITT (3.13) with Benzoic Anhydnide oo... lll 

3.1.6.6 Optimization of C-4 Acylating Conditions ......000.0000. 112 

3.1.6.7 Reduction of 4-Deacetyl-7-(triethylsilyl)-13-oxo-4- 

propionylbaccatin WI (3.16) with Sodium Borohydride ....... 0... 114 

3.1.6.8 Reduction of 4-Deacetyl-4-chloroacetyl-7-(tri- 

ethylsilyl)-13-oxobaccatin II (3.18) with Sodium 

Borohydride 2.0.00... cece eect cc ee este teeteeeeeseeesese 0 eeeeey 114 

3.1.6.9 Reduction of 4-Deacetyl-4-trichloroacetyl-7-(tri- 

ethylsilyl)-13-oxobaccatin HUI (3.20) with Sodium 

Borohydride 20... tence nett tnttetentee 115 

3.1.6.10 Reduction of 4-Deacetyl-4-benzoyl-7-(triethylsilyl)- 

13-oxobaccatin IM (3.22) with Sodium Borohydride ...........00.00..0...... 116 

3.1.6.11 Coupling of 4-Deacetyl-7-(triethylsilyl)-4.-propionyl- 

baccatin IIT (3.24) with Side Chain 2.19 0000.0 cece 116 

3.1.6.12 Coupling of 4-Deacetyl-4-chloroacetyl-7 -(tri- 

ethylsilyl)baccatin III (3.25) with Side Chain 2.19 0 118 

3.1.6.13 Coupling of 4-Deacetyl-4-benzoyl-7-(triethylsily1)- 

baccatin IIT (3.26) with Side Chain 2.19 200 ee 118 

3.1.6.14 Deprotection of the Coupled Compound 3.27, 

followed by 3'- N-Benzoylation 20.0000... cece tees 119 

3.1.6.15 Deprotection of the Coupled Compound 3.28, 

followed by 3'- N-Benzoylation 0000.0 ees 120 

3.1.6.16 Deprotection of the Coupled Compound 3.29, 

followed by 3'- N-Benzoylation eee vee ctttveteeteten coveeevtttetetteeees 0 tuaeee 123 

3.1.6.17 Recent Literature Reports on the Synthesis and 

Biological Evaluation of C-4 Modified Taxols 00.00. 124 

IX



3.1.7 Preliminary Chemical Investigations of the 13-Acyl-4- 

deacetyl-13,14-dehydro-7-(triethylsilyl)baccatin IIT 

Derivatives 00... ccc cect tebe ce eee eebteteteetnssstetteteittete 0 teeeeen 130 

3.1.7.1 Hydrolysis of 13-Acetyl-4-deacetyl-13,14-dehydro- 

7-(triethylsilyl)baccatin TIT (3.47) ooo cette eeeentees 131 

3.1.7.2 Attempted C-4 Acylation of 13-Acetyl-4-deacetyl-13, 

14-dehydro-7-(triethylsilyl)baccatin UI (3.47) 00.00 131 

3.1.7.3, Bromination of 13-Acetyl-4-deacetyl-13,14-dehydro- 

7-(triethylsilyl )baccatin TIT (3.47) 200 ett eteeees 133 

3.1.8 Effects of Various Reagents on 7-(Tniethylsilyl)-13-oxo- 

baccatin ITT (3.14) occ eect tree eccettteetess 0 deeeees 134 

3.1.8.1 Treatment of 7-(Triethylsilyl)-13-oxobaccatin II 

(3.14) with Sodium Cyanoborohydride ...00.00000 0 ee 134 

3.1.8.2 Treatment of 7-(Triethylsilyl)-13-oxobaccatn OI 

(3.14) with Tetramethylammonium Borohydride .......00.00000.00 0... 135 

3.1.8.3 Treatment of 7-(Triethylsilyl)-13-oxobaccatin OI 

(3.14) with Tetrabutylammonium Borohydride oe 136 

3.1.8.4 Treatment of 7-(Triethylsilyl)-13-oxobaccatin I 

(3.14) with Tetramethylammonium Hydroxide 000000000000 136 

3.1.8.5 Treatment of 7-(Triethylsilyl)-13-oxobaccatin II 

(3.14) with Benzyltrimethylammonium Methoxide 0.000... 136 

3.1.8.6 Treatment of 7-(Triethylsilyl)-13-oxobaccatin II 

(3.14) with Sodium Methoxide ................. obec tect bbc bbes ee tecdttteeecseseeeees 137 

3.1.9 Preliminary Chemical Investigations of a Possible “Uphill” 

Intramolecular Acetate Tramsfer...0.0.000.00.00000c cocci ce ceeeeceeetettttee 142 

TIT. CONCLUSIONS ool tte tee tee tates 147 

TV. OQUTLOOR oo ce eee ees 155 

V. EXPERIMENTAL 000000 tee tt ees 157 

VI. REFERENCES ee eee ee ee tee 239 

VIT. APPENDIX oo ee ee 251 

VAULT, VATA ccc cece tect vette tee a eee 312



Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure 11 

LIST OF FIGURES 

Major structural classes of the taxane diterpenoids. .......... 

Schematic representation of the tubulin-microtubule 

equilibrium. 20.0 eect cette eteentnenee 

Structure-activity relationships of taxol. 0000000 eee. 

Three-dimensional representation depicting proximity of C-4 

and C-13 positions. [For clarity the C-2 benzoate and protons 

on carbons are not SHOWN. | oo... ete ce te tens tteetenes 

1H NMR spectrum of 4-deacetyltaxol (2.1). 00.0000 cece 

1H NMR spectrum of taxol (1.8). o0.000ccccccccce cece eeteeeteeteeees 

Comparison of the chromatographic behavior of the taxol 

derivatives 2.29, 2.34, 3.3 and 3.4 in the ethyl acetate/ 

hexanes (1:3) solvent system. 000000000 cecee eect ett ee ete nteees 

Spatial accommodation caused by oxidation of the C-13 

hydroxyl group of 4,10-bis(deacetyl)-7-(triethylsilyl) baccatin 

III (2.7) to the corresponding ketone (3.12). [For clarity the 

C-2 benzoate, the C-7 triethylsiloxyl group and irrelevant 

protoms are not shown, | ooo... ice eect tee t tee teeeeeetecnens 

Three-dimensional representation of the 4-deacetyl-13,14- 

dehydro-13-propionylbaccatin 3.17, depicting the reduced 

accessibility of the C-4 position. 2.0.0.0... ae 

1H NMR spectrum of 4-deacetyl-4-propionyltaxol (3.31). .......... 

1H NMR spectrum of 4-deacetyl-4-benzoyltaxol (3.35). ............. 

XI 

Lcteteeee 52 

Levetteee 71 

beveee sees 101 

eee 121 

Leocteeees 125



Scheme 1 

Scheme 2 

Scheme 3 

Scheme 4 

Scheme 5 

Scheme 6 

Scheme 7 

Scheme 8 

Scheme 9 

Scheme 10 

Scheme 11 

Scheme 12 

Scheme 13 

Scheme 14 

LIST OF SCHEMES 

Proposed general synthetic approach toward 4-deacetyltaxol 

(QD) eee i ccctcess cs ceuneasisiverisaasnanaviseneeee 

Intramolecular S..2-type displacement leading to isomerization. 

Preparation of the taxol side chain acid 2.15 via Greene’s 

methodology. 20000000000 eee eee cette ee teteeeeeeeeeereess 

Commercon’s side chain synthesis. 0.000000... eee 

Combination of methodologies for improved side chain. ........... 

Isomerization observed upon coupling of 2.4 and 2.19. ............ 

Coupling of the (bis)deacetyl)baccatin 2.7 with the side chain 

QLD ce ete cbt tree eettetitetsess tueteetstteeseeetetn 

Approaches toward the preparation of the 4-deacetyltaxol 

derivative 2.27. cece obec bebe b bbe b ete be bee beetetcneeeeae, 

General synthetic approach to 4-acyltaxol derivatives from 

Too) Ok: D 

Proposed formation of 2'-( tert-butyldimethylsilyl)-2-debenzoyl- 

1,2-carbonato-4-deacetyl-7-(triethylsilyl )taxol (3.3) from taxol 

(LB). bi litte etn itettnete 

Proposed general synthetic approach to 4-acyltaxol derivatives 

from 2'-(tert-butyldimethylsilyl)-2-debenzoyl-1,2-carbonato- 

4-deacetyl-7-(triethylsilyl taxol (3.3). 00000 eee 

Generalized approach to the azetidine taxol analog 3.6. ............ 

Acetylation of 4,10-bis(deacetyl)-7-(triethylsilyl)baccatin ITI 

(QD). icici ebb octets trate ntetetetttecncttntteninstnees 

Proposed formation of 4-deacetyl-7-(triethylsilyl)-13-oxo- 

baccatin ITI (3.13), for use in acylation studies. 00... 

XH 

Page: 

covets 47 

oveeeeeeees 53 

locetteeeees 65 

nee 68 

nee 81 

cote tect 86 

ee 87



Scheme 15 | 

Scheme 16 

Scheme 17 

Scheme 18 

Scheme 19 

Scheme 20 

Scheme 21 

Scheme 22 

Scheme 23 

Scheme 24 

Scheme 25 

Scheme 26 

Scheme 27 

Coupling of 4-deacetyl-7-(triethylsilyl)-4-propionylbaccatin 

III (3.24) with side chain 2.19 to afford the coupled 4- 

deacetyl-4-propionyltaxol derivative 3.27. 00000 117 

Key steps in the reported preparation of two C-4 acylated 

taxol derivatives by Chen and co-workers. 00.0000 es 126 

Key steps in the reported preparation of the C-4 acylated 

taxol derivative 3.41 by Georg and co-workers. 000.000 oc ees 128 

Key steps in the reported preparation of the C-4 aziridine- 

bearing taxol derivative 3.42 by Chen and co-workers. .o0.00..000cce. 129 

Hydrolysis of 13-acetyl-4-deacetyl-13,14-dehydro-7-(trethyl- 

silyl) baccatin III (3.47) with sodium bicarbonate. 2.000000... 131 

Bromination of 13-acetyl-4-deacetyl-13,14-dehydro-7-(tn- 

ethvisilyl) baccatin IT (3.47). 0000 tees 133 

Treatment of 7-(triethylsilyl)-13-oxobaccatin II (3.14) with 

tetramethylammonium borohydride. ...00.0000000 0 ee 135 

Treatment of 7-(triethylsilyl)-13-oxobaccatin HI (3.14) with 

beuzyitrimethylammonium methoxide. 0.000.000.0000 cee eee 137 

Order of deacylation observed in the methanolysis of 7-(tri- 

ethylsilyl)-13-oxobaccatin TI (3.14). 00 ee 140 

Proposed “uphill” intramolecular acetate transfer. 00000... 142 

Possible outcomes of the reaction of 13-acetyl-4-deacetyl-7- 

(tnethylsilyl) baccatin III (3.10) with d,-acetic anhydride 

under forcing COMAITIONS. ioc ce tebe beet tbtbttteeeene 144 

Possible outcomes of the reaction of 10-d,-acetyl-13-d,-acetyl- 

4-deacetyl-7-(triethylsilyl)baccatin III (3.59) with acetic 

anhydride under forcing conditions. 00000000 ee 145 

Preparation of 10-d3-acetyl-13-d,-acetyl-4-deacetyl-7-(tri- 

ethylsilyl)baccatin III (3.59) from 4,10-bis(deacetyl)-7-(tri- 

ethylsilyl )baccatin III (2.7). ooo eccceccecccceese ceteveteeveseeestes 0 terete. 145 

xi



Scheme 28 Proposed formation of C-2, C-4 modified baccatins, leading 

to the corresponding taxol derivatives. 00 eee 149 

Scheme 29 Proposed formation of C-2, C-4 modified baccatins, leading 

to the corresponding taxol derivatives. 000000000000 ee 150 

Scheme 30 Proposed formation of C-2, C-4 modified 10-deacetyl- 

baecatins, leading to the corresponding taxol derivatives. 0.000000. 00... 151 

Scheme 31 Proposed formation of the nitrogen, sulfur and selenium 

analogs of the taxol oxetane ring. oo c ei e eet tttntee 152 

Scheme 32 Formation of 148-benzoyl-7-(triethylsilyl)-13-oxobaccatin II 

(3.71) from the reaction of 13-benzoyl-13,14-dehydro-7- 

(triethylsilyl) baccatin ITI (3.23) with meta-chloroperoxy- 

benzoic acid, eevee ee bo ny 154 

XIV



Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Table 9 

Table 10 

Table 11 

LIST OF TABLES 

Representative examples of taxanes of the structural class type 

A from Figure 1.0 ccc eect eet eee ete cesceetsevereenenes 7 

Representative examples of taxanes of the structural class type 

B from Figure Loci cece eee c estes ceeeteeeeeneeees 

Representative examples of taxanes of the structural class type 

C from Figure Loci cee eet ttt e tice ete seeteees 

Conditions for the conversion of 2.4 to 2.8. 000.0000 

Conditions employed to attempt full deprotection of 2.21. ......... 

Base-catalyzed formation of 4,10-bis(deacetyl)-7-(triethylsilyl) 

baccatin ITI (2.7) from 7-(triethylsilyl)baccatin III (2.5). ............ 

Effects of taxol (1.8) and 4-deacetyltaxol (2.1) on tubulin 

depolymerization. eect etc tetes 

Conditions for the initial acylation attempts on 2'-( tert-butyl- 

dimethylsilyl)-4-deacetyl-7-(triethylsilyl taxol (2.34). 0000... 

Conditions for the attempted acylation of 2'-(tert-butyldi- 

methylsilyl)-4-deacetyl-7-(triethylsilyl taxol (2.34) using acid 

chloride and triethylamine (10 equivalents) as base. .0000.000000000...... 

Conditions for the initial acylation attempts on 2'-( tert-butyl- 

dimethylsilyl )-2-debenzoyl- 1 ,2-carbonato-4-deacetyl-7-(tri- 

ethylsilyl)taxol (3.3). 000000 ec ecb eertttettnittiees 

Conditions for the attempted acylation of 2'-(tert-butyl- 

dimethylsily! )-2-debenzoyl- 1 ,2-carbonato-4-deacetyl-7-(tri- 

ethylsilyl)taxol (3.3) using either acid chloride or acid 

anhydride and pyridine (as solvent and base). 00.0 oe. 

XV 

Page: 

nee 13 

Lvetteeeeen 14 

hotvteetsee 15 

ee 56 

ote 62 

.. 66 

cece 79 

lttteteee 82 

hocteeetsee 84



Table 12 Conditions for the attempted acylation of 2'-(tert-butyldi- | 

methylsilyl)-2-debenzoyl-1,2-carbonato-4-deacetyl-7-(triethyl- 

silyl)taxol (3.3) using acid chloride and triethylamine (10 

equivalents) as base. ...0..0..0 occ eee ee cec ester etterstttsesseenes 0 treneneees 91 

Table 13 Conditions utilized for the formation of the polar product 

from 2'-(tert-butyldimethylsilyl)-2-debenzoyl-1,2-carbonato- 

4-deacetyl-7-(triethylsilyl taxol (3.3). 0000 93 

Table 14 Summary of reactions carried out to optimize the formation 

of 4-acyl-13-ox0-baccatins. 0c 0 teen 113 

Table 15 Comparative reactions to determine the effect of varying 

potassium tert-butoxide concentration on the formation of 

4,10-bis( deacetyl)-7-(triethylsilyl)baccatin ITI (2.7). 20 180 

Xvi



For most of us this ts the aim 

Never here to be realized; 

Who are only undefeated 

Because we have gone on trying 

We, content at last 

If our temporal reversion nourish 

(Not too far from the yew tree) 

The life of significant sotl. 

- T.S. Eliot 
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I. INTRODUCTION 

1.1 Historical 

From the nomadic hunter-gatherer tribes of prehistory, through the establishment of 

agriculture-based societies, to the present time, plants and plant-derived materials have been 

of paramount importance to humankind. Not only have humans derived sustenance from 

the plant kingdom through the ages, but we have also sought out plants and plant products 

for a vast supply of non-nutritive, yet valuable commodities which have been used variously 

for shelter, clothing, transportation, weapons, poisons, intoxicants, and more importantly in 

the context of the work to be reported in the following pages, in the treatment of or cure 

for a myriad of ailments and diseases. In addition to the archeological evidence we have 

accumulated, giving us a deeper understanding of the diverse lives and activities of primitive 

peoples, we also have written evidence of the importance of plants in ancient times, 

especially regarding their medicinal value. Some of the oldest written evidence of the use of 

plant materials as medicinal agents can be found in the Rig Vedas of India. Compiled 

between 4500 and 1600 BC, it is one of the oldest collections of human learning and many 

of its 1,028 entries detail the efficacy and therapeutic value of various plants.!3 Another 

ancient source of botanical medicine is a Chinese text, the Pen Tsao, completed in 1596 

AD, but representing the culmination of a much older compilation of pharmacological 

knowledge, traditionally dating to the Emperor Shen Nung about 2700 BC. Included in 

the Pen Tsao are hundreds of plant-derived preparations for use in the treatment of various 

health problems.?3 The Eders Papyrus, another ancient treatise on medical knowledge, was 

written in Egypt about 1550 BC and contains, in addition to over 800 references to plant- 

derived medicinal products, some of the earliest references to the use of natural products in 

the treatment of cancer.?+ 

While it is obvious that the use of plants or plant extracts in the treatment of disease has 

a long history, it was only relatively recently that these remedies were understood from a 

scientific point of view. The birth of pharmacognosv (the branch of pharmacy dealing with 
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the derivation of biologically active compounds from plant sources) in the early 1800s and 

the advances of organic chemistry berween the mid-1700s and the turn of this century led 

to the realization that the efficacy of traditional medicinally useful plants could most often 

be attributed to the action of a single compound or a series of related compounds.? This 

understanding prompted a relatively rapid decline in the use of crude plant preparations 

(folk remedies as they are commonly known) and a proportionate increase in the use of the 

purified active compound(s), such that punfied compounds are now nearly exclusively used 

in the treatment of illnesses. 

One of the most dynamic areas of chemical research during the past 50 years has been 

that of cancer chemotherapy, involving either the isolation of biologically active components 

from natural sources, the synthesis of potential chemotherapeutic agents, or a combination 

of both (i.e., using plant-derived molecules as starting materials in the semi-synthesis of 

potentially useful anticancer agents). However, because prospective anticancer drugs may 

exhibit undesirable side effects, they must pass through a rigorous testing period. Out of 

literally thousands of compounds which may enter this testing period only one may be 

found which satisties the strict testing criteria and be allowed to be marketed as a clinically 

useful chemotherapeutic agent. Thus, of the large number of potential compounds derived 

from plant sources and initially showing promising activities in tissue and animal trials, only 

a relative few have proven to be clinically useful enough to become established cancer 

chemotherapeutic agents. Among the most successful antineoplastic agents discovered to 

date are the Vinca alkaloids obtained from Catharanthus roseus, commonly referred to as 

the periwinkle. Vincristine (1.1) is particularly effective against childhood leukemia and in 

allowing short-term remission of reticulum-cell sarcoma and Hodgkin’s disease.*. 

Vinblastine (1.2) is useful in the treatment of generalized Hodgkin’s disease, lymphocytic 

lymphoma, advanced testicular carcinoma and Kaposi’s sarcoma.® Vindesine (1.3), a semi- 

synthetic derivative of vinblastine, has also shown promise as a chemotherapeutic agent, 

especially for use in patients who show resistance to vincristine and vinblastine. The lignans 

colchicine (1.4), isolated from Colchicum autumnale, and podophylltoxin (1.5) and its 
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derivatives, isolated from several species of Podophyilum, have been found to exhibit 

profound cytotoxic properties. Two semi-synthetic derivatives of podophyllotoxin, 

teniposide (1.6) and etoposide (1.7), are currently the preferred chemotherapeutic agents 

in the treatment of small cell lung carcinoma and have shown good activity against 

Hodgkin’s disease and other malignant lymphomas, pediatric leukemias and a variety of 

other types of cancer.’ 
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One of the most recent additions to this select group of clinically important anticancer 

agents derived from plants is taxol (1.8), a member of the taxane diterpenoid family of 

natural products originating in various Taxus species. While early clinical testing of taxol was 

hampered by its extremely low water solubility and very limited supply, it has now emerged 

as one of the most important chemotherapeutic agents isolated to date. Taxol has been 

shown to have excellent activity against advanced and drug-refractory ovarian cancer and 

against breast cancer,?!° as well as very promising activity against lung cancer!}!2 and 

melanoma.'34 Based on its behavior in ongoing clinical testing, it is likely that taxol will 

exhibit activity against other cancers as well, further enhancing its reputation as one of the 

most intriguing cancer chemotherapeutic agents ever isolated frorn a plant source. 

AcO O OH 

  

Taxol (1.8)



1.2 Cancer: An Overview 

Cancer is the general name used to define a large class of diseases. These diseases are all 

characterized by two things: uncontrolled growth and division of abnormal cells, and the 

ability of these cells to spread to other parts of the body and invade other organs and 

tissues, a process known as metastasis. If the spread of these abnormal cells is not controlled, 

the activities of normally functioning cells and tissues may be disrupted and death can result. 

Cancer is caused by a number of both internal and external factors. These include hormonal 

changes, immune problems and inherited mutations, as well as exposure to chemicals, 

radiation and viruses. These causal factors may operate singly, in combination or in sequence 

to initiate cancer formation and/or to promote its spread to other parts of the body. 

Cancer is not a new phenomenon. As evidenced by archeological findings which have 

produced skeletons and mummies bearing the distinctive scarring of cancer or showing signs 

of attempted surgical intervention, and ancient medical tracts which contain descriptions of 

diseases we now recognize as cancer and the known remedies of the time, cancer has 

afflicted humankind through the ages. While having always been greatly feared, cancer was 

not frequently encountered until the last century. In 1850, approximately one in every 190 

deaths in the United States was reported to be related to cancer,!5 whereas it has been 

estimated that cancer now accounts for one of every five deaths.!° Most of the increase in 

cancer mortality has occurred during this century despite the impressive advances made in 

scientific knowledge and medical practice, as well as the significant improvements made 

socially and economically. The increase in cancer mortality can be attributed to a number of 

factors, as discussed below. 

During the first half of this century, increasing acceptance of the germ theory of disease 

led to a series of medical and public health advances which resulted in improvements in 

water and food supplies, in sewage treatment and waste removal, in antiseptic practices in 

homes and hospitals and in the administration of vaccines, antitoxins and antibiotics. These 

innovations resulted in the reduction of both the frequency and the severity of infectious 

diseases, such that the mortality rate from infectious diseases has fallen from more than half 
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of all deaths in 1900 to well below one in 30 currently in the United States.!5 As a result of 

eliminating infectious diseases as a major cause of death, the average life span has increased — 

in 1900 only 4.1% of the population was 65 years or older, but by 1988, 12.3% of the 

population was 65 or older; and while the total population tripled in this time, the elderly 

group increased nearly tenfold.!? However, as the life expectancy of the population has 

increased, the death rate from cancer has also increased. Considering that cancer mortality is 

relatively low among children and teenagers (about seven deaths in 100,000 at ages 

younger than 15 years), but from age 15 on the death rate from cancer increases very 

rapidly, to over 170 per 100,000 by ages 45 to 54 and over 1,200 per 100,000 by ages 75 

to 84,}5 it is apparent that the reduction of the death rate by infectious diseases has resulted 

in a greater frequency of cancer-related deaths. That the cancer mortality rate increases with 

advancing age can be attributed to two factors: 1) the greater likelihood of exposure to 

environmental carcinogens (it has been estimated that probably more than 90% of cancer is 

caused by cancer-causing agents found in foods, water, air and clothing, as well as in the 

workplace or in various substances to which the body is voluntarily or involuntarily exposed, 

such as tobacco smoke, ethyl alcohol, viruses, ultraviolet radiation, ionizing radiation, vinyl 

chloride, and asbestos); and 2) for nearly all carcinogens there is a typical delay of five to 30 

years or more between initial exposure and the manifestation of cancer. Thus, years of 

chronic exposure to carcinogens can precede detection of disease, a situation which shifts 

the prevalence of cancer to the older age groups. 

While cancer is often a deadly disease, it is by no means predictable in its effects. 

Different types of cancer do not behave alike and the same kind of tumor in several people 

may behave in radically different ways, allowing one person to be cured, while another may 

die, and yet another may be treated and appear disease-free for years before suffering a 

relapse. Additionally, cancer can vary in its site frequency, depending on environmental 

factors and behavioral patterns. Thus, while a number of cancers, including those of the 

stomach, rectum and colon, have declined in their occurrence in the last 60 years, mainly 

due to improved eating habits, a number of cancers have increased in frequency during the 
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same period, including lung cancer, breast cancer and non-Hodgkin’s lymphoma. Of 

particular note is that the incidence of death from lung cancer has steadily increased since 

1930 from a mortality rate of three per 100,000 to over 70 per 100,000 in 1990, and it is 

now the leading cause of cancer deaths among men and woman.!*!© Mortality from this 

cancer continues to increase more rapidly than for any other cause of death, and the 

incidence of this cancer has become so prevalent that if lung cancer deaths were excluded 

from consideration, general cancer mortality would have declined 14% between 1950 and 

1990.! The rise in lung cancer deaths can be attributed almost exclusively to exposure to 

tobacco smoke, which is estimated to have at least 43 known carcinogens.!¢ 

Despite the advances made this century in scientific understanding and medical 

practices, the treatment of many major types of cancer has proven to be a difficult task. 

Earlier detection of symptoms has greatly improved the prognosis for survival, especially 

regarding the treatment options available, which include surgical removal, radiation therapy, 

chemotherapy, hormone manipulation therapy and immunologic agent therapy; however, 

depending on the cancer and the treatment option(s) selected, the five-year survival rate is 

quite variable. For example, the five-year survival rate for lung cancer in all patients is only 

13%; for leukemia, the rate is 38%; for ovarian cancer, 41%; for prostate cancer, 78%; and for 

breast cancer, 93%.!° In light of these statistics, which show hope for some cancer 

treatments yet indicate the extent to which effective cancer treatments have eluded 

discovery, it is not surprising that the search for more active treatments has continued to 

intensify, especially in the quest for more potent chemotherapeutic agents.



1.3 Taxanes 

In the search for potential chemotherapeutic agents derived from plants, often a 

particular plant or plant part is selected for study based on its known toxicity, since it has 

frequently been shown that the particular component(s) responsible for the toxic nature of 

the plant or plant part can show significant activity against various diseases or ailments, 

including cancer. This has been evidenced by the discovery of the Vinca alkaloids and 

podophyllotoxin and its biological derivatives (as mentioned in Section 1.1), as well as by a 

class of compounds known as the taxane diterpenoids. 

The taxane diterpenoids comprise a unique class of natural products characterized by an 

unusual multiring carbon skeleton (1.9) or by closely related skeletons (the numbering 

system for the taxane skeleton is that adopted by IUPAC).!8 This class of compounds 

originates in the various species of the genus Taxus (Taxaceae), commonly referred to as 

yew plants, which have been known since ancient times to be extremely toxic. In fact, early 

interest in the chemical composition of Taxus species was prompted by the known toxic and 

often deadly effects elicited by ingestion of various parts of the English yew ( Taxus baccata). 

Chemical investigation was initiated in 1856 by Lucas,!? who reported the isolation of a 

crude alkaloidal material from T: daccata, which he named “taxine.” While this material was 

held to be largely responsible for the toxicity of the yew, it was later found to be a mixture 

of related alkaloids. Early investigations?° of the structure of “taxine” were carried out by a 

number of researchers during the period from 1856 to 1943, but it was the work of 

Winterstein and his colleagues which produced the first structural elucidation of a 

significant portion of the mixture. They obtained, upon acid hydrolysis of the mixture, a 

nitrogen-containing carboxylic acid and determined it to be 3-(dimethylamino)-3- 

phenylpropanoic acid, later named “Winterstein’s acid.”?!22 Work on the structural 

elucidation of the components of “taxine” continued during the 1940s and the 1950s, 

mainly centered around the basic Winterstein esters, in the belief that these were the major 

9



active compounds responsible for the toxicity of the yew. Two independent groups 

converted the mixture of Winterstein esters to the more stable cinnamate ester by B- 

elimination, each obtaining a different compound, but marking the first successful isolation 

of homogeneous materials from “taxine.” The structures of these two compounds were 

determined to be O-cinnamoyltaxicin-I triacetate (1.10) derived from T. baccata,*3 and O- 

cinnamoyltaxicin-II triacetate, or taxinine (1.11) derived from T. cuspidata, the Japanese 

yew. 24-26 

  
While early investigations of Taxus constituents had focused on the isolation of basic 

components through the use of rather harsh acidic conditions, which undoubtedly resulted 

in substantial decomposition, when milder extraction methods were employed a large 
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number of neutral compounds could be isolated directly. Thus, in 1963 Taylor reported the 

isolation of a compound from the heartwood of T. baccata, which he named baccatin.?7 

Taylor’s compound was later renamed baccatin I (1.12) by Halsall, who had isolated other 

baccatins from the same species.?8-32 

AcQ OAC OAc 

  

The development of nuclear magnetic resonance spectroscopy during the 1960s and 

subsequent refinement of NMR techniques, coupled with the application of X-ray 

crystallography, optical rotary dispersion and circular dichroism,*5?8.31,33-35 have since 

allowed the investigation and structural elucidation of taxane diterpenoids to be carried out 

at a continually increasing pace, leading to the structural characterization of well over 100 

taxanes to date.76 These compounds can be included in three main structural classifications, 

as shown in Figure 1. 

Representative examples of taxanes corresponding to the type A structural class are 

summarized in Table 1. The common structural features of this class of compounds are an 

exocyclic C-4(20) double bond, a C-5 a-oxygenated substituent and a B-oxygenated 

substituent at C-10. Variable oxygenated substituent patterns are seen in this class at the C- 

2, C-7 and C-13 positions. 

Table 2 lists a number of representative taxanes of the relatively small structural class B, 

from Figure 1. This class of taxanes has as its main structural feature a C-4(20) epoxide. In 

addition, this class is characterized by an acetate group at the C-2 position and varving 
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oxygenated substituents at C-1, C-5, C-7, C-9, C-10 and C-13. From a biological point of 

view, it can be supposed that the epoxide functionality common to this class arises from the 

oxidation of the C-4(20) olefin of the group A class of taxanes. 

The third structural class of taxanes, type C, are typified by a C-4(5) oxetane ring, an 

unusual structural feature for a naturally occurring compound; and, in the majority of the 

compounds of this class, a bridgehead C-1 hydroxyl group. Representative examples of this 

structural class are given in Table 3, and as can be seen from the table, this class of taxanes 

includes taxol (1.8), baccatin III (1.13), the C-13 deacyl analog of taxol, and 

cephalomannine (1.16). 

As is evident from Table 3, cephalomannine, which itself displays some antitumor 

activity,>” differs from taxol only by the substituent on the side chain nitrogen atom: 

  

  
  

Figure 1. Major structural classes of the taxane diterpenoids. 
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Table 1. Representative examples of taxanes of 
the structural class type A from Figure 1.” 

  

  

  

Name Ry R, R3 R, Rs Rg R, 

30,9a,108,13a-Tetraacetoxy-4(20), 
1]-taxadiene (Taxusin) H H Ac H OAc OAc OAc 

5a,90,108,13a-Tetrahydroxy-4(20), 
11-taxadiene H H H H OH OH OH 

9a,10B-Diacetoxy-5a,13a-dihydroxy-4 

(20),11-taxadiene H H H H OAc OAc OH 

5a,78,90,10B,13a-Pentaacetoxy-4(20), 
11-taxadiene H H Ac Oac OaAc OAc OAc 

7B,9a,10B-Triacetoxy-20,50,13a- 

mhvdroxy-4(20),11-taxadiene H OH H OadAc OAc OAc OH 

5a-Hydroxy-20,78,9a,10B,13a-terraacetoxy-4 
(20),11-taxadiene (Decinnamoyltaxinine J) H OAc H OAc Oac OAc OAc 

18,2a,5a,9a,10B,13a-Hexahydro-4(20), 
1 ]-taxadiene OH OH H H OH OH OH 

2a-Benzoyloxy-9a,10B-diaceroxy-1B,5a, 
13a-trihydroxy-4(20),11-taxadiene OH OCOPh H H OAc OAc OH 

2a-Benzovloxy-108,13a-diacetoxy-1B, 
3a,9a-crihydroxy-4(20),11-taxadiene OH OCOPh H H OH OAc OAc 

Brevifoliol OH H H OCOPh OAc OAc OH 

Taxinine A H OAc H H OAc OAc =O 

Taxinine H H OAc Ac H OAc OAc =O 
  

*Adapted from Reference 36. 
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whereas taxol has an N-benzoyl group, cephalomannine has an N-tgloyl group. Baccatin 

III, on the other hand, displays no biologically relevant effects, suggesting that the variously 

nitrogen-substituted side chain is partially responsible for the observed biological activity. 

This hypothesis is further supported by the fact that the semi-synthetically prepared 

compound taxotere (1.17), characterized by an N-tert-butoxycarbonyl group and a C-10 

  

Table 2. Representative examples of taxanes of 

the structural class type B from Figure 1." 

  

  

  

O 

O NMeo S SS 

\ Ph | 7 
a b 

Name Ry R, R; Ry Rs Rg 

5a-Deacetylbaccatin I H H OAc H Ac Ac 

18-Hydroxybaccatn I OH Ac OAc H Ac Ac 

1B-Hvdroxy-5a-deacetylbaccatin I OH H OAc H Ac Ac 

1B-Acetoxy-5a-deacetylbaccatin I OAc H OAc H Ac Ac 

1B-Hvdroxy-7B-deacetoxy-7a 
-hydroxvbaccatin I OH Ac H OH Ac Ac 

Spicataxine H a H H H Ac 

9a-Acetvl-10B-deacerylspicataxine H a H H AC H 

Nicaustrine H a H H b Ac 
  

* Adapted from reference 36. 
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�A�c�O� �O�A�c� 

� � � 
�1�.�1�8� �1�.�1�9� 

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

�t�a�x�i�n�e� �A� �(�1�.�2�0�)� �h�a�v�i�n�g� �a� �B�-�r�i�n�g� �e�x�p�a�n�d�e�d� �s�k�e�l�e�t�o�n� �a�n�d� �a� �d�i�f�f�e�r�i�n�g� �B�(�C�)�-�r�i�n�g� �l�i�n�k�a�g�e� �a�n�d� 

�t�a�x�c�h�i�n�i�n� �A� �(�1�.�2�1�)� �h�a�v�i�n�g� �a�n� �A�(�B�)�-�r�i�n�g� �c�o�n�t�r�a�c�t�e�d� �s�k�e�l�e�t�o�n�.� �T�h�e� �b�i�o�s�y�n�t�h�e�t�i�c� �p�r�o�c�e�s�s�e�s� 
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�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e�s�e� �c�o�m�p�o�u�n�d�s� �a�r�e� �n�o�t� �w�e�l�l� �u�n�d�e�r�s�t�o�o�d�,� �b�u�t� �i�t� �c�a�n� �b�e� 

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

�m�e�t�a�b�o�l�i�t�e�s� �o�f� �t�h�e� �t�y�p�i�c�a�l� �t�a�x�a�n�e� �d�i�t�e�r�p�e�n�o�i�d� �s�e�r�i�e�s�.� 
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�0� �O� �A�A� �P�h� 
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�A�c�O�"� �:� 

�H� �=� 
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�1�.�2�0� �1�.�2�1� 

�1�7



�1�.�4� �T�h�e� �E�m�e�r�g�e�n�c�e� �o�f� �T�a�x�o�l� 

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

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

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

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

�r�e�s�e�a�r�c�h�.� 

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

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

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

�c�a�n�c�e�r� �c�h�e�m�o�t�h�e�r�a�p�y� �p�r�o�g�r�a�m� �i�n� �t�h�e� �l�a�t�e� �1�9�5�0�s�,� �b�a�s�e�d� �o�n� �t�h�e� �a�s�s�a�y�-�d�i�r�e�c�t�e�d� �s�c�r�e�e�n�i�n�g� �o�f� 

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

�t�h�e�i�r� �p�o�t�e�n�t�i�a�l� �a�n�t�i�c�a�n�c�e�r� �a�c�t�i�v�i�t�y�.�*�#�5� �I�n� �1�9�6�4�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �a�n� �e�x�t�r�a�c�t� �o�f� �t�h�e� �s�t�e�m� �b�a�r�k� �o�f� 

�t�h�e� �P�a�c�i�f�i�c� �y�e�w� �(�T�a�x�u�s� �b�r�e�v�i�f�o�l�i�a�)� �e�x�h�i�b�i�t�e�d� �c�y�t�o�t�o�x�i�c�i�t�y� �i�n� �t�h�e� �K�B� �c�a�n�c�e�r� �c�e�l�l� �l�i�n�e� �a�n�d� 

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

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

�W�a�l�l� �o�f� �t�h�e� �R�e�s�e�a�r�c�h� �T�r�i�a�n�g�l�e� �I�n�s�t�i�t�u�t�e� �c�o�n�t�i�n�u�e�d� �t�h�e� �a�s�s�a�y�-�d�i�r�e�c�t�e�d� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �t�h�i�s� 

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

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

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

�e�l�u�c�i�d�a�t�e�d� �i�n� �1�9�6�8�,� �t�h�r�o�u�g�h� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �c�h�e�m�i�c�a�l� �d�e�g�r�a�d�a�t�i�o�n�,� �X�-�r�a�y� �c�r�y�s�t�a�l�l�o�g�r�a�p�h�i�c� 

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

�i�n� �1�9�7�1�,� �n�a�m�i�n�g� �t�h�e� �c�o�m�p�o�u�n�d�  ��t�a�x�o�l �� �(�1�.�8�)�.�*�6� 

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

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

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

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

�e�f�f�o�r�t�s� �c�o�n�d�u�c�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �1�9�7�0�s�.� �T�h�e� �p�h�a�r�m�a�c�o�l�o�g�i�c�a�l� �d�a�t�a� �t�h�a�t� �b�e�g�a�n� �t�o� �a�p�p�e�a�r� 

�s�h�o�w�e�d� �t�a�x�o�l� �t�o� �h�a�v�e� �e�x�c�e�l�l�e�n�t� �a�c�t�i�v�i�t�y� �a�g�a�i�n�s�t� �m�u�r�i�n�e� �B�1�6� �m�e�l�a�n�o�m�a� �a�n�d� �t�h�e� �M�X�-�1� 
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�m�a�m�m�a�r�y� �t�u�m�o�r� �x�e�n�o�g�r�a�f�t� �i�n� �m�i�c�e�.�#�7�#�8� �I�n� �1�9�7�7� �t�h�e� �N�a�t�i�o�n�a�l� �C�a�n�c�e�r� �I�n�s�t�i�t�u�t�e� �d�e�c�i�d�e�d� �t�o� 

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

�a�g�e�n�t� �w�a�s� �f�u�r�t�h�e�r� �e�n�h�a�n�c�e�d� �b�y� �t�w�o� �d�i�s�c�o�v�e�r�i�e�s� �m�a�d�e� �i�n� �t�h�e� �n�e�x�t� �t�w�o� �y�e�a�r�s�.� �I�n� �1�9�7�8�,� �F�u�c�h�s� 

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

�d�i�v�i�s�i�o�n�)�.�#�?� �I�n� �1�9�7�9�,� �H�o�r�w�i�t�z� �s�h�o�w�e�d� �t�h�a�t� �t�a�x�o�l� �e�x�h�i�b�i�t�s� �a� �u�n�i�q�u�e� �m�o�d�e� �o�f� �a�c�t�i�o�n�.�5�°� �W�h�i�l�e� 

�t�h�e� �v�a�r�i�o�u�s� �k�n�o�w�n� �s�p�i�n�d�l�e� �p�o�i�s�o�n�s�,� �i�n�c�l�u�d�i�n�g� �v�i�n�b�l�a�s�t�i�n�e� �(�1�.�2�)� �a�n�d� �c�o�l�c�h�i�c�i�n�e� �(�1�.�4�)�,� �e�x�e�r�t� 

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

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

�t�u�b�u�l�i�n� �5�9�-�5�5� 

�T�a�x�o�l� �w�a�s� �e�n�t�e�r�e�d� �i�n�t�o� �P�h�a�s�e� �I� �c�l�i�n�i�c�a�l� �t�r�i�a�l�s� �i�n� �1�9�8�3� �a�n�d� �s�h�o�w�e�d� �p�r�o�m�i�s�i�n�g� �r�e�s�u�l�t�s� 

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

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

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

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

�1�9�8�5� �a�n�d� �s�h�o�w�e�d� �t�h�e� �c�o�m�p�o�u�n�d� �t�o� �h�a�v�e� �e�x�c�e�l�l�e�n�t� �a�c�t�i�v�i�t�y� �a�g�a�i�n�s�t� �a�d�v�a�n�c�e�d� �c�h�e�m�o�r�e�s�i�s�t�a�n�t� 

�o�v�a�r�i�a�n� �c�a�n�c�e�r�,� �d�i�s�p�l�a�y�i�n�g� �a� �4�0�%� �o�v�e�r�a�l�l� �r�e�s�p�o�n�s�e� �r�a�t�e�.�3�5�7� �P�r�o�m�i�s�i�n�g� �a�c�t�i�v�i�t�y� �w�a�s� �a�l�s�o� 

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

�i�n� �t�h�e� �l�a�t�t�e�r� �s�t�u�d�y� �w�a�s� �n�o�t� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �b�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �r�e�l�i�a�b�l�e�.�3�°� �T�a�x�o�l� �w�a�s� �a�p�p�r�o�v�e�d� �b�y� 

�t�h�e� �F�o�o�d� �a�n�d� �D�r�u�g� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �f�o�r� �t�h�e� �t�r�e�a�t�m�e�n�t� �o�f� �o�v�a�r�i�a�n� �c�a�n�c�e�r� �i�n� �1�9�9�2� �a�n�d� �h�a�s� 

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

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

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

�t�h�e� �o�p�p�o�r�t�u�n�i�t�i�e�s�:� �1�)� �f�o�r� �t�h�e� �b�i�o�c�h�e�m�i�s�t� �t�o� �u�s�e� �t�a�x�o�l� �a�s� �a� �m�o�l�e�c�u�l�a�r� �p�r�o�b�e� �f�o�r� �e�x�p�l�o�r�i�n�g� �t�h�e� 

�b�i�o�m�e�c�h�a�n�i�c�s� �o�f� �m�i�c�r�o�t�u�b�u�l�e� �f�o�r�m�a�t�i�o�n� �a�n�d� �s�t�a�b�i�l�i�z�a�t�i�o�n�;� �2�)� �f�o�r� �t�h�e� �o�r�g�a�n�i�c� �c�h�e�m�i�s�t� �t�o� 

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

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

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

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

�1�9



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

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

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



�1�.�5� �T�a�x�o�l ��s� �M�o�d�e� �o�f� �A�c�t�i�o�n� 

�1�.�5�.�1� �T�h�e� �T�u�b�u�l�i�n�-�M�i�c�r�o�t�u�b�u�l�e� �S�y�s�t�e�m� 

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

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

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

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

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

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

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

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

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

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

�a�p�p�r�o�x�i�m�a�t�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �5�0�,�0�0�0� �D�a�l�t�o�n�s�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �a�m�i�n�o� �a�c�i�d� 

�s�e�q�u�e�n�c�i�n�g�.�®�>� �T�u�b�u�l�i�n� �g�e�n�e�r�a�l�l�y� �e�x�i�s�t�s� �i�n� �d�i�m�e�r�i�c� �f�o�r�m�,� �c�o�n�s�i�s�t�i�n�g� �o�f� �a�n� �a�-�t�u�b�u�l�i�n� �u�n�i�t� 

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

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

�m�i�c�r�o�t�u�b�u�l�e�s�  �� �w�h�i�c�h� �a�r�e� �b�e�t�w�e�e�n� �2�4�0� �a�n�d� �3�0�0� �A�n�g�s�t�r�o�m�s� �i�n� �d�i�a�m�e�t�e�r�.�°�®� �M�i�c�r�o�t�u�b�u�l�e�s� �a�n�d� 

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

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

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

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

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

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

�1�.�5�.�2� �T�u�b�u�l�i�n�-� �M�i�c�r�o�t�u�b�u�l�e� �A�s�s�e�m�b�l�y� 

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

�1�)� �n�u�c�l�e�a�t�i�o�n�;� �2�)� �p�r�o�p�a�g�a�t�i�o�n� �o�f� �m�i�c�r�o�t�u�b�u�l�e� �g�r�o�w�t�h�;� �a�n�d� �3�)� �t�e�r�m�i�n�a�t�i�o�n�.�° ��>� �U�n�d�e�r� �n�o�r�m�a�l� 

�2�1



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

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

�m�i�c�r�o�t�u�b�u�l�e� �a�s�s�o�c�i�a�t�e�d� �p�r�o�t�e�i�n�s� �(�M�A�P�s�)� �a�n�d� �g�u�a�n�o�s�i�n�e� �t�r�i�p�h�o�s�p�h�a�t�e� �(�G�T�P�)� �t�o� �a�s�s�i�s�t� �t�h�e� 

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

�w�h�i�c�h� �m�o�d�e�r�a�t�e� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �a�s�s�e�m�b�l�y� �c�o�n�d�i�t�i�o�n�s� �r�e�q�u�i�r�e�d� �b�y� �t�h�e� �c�e�l�l�.�°�-�7�!� �D�u�r�i�n�g� 

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

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

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

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

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

�d�i�m�e�r�s�.� 

�1�.�5�.�3� �T�a�x�o�l ��s� �M�e�c�h�a�n�i�s�m� �o�f� �A�c�t�i�o�n� 

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

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

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

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

�c�o�n�d�u�c�t�e�d� �l�a�r�g�e�l�y� �b�y� �H�o�r�w�i�t�z� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �i�n� �t�h�e� �l�a�t�e� �1�9�7�0�s� �a�n�d� �e�a�r�l�y� �1�9�8�0�s�,�°�°�°�>� �i�t� �w�a�s� 

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

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

� � 
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�D�i�m�e�r� �T�u�b�u�l�i�n� 
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�T�u�b�u�l�i�n� �D�i�m�e�r� �a�:� �e�t� �J�e� �a� �B� 
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� � 

�F�i�g�u�r�e� �2�.� �S�c�h�e�m�a�t�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �t�u�b�u�l�i�n�-�m�i�c�r�o�t�u�b�u�l�e� �e�q�u�i�l�i�b�r�i�u�m�.� 
� � 
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�d�i�m�e�r� �w�i�t�h�i�n� �t�h�e� �a�s�s�e�m�b�l�e�d� �m�i�c�r�o�t�u�b�u�l�e�.�*�>� �T�h�i�s� �b�i�n�d�i�n�g� �i�s� �r�e�v�e�r�s�i�b�l�e�,� �w�i�t�h� �a�n� �a�p�p�a�r�e�n�t� 

�b�i�n�d�i�n�g� �c�o�n�s�t�a�n�t� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�0� �x� �1�0�°�°�M�.�3�5� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�a�x�o�l� �a�s� �l�o�w� �a�s� 

�0�.�0�5�m�M� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d� �t�o� �p�r�o�m�o�t�e� �t�h�e� �i�m� �v�i�t�r�o� �a�s�s�e�m�b�l�y� �o�f� �m�i�c�r�o�t�u�b�u�l�e�s�,� �w�h�i�l�e� 

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

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

�i�n�d�u�c�e� �m�i�c�r�o�t�u�b�u�l�e� �f�o�r�m�a�t�i�o�n� �e�v�e�n� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �M�A�P�s� �a�n�d� �G�T�P�,�5�3�5�4� �a�n�d� �i�n� �b�i�n�d�i�n�g� 

�e�x�p�e�r�i�m�e�n�t�s�,� �n�o� �c�o�m�p�e�t�i�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �b�e�t�w�e�e�n� �t�a�x�o�l� �a�n�d� �M�A�P�s� �o�r� �o�t�h�e�r� �c�l�a�s�s�i�c� 

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

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

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

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

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

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

�m�i�c�r�o�t�u�b�u�l�e�s� �a�r�e� �a�t�t�a�c�h�e�d� �t�o� �m�i�c�r�o�t�u�b�u�l�e� �o�r�g�a�n�i�z�i�n�g� �c�e�n�t�e�r�s� �(�M�T�O�C�)�,� �h�o�w�e�v�e�r�,� �i�n� �t�a�x�o�l�-� 

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

�M�T�O�C�. ��*� �F�u�r�t�h�e�r�m�o�r�e�,� �i�t� �h�a�s� �b�e�e�n� �n�o�t�e�d� �t�h�a�t� �c�e�n�t�r�o�s�o�m�e�s� �a�n�d� �k�i�n�e�t�o�c�h�o�r�e�s� �e�s�s�e�n�t�i�a�l�l�y� 

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

�c�y�t�o�p�l�a�s�m�i�c� �m�i�c�r�o�t�u�b�u�l�e� �c�o�m�p�l�e�x� �a�s� �w�e�l�l� �a�s� �t�h�e� �m�i�t�o�t�i�c� �s�p�i�n�d�l�e�s�.�>�-�7�5�-�7�6� �I�t� �i�s� �i�n� �t�h�e� �d�i�s�r�u�p�t�i�o�n� 

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

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

�t�u�m�o�r� �c�e�l�l�s�.� 
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�1�.�6� �A�p�p�r�o�a�c�h�e�s� �t�o� �t�h�e� �S�u�p�p�l�y� �o�f� �T�a�x�o�l� 

�1�.�6�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

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

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

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

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

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

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

�a�n�d� �l�u�n�g� �c�a�n�c�e�r�s� �w�o�u�l�d� �r�e�q�u�i�r�e� �1�5�0�,�0�0�0� �t�r�e�a�t�m�e�n�t� �r�e�g�i�m�e�n�s�,� �o�r� �t�h�e� �b�a�r�k� �o�f� �u�p� �t�o� �1�5� 

�m�i�l�l�i�o�n� �t�r�e�e�s�.�*�°�6� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �i�t� �h�a�s� �b�e�e�n� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �f�e�w�e�r� �t�h�a�n� �2�0� �m�i�l�l�i�o�n� �h�a�r�v�e�s�t�a�b�l�e� 

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

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

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

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

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

�s�o�u�r�c�e�s�.� 

�1�.�6�.�2� �T�a�x�o�l� �F�r�o�m� �N�a�t�u�r�a�l� �S�o�u�r�c�e�s� 

�1�.�6�.�2�.�1� �T�a�x�u�s� �N�e�e�d�l�e�s� �a�s� �a� �R�e�n�e�w�a�b�l�e� �S�o�u�r�c�e� �o�f� �T�a�x�o�l� 

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

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

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

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

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

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

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

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

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

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

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

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

�1�.�6�.�2�.�2� �T�a�x�o�l� �P�r�o�d�u�c�t�i�o�n� �b�y� �P�l�a�n�t� �T�i�s�s�u�e�-�C�u�l�t�u�r�e� 

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

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

�b�r�e�v�i�f�o�l�i�a� �a�p�p�e�a�r�e�d� �i�n� �1�9�8�9�, ��8� �i�n� �w�h�i�c�h� �t�a�x�o�l� �w�a�s� �a�f�f�o�r�d�e�d� �i�n� �q�u�a�n�t�i�t�i�e�s� �u�p� �t�o� �3� �m�g� �p�e�r� �l�i�t�e�r� 

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

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

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

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

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

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

�t�a�x�o�l� �i�n� �y�i�e�l�d�s� �u�p� �t�o� �0�.�0�5�%� �d�r�y� �w�e�i�g�h�t�.�7�9�8�5� �Y�i�e�l�d�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �i�n�c�r�e�a�s�e� �i�n� �c�a�l�l�u�s� 

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

�m�e�v�a�l�o�n�a�t�e�,� �a�n�d� �a�c�e�t�a�t�e�.�°�0�8�1�.�8�4�8�5� �S�u�c�h� �s�t�u�d�i�e�s� �a�r�e� �p�r�o�n�e�,� �h�o�w�e�v�e�r�,� �t�o� �v�a�r�i�a�b�i�l�i�t�y� �d�u�e� �t�o� �t�h�e� 

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

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

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

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

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

�p�r�o�b�a�b�l�y� �s�o�m�e� �y�e�a�r�s� �a�w�a�y� �f�r�o�m� �b�e�i�n�g� �a� �c�o�m�m�e�r�c�i�a�l�l�v� �v�i�a�b�l�e� �p�r�o�c�e�s�s�.� 
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�1�.�6�.�2�.�3� �T�a�x�o�l� �P�r�o�d�u�c�t�i�o�n� �b�y� �F�u�n�g�a�l� �C�u�l�t�u�r�e� 

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

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

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

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

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

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

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

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

�t�a�x�o�l� �.�8�7�.�8�8� 

�1�.�6�.�3� �T�a�x�o�l� �F�r�o�m� �S�y�n�t�h�e�t�i�c� �M�e�t�h�o�d�o�l�o�g�i�e�s� 

�1�.�6�.�3�.�1� �T�a�x�o�l� �P�r�o�d�u�c�t�i�o�n� �b�y� �T�o�t�a�l� �S�y�n�t�h�e�s�i�s� 

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

�o�f� �i�n�v�e�s�t�i�g�a�t�i�o�n� �f�o�r� �t�h�e� �s�y�n�t�h�e�t�i�c� �o�r�g�a�n�i�c� �c�h�e�m�i�s�t�s� �o�f� �m�o�r�e� �t�h�a�n� �3�0� �r�e�s�e�a�r�c�h� �g�r�o�u�p�s� 

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

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

�a�s�y�m�m�e�t�r�i�c� �c�e�n�t�e�r�s� �(�i�.�e�.�,� �2�,�0�4�8� �p�o�s�s�i�b�l�e� �d�i�a�s�t�e�r�e�o�m�e�r�s�)� �a�n�d� �a� �v�a�r�i�e�t�y� �o�f� �o�x�y�g�e�n�a�t�i�o�n� 

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

�s�y�n�t�h�e�t�i�c� �a�p�p�r�o�a�c�h�e�s� �t�o� �t�a�x�o�l� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d�,�3�6�5�9�.�6� �b�u�r� �u�n�t�i�l� �o�n�l�y� �r�e�c�e�n�t�l�y� �n�o� �t�o�t�a�l� 

�s�y�n�t�h�e�s�i�s� �o�f� �t�a�x�o�l� �h�a�d� �b�e�e�n� �r�e�p�o�r�t�e�d�.� �I�n� �1�9�9�4�,� �b�o�t�h� �H�o�l�t�o�n�*�®�!� �a�n�d� �N�i�c�o�l�a�o�u� �a�n�d� �t�h�e�i�r� 

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

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

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

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

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

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

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

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

�1�.�6�.�3�.�2� �T�a�x�o�l� �P�r�o�d�u�c�t�i�o�n� �b�y� �P�a�r�t�i�a�l� �S�y�n�t�h�e�s�i�s� 

�A�n�o�t�h�e�r� �p�o�t�e�n�t�i�a�l�l�y� �e�c�o�n�o�m�i�c�a�l� �a�l�t�e�r�n�a�t�i�v�e� �s�o�u�r�c�e� �o�f� �t�a�x�o�l� �i�s� �f�r�o�m� �p�a�r�t�i�a�l� �s�y�n�t�h�e�s�i�s�.�3�°�5�9�>� 

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

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

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

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

�o�f� �s�i�d�e� �c�h�a�i�n� �p�r�e�p�a�r�a�t�i�o�n�s� �h�a�v�e� �a�p�p�e�a�r�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,�*�6�+�5�-�5�0�.�6�3�,�8�9� �s�e�v�e�r�a�l� �o�f� �w�h�i�c�h� �w�i�l�l� �b�e� 

�d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �g�o�a�l�s� �o�f� �t�h�i�s� �p�r�o�j�e�c�t� �i�n� �S�e�c�t�i�o�n� �2�.�1�.�3�.� �T�h�e� �m�o�s�t� 

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

�a�t�t�a�c�h�e�d� �a�r�e� �b�a�c�c�a�t�i�n� �I�I�I� �(�1�.�1�3�)�,� �t�h�e� �C�-�1�3� �d�e�a�c�y�l� �a�n�a�l�o�g� �o�f� �t�a�x�o�l�,� �a�n�d� �t�h�e� �r�e�l�a�t�e�d� �a�n�d� �m�o�r�e� 

�r�e�a�d�i�l�y� �a�v�a�i�l�a�b�l�e� �1�0�-�d�e�a�c�e�t�y�l�b�a�c�c�a�t�i�n� �I�I�I� �(�1�.�1�4�)�.� �1�0�-�D�e�a�c�e�t�y�l�b�a�c�c�a�t�i�n� �I�I�I� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �i�n� 

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

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

�f�r�o�m� �r�e�a�d�i�l�y� �a�v�a�i�l�a�b�l�e� �a�n�d� �i�n�e�x�p�e�n�s�i�v�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�s�,� �a�n�d� �t�h�a�t� �1�0�-�d�e�a�c�e�t�y�l�b�a�c�c�a�t�i�n� �I�I� 

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

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

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

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

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

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

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

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

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



�1�.�7� �S�t�r�u�c�t�u�r�e�-�A�c�t�i�v�i�t�y� �R�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �T�a�x�o�l� 

�1�.�7�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

�v�a�r�i�o�u�s� �t�i�m�e�s� �f�o�r�:� �1�)� �s�o�l�u�b�i�l�i�z�i�n�g� �t�h�e� �c�o�m�p�o�u�n�d� �u�p�o�n� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �i�n�t�o� �t�h�e� �b�o�d�y�;� �2�)� �f�o�r� 

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

�o�p�t�i�m�i�z�i�n�g� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�(�s�)� �w�i�t�h� �t�h�e� �s�i�t�e� �o�f� �a�c�t�i�o�n�.� �C�o�n�v�e�r�s�e�l�y�,� �c�e�r�t�a�i�n� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s� �o�r� 

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

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

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

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

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

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

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

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

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

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

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

�t�h�e� �s�a�m�e� �s�y�s�t�e�m� �u�n�d�e�r� �t�h�e� �s�a�m�e� �c�o�n�d�i�t�i�o�n�s� �a�s� �t�h�e� �d�e�r�i�v�a�t�i�v�e�(�s�)�.� 

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

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

�1�)� �M�i�c�r�o�t�u�b�u�l�e� �a�s�s�e�m�b�l�y� �a�s�s�a�y�s�:�>�9�>�.�7�3�2�7�4�,�9�0�.�9�1� 

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

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

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

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

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

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

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

�2�9



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

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

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

�a�n�a�l�o�g� �f�o�r� �e�v�a�l�u�a�t�i�o�n�.� 

�2�)� �M�a�m�m�a�l�i�a�n� �c�e�l�l� �c�u�l�t�u�r�e� �c�y�t�o�t�o�x�i�c�i�t�y�:� 

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

�t�h�e� �K�B� �c�e�l�l� �l�i�n�e� �(�h�u�m�a�n� �c�a�r�c�i�n�o�m�a� �o�f� �t�h�e� �n�a�s�o�p�h�a�r�y�n�x�)�,� �t�h�e� �J�7�7�4�-�2� �c�e�l�l� �l�i�n�e� �(�m�o�u�s�e� 

�m�a�c�r�o�p�h�a�g�e�-�l�i�k�e� �c�e�l�l�s�)�,� �t�h�e� �P�-�3�8�8� �m�o�u�s�e� �l�y�m�p�h�o�c�y�t�i�c� �l�e�u�k�e�m�i�a� �c�e�l�l� �l�i�n�e� �o�r� �t�h�e� �H�L�-� 

�6�0� �l�e�u�k�e�m�i�a� �c�e�l�l� �l�i�n�e�.�5�°�>�. ��*� �M�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�a�x�o�l� �a�n�d� �t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e�s� 

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

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

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

�3�)� �M�o�u�s�e� �a�s�s�a�y�s�:� 

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

�o�f� �c�a�n�c�e�r�s� �u�s�i�n�g� �t�h�e� �m�o�u�s�e� �a�s� �t�h�e� �a�n�i�m�a�l� �m�o�d�e�l�.� �T�h�e�s�e� �s�y�s�t�e�m�s� �i�n�c�l�u�d�e� �P�-�3�8�8� 

�l�e�u�k�e�m�i�a�,� �B�1�6� �m�e�l�a�n�o�m�a�,� �a�n�d� �o�t�h�e�r� �m�o�u�s�e�-�b�a�s�e�d� �s�y�s�t�e�m�s�,� �s�u�c�h� �a�s� �t�h�e� �u�s�e� �o�f� �h�u�m�a�n� 

�t�u�m�o�r�s� �a�s� �x�e�n�o�g�r�a�f�t�s� �i�n� �a�t�h�y�m�i�c� �m�i�c�e�.�°�9�>�. ��4� 

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

�s�u�b�j�e�c�t� �o�f� �a�n� �e�x�t�e�n�s�i�v�e� �n�u�m�b�e�r� �o�f� �c�h�e�m�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �a�n�d� �b�i�o�a�c�t�i�v�i�t�y� �s�t�u�d�i�e�s� �.�3�6�5�%� 

�F�r�o�m� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �k�n�o�w�l�e�d�g�e� �a�c�q�u�i�r�e�d� �t�h�r�o�u�g�h� �t�h�e�s�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �h�a�s� �e�m�e�r�g�e�d� �a� 

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

�i�n�f�o�r�m�a�t�i�o�n� �i�s� �s�u�m�m�a�r�i�z�e�d� �i�n� �F�i�g�u�r�e� �3� �a�n�d� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �g�r�e�a�t�e�r� �d�e�t�a�i�l� �i�n� �t�h�e� �S�e�c�t�i�o�n�s� 

�b�e�l�o�w�.� 

�1�.�7�.�2� �T�h�e� �S�i�d�e� �C�h�a�i�n� 

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

�w�o�r�k�e�r�s� �t�h�a�t� �t�h�e� �C�-�1�3� �N�-�b�e�n�z�o�y�l�-�B�-�p�h�e�n�y�l�i�s�o�s�e�r�i�n�e� �s�i�d�e� �c�h�a�i�n� �p�l�a�y�s� �a� �c�r�i�t�i�c�a�l� �r�o�l�e� �i�n� �t�h�e� 

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

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

�3�0



�c�o�m�p�o�u�n�d�s� �w�e�r�e� �s�e�p�a�r�a�t�e�l�y� �t�e�s�t�e�d� �i�n� �t�h�e� �K�B� �c�e�l�l� �l�i�n�e� �a�n�d� �w�e�r�e� �r�e�s�p�e�c�t�i�v�e�l�y� �f�o�u�n�d� �t�o� �b�e� �1�0�?� 

�a�n�d� �1�0�°� �t�i�m�e�s� �l�e�s�s� �a�c�t�i�v�e� �t�h�a�n� �t�h�e� �p�a�r�e�n�t� �c�o�m�p�o�u�n�d� �t�a�x�o�l� �i�t�s�e�l�f�.�#�6� �T�h�i�s� �p�r�e�l�i�m�i�n�a�r�y� �a�c�t�i�v�i�t�y� 

�d�a�t�a� �a�n�d� �a�c�t�i�v�i�t�y� �d�a�t�a� �a�c�q�u�i�r�e�d� �f�o�r� �o�t�h�e�r� �t�a�x�a�n�e�s� �l�a�c�k�i�n�g� �t�h�e� �C�-�1�3� �s�i�d�e� �c�h�a�i�n�,� �w�h�i�c�h� �s�h�o�w� 

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

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

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

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

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

�t�h�e�y� �c�a�n� �s�e�r�v�e� �a�s� �p�o�t�e�n�t�i�a�l� �p�r�e�c�u�r�s�o�r�s� �f�o�r� �t�h�e� �p�a�r�t�i�a�l� �s�y�n�t�h�e�s�i�s� �o�f� �t�a�x�o�l� �a�s� �w�e�l�l� �a�s� �C�-�1�3� 
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�g�r�o�u�p�,� �o�r� �a�n� �e�a�s�i�l�y� �a�c�t�i�v�i�t�y� �s�l�i�g�h�t�l�y� 
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�m�o�d�i�f�i�e�d� �t�a�x�o�l� �a�n�a�l�o�g�s�.� �S�e�v�e�r�a�l� �m�e�t�h�o�d�o�l�o�g�i�e�s� �e�x�i�s�t� �f�o�r� �c�o�u�p�l�i�n�g� �b�a�c�c�a�t�i�n� �o�r� �i�t�s� �d�e�r�i�v�a�t�i�v�e�s� 

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

�p�r�o�t�e�c�t�e�d� �b�a�c�c�a�t�i�n� �s�u�b�s�t�r�a�t�e� �t�o� �a� �C�-�2�'�-�e�t�h�o�x�v�e�t�h�y�l�e�t�h�e�r�-�p�r�o�t�e�c�t�e�d� �s�i�d�e� �c�h�a�i�n� �a�c�i�d�®�?� �o�r� �a�n� 

�o�x�a�z�o�l�i�d�i�n�e� �s�i�d�e� �c�h�a�i�n� �d�e�r�i�v�a�t�i�v�e�,�?�?� �o�r� �c�o�u�p�l�i�n�g� �w�i�t�h� �a� �B�-�l�a�c�t�a�m�.�*�9�6� �T�h�e� �a�b�i�l�i�t�y� �t�o� �p�r�e�p�a�r�e� 

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

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

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

�m�o�d�i�f�i�e�d� �C�-�3�'� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s� �a�n�d� �b�i�o�l�o�g�i�c�a�l� �t�e�s�t�i�n�g� �o�f� �t�h�e�s�e� �c�o�m�p�o�u�n�d�s� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� 

�C�-�3�'� �p�h�e�n�y�l� �g�r�o�u�p� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �a�c�t�i�v�i�t�y�.�°�%�?�!� �A�n�a�l�o�g�s� �o�f� �s�u�b�s�t�i�t�u�t�e�d� �C�-�3�'� �p�h�e�n�y�l� �g�r�o�u�p�s� 

�h�a�v�e� �b�e�e�n� �p�r�e�p�a�r�e�d� �a�n�d� �g�e�n�e�r�a�l�l�y� �d�i�s�p�l�a�y� �l�o�w�e�r� �a�c�t�i�v�i�t�y� �t�h�a�n� �t�a�x�o�l�.�?�7� 

�T�a�x�o�l� �a�n�a�l�o�g�s� �h�a�v�e� �b�e�e�n� �p�r�e�p�a�r�e�d� �f�r�o�m� �s�i�d�e� �c�h�a�i�n�s� �w�h�i�c�h�,� �i�n�s�t�e�a�d� �o�f� �h�a�v�i�n�g� �t�h�e� �C�-�3�'� �N�-� 

�b�e�n�z�o�y�l� �g�r�o�u�p�,� �h�a�v�e� �o�t�h�e�r� �C�-�3�'� �N�-�a�c�y�l� �g�r�o�u�p�s�.� �T�h�e�s�e� �d�e�r�i�v�a�t�i�v�e�s� �h�a�v�e� �s�h�o�w�n� �m�i�x�e�d� �a�c�t�i�v�i�t�y� 

�r�e�s�u�l�t�s�.� �M�o�s�t� �N�-�a�c�y�l�t�a�x�o�l� �a�n�a�l�o�g�s� �a�r�e� �l�e�s�s� �a�c�t�i�v�e� �t�h�a�n� �t�a�x�o�l�,�? ��°�?� �h�o�w�e�v�e�r�,� �o�n�e� �a�n�a�l�o�g�,� 

�t�a�x�o�t�e�r�e� �(�1�.�1�7�)�,� �w�h�i�c�h� �h�a�s� �a�n� �N�-�t�e�r�t�-�b�u�t�o�x�y�c�a�r�b�o�n�y�l� �g�r�o�u�p� �a�n�d� �l�a�c�k�s� �t�h�e� �C�-�1�0� �a�c�e�t�a�t�e�,� �h�a�s� 

�s�h�o�w�n� �g�r�e�a�t� �t�h�e�r�a�p�e�u�t�i�c� �v�a�l�u�e�.�®�*� �I�t� �h�a�s� �s�h�o�w�n� �a� �t�w�o�-�f�o�l�d� �e�n�h�a�n�c�e�m�e�n�t� �o�f� �a�c�t�i�v�i�t�y� �o�v�e�r� �t�a�x�o�l� 

�i�n� �s�e�v�e�r�a�l� �a�s�s�a�y� �s�y�s�t�e�m�s� �a�n�d� �i�s� �c�u�r�r�e�n�t�l�y� �i�n� �c�l�i�n�i�c�a�l� �t�r�i�a�l�s� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �a�n�d� �i�n� �F�r�a�n�c�e�.� 

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

�t�h�e� �s�i�d�e� �c�h�a�i�n� �C�-�2�'� �h�y�d�r�o�x�y�l� �a�n�d� �C�-�3�'� �b�e�n�z�o�y�l�a�m�i�n�o� �g�r�o�u�p�s� �a�r�e� �a�l�t�e�r�e�d� �h�a�v�e� �b�e�e�n� 

�p�r�e�p�a�r�e�d�,�°�.�7�0�9�1�.�1�0�l� �b�u�t� �a�l�l� �s�u�c�h� �d�e�r�i�v�a�t�i�v�e�s� �s�h�o�w� �l�e�s�s� �a�c�t�i�v�i�t�y� �t�h�a�n� �t�a�x�o�l�.� �A� �t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e� 

�p�o�s�s�e�s�s�i�n�g� �a� �o�n�e� �c�a�r�b�o�n� �h�o�m�o�l�o�g�a�t�e�d� �C�-�1�3� �s�i�d�e� �c�h�a�i�n� �h�a�s� �b�e�e�n� �p�r�e�p�a�r�e�d�.�!�"� �T�h�i�s� 

�c�o�m�p�o�u�n�d� �w�a�s� �s�h�o�w�n� �t�o� �b�e� �a�t� �l�e�a�s�t� �2�5� �t�i�m�e�s� �l�e�s�s� �a�c�t�i�v�e� �t�h�a�n� �t�a�x�o�l�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� 

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

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

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

�i�n�f�e�r�e�n�c�e�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �s�i�d�e� �c�h�a�i�n�:� 

�1�)� �A�c�v�l�a�t�i�o�n� �o�f� �t�h�e� �C�-�2�'� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �r�e�s�u�l�t�s� �i�n� �l�o�w�e�r� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �t�u�b�u�l�i�n�-� 

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

�T�h�i�s� �h�a�s� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d� �t�o� �i�m� �p�t�v�o� �h�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �2�'�-�a�c�y�l� �c�o�m�p�o�u�n�d�s�,� �s�i�n�c�e� �i�n� 

�3�2



�2�)� 

�3�)� 

�4�)� 

�6�)� 

�c�a�s�e�s� �w�h�e�r�e� �a� �2�'�-�a�c�y�l� �g�r�o�u�p� �i�s� �h�y�d�r�o�l�y�t�i�c�a�l�l�y� �s�t�a�b�l�e�,� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �h�a�v�e� �b�e�e�n� �m�a�r�k�e�d�l�y� 

�r�e�d�u�c�e�d�.� 

�D�e�o�x�y�g�e�n�a�t�i�o�n� �o�f� �t�h�e� �C�-�2�'� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �p�r�o�d�u�c�e�s� �a�n� �a�n�a�l�o�g� �d�i�s�p�l�a�y�i�n�g� �a� �m�a�j�o�r� 

�l�o�s�s� �o�f� �a�c�t�i�v�i�t�y�.�°�%� 

�C�o�n�s�i�d�e�r�a�b�l�e� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �C�-�3�'� �c�a�r�b�o�x�a�m�i�d�e� �m�o�i�e�t�y� �c�a�n� �b�e� �m�a�d�e� �w�i�t�h�o�u�t� 

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

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

�a�c�t�i�v�i�t�y�;� �o�r� �w�i�t�h� �a�n� �N�-�t�e�r�t�-�b�u�t�o�x�y�c�a�r�b�o�n�y�l� �g�r�o�u�p�,� �w�h�i�c�h� �e�n�h�a�n�c�e�s� �t�h�e� �a�c�t�i�v�i�t�y�.� �T�h�e� 

�C�-�3�'� �f�r�e�e� �a�m�i�n�e� �i�t�s�e�l�f�,� �h�o�w�e�v�e�r�,� �d�i�s�p�l�a�y�s� �l�o�w�e�r� �a�c�t�i�v�i�t�y� �t�h�a�n� �i�t�s� �N�-�a�c�y�]� �r�e�l�a�t�i�v�e�s�.� 

�S�u�b�s�t�i�t�u�t�i�o�n� �o�f� �a� �h�y�d�r�o�g�e�n� �f�o�r� �t�h�e� �C�-�3�'� �p�h�e�n�y�l� �g�r�o�u�p� �r�e�s�u�l�t�s� �i�n� �a� �m�a�r�k�e�d� �r�e�d�u�c�t�i�o�n� 

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

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

�R�e�t�e�n�t�i�o�n� �o�f� �t�h�e� �n�o�r�m�a�l� �t�a�x�a�n�e� �C�-�2�'�,�C�-�3�'� �c�o�n�f�i�g�u�r�a�t�i�o�n� �(�2�'�R�,�3�'�S�)� �e�l�i�c�i�t�s� �t�h�e� �h�i�g�h�e�s�t� 

�p�o�t�e�n�c�y�;� �h�o�w�e�v�e�r�,� �a�n�a�l�o�g�s� �w�i�t�h� �t�h�e� �2�'�S�,�3�'�S� �c�o�n�f�i�g�u�r�a�t�i�o�n� �a�n�d� �a�n� �N�-�a�c�y�l� �m�o�i�e�t�y� �t�e�n�d� 

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

�E�x�t�e�n�s�i�o�n� �o�f� �t�h�e� �C�-�1�3� �s�i�d�e� �c�h�a�i�n� �t�e�n�d�s� �t�o� �d�i�s�r�u�p�t� �t�h�e� �m�o�l�e�c�u�l�a�r� �c�o�n�f�o�r�m�a�t�i�o�n� 

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

�b�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�y�.� 

�O�f� �t�h�e� �m�o�r�e� �t�h�a�n� �5�0� �s�i�d�e� �c�h�a�i�n�-�m�o�d�i�f�i�e�d� �t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e�s� �p�r�e�p�a�r�e�d� �t�o� �d�a�t�e�,� �t�h�e� �m�o�s�t� 

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

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

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

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

�1�.�7�.�3� �T�h�e� �N�o�r�t�h�e�r�n� �H�e�m�i�s�p�h�e�r�e� 

�T�h�e� �n�o�r�t�h�e�r�n� �h�e�m�i�s�p�h�e�r�e� �o�f� �t�h�e� �t�a�x�o�l� �m�o�l�e�c�u�l�e� �i�s� �c�o�m�p�r�i�s�e�d� �o�f� �c�a�r�b�o�n�s� �6� �t�h�r�o�u�g�h� �1�2�,� 

�a�n�d� �i�n�c�l�u�d�e�s� �t�h�e� �C�-�7� �h�y�d�r�o�x�y�l� �g�r�o�u�p�,� �t�h�e� �C�-�9� �c�a�r�b�o�n�y�l�,� �t�h�e� �C�-�1�0� �a�c�e�t�o�x�y� �g�r�o�u�p�,� �a�n�d� �t�h�e� 

�3�3



�C�-�1�1�(�1�2�)� �d�o�u�b�l�e� �b�o�n�d� �(�s�e�e� �F�i�g�u�r�e� �3�)�.� �T�h�e� �s�t�r�u�c�t�u�r�e�-�a�c�t�i�v�i�t�y� �r�e�s�e�a�r�c�h� �t�h�a�t� �h�a�s� �b�e�e�n� �c�a�r�r�i�e�d� 

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

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

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

�1�.�7�.�3�.�1� �E�f�f�e�c�t�s� �o�f� �C�h�a�n�g�e�s� �a�t� �t�h�e� �C�-�7� �P�o�s�i�t�i�o�n� 

�T�h�e� �B�-�h�y�d�r�o�x�v�l� �g�r�o�u�p� �a�t� �C�-�7� �o�f� �t�a�x�o�l� �a�p�p�a�r�e�n�t�l�y� �d�o�e�s� �n�o�t� �p�l�a�y� �a� �s�i�g�n�i�f�i�c�a�n�t� �r�o�l�e� �i�n� �t�h�e� 

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

�e�p�i�m�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �C�-�7� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �r�e�s�u�l�t�s� �i�n� �s�i�g�n�i�f�i�c�a�n�t� �r�e�d�u�c�t�i�o�n� �o�f� �a�c�t�i�v�i�t�y�.� �!�0�3�-�1�0�6� 

�O�x�i�d�a�t�i�o�n� �o�f� �t�h�e� �C�-�7� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �h�a�s� �b�e�e�n� �o�b�s�e�r�v�e�d� �t�o� �l�e�a�d� �t�o� �a� �s�i�g�n�i�f�i�c�a�n�t� �l�o�s�s� �o�f� 

�a�c�t�i�v�i�t�y�,� �b�u�t� �t�h�e� �l�o�w�e�r� �a�c�t�i�v�i�t�y� �i�n� �t�h�i�s� �c�a�s�e� �i�s� �l�i�k�e�l�y� �a�t�t�r�i�b�u�t�a�b�l�e� �t�o� �t�h�e� �k�n�o�w�n� �p�r�o�c�l�i�v�i�t�y� �o�f� �7�-� 

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

�(�c�f�.� �S�e�c�t�i�o�n� �1�.�7�.�4�.�4�)�.�!�0�1� 

�1�.�7�.�3�.�2� �E�f�f�e�c�t�s� �o�f� �C�h�a�n�g�e�s� �a�t� �t�h�e� �C�-�9� �P�o�s�i�t�i�o�n� 

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

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

�t�h�e� �o�n�l�y� �m�o�d�i�f�i�c�a�t�i�o�n� �t�o� �C�-�9� �h�a�s� �b�e�e�n� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e� �k�e�t�o�n�e� �t�o� �a�n� �@�-�h�y�d�r�o�x�y�l� �g�r�o�u�p�.� 

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

�a�l�t�h�o�u�g�h� �n�o� �c�y�t�o�t�o�x�i�c�i�t�y� �d�a�t�a� �e�x�i�s�t�s�.�0�7�:�1�0�8� 

�1�.�7�.�3�.�3� �E�f�f�e�c�t�s� �o�f� �C�h�a�n�g�e�s� �a�t� �t�h�e� �C�-�1�0� �P�o�s�i�t�i�o�n� 

�F�o�r� �t�h�e� �m�o�s�t� �p�a�r�t�,� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �C�-�1�0� �p�o�s�i�t�i�o�n� �o�f� �t�a�x�o�l� �r�e�s�u�l�t� �i�n� �o�n�l�y� �s�l�i�g�h�t� 

�c�h�a�n�g�e�s� �i�n� �t�h�e� �a�c�t�i�v�i�t�y�,� �a�l�t�h�o�u�g�h� �s�o�m�e� �C�-�1�0� �m�o�d�i�f�i�c�a�t�i�o�n�s� �c�a�n� �i�n�d�u�c�e� �s�u�b�s�t�a�n�t�i�a�l� �a�c�t�i�v�i�t�y� 

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

�t�h�e� �C�-�1�0� �a�c�e�t�a�t�e� �a�f�f�o�r�d�s� �1�0�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�1�.�1�5�)�,� �w�h�i�c�h� �i�s� �o�n�l�y� �s�l�i�g�h�t�l�y� �l�e�s�s� �a�c�t�i�v�e� �t�h�a�n� 

�t�a�x�o�l�. ��3�3�1�0�?� �T�a�x�o�t�e�r�e� �(�1�.�1�7�)�,� �w�h�i�c�h� �h�a�s� �b�e�e�n� �m�e�n�t�i�o�n�e�d� �p�r�e�v�i�o�u�s�l�y�,� �h�a�s� �n�o� �a�c�e�t�a�t�e� �a�t� �t�h�e� �C�-� 

�3�4



�1�0� �p�o�s�i�t�i�o�n�,� �b�u�t� �a�c�c�o�m�p�a�n�i�e�d� �b�y� �t�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �C�-�3�'� �N�-�c�a�r�b�o�x�a�m�i�d�e� �m�o�i�e�t�y�,� �t�h�i�s� 

�c�o�m�p�o�u�n�d� �d�i�s�p�l�a�y�s� �a� �t�w�o�-�f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �a�c�t�i�v�i�t�y� �r�e�l�a�t�i�v�e� �t�o� �t�a�x�o�l�.�°�%�¢� �O�x�i�d�a�t�i�o�n� �o�f� �t�h�e� �C�-�1�0� 

�h�y�d�r�o�x�y�l� �g�r�o�u�p� �o�f� �1�0�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �g�i�v�e�s� �t�h�e� �1�0�-�o�x�o�-�t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e�,� �w�h�i�c�h� �d�i�s�p�l�a�v�s� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �a�c�t�i�v�i�t�y�.�°�9�*� �T�h�e� �r�e�m�o�v�a�l� �o�f� �t�h�e� �C�-�1�0� �a�c�e�t�o�x�y� �f�u�n�c�t�i�o�n�a�l�i�t�y� �a�f�f�o�r�d�s� �t�h�e� �1�0�-� 

�d�e�a�c�e�t�o�x�y� �a�n�a�l�o�g�,�'�!�°�4�3� �w�h�i�c�h� �s�h�o�w�s� �a�c�t�i�v�i�t�y� �c�o�m�p�a�r�a�b�l�e� �t�o� �t�h�a�t� �o�f� �t�a�x�o�l�.� �P�r�e�p�a�r�a�t�i�o�n� �o�f� �1�0�-� 

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

�t�i�m�e�s� �m�o�r�e� �a�c�t�i�v�e� �t�h�a�n� �t�a�x�o�l� �i�n� �t�h�e� �P�-�3�8�8� �c�e�l�l� �c�u�l�t�u�r�e� �a�s�s�a�y�.�!�!�°� �R�e�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �C�-�1�0� 

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

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

�a�c�t�i�v�i�t�i�e�s� �c�o�m�p�a�r�a�b�l�e� �t�o� �t�a�x�o�l�,� �t�h�r�e�e� �a�n�a�l�o�g�s�,� �n�a�m�e�l�y� �t�h�e� �1�0�-�N�,�N�-�d�i�m�e�t�h�y�l� �c�a�r�b�a�m�a�t�e�,� �t�h�e� 

�1�0�-�m�e�t�h�o�x�y�,� �a�n�d� �t�h�e� �1�0�-�m�e�t�h�y�l� �c�a�r�b�o�n�a�t�e�,� �h�a�v�e� �s�h�o�w�n� �b�e�t�t�e�r� �a�c�t�i�v�i�t�y� �t�h�a�n� �t�a�x�o�l�.�!�1�*� 

�1�.�7�.�3�.�4� �E�f�f�e�c�t�s� �o�f� �C�h�a�n�g�e�s� �t�o� �t�h�e� �C�-�1�1�(�1�2�)� �O�l�e�f�i�n� 

�I�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�h�a�t� �t�h�e� �C�-�1�1�(�1�2�)� �t�e�t�r�a�s�u�b�s�t�i�t�u�r�e�d� �d�o�u�b�l�e� �b�o�n�d� �i�s� �c�o�m�p�l�e�t�e�l�y� 

�r�e�s�i�s�t�a�n�t� �t�o� �h�y�d�r�o�g�e�n�a�t�i�o�n�!�?�>� �a�s� �w�e�l�l� �a�s� �o�x�i�d�a�t�i�o�n�,�!�!�®� �t�h�u�s� �h�i�n�d�e�r�i�n�g� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �i�n� �t�h�i�s� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �m�o�l�e�c�u�l�e�.�'�! �� �R�e�c�e�n�t�l�y� �h�o�w�e�v�e�r�,� �t�h�e� �a�l�l�y�l�i�c� �t�r�a�n�s�p�o�s�e�d� �o�l�e�f�i�n� �h�a�s� �b�e�e�n� �p�r�e�p�a�r�e�d� 

�i�n� �a�n� �a�t�t�e�m�p�t� �t�o� �m�o�d�i�f�y� �t�h�e� �C�-�1�0� �p�o�s�i�t�i�o�n�.�!�!�!� �T�r�e�a�t�m�e�n�t� �o�f� �2�,�7�'�-� 

�b�i�s�t�r�i�c�h�l�o�r�o�e�t�h�y�l�c�h�l�o�r�o�f�o�r�m�y�l�-�1�0�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �w�i�t�h� �Y�a�r�a�v�e�n�k�o ��s� �r�e�a�g�e�n�t� �(�C�I�F�H�C�C�F�,�N�E�t�,�,� 

�a� �f�l�u�o�r�i�n�a�t�i�n�g� �a�g�e�n�t�)� �d�i�d� �n�o�t� �p�r�o�d�u�c�e� �t�h�e� �d�e�s�i�r�e�d� �1�0�-�f�l�u�o�r�o� �d�e�r�i�v�a�t�i�v�e�,� �b�u�t� �r�a�t�h�e�r�,� �i�t� 

�a�f�f�o�r�d�e�d� �t�h�e� �d�i�e�n�e�o�n�e� �1�.�2�2� �t�h�r�o�u�g�h� �a� �s�i�m�u�l�t�a�n�e�o�u�s� �e�l�i�m�i�n�a�t�i�o�n� �a�n�d� �d�o�u�b�l�e� �b�o�n�d� 

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

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

�f�l�u�o�r�i�n�a�t�e�d� �d�e�r�i�v�a�t�i�v�e� �1�.�2�3�.� �B�o�t�h� �1�.�2�2� �a�n�d� �1�.�2�3� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �a�b�o�u�t� �e�i�g�h�t� �t�i�m�e�s� �l�e�s�s� 

�c�y�t�o�t�o�x�i�c� �t�h�a�n� �t�a�x�o�l�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e� �H�C�T�1�1�6� �h�u�m�a�n� �c�o�l�o�n� �c�a�r�c�i�n�o�m�a� �a�s�s�a�y�,� �b�u�t� �b�o�t�h� 

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

�i�n�d�i�c�a�t�e� �t�h�a�t� �m�o�d�i�f�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �C�-�1�1�(�1�2�)� �d�o�u�b�l�e� �b�o�n�d� �m�a�y� �r�e�s�u�l�t� �i�n� �d�e�c�r�e�a�s�e�d� �b�i�o�l�o�g�i�c�a�l� 

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

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

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

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

� � 

�1�.�2�2� 

� � 

�1�.�2�3� 

�1�.�7�.�4� �T�h�e� �S�o�u�t�h�e�r�n� �H�e�m�i�s�p�h�e�r�e� 

�T�h�e� �s�o�u�t�h�e�r�n� �h�e�m�i�s�p�h�e�r�e� �o�f� �t�h�e� �t�a�x�o�l� �m�o�l�e�c�u�l�e� �i�n�c�l�u�d�e�s� �t�h�e� �C�-�1�4� �a�n�d� �C�-�1� �t�h�r�o�u�g�h� �C�-�5� 

�p�o�s�i�t�i�o�n�s�,� �a�n�d� �c�o�n�t�a�i�n�s� �o�x�v�g�e�n� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s� �a�t� �C�-�1�,� �C�-�2�,� �C�-�4�,� �a�n�d� �t�h�e� �u�n�u�s�u�a�l� 

�C�-�4�(�C�-�2�0�)�,�C�-�5� �o�x�e�t�a�n�e� �r�i�n�g� �(�s�e�e� �F�i�g�u�r�e� �3�)�.� �U�n�t�i�l� �r�e�l�a�t�i�v�e�l�y� �r�e�c�e�n�t�l�y� �v�e�r�y� �l�i�t�t�l�e� �w�a�s� �k�n�o�w�n� 
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�a�b�o�u�t� �t�h�e� �s�t�r�u�c�t�u�r�e�-�a�c�t�i�v�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�h�e� �s�o�u�t�h�e�r�n� �h�e�m�i�s�p�h�e�r�e� �(�w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� 

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

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

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

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

�1�.�7�.�4�.�1� �E�f�f�e�c�t�s� �o�f� �C�h�a�n�g�e�s� �a�t� �t�h�e� �C�-�1�4� �P�o�s�i�t�i�o�n� 

�U�n�t�i�l� �v�e�r�y� �r�e�c�e�n�t�l�y�,� �n�o� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �s�t�r�u�c�t�u�r�e�-�a�c�t�i�v�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�h�e� �C�-�1�4� 

�p�o�s�i�t�i�o�n� �o�f� �t�a�x�o�l� �w�a�s� �a�v�a�i�l�a�b�l�e�.� �H�o�w�e�v�e�r�,� �K�a�n�t� �a�n�d� �c�o�-�w�o�r�k�e�r�s�!�!�8� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�e� 

�p�r�e�p�a�r�a�t�i�o�n� �o�f� �1�4�-�B�-�h�y�d�r�o�x�y�-�1�0�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�1�.�2�4�)� �f�r�o�m� �t�h�e� �r�e�c�e�n�t�l�y� �i�s�o�l�a�t�e�d� �1�4�-�B�-� 

�h�y�d�r�o�x�y�-�1�0�-�d�e�a�c�e�t�y�l�b�a�c�c�a�t�i�n� �I�I�I� �(�1�.�2�5�)�.�!�!�9� �1�4�-�B�-�H�y�d�r�o�x�y�-�1�0�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�1�.�2�4�)� �w�a�s� 

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

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

�p�r�e�p�a�r�a�t�i�o�n� �o�f� �1�4�-�B�-�h�y�d�r�o�x�y�-�1�0�-�a�c�e�t�v�l�t�a�x�o�t�e�r�e� �(�1�.�2�6�)� �a�n�d� �1�4�-�B�-�h�y�d�r�o�x�y�t�a�x�o�t�e�r�e� �(�1�.�2�7�)�,� 

�t�h�e� �l�a�t�t�e�r� �o�f� �w�h�i�c�h� �h�a�s� �a�l�s�o� �r�e�p�o�r�t�e�d�l�y� �b�e�e�n� �p�r�e�p�a�r�e�d� �b�y� �O�j�i�m�a� �a�n�d� �c�o�-�w�o�r�k�e�r�s�! ��°� �f�r�o�m� �1�4�-� 

�B�-�h�y�d�r�o�x�y�-�1�0�-�d�e�a�c�e�t�y�l�b�a�c�c�a�t�i�n� �I�I�I� �(�1�.�2�5�)�.�!�!�9� �C�o�m�p�o�u�n�d�s� �1�.�2�6� �a�n�d� �1�.�2�7� �w�e�r�e� �f�o�u�n�d� �t�o� 

�e�x�h�i�b�i�t� �b�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�i�e�s� �c�o�m�p�a�r�a�b�l�e� �t�o� �t�a�x�o�t�e�r�e� �(�1�.�1�7�)� �.�!�1�8�.�1�2�0� 

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

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

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

�C�-�1�4�-�8�-�h�y�d�r�o�x�y�l� �g�r�o�u�p� �a�r�e� �u�n�k�n�o�w�n� �a�t� �t�h�e� �p�r�e�s�e�n�t� �t�i�m�e�,� �a�s� �a�r�e� �t�h�e� �p�o�s�s�i�b�l�e� �c�h�a�n�g�e�s� �i�n� 

�a�c�t�i�v�i�t�y� �e�f�f�e�c�t�e�d� �b�y� �p�l�a�c�e�m�e�n�t� �o�f� �a�n� �a�-�h�y�d�r�o�x�y�l� �g�r�o�u�p� �a�t� �C�-�1�4� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �a�c�y�l�a�t�i�o�n� 

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

�C�-�1�4� �p�o�s�i�t�i�o�n�,� �m�o�d�i�f�i�c�a�t�i�o�n�s� �o�f� �t�h�i�s� �p�o�s�i�t�i�o�n� �t�o� �b�e�t�t�e�r� �e�l�u�c�i�d�a�t�e� �i�t�s� �r�o�l�e� �o�n� �a�c�t�i�v�i�t�y� �a�r�e� �l�i�k�e�l�y� 

�f�o�r�t�h�c�o�m�i�n�g�.� �O�t�h�e�r� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �C�-�1�4� �p�o�s�i�t�i�o�n�,� �h�a�v�i�n�g� �a�r�i�s�e�n� �d�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� 

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

�r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�h�i�s� �p�o�s�i�t�i�o�n� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �s�e�c�t�i�o�n�.� 
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�1�.�7�.�4�.�2� �E�f�f�e�c�t�s� �o�f� �C�h�a�n�g�e�s� �a�t� �t�h�e� �C�-�1� �P�o�s�i�t�i�o�n� 

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

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

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

�o�v�e�r�a�l�l� �a�c�t�i�v�i�t�y� �o�f� �t�a�x�o�l� �i�s� �s�t�i�l�l� �u�n�c�l�e�a�r�,� �b�u�t� �K�i�n�g�s�t�o�n�®� �h�a�s� �r�e�p�o�r�t�e�d� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �1�-� 

�b�e�n�z�o�y�l�-�2�-�d�e�b�e�n�z�o�y�l�o�x�o�t�a�x�o�l� �(�1�.�2�8�)�,� �w�h�i�c�h� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �a�c�t�i�v�e� �t�h�a�n� �t�a�x�o�l�.� �T�h�e� 

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

�p�o�s�i�t�i�o�n�,� �b�u�t� �i�s� �m�o�r�e� �l�i�k�e�l�y� �a�t�t�r�i�b�u�t�a�b�l�e� �t�o� �t�h�e� �a�b�s�e�n�c�e� �o�f� �t�h�e� �C�-�2� �b�e�n�z�o�y�l�o�x�y� �f�u�n�c�t�i�o�n�a�l�i�t�y�,� 

�s�i�n�c�e� �i�t� �i�s� �k�n�o�w�n� �t�h�a�t� �t�h�e� �C�-�2� �b�e�n�z�o�y�l�o�x�y� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �a�c�t�i�v�i�t�y�,� �a�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�.� 
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�1�.�2�8� 

�1�.�7�.�4�.�3� �E�f�f�e�c�t�s� �o�f� �C�h�a�n�g�e�s� �a�t� �t�h�e� �C�-�2� �P�o�s�i�t�i�o�n� 

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

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

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

�m�o�i�e�t�i�e�s� �a�f�f�o�r�d� �d�e�r�i�v�a�t�i�v�e�s� �w�h�i�c�h� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �i�n� �b�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�y�.�7�!�!�2�3� �T�h�e� �2�-� 

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

�H�C�T�1�1�6� �h�u�m�a�n� �c�o�l�o�n� �c�a�n�c�e�r� �c�e�l�l� �l�i�n�e� �a�s�s�a�y�,� �a�n�d� �s�h�o�w�s� �n�e�g�l�i�g�i�b�l�e� �a�b�i�l�i�t�y� �t�o� �a�s�s�e�m�b�l�e� 
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�t�u�b�u�l�i�n�.�!�?�?� �M�i�g�r�a�t�i�o�n� �o�f� �t�h�e� �b�e�n�z�o�y�l� �g�r�o�u�p� �t�o� �t�h�e� �C�-�1� �p�o�s�i�t�i�o�n� �a�n�d� �c�o�n�c�o�m�i�t�a�n�t� 

�d�e�o�x�v�g�e�n�a�t�i�o�n� �o�f� �t�h�e� �C�-�2� �p�o�s�i�t�i�o�n� �a�f�f�o�r�d�s� �1�-�b�e�n�z�o�y�l�-�2�-�d�e�b�e�n�z�o�y�l�o�x�y�t�a�x�o�l�,� �w�h�i�c�h�,� �a�s� 

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

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

�v�a�r�i�o�u�s� �r�i�n�g�-�s�u�b�s�t�i�t�u�t�e�d� �b�e�n�z�o�y�l� �g�r�o�u�p�s�,� �a�n�d� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �a� �v�a�s�t� �a�r�r�a�y� �o�f� �t�h�e�s�e� �2�-� 

�a�r�o�y�l�t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e�s� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �b�y� �K�i�n�g�s�t�o�n� �a�n�d� �c�o�-�w�o�r�k�e�r�s�.�7�4�8�7�.�1�2�4� �I�t� �w�a�s� �f�o�u�n�d� 

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

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

�C�-�2� �b�e�n�z�o�a�t�e� �a�r�e� �c�o�n�s�i�s�t�e�n�t�l�y� �l�e�s�s� �a�c�t�i�v�e� �t�h�a�n� �t�a�x�o�l�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �2�-�p�a�r�a�-� 

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

�s�i�m�i�l�a�r�i�t�y� �i�n� �s�i�z�e� �t�o� �t�h�e� �b�e�n�z�o�a�t�e�.� �A�r�o�v�l�t�a�x�o�l� �a�n�a�l�o�g�s� �c�o�n�t�a�i�n�i�n�g� �m�e�t�a�-�s�u�b�s�t�i�t�u�t�e�d� �C�-�2� �a�r�y�l� 

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

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

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

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

�a�s�s�e�m�b�l�y� �o�f� �m�i�c�r�o�t�u�b�u�l�e�s� �u�n�d�e�r� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �t�a�x�o�l� �d�o�e�s� �n�o�t�.�%�3�.�7�4�.�9�5�.�1�2�4� 

�I�t� �h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �t�h�a�t� �t�h�e� �C�-�2� �b�e�n�z�o�a�t�e� �o�f� �t�a�x�o�l� �p�r�o�v�i�d�e�s� �s�t�a�b�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �C�-�1�3� 

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

�m�o�i�e�t�i�e�s� �a�s� �w�e�l�l� �a�s� �h�y�d�r�o�g�e�n� �b�o�n�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n�s�;�!�2�5�1�2�6� �h�o�w�e�v�e�r�,� �t�h�e� �v�a�r�i�a�b�l�e� �e�f�f�e�c�t�s� �o�n� 

�b�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�y� �s�e�e�n� �i�n� �t�h�e� �C�-�2� �m�e�t�a�-� �a�n�d� �p�a�r�a�-�s�u�b�s�t�i�t�u�t�e�d� �b�e�n�z�o�y�l� �d�e�r�i�v�a�t�i�v�e�s� �i�n�d�i�c�a�t�e� 

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

�a�s� �w�e�l�l�.�8�7� 
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�P�e�r�h�a�p�s� �b�e�c�a�u�s�e� �o�f� �i�t�s� �t�e�r�t�i�a�r�y� �d�i�s�p�o�s�i�t�i�o�n� �a�n�d� �t�h�e� �a�p�p�a�r�e�n�t� �d�i�f�f�i�c�u�l�t�y� �i�n� �s�e�l�e�c�t�i�v�e�l�y� 

�r�e�m�o�v�i�n�g� �t�h�e� �C�-�4� �a�c�e�t�a�t�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �t�h�r�e�e� �s�e�c�o�n�d�a�r�y� �a�c�y�l� �g�r�o�u�p�s� �a�t� �C�-�2�,� �C�-�1�0� 

�a�n�d� �C�-�1�3�,� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n� �o�f� �t�a�x�o�l� �h�a�d� �n�o�t� �b�e�e�n� �m�o�d�i�f�i�e�d� �a�t� �t�h�e� �i�n�c�e�p�t�i�o�n� �o�f� �t�h�i�s� �p�r�o�j�e�c�t� 
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�a�n�d� �n�o� �s�t�r�u�c�t�u�r�e�-�a�c�t�i�v�i�t�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �w�e�r�e� �k�n�o�w�n�.� �I�t� �w�a�s� �t�h�e�r�e�f�o�r�e� �a� �m�a�j�o�r� �g�o�a�l� �o�f� �t�h�i�s� 

�r�e�s�e�a�r�c�h� �t�o� �i�n�i�t�i�a�t�e� �s�t�u�d�i�e�s� �o�f� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n�.� �F�r�o�m� �p�r�e�l�i�m�i�n�a�r�y� �r�e�s�u�l�t�s�,� 

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

�b�e�e�n� �f�o�u�n�d� �t�h�a�t� �r�e�m�o�v�a�l� �o�f� �t�h�e� �C�-�4� �a�c�e�t�a�t�e� �c�a�u�s�e�s� �a� �s�l�i�g�h�t� �r�e�d�u�c�t�i�o�n� �i�n� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �P�-�3�8�8� 

�a�n�d� �C�A�4�6� �B�u�r�k�i�t�t� �c�y�t�o�t�o�x�i�c�i�t�y� �a�s�s�a�y�s� �a�n�d� �t�h�e� �m�i�c�r�o�t�u�b�u�l�e� �a�s�s�e�m�b�l�y� �a�s�s�a�y�,� �a�p�p�a�r�e�n�t�l�y� 

�i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �C�-�4� �a�c�e�t�a�t�e� �i�s� �o�n�l�y� �s�l�i�g�h�t�l�y� �n�e�c�e�s�s�a�r�y� �f�o�r� �a�c�t�i�v�i�t�y�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �h�a�v�e� 

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

�t�h�i�s� �p�r�o�j�e�c�t�.�!�?�7�-�1�2�8� �D�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�i�s� �p�r�o�j�e�c�t� �i�t� �w�a�s� �f�o�u�n�d� �i�n� �o�u�r� �l�a�b�s� �t�h�a�t� �r�e�m�o�v�a�l� �o�f� 

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

�t�a�x�o�l�.�!�?�9� �S�u�b�s�t�i�t�u�t�i�o�n� �o�f� �v�a�r�i�o�u�s� �a�c�y�l� �a�n�a�l�o�g�s� �a�t� �C�-�4� �b�y� �u�s� �a�n�d� �o�t�h�e�r�s�!�?�7�4�2�8� �h�a�s� �a�l�l�o�w�e�d� �t�h�e� 

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

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

�o�b�s�e�r�v�e�d� �t�o� �b�e� �m�u�c�h� �l�o�w�e�r� �t�h�a�n� �t�a�x�o�l�.�}�!�2�7�1�2�8� �T�h�e�s�e� �r�e�s�u�l�t�s� �w�i�l�l� �a�l�s�o� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �s�e�c�t�i�o�n�.� 

�1�.�7�.�4�.�5� �T�h�e� �C�-�4�(�C�-�2�0�)�,�C�-�5� �O�x�e�t�a�n�e� �R�i�n�g� 

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

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

�a�n�d� �c�o�-�w�o�r�k�e�r�s� �o�n� �t�h�e� �C�-�4�(�C�-�2�0�)�,�C�-�5� �o�x�e�t�a�n�e� �r�i�n�g�.�©�3�3�.�1�0�1�,�1�1�7�.�1�3�0� �T�r� �w�a�s� �f�o�u�n�d� �t�h�a�t� �o�p�e�n�i�n�g� �o�f� 

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

�1�.�7�.�3�.�1�)�,� �o�r� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �e�l�e�c�t�r�o�p�h�i�l�i�c� �r�e�a�g�e�n�t�s�,�!�9�!�1�!�7�1�3�0� �c�a�u�s�e�s� �s�u�b�s�t�a�n�t�i�a�l� �l�o�s�s� �i�n� 

�a�c�t�i�v�i�t�y� �i�n� �b�o�t�h� �c�y�t�o�t�o�x�i�c�i�t�y� �a�n�d� �m�i�c�r�o�t�u�b�u�l�e� �a�s�s�e�m�b�l�y� �a�s�s�a�y�s�.�°�-�1�3�0�1�3�1� �O�t�h�e�r� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� 

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

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

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

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

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

�t�h�e� �m�i�c�r�o�t�u�b�u�l�e�,�!�3�2�.�1�3�3� �a�n�d� �a�l�t�h�o�u�g�h� �t�h�e� �e�x�a�c�t� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �o�x�e�t�a�n�e� �d�u�r�i�n�g� �t�h�e� �t�a�x�o�l�-� 

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

�m�a�i�n�t�a�i�n� �t�h�e� �c�o�n�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �r�i�n�g� �s�y�s�t�e�m� �n�e�c�e�s�s�a�r�y� �f�o�r� �o�p�t�i�m�a�l� �i�n�t�e�r�a�c�t�i�o�n�. ��+�8�7�1�5�°� �T�h�e�s�e� 

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

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

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

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

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

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

�e�l�e�c�t�r�o�s�t�a�t�i�c� �p�r�o�p�e�r�t�i�e�s� �o�f� �o�t�h�e�r� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s� �w�i�t�h�i�n� �t�h�e� �m�o�l�e�c�u�l�e�.� �U�n�l�i�k�e� �t�h�e� �n�o�r�t�h�e�r�n� 

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

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

�1�.�7�.�5� �M�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �T�a�x�o�l� �R�i�n�g� �S�y�s�t�e�m� 

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

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

�n�a�m�e�d� �A�-�n�o�r�t�a�x�o�l� �(�1�.�2�9�)�.�!�3�°� �C�o�m�p�o�u�n�d� �1�.�2�9� �w�a�s� �s�h�o�w�n� �t�o� �b�e� �n�e�a�r�l�y� �a�s� �a�c�t�i�v�e� �a�s� �t�a�x�o�l� �i�n� 

�t�h�e� �m�i�c�r�o�t�u�b�u�l�e� �a�s�s�e�m�b�l�y� �a�s�s�a�y� �b�u�t� �w�a�s� �a�l�s�o� �o�b�s�e�r�v�e�d� �t�o� �b�e� �m�u�c�h� �l�e�s�s� �p�o�t�e�n�t� �i�n� �t�h�e� �P�-�3�8�8� 

�c�y�t�o�t�o�x�i�c�i�t�y� �a�s�s�a�y�.�!�3�9� �L�o�w�-�l�e�v�e�l� �m�o�l�e�c�u�l�a�r� �m�o�d�e�l�i�n�g� �o�f� �A�-�n�o�r�t�a�x�o�l� �s�h�o�w�s� �t�h�i�s� �c�o�m�p�o�u�n�d� �t�o� 

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

�c�o�m�p�a�r�a�b�l�e� �b�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�y�. �� 

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

�i�r�r�a�d�i�a�t�i�o�n� �o�f� �t�a�x�o�l� �i�n� �C�C�]�,�.�!�3�4� �I�n�t�r�a�m�o�l�e�c�u�l�a�r� �h�y�d�r�o�g�e�n� �t�r�a�n�s�t�e�r� �f�r�o�m� �t�h�e� �C�-�3� �t�o� �t�h�e� �C�-�1�2� 

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

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

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

�a�c�c�o�m�p�a�n�y�i�n�g� �r�e�d�u�c�t�i�o�n� �i�n� �m�i�c�r�o�t�u�b�u�l�e� �i�n�t�e�r�a�c�t�i�o�n� �c�a�p�a�b�i�l�i�t�y�.� �A� �n�u�m�b�e�r� �o�f� �B�C� �r�i�n�g� 

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

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

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

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

� � 

�1�.�3�0� 

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

�1�.�3�1�.�1�3�6� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �l�e�s�s� �e�f�f�e�c�t�i�v�e� �i�n� �t�h�e� �p�r�o�m�o�t�i�o�n� �o�f� �m�i�c�r�o�t�u�b�u�l�e� 

�a�s�s�e�m�b�l�y� �a�n�d� �l�e�s�s� �c�y�t�o�t�o�x�i�c� �t�o�w�a�r�d�s� �H�C�T�1�1�6� �c�e�l�l�s� �t�h�a�n� �t�a�x�o�l�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �c�h�a�n�g�e�s� �i�n� �t�h�e� 

�s�i�z�e� �a�n�d� �c�o�n�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �C� �r�i�n�g� �a�n�d� �t�h�e� �a�t�t�a�c�h�e�d� �o�x�e�t�a�n�e� �r�i�n�g� �c�a�u�s�e� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� 

�i�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�a�x�o�l�.� 

�F�r�o�m� �t�h�e�s�e� �r�e�p�o�r�t�s� �a�s� �w�e�l�l� �a�s� �o�t�h�e�r�s� �w�h�i�c�h� �h�a�v�e� �a�p�p�e�a�r�e�d�,�* ��!�%�5�.�3�7� �i�t� �i�s� �a�p�p�a�r�e�n�t� �t�h�a�t� �t�h�e� 

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

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

�2�.�1� �P�r�e�p�a�r�a�t�i�o�n� �o�f� �4�-�D�e�a�c�e�t�y�l�t�a�x�o�l� 

�2�.�1�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

�o�f� �t�h�e� �a�c�e�t�a�t�e� �a�t� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n� �o�n� �t�h�e� �o�v�e�r�a�l�l� �a�c�t�i�v�i�t�y� �o�f� �t�a�x�o�l� �w�a�s� �u�n�k�n�o�w�n�.� �I�t� �w�a�s� �t�h�u�s� 

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

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

�d�i�s�p�l�a�y� �o�n� �b�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�y�.� 

�I�n� �o�r�d�e�r� �t�o� �a�s�c�e�r�t�a�i�n� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �C�-�4� �a�c�e�t�a�t�e� �f�o�r� �b�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�y�,� �i�t� �w�a�s� 

�t�h�e�r�e�f�o�r�e� �n�e�c�e�s�s�a�r�y� �t�o� �p�r�e�p�a�r�e� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �t�o� �p�e�r�m�i�t� �d�i�r�e�c�t� �c�o�m�p�a�r�i�s�o�n� �o�f� �i�t�s� 

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

�t�h�e� �p�o�s�s�i�b�l�e� �e�f�f�e�c�t�s� �o�n� �a�c�t�i�v�i�t�y� �o�f� �v�a�r�i�o�u�s� �C�-�4� �a�c�y�l� �t�a�x�o�l� �a�n�a�l�o�g�s�.� 

� � 

�I�n� �t�h�e�o�r�y�,� �t�h�e� �m�o�s�t� �d�i�r�e�c�t� �r�o�u�t�e� �t�o� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �w�o�u�l�d� �b�e� �f�r�o�m� �t�a�x�o�l� �i�t�s�e�l�f�.� �H�o�w�e�v�e�r�,� 

�f�r�o�m� �t�h�e� �c�h�e�m�i�c�a�l� �b�e�h�a�v�i�o�r� �o�f� �t�a�x�o�l� �r�e�p�o�r�t�e�d� �p�r�e�v�i�o�u�s� �t�o� �t�h�e� �i�n�c�e�p�t�i�o�n� �o�f� �t�h�i�s� �p�r�o�j�e�c�t�,�°�?�>�1�9�!� 

�i�t� �w�a�s� �w�e�l�l� �k�n�o�w�n� �t�h�a�t� �t�h�e� �s�i�d�e� �c�h�a�i�n� �a�t� �C�-�1�3� �o�f� �t�a�x�o�l� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �p�r�o�n�e� �t�o� �h�y�d�r�o�l�y�s�i�s�.� �I�t� 

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

�r�e�m�o�v�a�l� �o�f� �t�h�e� �C�-�4� �a�c�e�t�a�t�e� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �c�l�e�a�v�a�g�e� �o�f� �t�h�e� �s�i�d�e� �c�h�a�i�n�,� �a�s� �w�e�l�l� �a�s� �p�r�o�b�a�b�l�e� 
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�h�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �e�s�t�e�r�s� �a�t� �C�-�2� �a�n�d� �C�-�1�0� �a�n�d� �e�p�i�m�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �C�-�7� �h�y�d�r�o�x�y�l� �g�r�o�u�p� 

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

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

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

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

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

�2�.�1�.�2� �D�e�a�c�y�l�a�t�i�o�n� �S�t�u�d�i�e�s� �o�f� �B�a�c�c�a�t�i�n� �I�I�I� 

�P�r�i�o�r� �t�o� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� �d�e�a�c�y�l�a�t�i�o�n� �o�f� �b�a�c�c�a�t�i�n� �I�I�I� �(�1�.�1�3�)� �a�n�d� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �r�e�a�c�y�l�a�t�i�o�n� 

�o�f� �t�h�e� �r�e�s�u�l�t�a�n�t� �d�e�a�c�y�l�a�t�i�o�n� �p�r�o�d�u�c�t�s� �h�a�d� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �S�a�m�a�r�a�n�a�y�a�k�e�.�!�!�5�!�5�8� �F�r�o�m� 

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

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

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

�v�i�e�l�d� �t�h�e� �h�e�x�a�h�y�d�r�o� �d�e�r�i�v�a�t�i�v�e� �2�.�2�.� �T�h�e� �C�-�7� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �o�f� �c�o�m�p�o�u�n�d� �2�.�2� �w�a�s� 

�t�h�e�n� �p�r�o�t�e�c�t�e�d� �a�s� �i�t�s� �t�r�i�e�t�h�y�l�s�i�l�y�l� �d�e�r�i�v�a�t�i�v�e� �2�.�3� �t�o� �p�r�e�v�e�n�t� �t�h�e� �k�n�o�w�n� �e�p�i�m�e�r�i�z�a�t�i�o�n� 

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

�a�c�e�t�a�t�e�.� 

�2�)� �7�-�(�T�r�i�e�t�h�y�l�s�i�l�y�l�)�h�e�x�a�h�y�d�r�o�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�3�)� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �t�r�e�a�t�m�e�n�t� �w�i�t�h� 

�m�e�t�h�a�n�o�l�i�c� �N�a�O�M�e� �u�n�d�e�r� �v�a�r�i�o�u�s� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �t�h�e� �o�r�d�e�r� �o�f� 

�d�e�a�c�y�l�a�t�i�o�n� �o�f� �t�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �C�-�1�0� �>� �C�-�4� �>� �C�-�2�.� 

�3�)� �T�h�e� �r�e�s�u�l�t�a�n�t� �t�r�i�s�-�d�e�a�c�y�l� �c�o�m�p�o�u�n�d� �2�.�4� �w�a�s� �t�h�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �r�e�a�c�y�l�a�t�i�o�n� �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� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �a�c�y�l�a�t�i�n�g� �r�e�a�g�e�n�t�s�,� �a�n�d� �t�h�e� �o�r�d�e�r� �o�f� �r�e�a�c�y�l�a�t�i�o�n� 

�w�a�s� �f�o�u�n�d� �t�o� �b�e� �C�-�1�3� �>� �C�-�2� �>� �C�-�1�0� �>�>� �C�-�4�.� 

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

�o�f� �b�a�c�c�a�t�i�n� �I�I�I� �(�1�.�1�3�)� �t�o� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)�,� �a�s� �d�e�p�i�c�t�e�d� �i�n� �S�c�h�e�m�e� �1�.� 

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

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

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

�w�a�s� �f�i�r�s�t� �p�r�o�t�e�c�t�e�d� �t�o� �a�f�f�o�r�d� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)�.� � � � � 
�0� �A�c�O� 

�H�O� 

� � 

�2�.�2�:�R�=�H� �2�.�4� 
�2�.�3�:� �R�=� �T�E�S� 

� � 

�A�c�O� �0� �O�H� 

� � 

�R�,� �=� �A�c�o�r�H� 
�R�,� �=� �B�z�o�r�H� 

�C�-�1�3� �S�i�d�e� �C�h�a�i�n� 
�A�t�t�a�c�h�m�e�n�t� 

�1�)� �A�c�y�l�a�t�i�o�n� 
�(�i�f� �n�e�c�e�s�s�a�r�y�)� �P�h� 

�2�)� �C�-�7� �a�n�d� �C�-�2�'� 
�D�e�p�r�o�t�e�c�t�i�o�n� � � � 

� � 

�S�c�h�e�m�e� �1�.� �P�r�o�p�o�s�e�d� �g�e�n�e�r�a�l� �s�y�n�t�h�e�t�i�c� �a�p�p�r�o�a�c�h� �t�o�w�a�r�d� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)�.� 
� � 
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� � 

�2�.�5� 

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

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

�2�.�3�.� �D�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�i�s� �r�e�a�c�t�i�o�n�,� �a� �n�u�m�b�e�r� �o�f� �p�r�o�d�u�c�t�s� �w�e�r�e� �n�o�t�e�d� �b�y� �T�L�C� �a�n�a�l�y�s�i�s�,� 

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

�t�h�e�s�e� �p�r�o�d�u�c�t�s� �t�o� �h�a�v�e� �t�h�e� �s�t�r�u�c�t�u�r�e�s� �2�.�4�,� �2�.�6�,� �2�.�7� �a�n�d� �2�.�8�.� 

�C�o�m�p�o�u�n�d� �2�.�6� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �a�s� �1�0�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �b�a�s�e�d� �o�n� �i�t�s� �1�H� 

�N�M�R� �s�p�e�c�t�r�o�s�c�o�p�i�c� �a�n�d� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�i�c� �d�a�t�a�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�e� �c�h�e�m�i�c�a�l� �s�h�i�f�t� �o�f� �t�h�e� �C�-� 

�1�0� �m�e�t�h�i�n�e� �p�r�o�t�o�n� �m�o�v�e�d� �u�p�f�i�e�l�d� �f�r�o�m� �6�.�4�6� �p�p�m� �i�n� �2�.�5� �t�o� �5�.�1�6� �p�p�m� �i�n� �2�.�6�.� �T�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �a� �p�e�a�k� �f�o�r� �t�h�e� �C�-�2� �p�r�o�t�o�n� �a�t� �5�.�5�9� �p�p�m� �a�n�d� �f�i�v�e� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n� �s�i�g�n�a�l�s� �b�e�t�w�e�e�n� �7�.�4�4� 

�a�n�d� �8�.�1�0� �p�p�m� �l�e�d� �t�o� �t�h�e� �a�s�s�e�s�s�m�e�n�t� �t�h�a�t� �t�h�e� �C�-�2� �b�e�n�z�o�a�t�e� �r�e�m�a�i�n�e�d� �i�n�t�a�c�t� �i�n� �c�o�m�p�o�u�n�d� 

�2�.�6�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �s�i�g�n�a�l� �f�o�r� �t�h�e� �C�-�7� �p�r�o�t�o�n� �a�t� �4�.�4�1� �p�p�m� �a�n�d� �a�n� �a�c�e�t�a�t�e� �m�e�t�h�y�l� �s�i�g�n�a�l� 

�a�t� �2�.�2�7� �p�p�m� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �C�-�4� �a�c�e�t�a�t�e� �r�e�m�a�i�n�e�d� �i�n�t�a�c�t�.� �T�h�i�s� �N�M�R� �i�n�f�o�r�m�a�t�i�o�n�,� 

�c�o�m�b�i�n�e�d� �w�i�t�h� �i�n�f�o�r�m�a�t�i�o�n� �a�c�q�u�i�r�e�d� �b�y� �F�A�B�M�S� �a�n�a�l�y�s�i�s�,� �n�a�m�e�l�y�,� �t�h�a�t� �t�h�e� �[�M�H�]�*� �p�e�a�k� �a�t� 

�m�/�z� �6�5�9� �i�n� �t�h�e� �m�a�s�s� �s�p�e�c�t�r�u�m� �o�f� �2�.�6� �w�a�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �a� �c�o�m�p�o�s�i�t�i�o�n� �C�3�,�H�,� �O�j�,� �S�i� �f�o�r� 

�t�h�i�s� �c�o�m�p�o�u�n�d�,� �l�e�d� �t�o� �t�h�e� �s�t�r�u�c�t�u�r�e� �a�s�s�i�g�n�m�e�n�t� �f�o�r� �2�.�6�.� 

�C�o�m�p�o�u�n�d� �2�.�7� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �a�s� �4�,�1�0�-�b�i�s�(�d�e�a�c�e�t�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�v�l�)�b�a�c�c�a�t�i�n� �I�I�I�.� �T�h�e� �1�H� 

�N�M�R� �s�p�e�c�t�r�u�m� �f�o�r� �t�h�i�s� �c�o�m�p�o�u�n�d� �s�h�o�w�e�d� �t�h�e� �C�-�1�0� �m�e�t�h�i�n�e� �p�r�o�t�o�n� �t�o� �b�e� �a�t� �5�.�2�1� �p�p�m�.� 

�T�h�e� �C�-�2� �p�r�o�t�o�n� �s�i�g�n�a�l� �a�t� �5�.�5�8� �p�p�m� �a�p�p�e�a�r�e�d� �t�o� �b�e� �r�e�l�a�t�i�v�e�l�y� �u�n�c�h�a�n�g�e�d� �f�r�o�m� �t�h�e� �s�t�a�r�t�i�n�g� 

�m�a�t�e�r�i�a�l� �2�.�6�,� �w�h�i�l�e� �t�h�e� �s�i�g�n�a�l� �f�o�r� �t�h�e� �C�-�7� �p�r�o�t�o�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �s�h�i�f�t�e�d� �u�p�f�i�e�l�d� �r�e�l�a�t�i�v�e� �t�o� 

�c�o�m�p�o�u�n�d� �2�.�6�,� �f�r�o�m� �4�.�4�1� �t�o� �3�.�9�9� �p�p�m�,� �a�n�d� �t�h�e� �a�c�e�t�a�t�e� �s�i�g�n�a�l� �a�t� �2�.�2�7� �p�p�m� �i�n� �t�h�e� �s�p�e�c�t�r�u�m� 
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�o�f� �2�.�6� �w�a�s� �l�a�c�k�i�n�g� �i�n� �t�h�e� �s�p�e�c�t�r�u�m� �o�f� �2�.�7�.� �T�h�e� �A�B� �q�u�a�r�t�e�t� �f�o�r� �t�h�e� �d�i�a�s�t�e�r�e�o�t�o�p�i�c� �C�-�2�0� 

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

�a�n� �i�n�t�a�c�t� �a�c�e�t�o�x�y� �g�r�o�u�p� �a�t� �C�-�4�.� �B�a�c�c�a�t�i�n� �I�I�I� �d�e�r�i�v�a�t�i�v�e�s� �t�y�p�i�c�a�l�l�y� �s�h�o�w� �a� �c�h�e�m�i�c�a�l� �s�h�i�f�t� 

�d�i�f�f�e�r�e�n�c�e� �o�f� �0�.�2�5� �p�p�m� �f�o�r� �t�h�e�s�e� �p�r�o�t�o�n�s�,� �b�u�t� �i�n� �c�o�m�p�o�u�n�d� �2�.�7� �t�h�e� �c�h�e�m�i�c�a�l� �s�h�i�f�t� 

�d�i�f�f�e�r�e�n�c�e� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �b�e� �l�e�s�s� �t�h�a�n� �0�.�1�5� �p�p�m�.� �T�h�e� �F�A�B�M�S� �[�M�H� �]�*� �p�e�a�k� �a�t� �m�/�z� �6�1�7�,� 

�c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �N�M�R� �s�p�e�c�t�r�a�l� �d�a�t�a�,� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �a� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �C�3�3�H�,�,�O�,�S�i� �a�n�d� 

�t�h�e� �s�t�r�u�c�t�u�r�e� �a�s�s�i�g�n�e�d� �t�o� �c�o�m�p�o�u�n�d� �2�.�7�.� 

�C�o�m�p�o�u�n�d� �2�.�4� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �a�s� �4�,�1�0�-�b�i�s�(�d�e�a�c�e�t�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� 

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

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

�2�.�3�.�1�1�5�.� �1�3�8� �S�p�e�c�i�f�i�c�a�l�l�y�,� �i�n� �i�t�s� �1�H� �N�M�R� �s�p�e�c�t�r�u�m�,� �t�h�e� �C�-�2� �a�n�d� �C�-�1�0� �m�e�t�h�i�n�e� �p�r�o�t�o�n�s� �s�h�o�w�e�d� 

�a�p�p�r�o�p�r�i�a�t�e� �u�p�f�i�e�l�d� �s�h�i�f�t�s� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �2�.�5�,� �f�r�o�m� �5�.�5�9� �t�o� �3�.�7�7� �p�p�m� �f�o�r� �C�-� 

�2� �a�n�d� �f�r�o�m� �6�.�4�6� �t�o� �5�.�1�0� �p�p�m� �f�o�r� �C�-�1�0�.� �T�h�e� �C�-�7� �p�r�o�t�o�n� �s�h�i�f�t� �f�r�o�m� �4�.�4�1� �t�o� �3�.�9�4� �p�p�m� �a�n�d� 

�t�h�e� �l�a�c�k� �o�f� �a�c�e�t�a�t�e� �p�e�a�k�s� �a�t� �2�.�2�5� �a�n�d� �2�.�1�8� �p�p�m� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �s�t�r�u�c�t�u�r�e� �a�s�s�i�g�n�e�d� 

�t�o� �c�o�m�p�o�u�n�d� �2�.�4�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �C�I�M�S� �[�M�H�]�*� �p�e�a�k� �a�t� �m�/�z� �5�1�3� �w�a�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� 

�e�x�p�e�c�t�e�d� �m�o�l�e�c�u�l�a�r� �m�a�s�s� �o�f� �5�1�2� �f�o�r� �2�.�4�.� 

�C�o�m�p�o�u�n�d� �2�.�8�,� �t�h�e� �f�i�n�a�l� �c�o�m�p�o�u�n�d� �i�s�o�l�a�t�e�d�,� �w�a�s� �o�b�t�a�i�n�e�d� �a�s� �t�h�e� �m�o�s�t� �p�o�l�a�r� �o�f� �t�h�e� �f�o�u�r� 

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

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

�a� �C�I�M�S� �[�M�H�]�*� �p�e�a�k� �a�t� �m�/�z� �5�1�3�.� �H�o�w�e�v�e�r�,� �b�y� �1�H� �N�M�R� �a�n�a�l�y�s�i�s� �c�o�m�p�o�u�n�d� �2�.�8� �d�i�s�p�l�a�y�e�d� 

�s�i�g�n�i�f�i�c�a�n�t� �s�p�e�c�t�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �f�r�o�m� �c�o�m�p�o�u�n�d� �2�.�4�,� �e�s�p�e�c�i�a�l�l�y� �r�e�g�a�r�d�i�n�g� �t�h�e� �c�h�e�m�i�c�a�l� �s�h�i�f�t�s� 

�o�f� �t�h�e� �C�-�2�,� �C�-�5� �a�n�d� �C�-�2�0� �p�r�o�t�o�n�s�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�e� �s�i�g�n�a�l� �f�o�r� �t�h�e� �C�-�2� �m�e�t�h�i�n�e� �p�r�o�t�o�n� 

�s�h�i�f�t�e�d� �d�o�w�n�f�i�e�l�d� �f�r�o�m� �3�.�7�7� �p�p�m� �i�n� �2�.�4� �t�o� �4�.�1�4� �p�p�m� �i�n� �2�.�8�;� �t�h�e� �s�i�g�n�a�l� �f�o�r� �t�h�e� �C�-�5� �p�r�o�t�o�n�,� 

�a� �d�o�u�b�l�e�t� �o�f� �d�o�u�b�l�e�t�s�,� �s�h�i�f�t�e�d� �u�p�f�i�e�l�d� �f�r�o�m� �4�.�7�6� �p�p�m� �i�n� �2�.�4�,� �w�i�t�h� �J� �v�a�l�u�e�s� �o�f� �3� �a�n�d� �8� �H�z�,� �t�o� 

�4�.�2�2� �p�p�m� �i�n� �2�.�8�,� �w�i�t�h� �J� �v�a�l�u�e�s� �o�f� �8� �a�n�d� �1�0� �H�z�.� �T�h�e� �c�h�e�m�i�c�a�l� �s�h�i�f�t� �o�f� �t�h�e� �A�B� �q�u�a�r�t�e�t� �f�o�r� �t�h�e� 

�d�i�a�s�t�e�r�e�o�t�o�p�i�c� �C�-�2�0� �p�r�o�t�o�n�s� �o�f� �2�.�8� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �m�o�v�e� �u�p�f�i�e�l�d� �r�e�l�a�t�i�v�e� �t�o� �c�o�m�p�o�u�n�d� 

�2�.�4�,� �f�r�o�m� �4�.�5�5� �t�o� �3�.�7�6� �p�p�m�.� �C�o�m�p�o�u�n�d� �2�.�8� �w�a�s� �t�h�e�r�e�f�o�r�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �t�h�e� �r�e�a�r�r�a�n�g�e�m�e�n�t� 

�p�r�o�d�u�c�t� �o�f� �c�o�m�p�o�u�n�d� �2�.�4� �b�a�s�e�d� �o�n� �t�h�i�s� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �d�a�t�a�,� �a�s� �w�e�l�l� �a�s� �f�u�r�t�h�e�r� 

�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�d�u�c�t�s� �f�r�o�m� �t�h�e� �a�c�e�t�y�l�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 
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�I�n�v�e�s�t�i�g�a�t�i�o�n�s� �o�f� �t�h�e� �m�e�t�h�a�n�o�l�y�s�i�s� �o�f� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� 

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

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

�o�b�s�e�r�v�a�t�i�o�n�,� �a�s� �e�v�i�d�e�n�c�e�d� �i�n�i�t�i�a�l�l�y� �b�y� �T�L�C�,� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �b�y� �'�H� �N�M�R� �a�n�d� �m�a�s�s� 

�s�p�e�c�t�r�o�m�e�t�r�i�c� �a�n�a�l�y�s�e�s�,� �t�h�a�t� �u�n�d�e�r� �b�a�s�e�-�c�a�t�a�l�y�z�e�d� �h�y�d�r�o�l�y�s�i�s� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �1�0�-�d�e�a�c�e�t�y�l� 

�p�r�o�d�u�c�t� �2�.�6� �i�s� �f�o�r�m�e�d� �i�n�i�t�i�a�l�l�y�,� �f�o�l�l�o�w�e�d� �s�e�q�u�e�n�t�i�a�l�l�y� �b�y� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �4�,�1�0�-� 

�d�i�d�e�a�c�e�t�v�l� �p�r�o�d�u�c�t� �2�.�7�,� �t�h�e� �4�,�1�0�-�d�i�d�e�a�c�e�t�y�l�-�2�-�d�e�b�e�n�z�o�y�l� �p�r�o�d�u�c�t� �2�.�4�,� �a�n�d� �t�h�e� �i�s�o�m�e�r�i�c� 

�4�,�1�0�-�d�i�d�e�a�c�e�t�y�l�-�2�-�d�e�b�e�n�z�o�v�y�l� �p�r�o�d�u�c�t� �2�.�8�,� �t�h�u�s� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �o�r�d�e�r� �o�f� �d�e�a�c�y�l�a�t�i�o�n� �t�o� �b�e� �C�-� 

�1�0� �>� �C�-�4� �>� �C�-�2�,� �a�n�a�l�o�g�o�u�s� �t�o� �t�h�e� �o�r�d�e�r� �s�e�e�n� �i�n� �t�h�e� �h�e�x�a�h�y�d�r�o�b�a�c�c�a�t�i�n� �s�e�r�i�e�s�.�!�1�5�4�3�8� �T�h�a�t� �t�h�e� 

�t�e�r�t�i�a�r�y� �C�-�4� �a�c�e�t�a�t�e� �i�s� �h�y�d�r�o�l�y�z�e�d� �m�o�r�e� �r�e�a�d�i�l�y� �t�h�a�n� �t�h�e� �s�e�c�o�n�d�a�r�y� �C�-�2� �b�e�n�z�o�a�t�e� �e�s�t�e�r� �i�s� 

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

�h�e�x�a�h�y�d�r�o�b�a�c�c�a�t�i�n� �d�e�r�i�v�a�t�i�v�e� �2�.�3�.�!�1�5�.�1�3�8� �T�h�e� �m�o�s�t� �r�e�a�s�o�n�a�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�i�s� 
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�o�b�s�e�r�v�a�t�i�o�n� �i�s� �t�h�a�t� �a�n� �i�n�t�r�a�m�o�l�e�c�u�l�a�r� �a�c�e�t�y�l� �t�r�a�n�s�f�e�r� �f�r�o�m� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n� �t�o� �t�h�e� �C�-�1�3� 

�p�o�s�i�t�i�o�n� �o�c�c�u�r�s� �i�n� �c�o�m�p�o�u�n�d� �2�.�6� �t�o� �g�i�v�e� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� �e�s�t�e�r� �2�.�9�,� �f�o�l�l�o�w�i�n�g� �w�h�i�c�h� �a� �f�a�c�i�l�e� 

�h�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �r�e�s�u�l�t�a�n�t� �C�-�1�3� �a�c�e�t�a�t�e� �g�r�o�u�p� �o�c�c�u�r�s�,� �l�e�a�d�i�n�g� �t�o� �c�o�m�p�o�u�n�d� �2�.�4�,�1�1�5�.�1�3�8� 

�H�O� �Q�O� � �o�T�E�S� � � � � 
�H�O� �O� 

�2�.�9� 

�I�n�d�e�e�d�,� �a� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �(�C�S�C� �C�h�e�m�3�D� �P�l�u�s�,� �v�.�3�.�1�)� �o�f� �c�o�m�p�o�u�n�d� 

�2�.�6� �(�F�i�g�u�r�e� �4�)� �o�r� �a� �s�u�i�t�a�b�l�e� �m�o�l�e�c�u�l�a�r� �m�o�d�e�l� �s�h�o�w�s� �t�h�a�t�,� �g�i�v�e�n� �t�h�e� �c�l�o�s�e� �p�r�o�x�i�m�i�t�y� �o�f� �t�h�e� �C�-� 

�1�3� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �t�o� �t�h�e� �C�-�4� �a�c�e�t�a�t�e�,� �s�u�c�h� �a�n� �i�n�t�r�a�m�o�l�e�c�u�l�a�r� �a�c�e�t�a�t�e� �t�r�a�n�s�f�e�r� �i�s� �p�o�s�s�i�b�l�e�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �7�,�1�3�-�b�i�s�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�h�e�x�a�h�y�d�r�o�b�a�c�c�a�t�i�n� 

�I�l�l� �(�2�.�1�0�)� �u�n�d�e�r� �m�e�t�h�a�n�o�l�y�s�i�s� �c�o�n�d�i�t�i�o�n�s� �b�y� �S�a�m�a�r�a�n�a�y�a�k�e�!�}�1�5�8� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �n�o� �C�-�4� 

�a�c�e�t�a�t�e� �h�y�d�r�o�l�v�s�i�s� �o�c�c�u�r�s�.� �R�a�t�h�e�r�,� �t�h�e� �C�-�1�0� �a�c�e�t�a�t�e� �i�s� �r�e�a�d�i�l�y� �h�y�d�r�o�l�y�z�e�d�,� �f�o�l�l�o�w�e�d� �b�y� �a� �m�o�r�e� 

�s�l�u�g�g�i�s�h� �h�v�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �C�-�2� �c�y�c�l�o�h�e�x�a�n�e�c�a�r�b�o�n�y�l�,� �w�i�t�h� �n�o� �o�b�s�e�r�v�a�b�l�e� �h�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �C�-� 

�4� �a�c�e�t�a�t�e�.� �T�h�i�s� �s�e�e�m�s� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �C�-�1�3� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �p�l�a�y�s� �a� �v�i�t�a�l� �r�o�l�e� �d�u�r�i�n�g� �t�h�e� 

�h�v�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �C�-�4� �a�c�e�t�a�t�e�.� 

�A� �v�e�r�y� �r�e�c�e�n�t� �p�u�b�l�i�c�a�t�i�o�n� �b�y� �G�e�o�r�g� �a�n�d� �c�o�-�w�o�r�k�e�r�s�}�?� �f�u�r�t�h�e�r� �s�u�b�s�t�a�n�t�i�a�t�e�s� �t�h�e� �p�r�o�p�o�s�e�d� 

�i�n�t�r�a�m�o�l�e�c�u�l�a�r� �a�c�e�t�a�t�e� �t�r�a�n�s�f�e�r� �m�e�c�h�a�n�i�s�m�.� �I�t� �w�a�s� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�r�e�a�t�m�e�n�t� �o�f� �7�,�1�3�-� 

�b�i�s�(�t�r�i�e�t�h�y�l�s�i�l�v�l�)�b�a�c�c�a�t�i�n� �H�I� �(�2�.�1�1�)� �w�i�t�h� �p�o�t�a�s�s�i�u�m� �t�e�r�t�-�b�u�t�o�x�i�d�e� �e�x�h�i�b�i�t�e�d� �a� �d�i�f�f�e�r�e�n�t� 

�r�e�a�c�t�i�v�i�t�y� �t�h�a�n� �t�h�a�t� �o�b�s�e�r�v�e�d� �b�y� �S�a�m�a�r�a�n�a�y�a�k�e� �f�o�r� �c�o�m�p�o�u�n�d� �2�.�1�0�;� �s�p�e�c�i�f�i�c�a�l�l�y�,� �o�n�l�y� �t�h�e� �2�-� 

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

�a�t�t�r�i�b�u�t�e�d� �t�o�:� �1�)� �t�h�e� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �e�m�p�l�o�v�e�d� �b�y� �G�e�o�r�g�;� �2�)� �t�h�e� �c�o�n�f�o�r�m�a�t�i�o�n�a�l� �c�h�a�n�g�e�s� 

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

�p�o�s�i�t�i�o�n�,� �t�h�e�r�e�b�y� �r�e�s�u�l�t�i�n�g� �i�n� �a� �l�o�w�e�r� �d�e�g�r�e�e� �o�f� �a�c�c�e�s�s�i�b�i�l�i�t�y� �t�o� �t�h�e� �C�-�1�0� �a�c�e�t�a�t�e� �b�y� �t�h�e� 
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�i�n�h�e�r�e�n�t�l�y� �m�o�r�e� �b�u�l�k�y� �b�a�s�e�;� �o�r� �3�)� �t�o� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e�s�e� �f�a�c�t�o�r�s�.� �T�h�e� �f�a�c�t� �t�h�a�t� �n�o� �C�-�4� 

�a�c�e�t�a�t�e� �h�y�d�r�o�l�y�s�i�s� �w�a�s� �o�b�s�e�r�v�e�d� �f�o�r� �7�,�1�3�-�b�i�s�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�1�1�)� �l�e�d� �G�e�o�r�g�!�*�?� �t�o� 

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

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

�t�h�e� �c�o�n�c�l�u�s�i�o�n�s� �d�r�a�w�n� �b�y� �S�a�m�a�r�a�n�a�y�a�k�e�.�1�1�5�.�1�3�8� 
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�2�.�1�0� �2�.�1�1� 
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�F�i�g�u�r�e� �4�.� �T�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �d�e�p�i�c�t�i�n�g� �p�r�o�x�i�m�i�t�y� �o�f� 
�C�-�4� �a�n�d� �C�-�1�3� �p�o�s�i�t�i�o�n�s�.� �[�F�o�r� �c�l�a�r�i�t�y� �t�h�e� �C�-�2� �b�e�n�z�o�a�t�e� 

�a�n�d� �p�r�o�t�o�n�s� �o�n� �c�a�r�b�o�n�s� �a�r�e� �n�o�t� �s�h�o�w�n�.� �|� 
� � 
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�T�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �r�e�a�r�r�a�n�g�e�d� �b�a�c�c�a�t�i�n� �I�I�I� �d�e�r�i�v�a�t�i�v�e� �2�.�8�,� �w�h�i�c�h� �w�a�s� �g�i�v�e�n� �t�h�e� �n�a�m�e� 

�4�,�1�0�-�b�i�s�(�d�e�a�c�e�t�v�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�v�l�)�i�s�o�b�a�c�c�a�t�i�n� �I�I�I�,� �w�a�s� �a�l�s�o� �a�n� �u�n�e�x�p�e�c�t�e�d� 

�o�u�t�c�o�m�e� �o�f� �t�h�e� �m�e�t�h�a�n�o�l�y�s�i�s� �o�f� �7�-�(�t�r�i�e�t�h�v�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)�,� �a�n�d� �w�a�s� �f�o�u�n�d� �t�o� �b�e� 

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

�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �i�s�o�m�e�r�i�c� �p�r�o�d�u�c�t� �f�r�o�m� �c�o�m�p�o�u�n�d� �2�.�4� �c�a�n� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �a�n� 

�i�n�t�r�a�m�o�l�e�c�u�l�a�r� �S�.�.�2�-�t�y�p�e� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� �C�-�2� �o�x�y�a�n�i�o�n� �w�i�t�h� �t�h�e� �C�-�2�0� �c�a�r�b�o�n� �o�f� �t�h�e� �n�e�a�r�b�y� 

�o�x�e�t�a�n�e� �(�s�e�e� �S�c�h�e�m�e� �2�)�,� �s�i�n�c�e� �i�t� �i�s� �w�e�l�l� �k�n�o�w�n� �t�h�a�t� �o�x�e�t�a�n�e�s� �c�a�n� �r�e�a�d�i�l�y� �u�n�d�e�r�g�o� �s�u�c�h� �r�i�n�g� 

�o�p�e�n�i�n�g�s� �v�i�a� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �n�u�c�l�e�o�p�h�i�l�i�c� �r�e�a�g�e�n�t�s�.�!�4�°� 

�I�n� �o�r�d�e�r� �t�o� �p�r�o�v�i�d�e� �m�o�r�e� �c�o�n�c�l�u�s�i�v�e� �e�v�i�d�e�n�c�e� �f�o�r� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �2�.�8�,� �t�h�e� �c�o�m�p�o�u�n�d� 

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

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

�t�e�t�r�a�a�c�e�t�a�t�e� �2�.�1�3�.� �C�o�m�p�o�u�n�d� �2�.�1�2�,� �w�h�i�c�h� �w�a�s� �t�h�e� �m�a�j�o�r� �p�r�o�d�u�c�t� �a�n�d� �w�a�s� �t�h�e� �m�o�r�e� �p�o�l�a�r� 

�o�f� �t�h�e� �p�a�i�r�,� �d�i�s�p�l�a�y�e�d� �a� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �i�n� �w�h�i�c�h� �t�h�e� �c�h�e�m�i�c�a�l� �s�h�i�f�t� �o�f� �t�h�e� �C�-�2� �p�r�o�t�o�n� 

�w�a�s� �e�s�s�e�n�t�i�a�l�l�y� �u�n�c�h�a�n�g�e�d� �f�r�o�m� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �2�.�8�.� �T�h�e� �s�i�g�n�a�l� �f�o�r� �t�h�e� �C�-�5� �p�r�o�t�o�n� �o�f� 

�2�.�1�2�,� �h�o�w�e�v�e�r�,� �w�a�s� �s�h�i�f�t�e�d� �d�o�w�n�f�i�e�l�d� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �2�.�8�,� �f�r�o�m� �3�.�7�9� �t�o� 

�5�.�1�9� �p�p�m�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �a�c�e�t�y�l�a�t�i�o�n� �h�a�d� �o�c�c�u�r�r�e�d� �a�t� �t�h�e� �C�-�5� �p�o�s�i�t�i�o�n�.� �T�h�e� �c�h�e�m�i�c�a�l� �s�h�i�f�t� 

�v�a�l�u�e�s� �f�o�r� �t�h�e� �C�-�1�0� �a�n�d� �C�-�1�3� �p�r�o�t�o�n�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �t�o� �b�e� �s�h�i�f�t�e�d� �d�o�w�n�f�i�e�l�d�,� �c�o�n�s�i�s�t�e�n�t� 

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

�2�.�1�2� �i�n�d�i�c�a�t�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �1�2�6� �m�a�s�s� �u�n�i�t�s� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� 
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� � 

�S�c�h�e�m�e� �2�.� �I�n�t�r�a�m�o�l�e�c�u�l�a�r� �S�.�2�-�t�y�p�e� �d�i�s�p�l�a�c�e�m�e�n�t� �l�e�a�d�i�n�g� �t�o� �i�s�o�m�e�r�i�z�a�t�i�o�n�.� 
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�m�a�t�e�r�i�a�l� �2�.�8�,� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�h�r�e�e� �a�c�e�t�a�t�e�s�.� �C�o�r�r�e�l�a�t�i�o�n� �o�f� �t�h�e� �a�b�o�v�e� �d�a�t�a� 

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

�A�c�O� �Q�O� �  ��o�T�E�S� 

� � � � � �H�O� �O� 

�2�.�1�2� �2�.�1�3� 

�C�o�m�p�o�u�n�d� �2�.�1�3�,� �o�b�t�a�i�n�e�d� �o�n�l�y� �i�n� �l�o�w� �y�i�e�l�d� �f�r�o�m� �t�h�e� �a�c�e�t�y�l�a�t�i�o�n� �o�f� �2�.�8�,� �a�l�s�o� �d�i�s�p�l�a�y�e�d� 

�d�o�w�n�f�i�e�l�d� �'�H� �N�M�R� �c�h�e�m�i�c�a�l� �s�h�i�f�t�s� �i�n� �t�h�e� �s�i�g�n�a�l�s� �f�o�r� �t�h�e� �C�-�5�,� �C�-�1�0�,� �a�n�d� �C�-�1�3� �p�r�o�t�o�n�s�,� 

�i�n�d�i�c�a�t�i�v�e� �o�f� �a�c�e�t�y�l�a�t�i�o�n� �a�t� �t�h�e�s�e� �p�o�s�i�t�i�o�n�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �f�o�r� �2�.�1�3� 

�a�l�s�o� �r�e�f�l�e�c�t�e�d� �a� �d�o�w�n�f�i�e�l�d� �s�h�i�f�t� �f�o�r� �t�h�e� �C�-�7� �p�r�o�t�o�n� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �c�o�m�p�o�u�n�d� �2�.�8�,� 

�f�r�o�m� �3�.�9�5� �t�o� �4�.�5�4� �p�p�m�,� �a�p�p�a�r�e�n�t�l�y� �s�i�g�n�i�f�y�i�n�g� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �a�d�d�i�t�i�o�n�a�l� �a�c�e�t�a�t�e� �a�t� �C�-�4�.� 

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

�1�6�8� �m�a�s�s� �u�n�i�t�s� �r�e�l�a�t�i�v�e� �t�o� �c�o�m�p�o�u�n�d� �2�.�8�,� �l�e�a�d�i�n�g� �t�o� �t�h�e� �a�s�s�i�g�n�m�e�n�t� �o�f� �2�.�1�3� �a�s� �t�h�e� 

�t�e�t�r�a�a�c�e�t�a�t�e�.� 

�T�h�e� �s�t�e�r�e�o�c�h�e�m�i�s�t�r�y� �o�f� �t�h�e� �C�-�5� �h�y�d�r�o�x�y�l� �o�r� �a�c�e�t�o�x�y�l� �g�r�o�u�p� �i�n� �c�o�m�p�o�u�n�d�s� �2�.�8�,� �2�.�1�2� 

�a�n�d� �2�.�1�3� �w�a�s� �i�n�i�t�i�a�l�l�y� �a�s�s�i�g�n�e�d� �b�a�s�e�d� �o�n� �t�h�e� �p�o�s�t�u�l�a�t�e�d� �i�n�t�r�a�m�o�l�e�c�u�l�a�r� �S�y�2�-�t�y�p�e� 

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

�a�b�o�v�e� �a�n�d� �o�u�t�l�i�n�e�d� �i�n� �S�c�h�e�m�e� �2�.� �F�u�r�t�h�e�r� �e�v�i�d�e�n�c�e� �t�o� �s�u�p�p�o�r�t� �t�h�i�s� �a�s�s�u�m�p�t�i�o�n� �c�o�m�e�s� �f�r�o�m� 

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

�C� �r�i�n�g� �o�f� �c�o�m�p�o�u�n�d�s� �2�.�8�,� �2�.�1�2� �a�n�d� �2�.�1�3� �i�s� �p�r�e�d�i�c�t�e�d� �t�o� �b�e� �i�n� �a� �b�o�a�t� �c�o�n�f�o�r�m�a�t�i�o�n�,� �a�s� 

�s�h�o�w�n� �b�o�t�h� �b�y� �l�o�w�-�l�e�v�e�l� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�c�s� �c�a�l�c�u�l�a�t�i�o�n�s� �(�u�s�i�n�g� �C�S�C� �C�h�e�m�3�D� �P�l�u�s�,� �v�.�3�.�1�)� 

�a�n�d� �b�y� �t�h�e� �c�o�u�p�l�i�n�g� �c�o�n�s�t�a�n�t�s� �o�f� �t�h�e� �C�-�6� �a�n�d� �C�-�7� �p�r�o�t�o�n�s�.� �A�c�c�o�r�d�i�n�g�l�y�,� �f�o�r� �c�o�m�p�o�u�n�d� �2�.�8� 

�t�h�e� �t�w�o� �J�,� �7� �v�a�l�u�e�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �8� �a�n�d� �4� �H�z� �f�o�r� �t�h�e� �b�o�a�t� �c�o�n�f�o�r�m�a�t�i�o�n� �a�n�d� �6� �a�n�d� �|� 

�H�z� �f�o�r� �t�h�e� �c�h�a�i�r� �c�o�n�f�o�r�m�a�t�i�o�n�;� �t�h�e� �o�b�s�e�r�v�e�d� �v�a�l�u�e�s� �o�f� �1�0� �a�n�d� �8� �H�z� �a�r�e� �c�l�e�a�r�l�y� �i�n� �b�e�t�t�e�r� 

�a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �b�o�a�t� �c�o�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� �o�b�s�e�r�v�e�d� �J�;� �,� �v�a�l�u�e�s� �o�f� �4� �a�n�d� �9� �H�z� �f�o�r� �t�h�i�s� 

�5�4



�c�o�n�f�o�r�m�a�t�i�o�n� �w�i�t�h� �a� �5�B�-�O�H� �g�r�o�u�p� �c�o�n�f�i�g�u�r�a�t�i�o�n� �t�h�u�s� �f�i�t� �w�e�l�l� �w�i�t�h� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� 

�3� �a�n�d� �8� �H�z�;� �c�o�n�v�e�r�s�e�l�y�,� �t�h�e� �5�a� �c�o�n�f�i�g�u�r�a�t�i�o�n� �w�o�u�l�d� �r�e�q�u�i�r�e� �c�o�u�p�l�i�n�g� �c�o�n�s�t�a�n�t�s� �o�f� �a�b�o�u�t� �8� 

�a�n�d� �0�.�5� �H�z�.� �S�i�m�i�l�a�r� �a�r�g�u�m�e�n�t�s� �h�o�l�d� �f�o�r� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �a�c�e�t�a�t�e�s� �2�.�1�2� �a�n�d� �2�.�1�3�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �d�a�t�a� �f�o�r� �c�o�m�p�o�u�n�d�s� �2�.�8�,� �2�.�1�2� �a�n�d� �2�.�1�3� 

�t�o� �l�i�t�e�r�a�t�u�r�e� �d�a�t�a� �r�e�p�o�r�t�e�d� �i�n�d�e�p�e�n�d�e�n�t�l�y� �s�o�o�n� �a�f�t�e�r� �t�h�i�s� �i�n�v�e�s�t�i�g�a�t�i�o�n� �w�a�s� �c�a�r�r�i�e�d� �o�u�t�!�#�,�1�4�2� 

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

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

�b�y� �t�h�e� �b�a�s�e�-�c�a�t�a�l�y�z�e�d� �h�y�d�r�o�l�y�s�i�s� �o�f� �1�0�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I�,�!�#�!� �a�n�d� �a�n� 

�a�n�a�l�o�g�o�u�s� �i�s�o�m�e�r�i�z�a�t�i�o�n� �p�r�o�d�u�c�t�,� �r�e�p�o�r�t�e�d�l�y� �o�b�t�a�i�n�e�d� �a�f�t�e�r� �t�r�e�a�t�m�e�n�t� �o�f� �7�,�1�3�-� 

�d�i�a�c�e�t�v�l�b�a�c�c�a�t�i�n� �I�I�I� �w�i�t�h� �t�r�i�b�u�t�y�l�t�i�n� �m�e�t�h�o�x�i�d�e� �i�n� �1�-�m�e�t�h�y�l�-�2�-�p�y�r�r�o�l�i�d�i�n�o�n�e�.�!�#�2� 

�W�h�i�l�e� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �i�s�o�b�a�c�c�a�t�i�n� �I�I�I� �2�.�8� �w�a�s� �i�n�i�t�i�a�l�l�y� �o�b�s�e�r�v�e�d� �u�n�d�e�r� �b�a�s�i�c� 

�c�o�n�d�i�t�i�o�n�s�,� �i�t� �w�a�s� �s�u�s�p�e�c�t�e�d� �t�h�a�t� �t�h�e� �r�e�a�r�r�a�n�g�e�m�e�n�t� �o�f� �c�o�m�p�o�u�n�d� �2�.�4� �t�o� �t�h�e� �i�s�o�m�e�r�i�c� �2�.�8� 

�c�o�u�l�d� �p�r�o�v�e� �t�o� �b�e� �m�o�r�e� �f�a�c�i�l�e� �u�n�d�e�r� �a�c�i�d�i�c� �c�o�n�d�i�t�i�o�n�s�,� �s�i�n�c�e� �t�h�e� �y�i�e�l�d� �o�f� �2�.�8� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� 

�r�e�a�c�t�i�o�n� �v�a�r�i�e�d� �d�e�p�e�n�d�i�n�g� �u�p�o�n� �w�o�r�k�u�p� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �l�o�w�e�s�t� �y�i�e�l�d�s� �o�f� �2�.�8� �w�e�r�e� �o�b�s�e�r�v�e�d� 

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

�n�o�t�e�d� �w�h�e�n� �a�n� �e�x�c�e�s�s� �o�f� �a�c�i�d� �w�a�s� �u�s�e�d� �t�o� �q�u�e�n�c�h� �t�h�e� �r�e�a�c�t�i�o�n�.� �A� �s�t�u�d�y� �w�a�s� �t�h�u�s� �c�o�n�d�u�c�t�e�d� 

�t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �2�.�8� �f�r�o�m� �2�.�4� �u�n�d�e�r� �v�a�r�i�o�u�s� �c�o�n�d�i�t�i�o�n�s�.� �T�r�e�a�t�m�e�n�t� �o�f� �a� �s�m�a�l�l� 

�q�u�a�n�t�i�t�y� �o�f� �t�h�e� �t�r�i�s�(�d�e�a�c�y�l�)�b�a�c�c�a�t�i�n� �I�I� �d�e�r�i�v�a�t�i�v�e� �2�.�4� �w�i�t�h� �e�i�t�h�e�r� �a�c�i�d�i�c� �(�A�I�C�I�,�,� �1�M� �H�C�l� �o�r� 

�p�a�r�a�-�t�o�l�u�e�n�e�s�u�l�f�o�n�i�c� �a�c�i�d� �[�T�s�O�H�]�)� �o�r� �b�a�s�i�c� �(�4�-�d�i�m�e�t�h�y�l�a�m�i�n�o�p�y�r�i�d�i�n�e� �[�D�M�A�P�]� �o�r� 

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

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

�s�u�s�p�e�c�t�e�d� �i�s�o�m�e�r�i�z�a�t�i�o�n� �o�f� �2�.�4� �t�o� �2�.�8� �(�s�e�e� �T�a�b�l�e� �4�)�.� �I�n� �t�h�e� �a�c�i�d� �s�e�r�i�e�s� �t�h�e� �r�e�l�a�t�i�v�e� �c�o�n�v�e�r�s�i�o�n� 

�r�a�t�e� �w�a�s� �A�I�C�I�,� �>� �1�M� �H�C�l� �>� �T�s�O�H�,� �w�i�t�h� �e�a�c�h� �g�i�v�i�n�g� �c�o�m�p�l�e�t�e� �c�o�n�v�e�r�s�i�o�n� �w�i�t�h�i�n� �6�0� 

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

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

�e�v�e�n� �a�f�t�e�r� �t�w�o� �h�o�u�r�s�.� 
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�2�.�1�.�3� �T�a�x�o�l� �S�i�d�e� �C�h�a�i�n� �P�r�e�p�a�r�a�t�i�o�n� 

�H�a�v�i�n�g� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �7�-�(�t�r�i�e�t�h�v�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)� �c�o�u�l�d� �s�e�r�v�e� �a�s� �a� �p�r�a�c�t�i�c�a�l� 

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

�d�e�r�i�v�a�t�i�v�e� �2�.�4�,� �a�n�d� �t�h�a�t� �i�s�o�m�e�r�i�z�a�t�i�o�n� �o�f� �2�.�4� �t�o� �2�.�8� �c�o�u�l�d� �b�e� �m�i�n�i�m�i�z�e�d� �b�y� �c�o�n�t�r�o�l� �o�f� �t�h�e� 

�r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �a�n�d�/�o�r� �w�o�r�k�-�u�p� �p�r�o�c�e�d�u�r�e�,� �t�h�e� �f�o�c�u�s� �o�f� �t�h�e� �p�r�o�j�e�c�t� �s�h�i�f�t�e�d� �t�o� �t�h�e� 

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

�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �a�s� �p�r�e�v�i�o�u�s�l�y� �o�u�t�l�i�n�e�d� �i�n� �S�c�h�e�m�e� �1�.� �A�t� �t�h�i�s� �p�o�i�n�t� �i�n� �t�i�m�e� �a� �n�u�m�b�e�r� �o�f� 

�s�i�d�e� �c�h�a�i�n� �s�y�n�t�h�e�s�e�s� �h�a�d� �b�e�e�n� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,�8�%�9�!�-�9�6�1�4�3�-�1�4�5� �i�n�c�l�u�d�i�n�g� �t�h�e� �B�-�l�a�c�t�a�m� 

�o�f� �H�o�l�t�o�n�,� �c�o�m�p�o�u�n�d� �2�.�1�4�,� �a�n�d� �t�h�e� �e�t�h�o�x�y�e�t�h�y�l� �e�t�h�e�r�-�p�r�o�t�e�c�t�e�d� �t�a�x�o�l� �s�i�d�e� �c�h�a�i�n� �a�c�i�d� 

�2�.�1�5�,� �v�i�a� �t�h�e� �s�y�n�t�h�e�t�i�c� �m�e�t�h�o�d�o�l�o�g�i�e�s� �o�f� �D�e�A�m�i�c�i�s�,�8�?� �G�r�e�e�n�e�!�#�5�*� �a�n�d� �O�j�i�m�a�.�!�#�*�<� 

�O� 

� � 

�O� 

�P�h� �y ��_�#� �"� �=� �N�H� �O� 

�o�Y�  ��A� �P�h� �:� �O�H� 

�O�k� �a�6� 

�2�.�1�4� �2�.�1�5� 

� � 

�T�a�b�l�e� �4�.� �C�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �2�.�4� �t�o� �2�.�8�.� 
� � 

� � 

�E�x�p�e�r�i�m�e�n�t �� �S�o�l�v�e�n�t� �A�c�i�d� �/�B�a�s�e� �C�o�n�v�e�r�s�i�o�n� �t�i�m�e� 

�1� �C�H�,� �C�l�,� �T�s�O�H� �1� �h�o�u�r� 
�2� �C�H�,�C�,� �A�I�C�l�,� �0�.�5� �h�o�u�r�s� 
�3� �T�H�E� �d�i�l�u�t�e� �H�C�l� �1� �h�o�u�r� 
�4� �C�H�,�C�l�,� �D�M�A�P� �>� �2� �h�o�u�r�s� 
�5� �M�e�O�H� �N�a�O�M�e� �2� �h�o�u�r�s� 
� � 

�*� �E�a�c�h� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �u�s�i�n�g� �6�4�0�u�g� �o�f� �2�.�4�,� 

�0�.�5�m�L� �s�o�l�v�e�n�t� �a�n�d� �a� �c�a�t�a�l�y�t�i�c� �a�m�o�u�n�t� �o�f� �e�i�t�h�e�r� �a�c�i�d� �o�r� �b�a�s�e�.� 

�5�6



�I�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �o�f� �G�r�e�e�n�e� �a�n�d� �c�o�w�o�r�k�e�r�s�!�*�#�*�*� �w�o�u�l�d� �b�e� �t�h�e� �m�o�s�t� 

�p�r�a�c�t�i�c�a�l� �r�o�u�t�e�,� �a�n�d� �t�h�u�s� �t�h�e� �s�i�d�e� �c�h�a�i�n� �2�.�1�5� �w�a�s� �p�r�e�p�a�r�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �S�c�h�e�m�e� �3�.� �W�h�i�l�e� 

�t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �c�o�m�p�o�u�n�d� �2�.�1�5� �b�y� �G�r�e�e�n�e ��s� �s�y�n�t�h�e�s�i�s� �w�a�s� �s�t�r�a�i�g�h�t�f�o�r�w�a�r�d� �a�n�d� �g�a�v�e� 

�r�e�a�s�o�n�a�b�l�y� �g�o�o�d� �y�i�e�l�d�s� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �i�n�i�t�i�a�l� �N�M�R� �a�n�d� �T�L�C� �a�n�a�l�y�s�e�s�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� 

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

�m�i�n�u�t�e�s� �t�o� �2�4� �h�o�u�r�s� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �A�t�t�e�m�p�t�s� �t�o� �s�t�o�r�e� �t�h�e� �c�o�m�p�o�u�n�d� �a�t� �l�o�w�e�r� 

�t�e�m�p�e�r�a�t�u�r�e�s� �(�-�2�0� �t�o� �-�7�8� �°�C�)�,� �a�s� �s�u�g�g�e�s�t�e�d� �b�y� �t�h�e� �a�u�t�h�o�r�s�,� �i�n�c�r�e�a�s�e�d� �t�h�e� �l�i�f�e�t�i�m�e� �o�f� �t�h�e� 

�c�o�m�p�o�u�n�d� �o�n�l�y� �m�a�r�g�i�n�a�l�l�y�,� �u�p� �t�o� �a� �m�a�x�i�m�u�m� �o�f� �3�6� �h�o�u�r�s�.� �T�h�i�s� �i�n�s�t�a�b�i�l�i�t�y� �w�a�s� �p�r�e�s�u�m�e�d� �t�o� 

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

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

�r�e�a�c�t�i�o�n�s� �o�f� �t�h�e� �s�i�d�e� �c�h�a�i�n� �a�c�i�d� �(�2�.�1�5�)� �w�i�t�h� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)� �g�a�v�e� 

�d�i�s�s�a�p�p�o�i�n�t�i�n�g�l�y� �l�o�w� �y�i�e�l�d�s�,� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �2�0� �t�o� �3�0�%�.� �I�n�i�t�i�a�l�l�y�,� �t�h�e� �l�o�w� �y�i�e�l�d�s� �w�e�r�e� 

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

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

�r�e�a�c�t�i�v�i�t�y� �o�f� �t�h�e� �C�-�1�3� �h�y�d�r�o�x�y�l� �o�f� �t�h�e� �b�a�c�c�a�t�i�n� �I�I�I� �s�u�b�s�t�r�a�t�e�,� �o�r� �t�o� �t�h�e� �s�t�e�r�i�c� �d�e�m�a�n�d�s� �o�f� �t�h�e� 

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

�i�n�s�t�a�b�i�l�i�t�y� �o�f� �c�o�m�p�o�u�n�d� �2�.�1�5�,� �G�r�e�e�n�e ��s� �m�e�t�h�o�d�o�l�o�g�y�!�*�5�*� �w�a�s� �a�d�a�p�t�e�d� �t�o� �s�u�b�s�t�i�t�u�t�e� �s�e�v�e�r�a�l� 

�d�i�f�f�e�r�e�n�t� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p�s� �f�o�r� �t�h�e� �e�t�h�o�x�y�e�t�h�y�l� �e�t�h�e�r�,� �a�f�f�o�r�d�i�n�g� �c�o�m�p�o�u�n�d�s� �2�.�1�6�,� �2�.�1�7� �a�n�d� 

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

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

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

�o�f� �t�h�e� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �u�s�e�d� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� �s�i�d�e� �c�h�a�i�n� �2�.�1�5�,� �i�s� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �2�0� �t�o� �3�0�0� 

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

�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �a�c�i�d� �u�s�e�d�.�!�4�6� 

�W�h�i�l�e� �t�h�e� �s�i�d�e� �c�h�a�i�n� �a�c�i�d�s� �2�.�1�6�,� �2�.�1�7� �a�n�d� �2�.�1�8� �p�r�o�v�e�d� �t�o� �b�e� �e�x�c�e�p�t�i�o�n�a�l�l�y� �s�t�a�b�l�e� �b�a�s�e�d� 

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

�c�o�u�p�l�e�d� �w�i�t�h� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)�,� �a�g�a�i�n� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �2�0� �t�o� �3�0�%�.� 

�a�7



� � 
�N�H�2� �J�k� 

�=� �O�H� �1�)� �L�A�H� �P�h� �N�H� 

�a�N� �2�)� �C�s�H�s�C�O�C�I�;� �O�H� 
�N�a�O�H� �p�r� 

�2�.�1�5�a� 

�1�)� �D�M�S�O�:� �(�C�O�C�)�,� 

�2�)� �D�Z� �M�g�r� �;� 
�d�i�i�s�o�p�r�o�p�y�l�e�t�h�y�l�-� 
�a�m�i�n�e� � � 

� � 

�P�h� �N�H� �O�R� �N�A�F� �:� 

�:� �2� �H� �A�m�s �� 
�N�Y� �O� �*� �i�M� �=� �~�S� �T�y� �é� �4� 

�2�.�1�5�g� �2�.�1�5�b� 

�R�u�C�l�3�(�c�a�t�)�,� 
�N�a�l�O�,�,� 
�N�a�H�C�o�;�3� 

�O� 

�O�N� 

�2�.�1�5� 

�S�c�h�e�m�e� �3�.� �P�r�e�p�a�r�a�t�i�o�n� �o�f� �t�h�e� �t�a�x�o�l� �s�i�d�e� �c�h�a�i�n� �a�c�i�d� �2�.�1�5� �v�i�a� �G�r�e�e�n�e ��s� �m�e�t�h�o�d�o�l�o�g�y�.�'�*�*� 

�5�8



�0� �2�.�1�6�:� �R� �=� �C�l�,�C�C�H�,�O�C�H�,�  � �� 

�2�.�1�7�:� �R� �=� �(�C�H�;�)�,�S�i�C�H�,�C�H�,�O�C�H�,�  � �� �¥�
 

�¥�
 

�s
�c

�e
�n

�e
� 

�<�I� 

�°
� 

�O
�u

� 

�R� 

�O�H� �2�.�1�8�:� �R�=� �o�N� 

�I�n� �a� �m�o�d�e�l� �s�t�u�d�y� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �r�e�l�a�t�i�v�e� �r�e�a�c�t�i�v�i�t�y� �o�f� �t�h�e� �C�-�1�3� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �o�f� �t�h�e� 

�b�a�c�c�a�t�i�n� �s�u�b�s�t�r�a�t�e� �2�.�5�,� �p�h�e�n�y�l�a�c�e�t�i�c� �a�c�i�d� �w�a�s� �a�d�d�e�d� �t�o� �2�.�5� �u�n�d�e�r� �s�t�a�n�d�a�r�d� �c�o�u�p�l�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �(�D�C�C�/�D�M�A�P�)�.� �I�t� �w�a�s� �o�b�s�e�r�v�e�d� �t�h�a�t� �c�o�u�p�l�i�n�g� �r�e�a�d�i�l�y� �o�c�c�u�r�r�e�d� �w�i�t�h�i�n� �3�4� �h�o�u�r�s� 

�a�n�d� �i�n� �m�o�d�e�r�a�t�e� �y�i�e�l�d� �(�~� �5�0�%�)�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n�,� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �t�h�e� �c�o�u�p�l�i�n�g� �s�t�u�d�i�e�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �f�o�r� �t�h�e� �s�i�d�e� �c�h�a�i�n�s� �2�.�1�6�,� �2�.�1�7� �a�n�d� �2�.�1�8�,� �l�e�d� �t�o� 

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

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

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

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

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

�b�e� �r�e�a�l�i�z�e�d�.� �A�t� �t�h�i�s� �p�o�i�n�t� �i�n� �t�h�e� �p�r�o�j�e�c�t� �a� �n�e�w� �t�a�x�o�l� �s�i�d�e� �c�h�a�i�n� �a�n�a�l�o�g� �2�.�1�9� �h�a�d� �b�e�e�n� 

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

�I�t� �w�a�s� �r�e�a�s�o�n�e�d� �t�h�a�t� �a�l�t�h�o�u�g�h� �s�i�d�e� �c�h�a�i�n� �2�.�1�9� �w�o�u�l�d� �r�e�q�u�i�r�e� �s�u�b�s�e�q�u�e�n�t� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� 

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

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

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

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

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

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

�t�h�a�n� �e�m�p�l�o�y�i�n�g� �C�o�m�m�e�r�g�o�n ��s� �a�p�p�r�o�a�c�h ��?� �t�o� �2�.�1�9�,� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �o�f� �G�r�e�e�n�e�!�*!"� �c�o�u�l�d� 
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�a�g�a�i�n� �b�e� �e�x�p�l�o�i�t�e�d� �t�o� �a�r�r�i�v�e� �n�o�t� �o�n�l�y� �a�t� �s�i�d�e� �c�h�a�i�n� �2�.�1�9�,� �b�u�t� �t�o� �t�h�e� �a�n�a�l�o�g�o�u�s� �N�-�b�e�n�z�o�y�l� 

�a�c�e�t�o�n�i�d�e�-�p�r�o�t�e�c�t�e�d� �c�o�m�p�o�u�n�d� �2�.�2�0�,� �a�s� �d�e�p�i�c�t�e�d� �i�n� �S�c�h�e�m�e� �5�.� 

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

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

�o�f� �t�h�e� �s�i�d�e� �c�h�a�i�n� �N�,�O�-�a�c�e�t�o�n�i�d�e�,� �i�t� �w�a�s� �t�h�o�u�g�h�t� �t�h�a�t� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �s�i�d�e� �c�h�a�i�n� �2�.�2�0� 

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

�S�c�h�e�m�e� �5�,� �c�o�m�p�o�u�n�d� �2�.�2�0� �w�a�s� �p�r�e�p�a�r�e�d� �i�n� �g�o�o�d� �y�i�e�l�d�,� �f�o�l�l�o�w�i�n�g� �w�h�i�c�h� �i�t� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� 

�m�o�d�e�l� �c�o�u�p�l�i�n�g� �s�t�u�d�i�e�s� �w�i�t�h� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)�.� �T�h�e� �c�o�u�p�l�i�n�g� �p�r�o�v�e�d� �t�o� �b�e� 

�q�u�i�t�e� �f�a�c�i�l�e�,� �o�c�c�u�r�r�i�n�g� �w�i�t�h�i�n� �4�5� �m�i�n�u�t�e�s� �t�o� �2� �h�o�u�r�s� �a�n�d� �g�i�v�i�n�g� �p�r�o�d�u�c�t� �2�.�2�1� �i�n� �m�o�d�e�r�a�t�e� 

�y�i�e�l�d�s� �f�r�o�m� �4�0� �t�o� �7�0�%�,� �a�p�p�a�r�e�n�t�l�y� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �s�t�e�r�i�c� �a�n�d�/�o�r� �s�p�a�t�i�a�l� �d�i�s�p�o�s�i�t�i�o�n� �o�f� �t�h�e� 

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

�2�.�2�]� 

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

�u�s�i�n�g� �9�9�%� �f�o�r�m�i�c� �a�c�i�d�,� �f�o�l�l�o�w�i�n�g� �t�h�e� �d�e�p�r�o�t�e�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �e�m�p�l�o�y�e�d� �b�y� �C�o�m�m�e�r�c�o�n�.�*�3� 

�A�f�t�e�r� �2� �h�o�u�r�s�,� �a� �m�o�r�e� �p�o�l�a�r� �p�r�o�d�u�c�t� �w�a�s� �o�b�s�e�r�v�e�d� �b�y� �T�L�C� �a�n�a�l�y�s�i�s�.� �A�f�t�e�r� �i�s�o�l�a�t�i�o�n�,� �t�h�e� 
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�p�r�o�d�u�c�t� �w�a�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �1�H� �N�M�R� �s�p�e�c�t�r�o�s�c�o�p�y� �a�n�d� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�y�.� �T�h�e� �s�p�e�c�t�r�a�l� 

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

�c�h�a�i�n� �N�,�O�-�a�c�e�t�o�n�i�d�e� �r�e�m�a�i�n�e�d� �i�n�t�a�c�t�.� �P�r�o�l�o�n�g�e�d� �t�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �p�a�r�t�i�a�l�l�y� �d�e�p�r�o�t�e�c�t�e�d� 

�c�o�m�p�o�u�n�d� �2�.�2�2� �w�i�t�h� �9�9�%� �f�o�r�m�i�c� �a�c�i�d� �(�4� �t�o� �1�6� �h�o�u�r�s�)� �s�h�o�w�e�d� �n�o� �c�h�a�n�g�e� �i�n� �t�h�e� �c�o�m�p�o�u�n�d� 

�b�o�t�h� �b�y� �T�L�C� �a�n�d� �1�H� �N�M�R� �a�n�a�l�y�s�e�s�.� 

� � 

�2�.�2�2� 

�A� �s�e�r�i�e�s� �o�f� �e�x�p�e�r�i�m�e�n�t�s� �w�a�s� �t�h�e�n� �c�a�r�r�i�e�d� �o�u�t� �o�n� �c�o�m�p�o�u�n�d� �2�.�2�1� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� 

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

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

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

�a�c�e�t�o�n�i�d�e� �d�e�p�r�o�t�e�c�t�i�o�n� �w�a�s� �e�f�f�e�c�t�e�d�.� 

� � 

�T�a�b�l�e� �5�.� �C�o�n�d�i�t�i�o�n�s� �e�m�p�l�o�y�e�d� �t�o� �a�t�t�e�m�p�t� �f�u�l�l� �d�e�p�r�o�t�e�c�t�i�o�n� �o�f� �2�.�2�1�.� 
� � 

� � 

 ��T�e�m�p�e�r�a�t�u�r�e� 
�E�x�p�e�r�i�m�e�n�t �� �C�o�n�d�i�t�i�o�n�s� �a�n�d� �t�i�m�e� �R�e�s�u�l�t� 

�]� �9�9�%� �H�C�O�,�H� �r�.�t�.�;� �1�2� �h�o�u�r�s� �o�n�l�y� �T�E�S� �g�r�o�u�p� �r�e�m�o�v�e�d� 
�2� �3�%� �H�C�I�/�M�e�O�H� �r�.�t�.�;� �8� �h�o�u�r�s� �o�n�l�y� �T�E�S� �g�r�o�u�p� �r�e�m�o�v�e�d� 
�3� �1�N� �H�C�)�/�T�H�F� �r�.�t�.�;� �1�2� �h�o�u�r�s� �o�n�l�y� �T�E�S� �g�r�o�u�p� �r�e�m�o�v�e�d� 
�+� �6�N� �H�C�I�/�T�H�F� �r�.�t�.�;� �3� �h�o�u�r�s� �p�r�o�d�u�c�t� �d�e�c�o�m�p�o�s�e�d� 
�5� �6�N� �H�C�!�/�T�H�F� �r�e�f�l�u�x�;� �1� �h�o�u�r� �p�r�o�d�u�c�t� �d�e�c�o�m�p�o�s�e�d� 
�6� �4�+�N�H�,�S�O�,�/�H�,�O� �r�.�t�.�;� �2� �h�o�u�r�s� �p�r�o�d�u�c�t� �d�e�c�o�m�p�o�s�e�d� 
�7� �4�N� �H�,�S�O�,�/�M�e�O�H� �r�.�t�.�;� �8� �h�o�u�r�s� �o�n�l�y� �T�E�S� �g�r�o�u�p� �r�e�m�o�v�e�d� 
�8� �9�9�%� �H�C�O�,�H�/�C�H�,�C�l�,� �(�2�:�3�)� �r�.�t�.�;� �1�2� �h�o�u�r�s� �o�n�l�y� �T�E�S� �g�r�o�u�p� �r�e�m�o�v�e�d� 
� � 

�*� �E�a�c�h� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �1�.�0� �m�g� �o�f� �2�.�2�1� �a�n�d� �0�.�5� �m�L� �o�f� �t�h�e� �s�o�l�u�t�i�o�n� �i�n�d�i�c�a�t�e�d�.� 
� � 

�6�2



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

�c�o�u�p�l�i�n�g� �o�f� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)� �w�i�t�h� �s�i�d�e� �c�h�a�i�n� �2�.�2�0�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �t�h�e� 

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

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

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

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

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

�2�.�2�0�.� �A�g�a�i�n� �i�m�p�l�e�m�e�n�t�i�n�g� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �5�,� �c�o�m�p�o�u�n�d� �2�.�1�9� �w�a�s� 

�r�e�a�l�i�z�e�d� �i�n� �g�o�o�d� �y�i�e�l�d� �(�~�2�0�%� �o�v�e�r�a�l�l� �y�i�e�l�d� �f�r�o�m� �p�h�e�n�y�l�g�l�y�c�i�n�e�)�.� �C�o�m�p�o�u�n�d� �2�.�1�9� �w�a�s� 

�s�u�b�j�e�c�t�e�d� �t�o� �a� �m�o�d�e�l� �c�o�u�p�l�i�n�g� �w�i�t�h� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)�,� �a�f�f�o�r�d�i�n�g� �t�h�e� 

�p�r�o�t�e�c�t�e�d� �t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e� �2�.�2�3� �i�n� �g�r�e�a�t�e�r� �t�h�a�n� �9�0�%� �y�i�e�l�d�.� 

�T�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �c�o�u�p�l�e�d� �c�o�m�p�o�u�n�d� �2�.�2�3� �c�o�u�l�d� �b�e� �d�e�p�r�o�t�e�c�t�e�d� �f�u�l�l�y�,� �i�t� �w�a�s� �t�r�e�a�t�e�d� 

�w�i�t�h� �9�9�%� �f�o�r�m�i�c� �a�c�i�d� �f�o�r� �3� �h�o�u�r�s�,� �y�i�e�l�d�i�n�g� �a� �v�e�r�y� �p�o�l�a�r� �p�r�o�d�u�c�t� �(�b�a�s�e�l�i�n�e� �r�e�g�i�o�n� �b�y� �T�L�C� 

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

�b�e�n�z�o�v�l�a�t�i�o�n� �v�i�a� �S�c�h�o�t�t�e�n�-�B�a�u�m�a�n�n� �c�o�n�d�i�t�i�o�n�s�.�!�#�?�7� �T�h�e� �m�a�j�o�r� �p�r�o�d�u�c�t� �o�f� �t�h�e� �N�-� 

�b�e�n�z�o�y�l�a�t�i�o�n� �r�e�a�c�t�i�o�n� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �t�a�x�o�l� �(�1�.�8�)� �b�y� �c�o�m�p�a�r�i�s�o�n� �o�f� �i�t�s� �1�H� �N�M�R� 

�s�p�e�c�t�r�u�m� �t�o� �k�n�o�w�n� �s�p�e�c�t�r�a�l� �i�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� �w�a�s� �p�r�e�p�a�r�e�d� �i�n� �4�0�%� �y�i�e�l�d� �f�r�o�m� �c�o�m�p�o�u�n�d� 

�2�.�2�3�.� 

� � 

�2�.�2�3� 
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�2�.�1�.�4� �C�o�u�p�l�i�n�g� �o�f� �2�,�4�,�1�0�-�T�r�i�s�(�d�e�a�c�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�]�)� 

�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�4�)� �w�i�t�h� �S�i�d�e� �C�h�a�i�n� �2�.�1�9� 

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

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

�2�.�1�9� �t�o� �2�,�4�,�1�0�-�t�r�i�s�(�d�e�a�c�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�4�)�.� �U�p�o�n� �t�h�e� �a�c�t�u�a�l� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �c�o�u�p�l�i�n�g� �r�e�a�c�t�i�o�n�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �t�h�e� �s�i�d�e� �c�h�a�i�n� �2�.�1�9� �d�i�d� �i�n�d�e�e�d� 

�c�o�u�p�l�e� �t�o� �t�h�e� �C�-�1�3� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �o�f� �t�h�e� �t�r�i�s�(�d�e�a�c�y�l�)�b�a�c�c�a�t�i�n� �s�u�b�s�t�r�a�t�e� �2�.�4� �i�n� �g�o�o�d� �y�i�e�l�d� 

�w�i�t�h�i�n� �3� �h�o�u�r�s�;� �h�o�w�e�v�e�r�,� �p�r�e�s�u�m�a�b�l�y� �u�n�d�e�r� �t�h�e� �c�o�u�p�l�i�n�g� �c�o�n�d�i�t�i�o�n�s� �e�m�p�l�o�y�e�d�,� �t�h�e� �b�a�c�c�a�t�i�n� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �m�o�l�e�c�u�l�e� �i�s�o�m�e�r�i�z�e�d� �t�o� �t�h�e� �t�e�t�r�a�h�y�d�r�o�f�u�r�a�n�y�l� �d�e�r�i�v�a�t�i�v�e� �2�.�2�4� �(�s�e�e� �S�c�h�e�m�e� �6�)�,� 

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

�a�n�a�l�o�g� �2�.�8�,� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� �p�r�e�c�e�d�i�n�g� �d�i�s�c�u�s�s�i�o�n�.� �P�r�e�v�i�o�u�s� �f�i�n�d�i�n�g�s� �f�r�o�m� �o�u�r� �g�r�o�u�p�®�*� �h�a�d� 

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

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

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

�i�t� �w�a�s� �o�b�v�i�o�u�s� �t�h�a�t� �e�i�t�h�e�r� �t�h�e� �C�-�2� �b�e�n�z�o�a�t�e� �w�o�u�l�d� �h�a�v�e� �t�o� �b�e� �r�e�t�a�i�n�e�d� �o�r� �t�h�e� �t�h�e� �C�-�2� 

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

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

�f�o�r� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �t�h�e� �f�i�r�s�t� �c�o�u�r�s�e� �w�o�u�l�d� �b�e� �m�o�r�e� 

�p�r�a�c�t�i�c�a�l�.� �F�r�o�m� �t�h�e� �d�e�a�c�y�l�a�t�i�o�n� �s�t�u�d�i�e�s� �c�a�r�r�i�e�d� �o�u�t� �o�n� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�h�e�x�a�h�y�d�r�o�b�a�c�c�a�t�i�n� 

�I�I�I�}�3�5�1�3�8� �a�n�d� �o�n� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)�,� �a�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �i�t� �w�a�s� �k�n�o�w�n� �t�h�a�t� 

�4�,�1�0�-�b�i�s�(�d�e�a�c�e�t�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�7�)� �c�o�u�l�d� �b�e� �i�s�o�l�a�t�e�d� �i�n� �v�a�r�y�i�n�g� �q�u�a�n�t�i�t�i�e�s� 

�f�r�o�m� �t�h�e� �t�r�e�a�t�m�e�n�t� �o�f� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I�]� �w�i�t�h� �m�e�t�h�a�n�o�l�i�c� �N�a�O�M�e�.� �C�o�n�s�i�d�e�r�i�n�g� �t�h�e� 

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

�g�r�e�a�t�e�r� �s�e�l�e�c�t�i�v�i�t�y� �(�i�.�e�.�,� �r�e�t�e�n�t�i�o�n� �o�f� �t�h�e� �C�-�2� �b�e�n�z�o�a�t�e�)�,� �a� �s�e�r�i�e�s� �o�f� �r�e�a�c�t�i�o�n�s� �w�a�s� �c�o�n�d�u�c�t�e�d� 

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

�s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �6�.� 

�6�4



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

�4�,�1�0�-�b�i�s�(�d�e�a�c�e�t�y�!�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�7�)� �i�n� �t�h�e� �h�i�g�h�e�s�t� �y�i�e�l�d�,� �7�2�%�.� �A�f�t�e�r� �t�h�i�s� 

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

�p�o�t�a�s�s�i�u�m� �t�e�r�t�-�b�u�t�o�x�i�d�e� �r�a�n�g�i�n�g� �f�r�o�m� �1�.�1� �t�o� �1�0� �e�q�u�i�v�a�l�e�n�t�s�,� �t�h�a�t� �t�h�e� �y�i�e�l�d� �o�f� �4�,�1�0�-� 

�b�i�s�(�d�e�a�c�e�t�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�7�)� �c�o�u�l�d� �b�e� �o�p�t�i�m�i�z�e�d� �t�o� �a�f�f�o�r�d� �g�r�e�a�t�e�r� �t�h�a�n� 

�9�0�%� �y�i�e�l�d� �b�y� �u�s�i�n�g� �a�t� �l�e�a�s�t� �5� �e�q�u�i�v�a�l�e�n�t�s� �o�f� �p�o�t�a�s�s�i�u�m� �t�e�r�t�-�b�u�t�o�x�i�d�e�.� �I�t� �w�a�s� �a�l�s�o� �o�b�s�e�r�v�e�d� �b�y� 

�T�L�C�,� �'�H� �N�M�R� �a�n�d� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�i�c� �a�n�a�l�y�s�e�s� �t�h�a�t� �i�n� �e�v�e�r�y� �c�a�s�e� �t�h�e� �C�-�1�0� �a�c�e�t�a�t�e� �i�s� 

�h�y�d�r�o�l�y�z�e�d� �m�o�r�e� �r�e�a�d�i�l�y� �t�h�a�n� �t�h�e� �C�-�4� �a�c�e�t�a�t�e�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �s�u�b�s�e�q�u�e�n�t� �t�o� �t�h�e� �c�o�m�p�l�e�t�i�o�n� 

� � 

� � 

�2�.�4� 

�h� 

�a�e� 
�o�e� �"�°�F� �|� �p�e�c�,� �D�M�A�P� 

� � 

� � 

� � 

�S�c�h�e�m�e� �6�.� �I�s�o�m�e�r�i�z�a�t�i�o�n� �o�b�s�e�r�v�e�d� �u�p�o�n� �c�o�u�p�l�i�n�g� �o�f� �2�.�4� �a�n�d� �2�.�1�9�.� 
� � 
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�o�f� �t�h�e�s�e� �s�t�u�d�i�e�s�,� �a�n�d� �a�s� �r�e�p�o�r�t�e�d� �r�e�c�e�n�t�l�y� �b�y� �G�e�o�r�g� �a�n�d� �c�o�-�w�o�r�k�e�r�s�,�!�%�?� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� 

�t�r�e�a�t�m�e�n�t� �o�f� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)� �w�i�t�h� �1�.�1� �e�q�u�i�v�a�l�e�n�t�s� �o�f� �p�o�t�a�s�s�i�u�m� �t�e�r�t�-� 

�b�u�t�o�x�i�d�e�,� �f�r�o�m� �-�2�0� �t�o� �0� �°�C�,� �o�v�e�r� �3�0� �t�o� �4�5� �m�i�n�u�t�e�s�,� �y�i�e�l�d�e�d� �4�-�d�e�a�c�e�t�y�l�-�7�-� 

�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�2�5�)� �a�s� �t�h�e� �m�a�j�o�r� �p�r�o�d�u�c�t� �(�5�8�%� �y�i�e�l�d�)�,� �w�h�i�l�e� �n�o� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�1�0�-�d�e�a�c�e�t�y�l� �c�o�m�p�o�u�n�d� �w�a�s� �r�e�p�o�r�t�e�d�.� 

� � 

�2�.�2�5� 

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

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

�r�e�a�c�t�i�o�n� �t�i�m�e�s� �a�s� �l�o�n�g� �a�s� �4� �h�o�u�r�s� �a�t� �0� �°�C�,� �4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�2�5�)� �w�a�s� 

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

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

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

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

�c�o�n�d�i�t�i�o�n�s� �e�m�p�l�o�y�e�d� �b�y� �u�s� �v�e�r�s�u�s� �t�h�e� �m�i�l�d�e�r� �c�o�n�d�i�t�i�o�n�s� �e�m�p�l�o�y�e�d� �b�y� �G�e�o�r�g�.�}�*�?� 

� � 

�T�a�b�l�e� �6�.� �B�a�s�e�-�c�a�t�a�l�y�z�e�d� �f�o�r�m�a�t�i�o�n� �o�f� �4�,�1�0�-�b�i�s�(�d�e�a�c�e�t�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)� 
�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�7�)� �f�r�o�m� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)�.� 
� � 

� � 

�T�e�m�p�e�r�a�t�u�r�e� 
�E�x�p�e�r�i�m�e�n�t� �C�o�n�d�i�t�i�o�n�s� �a�n�d� �t�i�m�e� �%� �Y�i�e�l�d� �o�f� �2�.�7� 

�1� �N�a�O�M�e� �(�1�0� �e�q�u�i�v�a�l�e�n�t�s�)�,� �M�e�O�H� �r�.�t�.�,� �3�0� �m�i�n�u�t�e�s� �6�6�.�8� 
�2� �N�a�O�E�t� �(�1�0� �e�q�u�i�v�a�l�e�n�t�s�)�,� �E�t�O�H� �r�.�t�.�,� �3�0� �m�i�n�u�t�e�s� �3�3�.�3� 
�3� �L�i�O�z�-�P�r� �(�1�0� �e�q�u�i�v�a�l�e�n�r�s�)�,� �i�-�P�r�O�H� �r�t�.�,� �2�.�5� �h�o�u�r�s� �6�4�.�9� 
�4� �K�O�z�-�B�u� �(�1�0� �e�q�u�i�v�a�l�e�n�t�s�)�,� �T�H�F� �r�.�t�.�,� �1�5� �m�i�n�u�t�e�s� �7�2�.�2� 

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

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

�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�2�5�)� �f�r�o�m� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)� �u�s�i�n�g� �p�o�t�a�s�s�i�u�m� 

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

�o�f� �e�x�p�e�r�i�m�e�n�t�s� �d�i�r�e�c�t�e�d� �a�t� �a�s�c�e�r�t�a�i�n�i�n�g� �t�h�e� �r�e�a�c�t�i�v�i�t�y� �a�n�d� �c�h�e�m�i�s�t�r�y� �o�f� �7�-� 

�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)� �u�p�o�n� �r�e�a�c�t�i�o�n� �w�i�t�h� �v�a�r�i�o�u�s� �r�e�a�g�e�n�t�s�,� �t�h�a�t� �t�r�e�a�t�m�e�n�t� �o�f� �7�-� 

�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)� �w�i�t�h� �l�i�t�h�i�u�m� �a�l�u�m�i�n�u�m� �h�y�d�r�i�d�e� �y�i�e�l�d�e�d� �4�-�d�e�a�c�e�t�y�l�-�7�-� 

�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�2�5�)�.� �T�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�i�s� �p�r�o�d�u�c�t�,� �w�h�i�l�e� �g�i�v�i�n�g� �a� 

�d�i�s�s�a�p�p�o�i�n�t�i�n�g�l�v� �l�o�w� �y�i�e�l�d� �o�f� �1�0�%�,�'�4�8� �a�f�f�o�r�d�e�d� �t�h�e� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �i�t�s� �p�o�t�e�n�t�i�a�l� �u�s�e� 

�f�o�r� �c�o�u�p�l�i�n�g� �w�i�t�h� �t�h�e� �s�i�d�e� �c�h�a�i�n� �2�.�1�9�.� �I�t� �w�a�s� �e�n�v�i�s�i�o�n�e�d� �t�h�a�t� �s�u�c�h� �a� �c�o�u�p�l�i�n�g� �w�o�u�l�d� �e�n�t�a�i�l� 

�o�n�e� �l�e�s�s� �s�t�e�p� �t�h�a�n� �c�o�u�p�l�i�n�g� �o�f� �4�,�1�0�-�b�i�s�(�d�e�a�c�e�t�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�7�)� �w�i�t�h� �t�h�e� 

�s�a�m�e� �s�i�d�e� �c�h�a�i�n� �(�i�.�e�.�,� �s�u�b�s�e�q�u�e�n�t� �a�c�e�t�y�l�a�t�i�o�n� �o�f� �t�h�e� �C�-�1�0� �h�y�d�r�o�x�y�l� �g�r�o�u�p�)�.� 

�2�.�1�.�5� �C�o�u�p�l�i�n�g� �o�f� �4�,�1�0�-�B�i�s�(�d�e�a�c�e�t�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)� 

�b�a�c�c�a�t�i�n� �I�I�T� �(�2�.�7�)� �w�i�t�h� �S�i�d�e� �C�h�a�i�n� �2�.�1�9� 

�F�r�o�m� �t�h�e� �r�e�a�c�y�l�a�t�i�o�n� �s�t�u�d�i�e�s�!�!�5�.�1�5�8� �o�f� �2�,�4�,�1�0�-�t�r�i�s�(�d�e�a�c�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� 

�(�2�.�4�)�,� �i�t� �w�a�s� �w�e�l�l� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �t�h�e� �o�r�d�e�r� �o�f� �r�e�a�c�y�l�a�t�i�o�n� �i�s� �C�-�1�3� �>� �C�-�2� �>� �C�-�1�0� �>�>� �C�-�4�.� 

�T�h�u�s�,� �i�t� �w�a�s� �p�r�e�s�u�m�e�d� �t�h�a�t� �r�e�a�c�t�i�o�n� �o�f� �4�,�1�0�-�b�i�s�(�d�e�a�c�e�t�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�7�)� 

�w�i�t�h� �t�h�e� �s�i�d�e� �c�h�a�i�n� �a�c�i�d� �2�.�1�9� �w�o�u�l�d� �a�f�f�o�r�d� �t�h�e� �d�e�s�i�r�e�d� �C�-�1�3� �a�c�y�l�a�t�e�d� �p�r�o�d�u�c�t� �2�.�2�6� 

�p�r�e�f�e�r�e�n�t�i�a�l�l�y� �o�v�e�r� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �C�-�1�0� �a�c�y�l�a�t�i�o�n� �p�r�o�d�u�c�t�,� �a�s� �d�e�p�i�c�t�e�d� �i�n� �S�c�h�e�m�e� �7�.� 

�I�n�d�e�e�d�,� �w�h�e�n� �t�h�e� �p�r�o�p�o�s�e�d� �c�o�u�p�l�i�n�g� �r�e�a�c�t�i�o�n� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �u�s�i�n�g� �t�h�e� �s�i�d�e� �c�h�a�i�n� �a�c�i�d� �2�.�1�9� 

�a�n�d� �t�h�e� �b�a�c�c�a�t�i�n� �I�I�I� �d�e�r�i�v�a�t�i�v�e� �2�.�7�,� �t�h�e� �m�a�j�o�r� �p�r�o�d�u�c�t� �w�a�s� �p�u�r�i�f�i�e�d� �a�n�d� �i�d�e�n�t�i�f�i�e�d� �a�s� �h�a�v�i�n�g� 

�t�h�e� �s�t�r�u�c�t�u�r�e� �2�.�2�6�,� �b�a�s�e�d� �o�n� �i�t�s� �1�H� �N�M�R� �a�n�d� �m�a�s�s� �s�p�e�c�t�r�a�l� �d�a�t�a�.� �S�p�e�c�i�f�i�c�a�l�l�y�,� �t�h�e� �1�H� �N�M�R� 

�s�p�e�c�t�r�u�m� �o�f� �c�o�m�p�o�u�n�d� �2�.�2�6� �s�h�o�w�e�d� �t�h�e� �C�-�1�3� �m�e�t�h�i�n�e� �p�r�o�t�o�n� �t�o� �b�e� �s�h�i�f�t�e�d� �d�o�w�n�f�i�e�l�d� 

�r�e�l�a�t�i�v�e� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �2�.�7�,� �f�r�o�m� �4�.�8�9� �t�o� �5�.�8�9� �p�p�m�,� �a�s� �e�x�p�e�c�t�e�d� �f�o�r� �a�c�y�l�a�t�i�o�n� �o�f� �t�h�i�s� 

�p�o�s�i�t�i�o�n�.� �T�h�e� �C�-�1�0� �m�e�t�h�i�n�e� �p�r�o�t�o�n� �o�f� �2�.�2�6� �a�p�p�e�a�r�e�d� �a�t� �5�.�2�0� �p�p�m�,� �r�e�l�a�t�i�v�e�l�y� �u�n�c�h�a�n�g�e�d� 

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

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

�a�s�s�i�g�n�m�e�n�t� �w�a�s� �f�u�r�t�h�e�r� �s�u�b�s�t�a�n�t�i�a�t�e�d� �b�y� �t�h�e� �C�I�M�S� �[�M�H�]�?� �p�e�a�k� �a�t� �m�/�z� �9�2�0�.� 
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�2�.�1�.�6� �A�c�e�t�y�l�a�t�i�o�n� �o�f� �C�o�m�p�o�u�n�d� �2�.�2�6� 

�A�g�a�i�n�,� �w�i�t�h� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �r�e�l�a�t�i�v�e� �o�r�d�e�r� �o�f� �r�e�a�c�y�l�a�t�i�o�n�,�!�!�5�.�1�3�8� �i�t� �w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� 

�c�o�m�p�o�u�n�d� �2�.�2�6� �w�o�u�l�d� �g�i�v�e� �p�r�e�f�e�r�e�n�t�i�a�l� �r�e�a�c�e�t�y�l�a�t�i�o�n� �a�t� �t�h�e� �C�-�1�0� �h�y�d�r�o�x�y�l� �g�r�o�u�p�,� �a�f�f�o�r�d�i�n�g� 

�t�h�e� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e� �2�.�2�7�.� �O�n� �t�h�i�s� �a�s�s�u�m�p�t�i�o�n�,� �c�o�m�p�o�u�n�d� �2�.�2�6� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� 

�s�t�a�n�d�a�r�d� �a�c�e�t�y�l�a�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �(�A�c�,�O�/�D�C�C�/�D�M�A�P�)� �a�n�d� �p�r�o�d�u�c�e�d� �i�n� �a� �r�e�a�s�o�n�a�b�l�e� �y�i�e�l�d� 

�o�f� �6�5�%� �t�h�e� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e� �2�.�2�7�,� �a�s� �d�e�p�i�c�t�e�d� �i�n� �S�c�h�e�m�e� �8�.� �T�h�e� �'�H� �N�M�R� 
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�S�c�h�e�m�e� �7�.� �C�o�u�p�l�i�n�g� �o�f� �t�h�e� �b�i�s�(�d�e�a�c�e�t�y�l�)�b�a�c�c�a�t�i�n� �2�.�7� �w�i�t�h� �t�h�e� �s�i�d�e� �c�h�a�i�n� �2�.�1�9�.� 
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�s�p�e�c�t�r�u�m� �o�f� �c�o�m�p�o�u�n�d� �2�.�2�7� �s�h�o�w�e�d� �t�h�e� �C�-�1�0� �p�r�o�t�o�n� �s�i�g�n�a�l� �t�o� �h�a�v�e� �s�h�i�f�t�e�d� �d�o�w�n�f�i�e�l�d� 

�r�e�l�a�t�i�v�e� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �2�.�2�6�,� �f�r�o�m� �5�.�2�0� �t�o� �6�.�4�9� �p�p�m�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �a�c�e�t�y�l�a�t�i�o�n� 

�h�a�d� �i�n�d�e�e�d� �o�c�c�u�r�r�e�d� �a�t� �t�h�e� �C�-�1�0� �p�o�s�i�t�i�o�n�.� �T�h�e� �o�t�h�e�r� �s�i�g�n�a�l�s� �i�n� �t�h�e� �s�p�e�c�t�r�u�m� �w�e�r�e� 

�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �s�t�r�u�c�t�u�r�e� �a�s�s�i�g�n�e�d�.� �T�h�e� �F�A�B�M�S� �[�M�H�]�*� �p�e�a�k� �a�t� �m�/�z� �9�6�2� �p�r�o�v�i�d�e�d� 

�f�u�r�t�h�e�r� �e�v�i�d�e�n�c�e� �o�f� �c�o�m�p�o�u�n�d� �2�.�2�7� �h�a�v�i�n�g� �t�h�e� �s�t�r�u�c�t�u�r�e� �a�s�s�i�g�n�e�d�.� 

�2�.�1�.�7� �C�o�u�p�l�i�n�g� �o�f� �4�-�D�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)� �b�a�c�c�a�t�i�n� 

�I�I�I� �(�2�.�2�5�)� �w�i�t�h� �S�i�d�e� �C�h�a�i�n� �2�.�1�9� 

�B�a�s�e�d� �o�n� �t�h�e� �s�u�c�c�e�s�s�f�u�l� �c�o�u�p�l�i�n�g� �o�f� �4�,�1�0�-�b�i�s�(�d�e�a�c�e�t�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�T�I� �(�2�.�7�)� 

�w�i�t�h� �t�h�e� �s�i�d�e� �c�h�a�i�n� �a�c�i�d� �2�.�1�9�,� �i�t� �w�a�s� �r�e�a�s�o�n�e�d� �t�h�a�t� �a� �s�i�m�i�l�a�r� �c�o�u�p�l�i�n�g� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� �s�i�d�e� 
� � 

�A�c�O� �O� �O�T�E�S� � � � � 

�2�.�2�5� 

�A�c�o�O� 

� � 

�2�.�2�6� �D�C�C�.� 

�D�M�A�P� � � 
�2�.�2�7� 
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�S�c�h�e�m�e� �8�.� �A�p�p�r�o�a�c�h�e�s� �t�o�w�a�r�d� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �t�h�e� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e� �2�.�2�7�.� 
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�c�h�a�i�n� �a�c�i�d� �2�.�1�9� �w�i�t�h� �4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�}�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�2�5�)�,� �a�s� �d�e�p�i�c�t�e�d� �i�n� �S�c�h�e�m�e� �8�,� 

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

�i�s�o�l�a�t�e�d� �w�a�s� �f�o�u�n�d� �b�y� �T�L�C�,� �!�H� �N�M�R� �a�n�d� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�i�c� �a�n�a�l�y�s�e�s� �t�o� �b�e� �i�d�e�n�t�i�c�a�l� �t�o� 

�c�o�m�p�o�u�n�d� �2�.�2�7�,� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �2�.�1�.�6�,� �p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� �b�a�c�c�a�t�i�n� �I�I�I� �d�e�r�i�v�a�t�i�v�e� �2�.�7�.� 

�2�.�1�.�8� �D�e�p�r�o�t�e�c�t�i�o�n� �o�f� �C�o�m�p�o�u�n�d� �2�.�2�7�,� �f�o�l�l�o�w�e�d� �b�y� 

�3�'�-�N�-�B�e�n�z�o�y�l�a�t�i�o�n� 

�W�i�t�h� �t�h�e� �4�-�d�e�a�c�e�t�y�l�a�t�e�d� �c�o�m�p�o�u�n�d� �2�.�2�7� �h�a�v�i�n�g� �b�e�e�n� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �t�w�o� �i�n�d�i�v�i�d�u�a�l� 

�s�u�b�s�t�r�a�t�e�s� �2�.�7� �a�n�d� �2�.�2�5�,� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �a�b�o�v�e� �S�e�c�t�i�o�n�s�,� �t�h�e� �f�i�n�a�l� �t�w�o� �s�t�e�p�s� �o�f� �t�h�e� 

�p�r�o�p�o�s�e�d� �s�y�n�t�h�e�s�i�s� �o�f� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)�,� �n�a�m�e�l�y� �d�e�p�r�o�t�e�c�t�i�o�n� �a�n�d� �C�-�3�'�-� �N�-�b�e�n�z�o�y�l�a�t�i�o�n�,� 

�c�o�u�l�d� �b�e� �c�a�r�r�i�e�d� �o�u�t�.� �T�h�u�s�,� �u�s�i�n�g� �C�o�m�m�e�r�c�o�n ��s� �d�e�p�r�o�t�e�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�,�?�?� �c�o�m�p�o�u�n�d� �2�.�2�7� 

�w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �9�9�%� �f�o�r�m�i�c� �a�c�i�d�,� �y�i�e�l�d�i�n�g� �4�-�d�e�a�c�e�t�y�l�-�3�'�-� �N�-�d�e�b�e�n�z�o�y�l�t�a�x�o�l� �(�2�.�2�8�)� �i�n� �g�o�o�d� 

�y�i�e�l�d� �b�y� �T�L�C� �a�n�a�l�y�s�i�s�.� 

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

�t�o� �S�c�h�o�t�t�e�n�-�B�a�u�m�a�n�n� �c�o�n�d�i�t�i�o�n�s�!�4 �� �t�o� �e�f�f�e�c�t� �3�'�-� �N�-�b�e�n�z�o�y�l�a�t�i�o�n�.� �T�h�e� �m�a�j�o�r� �p�r�o�d�u�c�t� �o�f� �t�h�i�s� 

�r�e�a�c�t�i�o�n� �w�a�s� �t�h�u�s� �r�e�a�l�i�z�e�d� �i�n� �4�6�.�2�%� �y�i�e�l�d� �o�v�e�r� �t�w�o� �s�t�e�p�s� �f�r�o�m� �c�o�m�p�o�u�n�d� �2�.�2�7�.� �F�u�l�l� 

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

�c�o�m�p�o�u�n�d� �a�s� �t�h�e� �t�a�r�g�e�t� �m�o�l�e�c�u�l�e� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)�.� �T�h�e� �'�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �4�-� 

�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �a�p�p�e�a�r�s� �i�n� �F�i�g�u�r�e� �5�,� �a�n�d� �a�s� �c�a�n� �b�e� �s�e�e�n� �b�y� �c�o�m�p�a�r�i�s�o�n� �w�i�t�h� �a� �s�p�e�c�t�r�u�m� 

�f�o�r� �t�a�x�o�l� �(�1�.�8�)�,� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�,� �t�h�e� �s�p�e�c�t�r�u�m� �f�o�r� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �s�h�o�w�s� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �m�a�j�o�r� �f�e�a�t�u�r�e�s�,� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �l�a�c�k� �o�f� �a�n� �a�c�e�t�a�t�e� �a�t� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n�:� 

�1�)� �n�o� �a�c�e�t�a�t�e� �m�e�t�h�y�l� �s�i�n�g�l�e�t� �a�t� �2�.�3�8� �p�p�m�;� 

�2�)� �t�h�e� �C�-�7� �p�r�o�t�o�n� �d�o�u�b�l�e�t� �o�f� �d�o�u�b�l�e�t�s� �i�s� �s�h�i�f�t�e�d� �u�p�f�i�e�l�d�,� �f�r�o�m� �4�.�4�0� �p�p�m� �t�o� �4�.�1�0� �p�p�m�;� 

�a�n�d� 

�3�)� �t�h�e� �C�-�1�4�a� �p�r�o�t�o�n� �d�o�u�b�l�e�t� �o�f� �d�o�u�b�l�e�t�s� �i�s� �s�h�i�f�t�e�d� �d�o�w�n�f�i�e�l�d�,� �f�r�o�m� �2�.�2�8� �p�p�m� �t�o� �2�.�9�7� 
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�C�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �!�3�C� �N�M�R� �s�p�e�c�t�r�a� �o�f� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �a�n�d� �t�a�x�o�l� �(�1�.�8�)� �s�h�o�w�s� �t�h�e� 

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

�a�c�e�t�a�t�e� �c�a�r�b�o�n�y�l� �p�e�a�k�s� �a�t� �2�2�.�6� �p�p�m� �a�n�d� �1�7�0�.�4� �p�p�m�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �t�h�e� �s�p�e�c�t�r�u�m� �f�o�r� �4�-� 

�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)�,� �w�i�t�h� �o�n�l�y� �m�i�n�o�r� �c�h�e�m�i�c�a�l� �s�h�i�f�t� �d�i�f�f�e�r�e�n�c�e�s� �f�o�r� �t�h�e� �o�t�h�e�r� �c�a�r�b�o�n�s� �o�f� �t�h�e� 

�m�o�l�e�c�u�l�e�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �F�A�B�M�S� �[�M�H�]�*� �p�e�a�k� �a�t� �m�/�z� �8�1�2� �i�s� �i�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� 

�e�x�p�e�c�t�e�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �8�1�1� �f�o�r� �4�-�d�e�a�c�e�t�v�i�t�a�x�o�l� �(�2�.�1�)�.� 

�2�.�1�.�9� �P�r�e�p�a�r�a�t�i�o�n� �o�f� �4�-�D�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� 

�f�r�o�m� �T�a�x�o�l� �(�1�.�8�)� 

�S�u�b�s�e�q�u�e�n�t� �t�o� �t�h�e� �s�u�c�c�e�s�s�f�u�l� �f�o�r�m�a�t�i�o�n� �o�f� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �v�i�a� �t�h�e� �t�w�o� �i�n�d�e�p�e�n�d�e�n�t� 

�p�r�o�c�e�d�u�r�e�s� �l�e�a�d�i�n�g� �f�r�o�m� �7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�b�a�c�c�a�t�i�n� �I�I�I� �(�2�.�5�)�,� �a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�,� �i�t� �w�a�s� 

�f�o�u�n�d ��*�+�}�4�8� �t�h�a�t� �t�r�e�a�t�m�e�n�t� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�7�-�(�t�n�e�t�h�y�l�s�i�l�y�l�)�r�a�x�o�l� �(�2�.�2�9�)�:� �w�i�t�h� 

�b�e�n�z�y�l�t�r�i�m�e�t�h�y�l�a�m�m�o�n�i�u�m� �h�y�d�r�o�x�i�d�e� �( ��T�r�i�t�o�n� �B ��)� �l�e�d� �t�o� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �2�'�-�(�t�e�r�t�-� 

�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�7�-�(�t�r�i�e�t�h�v�i�s�i�l�y�l� �t�a�x�o�l� �(�2�.�3�0�)�,� �w�h�i�c�h�,� �u�p�o�n� �c�o�n�t�i�n�u�e�d� 

�t�r�e�a�t�m�e�n�t� �w�i�t�h� �T�r�i�t�o�n� �B�,� �w�a�s� �f�u�r�t�h�e�r� �h�y�d�r�o�l�y�z�e�d� �t�o� �2�'�-�(� �t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�v�l�s�i�l�y�l�)�-�4�-�d�e�a�c�e�t�y�l�-� 

�2�-�d�e�b�e�n�z�o�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �t�a�x�o�l� �(�2�.�3�1�)�,� �i�n� �y�i�e�l�d�s� �o�f� �5�5� �t�o� �6�5�%�.� 

�I�t� �w�a�s� �f�o�u�n�d� �s�o�o�n� �t�h�e�r�e�a�f�t�e�r� �t�h�a�t� �t�r�e�a�t�m�e�n�t� �o�f� �2�.�2�9� �w�i�t�h� �b�e�n�z�v�i�t�r�i�m�e�t�h�y�l�a�m�m�o�n�i�u�m� 

�m�e�t�h�o�x�i�d�e�!�#�*� �a�f�f�o�r�d�e�d� �2�.�3�1� �i�n� �s�o�m�e�w�h�a�t� �b�e�t�t�e�r� �v�i�e�l�d�s�,� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �6�5� �t�o� �8�5�%�.� �T�h�a�t� �t�h�e� 

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

�7�3



�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� �e�x�t�r�e�m�e�l�y� �b�u�l�k�y� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �a�t� �t�h�e� �C�-�2�'� �p�o�s�i�t�i�o�n�,� 

�e�s�s�e�n�t�i�a�l�l�y� �s�h�i�e�l�d�i�n�g� �t�h�e� �e�s�t�e�r� �l�i�n�k�a�g�e� �f�r�o�m� �h�y�d�r�o�l�y�t�i�c� �c�l�e�a�v�a�g�e�.� �I�n�d�e�e�d�,� �w�h�e�n� �t�h�e� �2�'�,�7�-� 

�b�i�s�(�t�r�i�e�t�h�y�l�s�i�l�y�!�)�t�a�x�o�l� �a�n�a�l�o�g� �(�2�.�3�2�)� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �t�h�e� �s�a�m�e� �c�o�n�d�i�t�i�o�n�s�, ��+� �t�h�e� �m�a�j�o�r� 

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

�o�f� �t�h�e� �m�o�r�e� �b�u�l�k�y� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �o�n� �t�h�e� �C�-�2�'� �h�y�d�r�o�x�y�!� �i�n� �k�e�e�p�i�n�g� �t�h�e� �s�i�d�e� �c�h�a�i�n� �i�n�t�a�c�t�.� 

� 



� � 

�2�.�3�2� 

�T�h�e� �s�e�l�e�c�t�i�v�i�t�y� �o�b�s�e�r�v�e�d� �u�n�d�e�r� �t�h�e�s�e� �d�e�a�c�y�l�a�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�,� �n�a�m�e�l�y� �C�-�2� �>� �C�-�4� �>� �C�-�1�3� 

�(�n�o� �C�-�1�0� �e�s�t�e�r� �h�y�d�r�o�l�y�s�i�s� �w�a�s� �o�b�s�e�r�v�e�d�)�,� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �r�a�t�h�e�r� �b�u�l�k�y� �n�a�t�u�r�e� �o�f� �t�h�e� �b�a�s�e� 

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

�d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t� �o�n� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �)�t�a�x�o�l� �(�2�.�2�9�)� �b�y� �t�r�e�a�t�m�e�n�t� 

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

�w�e�r�e�,� �h�o�w�e�v�e�r�,� �s�u�b�s�t�a�n�t�i�a�l�l�y� �l�o�w�e�r�,� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �2�0� �t�o� �3�5�%�.� �T�h�i�s� �o�r�d�e�r� �o�f� �d�e�a�c�y�l�a�t�i�o�n� �w�a�s� 

�a�l�s�o� �i�n�d�e�p�e�n�d�e�n�t�l�y� �o�b�s�e�r�v�e�d� �b�y� �G�e�o�r�g� �a�n�d� �c�o�w�o�r�k�e�r�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �a� �r�e�c�e�n�t� 

�p�u�b�l�i�c�a�t�i�o�n�.�!�?�8� �T�h�a�t� �t�h�e� �C�-�2� �b�e�n�z�o�a�t�e� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�v�!�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� 

�(�2�.�2�9�)� �i�s� �h�y�d�r�o�l�y�z�e�d� �f�i�r�s�t� �s�e�e�m�s� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �n�e�a�r�b�y� �C�-�]� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �m�a�y� �p�r�o�v�i�d�e� 

�a�s�s�i�s�t�a�n�c�e� �d�u�r�i�n�g� �s�u�c�h� �a� �h�y�d�r�o�l�y�s�i�s�.� �T�h�e� �o�b�s�e�r�v�a�t�i�o�n� �t�h�a�t� �t�h�e� �C�-�4� �a�c�e�t�a�t�e� �i�s� �h�y�d�r�o�l�y�z�e�d� �o�n�l�y� 

�a�f�t�e�r� �t�h�e� �C�-�2� �b�e�n�z�o�a�t�e� �h�a�s� �b�e�e�n� �c�l�e�a�v�e�d� �i�m�p�l�i�e�s� �t�h�a�t�,� �i�n� �a�n� �a�n�a�l�o�g�o�u�s� �f�a�s�h�i�o�n� �t�o� �t�h�e� �C�-�2� 

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

�n�e�i�g�h�b�o�r�i�n�g� �C�-�2� �h�y�d�r�o�x�y�l� �g�r�o�u�p�.� �T�h�i�s� �n�e�i�g�h�b�o�r�i�n�g� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �p�a�r�t�i�c�i�p�a�t�i�o�n� �e�x�p�l�a�i�n�s� 

�t�h�e� �o�b�s�e�r�v�e�d� �l�a�c�k� �o�f� �r�e�a�c�t�i�v�i�t�y� �o�f� �t�h�e� �C�-�1�0� �a�c�e�t�a�t�e�,� �a�n�d� �h�a�s� �a�l�s�o� �b�e�e�n� �i�n�d�e�p�e�n�d�e�n�t�l�y� 

�p�r�o�p�o�s�e�d� �b�y� �G�e�o�r�g�.�!�7�8� 

�D�u�r�i�n�g� �t�h�e� �i�n�i�t�i�a�l� �f�e�w� �e�x�p�e�r�i�m�e�n�t�s� �d�i�r�e�c�t�e�d� �a�t� �c�o�n�v�e�r�t�i�n�g� �c�o�m�p�o�u�n�d� �2�.�2�9� �t�o� �t�h�e� �2�,�4�-�d�i�-� 

�d�e�a�c�y�l�a�t�e�d� �a�n�a�l�o�g� �2�.�3�1�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �w�o�r�k�-�u�p� �c�o�n�d�i�t�i�o�n�s� �e�m�p�l�o�y�e�d�,� 

�a� �m�a�j�o�r� �p�r�o�d�u�c�t� �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� �h�a�d� �t�h�e� �i�s�o�m�e�r�i�c� �s�t�r�u�c�t�u�r�e� �2�.�3�3�.� �T�h�e� 

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

�t�h�a�t� �d�e�s�c�r�i�b�e�d� �f�o�r� �t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �c�o�m�p�o�u�n�d� �2�.�4� �t�o� �t�h�e� �t�e�t�r�a�h�y�d�r�o�f�u�r�a�n�y�l� �i�s�o�m�e�r� �2�.�8�,� 
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�n�a�m�e�l�y� �b�y� �i�n�t�r�a�m�o�l�e�c�u�l�a�r� �a�t�t�a�c�k� �o�f� �t�h�e� �i�n�t�e�r�m�e�d�i�a�r�y� �C�-�2� �o�x�y�a�n�i�o�n� �o�n� �t�h�e� �C�-�2�0� �p�o�s�i�t�i�o�n� �i�n� 

�c�o�m�p�o�u�n�d� �2�.�3�1�,� �t�h�u�s� �a�f�f�o�r�d�i�n�g� �c�o�m�p�o�u�n�d� �2�.�3�3� �(�c�f�.� �S�c�h�e�m�e� �2�)�.�!�!�5� �A�s� �w�i�t�h� �t�h�e� �b�a�c�c�a�t�i�n� �I�I�I� 

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

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

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

�c�o�m�p�o�u�n�d� �2�.�2�9� �t�o� �2�.�3�1� �t�o� �b�e� �r�a�p�i�d�l�y� �o�p�t�i�m�i�z�e�d�,� �s�u�c�h� �t�h�a�t� �i�n� �s�u�b�s�e�q�u�e�n�t� �e�x�p�e�r�i�m�e�n�t�s� �t�h�e� 

�i�s�o�m�e�r�i�c� �p�r�o�d�u�c�t� �2�.�3�3� �w�a�s� �o�b�s�e�r�v�e�d� �o�n�l�y� �i�n� �m�i�n�u�t�e� �q�u�a�n�t�i�t�i�e�s�.� 

� � 

�2�.�3�3� 

�T�h�u�s�,� �w�i�t�h� �2�'�-�(�t�e�r�t�-�b�u�t�v�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�4�-�d�e�a�c�e�t�y�l�-�2�-�d�e�b�e�n�z�o�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� 

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

�w�a�s� �n�e�x�t� �s�u�b�j�e�c�t�e�d� �t�o� �r�e�b�e�n�z�o�y�l�a�t�i�o�n� �o�f� �t�h�e� �C�-�2� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �u�s�i�n�g� �b�e�n�z�o�i�c� �a�n�h�y�d�r�i�d�e� 

�u�n�d�e�r� �s�t�a�n�d�a�r�d� �c�o�u�p�l�i�n�g� �c�o�n�d�i�t�i�o�n�s� �t�o� �a�f�f�o�r�d� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�4�-�d�e�a�c�e�t�y�l�-�7�-� 

�(�t�r�i�e�t�h�y�l�s�i�l�y�!� �t�a�x�o�l� �(�2�.�3�4�)� �i�n� �6�5� �t�o� �8�0�%� �y�i�e�l�d�.� 

� � 
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�T�h�e� �d�i�p�r�o�t�e�c�t�e�d� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �2�.�3�4� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �d�e�p�r�o�t�e�c�t�i�o�n� �u�s�i�n�g� �5�%� 

�m�e�t�h�a�n�o�l�i�c� �H�C�l�,� �a�f�f�o�r�d�i�n�g� �4�-�d�e�a�c�e�t�v�i�t�a�x�o�l� �(�2�.�1�)� �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�.� �S�p�e�c�t�r�o�s�c�o�p�i�c� 

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

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

�a�s� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�.� 

�2�.�1�.�1�0� �B�i�o�l�o�g�i�c�a�l� �T�e�s�t� �R�e�s�u�l�t�s� �o�f� �4�-�D�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� 

�2�.�1�.�1�0�.�1� �B�i�o�l�o�g�i�c�a�l� �T�e�s�t� �S�y�s�t�e�m�s� 

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

�d�i�f�f�e�r�e�n�t� �a�s�s�a�y� �s�y�s�t�e�m�s� �w�e�r�e� �u�s�e�d�,� �n�a�m�e�l�y� �t�h�e� �P�-�3�8�8� �l�y�m�p�h�o�c�y�t�i�c� �l�e�u�k�e�m�i�a� �c�e�l�l� �l�i�n�e�,� �t�h�e� 

�C�A�4�6� �B�u�r�k�i�t�t� �c�e�l�l� �l�i�n�e�,� �a�n�d� �t�h�e� �i�m� �v�i�t�r�o� �t�u�b�u�l�i�n� �a�s�s�e�m�b�l�y�/�d�i�s�a�s�s�e�m�b�l�y� �a�s�s�a�y�.� �B�o�t�h� �t�h�e� �P�-�3�8�8� 

�a�n�d� �t�h�e� �C�A�4�6� �B�u�r�k�i�t�t� �c�e�l�l� �c�u�l�t�u�r�e�s� �m�e�a�s�u�r�e� �t�h�e� �a�b�i�l�i�t�y� �o�f� �a� �p�o�t�e�n�t�i�a�l� �d�r�u�g� �t�o� �i�n�h�i�b�i�t� �t�h�e� 

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

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

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

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

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

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �n�e�c�e�s�s�a�r�y� �t�o� �i�n�h�i�b�i�t� �g�r�o�w�t�h� �b�y� �5�0�%� �(�t�h�e� �i�n�h�i�b�i�t�i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �[�C�,�)�;� �o�r� 

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

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

�u�s�i�n�g� �c�e�l�l� �l�i�n�e� �a�s�s�a�y�s� �a�r�e� �p�o�s�s�i�b�l�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �c�e�l�l�u�l�a�r� �u�p�t�a�k�e�;� �p�o�s�s�i�b�l�e� �e�n�z�y�m�a�t�i�c� 

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

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

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

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

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

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

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

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

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

�2�.�1�.�1�0�.�2� �B�i�o�l�o�g�i�c�a�l� �T�e�s�t� �R�e�s�u�l�t�s� 

�4�-�D�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �w�a�s� �i�n�i�t�i�a�l�l�y� �s�u�b�m�i�t�t�e�d� �t�o� �D�r�.� �W�.� �L�i�c�h�t�e�r� �o�f� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� 

�M�i�a�m�i� �S�c�h�o�o�l� �o�f� �M�e�d�i�c�i�n�e� �f�o�r� �b�i�o�l�o�g�i�c�a�l� �t�e�s�t�i�n�g� �i�n� �t�h�e� �P�-�3�8�8� �m�u�r�i�n�e� �l�e�u�k�e�m�i�a� �c�e�l�l� �l�i�n�e�.� �I�t� 

�w�a�s� �f�o�u�n�d� �t�h�a�t� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �e�x�h�i�b�i�t�e�d� �a�n� �E�D�.�)� �o�f� �0�.�2� �u�g�/�m�L� �r�e�l�a�t�i�v�e� �t�o� �t�a�x�o�l� 

�(�1�.�8�)�,� �w�h�i�c�h� �h�a�d� �a�n� �E�D�,� �o�f� �0�.�0�3� �u�g�/�m�L�.� �T�h�e�s�e� �p�r�e�l�i�m�i�n�a�r�y� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �4�-� 

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

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

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

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

�a�n�o�t�h�e�r� �s�a�m�p�l�e� �o�f� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �w�a�s� �s�u�b�m�i�t�t�e�d� �t�o� �D�r�.� �E�r�n�e�s�t� �H�a�m�e�l� �a�t� �t�h�e� �N�a�t�i�o�n�a�l� 

�C�a�n�c�e�r� �I�n�s�u�t�u�t�e�,� �N�a�t�i�o�n�a�l� �I�n�s�u�t�u�t�e�s� �o�f� �H�e�a�l�t�h�,� �f�o�r� �b�i�o�l�o�g�i�c�a�l� �t�e�s�t�i�n�g� �i�n� �t�h�e� �h�u�m�a�n� �C�A�4�6� 

�B�u�r�k�i�t�t� �l�y�m�p�h�o�m�a� �c�e�l�l� �l�i�n�e�,� �a�s� �w�e�l�l� �a�s� �i�n� �a� �t�u�b�u�l�i�n� �a�s�s�e�m�b�l�y� �a�s�s�a�y�.� �I�n� �t�h�e� �C�A�4�6� �B�u�r�k�i�t�t� �c�e�l�l�s� 

�4�-�d�e�a�c�e�t�v�i�t�a�x�o�l� �h�a�d� �n�o� �i�n�h�i�b�i�t�o�r�y� �e�f�f�e�c�t� �o�n� �c�e�l�l� �g�r�o�w�t�h� �a�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�s� �h�i�g�h� �a�s� �1�0�u�U�M�,� 

�a�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �a�n� �I�C�,�,� �v�a�l�u�e� �o�f� �3�0�n�M� �f�o�r� �t�a�x�o�l�.�!�4�#�8� �T�h�e� �e�f�f�e�c�t�s� �o�f� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �o�n� 

�t�u�b�u�l�i�n� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �r�e�l�a�t�i�v�e� �t�o� �t�a�x�o�l� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �7�.� 

�A�s� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �T�a�b�l�e� �7�,� �u�n�d�e�r� �c�o�n�d�i�t�i�o�n�s� �i�n� �w�h�i�c�h� �t�u�b�u�l�i�n� �a�s�s�e�m�b�l�y� �o�c�c�u�r�s� 

�w�i�t�h�o�u�t� �a�n�y� �d�r�u�g� �a�t� �3�7� �°�C� �b�u�t� �n�o�t� �a�t� �2�0� �°�C�,� �t�a�x�o�l� �(�1�.�8�)� �d�i�s�p�l�a�v�e�d� �a� �s�l�i�g�h�t� �e�f�f�e�c�t� �e�v�e�n� �a�t� �0� 

�°�C� �a�n�d� �a� �p�r�o�f�o�u�n�d� �e�f�f�e�c�t� �o�n� �a�s�s�e�m�b�l�y� �a�t� �2�0� �°�C�.� �I�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �d�r�u�g�,� �d�e�p�o�l�y�m�e�r�i�z�a�t�i�o�n� 

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

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

�d�e�a�c�e�t�y�i�t�a�x�o�l� �(�2�.�1�)� �s�h�o�w�e�d� �n�o� �a�c�t�i�v�i�t�y� �a�t� �0� �°�C� �a�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�s� �h�i�g�h� �a�s� �4�0�M�,� �a�n�d� �o�n�l�y� 

�v�e�r�y� �s�l�i�g�h�t� �a�c�t�i�v�i�t�y� �a�t� �2�0� �°�C�.� �A�t� �3�7� �°�C� �a�n�d� �a�t� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �4�0�U�M� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� 
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�d�i�s�p�l�a�y�e�d� �t�u�b�u�l�i�n� �a�s�s�e�m�b�l�y� �a�c�t�i�v�i�t�y� �o�n�l�y� �m�a�r�g�i�n�a�l�l�y� �h�i�g�h�e�r� �t�h�a�n� �i�n� �t�h�e� �c�o�n�t�r�o�l�.� �F�u�r�t�h�e�r�m�o�r�e�,� 

�a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �7�,� �t�h�e� �d�i�s�a�s�s�e�m�b�l�y� �r�a�t�e� �f�o�r� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �w�a�s� �o�n�l�y� �m�o�d�e�r�a�t�e�l�y� �r�e�d�u�c�e�d� 

�e�v�e�n� �a�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �4�0�u�M�.� �T�h�u�s�,� �t�h�e� �d�a�t�a� �i�n�d�i�c�a�t�e� �t�h�a�t� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

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

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

�b�i�o�l�o�g�i�c�a�l� �a�c�t�v�i�t�y�.�'�*�8� 

� � 

�T�a�b�l�e� �7�.� �E�f�f�e�c�t�s� �o�f� �t�a�x�o�l� �(�1�.�8�)� �a�n�d� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �o�n� �t�u�b�u�l�i�n� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� 
� � 

�M�a�x�.� �a�s�s�e�m�b�l�y� �r�a�t�e�,� �u�n�i�t�/�m�i�n�*� 
�M�a�x�.� �d�e�p�o�l�y�m�e�r�i�z�a�t�i�o�n� � � 

� � 

�C�o�m�p�o�u�n�d� �0�°�C� �2�0� �°�C� �3�7� �°�C� �r�a�t�e�,� �u�n�i�t�/�m�i�n!"� 

�N�o�n�e� �0� �0� �0�.�4�6� �0�.�5�6� 
 ��1�.�8� �(�1�0�M�)� �0�.�0�1�0� �0�.�9�8� �n�m�.� �0�.�1�7� 
�1�.�8� �(�4�0�2�M�)� �0�.�0�2�9� �0�.�9�5� �n�m�.� �0�.�1�4� 
�2�.�1� �(�1�0�U�M�)� �0� �0� �0�.�4�6� �0�.�4�6� 
�2�.�1� �(�4�0�U�M�)� �0� �0�.�0�1�5� �0�.�6�0� �0�.�3�4� 

� � 

�*� �R�a�t�e�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �c�h�a�n�g�e� �i�n� �a�b�s�o�r�b�a�n�c�e� �u�n�i�t�s� �a�t� �3�5�0� �n�m� �(�i�.�e�.�,� �A�A�;�c�,�)�.� �B�a�s�e�l�i�n�e�s� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �w�i�t�h� 

�a�l�l� �c�o�m�p�o�n�e�n�t�s� �(�1�.�0� �m�g�/�m�L� �t�u�b�u�l�i�n�,� �0�.�6� �M� �m�o�n�o�s�o�d�i�u�m� �g�l�u�t�a�m�a�t�e�,� �1�.�0� �m�M� �M�g�C�l�.� �0�.�4� �m�M� �G�T�P�)� �i�n� �t�h�e� 
�r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �e�x�c�e�p�t� �d�r�u�g� �o�r� �d�i�m�e�t�h�y�l� �s�u�l�f�o�x�i�d�e� �(�t�h�e� �d�r�u�g� �s�o�l�v�e�n�t�)�.� �D�r�u�g� �w�a�s� �a�d�d�e�d�,� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� 
�f�o�l�l�o�w�e�d� �f�o�r� �1�0� �m�i�n�u�t�e�s� �a�t� �0� �°�C�,� �1�5� �m�i�n�u�t�e�s� �a�t� �2�0� �°�C� �a�n�d� �1�5� �m�i�n�u�t�e�s� �a�t� �3�7� �°�C�.� �R�e�a�c�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� 

�w�a�s� �t�h�e�n� �r�e�d�u�c�e�d� �t�o� �0� �°�C� �f�o�r� �t�h�e� �d�e�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �p�h�a�s�e�.� �A�v�e�r�a�g�e�s� �o�f� �d�u�p�l�i�c�a�t�e� �v�a�l�u�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� 
�(�n�.�m�.� �=� �n�o�t� �m�e�a�n�i�n�g�f�u�l�,� �s�i�n�c�e� �t�h�e� �e�x�t�e�n�t� �o�f� �r�e�a�c�t�i�o�n� �a�t� �t�h�e� �l�o�w�e�r� �p�r�e�c�e�d�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� 

�s�u�f�f�i�c�i�e�n�t�l�y� �e�x�t�e�n�s�i�v�e� �t�h�a�t� �t�h�e� �m�a�x�i�m�u�m� �r�a�t�e� �a�t� �t�h�e� �i�n�d�i�c�a�t�e�d� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �r�e�l�a�t�i�v�e�l�y� �l�o�w�)�.� 
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�3�.�1� �P�r�e�p�a�r�a�t�i�o�n� �o�f� �4�-�A�c�y�l�t�a�x�o�l� �A�n�a�l�o�g�s� 

�3�.�1�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

�H�a�v�i�n�g� �s�u�c�c�e�s�s�f�u�l�l�y� �p�r�e�p�a�r�e�d� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �v�i�a� �t�h�r�e�e� �i�n�d�e�p�e�n�d�e�n�t� �s�y�n�t�h�e�t�i�c� 

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

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

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

�a�n�d� �t�h�e� �n�e�w�l�y� �p�r�e�p�a�r�e�d� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l�.� �I�t� �w�a�s� �a�n�t�i�c�i�p�a�t�e�d�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �p�o�s�s�i�b�l�e� 

�e�n�h�a�n�c�e�m�e�n�t� �o�f� �a�c�t�i�v�i�t�y� �t�h�a�t� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n� �m�i�g�h�t� �r�e�n�d�e�r�,� �t�h�a�t� �a�n�y� 

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

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

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

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

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

�t�u�b�u�l�i�n�,� �i�n� �e�i�t�h�e�r� �a� �s�t�e�r�i�c� �o�r� �a�n� �e�l�e�c�t�r�o�n�i�c� �s�e�n�s�e�)�.� 

�A�s� �o�n�g�i�n�a�l�l�y� �e�n�v�i�s�i�o�n�e�d�,� �s�y�n�t�h�e�t�i�c� �e�f�f�o�r�t�s� �t�o�w�a�r�d� �p�r�e�p�a�r�i�n�g� �4�-�a�c�y�l�t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e�s� �w�e�r�e� 

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

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

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

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

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

�( ��T�r�i�t�o�n�-�B ��)� �o�r� �i�t�s� �m�e�t�h�o�x�i�d�e� �a�n�a�l�o�g�, ��#�4�8� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �2�.�1�.�9�,� �i�t� �w�a�s� �t�h�o�u�g�h�t� �t�h�a�t� 

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

�a�c�y�l�t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e�s�,� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �s�y�n�t�h�e�t�i�c� �m�e�t�h�o�d�o�l�o�g�y� �o�u�t�l�i�n�e�d� �i�n� �S�c�h�e�m�e� �9�.� 

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

�t�h�e� �b�a�c�c�a�t�i�n� �I�I�I� �a�p�p�r�o�a�c�h�e�s�,� �t�h�i�s� �a�p�p�r�o�a�c�h� �o�f�f�e�r�s� �t�h�e� �a�d�v�a�n�t�a�g�e� �o�f� �p�r�o�d�u�c�i�n�g� �t�h�e� �2�'�,�7�-� 

�d�i�p�r�o�t�e�c�t�e�d� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �2�.�3�4� �i�n� �f�a�i�r�l�y� �g�o�o�d� �y�i�e�l�d� �p�r�i�o�r� �t�o� �r�e�a�l�i�z�i�n�g� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l�.� �T�h�i�s� 

�i�s� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �+�4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �p�r�e�p�a�r�a�t�i�o�n�s� �t�r�o�m� �b�a�c�c�a�t�i�n� �I�I�I� �i�n� �w�h�i�c�h� �d�e�p�r�o�t�e�c�t�i�o�n� 
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�1�)� �T�B�D�M�S�C�I�,� �I�m�i�d�a�z�o�l�e�;� 
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�2�)� �B�e�n�z�y�l�t�r�i�m�e�t�h�y�!�-� 
�a�m�m�o�n�i�u�m� �m�e�t�h�o�x�i�d�e� 
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�S�c�h�e�m�e� �9�.� �G�e�n�e�r�a�l� �s�y�n�t�h�e�t�i�c� �a�p�p�r�o�a�c�h� �t�o� �4�-�a�c�y�l�t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e�s� �f�r�o�m� �t�a�x�o�l� �(�1�.�8�)�.� 
� � 
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�n�e�c�e�s�s�a�r�i�l�y� �o�c�c�u�r�s� �b�e�f�o�r�e� �t�h�e� �r�e�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �t�a�r�g�e�t� �m�o�l�e�c�u�l�e� �(�c�f�.� �S�e�c�t�i�o�n� �2�.�1�.�8�)� �-� 

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

�w�o�u�l�d� �r�e�q�u�i�r�e� �p�r�i�o�r� �r�e�p�r�o�t�e�c�t�i�o�n� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �d�e�p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �C�-�7� �a�n�d� �C�-�2�'� 

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

�d�e�a�c�e�t�y�l�t�a�x�o�l� �b�y� �t�h�i�s� �a�p�p�r�o�a�c�h�.� �A�c�c�o�r�d�i�n�g�l�y�,� �a�n�d� �a�s� �d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y� �i�n� �S�e�c�t�i�o�n� �2�.�1�.�9�,� 

�t�a�x�o�l� �w�a�s� �f�i�r�s�t� �p�r�o�t�e�c�t�e�d� �t�o� �g�i�v�e� �c�o�m�p�o�u�n�d� �2�.�2�9�,� �f�o�l�l�o�w�i�n�g� �w�h�i�c�h� �t�r�e�a�t�m�e�n�t� �w�i�t�h� 

�b�e�n�z�y�l�t�r�i�m�e�t�h�y�l�a�m�m�o�n�i�u�m� �m�e�t�h�o�x�i�d�e� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �r�e�b�e�n�z�o�y�l�a�t�i�o�n� �a�f�f�o�r�d�e�d� �2�'�-�(�t�e�r�t�-� 

�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�v�l�)�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�2�.�3�4�)�,� �t�o� �b�e� �u�s�e�d� �a�s� �t�h�e� �s�u�b�s�t�r�a�t�e� �f�o�r� 

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

�3�.�1�.�2� �R�e�a�c�y�l�a�t�i�o�n� �A�t�t�e�m�p�t�s� �U�t�i�l�i�z�i�n�g� �2�'�-�(�t�e�r�t�-�B�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-� 

�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�2�.�3�4�)� 

�T�h�e� �i�n�i�t�i�a�l� �a�t�t�e�m�p�t�s� �a�t� �r�e�a�c�y�l�a�t�i�o�n� �o�f� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�4�-� 

�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �t�a�x�o�l� �(�2�.�3�4�)� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �f�o�u�r� �e�x�p�e�r�i�m�e�n�t�s�,� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� 

�a�c�y�l�a�t�i�n�g� �a�g�e�n�t�s� �u�n�d�e�r� �s�t�a�n�d�a�r�d� �c�o�u�p�l�i�n�g� �c�o�n�d�i�t�i�o�n�s� �(�D�C�C�/�D�M�A�P�)� �a�t� �e�l�e�v�a�t�e�d� 

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

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

�t�h�e� �p�r�o�d�u�c�t� �t�o� �t�h�e� �k�n�o�w�n� �c�o�m�p�o�u�n�d� �2�.�2�9�,� �g�i�v�i�n�g� �f�i�r�m� �e�v�i�d�e�n�c�e� �t�h�a�t� �a�c�y�l�a�t�i�o�n� �w�o�u�l�d� �o�c�c�u�r� 

�a�s� �d�e�s�i�r�e�d� �a�t� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n�.� 

� � 

�T�a�b�l�e� �8�.� �C�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� �i�n�i�t�i�a�l� �a�c�y�l�a�t�i�o�n� �a�t�t�e�m�p�t�s� �o�n� �2�'�-�(�t�e�r�t�-� 
�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �)�t�a�x�o�l� �(�2�.�3�4�)�.� 
� � 

� � 

�A�c�y�l�a�t�i�n�g� �C�o�n�d�i�t�i�o�n�s� �T�e�m�p�e�r�a�t�u�r�e� 
�E�x�p�e�r�i�m�e�n�t� �a�g�e�n�t� �(�e�q�u�i�v�a�l�e�n�t�s�)� �(�e�q�u�i�v�a�l�e�n�t�s� �)� �a�n�d� �t�i�m�e� �R�e�s�u�l�t �� 

�l� �(�C�H�,�C�O�)�,�O� �(�1�0�)� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(�c�a�t�)�,� �t�o�l�.� �6�5� �°�C�;� �1�2� �h�o�u�r�s� �n�e�r�.� 
�2� �(�C�I�C�H�,�C�O�)�,�0� �(�1�0�)� �|� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(�c�a�t�)�,� �t�o�l�.� �6�5� �°�C�;� �1�6� �h�o�u�r�s� �n�e�r�.� 
�3� �H�C�O�.�H� �(�1�0�)� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(�c�a�t�)�,� �r�o�l�.� �6�5� �°�C�;� �1�8� �h�o�u�r�s� �n�r�.� 
�4� �P�h�C�O�,�H� �(�2�0�)� �D�C�C� �(�2�0�)�,� �D�M�A�P� �(�c�a�t�)�,� �t�o�l�.� �6�5� �°�C�;� �1�2� �h�o�u�r�s� �m�r�.� 
� � 

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

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

�f�o�r�m�a�t�i�o�n� �w�a�s� �e�v�i�d�e�n�t� �b�y� �T�L�C� �a�n�a�l�y�s�i�s�.� �S�u�b�s�e�q�u�e�n�t� �p�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �'�H� �N�M�R� �a�n�a�l�y�s�i�s� �o�f� 

�t�h�e� �r�e�a�c�t�i�o�n� �m�a�t�e�r�i�a�l�s� �c�o�n�f�i�r�m�e�d� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �2�.�3�4� �t�o� �b�e� �u�n�r�e�a�c�t�e�d�.� �U�s�i�n�g� �t�h�e� �s�a�m�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �8�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �t�h�a�t� �r�e�a�c�t�i�o�n� �t�i�m�e�s� �w�e�r�e� 

�e�x�t�e�n�d�e�d� �t�o� �3�6� �h�o�u�r�s�,� �e�x�p�e�r�i�m�e�n�t�s� �1� �a�n�d� �2� �w�e�r�e� �r�e�p�e�a�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �i�n� �f�a�c�t� �t�h�e�s�e� 

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

�m�a�t�e�r�i�a�l� �w�a�s� �o�b�s�e�r�v�e�d� �b�y� �T�L�C� �a�n�d� �!�H� �N�M�R� �a�n�a�l�y�s�i�s�.� 

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

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

�a�l�l�o�w� �s�u�c�c�e�s�s�f�u�l� �c�o�u�p�l�i�n�g� �w�i�t�h� �t�h�e� �C�-�4� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �o�f� �c�o�m�p�o�u�n�d� �2�.�3�4�,� �w�h�i�c�h�,� �i�n� 

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

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

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

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

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

�p�r�o�v�e� �t�o� �b�e� �m�o�r�e� �f�r�u�i�t�f�u�l�.� �T�o�w�a�r�d� �t�h�i�s� �e�n�d�,� �t�h�e� �t�a�x�o�l� �s�u�b�s�t�r�a�t�e� �2�.�3�4� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� 

�c�h�l�o�r�o�a�c�e�t�i�c� �a�n�h�y�d�r�i�d�e� �i�n� �p�y�r�i�d�i�n�e�,� �u�n�d�e�r� �r�a�t�h�e�r� �v�i�g�o�r�o�u�s� �c�o�n�d�i�t�i�o�n�s� �(�6�5� �°�C�,� �3�0� �h�o�u�r�s�)�.� 

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

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

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

�r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �r�a�n�g�i�n�g� �f�r�o�m� �m�i�l�d� �(�0� �°�C�,� �4� �h�o�u�r�s�)� �t�o� �r�a�t�h�e�r� �v�i�g�o�r�o�u�s� �(�6�5� �°�C�,� �3�0� �h�o�u�r�s�)�.� 

�A�g�a�i�n�,� �h�o�w�e�v�e�r�,� �T�L�C� �a�n�d� �'�H� �N�M�R� �a�n�a�l�y�s�e�s� �a�f�t�e�r� �p�u�r�i�f�i�c�a�t�i�o�n� �s�h�o�w�e�d� �u�n�r�e�a�c�t�e�d� �s�t�a�r�t�i�n�g� 

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

�m�i�x�t�u�r�e�s�.� 

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

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

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

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

�r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�s� �f�r�o�m� �e�x�p�e�r�i�m�e�n�t�s� �9�,� �1�0�,� �1�4�,� �a�n�d� �1�5�,� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �9�,� �d�i�s�p�l�a�y�e�d� �a� �l�a�r�g�e� 

�n�u�m�b�e�r� �o�f� �p�r�o�d�u�c�t�s� �(�o�n� �t�h�e� �o�r�d�e�r� �o�f� �1�2� �t�o� �1�5� �U�V�-�a�c�t�i�v�e� �c�o�m�p�o�u�n�d�s� �f�o�r� �e�a�c�h�,� �6� �t�o� �1�0� �o�f� 

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

�P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�o�u�r� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�s� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �a�n�d� �}�!�H� �N�M�R� �a�n�a�l�y�s�e�s� �w�e�r�e� 

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

�c�o�m�p�o�u�n�d� �2�.�3�4�)� �a�n�d� �t�h�e� �l�o�w� �q�u�a�n�t�i�t�i�e�s� �o�f� �i�n�d�i�v�i�d�u�a�l� �p�r�o�d�u�c�t�s� �i�s�o�l�a�t�e�d� �(�t�y�p�i�c�a�l�l�y� �l�e�s�s� �t�h�a�n� 

�2�0�0� �u�g�)�,� �t�h�e� �1�H� �N�M�R� �d�a�t�a� �w�a�s� �i�n�c�o�n�c�l�u�s�i�v�e� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �w�h�e�t�h�e�r� �a�c�y�l�a�t�i�o�n� �h�a�d� 

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

�E�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �t�o�r� �r�e�a�c�t�i�o�n�s� �9�,� �1�0�,� �1�4�,� �a�n�d� �1�5� �t�r�o�m� �T�a�b�l�e� �9� �w�e�r�e� �r�e�p�e�a�t�e�d� �o�n� �a� 

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

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

� � 

�T�a�b�l�e� �9�.� �C�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� �a�t�t�e�m�p�t�e�d� �a�c�y�l�a�t�i�o�n� �o�f� �2�'�-�(� �t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-� 
�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�2�.�3�4�)� �u�s�i�n�g� �a�c�i�d� �c�h�l�o�r�i�d�e� �a�n�d� 

�t�r�i�e�t�h�y�l�a�m�i�n�e� �(�1�0� �e�q�u�i�v�a�l�e�n�t�s�)� �a�s� �b�a�s�e�.� 
� � 

� � 

�A�c�i�d� �c�h�l�o�r�i�d�e� �T�e�m�p�e�r�a�t�u�r�e� 
�E�x�p�e�r�i�m�e�n�t� �(�e�q�u�i�v�a�l�e�n�t�s�)� �S�o�l�v�e�n�t� �a�n�d� �t�i�m�e� �R�e�s�u�l�t �� 

�1� �C�H�,�C�O�C�I� �(�1�0�)� �C�H�,�C�l�,� �0� �°�C�;� �6� �h�o�u�r�s� �n�e�.� 
�2� �C�I�C�H�,�C�O�C�]� �(�1�0�)� �C�H�,�C�l�,� �0� �°�C�;� �6� �h�o�u�r�s� �n�r�.� 
�3� �P�h�C�O�C�]� �(�1�0�)� �C�H�,�C�l�,� �0� �°�C�;� �6� �h�o�u�r�s� �n�r�.� 
�4� �P�h�C�H�,� �C�O�C�]� �(�1�0�)� �C�H�,�C�l�,� �0� �°�C�;� �6� �h�o�u�r�s� �n�r�.� 
�5� �P�h�O�C�H�,�C�O�C�I� �(�1�0�)� �C�H�,�C�l�,� �0� �°�C�;� �6� �h�o�u�r�s� �n�e�.� 
�6� �C�H�,�C�O�C�!� �(�1�0�)� �C�H�,�C�l�,� �r�.�t�.�;� �8� �h�o�u�r�s� �n�r�.� 
�7� �C�I�C�H�,� �C�O�C�]� �(�1�0�)� �C�H�,�C�l�,� �r�.�t�.�;� �8� �h�o�u�r�s� �n�r�.� 
�8� �P�h�C�O�C�!� �(�1�0�)� �C�H�,�C�l�L�,� �r�.�t�.�;� �8� �h�o�u�r�s� �n�e�r�.� 
�9� �P�h�C�H�,�C�O�C�1� �(�1�0�)� �C�H�,�C�l�,� �r�.�t�.�;� �8� �h�o�u�r�s� �c�o�m�p�l�e�x� �m�i�x�t�u�r�e� 

�1�0� �P�h�O�C�H�,� �C�O�C�]� �(�1�0�)� �C�H�,�C�l�,� �r�.�t�.�;� �8� �h�o�u�r�s� �c�o�m�p�l�e�x� �m�i�x�t�u�r�e� 
�l�l� �C�H�,�C�O�C�I� �(�1�0�)� �C�H�C�l�,� �6�0� �°�C�;� �6� �h�o�u�r�s� �n�e�r�.� 
�1�2� �C�I�C�H�,�C�O�C�]� �(�1�0�)� �C�H�C�l�,� �6�0� �°�C�;� �6� �h�o�u�r�s� �n�r�.� 
�1�3� �P�h�C�O�C�!� �(�1�0�)� �C�H�C�l�,� �6�0� �°�C�;� �6� �h�o�u�r�s� �n�r�.� 

�1�4� �P�h�C�H�,� �C�O�C�!� �(�1�0�)� �C�H�C�,� �6�0� �°�C�;� �6� �h�o�u�r�s� �c�o�m�p�l�e�x� �m�i�x�t�u�r�e� 
�1�5� �P�h�O�C�H�,�C�O�C�I� �(�1�0�)� �C�H�C�l�,� �6�0� �°�C�;� �6� �h�o�u�r�s� �c�o�m�p�l�e�x� �m�i�x�t�u�r�e� 
� � 

�*� �E�x�c�e�p�t� �w�h�e�r�e� �n�o�t�e�d�,� �T�L�C� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �o�n�l�y� �u�n�r�e�a�c�t�e�d� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �(�n�.�r�.� �=� �n�o� �r�e�a�c�t�i�o�n�)�.� 
� � 
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�A�t�t�e�m�p�t�e�d� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�d�u�c�t�s� �b�y� �P�T�L�C� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �'�H� �N�M�R� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� 

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

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

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

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

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

�t�h�e� �d�e�s�i�r�e�d� �C�-�4� �a�c�y�l�a�t�e�d� �p�r�o�d�u�c�t�s�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �s�y�n�t�h�e�t�i�c� �a�p�p�r�o�a�c�h�e�s� �u�s�i�n�g� �2�'�-�(�t�e�r�t�-� 

�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�2�.�3�4�)� �a�s� �t�h�e� �s�u�b�s�t�r�a�t�e� �w�o�u�l�d� �n�o�t� �b�e� 

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

�y�i�e�l�d�.� 

�3�.�1�.�3� �R�e�a�c�y�l�a�t�i�o�n� �A�t�t�e�m�p�t�s� �U�t�i�l�i�z�i�n�g� �2�'�-�(� �t�e�r�t�-�B�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-� 

�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)� 

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

�a�d�d�i�t�i�o�n� �t�o� �t�h�e� �i�n�h�e�r�e�n�t�l�y� �l�o�w� �a�c�c�e�s�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �C�-�4� �h�v�d�r�o�x�y�l� �g�r�o�u�p� �o�f� �2�'�-�(�t�e�r�t�-� 

�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�2�.�3�4�)� �t�o�w�a�r�d� �a�c�y�l�a�t�i�o�n�,� �t�h�e� �C�-�2� 

�b�e�n�z�o�a�t�e� �m�a�y� �f�u�r�t�h�e�r� �i�n�t�e�r�f�e�r�e� �w�i�t�h� �t�h�e� �a�p�p�r�o�a�c�h� �o�f� �a�n�y� �a�c�y�l�a�t�i�n�g� �a�g�e�n�t� �t�o� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n� 

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

�s�y�n�t�h�e�t�i�c� �r�o�u�t�e� �d�i�r�e�c�t�l�y� �f�r�o�m� �t�a�x�o�l�,� �i�t� �w�a�s� �r�e�a�s�o�n�e�d� �t�h�a�t� �i�f� �t�h�e� �C�-�2� �h�y�d�r�o�x�y�l� �g�r�o�u�p� �w�a�s� �n�o�t� 

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

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

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

�t�h�e� �C�-�4� �p�o�s�i�t�i�o�n�,� �t�h�e�n� �s�u�c�h� �a�n� �a�p�p�r�o�a�c�h� �m�i�g�h�t� �p�r�o�v�e� �t�o� �b�e� �c�h�e�m�i�c�a�l�l�y� �v�i�a�b�l�e�.� �W�h�i�l�e� �t�h�e�s�e� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�s� �w�e�r�e� �b�e�i�n�g� �m�a�d�e�,� �H�o�l�t�o�n�®�!� �a�n�d� �N�i�c�o�l�a�o�u�®�*� �h�a�d� �p�u�b�l�i�s�h�e�d� �t�h�e� �f�i�r�s�t� �t�o�t�a�l� 

�s�v�n�t�h�e�s�e�s� �o�f� �t�a�x�o�l� �a�n�d� �h�a�d� �r�e�p�o�r�t�e�d� �t�h�e� �u�s�e� �o�f� �t�h�e� �b�a�c�c�a�t�i�n� �H�I� �d�e�r�i�v�a�t�i�v�e�s� �3�.�1� �a�n�d� �3�.�2�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �a�s� �s�u�b�s�t�r�a�t�e�s� �f�o�r� �t�h�e� �a�c�y�l�a�t�i�o�n� �o�f� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n�,� �b�o�t�h� �w�i�t�h� �r�e�a�s�o�n�a�b�l�e� �s�u�c�c�e�s�s�.� 

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

�d�e�p�i�c�t�e�d� �i�n� �S�c�h�e�m�e� �1�0�,� �m�i�g�h�t� �a�f�f�o�r�d� �a� �s�t�e�r�i�c�a�l�l�y� �l�e�s�s� �c�o�n�g�e�s�t�e�d� �s�u�b�s�t�r�a�t�e� �w�h�i�c�h� �c�o�u�l�d� �a�l�l�o�w� 

�s�u�c�c�e�s�s�f�u�l� �a�c�y�l�a�t�i�o�n� �o�f� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �a�s� �H�o�l�t�o�n� �a�n�d� �N�i�c�o�l�a�o�u� �e�a�c�h� 

� � 

� � 

�T�B�D�M�S�C�]�,� �I�m�i�d�a�z�o�l�e�;� 
�T�E�S�C�I�,� �I�m�i�d�a�z�o�l�e� 

�2�.�2�9� 

�B�e�n�z�y�l�t�r�i�m�e�t�h�y�l�-� 
�a�m�m�o�n�i�u�m� �m�e�t�h�o�x�i�d�e� 

�2�.�3�1� 

�T�r�i�p�h�o�s�g�e�n�e�,� �p�y�r�i�d�i�n�e� 

� � 

�O�T�B�D�M�S� �N�O� 

�3�.�3� 
� � 

�S�c�h�e�m�e� �1�0�.� �P�r�o�p�o�s�e�d� �f�o�r�m�a�t�i�o�n� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1� �,�2�-� 
�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �t�a�x�o�l� �(�3�.�3�)� �f�r�o�m� �t�a�x�o�l� �(�1�.�8�)�.� 
� � 
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�r�e�p�o�r�t�e�d�,�*�!� �t�h�e� �c�y�c�l�i�c� �c�a�r�b�o�n�a�t�e� �c�a�n� �b�e� �r�e�g�i�o�s�e�l�e�c�t�i�v�e�l�y� �t�r�a�n�s�f�o�r�m�e�d� �i�n� �o�n�e� �s�t�e�p� �t�o� �t�h�e� �C�-�1� 

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

�p�e�n�d�i�n�g� �s�u�c�c�e�s�s�f�u�l� �a�c�y�l�a�t�i�o�n� �a�t� �t�h�e� �C�-�4� �p�o�s�i�t�i�o�n�,� �i�t� �w�a�s� �c�o�n�c�e�i�v�e�d� �t�h�a�t� �t�h�e� �a�c�y�l�a�t�e�d� 

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

�d�e�p�i�c�t�e�d� �i�n� �S�c�h�e�m�e� �1�1�.� 

�T�h�u�s�,� �a�c�c�o�r�d�i�n�g� �t�o� �S�c�h�e�m�e� �1�0�,� �2�'�-�(� �t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-� �1�,�2�-�c�a�r�b�o�n�a�t�o�-� 

�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)� �w�a�s� �p�r�e�p�a�r�e�d� �f�r�o�m� �t�a�x�o�l� �(�1�.�8�)� �i�n� �t�h�r�e�e� �s�y�n�t�h�e�t�i�c� �s�t�e�p�s�,� 

�i�n� �4�5�%� �o�v�e�r�a�l�l� �y�i�e�l�d�.� �I�n� �s�i�m�i�l�a�r� �f�a�s�h�i�o�n� �t�o� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �p�r�e�v�i�o�u�s�l�y� �d�i�s�c�u�s�s�e�d�,� �i�n�v�o�l�v�i�n�g� �2�'�-� 

� � 

� � 

�1�)� �P�h�L�i� 

�2�)� �D�e�p�r�o�t�e�c�t�i�o�n� 
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�R� �=� �v�a�r�y�i�n�g� �a�c�y�l� �g�r�o�u�p� 
� � 

�S�c�h�e�m�e� �1�1�.� �P�r�o�p�o�s�e�d� �g�e�n�e�r�a�l� �s�y�n�t�h�e�t�i�c� �a�p�p�r�o�a�c�h� �t�o� �4�-�a�c�y�l�t�a�x�o�l� 
�d�e�r�i�v�a�t�i�v�e�s� �f�r�o�m� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-� 

�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7� �-�(�t�n�e�t�h�y�l�s�i�l�y�l� �t�a�x�o�l� �(�3�.�3�)�.� 
� � 
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�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �t�a�x�o�l� �(�2�.�3�4�)�,� �2�'�-�(� �t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-� 

�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)� �w�a�s� �n�e�x�t� �s�u�b�j�e�c�t�e�d� �t�o� �a� 

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

�f�o�l�l�o�w�i�n�g� �p�a�g�e�s�.� 

�T�E�S�O� �O�B�O�M� 

� � � 
�3�.�1� �3�.�2�.� 

�S�i�x� �r�e�a�c�t�i�o�n�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-� 

�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�!�)�t�a�x�o�l� �(�3�.�3�)� �a�n�d� �e�i�t�h�e�r� �f�o�r�m�i�c� �a�c�i�d�,� �a�c�e�t�i�c� �a�c�i�d�,� 

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

�s�t�a�n�d�a�r�d� �c�o�u�p�l�i�n�g� �c�o�n�d�i�t�i�o�n�s� �(�D�C�C�/�D�M�A�P�)�,� �a�s� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �1�0�.� �T�h�i�n� �l�a�y�e�r� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �a�n�a�l�y�s�i�s� �o�f� �r�e�a�c�t�i�o�n�s� �1� �t�h�r�o�u�g�h� �5�,� �f�r�o�m� �T�a�b�l�e� �1�0�,� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �n�o� �r�e�a�c�t�i�o�n� 

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

�b�y� �P�T�L�C� �a�n�d� �d�e�t�e�r�m�i�n�e�d� �b�y� �1�H� �N�M�R� �a�n�a�l�y�s�i�s� �t�o� �b�e� �h�o�m�o�g�e�n�e�o�u�s�.� �T�h�i�n� �l�a�y�e�r� 

� � 

�T�a�b�l�e� �1�0�.� �C�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� �i�n�i�t�i�a�l� �a�c�y�l�a�t�i�o�n� �a�t�t�e�m�p�t�s� �o�n� �2�'�-�(� �t�e�r�t�-� 
�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-� 

�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �)�t�a�x�o�l� �(�3�.�3�)�.� 
� � 

� � 

�A�c�y�l�a�t�i�n�g� �C�o�n�d�i�t�i�o�n�s� �T�e�m�p�e�r�a�t�u�r�e� 

�E�x�p�e�r�i�m�e�n�t� �a�g�e�n�t� �(�e�q�u�i�v�a�l�e�n�t�s�)� �(�e�q�u�i�v�a�l�e�n�t�s�)� �a�n�d� �t�i�m�e� �R�e�s�u�l�t �� 

�l� �H�C�O�,�H� �(�1�0�)� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(�c�a�t�)�,� �r�l� �6�5� �°�C�;� �8� �h�o�u�r�s� �n�u�r�.� 
�2� �C�H�,�C�O�,�H� �(�1�0�)� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(�c�a�t�)�,� �t�o� �6�5� �°�C�;� �8� �h�o�u�r�s� �n�r�.� 
�3� �C�H�,�C�H�,�C�O�,�H� �(�1�0�)� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(�c�a�t�)�,� �t�o�l�.� �6�5� �°�C�;� �1�2� �h�o�u�r�s� �n�u�r�.� 
�4� �(�C�H�,�C�O�)�,�0� �(�1�0�)� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(�c�a�r�)�,� �t�o� �6�5� �°�C�;� �1�2� �h�o�u�r�s� �n�r�.� 
�5� �(�C�H�,�C�H�,�C�O�)�,�0� �(�1�0�)� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(� �c�a�t�)� �t�o� �6�5� �°�C�;� �1�2� �h�o�u�r�s� �n�r�.� 
�6� �(�C�I�C�H�,�C�O�)�,�O� �(�1�0�)� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(�c�a�t�)�,� �t�o�l�.� �6�5� �°�C�;� �8� �h�o�u�r�s� �p�r�o�d�u�c�t� 
� � 

�E�x�c�e�p�t� �w�h�e�r�e� �n�o�t�e�d�,� �T�L�C� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �o�n�l�y� �u�n�r�e�a�c�t�e�d� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �(�n�.�r�.� �=� �n�o� �r�e�a�c�t�i�o�n�)�.� 
� � 
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�c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �a�n�a�l�v�s�i�s� �o�f� �r�e�a�c�t�i�o�n� �6�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�n�d�i�c�a�t�e�d� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �a� 

�s�m�a�l�l� �a�m�o�u�n�t� �o�f� �a� �p�o�l�a�r� �p�r�o�d�u�c�t�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �s�m�a�l�l� �s�c�a�l�e� �o�f� �t�h�i�s� �r�e�a�c�t�i�o�n� �(�l�e�s�s� �t�h�a�n� �4� �m�g� �o�f� �t�h�e� �c�a�r�b�o�n�a�t�e� �3�.�3�)�,� �n�o� 

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

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

�c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �T�L�C� �b�e�h�a�v�i�o�r� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�2�.�2�9�)� 

�a�n�d� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�2�.�3�4�)� �i�n� �E�r�O�A�c�/�h�e�x�a�n�e�s� 

�(�1�:�3�)� �t�h�a�t� �t�h�e� �C�-�4� �a�c�e�t�y�l�a�t�e�d� �c�o�m�p�o�u�n�d� �(�2�.�2�9�,� �R�y� �0�.�2�1�)� �i�s� �a�c�t�u�a�l�l�y� �m�o�r�e� �p�o�l�a�r� �t�h�a�n� �i�t�s� �C�-�4� 

�d�e�a�c�e�t�y�l�a�t�e�d� �c�o�u�n�t�e�r�p�a�r�t� �(�2�.�3�4�,� �R�y� �0�.�3�2�)�.� �T�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �t�h�i�s� �s�a�m�e� �t�r�e�n�d� �w�o�u�l�d� �b�e� 

�o�b�s�e�r�v�e�d� �i�n� �t�h�e� �c�a�r�b�o�n�a�t�e� �s�e�r�i�e�s�,� �a� �s�a�m�p�l�e� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-� 

�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)� �w�a�s� �c�o�m�p�a�r�e�d� �b�y� �T�L�C� �a�n�a�l�y�s�i�s� 

�(�E�t�O�A�c�/�h�e�x�a�n�e�s�,� �1�:�3�)� �t�o� �a� �s�a�m�p�l�e� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-� 

�c�a�r�b�o�n�a�t�o�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�4�)�,� �p�r�e�v�i�o�u�s�l�y� �p�r�e�p�a�r�e�d� �i�n� �o�u�r� �l�a�b�s� �f�r�o�m� �r�e�a�c�t�i�o�n� �o�f� �2�'�-� 

�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�2�.�3�1�)� �w�i�t�h� �t�r�i�p�h�o�s�g�e�n�e�.� �I�t� �w�a�s� 

� � 

� � � � 

� � 
� � 

� � � � � � � � � � � � 

�2�2�9� �C�o� �2�3�4� �3�.�4� �C�o� �3�3� 

� � 

�F�i�g�u�r�e� �7�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �b�e�h�a�v�i�o�r� �o�f� 
�t�h�e� �t�a�x�o�l� �d�e�r�i�v�a�t�i�v�e�s� �2�.�2�9�,� �2�.�3�4�,� �3�.�3� �a�n�d� �3�.�4� �i�n� �t�h�e� 

�e�t�h�y�l�a�c�e�t�a�t�e�/�h�e�x�a�n�e�s� �(�1�:�3�)� �s�o�l�v�e�n�t� �s�y�s�t�e�m�.� 
� � 
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�f�o�u�n�d� �t�h�a�t� �t�h�e� �C�-�4� �a�c�e�t�y�l�a�t�e�d� �c�a�r�b�o�n�a�t�e� �(�3�.�4�,� �R�,� �0�.�3�4�)� �i�s� �J�e�s�s� �p�o�l�a�r� �t�h�a�n� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�C�-�4� �d�e�a�c�e�t�y�l�a�t�e�d� �c�o�m�p�o�u�n�d� �(�3�.�3�,� �R�,� �9�.�2�3�)�,� �a�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �7�.� 

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

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

�t�h�e� �p�o�l�a�r� �m�a�t�e�r�i�a�l� �f�o�r�m�e�d� �f�r�o�m� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-� 

�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�\�t�a�x�o�l� �(�3�.�3�)� �w�i�t�h� �c�h�l�o�r�o�a�c�e�t�y�l� �a�n�h�y�d�r�i�d�e� �w�a�s� �n�o�t� �t�h�e� 

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

�I�n� �t�h�e� �i�n�t�e�r�e�s�t� �o�f� �a�c�q�u�i�r�i�n�g� �t�h�e� �d�e�s�i�r�e�d� �C�-�4� �a�c�y�l�a�t�e�d� �t�a�x�o�l� �a�n�a�l�o�g�s�,� �f�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� 

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

� � 

�O�T�B�D�M�S� �Y�t� 

�3�.�4� 

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

�r�u�n� �u�s�i�n�g� �2�'�-�(�¢�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-� 

�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)� �a�n�d� �e�i�t�h�e�r� �a�c�e�t�y�l� �c�h�l�o�r�i�d�e�,� �a�c�e�t�i�c� �a�n�h�y�d�r�i�d�e�,� �c�h�l�o�r�o�a�c�e�t�y�!� �c�h�l�o�r�i�d�e� �o�r� 

� � 

�T�a�b�l�e� �1�1�.� �C�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� �a�t�t�e�m�p�t�e�d� �a�c�y�l�a�t�i�o�n� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-� 
�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �t�a�x�o�l� �(�3�.�3�)� �u�s�i�n�g� �e�i�t�h�e�r� 

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

� � 

�E�x�p�e�r�i�m�e�n�t� �A�c�i�d� �c�h�l�o�r�i�d�e� �(�e�q�u�i�v�a�l�e�n�t�s�)� �T�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�i�m�e� �R�e�s�u�l�t �� 

�1� �C�H�,�C�O�C�I� �(�1�0�)� �6�5� �°�C�;� �1�6� �h�o�u�r�s� �m�r�.� 
�2� �(�C�H�,�C�O�)�,�0� �(�3�0�)� �.� �6�5� �°�C�;� �1�2� �h�o�u�r�s� �n�r�.� 
�3� �C�I�C�H�,� �C�O�C�!� �(�3�0�)� �r�t�.� �t�o� �6�5� �°�C�;� �3�0� �h�o�u�r�s� �p�r�o�d�u�c�t� 
�4� �(�C�I�C�H�,�C�O�)�,�0� �(�3�0�)� �6�5� �°�C�;� �6� �h�o�u�r�s� �p�r�o�d�u�c�t� 
� � 

 �� �E�x�c�e�p�t� �w�h�e�r�e� �n�o�t�e�d�,� �T�L�C� �a�n�a�l�v�s�i�s� �s�h�o�w�e�d� �o�n�l�y� �u�n�r�e�a�c�t�e�d� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �(�n�.�r�.� �=� �n�o� �r�e�a�c�t�i�o�n�)�.� 
� � 

�9�0



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

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

�T�L�C� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �r�e�a�c�t�i�o�n�s� �1� �a�n�d� �2�,� �f�r�o�m� �T�a�b�l�e� �1�1�,� �t�o� �c�o�n�t�a�i�n� �o�n�l�y� �u�n�r�e�a�c�t�e�d� �s�t�a�r�t�i�n�g� 

�m�a�t�e�r�i�a�l�,� �w�h�i�c�h� �w�a�s� �r�e�c�o�v�e�r�e�d� �b�y� �P�T�L�C�.� �R�e�a�c�t�i�o�n�s� �3� �a�n�d� �4�,� �h�o�w�e�v�e�r�,� �w�e�r�e� �s�e�e�n� �t�o� �c�o�n�t�a�i�n� �a� 

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

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

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

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

�I�n� �a�n�o�t�h�e�r� �e�x�p�e�r�i�m�e�n�t�,� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-� 

�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�!� �t�a�x�o�l� �(�3�.�3�)� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �s�o�d�i�u�m� �h�y�d�r�i�d�e� �f�o�l�l�o�w�e�d� �b�y� �a�c�e�t�y�l� 

�c�h�l�o�r�i�d�e� �a�t� �0� �°�C�.� �N�o� �r�e�a�c�t�i�o�n� �w�a�s� �e�v�i�d�e�n�t� �b�y� �T�L�C� �a�n�a�l�y�s�i�s� �a�f�t�e�r� �1�.�5� �h�o�u�r�s� �s�o� �t�h�e� �r�e�a�c�t�i�o�n� 

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

�1�6� �h�o�u�r�s�.� �A� �T�L�C� �p�l�a�t�e� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �t�a�k�e�n� �a�t� �t�h�i�s� �t�i�m�e� �s�h�o�w�e�d� �n�o� �r�e�a�c�t�i�o�n� �t�o� 

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

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

�o�u�t� �u�s�i�n�g� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-� 

�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)�,� �t�r�i�e�t�h�y�l�a�m�i�n�e�,� �a�n�d� �e�i�t�h�e�r� �a�c�e�t�y�l� �c�h�l�o�r�i�d�e�,� �c�h�l�o�r�o�a�c�e�t�y�!� �c�h�l�o�r�i�d�e�,� 

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

�w�e�r�e� �e�a�c�h� �s�t�a�r�t�e�d� �a�t� �0� �°�C� �a�n�d�,� �a�f�t�e�r� �1�.�5� �h�o�u�r�s�,� �e�a�c�h� �w�a�s� �w�a�r�m�e�d� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� 

�a�l�l�o�w�e�d� �t�o� �c�o�n�t�i�n�u�e�.� �T�o�t�a�l� �r�e�a�c�t�i�o�n� �t�i�m�e�s� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �1�4� �a�n�d� �1�8� �h�o�u�r�s�,� �b�u�t� �T�L�C� �a�n�a�l�y�s�i�s� 

� � 

�T�a�b�l�e� �1�2�.� �C�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� �a�t�t�e�m�p�t�e�d� �a�c�y�l�a�t�i�o�n� �o�f� �2�'�-�(� �t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-� 
�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �t�a�x�o�l� �(�3�.�3�)� �u�s�i�n�g� 

�a�c�i�d� �c�h�l�o�r�i�d�e� �a�n�d� �t�r�i�e�t�h�y�l�a�m�i�n�e� �(�1�0� �e�q�u�i�v�a�l�e�n�t�s�)� �a�s� �b�a�s�e�.� 
� � 

� � 

�A�c�i�d� �c�h�l�o�n�d�e� �T�e�m�p�e�r�a�t�u�r�e� 
�E�x�p�e�r�i�m�e�n�t� �(�e�q�u�i�v�a�l�e�n�t�s�)� �S�o�l�v�e�n�t� �a�n�d� �t�i�m�e� �R�e�s�u�l�t �� 

�1� �C�H�,�C�O�C�!� �(�1�0�)� �C�H�,�C�L�,� �0� �°�C� �t�o� �r�t�.�,� �1�8� �h�o�u�r�s� �n�r�.� 
�2� �C�I�C�H�,�C�O�C�!� �(�1�0�)� �C�H�,�C�L�,� �0� �°�C� �t�o� �r�t�.�,� �1�4� �h�o�u�r�s� �p�r�o�d�u�c�t� 
�3� �P�h�C�H�,�C�O�C�I� �(�1�0�)� �C�H�,�C�l�,� �0� �°�C� �t�o� �r�t�.�,� �1�6� �h�o�u�r�s� �m�r�.� 
�4� �P�h�O�C�H�,�C�O�C�I� �(�1�0�)� �C�H�,�C�L�,� �0� �°�C� �t�o�r�.�t�.�,� �1�6� �h�o�u�r�s� �n�r�.� 
� � 

�"� �E�x�c�e�p�t� �w�h�e�r�e� �n�o�t�e�d�,� �T�L�C� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �o�n�l�y� �u�n�r�e�a�c�t�e�d� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �(�n�.�r�.� �=� �n�o� �r�e�a�c�t�i�o�n�)�.� 
� � 
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�o�f� �t�h�e� �r�e�a�c�t�i�o�n�s� �s�h�o�w�e�d� �o�n�l�y� �u�n�r�e�a�c�t�e�d� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �i�n� �r�e�a�c�t�i�o�n�s� �1�,� �3� �a�n�d� �4�,� �f�r�o�m� �T�a�b�l�e� 

�1�2�.� �T�h�i�n� �l�a�y�e�r� �c�h�r�o�m�a�t�o�g�r�a�p�h�i�c� �a�n�a�l�y�s�i�s� �o�f� �r�e�a�c�t�i�o�n� �2�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �s�h�o�w�e�d� �t�h�e� 

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

�p�r�o�d�u�c�t� �n�o�t�e�d� �i�n� �p�r�e�v�i�o�u�s� �e�x�p�e�r�i�m�e�n�t�s�.� 

�T�a�k�i�n�g� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�e� �v�i�r�t�u�a�l� �l�a�c�k� �o�f� �p�r�o�d�u�c�t� �f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �2�'�-� 

�(� �t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �t�a�x�o�l� �(�3�.�3�)� 

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

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

�p�r�e�p�a�r�i�n�g� �a� �v�a�r�i�e�t�y� �o�f� �4�-�a�c�y�l�t�a�x�o�l� �a�n�a�l�o�g�s� �i�n� �r�e�a�s�o�n�a�b�l�e� �y�i�e�l�d�.� 

�3�.�1�.�4� �A�n� �U�n�e�x�p�e�c�t�e�d� �O�x�e�t�a�n�e� �R�i�n�g�-�O�p�e�n�e�d� �P�r�o�d�u�c�t� 

�B�e�f�o�r�e� �c�o�m�p�l�e�t�e�l�y� �a�b�a�n�d�o�n�i�n�g� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �t�o�w�a�r�d� �g�a�i�n�i�n�g� �C�-�4� �a�c�y�l�a�t�e�d� �t�a�x�o�l� 

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

�w�a�r�r�a�n�t�e�d�.� �T�h�e� �o�n�l�y� �n�o�t�a�b�l�e� �e�v�e�n�t� �d�u�r�i�n�g� �t�h�e� �e�n�t�i�r�e� �c�o�u�r�s�e� �o�f� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �2�'�-�(� �t�e�r�t�-� 

�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)� �a�s� �a� 

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

�w�h�e�n� �t�h�e� �c�a�r�b�o�n�a�t�e� �3�.�3� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �e�i�t�h�e�r� �c�h�l�o�r�o�a�c�e�t�y�!� �c�h�l�o�r�i�d�e� �o�r� �c�h�l�o�r�o�a�c�e�t�i�c� 

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

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

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

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

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

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

�e�x�c�l�u�s�i�v�e� �t�o� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �2�'�-�(� �t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�!�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-� 

�d�e�a�c�e�t�v�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)� �w�i�t�h� �c�h�l�o�r�o�a�c�e�t�y�!� �c�h�l�o�r�i�d�e� �o�r� �w�i�t�h� �c�h�l�o�r�o�a�c�e�t�i�c� 

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

�c�o�n�d�u�c�t�e�d� �t�o� �a�s�s�e�s�s� �t�h�e� �e�f�f�e�c�t� �o�f� �D�M�A�P� �a�l�o�n�e� �o�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �p�o�l�a�r� �p�r�o�d�u�c�t�.� 

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

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

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

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

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

�o�x�e�t�a�n�e� �r�i�n�g� �t�o� �g�i�v�e� �t�h�e� �p�r�o�d�u�c�t� �3�.�5�.� 

�A�L� �P�h� �N�H� �O�o� 

�A� 

� � 

�T�h�e� �f�i�r�s�t� �i�n�d�i�c�a�t�i�o�n� �t�h�a�t� �t�h�i�s� �p�r�o�d�u�c�t� �w�a�s� �n�o�t� �a� �C�-�4� �a�c�y�l�a�t�e�d� �t�a�x�o�l� �a�n�a�l�o�g� �w�a�s� �t�h�e� �l�a�c�k� �o�f� 

�a� �s�i�g�n�i�f�i�c�a�n�t� �d�o�w�n�f�i�e�l�d� �c�h�e�m�i�c�a�l� �s�h�i�f�t� �i�n� �t�h�e� �C�-�7� �p�r�o�t�o�n�,� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �3�.�3�.� 

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

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

�t�y�p�i�c�a�l�l�y� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �0�.�5� �p�p�m� �o�r� �m�o�r�e�.� �S�p�e�c�i�f�i�c�a�l�l�y�,� �t�h�e� �d�a�t�a� �s�h�o�w�e�d� �t�h�e� �C�-�7� �p�r�o�t�o�n� �t�o� 

� � 

�T�a�b�l�e� �1�3�.� �C�o�n�d�i�t�i�o�n�s� �u�t�i�l�i�z�e�d� �f�o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �p�o�l�a�r� �p�r�o�d�u�c�t� �f�r�o�m�.� 
�2�'�-�(� �t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l� �)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-� 

�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l� �)�t�a�x�o�l� �(�3�.�3�)�.� 
� � 

� � 

�R�e�a�g�e�n�t� �R�e�a�c�t�i�o�n� �C�o�n�d�i�t�i�o�n�s� �T�e�m�p�e�r�a�t�u�r�e� 
�E�x�p�e�r�i�m�e�n�t� �(�1�0� �e�q�u�i�v�a�l�e�n�t�s�)� �(�e�q�u�i�v�a�l�e�n�t�s�)� �a�n�d� �t�i�m�e� �%� �Y�i�e�l�d� 

�1� �(�C�I�C�H�,�C�O�)�,�O� �D�C�C� �(�1�0�)�,� �D�M�A�P� �(�c�a�t�)�,� �t�o�l�.� �6�5� �°�C�;� �1�2� �h�o�u�r�s� �3�8�.�9� 
�2� �C�I�C�H�,�C�O�C�]� �p�y�r�i�d�i�n�e� �(�e�x�c�e�s�s�)� �6�5� �°�C�;� �1�6� �h�o�u�r�s� �4�2�.�7� 
�3� �(�C�I�C�H�,�C�O�)�,�O� �p�y�r�i�d�i�n�e� �(�e�x�c�e�s�s�)� �6�5� �°�C�;� �6� �h�o�u�r�s� �3�3�.� 
�4� �C�I�C�H�,� �C�O�C�]� �t�n�e�t�h�y�l�a�m�i�n�e� �(�1�0�)�,� �C�H�,�C�l�,� �r�t�.�;� �1�4� �h�o�u�r�s� �3�9�.�7� 
�5� �(�C�I�C�H�,�C�O�)�,�O� �D�M�A�P� �(�5�)�,� �C�H�,�C�l�,� �r�.�t�.�;� �2�4� �h�o�u�r�s� �2�7�.�0� 
� � 
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�b�e� �a�t� �4�.�5�5� �p�p�m�,� �s�l�i�g�h�t�l�y� �d�o�w�n�f�i�e�l�d� �s�h�i�f�t�e�d� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �v�a�l�u�e� �o�f� �4�.�2�2� 

�p�p�m�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �c�h�e�m�i�c�a�l� �s�h�i�f�t� �o�f� �t�h�e� �C�-�5� �p�r�o�t�o�n� �w�h�i�c�h�,� �i�n� �m�o�s�t� �t�a�x�o�l� �o�r� �b�a�c�c�a�t�i�n� �I�I�I� 

�d�e�r�i�v�a�t�i�v�e�s� �n�o�r�m�a�l�l�y� �a�p�p�e�a�r�s� �a�r�o�u�n�d� �5�.�0� �p�p�m�,� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �b�e� �s�h�i�f�t�e�d� �u�p�f�i�e�l�d� �r�e�l�a�t�i�v�e� �t�o� 

�t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�,� �f�r�o�m� �4�.�9�8� �t�o� �4�.�7�0� �p�p�m�,� �i�n�d�i�c�a�t�i�n�g� �a� �m�a�j�o�r� �m�o�d�i�f�i�c�a�t�i�o�n� �h�a�d� �o�c�c�u�r�r�e�d� 

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

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

�c�o�u�p�l�i�n�g� �c�o�n�s�t�a�n�t�s� �o�f� �l�e�s�s� �t�h�a�n� �0�.�5� �a�n�d� �4�.�5� �H�z�,� �l�e�a�d�i�n�g� �t�o� �t�h�e� �s�p�e�c�u�l�a�t�i�o�n� �t�h�a�t� �t�h�e� �C�-�5� 

�p�r�o�t�o�n� �o�f� �t�h�e� �p�r�o�d�u�c�t� �w�a�s� �i�n� �t�h�e� �B� �o�r�i�e�n�t�a�t�i�o�n� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �u�s�u�a�l� �@� �o�r�i�e�n�t�a�t�i�o�n�.� �T�h�e�s�e� 

�s�m�a�l�l� �c�o�u�p�l�i�n�g� �c�o�n�s�t�a�n�t�s� �a�r�e� �i�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �v�a�l�u�e�s� �o�f� �0�.�5� �H�z� �a�n�d� �5�.�5� �H�z� �f�o�r� �t�h�e� �C�-� 

�5�B� �p�r�o�t�o�n� �p�r�e�d�i�c�t�e�d� �b�y� �l�o�w�-�l�e�v�e�l� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�c�s� �c�a�l�c�u�l�a�t�i�o�n�s� �(�C�S�C� �C�h�e�m�3�D� �P�l�u�s�,� 

�v�.�3�.�1�)�.� �T�h�e� �d�r�a�s�t�i�c� �u�p�f�i�e�l�d� �c�h�e�m�i�c�a�l� �s�h�i�f�t� �c�h�a�n�g�e�s� �o�b�s�e�r�v�e�d� �f�o�r� �t�h�e� �t�w�o� �C�-�2�0� �p�r�o�t�o�n�s�,� �f�r�o�m� 

�4�.�6�0� �a�n�d� �4�.�4�0� �p�p�m� �i�n� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �t�o� �4�.�0�8� �a�n�d� �3�.�5�7� �p�p�m� �o�f� �t�h�e� �p�r�o�d�u�c�t�,� �a�l�s�o� 

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

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

�3�.�0�1� �t�o� �3�.�7�7� �p�p�m� �f�o�r� �t�h�e� �C�-�3� �p�r�o�t�o�n� �a�n�d� �f�r�o�m� �2�.�7�8� �t�o� �3�.�1�2� �p�p�m� �f�o�r� �t�h�e� �C�-�1�4�q�a� �p�r�o�t�o�n�.� 

�S�u�b�s�e�q�u�e�n�t� �m�a�s�s� �s�p�e�c�t�r�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�h�i�s� �p�r�o�d�u�c�t� �s�h�o�w�e�d� �i�t� �t�o� �g�i�v�e� �a� �F�A�B�M�S� �[�M�H� �]�*� �p�e�a�k� 

�a�t� �1�0�0�0� �m�a�s�s� �u�n�i�t�s� �w�i�t�h� �a� �r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�v� �o�f� �1�0�0�,� �a�n�d� �a� �s�e�c�o�n�d�a�r�y� �p�e�a�k� �a�t� �1�,�0�0�2� �m�a�s�s� �u�n�i�t�s� 

�w�i�t�h� �a� �r�e�l�a�t�i�v�e� �i�n�t�e�n�s�i�t�y� �o�f� �4�2�.� �G�i�v�e�n� �t�h�a�t� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �i�s� 

�9�6�2� �m�a�s�s� �u�n�i�t�s�,� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �3�7� �m�a�s�s� �u�n�i�t�s� �w�i�t�h� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �c�h�l�o�r�i�n�e� �i�s�o�t�o�p�e� �p�a�t�t�e�r�n� 

�i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �H�C�l� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�.� �B�a�s�e�d� �o�n� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n�,� �a�s� 

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

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

�c�o�m�p�o�u�n�d�,� �i�t� �w�a�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-� 

�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)� �h�a�d� �u�n�d�e�r�g�o�n�e� �o�x�e�t�a�n�e� �r�i�n�g�-�o�p�e�n�i�n�g� �u�p�o�n� �r�e�a�c�t�i�o�n� �w�i�t�h� 

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

�T�h�e� �m�e�c�h�a�n�i�s�m� �b�y� �w�h�i�c�h� �c�o�m�p�o�u�n�d� �3�.�5� �i�s� �f�o�r�m�e�d� �i�s� �u�n�c�e�r�t�a�i�n�,� �b�u�t� �i�t� �i�s� �k�n�o�w�n� �t�h�a�t� �i�t�s� 

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

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

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

�i�n�i�t�i�a�l�l�y� �s�p�e�c�u�l�a�t�e�d� �t�h�a�t� �t�h�e� �b�a�s�e�s� �e�m�p�l�o�y�e�d� �d�u�r�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �i�n� �w�h�i�c�h� �c�o�m�p�o�u�n�d� �3�.�5� 

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

�s�u�c�h� �t�h�a�t� �t�h�e� �c�h�l�o�r�i�d�e� �i�s� �d�e�l�i�v�e�r�e�d� �t�o� �t�h�e� �C�-�5� �p�o�s�i�t�i�o�n�,� �c�a�u�s�i�n�g� �t�h�e� �o�b�s�e�r�v�e�d� �o�x�e�t�a�n�e� �r�i�n�g� 

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

�o�p�e�n�e�d� �p�r�o�d�u�c�t� �w�a�s� �o�b�s�e�r�v�e�d� �w�h�e�n� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�t�r�i�m�e�t�h�y�l�s�i�l�y�!�)�-�4�-�d�e�a�c�e�t�y�l�-�7�-� 

�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�2�.�3�4�)� �w�a�s� �r�e�a�c�t�e�d� �u�n�d�e�r� �t�h�e� �s�a�m�e� �a�c�v�l�a�t�i�n�g� �c�o�n�d�i�t�i�o�n�s�.� �I�t� �m�a�y� �b�e� 

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

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

�u�n�l�i�k�e�l�y� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �o�t�h�e�r� �p�r�e�c�e�d�e�n�t� �f�o�r� �C�-�4� �a�c�y�l�a�t�i�o�n� �o�f� �2�'�-�(�t�e�r�t�-� 

�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)�.� 

�I�t� �w�a�s� �r�e�a�l�i�z�e�d� �t�h�a�t� �t�h�e� �s�u�c�c�e�s�s�f�u�l� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �a�z�e�t�i�d�i�n�e� �a�n�a�l�o�g� �3�.�6� �w�o�u�l�d� �a�f�f�o�r�d� 

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

�r�e�l�e�v�a�n�t� �C�-�4� �a�c�e�t�a�t�e� �g�r�o�u�p�.� �I�t� �w�a�s� �r�e�a�s�o�n�e�d�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �c�o�m�p�o�u�n�d� �3�.�7� �c�o�u�l�d� �i�n�i�t�i�a�l�l�y� �b�e� 

�d�i�r�e�c�t�l�y� �c�o�m�p�a�r�e�d� �t�o� �4�-�d�e�a�c�e�t�y�l�t�a�x�o�l� �(�2�.�1�)� �i�n� �o�r�d�e�r� �t�o� �a�s�s�e�s�s� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �a�z�e�t�i�d�i�n�e� �o�n� 

�b�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�y�.� 

� � 

�T�o�w�a�r�d� �t�h�i�s� �e�n�d�,� �c�o�m�p�o�u�n�d� �3�.�5� �w�a�s� �t�r�e�a�t�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �w�i�t�h� �1�2� �e�q�u�i�v�a�l�e�n�t�s� 

�o�f� �s�o�d�i�u�m� �a�z�i�d�e� �w�i�t�h� �1�8�-�c�r�o�w�n�-�6� �e�t�h�e�r� �a�d�d�e�d� �t�o� �a�s�s�i�s�t� �t�h�e� �r�e�a�c�t�i�o�n�.� �A�f�t�e�r� �2�4� �h�o�u�r�s� �n�o� 
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�r�e�a�c�t�i�o�n� �w�a�s� �e�v�i�d�e�n�t� �b�y� �T�L�C�,� �s�o� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �i�n�c�r�e�a�s�e�d� �t�o� �6�0� �°�C�.� �E�v�e�n� �a�f�t�e�r� �a�n� 

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

�R�e�a�s�o�n�i�n�g� �t�h�a�t� �t�h�e� �c�h�l�o�r�i�n�a�t�e�d� �o�x�e�t�a�n�e� �r�i�n�g�-�o�p�e�n�e�d� �c�o�m�p�o�u�n�d� �3�.�5� �m�i�g�h�t� �n�o�t� �b�e� 

�r�e�a�c�t�i�v�e� �e�n�o�u�g�h� �t�o�w�a�r�d� �n�u�c�l�e�o�p�h�i�l�i�c� �r�e�a�g�e�n�t�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�h�e� �a�z�i�d�e�,� �i�t� �w�a�s� �t�h�o�u�g�h�t� �t�h�a�t� �t�h�e� 
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�S�c�h�e�m�e� �1�2�,� �G�e�n�e�r�a�l�i�z�e�d� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� �a�z�e�t�i�d�i�n�e� �t�a�x�o�l� �a�n�a�l�o�g� �3�.�6�.� 
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�C�-�5� �b�r�o�m�i�n�a�t�e�d� �o�r� �i�o�d�i�n�a�t�e�d� �a�n�a�l�o�g�s� �m�i�g�h�t� �p�r�o�v�e� �t�o� �b�e� �b�e�t�t�e�r� �s�u�b�s�t�r�a�t�e�s� �f�o�r� �o�b�t�a�i�n�i�n�g� 

�o�x�e�t�a�n�e�-�m�o�d�i�f�i�e�d� �a�n�a�l�o�g�s�.� �I�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �t�h�e� �C�-�5� �b�r�o�m�i�n�a�t�e�d� �a�n�a�l�o�g� �i�t� �w�a�s� �s�p�e�c�u�l�a�t�e�d� 

�t�h�a�t� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� �c�a�r�b�o�n�a�t�e� �3�.�3� �w�i�t�h� �z�i�n�c� �b�r�o�m�i�d�e� �m�i�g�h�t� �g�i�v�e� �t�h�e� �d�e�s�i�r�e�d� �c�o�m�p�o�u�n�d�,� �a�s� 

�i�t� �h�a�d� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �o�x�e�t�a�n�e� �c�a�n� �b�e� �o�p�e�n�e�d� �b�y� �r�e�a�c�t�i�o�n� �w�i�t�h� �L�e�w�i�s� �a�c�i�d�s�.�!�?� �I�t� �w�a�s� 

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

�d�e�l�i�v�e�r�e�d� �t�o� �t�h�e� �C�-�5� �p�o�s�i�t�i�o�n�,� �a�f�f�o�r�d�i�n�g� �t�h�e� �d�e�s�i�r�e�d� �C�-�5�a� �b�r�o�m�o� �a�n�a�l�o�g�.� �H�o�w�e�v�e�r�,� �w�h�e�n� 

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

�a�f�t�e�r� �8� �h�o�u�r�s� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� 

�F�r�o�m� �t�h�e� �w�o�r�k� �o�f� �R�i�m�o�l�d�i�, � ��*� �i�t� �w�a�s� �k�n�o�w�n� �t�h�a�t� �t�r�e�a�t�m�e�n�t� �o�f� �2�'�-�(�t�e�r�t�-� 

�b�u�t�y�l�t�r�i�m�e�t�h�y�l�s�i�l�y�l�)�-�7�-�(�t�n�e�t�h�y�l�s�i�l�y�l�)�-�t�a�x�o�l� �(�2�.�2�9�)� �w�i�t�h� �i�o�d�o�t�r�i�m�e�t�h�y�l�s�i�l�a�n�e� �c�a�n� �r�e�s�u�l�t� �i�n� �t�h�e� 

�o�p�e�n�i�n�g� �o�f� �t�h�e� �o�x�e�t�a�n�e�,� �a�n�d� �i�t� �w�a�s� �t�h�o�u�g�h�t� �t�h�a�t� �t�r�e�a�t�m�e�n�t� �o�f� �2�'�-�(�t�e�r�t�-�b�u�t�y�l�d�i�m�e�t�h�y�l�s�i�l�y�l�)�-�2�-� 

�d�e�b�e�n�z�o�y�l�-�1�,�2�-�c�a�r�b�o�n�a�t�o�-�4�-�d�e�a�c�e�t�y�l�-�7�-�(�t�r�i�e�t�h�y�l�s�i�l�y�l�)�t�a�x�o�l� �(�3�.�3�)� �w�i�t�h� �t�h�i�s� �r�e�a�g�e�n�t� �m�i�g�h�t� 

�a�f�f�o�r�d� �t�h�e� �C�-�5� �i�o�d�i�n�a�t�e�d� �a�n�a�l�o�g� �o�f� �3�.�5�.� �I�n�d�e�e�d�,� �w�h�e�n� �t�h�e� �c�a�r�b�o�n�a�t�e� �3�.�3� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� 

�i�o�d�o�t�r�i�m�e�t�h�y�l�s�i�l�a�n�e� �a�t� �-�2�0� �°�C�,� �i�t� �w�a�s� �f�o�u�n�d� �a�f�t�e�r� �1�0� �m�i�n�u�t�e�s� �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� �m�o�r�e� �p�o�l�a�r� �p�r�o�d�u�c�t� �w�h�i�c�h�,� �a�f�t�e�r� �w�o�r�k�-�u�p�,� �p�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �s�u�b�s�e�q�u�e�n�t� 

 ��H�N�M�R� �a�n�d� �m�a�s�s� �s�p�e�c�t�r�a�l� �a�n�a�l�y�s�e�s�,� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �a�s� �t�h�e� �C�-�5� �i�o�d�i�n�a�t�e�d� �o�x�e�t�a�n�e� �r�i�n�g�-� 

�o�p�e�n�e�d� �p�r�o�d�u�c�t� �3�.�8�.� 
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�3�.�8� 

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

�c�h�l�o�r�i�d�e� �t�o� �t�h�e� �k�e�y� �i�n�t�e�r�m�e�d�i�a�t�e� �3�.�9�,� �w�h�i�c�h� �i�s� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� �u�s�e�d� �f�o�r� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �a�n�d� 

�e�v�e�n�t�u�a�l� �b�i�o�l�o�g�i�c�a�l� �e�v�a�l�u�a�t�i�o�n� �o�f� �h�e�t�e�r�o�a�t�o�m�-�c�o�n�t�a�i�n�i�n�g� �o�x�e�t�a�n�e� �a�n�a�l�o�g�s�.�!�5�9� �T�h�e� 
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