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(ABSTRACT) 

Polyrotaxanes consisting of 30-60 membered aliphatic crown ether 

macrocycles whose cavities are pierced by polysebacate chains were 

synthesized by several polymerization approaches including transesterification 

polymerization, the acid chloride method, and interfacial polymerization. 

The polyrotaxanes were purified by multiple reprecipitations into good solvents 

for the crown ethers. In some cases the threaded macrocycles are constrained 

onto polymer chains by the incorporation of monofunctional blocking groups at 

polymer chain ends, or by the copolymerization of a difunctional blocking group 

with other monomers. 

The compositions and the physical properties of the polyrotaxanes were 

determined by a variety of characterization techniques including NMR, UV, 

VPO, GPC, DSC, TGA, and intrinsic viscosity measurements. Significant 

amounts, up to 51 mass %, of the macrocyclic components were incorporated. 

Because of incorporation of flexible and polar macrocycles, polyrotaxanes



display special behavior in solution and in the solid state. In solution the linear 

components of polyrotaxanes are stiffened by the threaded macrocycles, 

resulting in increased hydrodynamic volumes. The solubilities of linear 

polymers in polar solvents are enhanced by the incorporated crown ethers. The 

glass transitions are also affected by the crown ether component. Due to the 

movement of the macrocycles along the backbone, the macrocycles are able to 

aggregate and crystallize without dethreading from the polysebacate 

backbones. 

The threading and dethreading processes were systematically studied in the 

diol/diacid chloride system. Due to the hydrogen bonding between the cyclic 

and linear species, the macrocycle contents of unblocked polyrotaxanes are 

significantly affected by the feed ratio of macrocycle to linear monomers up to a 

value of 2 but are independent of reaction time and the length of diol 

monomers. The macrocycle content of polyrotaxanes increases non-linearly 

with the size of the macrocycles, presumably due to changes in the fraction of 

threadable conformations of the macrocycles. Although some macrocycles 

near the unblocked polymer chain ends are apparently susceptible to the 

dethreading from polymer chains, most of the macrocycles are prevented on 

resonable time scales, e.g., months in solution, from the dethreading by the 

entanglement of cyclic and linear species.



In the Memory of My Father 

iv



ACKNOWLEDGMENTS 

| would like to express a very special gratitude to Dr. Harry W. Gibson for his 

guidance, encouragement, patience, and support. | learned from him not only 

chemistry but most importantly the professional pride, the diligence, and the 

strict work attitude. These characters will influence my whole life in the future. 

| wish to extend sincere appreciation to Dr. Hervé Marand, Dr. James M. Tanko, 

Dr. James E. McGrath, and Dr. Harry C. Dorn for serving on my committee and 

for valuable suggestions and encouragement. 

| would like to thank my friends in Dr. Gibson's group, Dr. Devdatt Nagvekar, 

Mingfei Chen, Darin Dotson, Sang-Hun Lee, Lance Wang, Donghang Xie, and 

Jim Yang, for their discussions and friendships. 

| want to thank my parents for their endless love. | also want to thank my uncle, 

Zenglian Lin, for his generous support. 

Finally, my wholehearted thanks go to my wife, Gusui. Without her love and 

sacrifice, | surely would not have succeeded.



TABLE OF CONTENTS 

Chapter I. Polymer Architectures 

|. Topologies of Polymers 

ll. Polymers with Supermolecular Topologies 

References 

Chapter Il. Literature Review: Polyrotaxanes 

|. Monorotaxanes and Monocatenanes 

ll. Oligomeric Rotaxanes 

lil. Polymeric Rotaxanes 

IV. Polyester Rotaxanes 

References 

Chapter Ill. Objectives 

Chapter IV. Macrocycles: Aliphatic crown Ethers 

Results and Discussion 

I. Hexa(ethylene glycol) 

Il. Oligo(ethylene glycol) Ditosylates 

lll. Syntheses of Crown Ethers 

A. Length of Starting Materials 

B. Temperature 

C. Synthetic Procedures 

IV. Purification of Crown Ethers 

11 

13 

13 

23 

27 

32 

39 

45 

48 

51 

51 

53 

54 

55 

55 

55 

56



Conclusions 

Experimental 

References 

Chapter V. Monofunctional Blocking Groups 

Results and Discussion 

Conclusions 

Experimental 

References 

Chapter Vi. Knots for Molecular Strings of Beads: 

Difunctional Blocking Groups 

Results and Discussion 

|. Difunctuional Blocking Groups for Step Growth Polymerization 

A. 0,0,0,@-T etraaryl-a,@-difunctional Blocking Groups 

B. Diethyl Di(p-tbutylbenzyl)malonate 

ll. A Difunctionl Blocking Group for Chain Growth Polymerization 

Conclusions 

Experimental 

References 

Chapter VII. Polyester Rotaxanes 

(Transesterification Method) 

Results and Discussion 

l. Synthesis and Purification 

60 

61 

70 

94 

96 

102 

103 

107 

119 

120 

120 

120 

125 

126 

128 

129 

138 

156 

158 

161



Il. Pro 

A. Model Polymers 

B. Polyester Rotaxanes 

of of Structures 

Ill. Molecular Weight Determinations 

IV. Th 

A. Gel Permeation Chromatography (GPC) 

NMR Spectroscopy 

Ultraviolet Spectroscopy 

Vapor Pressure Osmometry 

m
o
o
 @
 

Gel Permeation Chromatography with Viscosity 

Detection and Universal Calibration 

("Absolute GPC") 

F. End Blocking Efficiency 

G. Effect of Rotaxane Structure on Hydrodynamic Volume 

reading Efficiencies of Macrocycles: 

Effects of Ring Size and Backbone structure 

V. Solubility Properties of Polyrotaxanes 

VI. Thermal Transitions, Solution Properties of Polyrotaxanes 

A. Poly(triethyleneoxy Sebacate) Systems 

B. Poly(butylene Sebacate) Systems 

Vil. Thermo-Oxidative Stability of Polyrotaxanes 

Conclusions 

Experimental 

References 

161 

163 

166 

170 

170 

172 

173 

174 

175 

176 

177 

178 

181 

183 

183 

185 

187 

188 

189 

197



Chapter VIII. Polyester Rotaxanes 

(Acid Chloride Method) 

Results and discussion 

l. Solution Polymerization 

A. Optimization of Reaction Conditions in Model Studies 

B. Studies of Threading Processes in Polyrotaxane 

Syntheses 

Molecular Strings of Beads with Knots 

Dethreading experiments 

Thermal Properties of Polyrotaxanes 

a
m
m
o
 o
 

Metal Complexation of Crown Ether Components 

of Polyrotaxanes 

ll. Interfacial Polymerization 

Conclusions 

Experimental 

References 

Chapter IX. Overall Conclusions and Future Work 

I. Overall Conclusions 

Il. Future Work 

A. Study of the Threading Equilibria 

B. Quantitative Determination of Metal Complexation of 

Polyrotaxanes 

C. Study of the Solution Behavior of Polyrotaxanes 

230 

230 

230 

230 

233 

249 

250 

252 

257 

259 

263 

265 

273 

319 

319 

320 

321 

323 

324



References 

Vita 

D. Study of the Topological Properties of Polyrotaxanes 

E. Syntheses of Polyrotaxanes by 

Interfacial Polymerization 

325 

326 

327 

330



LIST OF TABLES 

CHAPTER IV 

Table 1. The yields of 42-crown-14 

Table 2. Melting points of crown ethers 

CHAPTER VII 

Table 1. Reprecipitation results for polysebacate rotaxanes 

Table 2. Molecular weights of polysebacates and corresponding 

polyrotaxanes 

Table 3. Solubility of polysebacates and corresponding polyrotaxanes 

Table 4. Thermal properties of model polymers and polyrotaxanes 

CHAPTER VIII 

Table 1. Optimization for the synthesis of poly(decamethylene 

sebacate) 

Table 2. Errors of determination of m/n value from sampling of 

poly[(decamethylene sebacate)-rotaxa-(42-crown-14)] 

Table 3. Errors of determination of m/n value from measuring of 

poly[(decamethylene sebacate)-rotaxa-(42-crown-14)] 

Table 4. The effect of macrocycle size on the threading of 1,10- 

decanediol by crown ethers 

Table 5. The effect of feed ratio on the threading of 1,10- 

decanediol by 42-crown-14 

82 

83 

203 

204 

206 

207 

282 

283 

283 

284 

284



Table 6. The effect of the diol length on the threading of HO(CH2)xOH 

by 42-crown-14 

Table 7. The effect of prethreading time on the threading of 1,10- 

decanediol by 42-crown-14 

Table 8. Prethreading of 42-crown-14 by sebacoyl chloride and by 

1,10-decanediol 

Table 9. The effect of temperature on the threading of 1,10- 

decanediol by 42-crown-14 

Table 10. Intrinsic viscosities of the model polymer 9 and the 

polyrotaxane 14 as functions of solvents 

Table 11. Dethreading experiments of 42-crown-14 from 

poly[(decamethylene sebacate)-rotaxa-(42-crown-14)] 

Table 12. Thermal properties of model polymer and polyrotaxanes 

Table 13. Metal complexation tests of crown ethers, 

poly(decamethylene sebacate), and poly(decamethylene 

sebacate) rotaxanes 

285 

285 

286 

286 

287 

288 

289 

290



LIST OF FIGURES 

CHAPTER | 

Figure 1. Polymer topologies 

Figure 2. Interpenetrating polymer network 

Figure 3. Some subclasses of polycatenanes 

Figure 4. Polyrotaxane structures 

CHAPTER Il 

Figure 1. Harrison's approach by acid catalyzed equilibration 

Figure 2. Schill's chemical conversion approach 

Figure 3. Functional structure and molecular dimensions 

of cyclodextrins 

Figure 4. Synthesis of a rotaxane comprised of a dicobailt (III) 

diamine complex and cyclodextrins 

Figure 5. Zilkha's approach for syntheses of oligomeric 

and polymeric rotaxanes 

CHAPTER IV 

Figure 1. FTIR spectrum of hexa(ethylene glycol) on KBr plate 

Figure 2. 270 MHz 1H NMR spectrum of hexa(ethylene glycol) 

in CDClg 

Figure 3. 270 MHz 1H NMR spectrum of tri(ethylene glycol) 

ditosylate in CDClg 

Figure 4. 270 MHz 1H NMR spectrum of tetra(ethylene glycol) 

o
O
 
o
 Oo 

NN
 

15 

17 

19 

20 

24 

84 

85 

86



ditosylate in CDClg 

Figure 5. 400 MHz 1H NMR spectrum of crude 42C14 in DMSO-dg 

at 20 °C showing a signal due to OH 

Figure 6. 400 1H NMR spectrum of crude 42C14 in CDCl3 at 20 °C 

showing signals due to terminal vinyl ether protons and 

other impurities 

Figure 7. 400 MHz 'H NMR spectrum of pure 42C14 in DMSO-dg 

at 20 °C showing lack of OH signal 

Figure 8. 400 MHz 1H NMR spectrum of pure 42014 in CDCl3 at 

20 °C showing lack of terminal vinyl ether protons and 

other impurity signals 

Figure 9. DSC trace for crude 42C14 

Figure 10. DSC trace for pure 42014 

CHAPTER V 

Figure 1. 270 MHz 1H NMR spectrum of ethyl! p-t-butylbenzoate 

in CDCl3 

Figure 2. 270 MHz 1H NMR spectrum of tris(p-t-butylphenyl)methanol 

in CDCl3 

Figure 3. FTIR spectrum of tris(p-tbutylphenyl)(p-hydroxyphenyl)- 

methane on KBr plate 

Figure 4. 270 MHz 1H NMR spectrum of tris(p-t-butylphenyl)- 

(p-hydroxyphenyl)methane in CDCl3 

Figure 5. FTIR spectrum of mono-p-[tris(p-tbutylphenyl)methyl]pheny| 

ether of di(ethylene glycol) on KBr plate 

XiV 

87 

88 

89 

90 

91 

92 

93 

113 

114 

115 

116 

117



Figure 6. 270 MHz 1H NMR spectrum of mono-p-[tris(p-tbutylpheny))- 

methyl]phenyl ether of di(ethylene glycol) in CDClg 118 

CHAPTER VI 

Figure 1. 400 MHz 1H NMR spectrum of 1,10-bis(p-dicarbethyoxy- 

phenoxy)decane in CDCl3 145 

Figure 2. 270 MHz 1H NMR spectrum of 1,10-bis{p-[di(p"-t-butylpheny!) 

hydroxymethyl]phenoxy}decane in CDCl3 146 

Figure 3. 400 MHz 1H NMR spectrum of 1 ,4-bis[di(p-t-butylphenyl)- 

hydroxymethyl]benzene in CDCl3 147 

Figure 4. 400 MHz 1H NMR spectrum of 1,1,6,6-tetra(p-tbutylphenyl)- 

1,6-hexanediol in CDCl3 148 

Figure 5. 270 MHz 1H NMR spectrum of 1,10-bis{p-[di(p -tbutylpheny|)- 

(p”-hydroxyphenyl)methyl]phenoxy}decane in CDClg 149 

Figure 6. 270 MHz 1H NMR spectrum of 1,1,6,6-tetra(p-t-butylphenyl)- 

hexane in CDCl3 150 

Figure 7. 400 MHz 1H NMR spectrum of 1,10-bis{ p-{di[p’-t-butylpheny]] 

-[p”-2-(2’-hydroxyethoxy)ethoxy]phenyImethy|}phenoxy}- 

decane in CDCl3 151 

Figure 8. 270 MHz 1H NMR spectrum of diethyl di(p-t-butylbenzyl)- 

malonate in CDCl, 152 

Figure 9. 400 MHz 1H NMR spectrum of 1,1-di(p-t-butylphenyl)ethanol 

in CDCl3 153 

Figure 10. 400 MHz 1H NMR spectrum of 1,1-di(p-fbutylphenyl)ethene 

in CDClg 154 

XV



CHAPTER VII 

Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

270 MHz 1H NMR spectrum of poly(triethyleneoxy sebacate) 

in CDClg 

100 MHz 18C NMR spectrum of poly(triethyleneoxy sebacate) 

in CDClg 

400 MHz 1H NMR spectrum of a) poly(butylene sebacate) 

and b) poly[(butylene sebacate)-rotaxa-(42-crown-1 4)] 

in CDClg 

100 MHz 18C NMR spectrum of poly(butylene sebacate) 

in CDCl3 

400 MHz 1H NMR spectrum of poly[(triethylenoxy sebacate)- 

rotaxa-(60-crown-20)] in CDClg 

100 MHz 18CNMR spectrum of poly|(triethyleneoxy sebacate)- 

rotaxa-(60-crown-20)] in CDClg 

100 MHz 18C NMR spectrum of poly[(butylene sebacate)- 

rotaxa-(42-crown-14)] in CDClg 

GPC traces for a) poly(butylene sebacate); b) a physical 

mixture of poly(butylene sebacate) and 42-crown 14; 

c) 42-crown-14 and d) poly[(butylene sebacate)-rotaxa- 

(42-crown-14)] in CHCl3 at 30 °C 

GPC traces for a) poly(butylene sebacate); b) a physical 

mixture of poly(butylene sebacate) and 60-crown-20; 

c) 60-crown-20 and d) poly[(butylene sebacate)-rotaxa- 

(60-crown-20)] in CHCls at 30 °C. 

XVi 

208 

209 

210 

211 

212 

213 

214 

215 

216



Figure 10. Calibration curve for UV measurement of mono-p-[tris(p*-t 

butylphenyl)-methyl]phenyl ether of di(ethylene glycol) 

in CHClg 217 

Figure 11. Plots of AV vs. concentration c (g/L) for polystyrene standards 218 

Figure 12. Calibration curve for VPO measurements 219 

Figure 13. Plots of AV vs. concentration c (g/L) for polyesters and 

polyrotaxanes 220 

Figure 14. Cyclic ratio (m/n) and mass percent cyclic in polyrotaxanes 

as a function of crown ether ring size 221 

Figure 15. DSC traces for poly(triethyleneoxy sebacate) 222 

Figure 16. DSC trace for poly[(triethyleneoxy sebacate)-rotaxa- 

(30-crown-10)] 223 

Figure 17. DSC traces for poly[(triethylenoxy sebacate)-rotaxa- 

(60-crown-20)] 224 

Figure 18. DSC traces for 60-crown-20 225 

Figure 19. DSC traces for poly(butylene sebacate) 226 

Figure 20. DSC traces for poly[(butylene sebacate)-rotaxa- 

(42-crown-14)] 227 

Figure 21. DSC traces for 42-crown-14 228 

Figure 22. DSC traces for poly[(butylene sebacate)-rotaxa- 

(60-crown-20)] 229 

CHAPTER VIII 

Figure 1. 400 MHz 1H NMR spectrum of poly(decamethylene 

sebacate) in CDCl3 291 

XVii



Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

100 MHz 18C NMR spectrum of poly(decamethylene 

sebacate) in CDClg 

GPC traces for a) poly(decamethylene sebacate); b) a 

physical mixture of poly(decamethylene sebacate) and 

42-crown-14; c) 42-crown-14 and d) poly[(decamethylene 

sebacate)-rotaxa-(42-crown-14)] in CHCl 

400 MHz 1H NMR spectrum of poly[(decamethylene 

sebacate)-rotaxa-(42-crown-14)] in CDCl3 

m/n value of poly(decamethylene sebacate) rotaxanes 

vs. ring size of the crown ether 

Log of the rotaxane yield as a function of ring size of 

the macrocycle 

Log of the equilibrium constant, K, for threading of cyclic 

poly(dimethylsiloxane)s by linear poly(dimethylsiloxane) 

of Mn 18 kg/mol vs. ring size of the cyclic species 

100 MHz 18°C NMR spectrum of poly[(decamethylene 

sebacate)-rotaxa-(42-crown-14)] in CDCl3 

m/n value and mass percent cyclic in poly[(decamethylene 

sebacate)-rotaxa-(42-crown-14) as a function of the mole 

ratio of 42-crown-14 to 1,10-decanediol 

Figure 10. m/n value of polysebacate rotaxanes and mass percent 

42-crown-14 as a function of length, y, of alkylene diols 

Figure 11. 400 MHz 1H NMR spectrum of poly[(hexamethylene 

sebacate)-rotaxa-(42-crown-14)] in CDCl3 

XViii 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301



Figure 12. 

Figure 13. 

Figure 14. 

Figure 15. 

Figure 16. 

Figure 17. 

Figure 18. 

Figure 19. 

Figure 20. 

Figure 21. 

Figure 22. 

Figure 23. 

Figure 24. 

Figure 25. 

100 MHz 18C NMR spectrum of poly[(hexamethylene 

sebacate)-rotaxa-(42-crown-14)] in CDClg 

GPC traces for polyrotaxanes 10-16 

270 MHz 1H NMR spectrum of Poly|{decamethylene 

sebacate}-co-1 ,10-bis{p-[di(p-t-butylphenyl)-4-phenyl- 

methyl]phenoxy}decamethylene sebacate}-rotaxa- 

(42-crown-14)] in CDClg 

m/n value of poly[(decamethylene sebacate)-rotaxa- 

(42-crown-14)] as a function of dethreading time 

DSC traces for poly(decamethylene sebacate) 

DSC traces for poly[(decamethylene sebacate)-rotaxa- 

(30-crown-10)] 

DSC traces for poly[(decamethylene sebacate)-rotaxa- 

(36-crwon-12)] 

DSC traces for 36-crown-12 

DSC traces for poly[(decamethylene sebacate)-rotaxa- 

(42-crown-14)] 

DSC traces for poly[(decamethylene sebacate)-rotaxa- 

(48-crown-16)] 

DSC traces for 48-crown-16 

DSC traces for poly[(decamethylene sebacate)-rotaxa- 

(60-crown-20)] 

DSC traces for poly[(butylene sebacate)-rotaxa- 

(42-crown-14)] 

DSC trace for poly[(hexamethylene sebacate)-rotaxa- 

X1x 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314



(42-crown-1 4)] 

Figure 26. DSC trace for Poly|{decamethylene sebacate}-co-1,10- 

bis{p-[di(p-t-butylphenyl)-4-phenylmethyl]phenoxy}- 

decamethylene sebacate}-rotaxa-(42-crown-1 4)] 

Figure 27. 400 MHz 1H NMR spectrum of poly[(bisphenol A sebacate)- 

rotaxa-(42-crown-14)] in CDCl 

Figure 28. DSC traces for poly[(bisphenol A sebacate)-rotaxa- 

(42-crown-1 4)] 

XX 

315 

316 

317 

318



CHAPTER | 

POLYMER ARCHITECTURES 

Polymers are large molecules made up of a large number of low molar mass 

base units which are connected by primary bonds (Greek poly meros = many 

parts). Since German chemists developed a synthetic "methyl" rubber to 

replace the natural rubbers in 1917, the requirements of replacing traditional 

materials, such as wood, metals, ceramics, and natural fibers by synthetic 

polymers have increased dramatically. This development requires a 

fundamental understanding of relations of structure-property which can be 

examined under two broad aspects. (a). The chemical level which is 

concerned with structural information, including the order in which the specific 

atoms are connected; the type of covalent bonds; and the three dimensional 

arrangements around rigid centers. For some chemical systems this level is not 

sufficient. (b). The architectural level which deals with the properties being 

invariant for various structures consistent with the chemical level. Topological 

isomerism in chemistry refers to differences in the way in which molecules are 

imbedded as a whole in three dimensional space. 

|. TOPOLOGIES OF POLYMERS 

Molecular chemistry, the chemistry of the covalent bond, deals with the natural 

rules governing the structures, properties, and conversions of molecules. In the 

molecular chemistry point of view, polymers can be classified by their molecular



topology as cyclic, linear, branched and network polymers (1), as depicted in 

Figure 1: 

I. Cyclic Polymers (No Chain Ends) C) 

If. Linear Polymers (Two Chain Ends) 

Homopolymer AAAAAAAAAAAAAAAA 
Random Copolymer ABBABAAABABAABAA 

Alternating Copolymer ABABABABABABABAB 

Block Copolymer —. A+-+B}- 

If. Branched Polymers 
(More than Two Ends) 

Star Polymers (Homo- or Block-) 

Randomly Branched Polymers 

Graft/Comb Polymers 
(Long Chain- & 
Short Chain- Branching 

. omit ok 

  

    

    

      

IV. Network Polymers 
(One Enormous Molecule with few chain ends) (TT 

a ee ee 
“A111 | 

: __, 

Figure 1. Polymer topologies



Cyclic polymers have no chain ends. They represent the extreme case in the 

whole spectrum of polymer topology. Because of their non-chain-end structure, 

cyclic polymers display special dilute solution, diffusional and rheological 

properties such as lower hydrodynamic volumes, lower melt viscosity, and 

higher glass transition temperatures than linear polymers [2,3]. 

A linear polymer has two chain ends and has no branching other than the 

pendant groups associated with the monomers. If the polymer is prepared from 

a single monomer, the product is referred to as a homopolymer. The 

intermolecular interactions of homopolymers determines their physical behavior 

in the solid state. If two or more monomers are copolymerized, several 

arrangements are possible in the polymer structure. If the structural units 

alternate in a linear fashion, the product is called an alternating copolymer. 

Usually the properties of an alternating copolymer are a combination of the 

properties of the two monomers along with structural regularity. If the 

distribution of structural units are random, the polymer is called a random 

copolymer whose properties are an average of the properties of monomers. A 

third arrangement is where homopolymers jointed end-to-end. Such an 

arrangement is referred to as a block copolymer. Block copolymers frequently 

exhibit phase separation which typically gives rise to a dispersed phase 

consisting of one block type in a continuous matrix consisting of the second 

block type [4]. In many applications, the dispersed phase consists of hard 

domains which are crystalline or glassy and amorphous, and the matrix is soft 

and rubber-like. A block copolymer can act as an emulsifier for a system of two 

immicible homopolymers [5]. Block polymers exhibiting phase separation show



two transitions where the modulus changes markedly over a narrow 

temperature range. Elasticity is a general property of block copolymers 

containing a combination of incompatible hard and soft blocks. The hard blocks 

in the domains serve as tie-points, or thermolabile crosslinking sites [6]. These 

physical crosslinks are reversible. 

Long-chain branched polymers, including star-shaped, comb-like, and 

randomly branched polymers, are a class of polymers between the linear 

polymers and polymer networks. The properties of the polymers are influenced 

by their overall dimensions and long-chain branching. The presence of long- 

chain branched molecules causes different properties compared to a pure 

linear polymers such as narrow molecular weight distribution [7], smaller radius 

of gyration [8], and different properties in solid state governed by the overall 

dimensions of polymer chains. 

Dendrimers are monodispersed macromolecules with radially symmetric 

branching. Dendrimers consist of three architectural components: a core; 

interior layers (generations) attached to the core; and an exterior of terminal 

functionality connected to the outmost generation. Due to their special 

architectures, dendrimers show interesting properties such as controllable size, 

compartmentalization, solubilization, preorientation, and cage location [9]. 

Graft polymers are macromolecules with a ‘backbone’ of one polymeric species 

attached to which are one or more side chains of another polymeric species. 

Graft polymers may have comblike or random graft structures. Because of



thermodynamic incompatibility of the backbone and side chain, most graft 

polymers show microphase separation behavior in solid state (4, 10). These 

polymers exhibit many unique thermal and mechanical properties including 

thermoplastic elasticity. Generally property differences between linear and 

branched polymers apply to graft copolymers. 

Crosslinked polymers are insoluble and infusible three-dimensional networks in 

which polymer chains are joined together. Crosslinked polymers exhibit many 

special properties compared to linear and branched polymers. Improvement of 

physical properties by cross-linking are most significant. For example, modulus 

increases with degree of crosslinking. Crosslinked polymers behave like soft 

elastic solids at elevated temperature [11]. Other special behavior include 

improved creep, compression set, and stress relaxation; lower thermal 

expansion and heat capacity; higher heat distortion temperature, tensile 

strength and reflective index. Glass transition temperature increases as 

crosslink density increases [12]. 

An economic way to meet the needs for new materials is to make polymer 

blends, the mixtures of at least two polymers or copolymers, including 

homologous, miscible, immiscible, and compatible polymers [13]. From the 

economic point of view, this approach has many advantages over others such 

as extending engineering resin performance by diluting it with a low cost 

polymers; developing materials with expected properties; forming a high 

performance blend from synergistically interacting polymers, etc. However, The 

development of polymer blends is limited by the fact that many polymers are



immisible to each other and the microphase separation occurs in immisible 

blends, resulting in poor elongation and impact-strength properties. 

ll. POLYMERS WITH SUPRAMOLECULAR TOPOLOGIES 

In contrast to molecular chemistry, supramolecular chemistry, the chemistry 

beyond molecules, is concerned with the organized entities of high complexity 

resulting from the association of at least two chemical species by intermolecular 

(noncovalent) interactions [14]. 

Interpenetrating polymer networks (IPN) are a combination of at least two 

polymers in a network which are synthesized in juxtaposition (Figure 2) [15]. 

Ld 

  

  
oan Oa 
  

  e 
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e
e
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Figure 2. Interpenetrating polymer network 

For IPN, if mixing takes place at the early stage of the polymerization and the 

polymerization proceeds simultaneously with crosslinking, phase separation 

may be controlled. Therefore, polymer mixtures with limited phase separation



can be produced via interpenetration polymerization. IPN are a special 

example of topological isomerism of polymers [16]. Some permanent 

entanglements between two crosslinked polymers are inevitable in any intimate 

mixture of crosslinked polymers. 

Polycatenanes are extended interlocking ring systems without covalent bonds 

between the rings. The term “catenane” comes from the Latin word catene 

meaning chains. However, since Frisch et al. first suggested the existence and 

possible syntheses of polycatenanes in 1953 [17], no pure polycatenanes have 

been isolated and characterized. Some subclasses of polycatenanes are 

shown in Figure 3. 

Polyrotaxanes are supramolecular assemblies consisting of linear molecules 

onto which are threaded cyclic species (Figure 4). The term ‘rotaxane’ is 

derived from the Latin words for wheel and axle [18]. Bulky groups are attached 

to the linear molecules, either at the ends or in the middle of the chain, to 

prevent diffusion loss of the molecules, dethreading. If there exist strongly 

attractive forces between cyclic and linear species, blocking groups may not be 

necessary. Polyrotaxanes can be classified as main chain and side chain 

polyrotaxanes, depending on the differences in the location of the covalent and 

physical linkages. Polyrotaxanes can also be divided into two types, 

homopolyrotaxanes and heteropolyrotaxanes, based on the chemical structures 

of cyclic and linear species. Homopolyrotaxanes consist of chemically 

equivalent macrocycles and polymer chains. Heteropolyrotaxanes are 

comprised of chemically different cyclic and linear components.
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Figure 3. Some subclasses of polycatenanes 

Similarly to conventional copolymers and polymer blends, a wide range of 

physical properties can result from judicious combination of cyclic and linear 

components of polyrotaxanes. If the macrocycles and linear polymer chains are 

compatible, the crystallinity of polyrotaxanes can be changed by adjusting the 

macrocycle contents in polymers. The toughness of the polymers can be



Ore HI 

“ee ee 
QOPI GIL 

Try Prep} 

aielele, WN. 

Figure 4. Polyrotaxane structures 

 



increased by introducing intermolecular interaction between the macrocycles 

and chains. If cyclic and linear species are not compatible, the macrocycles 

could move along the chain and both cyclic and linear species can aggregate 

and crystallize independently, resulting in microphase separation. The 

solubility and processbility of high performance polymers could be modified by 

threading low melting and highly soluble macrocycles onto the polymer chains. 

Furthermore, polyrotaxanes are expected to have distinguishing features 

compared to conventional copolymers and polymer blends, due to the physical 

barriers to dethreading of macrocycles and due to the freedom of macrocycles 

to move laterally, translationally, and circumferentionally relative to the linear 

unit that penetrates them. Hence, macrocycle distribution could be changed by 

changing configuration and conformation of polymer chains. 
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�i�t� �a� �n�a�m�e�  ��h�o�o�p�l�a�n�e �� �[�4�]�.� �L�a�t�e�r� �t�h�e�y� �i�m�p�r�o�v�e�d� �t�h�e� �s�t�a�t�i�s�t�i�c�a�l� �m�e�t�h�o�d� �b�y� �u�s�e� �o�f� �a� 

�p�o�l�y�m�e�r�i�c� �s�u�p�p�o�r�t� �[�5�]�.� �T�h�e�y� �i�n�t�r�o�d�u�c�e�d� �t�h�e� �h�e�m�i�s�u�c�c�i�n�a�t�e� �e�s�t�e�r� �o�f� �2�-� 

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

�m�a�c�r�o�c�y�c�l�e� �w�a�s� �t�h�e�n� �r�i�n�s�e�d� �7�0� �t�i�m�e�s� �s�e�q�u�e�n�t�i�a�l�l�y� �b�y� �t�h�e� �s�o�l�u�t�i�o�n�s� �o�f� �1�,�1�0�-� 

�d�e�c�a�n�e�d�i�o�l� �a�n�d� �t�h�e�n� �t�r�i�p�h�e�n�y�l�m�e�t�h�y�!� �(�t�r�i�t�y�l�)� �c�h�l�o�r�i�d�e�.� �A�f�t�e�r� �t�h�e�y� �i�s�o�l�a�t�e�d� �t�h�e� 

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

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

�g�e�n�e�r�a�t�i�n�g� �1�,�1�0�-�d�e�c�a�n�e�d�i�o�l�,� �t�r�i�p�h�e�n�y�l�m�e�t�h�a�n�o�l�,� �a�n�d� �t�h�e� �a�c�y�l�o�i�n� �m�a�c�r�o�c�y�c�l�e�.� 

�I�n� �a� �l�a�t�e�r� �p�a�p�e�r�,� �H�a�r�r�i�s�o�n� �u�t�i�l�i�z�e�d� �t�w�o� �m�e�t�h�o�d�s� �t�o� �g�e�n�e�r�a�t�e� �r�o�t�a�x�a�n�e�s� �[�6�]�.� �T�h�e� 

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

�r�e�v�e�r�s�i�b�l�e� �c�l�e�a�v�a�g�e� �o�f� �t�h�e� �b�l�o�c�k�i�n�g� �g�r�o�u�p�s� �o�f� �r�o�t�a�x�a�n�e�s� �(�F�i�g�u�r�e� �1�)�.� �H�e� �m�i�x�e�d� �a� 

�m�i�x�t�u�r�e� �o�f� �1�4�-� �t�o� �4�2�-�m�e�m�b�e�r�e�d� �c�y�c�l�o�a�l�k�a�n�e�s� �w�i�t�h� �1�,�1�0�-�b�i�s�(�t�r�i�p�h�e�n�y�l�m�e�t�h�o�x�y�)�-� 

�d�e�c�a�n�e� �a�t� �1�2�0� �°�C� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�r�i�c�h�l�o�r�o�a�c�e�t�i�c� �a�c�i�d� �w�h�i�c�h� �a�c�t�e�d� �a�s� �a� 

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

�r�i�n�g�s� �w�a�s� �i�s�o�l�a�t�e�d� �b�y� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �h�y�d�r�o�l�y�z�e�d� �a�n�d� �2�3�-� �t�o� 

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

�t�h�a�t� �a� �2�3�-�m�e�m�b�e�r�e�d� �r�i�n�g� �s�i�z�e� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �t�h�r�e�a�d�i�n�g� �o�f� �t�h�e� �r�i�n�g� �b�y� �a� 

�m�e�t�h�y�l�e�n�e� �c�h�a�i�n�s�;� �(�2�)� �t�h�a�t� �m�a�c�r�o�c�y�c�l�e�s� �w�i�t�h� �2�9� �o�r� �m�o�r�e� �a�t�o�m�s� �c�a�n� �s�l�i�p� �o�v�e�r� �t�h�e� 
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�t�r�i�p�h�e�n�y�l�m�e�t�h�y�!� �b�l�o�c�k�i�n�g� �g�r�o�u�p�;� �a�n�d� �(�3�)� �t�h�a�t� �t�h�e� �r�e�l�a�t�i�v�e� �y�i�e�l�d� �o�f� �t�h�e� �r�o�t�a�x�a�n�e� 

�i�n�c�r�e�a�s�e�s� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �r�i�n�g� �s�i�z�e�.� 
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�F�i�g�u�r�e� �1�.� �H�a�r�r�i�s�o�n�'�s� �a�p�p�r�o�a�c�h� �o�f� �a�c�i�d� �c�a�t�a�l�y�z�e�d� �e�q�u�i�l�i�b�r�a�t�i�o�n� 
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�T�h�e� �s�e�c�o�n�d� �m�e�t�h�o�d� �w�a�s� �a� �t�h�e�r�m�a�l� �v�a�r�i�a�t�i�o�n� �w�h�o�s�e� �p�r�o�c�e�d�u�r�e� �i�s� �s�a�m�e� �a�s� �t�h�e� �f�i�r�s�t� 

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

�b�a�s�e�d� �o�n� �t�h�e� �2�9� �m�e�m�b�e�r�e�d� �m�a�c�r�o�c�y�c�l�e� �w�a�s� �g�e�n�e�r�a�t�e�d�,� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� 

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

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

�e�x�p�e�r�i�m�e�n�t� �s�h�o�w�e�d� �t�h�a�t� �1�4�-� �t�o� �2�8�-�m�e�m�b�e�r�e�d� �m�a�c�r�o�c�y�c�l�e�s� �c�a�n� �n�o�t� �s�l�i�p� �o�v�e�r� �t�h�e� 

�b�l�o�c�k�i�n�g� �g�r�o�u�p� �t�o� �a�f�f�o�r�d� �r�o�t�a�x�a�n�e�s�,� �w�h�i�l�e� �t�h�r�e�a�d�e�d� �3�0�-� �t�o� �4�2�-�m�e�m�b�e�r�e�d� �r�i�n�g�s� �c�a�n� 

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

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

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

�a�n�d� �t�h�e� �t�h�e�r�m�a�l� �v�a�r�i�a�t�i�o�n� �a�p�p�r�o�a�c�h� �[�7�]�.� �F�r�o�m� �t�h�e� �a�c�i�d� �c�a�t�a�l�y�z�e�d� �e�q�u�i�l�i�b�r�a�t�i�o�n� 

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

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

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

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

�r�o�t�a�x�a�n�e� �b�a�s�e�d� �o�n� �t�h�e� �2�8� �m�e�m�b�e�r�e�d� �m�a�c�r�o�c�y�c�l�e� �w�a�s� �o�b�t�a�i�n�e�d�.� 

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

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

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

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

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

�t�o�l�u�e�n�e�s�u�l�f�o�n�i�c� �a�c�i�d� �[�7�]�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �y�i�e�l�d�s� �o�f� �r�o�t�a�x�a�n�e�s� �i�n�c�r�e�a�s�e�d� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �r�i�n�g� �s�i�z�e� �a�n�d� �a� �m�i�n�i�m�u�m� �r�i�n�g� �s�i�z�e� �o�f� �2�1� �a�t�o�m�s� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� 
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�t�h�r�e�a�d�i�n�g� �t�o� �o�c�c�u�r�.� �B�y� �v�a�r�y�i�n�g� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �l�i�n�e�a�r� �m�o�l�e�c�u�l�e�s� �i�n� �t�h�e� �t�h�e�r�m�a�l� 

�v�a�r�i�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �i�n� �w�h�i�c�h� �t�h�e� �2�9� �m�e�m�b�e�r�e�d� �c�y�c�l�o�a�l�k�a�n�e� �w�a�s� �u�s�e�d�,� �t�h�e�y� 

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

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

�s�y�n�t�h�e�s�i�z�e� �r�o�t�a�x�a�n�e�s� �a�n�d� �c�a�t�e�n�a�n�e�s� �[�8�]�.� �T�h�i�s� �m�e�t�h�o�d� �s�t�a�r�t�e�d� �f�r�o�m� �c�o�v�a�l�e�n�t� 

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

�1�7



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

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

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

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

�L�u�t�t�r�i�n�g�h�a�u�s� �s�y�n�t�h�e�s�i�z�e�d� �a� �c�a�t�e�n�a�n�e� �c�o�n�t�a�i�n�i�n�g� �4�,�5�-�d�i�m�e�t�h�o�x�y�i�s�o�p�h�t�h�a�l�a�l�d�e�h�y�d�e� 

�a�s� �a� �c�e�n�t�r�a�l� �c�o�r�e� �[�8�]�.� �S�c�h�i�l�l� �a�n�d� �h�i�s� �c�o�w�o�r�k�e�r�s� �a�l�s�o� �p�r�o�d�u�c�e�d� �p�r�e�r�o�t�a�x�a�n�e�s� �i�n� 

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

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

�o�f� �t�h�e� �l�i�n�k�a�g�e� �b�e�t�w�e�e�n� �t�h�e� �r�i�n�g� �a�n�d� �t�h�e� �c�h�a�i�n� �(�F�i�g�u�r�e� �2�)� �[�9�]�.� 

�C�.� �T�h�e� �T�e�m�p�l�a�t�e� �A�p�p�r�o�a�c�h� 

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

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

�a� �l�i�n�e�a�r� �m�o�l�e�c�u�l�e�.� 

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

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

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

�1�,�1�0�-�p�h�e�n�a�n�t�h�r�o�l�i�n�e� �[�1�0�]�.� �U�s�i�n�g� �t�h�e� �s�a�m�e� �c�h�e�m�i�s�t�r�y� �W�u� �e�t� �a�l�.� �[�1�1�]� �a�n�d� �S�a�u�v�a�g�e� 

�e�t� �a�l�.� �[�1�2�]� �p�r�e�p�a�r�e�d� �r�o�t�a�x�a�n�e�s� �i�n� �w�h�i�c�h� �b�o�t�h� �c�h�a�i�n�s� �a�n�d� �r�i�n�g�s� �c�o�n�t�a�i�n�e�d� 

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

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

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

�1�8



�a�p�o�l�a�r� �i�n�t�e�r�i�o�r� 

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

� � 

� � � � 

� � 

�=� �s�e�w� 
�i�a�d�.�)� 

�w�e�e� �e�r�e�w�y� 

� � � � 

�w
�e

� �h
�o

�w
� �a�

 

� � � 
�y�-�C�D� 

� � 

�a�-�C�D� 

�F�i�g�u�r�e� �3�.� �F�u�n�c�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �a�n�d� �m�o�l�e�c�u�l�a�r� �d�i�m�e�n�s�i�o�n�s� �o�f� �c�y�c�l�o�d�e�x�t�r�i�n�s� 

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

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

�1�9



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

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

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

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

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

�c�o�m�p�l�e�x� �a�n�d� �c�y�c�l�o�d�e�x�t�r�i�n�s� �(�F�i�g�u�r�e� �4�)� �[�1�3�]�.� �H�e� �s�t�u�d�i�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �l�e�n�g�t�h� �o�f� 

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

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

�C�o� �y�a�n� �N�H�3� �+� �E�t�b�N�H�+�a�-�o�r�B�-�C�D�  ��»� �o�u�n�)� �=�n� �|� 
 ��=�C�l� 

�o�s� �=� �H�»�N�C�H�»�C�H�2�N�H�>�2� �=�e�n� 

�>� �o� 

 �� �C�l�i� �(�C�H�)�,� �A� 

�L�e�v� �.� �h�o� �u�n�t� �o�n� �o�r� �B�C�D� �(�=�<� 

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

�1�2�.� 

� � 

� � �[�C�o�C�I�a�(�e�n�)�2�I�C�l� �a�i�a� �(�C�H�,�)�, �� �O�T�s� 
�L�S� 

�a�n�d� �c�y�c�l�o�d�e�x�t�r�i�n�s� 

�W�y�l�i�e� �a�n�d� �M�a�c�a�r�t�n�e�y� �m�a�d�e� �t�h�e� �[�2�]�r�o�t�a�x�a�n�e�-�m�e�t�a�l� �c�o�m�p�l�e�x�e�s� �w�i�t�h� �a�-�C�D� �b�y� 

�m�i�x�i�n�g� �a�-�C�D�,� �1�,�1�'�-�(�a�,�@ ��a�l�k�a�n�e�d�i�y�l�)�-�b�i�s�(�4�,�4�'�-�b�i�p�y�r�i�d�i�n�i�u�m�)� �b�r�o�m�i�d�e� �a�n�d� 

�N�a�3�[�F�e�(�C�N�)�5�N�H�3�]�3�H�2�0� �[�1�4�]�.� �S�i�m�i�l�a�r�l�y�,� �W�e�n�z� �e�t� �a�l�.� �p�r�o�d�u�c�e�d� �r�o�t�a�x�a�n�e�s� 
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�c�o�n�s�i�s�t�i�n�g� �o�f� �a� �l�i�n�e�a�r� �c�o�m�p�o�n�e�n�t� �o�f� �b�i�p�y�r�i�d�i�n�i�u�m�,� �a�n� �O�-�d�e�r�i�v�a�t�i�z�e�d� �B�-�C�D�,� �a�n�d� 

�b�u�l�k�y� �e�n�d� �g�r�o�u�p�s� �[�1�5�]�.� 

�S�t�o�d�d�a�r�t� �e�t� �a�l�.� �p�r�e�p�a�r�e�d� �[�d�i�q�u�a�t�]�2�+�(�N�,� �N ��-�d�i�m�e�t�h�y�l�-�2�,�2 ��-�b�i�p�y�r�i�d�y�l�)� �o�r� �[�p�a�r�a�q�u�a�t�]�2�+� 

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

�p�y�r�i�d�i�n�i�u�m� �r�i�n�g�s� �o�f� �[�d�i�q�u�a�t�]�2�+� �a�n�d� �[�p�a�r�a�q�u�a�t�]�@�+� �c�a�n� �f�o�r�m� �1�:�1� �c�o�m�p�l�e�x�e�s� �w�i�t�h� �t�h�e� 

�a�r�o�m�a�t�i�c� �c�r�o�w�n� �e�t�h�e�r�s� �[�1�6�]�.� �S�t�o�d�d�a�r�t� �e�t� �a�l�.� �a�l�s�o� �s�y�n�t�h�e�s�i�z�e�d� �b�i�s�(�c�y�c�l�o�p�a�r�a�q�u�a�t�-� 

�2�8�-�N�4�)�"�(�B�P�-�2�8�-�N�4�+�4� �:� �4�P�F�g�-�)�,� �6�,� �a� �m�a�c�r�o�c�y�c�l�e� �c�o�n�t�a�i�n�i�n�g� �t�w�o� �[�p�a�r�a�q�u�a�t�]�2�+� 

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

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

�s�t�a�c�k�i�n�g�,� �c�h�a�r�g�e� �t�r�a�n�s�f�e�r�,� �a�n�d� �e�l�e�c�t�r�o�s�t�a�t�i�c� �i�n�t�e�r�a�c�t�i�o�n�s� �[�1�7�]�.� �T�h�e�y� �r�e�p�o�r�t�e�d� 

�s�y�n�t�h�e�s�e�s� �o�f� �[�2�]�c�a�t�e�n�a�n�e�s� �b�y� �i�n�t�e�r�l�o�c�k�i�n�g� �t�h�e�s�e� �d�i�[�p�a�r�a�q�u�a�t�]�@�+� �m�a�c�r�o�c�y�c�l�e�s� �w�i�t�h� 

�d�i�b�e�n�z�o� �c�r�o�w�n� �e�t�h�e�r�s� �[�1�8�]�,� �a�n�d� �a� �[�3�]�c�a�t�e�n�a�n�e� �b�y� �i�n�t�e�r�l�o�c�k�i�n�g� �a� �l�a�r�g�e� 

�d�i�[�p�a�r�a�q�u�a�t�]�2�+� �m�a�c�r�o�c�y�c�l�e� �w�i�t�h� �t�w�o� �d�i�b�e�n�z�o� �c�r�o�w�n� �e�t�h�e�r�s� �[�1�9�]�.� �T�h�e� �[�2�]�c�a�t�e�n�a�n�e�s� 

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

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

�h�y�d�r�o�q�u�i�n�o�l� �u�n�i�t�s� �(�s�t�a�t�i�o�n�s�)� �w�h�i�l�e� �i�t� �m�o�v�e�s� �c�i�r�c�u�m�f�e�r�e�n�t�i�a�l�l�y� �[�2�0�]�.� 

�S�t�o�d�d�a�r�t� �e�t� �a�l�.� �e�x�t�e�n�d�e�d� �t�h�e�s�e� �a�p�p�r�o�a�c�h�e�s� �t�o� �s�y�n�t�h�e�s�i�z�e� �a� �c�h�i�r�a�l� �b�i�s�(�[�2�]�c�a�t�e�n�a�n�e�)� 

�[�2�1�]�;� �a� �c�a�t�e�n�a�n�e� �i�n� �w�h�i�c�h� �t�h�e� �g�o�l�d� �s�u�r�f�a�c�e� �w�a�s� �a� �p�a�r�t� �o�f� �a� �d�i�b�e�n�z�o� �c�r�o�w�n� �e�t�h�e�r� 

�[�2�2�]�;� �c�a�t�e�n�a�n�e�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �d�i�b�e�n�z�o� �c�r�o�w�n� �e�t�h�e�r�s� �a�n�d� �b�i�s�(�b�i�p�y�r�i�d�i�n�i�u�m�)� 

�m�a�c�r�o�c�y�c�l�e�s� �d�e�r�i�v�e�d� �f�r�o�m� �a�n� �a�z�o�b�e�n�z�e�n�e� �[�2�3�]�;� �a�n�d� �c�a�t�e�n�a�n�e�s� �c�o�m�p�r�i�s�e�d� �o�f� �a� 

�b�i�s�(�b�i�p�y�r�i�d�i�n�i�u�m�)� �m�a�c�r�o�c�y�c�l�e� �a�n�d� �a� �c�y�c�l�i�c� �c�o�m�p�o�u�n�d� �o�f� �s�t�r�a�p�p�e�d� �p�o�r�p�h�y�r�i�n�s� �[�2�4�]�.� 

�2�1



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

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

�o�f� �a� �b�i�p�y�r�i�d�i�u�m� �m�a�c�r�o�c�y�c�l�e�,� �6�,� �a�n�d� �a� �l�i�n�e�a�r� �m�o�l�e�c�u�l�e� �c�o�n�t�a�i�n�i�n�g� �2�-�4� �h�y�d�r�o�q�u�i�n�o�n�e� 

�m�o�i�e�t�i�e�s� �[�1�6�,� �2�5�]�.� �7� �i�s� �o�n�e� �o�f� �t�h�e�s�e� �r�o�t�a�x�a�n�e�s�.� �T�h�e�s�e� �r�o�t�a�x�a�n�e�s� �w�e�r�e� �a�l�s�o� 

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

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

�i�m�m�o�b�i�l�e� �a�t� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e�s�.� 

�e ��{�O�) �� 
�P�F�O� �N� �n�®� �p�r�o� 

�i� �6� �L�O� �O� �p�r�O� �m�y�o� �i�e� 
 ��T�o�y� !"� 

�6� 

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

�g�r�o�u�p�s�,� �u�s�i�n�g� �1�,�5�-�b�i�s�[�2�-�(�h�y�d�r�o�x�y�e�t�h�o�x�y�)�e�t�h�o�x�y�]�n�a�p�h�t�h�a�l�e�n�e�.� �D�e�t�h�r�e�a�d�i�n�g� �w�a�s� 

�o�b�s�e�r�v�e�d� �o�n�l�y� �w�h�e�n� �t�h�e� �e�l�e�c�t�r�o�n� �t�r�a�n�s�f�e�r� �f�r�o�m� �t�h�e� �e�x�c�i�t�e�d� �s�t�a�t�e� �o�f� �a�n�t�h�r�a�c�e�n�e�-�9�-� 

�c�a�r�b�o�x�y�l�i�c� �a�c�i�d� �t�o� �t�h�e� �b�i�p�y�r�i�d�i�u�m� �m�a�c�r�o�c�y�c�l�e� �o�c�c�u�r�r�e�d� �[�2�6�]�.� �L�a�t�e�r� �t�h�e�y� �r�e�p�o�r�t�e�d� 

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

�m�o�l�e�c�u�l�e� �a�n�d� �t�r�i�a�r�y�l�m�e�t�h�y�!� �e�n�d� �b�l�o�c�k�i�n�g� �g�r�o�u�p�s� �[�2�7�]�.� �T�h�e� �r�a�p�i�d� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� 

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

�s�p�e�c�t�r�o�s�c�o�p�y�.� 
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�A� �O�W�E�N�,� �X�e� �o�N�,� 
�O� 

�I�l� �[�o�|� 
�O�W� �0� �y�*�  ��0� �y�-�?� 

�R�=�-�O�C�H�,�P�h�,� �(�1� �=�6� 

�7� 

�l�l�.� �O�L�I�G�O�M�E�R�I�C� �R�O�T�A�X�A�N�E�S� 

�A�.� �S�t�a�t�i�s�t�i�c�a�l� �T�h�r�e�a�d�i�n�g� 

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

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

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

�m�a�c�r�o�c�y�c�l�e�s� �(�F�i�g�u�r�e� �4�)� �[�2�8�]�.� �T�h�e�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �h�i�g�h� �t�h�r�e�a�d�i�n�g� �c�o�u�l�d� �b�e� 

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

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

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

�l�i�n�e�a�r� �s�p�e�c�i�e�s� �w�a�s� �c�a� �4�2�.� �T�h�e�y� �r�a�t�i�o�n�a�l�i�z�e�d� �t�h�i�s� �r�e�s�u�l�t� �b�y� �t�h�e� �d�e�c�r�e�a�s�e� �o�f� �c�h�a�i�n� 

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

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

�T�h�e�y� �d�i�d� �n�o�t� �o�b�s�e�r�v�e� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �o�f� �t�h�e� �p�e�r�c�e�n�t� �t�h�r�e�a�d�i�n�g� �i�n� �t�h�e� 
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�t�e�m�p�e�r�a�t�u�r�e� �r�a�n�g�e� �f�r�o�m� �1�0�0�-�2�0�7� �°�C�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �e�n�t�h�a�l�p�y� �o�f� �t�h�e� �t�h�r�e�a�d�i�n�g� 

�w�a�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� �z�e�r�o� �a�n�d� �I�n� �K� �=� �A�S�/�R�,� �w�h�e�r�e� �K� �i�s� �t�h�e� �e�q�u�i�l�i�b�r�i�u�m� �c�o�n�s�t�a�n�t� �o�f� 

�t�h�e� �t�h�r�e�a�d�i�n�g�.� 

�H�O�(�C�H�;�C�H�;�0�)�,�H� �+� �(�)�  �� �H�o�c�H�, ��|�-�c�H�0�)�,�H� 

�N�C�O� 

�|� 
�N�C�O� 

�O� 

�O� �Q�o�s� 

�f�h�e� �n� 

�F�i�g�u�r�e� �5�.� �Z�i�l�k�h�a�'�s� �a�p�p�r�o�a�c�h� �f�o�r� �s�y�n�t�h�e�s�i�s� �o�f� �o�l�i�g�o�m�e�r�i�c� �a�n�d� �p�o�l�y�m�e�r�i�c� 

�r�o�t�a�x�a�n�e�s� 

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

�t�h�r�e�a�d�i�n�g�s�:� 

�N�=� �K�[�m�e�m�g�(�1�-�e�7�N�¢�/�m�g� �.� �N�e�n�g�P�B�®�y�/�v� �(�1�)� 

�W�h�e�r�e� �N� �=� �n�u�m�b�e�r� �o�f� �p�e�n�e�t�r�a�t�i�o�n�s� 

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

�r�e�s�p�e�c�t�i�v�e�l�y� 

�B� �=� �c�o�n�s�t�a�n�t� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �t�h�e� �d�e�g�r�e�e� �o�f� �c�u�r�l�i�n�g�-�u�p� �o�f� 

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

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

�6� �=� �p�e�n�e�t�r�a�t�i�o�n� �a�n�g�l�e�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �r�i�n�g� �r�a�d�i�u�s� �(�r�)� 

�a�n�d� �c�h�a�i�n� �d�i�a�m�e�t�e�r� �(�d�)� �a�n�d� �d�e�t�e�r�m�i�n�e�d� �a�s� 

�c�o�s�6�@� �=� �d�/�2�r� 

�V� �=� �t�o�t�a�l� �v�o�l�u�m�e� 

�O � ��(�C�H�2�C�H�2�0�)�,� �O� 

�3� �)� �c�x�e�n�,�o�,�-�-�©�)� �©�) ��<�¢�-�o�-� 

�©� �\�c�o�r�c�i�e� �e�e� �O� 
�8� 

�Z�i�l�k�h�a� �a�n�d� �h�i�s� �c�o�l�l�e�a�g�u�e�s� �p�r�e�p�a�r�e�d� �r�o�t�a�x�a�n�e� �8� �w�h�o�s�e� �c�o�l�l�i�g�a�t�i�v�e� �m�o�l�e�c�u�l�a�r� 

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

�[�2�8�,� �2�9�]�.� �T�h�e�y� �a�t�t�r�i�b�u�t�e�d� �t�h�i�s� �s�p�e�c�i�a�l� �c�o�l�l�i�g�a�t�i�v�e� �p�r�o�p�e�r�t�y� �o�f� �t�h�e� �r�o�t�a�x�a�n�e� �t�o� �t�h�e� 

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

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

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

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

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

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

�B�.� �T�e�m�p�l�a�t�e� �T�h�r�e�a�d�i�n�g� 

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

�c�o�m�p�l�e�x�e�s� �o�f� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)�s� �w�i�t�h� �a�-�c�y�c�l�o�d�e�x�t�r�i�n� �(�C�D�)� �[�3�0�]�.� �T�h�e� �m�o�l�a�r� 

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

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

�e�n�d�c�a�p�p�e�d� �b�y� �2�,�4�-�d�i�n�i�t�r�o�a�n�i�l�i�n�e� �[�3�1�]�.� �T�h�e� �a�-�C�D� �m�o�l�e�c�u�l�e�s� �i�n� �t�h�e� �r�o�t�a�x�a�n�e�s� 

�s�h�o�w�e�d� �a�n� �a�l�t�e�r�n�a�t�i�n�g� �h�e�a�d�-�t�o� �h�e�a�d�,� �t�a�i�l�-�t�o� �t�a�i�l� �a�r�r�a�n�g�e�m�e�n�t�.� �A� �m�o�l�e�c�u�l�a�r� �t�u�b�e� �9� 

�w�a�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� �f�o�r�m�e�d� �b�y� �l�i�n�k�i�n�g� �a�l�l� �t�h�r�e�e� �h�y�d�r�o�x�y�!� �g�r�o�u�p�s� �o�f� �t�h�e� �a�-�C�D� �u�n�i�t�s� 

� � � � 

�t�o�g�e�t�h�e�r�.� 

�O�H� �O�H� 
�1� �+�,� �O�C�H�,� �C�H�C�H�,�O� �O�C�H�,�C�H�C�H�,�  � �� 

�L�e�e�s� �_�l� �n� 

�O�C�H�,�C�H�C�H�,�O� 
�1� 
�O�H� 

�9� 

�H�a�r�a�d�a� �a�n�d� �K�a�m�a�c�h�i� �p�r�o�d�u�c�e�d� �o�l�i�g�o�(�p�r�o�p�y�l�e�n�e� �g�l�y�c�o�l�)� �r�o�t�a�x�a�n�e�s� �u�s�i�n�g� �B�-�C�D� �a�n�d� 

�y�-�C�D� �a�s� �m�a�c�r�o�c�y�c�l�e�s� �[�3�2�]�.� �T�h�e� �r�o�t�a�x�a�n�e� �y�i�e�l�d�s� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �a�m�o�u�n�t� 

�o�f� �l�i�n�e�a�r� �c�h�a�i�n�s� �a�n�d� �r�e�a�c�h�e�d� �a� �m�a�x�i�m�u�m� �a�t� �1�0�0�0� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� 
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�p�o�l�y�(�p�r�o�p�y�l�e�n�e� �g�l�y�c�o�l�)�.� �S�y�n�t�h�e�s�e�s� �o�f� �o�l�i�g�o�(�i�s�o�b�u�t�y�l�e�n�e�s�)�-�B�-�C�D� �r�o�t�a�x�a�n�e�s� �a�n�d� 

�o�l�i�g�o�(�i�s�o�b�u�t�y�l�e�n�e�s�)�-�y�-�C�D� �r�o�t�a�x�a�n�e�s� �w�e�r�e� �a�l�s�o� �r�e�p�o�r�t�e�d� �[�3�3�]�.� 

�I�l�l�.� �P�O�L�Y�M�E�R�I�C� �R�O�T�A�X�A�N�E�S� 

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

�o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)�-�c�r�o�w�n� �e�t�h�e�r� �r�o�t�a�x�a�n�e�s� �w�i�t�h� �n�a�p�h�t�h�a�l�e�n�e�-�1� �,�5�-�d�i�i�s�o�c�y�a�n�a�t�e� 

�[�2�8�]�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�o�l�y�r�o�t�a�x�a�n�e�s� �w�e�r�e� �n�o�t� �i�s�o�l�a�t�e�d�.� 

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

�s�y�n�t�h�e�s�i�z�e�d� �v�i�a� �i�n�t�e�r�f�a�c�i�a�l� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�r� �s�o�l�u�t�i�o�n� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �[�3�4�]�.� 

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

�M�a�c�i�e�j�e�w�s�k�i� �r�e�p�o�r�t�e�d� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�(�v�i�n�y�l�i�d�e�n�e� �c�h�l�o�r�i�d�e�)�-�r�o�t�a�x�a�-�(�B�-� 

�c�y�c�l�o�d�e�x�t�r�i�n�)� �v�i�a� �r�a�d�i�a�t�i�o�n� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �[�3�5�]�.� �T�h�e� �p�o�l�y�r�o�t�a�x�a�n�e� �h�a�d� �h�i�g�h� 

�m�a�c�r�o�c�y�c�l�e� �c�o�n�t�e�n�t� �a�n�d� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�.� �M�a�c�i�e�j�e�w�s�k�i� �e�t� �a�l�.� �[�3�6�]� �a�l�s�o� 

�p�r�e�p�a�r�e�d� �t�h�i�s� �p�o�l�y�r�o�t�a�x�a�n�e� �v�i�a� �f�r�e�e� �r�a�d�i�c�a�l� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �[�3�6�]�.� �W�h�i�l�e� �t�h�e� �r�a�t�i�o� �o�f� 

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

�m�a�c�r�o�c�y�c�l�e� �c�o�n�t�e�n�t� �i�n� �t�h�e� �p�o�l�y�r�o�t�a�x�a�n�e� �r�e�a�c�h�e�d� �a� �m�a�x�i�m�u�m� �a�t� �9�0�-�1�0�0� �°�C�.� 

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

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

�u�r�e�t�h�a�n�e�s� �a�n�d� �l�i�n�e�a�r� �p�o�l�y�s�t�y�r�e�n�e�s� �[�3�7�]�.� �T�h�e� �p�o�l�y�s�t�y�r�e�n�e� �r�o�t�a�x�a�n�e�s� �w�e�r�e� 

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

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

�2�7



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

�i�n�c�o�r�p�o�r�a�t�i�o�n� �o�n�t�o� �p�o�l�y�s�t�y�r�e�n�e� �c�h�a�i�n�s�.� 

�e�s�e�t�,� �f� �+�a�-�C�D� �=�>� �N�H�(�C�H�,�)�,�,� 
�n� 

�x� �n� 

�1�0� 

�=�p� �r�e�i�r� �H�C�H� �4� �+� �a�-�C�D� �<�=� �p�o�n�g�)� �)� 
�n� 

�x� �n� 

�1�1� 

�O�o� 

�l�l� 
�C�C�l� 

�1�0� �+� �C�Y� �_ ��_� �N�(�C�H� �O� �t�r�y�e�d� �t�m� �T�a�t�y� �y� 

 ��j�n� �1�2� �a� �f� �é� 

�1�3�,� �x�=�0�.�1�0�,� �y� �=�0�.�0�2�5� 

�1�1�4�1�2�  ��>� �t�e�t� �o�f� �f�N�H�I�C�H�)�,�N�H�(�C�H�,�)�,�o� �T�P� �N�H�C�H� �N�C�H�)� �H�r� �1�-� �{� 
�C�=�0� �«�j�n� 

�x� �é� 
�1�4�,� �x�=�0�.�8�9�,� �y�=�0�.�2�5� 

�S�y�n�t�h�e�s�e�s� �o�f� �p�o�l�y�[�(�i�m�i�n�o�u�n�d�e�c�a�m�e�t�h�y�l�e�n�e�)�-�r�o�t�a�x�a�-�(�a�-�C�D�)�]�,� �1�0�,� �a�n�d� �p�o�l�y�[�(�i�m�i�n�o�t�r�i� 
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�m�e�t�h�y�l�e�n�e�-�i�m�i�n�o�-�d�e�c�a�m�e�t�h�y�l�e�n�e�)�-�r�o�t�a�x�a�-�(�a�-�C�D�)�]�,� �1�1�,� �w�e�r�e� �r�e�p�o�r�t�e�d� �b�y� �W�e�n�z� 

�a�n�d� �K�e�l�l�e�r� �[�3�8�]�.� �T�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �p�o�l�y�r�o�t�a�x�a�n�e�s� �w�i�t�h� �n�i�c�o�t�i�n�y�l� �c�h�l�o�r�i�d�e�,� �1�2�,� �l�e�d� �t�o� 

�p�o�l�y�r�o�t�a�x�a�n�e�s� �w�i�t�h� �b�l�o�c�k�i�n�g� �g�r�o�u�p�s� �a�l�o�n�g� �t�h�e� �p�o�l�y�m�e�r� �b�a�c�k�b�o�n�e�s� �(�1�3�,� �1�4�)�.� 

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

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

�w�h�o�s�e� �s�i�d�e� �c�h�a�i�n�s� �w�e�r�e� �r�o�t�a�x�a�n�e�s� �[�3�9�]�.� �T�h�e� �s�y�n�t�h�e�s�e�s� �w�e�r�e� �i�n�i�t�i�a�t�e�d� �b�y� �t�h�e� 

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

�e�n�d� �o�f� �a�l�i�p�h�a�t�i�c� �d�i�a�m�i�n�e�s� �(�1�5�)�.� �F�o�r�m�i�n�g� �c�o�m�p�l�e�x�e�s� �o�f� �t�h�e�s�e� �a�m�i�n�o� �a�m�i�d�e�s� �w�i�t�h� 

�2�,�6�-�d�i�m�e�t�h�y�l�-�B�-�c�y�c�l�o�d�e�x�t�r�i�n�,� �1�6�,� �g�e�n�e�r�a�t�e�d�  ��s�e�m�i�r�o�t�a�x�a�n�e�s �� �(�1�7�)�.� �R�e�a�c�t�i�o�n�s� �o�f� 

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

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

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

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

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

�g�l�y�c�o�l�)�,� �b�i�s�(�p�-�i�s�o�c�y�a�n�a�t�o�p�h�e�n�y�l�)�m�e�t�h�a�n�e� �(�M�D�I�)� �a�n�d� �3�6�-�6�0� �m�e�m�b�e�r�e�d� �a�l�i�p�h�a�t�i�c� 

�c�r�o�w�n� �e�t�h�e�r�s� �[�4�0�]�.� �U�p� �t�o� �6�3� �w�e�i�g�h�t� �p�e�r�c�e�n�t� �c�r�o�w�n� �e�t�h�e�r�s� �w�e�r�e� �i�n�c�o�r�p�o�r�a�t�e�d� �o�n�t�o� 

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

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

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

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

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

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

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

�[�4�1�]�.� �T�h�e� �g�l�a�s�s� �t�r�a�n�s�i�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �t�r�a�n�s�i�t�i�o�n� �e�n�t�h�a�l�p�i�e�s� �o�f� 

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

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

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

�3�4�-�c�r�o�w�n�-�1�0� �m�a�c�r�o�c�y�c�l�e� �a�n�d� �p�o�l�y�u�r�e�t�h�a�n�e� �b�a�c�k�b�o�n�e� �c�o�n�t�a�i�n�i�n�g� �b�i�s�p�y�r�i�d�i�n�i�u�m� 

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

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

�m�a�c�r�o�c�y�c�l�e�[�4�2�]�.� 

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

�b�o�t�h� �f�r�e�e� �r�a�d�i�c�a�l� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �a�n�d� �a�n�i�o�n�i�c� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �[�4�1�]�.� �A�n� �a�z�o� 

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

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

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

�b�a�c�k�b�o�n�e�.� �I�n� �s�p�i�t�e� �o�f� �t�h�e� �i�n�t�i�m�a�t�e� �p�h�y�s�i�c�a�l� �c�o�n�n�e�c�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s�,� �p�h�a�s�e� 

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

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

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

�D�S�C�;� �t�h�e� �l�i�n�e�a�r� �m�a�c�r�o�m�o�l�e�c�u�l�a�r� �b�a�c�k�b�o�n�e�s� �a�r�e� �a�m�o�r�p�h�o�u�s�.� �T�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t�s� 

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

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

�r�a�d�i�c�a�l� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �[�4�3�]�.� �W�h�i�l�e� �p�o�l�y�a�c�r�y�l�o�n�i�t�r�i�l�e� �i�t�s�e�l�f� �i�s� �s�o�l�u�b�l�e� �o�n�l�y� �i�n� �d�i�p�o�l�a�r� 

�a�p�r�o�t�i�c� �s�o�l�v�e�n�t�s� �l�i�k�e� �D�M�F� �a�n�d� �N�M�P�,� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�o�l�y�r�o�t�a�x�a�n�e�s� �a�r�e� �s�o�l�u�b�l�e� 

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

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

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

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

�r�e�d�u�c�e�d� �t�h�e� �m�e�l�t�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �b�y� �1�0�0� �°�C� �a�n�d� �p�r�o�m�o�t�e�d� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� 

�n�e�w� �l�i�q�u�i�d�-�c�r�y�s�t�a�l�l�i�n�e� �p�h�a�s�e�.� 

�I�V�.� �P�O�L�Y�E�S�T�E�R� �R�O�T�A�X�A�N�E�S� 

�A�.� �P�o�l�y�e�s�t�e�r�s� 

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

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

�t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�e�s�t�e�r�s� �d�a�t�e� �b�a�c�k� �t�o� �t�h�e� �l�a�s�t� �c�e�n�t�u�r�y� �[�4�5�]�,� �i�t� �w�a�s� �o�n�l�y� �i�n� �t�h�e� 

�l�a�t�e� �1�9�2�0�s� �t�h�a�t� �C�a�r�o�t�h�e�r� �u�n�d�e�r�t�o�o�k� �a�n� �e�x�t�e�n�s�i�v�e� �s�t�u�d�y� �o�f� �t�h�i�s� �s�u�b�j�e�c�t�.� �B�e�g�i�n�n�i�n�g� 

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

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

�[�4�6�]�.� �H�o�w�e�v�e�r�,� �i�t� �w�a�s� �o�n�l�y� �a�f�t�e�r� �W�h�i�n�f�i�e�l�d� �p�r�e�p�a�r�e�d� �p�o�l�y�(�e�t�h�y�l�e�n�e� �t�e�r�e�p�h�t�h�a�l�a�t�e�)� 

�(�P�E�T�)� �[�4�7�]� �t�h�a�t� �p�o�l�y�e�s�t�e�r�s� �s�t�a�r�t�e�d� �t�o� �f�i�n�d� �t�h�e�i�r� �a�p�p�l�i�c�a�t�i�o�n�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �P�E�T� �i�s� 

�w�i�d�e�l�y� �u�s�e�d� �f�o�r� �f�i�b�e�r�s�,� �f�i�l�m�s�,� �a�n�d� �b�e�v�e�r�a�g�e� �b�o�t�t�l�e�s�.� �P�o�l�y�(�1�,�4�-�b�u�t�y�l�e�n�e� 

�t�e�r�e�p�h�t�h�a�l�a�t�e�)� �(�P�B�T�)� �i�s� �a� �g�o�o�d� �p�l�a�s�t�i�c� �m�o�d�l�i�n�g� �m�a�t�e�r�i�a�l�.� �P�o�l�y�(�e�-�c�a�p�r�o�l�a�c�t�o�n�e�)� 

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

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

�w�h�e�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �e�f�f�e�c�t�s� �a�r�e� �o�f� �p�r�i�m�a�r�y� �i�m�p�o�r�t�a�n�t� �[�4�8�]�.� �P�o�l�y�a�r�y�l�a�t�e�s� �a�r�e� 

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

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

�c�h�a�r�a�c�t�e�r� �[�4�9�]�.� �R�a�n�d�o�m� �c�o�p�o�l�y�e�s�t�e�r�s� �p�r�e�p�a�r�e�d� �f�r�o�m� �a�l�i�p�h�a�t�i�c� �d�i�o�l�s� �a�n�d� �m�i�x�t�u�r�e�s� 

�o�f� �a�l�i�p�h�a�t�i�c� �a�n�d� �a�r�o�m�a�t�i�c� �d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�s� �a�c�t� �a�s� �h�o�t�-�m�e�l�t� �a�d�h�e�s�i�v�e�s� �[�5�0�]�,� �w�h�i�l�e� 

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

�e�l�a�s�t�o�m�e�r�s� �[�5�1�]�.� 

�T�h�e� �l�i�n�e�a�r� �h�o�m�o�p�o�l�y�m�e�r�i�c� �p�o�l�y�e�s�t�e�r�s� �a�r�e� �t�w�o� �t�y�p�e�s�:� �A�-�B� �p�o�l�y�m�e�r�s� �d�e�r�i�v�e�d� �f�r�o�m� 

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

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

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

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

�c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �p�r�e�c�i�s�e� �s�t�o�i�c�h�i�o�m�e�t�r�y� �(�i�n� �t�h�e� �c�a�s�e� �o�f� �A�A�/�B�B� �t�y�p�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�)�;� 

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

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

�W�h�i�l�e� �a�l�m�o�s�t� �a�l�l� �t�h�e� �m�e�t�h�o�d�s� �a�r�e� �s�u�i�t�a�b�l�e� �f�o�r� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �b�o�t�h� �A�-�A�-�B�-�B� �a�n�d� �A�-� 

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

�r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �A�-�A�-�B�-�B� �t�y�p�e� �p�o�l�y�e�s�t�e�r�s�:� 

�a�.� �D�i�r�e�c�t� �E�s�t�e�r�i�f�i�c�a�t�i�o�n� 

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

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

�n� �H�O�R�O�H� �+� �n� �H�O�O�C�R�'�C�O�O�H� 

�2�n� �H�O� �+� �-�L�O�R�O�O�C�R�'�C�O�}�-� �0� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�c�o�n�d�i�t�i�o�n�s�.� 

�b�.� �T�r�a�n�s�e�s�t�e�r�i�f�i�c�a�t�i�o�n� 

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

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

�n� �H�O�R�O�H� �+� �n� �R�"�O�O�C�R�'�C�O�O�R�"� 

� � 

�2�n� �R�'�O�H� �+�  ��-�O�R�O�O�C�R�'�C�O�}�-� �9� 
�n� 

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

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

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

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

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

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

�c�.� �A�c�i�d�o�l�y�s�i�s� 

� � 

�n� �H�O�O�C�R�'�C�O�O�H� �+� �n� �R�"�O�O�C�R�C�O�O�R�"� 

� � 

�2�n� �R�"�C�O�O�H� �+� �-�o�r�o�o�c�r�'�c�o�}�-� �6� 
�n� 

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

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

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

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

�d�.� �E�s�t�e�r�-�e�s�t�e�r� �E�x�c�h�a�n�g�e� 

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

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

�3�5



� � 

�n� �R�"�O�O�C�R�O�O�C�R�"� �+� �n� �R�"�O�Q�O�C�R�C�O�O�R!"� 

� � 

�2�n� �R�"�C�O�O�R�"� �+� �-�F�O�R�O�O�C�R�'�C�O�}�-� �5� 

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

�v�a�l�u�e�.� 

�e�.� �A�c�i�d� �C�h�l�o�r�i�d�e� �M�e�t�h�o�d� 

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

� � 

�n� �H�O�R�O�H� �+� �n� �C�I�O�O�C�R�'�C�O�O�C�I� 

� � 

�2�n� �H�C�l� �+� �-�-�o�r�o�o�c�r�'�c�o�}�-� �6� 
�n� 

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

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

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

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

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

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

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

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

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

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

�o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s� �[�5�2�]� �b�u�t� �h�a�s� �a�l�s�o� �b�e�e�n� �c�a�r�r�i�e�d� �o�u�t� �u�s�i�n�g� �t�w�o� �i�m�m�i�s�c�i�b�l�e� �o�r�g�a�n�i�c� 

�s�o�l�v�e�n�t�s� �[�5�3�]�.� �B�r�i�e�f�l�y�,� �t�h�e� �w�h�o�l�e� �r�e�a�c�t�i�o�n� �m�a�y� �b�e� �c�o�n�d�u�c�t�e�d� �i�n� �a�n� �o�r�g�a�n�i�c� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�B�.� �P�o�l�y�e�s�t�e�r� �R�o�t�a�x�a�n�e�s� 

�T�h�e� �f�i�r�s�t� �p�o�l�y�r�o�t�a�x�a�n�e� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �1�9�8�7� �i�n� �G�i�b�s�o�n�'�s� �g�r�o�u�p� �w�a�s� 

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

�1�,�1�0�-�d�e�c�a�n�e�d�i�o�l� �u�s�i�n�g� �3�0�-�c�r�o�w�n�-�1�0� �a�s� �a� �s�o�l�v�e�n�t� �[�4�1�,� �5�4�]�.� �F�o�r� �e�x�a�m�p�l�e�,� �w�i�t�h� �3�.�4�2� 

�m�o�l�e�s� �o�f� �c�r�o�w�n� �p�e�r� �m�o�l�e� �o�f� �d�i�o�l�,� �a� �p�o�l�y�r�o�t�a�x�a�n�e� �w�i�t�h� �1�6� �w�t� �%� �o�f� �c�r�o�w�n� �e�t�h�e�r� �w�a�s� 

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

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

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

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

�p�r�e�s�e�n�c�e� �o�f� �t�h�e� �c�r�o�w�n� �e�t�h�e�r�s� �[�4�1�,� �5�5�]�.� �A�l�l� �t�h�e� �p�o�l�y�r�o�t�a�x�a�n�e�s� �p�r�e�p�a�r�e�d� �w�e�r�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�P�O� 
�n�H

� 

�1�0�.� 

�1�1�.� 

�1�2�.� 

�R�E�F�E�R�E�N�C�E�S� 

�S�e�e� �f�o�o�t�n�o�t�e� �i�n� �F�r�i�s�c�h�,� �H�.� �L�.� �W�a�s�s�e�r�m�a�n�,� �E�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�6�1�,�8�3�,� 

�3�7�8�9�.� 

�F�r�i�s�c�h�,� �H�.� �L�.�;� �M�a�r�t�i�n�,� �I�.�;� �M�a�r�k�,� �H�.� �M�o�n�a�t�s�h�,� �1�9�5�3�,� �8�4�,� �2�5�0�.� 

�(�a�)�.� �W�a�s�s�e�r�m�a�n�,� �E�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�6�0�,�8�2�,� �4�4�3�3�;� �(�b�)�.� �W�a�s�s�e�r�m�a�n�,� 

�E�.� �S�c�i�.� �A�m�e�r�i�c�a�n�,� �1�9�6�2�,�2�0�7� �(�5�)�,� �9�4�.� 

�H�a�r�r�i�s�o�n�,� �|�.� �T�.�;� �H�a�r�r�i�s�o�n�,� �S�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�6�7�,�8�9�,� �5�7�2�3�.� 

 ��H�a�r�r�i�s�o�n�,� �|�.� �T�.� �J�.� �C�h�e�m�.� �S�o�c�.� �C�h�e�m�.� �C�o�m�m�.�,� �1�9�7�2�,� �2�3�1�.� 

�H�a�r�r�i�s�o�n�,� �|�.� �T�.� �J�.� �C�h�e�m�.� �S�o�c�.� �P�e�r�k�.� �T�r�a�n�s�.� �1�1�9�7�4�,� �3�0�1�.� 

�S�c�h�i�l�l�,� �G�.�;� �B�e�c�k�m�a�n�n�,� �W�.�,� �S�c�h�w�e�i�c�k�e�r�t�,� �N�.�;� �F�r�i�t�z�,� �H�.� �C�h�e�m�.� �B�e�r�.�,� �1�9�8�6�,� 

�1�1�9�,� �2�6�4�7�.� 

�S�c�h�i�l�l�,� �G�.�;� �L�u�t�t�r�i�n�g�h�a�u�s�,� �A�.� �A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�6�4�,� �3�,� �5�4�6�.� 

�(�a�)�.� �S�c�h�i�l�l�,� �G�.�;� �Z�o�l�l�e�n�k�o�p�f�,� �H�.� �N�a�c�h�r�.� �C�h�e�m�.� �T�e�c�l�i�n�.�,� �1�9�6�7�,� �7�9�,� �1�4�9�;� �(�b�)�.� 

�S�c�h�i�l�l�,� �G�.�;� �Z�o�l�l�e�n�k�o�p�f�,� �H�.�A�n�n�.� �C�h�e�m�.�,� �1�9�6�9�,�7�2�1�,� �5�3�;� �(�c�)�.� �S�c�h�i�l�l�,� �C�.�;� 

�B�e�c�k�m�a�n�n� �W�.�;� �V�e�t�t�e�r�,� �W�.� �C�h�e�m�.� �B�e�r�.�,� �1�9�8�0�,� �1�7�3�,� �9�4�1�.� 

�(�a�)�.� �S�a�u�v�a�g�e�,� �J�.� �P�.�;� �D�i�e�t�r�i�c�h�-�B�u�c�h�e�c�k�e�r�,� �C�.� �0�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�.�,� �1�9�8�3�,� �2�4�,� 

�5�0�9�5�;� �(�b�)�.� �D�i�e�t�r�i�c�h�-�B�u�c�h�e�c�k�e�r�,� �C�.� �0�.�;� �F�r�o�n�i�m�b�e�r�e�r�,� �B�.�;� �L�e�r�,� �I�.�;� �S�a�u�v�a�g�e�,� �J�.�-� 

�P�.�;� �V�o�g�t�l�e�,� �F�.� �A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�9�3�,� �3�2�,� �1�4�3�4�.� 

�W�u�,� �C�.�;� �L�e�c�a�v�a�l�i�e�r�,� �P�.� �R�.�;� �S�h�e�n�,� �Y�.� �X�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �C�h�e�m�.� �M�a�t�e�r�.�,� �1�9�9�1�,� 

�3�,� �5�6�9�.� 

�(�a�)�.� �C�h�a�m�b�r�o�n�,� �J�.�-�C�.�;� �H�e�i�t�z�,� �V�.�;� �S�a�u�v�a�g�e�,� �J�.�-�P�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� 

�C�o�m�m�u�n�.�,� �1�9�9�2�,� �1�1�3�1�;� �(�b�)�.� �C�h�a�m�b�r�o�n�,� �J�.�-�C�.�;� �H�a�r�r�i�m�a�n�,� �A�.�,� �H�e�i�t�z�,� �V�.�;� 

�S�a�u�v�a�g�e�,� �J�.�-�P�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�9�3�,� �1�1�5�,� �7�4�1�9�.� 
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�1�3�.� 

�1�4�.� 

�1�5�.� 

�1�6�.� 

�1�7�.� 

�(�a�)�.� �O�g�i�n�o�,� �H�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�8�1�,�1�0�3�,� �1�3�0�3�;� �(�b�)�.� �O�g�i�n�o�,� �H�.�;� �O�h�a�t�a�,� 

�K�.� �I�n�o�r�g�.� �C�h�e�m�.�,� �1�9�8�4�,� �2�3�,� �3�3�1�2�;� �(�c�)�.� �O�g�i�n�o�,� �H�.� �N�e�w� �J�.� �C�h�e�m�.�,� �1�9�9�3�,� �1�7�,� 

�6�8�3�.� 

�W�y�l�i�e�,� �R�.�;� �M�a�c�a�r�t�n�e�y�,� �D�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�9�2�,� �1�1�4�,� �3�1�3�6�.� 

�(�a�)�.� �W�e�n�z�,� �G�.�;� �B�e�y�,� �E�.�;� �S�c�h�m�i�d�t�,� �L�.� �A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�9�2�,� �3�1�,� 

�7�8�3�;� �(�b�)�.� �W�e�n�z�,� �G�.�;� �W�o�l�f�,� �F�.�;� �W�a�g�n�e�r�,� �M�.�;� �K�u�b�i�k�,� �S�.� �N�e�w� �J�.� �C�h�e�m�.�,� 

�1�9�9�3�,� �1�7�,� �7�2�9�.� 

�(�a�)�.� �A�l�l�w�o�o�d�,� �B�.� �L�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�h�a�h�r�i�a�r�i�-�Z�a�v�a�r�e�h�,� �H�.�;� �S�t�o�d�d�a�r�t� �,� �J�.� �F�.�;� 

�W�i�l�l�i�a�m�s�,� �D�.� �J�.� �.�J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�8�7�,� �1�0�5�8�;� �(�b�)�.� �A�l�i�w�o�o�d�,� 

�B�.� �L�.�:� �S�p�e�n�c�e�r�,� �N�.�;� �S�h�a�h�r�i�a�r�i�-�Z�a�v�a�r�e�h�,� �H�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �J�.� 

�C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.�,�1�9�8�7�,� �1�0�6�4�;� �(�c�)�.� �A�s�h�t�o�n�,� �P�.� �R�.�;� �S�l�a�w�i�n�,� �A�.� 

�M�.� �Z�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �a�n�d� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� 

�C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�8�7�,� �1�0�6�6�;� �(�d�)�.� �A�l�l�w�o�o�d�,� �B�.� �L�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�h�a�h�r�i�a�r�i�-� 

�Z�a�v�a�r�e�h�,� �H�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m� 

�C�o�m�m�u�n�.�,� �1�9�8�7�,� �1�0�6�1�;� �(�e�)�.� �O�r�t�h�o�l�a�n�d�,� �J�.� �-�Y�.�;� �S�l�a�w�i�n�,� �A�.� �M�.� �Z�.�;� �S�p�e�n�c�e�r�,� 

�W�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�8�9�,� �2�8�,� 

�1�3�9�4�;� �(�f�)�.� �A�n�e�l�l�i�,� �P�.�-�L�.�;� �A�s�h�t�o�n�,� �P�.� �R�.�;� �B�a�l�l�a�r�d�i�n�i�,� �R�.�;� �B�a�l�z�a�n�i�,� �V�.�;� �D�e�l�g�a�d�o�,� 

�M�.�;� �G�a�n�d�o�l�p�h�i�,� �M�.� �T�.�.�;� �G�o�o�d�n�o�w�,� �T�.� �T�.�;� �K�a�i�f�e�r�,� �A�.� �E�.�;� �P�h�i�l�p�,� �D�.�;� 

�P�i�e�t�r�a�s�z�k�i�e�w�i�c�z�,� �M�.�;� �P�r�o�d�i�,� �L�.�;� �R�e�d�d�i�n�g�t�o�n� �M�.� �V�.�;� �S�l�a�w�i�n�,� �A�.� �M�.� �Z�.�;� 

�S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �V�i�c�e�n�t�,� �C�.�;� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� 

�1�9�9�2�,� �1�7�4�,� �1�9�3�.� 

�A�s�h�t�o�n�,� �P�.� �R�.�;� �O�d�e�l�l�,� �B�.�;� �R�e�d�d�i�n�g�t�o�n�,� �M�.� �V�.�;� �S�l�a�w�i�n�,� �A�.� �M�.� �Z�.�;� �S�t�o�d�d�a�r�t�,� �J�.� 

�F�.�;� �W�i�l�l�i�a�m�s�D�.�J�.� �A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�8�8�,� �2�7�,� �1�5�5�0�.� 

�4�0



�1�8�.� 

�1�9�.� 

�2�0�.� 

�2�1�.� 

�2�2�.� 

�2�3�.� 

�2�4�.� 

�2�5�.� 

�2�6�.� 

�2�7�.� 

�A�s�h�t�o�n�,� �P�.� �R�.�;� �G�o�o�d�n�o�w�,� �T�.� �T�.�;� �K�a�i�f�e�r�,� �A�.� �E�.�;� �R�e�d�d�i�n�g�t�o�n�,� �M�.� �V�.�;� �S�l�a�w�i�n�,� �A�.� 

�M�.� �Z�.�:� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �V�i�n�c�e�n�t�,� �C�.�:� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �A�n�g�e�w�.� 

�C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.� �1�9�8�9�,� �2�8�,� �1�3�9�6�.� 

�A�s�h�t�o�n�,� �P�.� �R�.�;� �B�r�o�w�n�,� �C�.� �L�.�;� �C�h�r�y�s�t�a�l�,� �E�.� �J�.� �T�.�;� �G�o�o�d�n�o�w�,� �T�.� �T�.�;� �K�a�i�f�e�r�,� �A�.� 

�E�.�;� �P�a�r�r�y�.�K�.�P�.�;� �S�l�a�w�i�n�,� �A�.� �M�.� �Z�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �V�i�n�c�e�n�t�,� �C�.�;� 

�W�i�l�l�i�a�m�s�,� �D�.� �J�.�A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�i�.�,� �1�9�9�1�,� �3�0�,� �1�0�3�9�.� 

�A�s�h�t�o�n�,� �P�.� �R�.�;� �B�r�o�w�n�,� �C�.� �L�.�;� �C�h�r�y�s�t�a�l�,� �E�.� �J�.� �T�.�;� �G�o�o�d�n�o�w�,� �T�.� �T�.�;� �K�a�i�f�e�r�,� �A�.� 

�E�.�;� �P�a�r�r�y�,� �K�.� �P�.�;� �P�i�e�t�r�a�s�z�k�i�e�w�i�c�z�,� �M�.�;� �S�p�e�n�c�e�r�,� �N�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �A�n�g�e�w�.� 

�C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�9�1�,� �3�0�,� �1�0�4�2�.� 

�A�s�h�t�o�n�,� �P�.� �R�.�;� �R�e�d�e�r�,� �A�.� �S�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �J�.� �A�m�.� �C�h�e�m�.� 

�S�o�c�.�,� �1�1�5�,� �1�9�9�3�,� �5�2�8�6�.� 

�L�u�,� �T�.�;� �Z�h�a�n�g�,� �L�.�;� �G�o�k�e�l�,� �G�.� �W�.�;� �K�a�i�f�e�r�,� �A�.� �E�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�9�3�,� 

�1�1�5�,� �2�5�4�2�.� 

�V�o�g�t�l�e�,� �F�.�;�M�u�l�l�e�r�,� �M�.�;� �M�u�l�l�e�r�,� �U�.�;� �B�a�u�e�r�,� �M�.�;� �R�i�s�s�a�n�e�n�,� �K�.� �A�n�g�e�w�.� �C�h�e�m�.� 

�I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�9�3�,� �3�2�,� �1�2�9�5�.� 

�G�u�n�t�e�r�,� �M�.� �J�.�;� �J�o�h�n�s�t�o�n�,� �M�.� �R�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�9�2�,� 

�1�1�6�3�.� 

�A�s�h�t�o�n�,� �P�.� �R�.�;� �G�r�o�g�n�u�z�,� �M�.�;� �S�l�a�w�i�n�,� �A�.� �M�.� �Z�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� 

�W�i�l�l�i�a�m�s�.� �D�.�J�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�e�r�s�,� �1�9�9�1�,� �3�2�,� �6�2�3�5�.� 

�B�a�l�l�a�r�d�i�n�i�,� �R�.�;� �B�a�l�z�a�n�i�,� �V�.�;� �G�a�n�d�o�l�p�h�i�,� �M�.� �T�.�;� �P�r�o�d�i�,� �L�.�;� �V�e�n�t�u�r�i�,� �M�.�;� �P�h�i�l�p�,� 

�D�.�;� �R�i�c�k�e�t�t�s�,�H�.�G�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �A�n�g�e�w�.� �C�h�e�m�.�,� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�9�3�,� �3�2�,� 

�1�3�0�1�.� 

�(�a�)�.� �A�s�h�t�o�n�,� �P�.� �R�.�;� �P�h�i�l�p�,� �D�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� 

�C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�9�2�,� �1�1�2�4�;� �(�b�)�.� �A�s�h�t�o�n�,� �P�.� �R�.�;� �B�e�l�o�h�r�a�d�s�k�y�,� �M�.�;� �P�h�i�l�p�,� 

�4�1



�2�8�.� 

�2�9�.� 

�3�0�.� 

�3�1�.� 

�3�2�.� 

�3�3�.� 

�3�4�.� 

�3�5�.� 

�3�6�.� 

�3�7�.� 

�3�8�.� 

�3�9�.� 

�4�0�.� 

�4�1�.� 

�4�2�.� 

�4�3�.� 

�D�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�9�3�,� 

�1�2�7�4�.� 

�A�g�a�m�,� �G�.�;� �G�r�a�v�i�e�r�,� �D�.�;� �Z�i�l�k�h�a�,� �A�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�7�6�,� �9�8�,� �5�2�0�6�.� 

�A�g�a�m�,� �G�.�;� �Z�i�l�k�h�a�,� �A�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�7�6�,� �9�8�,� �5�2�1�4�.� 

�(�a�)�.� �H�a�r�a�d�a�,� �A�.�;� �K�a�m�a�c�h�i�,� �M�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�0�,� �2�3�,� �2�8�2�1�;� �(�b�)�.� 

�H�a�r�a�d�a�,� �H�.�;� �L�i�,� �J�.�;� �K�a�m�a�c�h�i�,� �M�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�3�,� �2�6�,� �5�6�9�8�.� 

�(�a�)�.� �H�a�r�a�d�a�,� �A�.�;� �L�i�,� �J�.�;� �K�a�m�a�c�h�i�,� �M�.� �N�a�t�u�r�e�,� �3�5�6�,� �3�2�5� �(�1�9�9�2�)�;� �(�b�)�.� �H�a�r�a�d�a�,� 

�A�.�;� �L�i�,� �J�.�;� �K�a�m�a�c�h�i�,� �M�.� �N�a�t�u�r�e�,� �1�9�9�3�,� �3�6�4�,� �5�1�6�.� 

�H�a�r�a�d�a�,� �A�.�;� �K�a�m�a�c�h�i�,� �M�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�9�0�,� �1�3�2�2�.� 

�H�a�r�a�d�a�,� �A�.�;� �L�i�,� �J�.�;� �S�u�z�u�k�i�,� �S�.�;� �K�a�m�a�c�h�i�,� �M�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�3�,� �2�6�,� 

�5�2�6�7�.� 

�O�g�a�t�a�,� �N�.�;� �S�a�n�u�i�,� �K�.�;� �W�a�d�a�,� �J�.� �J�.� �P�o�l�y�m�.� �S�c�i�.�,� �P�o�l�y�m�.� �L�e�t�t�.� �E�d�.�,� �1�9�7�5�,� �1�4�,� 

�4�5�9�.� 

�M�a�c�i�e�j�e�w�s�k�i�,� �M�.� �J�.� �M�a�c�r�o�m�o�l�.� �S�c�i�.�-�C�h�e�m�.�,� �1�9�7�9�,� �A�1�3�,� �7�7�.� 

�M�a�c�i�e�j�e�w�s�k�i�,� �M�.�;� �G�w�i�z�d�o�w�s�k�i�,� �A�.�;� �P�e�c�z�a�k�,� �P�.�;� �P�i�e�t�r�z�a�k�,� �A�.� �J�.� �M�a�c�r�o�m�o�l�.� 

�S�c�i�.�-�C�h�e�m�.�,� �1�9�7�9�,� �A�1�3�,� �8�7�.� 

�L�i�p�a�t�o�v�a�,� �T�.� �E�.�:� �K�o�s�y�a�n�c�h�u�k�,� �L�.� �F�.�;� �G�o�m�z�a�,� �Y�.� �P�.�;� �S�h�i�l�o�v�,� �V�.� �V�.�;� �L�i�p�a�t�o�v�,� �Y�.� 

�S�.� �D�o�k�i�.� �A�k�a�d�.� �N�a�u�k� �S�S�S�R� �(�E�n�g�l�.� �T�r�.�)�,� �1�9�8�2�,� �2�6�3�,� �1�4�0�.� 

�W�e�n�z�,� �G�.�;� �K�e�l�l�e�r�,� �B�.� �A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�9�2�,� �3�1�,� �1�9�7�.� 

�B�o�r�n�,� �M�.�;� �R�i�t�t�e�r�,� �H�.� �M�a�k�r�o�m�o�l�.� �C�h�e�m�.�,� �R�a�p�i�d� �C�o�m�m�u�n�.� �1�9�9�1�,� �1�2�,� �4�7�1�.� 

�S�h�e�n�,� �Y�.� �X�.�;� �X�i�e�,� �D�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�9�4�,� �1�1�6�,� �5�3�7�.� 

�G�i�b�s�o�n�,� �H�.� �W�.�;� �M�a�r�a�n�d�,� �H�.� �A�d�v�.� �M�a�t�e�r�.�,� �1�9�9�3�,� �5�,� �1�1�.� 

�S�h�e�n�,� �Y�.� �X�.�;� �E�n�g�e�n�,� �P�.� �T�.�;� �B�e�r�g�,� �M�.� �A�.� �G�.�;� �M�e�r�o�l�a�,� �J�.� �S�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� 

�M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�2�,� �2�5�,� �2�7�8�6�.� 

�G�i�b�s�o�n�,� �H�.� �W�.�;� �E�n�g�e�n�,� �P�.� �T�.� �N�e�w� �J�.� �C�h�e�m�.�,� �1�9�9�3�,� �7�7�,� �7�2�3�.� 

�4�2



�4�4�.� 

�4�5�.� 

�4�6�.� 

�4�7�.� 

�4�8�.� 

�4�9�.� 

�5�0�.� 

�5�1�.� 

�5�2�.� 

�5�3�.� 

�5�4�.� 

�5�5�.� 

�S�z�e�,� �J�.� �Y�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �P�o�l�y�m�.� �P�r�e�p�r�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �D�i�v�.� �P�o�l�y�m�.� 

�C�h�e�m�.�,� �1�9�9�2�,� �3�3�(�2�)�,� �3�3�1�.� 

�G�o�o�d�m�a�n�,� �|�.�;� �R�h�y�s�,� �J�.� �A�.� �P�o�l�y�e�s�t�e�r�s�,� �V�o�l�.� �1�,� �A�m�e�r�i�c�a�n� �E�l�s�e�v�i�e�r� �P�u�b�l�i�s�h�i�n�g� 

�C�o�m�p�a�n�y� �I�n�c�.�,� �N�e�w� �Y�o�r�k�,� �1�9�6�5�,� �p�p� �4�-�2�0�.� 

�M�a�r�k�,� �H�.�;� �W�h�i�t�b�y�,� �G�.� �S�.�,� �e�d�s�.�,� �C�o�l�l�e�c�t�e�d� �P�a�p�e�r�s� �o�f� �W�a�l�l�a�c�e� �H�u�m�e� 

�C�a�r�o�t�h�e�r�s� �o�n� �H�i�g�h� �P�o�l�y�m�e�r�i�c� �S�u�b�s�t�a�n�c�e�s�,� �\�n�t�e�r�s�c�i�e�n�c�e� �P�u�b�l�i�s�h�e�r�s�,� �I�n�c�.�,� 

�N�e�w� �Y�o�r�k�,� �1�9�9�4�.� 

�W�h�i�n�f�i�e�l�d�,� �J�.� �R�.� �N�a�t�u�r�e� �(�L�o�n�d�o�n�)�,� �1�9�4�6�,� �1�5�8�,� �9�3�0�.� 

�M�a�r�c�h�e�s�s�a�u�l�t�,� �R�,� �H�.� �C�H�E�M�T�E�C�H�,� �1�9�8�4�,� �5�4�2�.� 

�K�w�o�l�e�k�,� �S�.� �L�.�;� �M�o�r�g�a�n�,� �P�.� �W�.�;� �S�c�h�a�e�f�g�e�n�,� �J�.� �R�.� �i�n� �E�n�c�y�c�l�o�p�e�d�i�a� �o�f� 

�P�o�l�y�m�e�r� �S�c�i�e�n�c�e� �a�n�d� �E�n�g�i�n�e�e�r�i�n�g�,� �e�d�.� �K�r�o�s�c�h�w�i�t�z�,� �J�.� �|�.�,� �W�i�l�e�y�,� �N�e�w� �Y�o�r�k�,� 

�1�9�8�7�,� �V�o�l�.� �9�,� �p�p� �1�-�6�1�.� 

�T�e�m�i�n�,� �S�.� �C�.� �i�n� �E�n�c�y�c�l�o�p�e�d�i�a� �o�f� �P�o�l�y�m�e�r� �S�c�i�e�n�c�e� �a�n�d� �E�n�g�i�n�e�e�r�i�n�g�,� �e�d�.� 

�K�r�o�s�c�h�w�i�t�z�,� �J�.� �|�.�,� �W�i�l�e�y�,� �N�e�w� �Y�o�r�k�,� �1�9�8�5�,� �V�o�l�.� �1�,� �p�p� �5�7�2�.� 

�H�o�l�d�e�n�,� �G�.� �i�n� �E�n�c�y�c�l�o�p�e�d�i�a� �o�f� �P�o�l�y�m�e�r� �S�c�i�e�n�c�e� �a�n�d� �E�n�g�i�n�e�e�r�i�n�g�,� �e�d�.� 

�K�r�o�s�c�h�w�i�t�z�,� �J�.� �|�.�,� �W�i�l�e�y�,� �N�e�w� �Y�o�r�k�,� �1�9�8�5�,� �V�o�l�.� �5�,� �p�p� �4�2�6�-�4�2�9�.� 

�M�o�r�g�a�n�,� �P�.� �W�.� �P�o�l�y�m�.� �R�e�v�.�,� �1�9�6�5�,� �1�0�.� 

�M�o�r�g�a�n�,� �P�.� �W�.� �i�n� �E�n�c�y�c�l�o�p�e�d�i�a� �o�f� �P�o�l�y�m�e�r� �S�c�i�e�n�c�e� �a�n�d� �E�n�g�i�n�e�e�r�i�n�g�,� �e�d�.� 

�K�r�o�s�c�h�w�i�t�z�,� �J�.� �|�.�,� �W�i�l�e�y�,� �N�e�w� �Y�o�r�k�,� �1�9�8�4�,� �V�o�l�.� �8�,� �p�p� �2�3�1�.� 

�(�a�)�.� �G�i�b�s�o�n�,� �H�.� �W�.�;� �E�n�g�e�n�,� �P�.� �T�.�;� �L�e�c�a�v�a�l�i�e�r�,� �P�.� �R�.� �P�o�l�y�m� �P�r�e�p�r�.� �A�m�.� 

�C�h�e�m�.� �S�o�c�.� �D�i�v�.� �P�o�l�y�m�.� �C�h�e�m�.�,� �1�9�8�8�,� �2�9� �(�1�)�,� �2�4�8�;� �(�b�)�.� �L�e�c�a�v�a�l�i�e�r�,� �P�.� �R�.�;� 

�E�n�g�e�n�,� �P�.� �T�.�;� �S�h�e�n�,� �Y�.� �X�.�;� �J�o�a�r�d�a�r�,� �S�.�;� �W�a�r�d�,� �T�.� �C�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �P�o�l�y�m� 

�P�r�e�p�r�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �D�i�v�.� �P�o�l�y�m�.� �C�h�e�m�.�,� �1�9�8�9�,� �3�0� �(�1�)�,� �1�8�9�.� 

�(�a�)�.� �W�u�,� �C�.�;� �B�h�e�d�a�,� �M�.� �C�.�;� �L�i�m�,� �C�.�;� �S�h�e�n�,� �Y�.� �X�.�;� �S�z�e�,� �J�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� 

�P�o�l�y�m�e�r� �C�o�m�m�u�n�.�,� �1�9�9�1�,� �3�2�,� �2�0�4�;� �(�b�)�.� �M�a�r�a�n�d�,� �H�.�;� �P�r�a�s�a�d�,� �A�.�;� �W�u�,� �C�.�;� 
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�B�h�e�d�a�,� �M�.� �C�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �P�o�l�y�m�.� �P�r�e�p�r�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �D�i�v�.� �P�o�l�y�m�.� 

�C�h�e�m�.�,� �1�9�9�1�,� �3�2� �(�3�)�,� �6�3�9�.



�C�H�A�P�T�E�R� �I�i�l� 

�O�B�J�E�C�T�I�V�E�S� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�o�f� �l�i�n�e�a�r� �a�n�d� �c�y�c�l�i�c� �s�p�e�c�i�e�s�.� �Q�u�e�s�t�i�o�n�s� �t�o� �b�e� �a�n�s�w�e�r�e�d� �r�e�l�a�t�e�d� �t�o� �u�s�e� �o�f� 

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

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

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

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

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

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

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

�c�y�c�l�i�c� �s�p�e�c�i�e�s� �b�y� �l�i�n�e�a�r� �o�n�e�s�.� 

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

�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �i�n� �s�o�l�u�t�i�o�n� �a�n�d� �b�u�l�k� �s�o�l�i�d� �s�t�a�t�e�s� �i�n� �o�r�d�e�r� �t�o�:� �a�)� 

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

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

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�G�P�C�)� �w�i�t�h� �a� �d�i�f�f�e�r�e�n�t�i�a�l� �v�i�s�c�o�s�i�t�y� �d�e�t�e�c�t�o�r� �w�i�t�h� �t�h�a�t� �d�e�t�e�r�m�i�n�e�d� 

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

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

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �d�e�t�e�r�m�i�n�e�d� �b�y� �V�P�O� �w�i�t�h� �t�h�a�t� �d�e�t�e�r�m�i�n�e�d� �b�y� �G�P�C� �w�i�t�h� 

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

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

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

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

�b�y� �d�i�f�f�e�r�e�n�t�i�a�l� �s�c�a�n�n�i�n�g� �c�a�l�o�r�i�m�e�t�r�y� �(�D�S�C�)� �a�n�d� �t�h�e�r�m�o�g�r�a�v�i�m�e�t�r�i�c� �a�n�a�l�y�s�i�s� 

�(�T�G�A�)�.� 
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�C�H�A�P�T�E�R� �V�I� 

�M�A�C�R�O�C�Y�C�L�E�S�:� �A�L�I�P�H�A�T�I�C� �C�R�O�W�N� �E�T�H�E�R�S� 

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

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

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

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

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

�c�o�o�r�d�i�n�a�t�e� �w�i�t�h� �m�o�n�o�m�e�r�s� �a�n�d�/�o�r� �p�o�l�y�m�e�r�s�;� �(�5�)� �t�h�e�i�r� �m�e�l�t�i�n�g� �p�o�i�n�t�s� �a�r�e� �3�0� �°�C� �o�r� 

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

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

�m�i�s�c�i�b�l�e� �w�i�t�h� �m�a�n�y� �c�o�s�o�l�v�e�n�t�s�;� �a�n�d� �(�7�)� �t�h�e�y� �a�r�e� �t�h�e�r�m�a�l�l�y� �s�t�a�b�l�e� �u�n�d�e�r� �t�h�e� 

�r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�.� 

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

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

�s�y�n�t�h�e�s�e�s� �[�1�]�.� �C�y�c�l�o�d�e�x�t�r�i�n�s�,� �a�l�s�o� �k�n�o�w�n� �a�s� �S�c�h�a�r�d�i�n�g�e�r� �d�e�x�t�r�i�n�s� �a�n�d� 

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

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

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

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

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

�m�e�t�h�o�d� �[�2�-�1�3�]�.� �H�o�w�e�v�e�r�,� �c�y�c�l�o�d�e�x�t�r�i�n�s� �a�r�e� �n�o�t� �s�u�i�t�a�b�l�e� �f�o�r� �m�o�s�t� �s�t�e�p� �g�r�o�w�t�h� 

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

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

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

�a�n�d� �p�o�l�y�r�o�t�a�x�a�n�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �b�y� �t�h�e� �c�o�m�p�l�e�x� �f�o�r�m�a�t�i�o�n�s� �[�1�4�-�1�9�]�.� �H�o�w�e�v�e�r�,� 

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

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

�c�a�v�i�t�y� �o�f� �t�h�e� �r�i�n�g�,� �a� �p�r�o�c�e�s�s� �c�a�l�l�e�d� �t�h�e�  ��s�a�l�o�o�n� �d�o�o�r� �m�e�c�h�a�n�i�s�m �� �[�2�0�]�.� 

�O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �l�a�r�g�e� �(�>�2�4�-�m�e�m�b�e�r�e�d�)� �a�l�i�p�h�a�t�i�c� �c�r�o�w�n� �e�t�h�e�r�s� �a�r�e� �i�d�e�a�l�l�y� 

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

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

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

�s�y�n�t�h�e�s�e�s� �[�2�1�]�.� 

�T�h�e� �s�y�n�t�h�e�s�e�s� �o�f� �c�y�c�l�i�c� �p�o�l�y�e�t�h�e�r�s�,� �c�r�o�w�n� �e�t�h�e�r�s�,� �d�a�t�e� �f�r�o�m� �1�9�6�7� �w�h�e�n� �P�e�d�e�s�e�n� 

�f�i�r�s�t� �r�e�p�o�r�t�e�d� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �c�r�o�w�n� �e�t�h�e�r�s�,� �i�n�c�l�u�d�i�n�g� �d�i�b�e�n�z�o�-�1�8�-�c�r�o�w�n�-�6�,� �1�8�-� 

�c�r�o�w�n�-�6�,� �a�n�d� �o�t�h�e�r� �c�r�o�w�n� �e�t�h�e�r�s� �[�2�2�-�2�5�]�.� �T�h�e� �r�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �a�b�o�u�t� 

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

�e�t�h�e�r�s� �c�a�n� �f�o�r�m� �c�o�m�p�l�e�x�e�s� �w�i�t�h� �m�a�n�y� �i�n�o�r�g�a�n�i�c� �a�n�d� �o�r�g�a�n�i�c� �s�u�b�s�t�a�n�c�e�s� �[�2�6�,� �2�7�]�.� 

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

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

�h�e�t�e�r�o�a�t�o�m�s�,� �e�t�c�.� 

�C�r�o�w�n� �e�t�h�e�r�s� �a�r�e� �u�s�u�a�l�l�y� �s�y�n�t�h�e�s�i�z�e�d� �v�i�a� �W�i�l�l�i�a�m�s�o�n� �r�e�a�c�t�i�o�n�s� �i�n�v�o�l�v�i�n�g� �S�n�2� 

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

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

�d�i�l�u�t�i�o�n� �p�r�i�n�c�i�p�l�e� �[�2�8�]�,� �t�h�e� �c�e�s�i�u�m� �e�f�f�e�c�t� �[�2�9�]�,� �a�n�d� �t�h�e� �g�a�u�c�h�e� �e�f�f�e�c�t� �[�3�0�]� �a�r�e� 

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

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

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

�T�h�e�r�e� �a�r�e� �t�h�r�e�e� �a�p�p�r�o�a�c�h�e�s� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�e�s� �o�f� �c�r�o�w�n� �e�t�h�e�r� �m�a�c�r�o�c�y�c�l�e�s�,� �a�s� 

�d�e�p�i�c�t�e�d� �b�y� �S�c�h�e�m�e� �1�-�3�:� 

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

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

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

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

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

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

�o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �m�o�l�e�c�u�l�e�s� �w�i�t�h� �t�w�o� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �m�o�l�e�c�u�l�e�s� �h�a�v�i�n�g� 

�t�w�o� �e�n�d� �l�e�a�v�i�n�g� �g�r�o�u�p�s�.�  �� 

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

�a�n�d� �b� �[�2�7�,� �3�1�]�,� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �l�a�r�g�e� �(�>�2�7� �a�t�o�m�s�)� �c�r�o�w�n� �e�t�h�e�r�s� �u�s�i�n�g� �t�h�e�s�e� �t�w�o� 

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

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

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

�a� �w�e�r�e� �r�e�p�o�r�t�e�d� �b�y� �V�i�t�a�l�i� �a�n�d� �M�a�s�c�i� �[�3�2�]�.� �T�h�e�y� �s�y�n�t�h�e�s�i�z�e�d� �n�o�n�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� 

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

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

�r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �i�n� �l�o�w� �y�i�e�l�d�s� �w�i�t�h� �p�u�r�i�t�y� �l�e�s�s� �t�h�a�n� �9�8�.�5� �%�.� �T�h�e�y� �a�l�s�o� �p�r�e�p�a�r�e�d� 

�c�r�o�w�n� �e�t�h�e�r�s� �w�i�t�h� �r�i�n�g� �s�i�z�e�s� �l�a�r�g�e�r� �t�h�a�n� �3�6� �a�t�o�m�s� �b�y� �t�h�e� �c�y�c�l�o�o�l�i�g�o�m�e�r�i�z�a�t�i�o�n� �o�f� 

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

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

�o�n�e� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �m�o�l�e�c�u�l�e� �w�i�t�h� �o�n�e� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� 

�m�o�l�e�c�u�l�e�,� �t�h�a�t� �i�s�,� �u�s�i�n�g� �a�p�p�r�o�a�c�h� �b� �[�3�3�]�.� �T�h�e� �y�i�e�l�d�s� �o�f� �t�h�e� �m�a�c�r�o�c�y�c�l�e�s� �w�e�r�e� 

�a�f�f�e�c�t�e�d� �b�y� �t�h�e� �m�e�t�a�l� �h�y�d�r�i�d�e�s� �u�s�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �y�i�e�l�d�s� �o�f� �2�7� �t�o� �3�5� 

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

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

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

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

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

�s�y�n�t�h�e�s�i�z�e� �l�a�r�g�e� �(�>� �2�7� �m�e�m�b�e�r�e�d�)� �c�r�o�w�n� �e�t�h�e�r�s� �[�3�4�]�.� �S�i�n�c�e� �t�h�i�s� �m�e�t�h�o�d� �u�s�e�d� 

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

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

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

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

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

�5�0



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

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

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�A�p�p�r�o�a�c�h� �c� �w�a�s� �a�d�o�p�t�e�d� �t�o� �p�r�o�d�u�c�e� �4�2�-�6�0� �m�e�m�b�e�r�e�d� �c�r�o�w�n� �e�t�h�e�r�s�.� �I�n� �a� �t�y�p�i�c�a�l� 

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

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

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

�o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)�s� �w�e�r�e� �n�o�t� �n�e�c�e�s�s�a�r�y�.� 

�|�.� �H�e�x�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� 

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

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

�u�p� �t�o� �4�8� �a�t�o�m�s�,� �s�y�n�t�h�e�s�i�s� �o�f� �6�0�-�c�r�o�w�n�-�2�0� �r�e�q�u�i�r�e�d� �u�s�e� �o�f� �h�e�x�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� 

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

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

�O�k�a�h�a�r�a� �e�t� �a�l�.� �s�y�n�t�h�e�s�i�z�e�d� �h�e�x�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �b�y� �a� �W�i�l�l�i�a�m�s�o�n�-�t�y�p�e� 

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

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

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

�(�1�0�-�3�3� �%�)� �[�3�4�]�.� 
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�H�e�x�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �c�a�n� �a�l�s�o� �b�e� �p�r�e�p�a�r�e�d� �b�y� �t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �t�e�t�r�a�(�e�t�h�y�l�e�n�e� 

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

�d�i�c�h�l�o�r�i�d�e� �w�i�t�h� �e�t�h�y�l�e�n�e� �g�l�y�c�o�l�a�t�e� �[�2�3�]�.� �t�h�e� �y�i�e�l�d� �o�f� �t�h�i�s� �m�e�t�h�o�d� �i�s� �a�l�s�o� �l�o�w� �(�2�5�-�3�5� 

�%�)�.� 

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

�a�n�d� �c�o�w�o�r�k�e�r�s� �i�n� �1�9�8�9� �(�S�c�h�e�m�e� �4�)� �[�3�6�]�.� �W�e� �a�d�o�p�t�e�d� �t�h�i�s� �m�e�t�h�o�d� �b�e�c�a�u�s�e� �o�f� �i�t�s� 

�h�i�g�h� �r�e�p�o�r�t�e�d� �y�i�e�l�d� �(�8�0� �%�)�.� �I�n� �t�h�e� �r�e�a�c�t�i�o�n�,� �a�n� �e�x�c�e�s�s� �o�f� �2�-�t�e�t�r�a�h�y�d�r�o�p�y�a�n�y�l� 

�p�r�o�t�e�c�t�e�d� �2�-�c�h�l�o�r�o�e�t�h�a�n�o�l� �w�a�s� �m�i�x�e�d� �w�i�t�h� �t�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)�.� �T�h�i�s� �o�r�g�a�n�i�c� 

�p�h�a�s�e� �w�a�s� �s�t�i�r�r�e�d� �w�i�t�h� �5�0� �%� �a�q�u�e�o�u�s� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �a�t� �6�5� �°�C� �f�o�r� �3� �d�a�y�s�.� 

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

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

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

�g�l�y�c�o�l�)� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �v�a�c�u�u�m� �d�i�s�t�i�l�l�a�t�i�o�n� �(�5�2� �%�)�.� 

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

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

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

�i�t�s� �h�i�g�h�e�r� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�.� �T�h�e� �F�T�I�R� �s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� �1�)� �s�h�o�w�e�d� �a� �s�t�r�o�n�g� 

�s�i�g�n�a�l� �f�o�r� �t�h�e� �a�l�i�p�h�a�t�i�c� �C�-�O�-�C� �s�t�r�e�t�c�h� �a�t� �1�1�1�2� �c�m!"�1�.� �T�h�e� �a�b�s�e�n�c�e� �o�f� �C�-�C�l� �s�t�r�e�t�c�h� 

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

�p�r�o�t�o�n�s� �a� �t�o� �h�y�d�r�o�x�y�l� �g�r�o�u�p�s� �i�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� �2�)� �a�p�p�e�a�r�e�d� �a�t� 

�3�.�7�7� �5�;� �t�h�e� �1�6� �m�i�d�d�l�e� �m�e�t�h�y�l�e�n�e� �p�r�o�t�o�n�s� �o�c�c�u�r�r�e�d� �a�t� �3�.�6�6� �6� �a�s� �a� �s�i�n�g�l�e�t�;� �s�i�g�n�a�l�s� 
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�o�f� �t�h�e� �f�o�u�r� �m�e�t�h�y�l�e�n�e� �p�r�o�t�o�n�s� �B� �t�o� �h�y�d�r�o�x�y�l� �g�r�o�u�p�s� �a�p�p�e�a�r�e�d� �a�t� �3�.�6�0� �6� �a�s�a� 

�t�r�i�p�l�e�t�;� �a�n�d� �t�h�e� �O�H� �p�r�o�t�o�n�s� �s�h�o�w�e�d� �a� �t�r�i�p�l�e�t� �a�t� �3�.�4�7� �6�.� 

�l�l�.� �O�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �D�i�t�o�s�y�l�a�t�e�s� 

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

�g�l�y�c�o�l�)�s� �w�i�t�h� �p�-�t�o�l�u�e�n�e�s�u�l�f�o�n�y�l� �c�h�l�o�r�i�d�e� �i�n� �t�e�t�r�a�h�y�d�r�o�f�u�r�a�n� �(�T�H�F�)� �a�t� �0�°�C�,� �u�s�i�n�g� 

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

�o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e�s� �u�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d� �i�n� �a� �2� �h� �r�e�a�c�t�i�o�n� �[�3�8�]�.� 

�H�o�w�e�v�e�r�,� �o�u�r� �s�t�u�d�i�e�s� �s�h�o�w�e�d� �t�h�a�t� �l�o�n�g�e�r� �r�e�a�c�t�i�o�n� �t�i�m�e� �(�>� �1�0� �h�)� �w�a�s� �n�e�e�d�e�d� �t�o� 

�c�o�m�p�l�e�t�e� �t�h�e� �r�e�a�c�t�i�o�n� �[�3�4�]�.� �U�n�d�e�r� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� 

�d�i�t�o�s�y�l�a�t�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �i�n� �y�i�e�l�d�s� �o�f� �o�v�e�r� �9�0� �%�.� �T�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �d�i�t�o�s�y�l�a�t�e�s� 

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

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

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

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

�A�l�l� �t�h�e� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e�s� �s�y�n�t�h�e�s�i�z�e�d� �g�a�v�e� �s�a�t�i�s�f�a�c�t�o�r�y� 

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

�t�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t� �m�a�t�c�h�e�d� �t�h�e� �r�e�p�o�r�t�e�d� �v�a�l�u�e� �[�3�8�]�.� �T�h�e� �F�T�I�R� �s�p�e�c�t�r�u�m� �s�h�o�w�e�d� 

�t�h�e� �C�-�H� �s�t�r�e�t�c�h� �o�f� �t�h�e� �m�e�t�h�y�l� �g�r�o�u�p� �a�t� �2�9�6�0� �c�m�-�1�;� �t�h�e� �S�O�2� �a�n�t�i�s�y�m�m�e�t�r�i�c� �s�t�r�e�t�c�h� 

�a�t� �1�3�4�4� �c�m�-�1� �a�n�d� �t�h�e� �S�O�s� �s�y�m�m�e�t�r�i�c� �s�t�r�e�t�c�h� �a�t� �1�1�7�6� �c�m�-�1�;� �t�h�e� �C�-�H� �o�u�t�-�o�f�-�p�l�a�n�e� 

�d�e�f�o�r�m�a�t�i�o�n� �o�f� �p�a�r�a�-�d�i�s�u�b�s�t�i�t�u�t�e�d� �b�e�n�z�e�n�e� �a�t� �8�2�9� �c�m�-�1�.� �N�o� �h�y�d�r�o�x�y�l� �s�i�g�n�a�l�s� 

�w�e�r�e� �o�b�s�e�r�v�e�d�.� �T�h�e� �s�i�x� �m�e�t�h�y�l� �p�r�o�t�o�n�s� �i�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� �3�)� 

�a�p�p�e�a�r�e�d� �a�t� �2�.�4�4� �5� �a�s� �a� �s�i�n�g�l�e�t�;� �t�h�e� �f�o�u�r� �m�i�d�d�l�e� �m�e�t�h�y�l�e�n�e� �p�r�o�t�o�n�s� �a�p�p�e�a�r�e�d� �a�t� 
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�3�.�5�2� �3� �a�s� �a� �s�i�n�g�l�e�t�;� �t�h�e� �f�o�u�r� �m�e�t�h�y�l�e�n�e� �p�r�o�t�o�n�s� �B� �t�o� �t�o�s�y�l�a�t�e� �u�n�i�t�s� �o�c�c�u�r�r�e�d� �a�t� 

�3�.�6�5� �6� �a�s� �a� �t�r�i�p�l�e�t�;� �t�h�e� �f�o�u�r� �m�e�t�h�y�l�e�n�e� �p�r�o�t�o�n�s� �a�o� �t�o� �t�o�s�y�l�a�t�e� �u�n�i�t�s� �a�p�p�e�a�r�e�d� �a�s� �a� 

�t�r�i�p�l�e�t� �a�t� �4�.�1�3� �5�;� �a�n�d� �t�h�e� �e�i�g�h�t� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �o�c�c�u�r�r�e�d� �a�t� �7�.�3�4� �a�n�d� �7�.�7�8� �6� �a�s� 

�t�w�o� �d�o�u�b�l�e�t�s�.� �T�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �a�l�s�o� �s�h�o�w�e�d� �s�a�t�i�s�f�a�c�t�o�r�y� �1�H� �N�M�R� 

�s�p�e�c�t�r�a�l� �d�a�t�a� �(�F�i�g�u�r�e� �4�)�.� 

�I�l�l�.� �S�y�n�t�h�e�s�e�s� �o�f� �C�r�o�w�n� �E�t�h�e�r�s� 

�L�a�r�g�e� �a�l�i�p�h�a�t�i�c� �c�r�o�w�n� �e�t�h�e�r�s� �w�i�t�h� �3�0�-�6�0� �m�e�m�b�e�r�e�d� �s�i�z�e�d� �w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d� �o�n� �a� 

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

�d�i�t�o�s�y�l�a�t�e�s� �i�n� �T�H�F�,� �u�s�i�n�g� �N�a�H� �a�s� �a� �b�a�s�e�,� �a�t� �m�o�d�e�s�t� �(�0�.�6�7� �M�)� �d�i�l�u�t�i�o�n� �(�S�c�h�e�m�e� �6�)�.� 

�T�w�o� �c�r�o�w�n� �e�t�h�e�r�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �e�a�c�h� �r�e�a�c�t�i�o�n�.� �A� �s�m�a�l�l� �c�r�o�w�n� �(�3�)� �w�a�s� 

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

�o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �m�o�l�e�c�u�l�e� �i�n�v�o�l�v�i�n�g� �t�w�o� �S�x�2� �p�r�o�c�e�s�s�e�s�.� �A� �l�a�r�g�e� 

�c�r�o�w�n� �e�t�h�e�r� �(�4�)� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �2� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� 

�m�o�l�e�c�u�l�e�s� �w�i�t�h� �2� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �m�o�l�e�c�u�l�e�s� �i�n�v�o�l�v�i�n�g� �f�o�u�r� �S�n�j�2� 

�r�e�a�c�t�i�o�n�s�.� 

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

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

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

�s�o�m�e� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �s�t�u�d�i�e�d�:� 
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�A�.� �L�e�n�g�t�h� �o�f� �S�t�a�r�t�i�n�g� �M�a�t�e�r�i�a�l�s� 

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

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

�d�e�c�r�e�a�s�e�d� �y�i�e�l�d�s� �o�f� �l�a�r�g�e� �c�r�o�w�n� �e�t�h�e�r�s� �[�3�4�]�.� �T�h�i�s� �p�h�e�n�o�m�e�n�o�n� �w�a�s� �a�l�s�o� 

�o�b�s�e�r�v�e�d� �b�y� �O�u�c�h�i� �e�t� �a�l�.� �[�3�8�]�.� 

�B�.� �T�e�m�p�e�r�a�t�u�r�e� 

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

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

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

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

�e�x�a�m�p�l�e�,� �t�h�e� �y�i�e�l�d� �o�f� �4�2�-�c�r�o�w�n�-�1�4� �(�4�,� �a� �+� �b� �=� �7�)� �w�a�s� �2�2� �%� �a�t� �2�5� �°�C� �[�3�4�]� �a�n�d� �w�a�s� 

�4�8� �%� �a�t� �6�7� �°�C�.� 

�C�.� �S�y�n�t�h�e�t�i�c� �P�r�o�c�e�d�u�r�e�s� 

�T�h�r�e�e� �s�y�n�t�h�e�t�i�c� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� �e�m�p�l�o�y�e�d�.� �I�n� �p�r�o�c�e�d�u�r�e� �A� �(�S�c�h�e�m�e� �7�)� �t�h�e� 

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

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

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

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

�c�o�m�p�e�t�i�t�i�v�e� �f�o�r�m�a�t�i�o�n� �o�f� �l�i�n�e�a�r� �s�p�e�c�i�e�s�.� �S�m�a�l�l� �c�r�o�w�n� �e�t�h�e�r�s� �,� �h�o�w�e�v�e�r�,� �w�e�r�e� 

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

�N�a�H� �t�o� �f�o�r�m� �t�h�e� �d�i�a�l�k�o�x�i�d�e� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �s�l�o�w� �a�d�d�i�t�i�o�n� �o�f� �0�.�5� �e�q�u�i�v� �o�f� �t�h�e� 

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

�s�e�v�e�r�a�l� �h�o�u�r�s� �o�f� �r�e�a�c�t�i�o�n� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �d�i�l�u�t�e�d� �a�n�d� �a�n�o�t�h�e�r� �0�.�5� �e�q�u�i�v� �o�f� �t�h�e� 

�o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �w�a�s� �a�d�d�e�d� �[�3�4�]�.� �T�h�i�s� �m�e�t�h�o�d� �h�e�l�p�e�d� �t�h�e� 

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

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

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

�I�n� �p�r�o�c�e�d�u�r�e� �C� �(�S�c�h�e�m�e� �9�)� �t�h�e� �m�o�n�o�a�l�k�o�x�i�d�e� �w�a�s� �p�r�e�p�a�r�e�d� �i�n� �s�i�t�u� �b�y� �t�h�e� 

�r�e�a�c�t�i�o�n� �o�f� �t�h�e� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �w�i�t�h� �0�.�6� �e�q�u�i�v� �o�f� �N�a�H� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �s�l�o�w� 

�a�d�d�i�t�i�o�n� �o�f� �0�.�5� �e�q�u�i�v� �o�f� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �t�o� �f�o�r�m� �a� �l�o�n�g� �c�h�a�i�n� �d�i�o�l�.� 

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

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

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

�w�a�s� �t�h�e�n� �h�i�g�h�l�y� �d�i�l�u�t�e�d� �a�n�d� �a�n�o�t�h�e�r� �0�.�5� �e�q�u�i�v� �o�f� �d�i�t�o�s�y�l�a�t�e� �w�a�s� �a�d�d�e�d�.� �T�h�i�s� 

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

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

�I�V�.� �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �c�r�o�w�n� �e�t�h�e�r�s� 

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

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

�a�n�d� �c�a�t�e�n�a�n�e�s�.� �I�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �c�r�u�d�e� �4�2�-�c�r�o�w�n�-�1�4� �u�s�i�n�g� �d�r�y� �D�M�S�O�-� 

�d�e� �a�s� �a� �S�o�l�v�e�n�t� �t�h�e� �h�y�d�r�o�x�y�l� �g�r�o�u�p�s� �o�f� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)�s� �s�h�o�w�e�d� �a� �t�r�i�p�l�e�t� �a�t� 
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�4�.�5�7� �8� �[�3�9�]� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.� �I�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �c�r�u�d�e� �4�2�-�c�r�o�w�n�-�1�4� 

�u�s�i�n�g� �C�D�C�l�g� �a�s� �a� �s�o�l�v�e�n�t� �(�F�i�g�u�r�e� �6�)� �v�i�n�y�l� �e�t�h�e�r� �e�n�d� �g�r�o�u�p�s� �i�n� �l�i�n�e�a�r� �s�p�e�c�i�e�s� �g�a�v�e� 

�t�h�r�e�e� �s�i�g�n�a�l�s� �(�d�o�u�b�l�e�t�s� �o�f� �d�o�u�b�l�e�t�s�)� �a�t� �3�.�9�7�,� �4�.�1�8�,� �a�n�d� �6�.�5�0� �6� �[�4�0�]�.� �T�h�e� �v�i�n�y�l� 

�e�t�h�e�r�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �b�y� �E�2� �e�l�i�m�i�n�a�t�i�o�n� �f�r�o�m� �t�h�e� �t�o�s�y�l�a�t�e�s�.� �F�i�g�u�r�e� �6� �a�l�s�o� �s�h�o�w�s� 

�i�m�p�u�r�i�t�y� �s�i�g�n�a�l�s� �a�t� �c�a�.� �3�.�7�0� �a�n�d� �3�.�8�5� �5�.� 

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

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

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

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

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

�l�i�n�e�a�r� �p�o�l�y�(�e�t�h�y�l�e�n�e� �o�x�i�d�e�)� �a�r�e� �s�o� �c�l�o�s�e�.� 

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

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

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

�w�e�r�e� �r�e�m�o�v�e�d� �b�y� �t�h�e�i�r� �r�e�a�c�t�i�o�n� �w�i�t�h� �p�o�l�y�(�m�e�t�h�a�c�r�y�l�o�y�!� �c�h�l�o�r�i�d�e�)�.� �A�f�t�e�r� �t�h�e� 

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

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

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

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

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

�s�e�g�m�e�n�t�s� �(�l�o�w� �1�-�x�)�.� �H�y�d�r�o�l�y�s�i�s� �o�f� �a�c�i�d� �c�h�l�o�r�i�d�e� �g�r�o�u�p�s� �o�f� �p�o�l�y�(�m�e�t�h�y�a�c�r�y�l�o�y�|� 

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

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

�e�x�c�e�s�s� �o�f� �t�h�e� �p�o�l�y�m�e�r� �(�p�o�l�y�m�e�r� �:� �c�r�o�w�n� �e�t�h�e�r� �=� �2� �:� �1� �i�n� �g�r�a�m�s�)� �w�a�s� �u�s�e�d� �t�o� 

�r�e�d�u�c�e� �t�h�e� �1�-�x� �v�a�l�u�e� �i�n� �t�h�e� �r�e�s�u�l�t�a�n�t� �p�o�l�y�m�e�r� �5�.� �F�r�e�s�h�l�y� �p�r�e�p�a�r�e�d� 

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

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

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

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

�C�H�,� �C�H�,� 
�L�f� �o�u�.�e� �c�H�.�c�-�} ��} �� 
�m�i� �a�i�n�  ��|� �1�-�x�1�n� 

�C�O�O�C�H�,� �C�O�O�(�C�H�2�C�H�2�0�)�,�R� 

� � 

� � 
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�T�h�e� �n�e�x�t� �p�r�o�b�l�e�m� �w�a�s� �t�o� �i�s�o�l�a�t�e� �l�a�r�g�e� �c�r�o�w�n� �e�t�h�e�r�s� �(�4�)� �f�r�o�m� �t�h�e� �s�m�a�l�l� �c�r�o�w�n� 

�e�t�h�e�r�s� �(�3�)�.� �F�o�r� �t�h�e� �p�a�i�r� �o�f� �4�2�-�c�r�o�w�n�-�1�4� �(�4�,� �a� �+� �b� �=� �7�)� �a�n�d� �2�1�-�c�r�o�w�n�-�7� �(�3�,�a�+�b�=� 

�7�)� �4�2�-�c�r�o�w�n�-�1�4� �w�a�s� �e�a�s�i�l�y� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �2�1�-�c�r�o�w�n�-�7� �b�y� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� 

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

�a�n� �o�i�l�.� �T�h�e� �p�a�i�r� �4�8�-�c�r�o�w�n�-�1�6� �(�4�,� �a� �+� �b� �=� �8�)� �a�n�d� �2�4�-�c�r�o�w�n�-�8� �(�3�,� �a� �+� �b� �=� �8�)� �w�a�s� 

�a�l�s�o� �s�e�p�a�r�a�t�e�d� �b�y� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �a�c�e�t�o�n�e� �i�n� �t�h�e� �s�a�m�e� �w�a�y�.� �H�o�w�e�v�e�r�,� �6�0�-� 

�c�r�o�w�n�-�2�0� �(�4�,� �a� �+� �b� �=� �1�0�)� �c�a�n� �n�o�t� �b�e� �e�a�s�i�l�y� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �3�0�-�c�r�o�w�n�-�1�0� �(�3�,� �a�+�b� 

�=� �1�0�)� �g�e�n�e�r�a�t�e�d� �i�n� �t�h�e� �s�a�m�e� �r�e�a�c�t�i�o�n� �b�y� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �a�c�e�t�o�n�e� �b�e�c�a�u�s�e� 

�b�o�t�h� �c�r�o�w�n�s� �a�r�e� �c�r�y�s�t�a�l�l�i�n�e� �s�o�l�i�d�s�.� �F�o�r�t�u�n�a�t�e�l�y�,� �3�0�-�c�r�o�w�n�-�1�0� �i�s� �s�o�l�u�b�l�e� �i�n� �h�o�t� 

�h�e�x�a�n�e� �w�h�i�l�e� �6�0�-�c�r�o�w�n�-�2�0� �i�s� �n�o�t�.� �T�h�u�s�,� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �h�o�t� 

�h�e�x�a�n�e� �t�o� �r�e�m�o�v�e� �3�0�-�c�r�o�w�n�-�1�0�.� �6�0�-�c�r�o�w�n�-�2�0� �w�a�s� �t�h�e�n� �f�u�r�t�h�e�r� �p�u�r�i�f�i�e�d� �b�y� �t�h�e� 

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

�A�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2� �m�e�l�t�i�n�g� �p�o�i�n�t�s� �o�f� �c�r�o�w�n� �e�t�h�e�r�s� �a�r�e� �u�p� �t�o� �2�6� �°�C� �h�i�g�h�e�r� �t�h�a�n� 

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

�t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�a�.� �A�f�t�e�r� �t�h�e� �p�u�r�i�f�i�c�a�t�i�o�n� �t�h�e� �h�y�d�r�o�x�y�l� �s�i�g�n�a�l�s� �a�t� �4�.�5�7� �8� �i�n� �4�2�-� 

�c�r�o�w�n�-�1�4� �i�n� �D�M�S�O�-�d�g� �s�o�l�u�t�i�o�n� �d�i�s�a�p�p�e�a�r�e�d� �(�F�i�g�u�r�e� �7�)�.� �T�h�e�r�e� �w�e�r�e� �n�o� �v�i�n�y�l� �e�t�h�e�r� 

�s�i�g�n�a�l�s� �a�t� �3�.�9�7�,� �4�.�1�8�,� �a�n�d� �6�.�5�0� �6� �o�r� �o�t�h�e�r� �i�m�p�u�r�i�t�y� �s�i�g�n�a�l�s� �i�n� �C�D�C�l�3�,� �a�s� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e� �8�.� 

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

�m�e�a�s�u�r�e�m�e�n�t�s�.� �F�i�g�u�r�e� �9� �i�s� �t�h�e� �D�S�C� �t�r�a�c�e� �o�f� �4�2�-�c�r�o�w�n�-�1�4� �p�u�r�i�f�i�e�d� �b�y� �s�i�m�p�l�e� 

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

�o�f� �i�m�p�u�r�i�t�i�e�s�.� �A�f�t�e�r� �p�u�r�i�f�i�c�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �i�m�p�r�o�v�e�d� �m�e�t�h�o�d� �t�h�e� �4�2�-�c�r�o�w�n�-�1�4� 

�s�a�m�p�l�e� �s�h�o�w�e�d� �a� �s�i�n�g�l�e� �s�y�m�m�e�t�r�i�c� �m�e�l�t�i�n�g� �p�e�a�k� �i�n� �i�t�s� �D�S�C� �d�i�a�g�r�a�m� �(�F�i�g�u�r�e� �1�0�)�.� 
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�C�O�N�C�L�U�S�I�O�N�S� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�b�y� �t�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t� �m�e�a�s�u�r�e�m�e�n�t�s�,� �N�M�R� �a�n�d� �D�S�C� �a�n�a�l�y�s�e�s�.



�E�X�P�E�R�I�M�E�N�T�A�L� 

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

�T�G�A� �d�a�t�a� �w�e�r�e� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �D�u�P�o�n�t� �T�G�A� �9�5�1� �a�n�d� �P�e�r�k�i�n�-�E�l�m�e�r� �T�G�A�-�7� 

�i�n�s�t�r�u�m�e�n�t�s� �a�t� �a� �s�c�a�n� �r�a�t�e� �o�f� �1�0� �°�C�/�m�i�n�.� �D�S�C� �d�a�t�a� �w�e�r�e� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �D�u�P�o�n�t� 

�D�S�C� �9�1�2� �a�n�d� �P�e�r�k�i�n�-�E�l�m�e�r� �D�S�C�-�2� �i�n�s�t�r�u�m�e�n�t�s� �a�t� �a� �s�c�a�n� �r�a�t�e� �o�f� �1�0� �°�C�/�m�i�n�.� 

�P�r�o�t�o�n� �a�n�d� �c�a�r�b�o�n� �N�M�R� �s�p�e�c�t�r�a� �w�e�r�e� �o�b�t�a�i�n�e�d� �o�n� �a� �V�a�r�i�a�n� �4�0�0�-�M�H�z� 

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

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

�s�p�e�c�t�r�a�,� �r�e�p�o�r�t�e�d� �i�n� �c�m!"�1�,� �w�e�r�e� �o�b�t�a�i�n�e�d� �o�n� �a� �N�i�c�o�l�e�t� �M�X�-�1� �i�n�s�t�r�u�m�e�n�t� �u�s�i�n�g� �K�B�r� 

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

�M�i�c�r�o�l�a�b�,� �I�n�c�.�,� �N�o�r�c�r�o�s�s�,� �G�A�;� �s�a�m�p�l�e�s� �w�e�r�e� �v�a�c�u�u�m� �d�r�i�e�d� �a�b�o�v�e� �t�h�e� �m�e�l�t�i�n�g� 

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

�E�t�h�y�l�e�n�e� �g�l�y�c�o�l� �(�9�9� �%�)�,� �d�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�9�9� �%�)�,� �t�r�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�9�9� �%�)�,� 

�t�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�9�9� �%�)�,� �t�r�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�c�h�l�o�r�i�d�e� �(�9�9� �%�)�,� �w�e�r�e� 

�p�u�r�c�h�a�s�e�d� �a�n�d� �u�s�e�d� �w�i�t�h�o�u�t� �f�u�r�t�h�e�r� �p�u�r�i�f�i�c�a�t�i�o�n�.� �S�o�d�i�u�m� �h�y�d�r�i�d�e� �(�6�0� �%�)� �i�n� 

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

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

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

�T�H�P� �p�r�o�t�e�c�t�e�d� �2�-�c�h�l�o�r�o�e�t�h�a�n�o�l� 

�3�,�4�-�D�i�h�y�d�r�o�-�2� �H�-�p�y�r�a�n� �(�3�8�1�.�6� �g�,� �4�.�5�4� �m�o�l�)� �w�a�s� �a�d�d�e�d� �t�o� �a� �4� �L� �b�e�a�k�e�r� �c�o�o�l�e�d� �i�n� 

�a�n� �i�c�e� �b�a�t�h� �a�n�d� �s�t�i�r�r�e�d� �w�i�t�h� �a� �m�a�g�n�e�t�i�c� �s�t�i�r�r�i�n�g�.� �A�f�t�e�r� �t�h�e� �l�i�q�u�i�d� �i�n� �t�h�e� �b�e�a�k�e�r� �w�a�s� 
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�c�o�o�l�e�d� �t�o� �5� �°�C�,� �2�-�c�h�l�o�r�o�e�t�h�a�n�o�l� �(�3�5�6�.�2� �g�,� �4�.�4�2� �m�o�l�)� �a�n�d� �c�o�n�c�e�n�t�r�a�t�e�d� �H�C�I� �(�7� 

�d�r�o�p�s�)� �w�e�r�e� �a�d�d�e�d�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �s�t�i�r�r�e�d� �i�n� �t�h�e� �i�c�e� �b�a�t�h� �f�o�r� �3�.�2�5� �h�.� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �p�r�o�d�u�c�t� �w�a�s� �t�h�e�n� �d�i�s�t�i�l�l�e�d� �a�t� �4�3� �°�C� �u�n�d�e�r� �a� �v�a�c�u�u�m� �o�f� �0�.�3�5� 

�m�m�H�g� �(�r�e�p�o�r�t�e�d�:� �6�3� �+� �2� �°�C�/�1�-�2� �m�m�H�g� �[�2�4�]�)�.� �A� �p�u�r�e� �l�i�q�u�i�d� �(�6�1�1�.�8� �g�,� �8�4� �%�)� �w�a�s� 

�o�b�t�a�i�n�e�d�.� �F�T�I�R�:� �2�9�4�5�,� �2�8�7�3�,� �1�4�5�6�,� �1�1�4�2�,� �1�1�3�3�,� �1�1�2�6�,� �1�0�8�0�,� �9�7�4�,� �9�6�8�,� �8�1�6�,� �7�5�6�,� 

�6�6�5�.� 

�H�e�x�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� 

�T�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�1�8�0�.�7�g�,� �0�.�9�2� �m�o�l�)�,� �T�H�P� �p�r�o�t�e�c�t�e�d� �c�h�l�o�r�o�e�t�h�a�n�o�l� �(�6�1�1�.�8� �g�,� 

�3�.�7�2� �m�o�l�)�,� �a�n�d� �t�e�t�r�a�b�u�t�y�l�a�m�m�o�n�i�u�m� �h�y�d�r�o�g�e�n� �s�u�l�f�a�t�e� �(� �1�8�.�9� �g�,� �5�4�.�0� �m�m�o�l�)� �w�e�r�e� 

�m�i�x�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �i�n� �a� �5� �L�,� �3�-�n�e�c�k�e�d� �f�l�a�s�k� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �c�o�n�d�e�n�s�e�r�,� 

�a�n�d� �a� �m�e�c�h�a�n�i�c�a�l� �s�t�i�r�r�e�r�.� �A�q�u�e�o�u�s� �N�a�O�H� �s�o�l�u�t�i�o�n� �(�5�0�%�,� �1� �L�,� �1�9�.�3� �m�o�l�)� �w�a�s� �t�h�e�n� 

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

�o�f� �t�h�e� �b�a�s�i�c� �s�o�l�u�t�i�o�n�.� �W�a�t�e�r� �(�1�0�0� �m�L�)� �w�a�s� �t�h�e�n� �a�d�d�e�d� �t�o� �d�i�s�s�o�l�v�e� �t�h�e� �s�e�m�i�s�o�l�i�d�.� 

�A�f�t�e�r� �i�t� �h�a�d� �b�e�e�n� �h�e�a�t�e�d� �t�o� �6�0� �°�C� �a�n�d� �s�t�i�r�r�e�d� �f�o�r� �6�.�5� �d�a�y�s�,� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �c�o�o�l�e�d� 

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

�w�a�s�h�e�d� �w�i�t�h� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �(�2�0�0� �m�L�)�.� �T�h�e� �a�q�u�e�o�u�s� �p�h�a�s�e� �w�a�s� �s�e�p�a�r�a�t�e�d� 

�f�r�o�m� �t�h�e� �o�r�g�a�n�i�c� �p�h�a�s�e� �(�a�g�o�u�t� �7�0�0� �m�L�)� �w�i�t�h� �a� �s�e�p�a�r�a�t�i�o�n� �f�u�n�n�e�l�.� �T�h�e� �a�q�u�e�o�u�s� 

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

�6�0�0� �g�)� �p�r�e�c�i�p�i�t�a�t�e�d� �o�u�t� �w�h�e�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�e�d� �a�q�u�e�o�u�s� �p�h�a�s�e� �w�a�s� �c�o�o�l�e�d� �t�o� 

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

�b�e�e�n� �w�a�s�h�e�d� �w�i�t�h� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �(�3� �x� �1�2�0� �m�L�)�.� �A� �y�e�l�l�o�w� �o�i�l� �w�a�s� �o�b�t�a�i�n�e�d� 

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

�w�a�s� �t�h�e�n� �a�d�d�e�d� �t�o� �o�r�g�a�n�i�c� �p�h�a�s�e�.� �T�H�P� �p�r�o�t�e�c�t�e�d� �2�-�c�h�l�o�r�o�e�t�h�a�n�o�l� �(�1�7�4� �m�L�)� �w�a�s� 
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�d�i�s�t�i�l�l�e�d� �o�u�t� �o�f� �t�h�e� �o�r�g�a�n�i�c� �p�h�a�s�e� �u�n�d�e�r� �a� �v�a�c�u�u�m� �o�f� �1�.�8� �m�m� �H�g� �a�t� �4�5�-�4�9�°� �C�.� �A� 

�m�i�x�t�u�r�e� �o�f� �m�e�t�h�a�n�o�l� �a�n�d� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �(�1�:�1�,� �1�.�2� �L�)� �w�a�s� �t�h�e�n� �a�d�d�e�d�,� 

�f�o�l�l�o�w�e�d� �b�y� �a�d�d�i�t�i�o�n� �o�f� �c�o�n�c�e�n�t�r�a�t�e�d� �H�C�I� �(�5�5� �m�L�)� �t�o� �d�e�p�r�o�t�e�c�t� �t�h�e� �h�e�x�a�(�e�t�h�y�l�e�n�e� 

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

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

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

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

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

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

�w�a�s� �t�h�e�n� �v�a�c�u�u�m� �d�i�s�t�i�l�l�e�d� �a�g�a�i�n� �a�t� �1�9�2�-�2�0�0� �°�C�/�0�.�0�7� �T�o�r�r� �(�L�i�t�.� �[�4�1�]� �2�1�6� �°�C�/�1�-�2� 

�T�o�r�r�)�.� �A�c�o�l�o�r�l�e�s�s� �t�r�a�n�s�p�a�r�a�n�t� �p�r�o�d�u�c�t� �(�1�3�5�.�2� �g�,� �5�2� �%�)� �w�a�s� �o�b�t�a�i�n�e�d�.� �I�R�:� �3�3�5�4�,� 

�2�8�7�9�,� �1�4�5�5�,� �1�3�5�6�,� �1�2�4�4�,� �1�1�1�2�,� �9�4�1�,� �8�8�2�.� �1�H� �N�M�R�:� �3�.�7�2� �(�m�,� �4�H�,� �-�C�H�2�O�H�)�,� �3�.�6�7� 

�(�s�,� �1�6� �H�,� �C�H�2�)�,� �3�.�6�2� �(�t�,� �J� �=� �4�.�5� �H�z�,� �-�C�H�2�C�H�2�0�H�)�,� �3�.�1�0� �(�b�r� �s�,� �2�H�,� �-�O�H�)�.� 

�T�r�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �D�i�t�o�s�y�l�a�t�e� 

�T�o� �a� �5�-�L�,� �3�-�n�e�c�k�e�d� �f�l�a�s�k�,� �N�a�O�H� �(�6�4�.�0� �g�,�1�.�6�0� �m�o�l�)� �a�n�d� �w�a�t�e�r� �(�6�0�0� �m�L�)� �w�e�r�e� 

�a�d�d�e�d�.� �T�h�e� �f�l�a�s�k� �w�a�s� �p�l�a�c�e�d� �i�n� �a�n� �i�c�e� �b�a�t�h�.� �T�r�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�8�0�.�1� �g�,� �0�.�5�3�3� 

�m�o�l�)� �i�n� �T�H�F� �(�2�0�0� �m�L�)� �w�a�s� �a�d�d�e�d� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �m�e�c�h�a�n�i�c�a�l�l�y� �s�t�i�r�r�e�d� �f�o�r� �3�0� 

�m�i�n�.� �T�o�s�y�l� �c�h�l�o�r�i�d�e� �(�2�5�4� �g�,� �1�.�3�3� �m�o�l�)� �i�n� �T�H�F� �(�6�0�0� �m�L�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e�.� �T�h�e� 

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

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

�w�a�s� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �(�2� �x� �3�0�0� �m�L�)�.� �A�l�l� �t�h�e� �o�r�g�a�n�i�c� �p�h�a�s�e�s� �w�e�r�e� 

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

�t�w�o� �t�i�m�e�s� �i�n� �a�c�e�t�o�n�e�.� �W�h�i�t�e� �c�r�y�s�t�a�l�s� �(�1�7�6� �g�,� �9�2� �%�)�,� �m�p� �7�9�.�5�-�8�0�.�7� �°�C� �(�L�i�t�.� �[�3�8�]� 
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�8�0�.�5�-�8�1�.�5�)�,� �w�e�r�e� �o�b�t�a�i�n�e�d�.� �I�R�:� �n�o� �-�O�H� �p�e�a�k�.� �1�H� �N�M�R�:� �2�.�4�4� �(�s�,� �6� �H�,� �-� �C�H�g�)�,� �3�.�5�2� 

�(�s�,� �4�H�,� �-�O�C�H�2�C�H�2�0�-�)�,� �3�.�6�5� �(�t�,� �J� �=� �4�.�7� �H�z�,� �4�H�,� �-�C�H�o�C�H�2�0�T�s�)�,� �4�.�1�4� �(�t�,� �J� �=� �4�.�7� �H�z�,� 

�C�H�2�0�T�s�)�,� �7�.�3�4� �(�d�,� �J� �=� �8�.�2� �H�z�,� �4�H�,� �a�r�o�m�.�)�,� �7�.�7�8� �(�d�,� �J� �=� �8�.�2� �H�z�,� �4�H�,� �a�r�o�m�.�)�.� 

�T�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� 

�T�o� �a� �5�-�L�,� �3�-�n�e�c�k�e�d� �f�l�a�s�k�,� �N�a�O�H� �(�2�1�3� �g�,� �5�.�3�2� �m�o�l�)� �a�n�d� �w�a�t�e�r� �(�1� �L�)� �w�e�r�e� �a�d�d�e�d�.� 

�T�h�e� �f�l�a�s�k� �w�a�s� �p�l�a�c�e�d� �i�n� �a�n� �i�c�e� �b�a�t�h�.� �T�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�3�1�4� �g�,� �1�.�6�0� �m�o�l�)� �i�n� 

�T�H�F� �(�8�0�0� �m�L�)� �w�a�s� �a�d�d�e�d� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �m�e�c�h�a�n�i�c�a�l�l�y� �s�t�i�r�r�e�d� �f�o�r� �3�0� �m�i�n�.� 

�T�o�s�y�!� �c�h�l�o�r�i�d�e� �(�7�0�0� �g�,� �3�.�6�0� �m�o�l�)� �i�n� �T�H�F� �(�1� �L�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e�.� �T�h�e� �m�i�x�t�u�r�e� 

�w�a�s� �s�t�i�r�r�e�d� �f�o�r� �4�8� �h�o�u�r�s�.� �A�f�t�e�r� �t�h�e� �r�e�a�c�t�i�o�n� �t�h�e� �c�r�u�d�e� �p�r�o�d�u�c�t� �w�a�s� �p�o�u�r�e�d� �i�n�t�o� 

�1�0�%� �H�C�l� �(�1�5�0�0� �m�L�)� �a�t� �0� �°�C�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �t�o�l�u�e�n�e� �(�3� �x� 

�1�5�0�0� �m�L�)�.� �T�h�e� �c�o�m�b�i�n�e�d� �o�r�g�a�n�i�c� �p�h�a�s�e� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �w�a�t�e�r� �(�2� �x� �3� �L�)�,� �d�i�l�u�t�e� 

�a�q�u�e�o�u�s� �K�2�C�Q�O�3� �s�o�l�u�t�i�o�n� �(�0�.�5� �w�t� �%�,� �1�.�3� �L�)�,� �a�n�d� �t�h�e�n� �w�a�t�e�r� �(�2� �L�)� �a�n�d� �d�r�i�e�d� �o�v�e�r� 

�N�a�2�S�O�4�.� �A�f�t�e�r� �r�e�m�o�v�a�l� �o�f� �a�l�l� �t�h�e� �s�o�l�v�e�n�t�s� �b�y� �r�o�t�a�r�y� �e�v�a�p�o�r�a�t�i�o�n� �t�h�e� �p�a�l�e� �y�e�l�l�o�w� 

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

�(�7�8�0� �g�,� �9�7� �%�)� �w�a�s� �o�b�t�a�i�n�e�d�.� �I�R�:� �n�o� �h�y�d�r�o�x�y�l� �p�e�a�k�s�.� �1�H� �N�M�R�:� �2�.�4�5� �(�s�,� �6� �H�,� �-� 

�C�H�3�)�,� �3�.�5�5� �(�m�,� �8� �H�,� �-�O�C�H�2�C�H�2�O�0�C�H�2�C�H�2�0�-�)�,� �3�.�6�8� �(�t�,� �J� �=� �4�.�7� �H�z�,� �4�H�,� 

�T�S�O�C�H�2�C�H�>�2�-�)�,� �4�.�1�5� �(�t�,� �J� �=� �4�.�7� �H�z�,� �4� �H�,� �T�S�O�C�H�2�-�)�,� �7�.�3�5� �(�d�,� �J� �=� �8�.�2� �H�z�,� �4�H�,� 

�a�r�o�m�.�)�,� �7�.�8�0� �(�d�,� �J� �=� �8�.�2� �H�z�,� �4�H�,� �a�r�o�m�.�)�.� 

�P�o�l�y�(�m�e�t�h�a�c�r�y�l�o�y�l� �c�h�l�o�r�i�d�e�)� �(�6�)�.� �I�n� �a� �2�5�0� �m�L� �o�n�e�-�n�e�c�k�e�d� �f�l�a�s�k� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� 

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

�m�e�t�h�a�c�r�y�l�o�y�!� �c�h�l�o�r�i�d�e� �(�3�0�.�0� �g�,� �0�.�2�8�7� �m�o�l�)� �a�n�d� �a�z�o�b�i�s�(�i�s�o�b�u�t�y�r�o�n�i�t�r�i�l�e�)� �(�A�I�B�N�)�,� 

�0�.�4�7� �g�,� �2�.�8�7� �m�m�o�l�,� �i�n� �d�r�i�e�d� �(�N�a�)� �t�o�l�u�e�n�e� �(�1�0�0� �m�L�)�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �s�t�i�r�r�e�d� �a�t� �9�0



�°�C� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �f�o�r� �2�0� �h�.� �A�f�t�e�r� �t�h�e� �s�o�l�u�t�i�o�n� �h�a�d� �b�e�e�n� �c�o�o�l�e�d� �t�o� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e�,� �i�t� �w�a�s� �p�r�e�c�i�p�i�t�a�t�e�d� �i�n�t�o� �d�r�i�e�d� �(�4� �A� �m�o�l�e�c�u�l�a�r� �s�i�e�v�e�s�)� �n�-�h�e�x�a�n�e� �(�1� �L�)�.� 

�T�h�e� �p�o�l�y�m�e�r� �(�1�8�.�9�,� �6�3� �%�)� �w�a�s� �f�i�l�t�e�r�e�d� �a�n�d� �t�h�e�n� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �t�h�e� �f�l�a�s�k� �t�o� 

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

�C�r�o�w�n� �E�t�h�e�r�s�,� �P�r�o�c�e�d�u�r�e� �A� 

�4�2�-�C�r�o�w�n�-�1�4� �(�4�,� �a� �+� �b� �=� �7�)� �a�n�d� �2�1�-�c�r�o�w�n�-�7� �(�3�,� �a� �+� �b� �=� �7�)� 

�N�a�H� �(�6�0� �%�,� �4�0�.�0� �g�,� �1�.�0�0� �m�o�l�)� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �n�-�h�e�x�a�n�e� �(�2� �x� �6�0� �m�L�)� �a�n�d� 

�t�r�a�n�s�f�e�r�e�d� �i�n�t�o� �a� �5�-�L� �3�-�n�e�c�k�e�d� �f�l�a�s�k� �w�i�t�h� �d�r�y� �T�H�F� �(�5�0�0� �m�L�)� �u�n�d�e�r� �n�i�t�r�o�g�e�n�.� 

�T�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�6�3�.�5�g�,� �0�.�3�2�7� �m�o�l�)� �i�n� �T�H�F� �(�5�0�0� �m�L�)� �w�a�s� �a�d�d�e�d� �s�l�o�w�l�y� �a�n�d� 

�t�h�e� �m�i�x�t�u�r�e� �w�a�s� �m�e�c�h�a�n�i�c�a�l�l�y� �s�t�i�r�r�e�d� �f�o�r� �2� �h�o�u�r�s�.� �T�r�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� 

�(�1�4�4�.�7� �g�,� �0�.�3�1�6� �m�o�l�)� �i�n� �T�H�F� �(�2� �L�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e�.� �T�h�e� �s�y�s�t�e�m� �w�a�s� �f�u�r�t�h�e�r� 

�d�i�l�u�t�e�d� �t�o� �a� �t�o�t�a�l� �v�o�l�u�m�e� �o�f� �4� �L�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �r�e�f�l�u�x�e�d� �f�o�r� �4�8� �h�o�u�r�s�.� �W�a�t�e�r� �(�1�0� 

�m�L�)� �w�a�s� �a�d�d�e�d� �t�o� �d�e�s�t�r�o�y� �t�h�e� �u�n�r�e�a�c�t�e�d� �N�a�H�.� �B�u�b�b�l�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �u�p�o�n� �t�h�e� 

�a�d�d�i�t�i�o�n� �o�f� �w�a�t�e�r�.� �T�h�e� �p�r�e�c�i�p�i�t�a�t�e�s� �w�e�r�e� �f�i�l�t�e�r�e�d� �a�n�d� �d�i�s�c�a�r�d�e�d� �a�n�d� �T�H�F� �w�a�s� 

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

�s�o�l�i�d�i�f�i�e�d� �i�n� �3�0� �m�i�n�.� �T�h�e� �s�o�l�i�d� �w�a�s� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �i�n� �a�c�e�t�o�n�e� �3� �t�i�m�e�s�.� �A� �w�h�i�t�e� 

�c�r�y�s�t�a�l�l�i�n�e� �s�o�l�i�d� �(�4�7�.� �1� �g�,� �4�8� �%�)� �w�a�s� �o�b�t�a�i�n�e�d�,� �m�p� �5�4�.�7�-�5�5�.�4� �°�C� �(�L�i�t�.� �[�3�3�]� �2�8�.�5�-�3�1�.�0� 

�°�C�)�.� �I�R� �:� �2�8�9�8�,� �1�4�7�0�,� �1�3�6�3�,� �1�3�4�3�,� �1�2�8�4�,� �1�2�4�4�,� �1�1�1�1�,� �9�6�5�,� �8�3�9�,� �6�6�6�.� �1�H� �N�M�R�:� 

�3�.�6�4�7� �(�s�)�.� 

�2�1�-�c�o�w�n�-�7� �w�a�s� �n�o�t� �i�s�o�l�a�t�e�d� �f�r�o�m� �t�h�e� �m�o�t�h�e�r� �l�i�q�u�o�r�.� 
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�P�u�r�i�f�i�c�a�t�i�o�n� �U�s�i�n�g� �P�o�l�y�(�m�e�t�h�a�c�r�y�l�o�y�l� �c�h�l�o�r�i�d�e�)�:� �4�2�C�1�4� 

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

�m�a�g�n�e�t�i�c� �s�t�i�r�r�e�r� �w�e�r�e� �a�d�d�e�d� �4�2�C�1�4�,� �m�p� �5�2�.�5�-�5�4�.�9� �°�C� �(�r�e�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �a�c�e�t�o�n�e� 

�3�x�,� �2�5�.�0� �g�,� �4�0�.�5� �m�m�o�l�)�,� �f�r�e�s�h�l�y� �p�r�e�p�a�r�e�d� �p�o�l�y�(�m�e�t�h�a�c�r�y�l�o�y�l� �c�h�l�o�r�i�d�e�)� �(�5�0�.�0� �g�,� �4�7�9� 

�m�m�o�l� �o�f� �a�c�i�d� �c�h�l�o�r�i�d�e�)�,� �p�y�r�i�d�i�n�e� �(�1�.�5� �m�L�,� �1�8�.�5� �m�m�o�l�)�,� �a�n�d� �f�r�e�s�h�l�y� �d�i�s�t�i�l�l�e�d�,� �d�r�y� 

�T�H�F� �(�2�5�0� �m�L�)�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �s�t�i�r�r�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �2�0� �h� �a�n�d� 

�p�r�e�c�i�p�i�t�a�t�e�d� �i�n�t�o� �m�e�t�h�a�n�o�l� �(�5�0�0� �m�L�)�.� �T�h�e� �p�r�e�c�i�p�i�t�a�t�e�d� �p�o�l�y�m�e�r� �w�a�s� �r�e�m�o�v�e�d� �b�y� 

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

�r�o�t�a�r�y� �e�v�a�p�o�r�a�t�i�o�n�.� �T�h�e� �p�r�o�d�u�c�t� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �C�H�a�C�l�e� �(�5�0�0� �m�L�)�,� �w�a�s� �p�a�s�s�e�d� 

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

�c�o�l�o�r�l�e�s�s� �s�o�l�i�d� �(�2�0�.�6�4� �g�,� �r�e�c�o�v�e�r�y� �8�3� �%�)�,� �m�p� �5�4�.�9�-�5�7�.�4� �°�C� �(�L�i�t�.� �[�3�3�]� �2�8�.�5�-�3�1�.�0� �°�C�)�,� 

�w�a�s� �o�b�t�a�i�n�e�d� �a�f�t�e�r� �v�a�c�u�u�m� �d�r�y�i�n�g�.� �I�R�:� �s�a�m�e� �a�s� �4�2�C�1�4� �(�a�b�o�v�e�)�.� �1�H� �N�M�R�:� �3�.�6�4�7� 

�(�s�)�.� �A�n�a�l�.� �C�a�l�e�d� �f�o�r� �C�o�g�H�s�5�5�0�1�4�:� �C�,� �5�4�.�5�3�;� �H�,� �9�.�1�5�.� �F�o�u�n�d�:� �C�,� �5�4�.�3�6�;� �H�,� �9�.�1�0�.� 

�C�a�l�c�d� �f�o�r� �C�o�g�H�s�5�g�0�1�5� �[�H�(�O�C�H�a�C�H�>�)�4� �4�O�H�]�:� �C�,� �5�2�.�9�8�;� �H�,� �9�.�2�1�.� 

�6�0�-�c�r�o�w�n�-�2�0� �(�4�,� �a� �+� �b� �=� �1�0�)� �a�n�d� �3�0�-�c�r�o�w�n�-�1�0� �(�3�,� �a� �+� �b� �=� �1�0�)� 

�D�r�y� �T�H�F� �(� �2�.�5� �L�)�,� �a�n�d� �N�a�H� �(�8�0�%�,� �4�5�.�9� �g�,� �1�.�5�3� �m�o�l�)� �w�h�i�c�h� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� 

�h�e�x�a�n�e� �(� �3� �x� �2�5� �m�L�)� �w�e�r�e� �a�d�d�e�d� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �t�o� �a� �5� �L�,� �3� �n�e�c�k�e�d� �f�l�a�s�k� 

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

�S�t�i�r�r�e�d� �f�o�r� �2�0� �m�i�n�.�,� �h�e�x�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�8�4�.�7� �g�,� �0�.�3� �m�o�l�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�o�w�i�s�e� 

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

�t�h�e� �s�y�s�t�e�m� �h�a�d� �b�e�e�n� �h�e�a�t�e�d� �t�o� �r�e�f�l�u�x� �a�n�d� �d�i�l�u�t�e�d� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�.�5� �L�,� 

�t�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �(�1�5�4�.�8� �g�,� �0�.�3�0�8� �m�o�l�)� �i�n� �T�H�F� �(�5�0�0� �m�L�)� �w�a�s� �a�d�d�e�d� 
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�d�r�o�p�w�i�s�e� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �1�6� �h�.� �T�h�e� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� �f�l�a�s�k� �t�u�r�n�e�d� �b�r�o�w�n� �u�p�o�n� �t�h�e� 

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

�4�8� �h�.� �A�f�t�e�r� �t�h�e� �s�y�s�t�e�m� �h�a�d� �b�e�e�n� �c�o�o�l�e�d� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �w�a�t�e�r� �(�1�0�0� �m�L�)� 

�w�a�s� �a�d�d�e�d� �t�o� �d�e�s�t�r�o�y� �e�x�c�e�s�s� �N�a�H�.� �T�h�e� �s�a�l�t� �w�a�s� �f�i�l�t�e�r�e�d� �a�n�d� �d�i�s�c�a�r�d�e�d�.� �A� �b�r�o�w�n� 

�o�i�l� �(�1�3�3� �g�)� �w�a�s� �o�b�t�a�i�n�e�d� �a�f�t�e�r� �t�h�e� �r�e�m�o�v�a�l� �o�f� �T�H�F� �b�y� �r�o�t�a�r�y� �e�v�a�p�o�r�a�t�i�o�n�.� �T�h�e� 

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

�3�0�0�1�0� �(�8� �=�3�.�6�7�)�,� �6�0�C�2�0� �(�5� �=�3�.�6�4�)�,� �a�n�d� �a� �v�e�r�y� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �p�r�e�s�u�m�e�d� 

�c�a�t�e�n�a�n�e� �(�6� �=� �3�.�6�5�)�.� �3�0�C�1�0� �w�a�s� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �t�h�e� �m�i�x�t�u�r�e� �b�y� �w�a�s�h�i�n�g� �t�h�e� 

�m�i�x�t�u�r�e� �w�i�t�h� �h�o�t� �h�e�x�a�n�e� �(�7� �x� �2�0�0� �m�L�)�.� �P�o�w�d�e�r�y� �6�0�C�2�0� �(�1�5�.�5� �g�,� �1�2� �%�)� �w�a�s� 

�o�b�t�a�i�n�e�d� �a�f�t�e�r� �r�e�c�r�y�s�t�a�l�i�z�a�t�i�o�n�s� �f�r�o�m� �a�c�e�t�o�n�e� �a�t� �0� �°�C�,� �m�p� �5�6�.�2�-�5�6�.�6� �°�C� �(�L�i�t�.� �[�3�3�]� 

�4�6�.�0�-�5�0�.�5�)�.� �I�R�:� �s�a�m�e� �a�s� �4�2�C�1�4� �(�a�b�o�v�e�)�.� �1�H� �N�M�R�:� �3�.�6�4�6� �(�s�)�.� �1�8�C� �N�M�R�:� �7�0�.�6�7�.� 

�T�h�e� �3�0�C�I�0� �f�r�a�c�t�i�o�n� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �h�e�x�a�n�e� �a�t� �4� �°�C�,� �a�f�f�o�r�d�i�n�g� 

�w�h�i�t�e� �c�r�y�s�t�a�l�s� �(�1�4�.�3� �g�,� �1�2� �%�)�,� �m�p� �4�6�.�3�-�4�8�.�1� �°�C� �(� �L�i�t�.� �[�3�2�]� �3�5�.�5�-�3�6�.�8� �°�C�)�.� �I�R�:� �s�a�m�e� 

�a�s� �4�2�0�1�4�.� �1�H� �N�M�R�:� �3�.�6�7�1� �(�s�)�.� 

�P�r�o�c�e�d�u�r�e� �C� 

�4�8�-�C�r�o�w�n�-�1�6� �(�4�,� �a� �+� �b� �=� �8�)� 

�N�a�H� �(�6�0�%�,� �2�.�4�0� �g�,� �0�.�0�6�0� �m�o�l�)� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �n�-�h�e�x�a�n�e� �(�2� �x� �2�5� �m�L�)� �a�n�d� 

�t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �a� �1�-�L� �3�-�n�e�c�k�e�d� �f�l�a�s�k� �w�i�t�h� �f�r�e�s�h� �T�H�F� �(�8�0� �m�L�)� �u�n�d�e�r� �n�i�t�r�o�g�e�n�.� 

�T�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�9�.�7�1� �g�,� �0�.�0�5�0� �m�o�l�)� �i�n� �T�H�F� �(�4�0� �m�L�)� �w�a�s� �a�d�d�e�d� �w�h�i�l�e� �t�h�e� 

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

�r�e�f�l�u�x�e�d� �f�o�r� �0�.�5� �h�,� �t�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �(�1�2�.�5�6� �g�,� �0�.�0�2�5� �m�o�l�)� �i�n� �T�H�F� 
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�(�4�0� �m�L�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �1�5� �m�i�n�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �r�e�f�l�u�x�e�d� 

�f�o�r� �2�h�.� �A�f�t�e�r� �t�h�e� �s�y�s�t�e�m� �h�a�d� �b�e�e�n� �c�o�o�l�e�d� �d�o�w�n� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �N�a�H� �(�6�0�%�,� 

�5�.�6�0� �g�,� �0�.�1�4� �m�o�l�)� �w�a�s�h�e�d� �w�i�t�h� �n�-�h�e�x�a�n�e� �(�2� �x� �4�0� �m�L�)� �i�n� �T�H�F� �(�4�0� �m�L�)� �w�a�s� �a�d�d�e�d�.� 

�T�h�e� �m�i�x�t�u�r�e� �w�a�s� �r�e�f�l�u�x�e�d� �f�o�r� �0�.�5� �h�.� �T�h�e� �s�y�s�t�e�m� �w�a�s� �t�h�e�n� �d�i�l�u�t�e�d� �t�o� �8�0�0� �m�L� �w�i�t�h� 

�T�H�F�.� �T�e�t�r�a� �(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �(�1�2�.�5�7� �g�,� �0�.�0�2�5� �m�o�l�)� �i�n� �T�H�F� �(�5�0� �m�L�)� �w�a�s� 

�a�d�d�e�d� �d�r�o�p�w�i�s�e� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �r�e�f�l�u�x�e�d� �f�o�r� �1�2� �h�.� �W�a�t�e�r� �(�2�5� �m�L�)� �w�a�s� 

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

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

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

�w�a�s� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �i�n� �a�c�e�t�o�n�e� �t�w�o� �t�i�m�e�s�.� �A� �b�r�o�w�n� �s�o�l�i�d� �(�7�.�0�6� �g�,� �4�0�%�)� �w�a�s� 

�o�b�t�a�i�n�e�d�,� �m�p� �5�2�.�5�-�5�3�.�9� �°�C� �(�L�i�t�.� �[�3�2�]� �4�9�.�5�-�5�0�.�5� �°�C�)�:� �1�H� �N�M�R� �:� �3�.�6�4�6� �(�s�)�.� 

�4�2�-�C�r�o�w�n�-�1�4� �(�a� �+� �b� �=� �7�)� 

�N�a�H� �(�6�0�%�,� �1�2�.�0� �g�,� �0�.�3�0� �m�o�l�)� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �n�-�h�e�x�a�n�e� �(�2� �x� �5�0� �m�L�)� �a�n�d� 

�t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �a� �5� �L� �3�-�n�e�c�k�e�d� �f�l�a�s�k� �w�i�t�h� �f�r�e�s�h� �T�H�F� �(�4�0�0� �m�L�)� �u�n�d�e�r� �n�i�t�r�o�g�e�n�.� 

�T�e�t�r�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �(�4�9�.�0�5� �g�,� �0�.�2�5�0� �m�o�l�)� �i�n� �T�H�F� �(�2�0�0� �m�L�)� �w�a�s� �a�d�d�e�d� �w�h�i�l�e� �t�h�e� 

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

�r�e�f�l�u�x�e�d� �f�o�r� �0�.�5� �h�,� �t�r�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �(�5�7�.�9�5� �g�,� �0�.�1�2�5�0� �m�o�l�)� �i�n� �T�H�F� �(�2�0�0� 

�m�L�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �o�v�e�r� �1�5� �m�i�n�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �r�e�f�l�u�x�e�d� �f�o�r� �2� �h�.� �A�f�t�e�r� 

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

�d�i�t�o�s�y�l�a�t�e� �w�a�s� �l�e�f�t�.� �N�a�H� �[�6�0�%�,� �2�4�.�0� �g�,� �0�.�6�0� �m�o�l�,� �w�a�s�h�e�d� �w�i�t�h� �n�-�h�e�x�a�n�e� �(�2� �x� �5�0� 

�m�L�)�]� �i�n� �T�H�F� �(�2�0�0� �m�L�)� �w�a�s� �a�d�d�e�d�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �r�e�f�l�u�x�e�d� �f�o�r� �0�.�5� �h�.� �T�h�e� 

�s�y�s�t�e�m� �w�a�s� �t�h�e�n� �d�i�l�u�t�e�d� �t�o� �3�.�6� �L� �w�i�t�h� �T�H�F�.� �T�r�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e� �(�5�7�.�9�5� 

�g�,� �0�.�1�2�5�0� �m�o�l�)� �i�n� �T�H�F� �(�4�0�0� �m�L�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �o�v�e�r� �2�3� �h�.� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� 
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�w�a�s� �r�e�f�l�u�x�e�d� �f�o�r� �1�7� �h�.� �W�a�t�e�r� �(�5� �m�L�)� �w�a�s� �a�d�d�e�d� �t�o� �d�e�s�t�r�o�y� �t�h�e� �u�n�r�e�a�c�t�e�d� �N�a�H�.� 

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

�r�e�m�o�v�e�d� �b�y� �f�i�l�t�r�a�t�i�o�n�.� �A� �y�e�l�l�o�w� �o�i�l� �w�a�s� �o�b�t�a�i�n�e�d� �a�f�t�e�r� �T�H�F� �h�a�d� �b�e�e�n� �r�e�m�o�v�e�d� �b�y� 

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

�(�4�2�.�6� �g�,� �5�5�.�2� �%�)� �w�a�s� �o�b�t�a�i�n�e�d�.� 
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�1�0�.� 

�1�1�.� 

�1�2�.� 

�1�3�.� 

�R�E�F�E�R�E�N�C�E�S� 

�G�i�b�s�o�n�,� �H�.� �W�.�;� �B�h�e�d�a�,� �C�.� �M�.�;� �E�n�g�e�n�,� �P�.� �T�.� �P�r�o�g� �i�n� �P�o�l�y�m� �S�c�i�.� �1�9�9�4�,� �7�9�,� 

�8�4�3�.� 

�(�a�)�.� �O�g�i�n�o�,� �H�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�8�1�,� �1�7�0�3�,� �1�3�0�3�;� �(�b�)�.� �O�g�i�n�o�,� �H�.�;� �O�h�a�t�a�,� 

�K�.� �I�n�o�r�g�.� �C�h�e�m�.�,� �1�9�8�4�,� �2�3�,� �3�3�1�2�;� �(�c�)�.� �O�g�i�n�o�,� �H�.� �N�e�w� �J�.� �C�h�e�m�.�,� �1�9�9�3�,� �1�7�,� 

�6�8�3�.� 

�W�y�l�i�e�,� �R�.�;� �M�a�c�a�r�t�n�e�y�,� �D�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�9�2�,� �1�7�4�,� �3�1�3�6�.� 

�(�a�)�.� �W�e�n�z�,� �G�.�;� �B�e�y�,� �E�.�;� �S�c�h�m�i�d�t�,� �L�.� �A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�9�2�,� �3�7�,� 

�7�8�3�;� �(�b�)�.� �W�e�n�z�,� �G�.�;� �W�o�l�f�,� �F�.�;� �W�a�g�n�e�r�,� �M�.�;� �K�u�b�i�k�,� �S�.� �N�e�w� �J�.� �C�h�e�m�.�,� 

�1�9�9�3�,�7�7�,� �7�2�9�.� 

�(�a�)�.� �H�a�r�a�d�a�,� �A�.�;� �K�a�m�a�c�h�i�,� �M�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�0�,� �2�3�,� �2�8�2�1�;� �(�b�)�.� 

�H�a�r�a�d�a�,� �H�.�;� �L�i�,� �J�.�;� �K�a�m�a�c�h�i�,� �M�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�3�,� �2�6�,� �5�6�9�8�.� 

�(�a�)�.� �H�a�r�a�d�a�,� �A�.�;� �L�i�,� �J�.�;� �K�a�m�a�c�h�i�,� �M�.� �N�a�t�u�r�e�,� �3�5�6�,� �3�2�5� �(�1�9�9�2�)�;� �(�b�)�.� �H�a�r�a�d�a�,� 

�A�.�;� �L�i�,� �J�.�;� �K�a�m�a�c�h�i�,� �M�.� �N�a�t�u�r�e�,� �1�9�9�3�,� �3�6�4�,� �5�1�6�.� 

�H�a�r�a�d�a�,� �A�.�;� �K�a�m�a�c�h�i�,� �M�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�9�0�,� �1�3�2�2�.� 

�H�a�r�a�d�a�,� �A�.�;� �L�i�,� �J�.�;� �S�u�z�u�k�i�,� �S�.�;� �K�a�m�a�c�h�i�,� �M�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�3�,� �2�6�,� 

�5�2�6�7�.� 

�O�g�a�t�a�,� �N�.�;� �S�a�n�u�i�,� �K�.�;� �W�a�d�a�,� �J�.� �J�.� �P�o�l�y�m�.� �S�c�i�.�,� �P�o�l�y�m�.� �L�e�t�t�.� �E�d�.�,� �1�9�7�5�,� �1�4�,� 

�4�5�9�.� 

�M�a�c�i�e�j�e�w�s�k�i�,� �M�.� �J�.� �M�a�c�r�o�m�o�l�.� �S�c�i�.�-�C�h�e�m�.�,� �1�9�7�9�,� �A�1�3�,� �7�7�.� 

�M�a�c�i�e�j�e�w�s�k�i�,� �M�.�;� �G�w�i�z�d�o�w�s�k�i�,� �A�.�;� �P�e�c�z�a�k�,� �P�.�;� �P�i�e�t�r�z�a�k�,� �A�.� �J�.� �M�a�c�r�o�m�o�l�.� 

�S�c�i�.�-�C�h�e�m�.�,� �1�9�7�9�,� �A�1�3�,� �8�7�.� 

�W�e�n�z�,� �G�.�;� �K�e�l�l�e�r�,� �B�.� �A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�9�2�,� �3�7�,� �1�9�7�.� 

�B�o�r�n�,� �M�.�;� �R�i�t�t�e�r�,� �H�.� �M�a�k�r�o�m�o�l�.� �C�h�e�m�.�,� �R�a�p�i�d� �C�o�m�m�u�n�.� �1�9�9�1�,� �1�2�,� �4�7�1�.� 

�7�0



�1�4�.� 

�1�5�.� 

�1�6�.� 

�1�7�.� 

�1�8�.� 

�1�9�.� 

�(�a�)�.� �A�l�l�w�o�o�d�,� �B�.� �L�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�h�a�h�r�i�a�r�i�-�Z�a�v�a�r�e�h�,� �H�.�;� �S�t�o�d�d�a�r�t� �,� �J�.� �F�.�;� 

�W�i�l�l�i�a�m�s�,� �D�.� �J�.� �.�J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�8�7�,� �1�0�5�8�;� �(�b�)�.� �A�l�l�w�o�o�d�,� 

�B�.� �L�.�:� �S�p�e�n�c�e�r�,� �N�.�;� �S�h�a�h�r�i�a�r�i�-�Z�a�v�a�r�e�h�,� �H�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �J�.� 

�C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.�,�1�9�8�7�,� �1�0�6�4�;� �(�c�)�.� �A�s�h�t�o�n�,� �P�.� �R�.�;� �S�l�a�w�i�n�,� �A�.� 

�M�.� �Z�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �a�n�d� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� 

�C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�8�7�,� �1�0�6�6�;� �(�d�)�.� �A�l�l�w�o�o�d�,� �B�.� �L�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�h�a�h�r�i�a�r�i�-� 

�Z�a�v�a�r�e�h�,� �H�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m� 

�C�o�m�m�u�n�.�,� �1�9�8�7�,� �1�0�6�1�;� �(�e�)�.� �O�r�t�h�o�l�a�n�d�,� �J�.� �-�Y�.�;� �S�l�a�w�i�n�,� �A�.� �M�.� �Z�.�;� �S�p�e�n�c�e�r�,� 

�W�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �A�n�g�e�w�.� �C�h�e�m�.� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�8�9�,� �2�8�,� 

�1�3�9�4�;� �(�f�)�.� �A�n�e�l�l�i�,� �P�.�-�L�.�;� �A�s�h�t�o�n�,� �P�.� �R�.�;� �B�a�l�l�a�r�d�i�n�i�,� �R�.�;� �B�a�l�z�a�n�i�,� �V�.�;� �D�e�l�g�a�d�o�,� 

�M�.�;� �G�a�n�d�o�l�p�h�i�,� �M�.� �T�.�.�;� �G�o�o�d�n�o�w�,� �T�.� �T�.�;� �K�a�i�f�e�r�,� �A�.� �E�.�;� �P�h�i�l�p�,� �D�.�;� 

�P�i�e�t�r�a�s�z�k�i�e�w�i�c�z�,� �M�.�;� �P�r�o�d�i�,� �L�.�;� �R�e�d�d�i�n�g�t�o�n� �M�.� �V�.�;� �S�l�a�w�i�n�,� �A�.� �M�.� �Z�.�;� 

�S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� �V�i�c�e�n�t�,� �C�.�;� �W�i�l�l�i�a�m�s�,� �D�.� �J�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� 

�1�9�9�2�,� �1�7�4�,� �1�9�3�.� 

�A�s�h�t�o�n�,� �P�.� �R�.�;� �G�r�o�g�n�u�z�,� �M�.�;� �S�l�a�w�i�n�,� �A�.� �M�.� �Z�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�;� 

�W�i�l�l�i�a�m�s�.� �D�.�J�.� �T�e�t�r�a�h�e�d�r�o�n� �L�e�t�t�e�r�s�,� �1�9�9�1�,� �3�2�,� �6�2�3�5�.� 

�B�a�l�l�a�r�d�i�n�i�,� �R�.�;� �B�a�l�z�a�n�i�,� �V�.�;� �G�a�n�d�o�l�p�h�i�,� �M�.� �T�.�;� �P�r�o�d�i�,� �L�.�;� �V�e�n�t�u�r�i�,� �M�.�;� �P�h�i�l�p� �D�.�:� 

�R�i�c�k�e�t�t�s�,�H�.�G�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.�.� �A�n�g�e�w�.� �C�h�e�m�.�,� �I�n�t�.� �E�d�.� �E�n�g�l�.�,� �1�9�9�3�,� �3�2�,� 

�1�3�0�1�.� 

�(�a�)�.� �A�s�h�t�o�n�,� �P�.� �R�.�;� �P�h�i�l�p�,� �D�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� 

�C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�9�2�,� �1�1�2�4�;� �(�b�)�.� �A�s�h�t�o�n�,� �P�.� �R�.�;� �B�e�l�o�h�r�a�d�s�k�y�,� �M�.�;� �P�h�i�l�p�,� 

�D�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.�,� �1�9�9�3�,� 

�1�2�7�4�.� 

�A�g�a�m�,� �G�.�;� �G�r�a�v�i�e�r�,� �D�.�;� �Z�i�l�k�h�a�,� �A�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�7�6�,� �9�8�,� �5�2�0�6�.� 

�A�g�a�m�,� �G�.�;� �Z�i�l�k�h�a�,� �A�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.�,� �1�9�7�6�,� �9�8�,� �5�2�1�4�.� 
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�2�0�.� 

�2�1�.� 

�2�2�.� 

�2�3�.� 

�2�4�.� 

�2�5�.� 

�2�6�.� 

�G�i�b�s�o�n�,� �H�.� �W�.�;� �L�i�u�,� �S�.�;� �L�e�c�a�v�a�l�i�e�r�,� �P�.�;� �W�u�,� �C�.�;� �S�h�e�n�,� �Y�.� �X�.� �J� �A�m�.� �C�h�e�m�.� 

�S�o�c�.�,� �1�9�9�5�,� �1�1�7�,� �i�n� �p�r�e�s�s�.� 

�W�u�,� �C�.�;� �B�h�e�d�a�,� �M�.�,� �L�i�m�,� �C�.�;� �S�h�e�n�,� �Y�.� �X�.�;� �S�z�e�,� �J�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �P�o�l�y�m�.� 

�C�o�m�m�u�n�.� �1�9�9�1�,� �3�2�,� �2�0�4�.� �G�i�b�s�o�n� �H�.� �W�.�;� �B�h�e�d�a�,� �M�.�;� �E�n�g�e�n�,� �P�.� �T�.�;� �S�h�e�n�,� 

�Y�.� �X�.�;� �S�z�e�,� �J�.�;� �W�u�,� �C�.�;� �J�o�a�r�d�a�r�,� �S�.�;� �W�a�r�d�,� �T�.� �C�.�;� �L�e�c�a�v�a�l�i�e�r�,� �P�.� �R�.� 

�M�a�k�r�o�m�o�L� �C�h�e�m�.�,� �M�a�c�r�o�m�o�l� �S�y�m�p�.� �1�9�9�1�,� �4�2�/�4�3�,� �3�9�5�.� �W�u�,� �C�.�;� 

�L�e�c�a�v�a�l�i�e�r�,� �P�.� �R�;� �S�h�e�n�,� �Y�.� �X�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �C�h�e�m�.� �M�a�t�e�r�i�a�l�s� �1�9�9�1�,� �3�,� 

�5�6�9�.� �G�i�b�s�o�n�,� �H�.�W�.�;� �E�n�g�e�n�,� �P�.� �T�.�;� �S�h�e�n�,� �Y�.� �X�.�;� �S�z�e�,� �J�.�;� �L�i�m�,� �C�.�;� �B�h�e�d�a�,� �M�.�;� 

�W�u�,� �C�.� �M�a�k�r�o�m�o�L� �C�h�e�m�.�,� �M�a�c�r�o�m�o�l� �S�y�m�p�.� �1�9�9�2�,� �5�4�/�5�5�,� �5�1�9�.� �S�h�e�n�,� �Y�.� 

�X�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �1�9�9�2�,� �2�5�,� �2�0�5�8�.� �S�h�e�n�,� �Y�.� �X�.�;� �E�n�g�e�n� 

�P�.� �T�.�;� �B�e�r�g�,� �M�.� �A�.� �G�.�;� �M�e�r�o�l�a�,� �J�.� �S�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�2�,� 

�2�5�,� �2�7�8�6�.� �D�e�l�a�v�i�z�,� �Y�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �1�9�9�2�,� �2�5�,� �1�8� 

�D�e�l�a�v�i�z�,� �Y�.�;� �G�i�b�s�o�n�,� �H�.� �W�.� �M�a�c�r�n�m�o�l�e�c�u�l�e�s� �1�9�9�2�,� �2�5�,� �4�8�5�9�.� �S�z�e�,� �J�.� �Y�.�;� 

�G�i�b�s�o�n�,� �H�.� �W�.� �P�o�l�y�m�e�r� �P�r�e�p�r�.� �A�m�.� �C�h�e�m�.�,� �S�o�c�.� �D�i�v�.� �P�o�l�y�m�.� �C�h�e�m�.� �1�9�9�2�,� 

�3�3� �(�2�)�,� �3�3�1�.� �G�i�b�s�o�n�,� �H�.� �W�.�;� �M�a�r�a�n�d�,� �H�.� �A�d�v�.� �M�a�t�e�r�.� �1�9�9�3�,� �5�,� �1�1�.� �G�i�b�s�o�n�,� 

�H�.� �W�.�;� �E�n�g�e�n�,� �P�.� �T�.� �N�e�w� �J�.� �C�h�e�m�.� �1�9�9�3�,� �1�7�,� �7�2�3�.� �S�h�e�n�,� �Y�.� �X�.�;� �X�i�e�,� �D�.�;� 

�G�i�b�s�o�n�,� �H�.� �W�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�9�4�,� �1�1�6�,� �5�3�7�.� 

�P�e�d�e�r�s�e�n�,� �C�.� �J�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�6�7�,� �8�9�,� �2�4�9�5�.� 

�P�e�d�e�r�s�e�n�,� �C�.� �J�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�6�7�,�8�9�,� �7�0�1�7�.� 

�P�e�d�e�r�s�e�n�,� �C�.� �J� �O�r�g�.� �S�y�n�t�h�.� �1�9�7�2�,� �5�2�,� �6�6�.� 

�P�e�d�e�r�s�e�n�,� �C�.� �J�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�7�0�,� �9�2�,� �3�9�1�.� 

�C�r�o�w�n� �E�t�h�e�r�s� �a�n�d� �A�n�a�l�o�g�u�e�s�;� �P�a�t�a�i�,� �S�.�,� �R�a�p�p�o�p�o�r�t�,� �Z�.�,� �E�d�s�.�;�W�i�l�e�y�:� �N�e�w� 

�Y�o�r�k�,� �1�9�8�9�.� �C�r�o�w�n� �E�t�h�e�r�s� �a�n�d� �A�n�a�l�o�g�o�u�s� �C�o�m�p�o�u�n�d�s�;� �H�i�r�a�o�k�a�,� �M�.�,� �E�d�.�;� 

�E�l�s�e�v�i�e�r�:� �N�e�w� �Y�o�r�k�,� �1�9�9�2�.� �M�a�c�r�o�c�y�c�l�i�c� �C�h�e�m�i�s�t�r�y�;� �D�i�e�t�r�i�c�h�,� �B�.�,� �V�i�o�u�t�,� �P�.�,� 

�L�e�h�n�,� �J�.� �M�.�,� �E�d�s�.�;� �V�C�H� �P�u�b�l�i�s�h�e�r�s�:� �N�e�w� �Y�o�r�k�,� �1�9�9�3�.� 

�7�2



�2�7�.� 

�2�8�.� 

�2�9�.� 

�3�0�.� 

�3�1�.� 

�3�2�.� 

�3�3�.� 

�3�4�.� 

�3�5�.� 

�3�6�.� 

�3�7�.� 

�3�8�.� 

�F�r�a�n�k�e�,� �J�.�;� �V�6�g�t�l�e�,� �F�.� �T�o�p� �C�u�r�r�.� �C�h�e�m�.� �1�9�8�6�,� �1�3�2�,� �1�3�5�.� �D�i�e�d�e�r�i�c�h�,� �F�.� 

�A�n�g�e�w�.� �C�h�e�m�.�,� �I�n�t�.� �E�d�.� �E�n�g�l�.� �1�9�8�8�,� �2�7�,� �3�6�3�.� �C�a�t�i�o�n� �B�i�n�d�i�n�g� �b�y� 

�M�a�c�r�o�c�y�c�L�e�s�;� �\�I�n�o�u�e�,� �Y�.� �L�,� �G�o�k�e�l�,� �G�.� �W�.�,� �E�d�s�.�;� �W�i�l�e�y�:� �N�e�w� �Y�o�r�k�,� �1�9�9�0�.� 

�I�z�a�t�t�,� �R�.� �M�.�;� �B�r�a�d�s�h�a�w�,� �J�.� �S�.�;� �P�a�w�l�a�k�,� �K�.�;� �B�r�u�e�n�i�n�g�,� �B� �L�.�;� �T�a�r�b�e�t�,� �B�.� �J�.� 

�C�h�e�m�.� �R�e�v�.� �1�9�9�2�,� �9�2�,� �1�2�6�1�.� 

�K�n�o�p�s�,� �P�.�;� �S�e�n�d�h�o�f�f�,� �N�.�;� �M�e�k�e�l�b�u�r�g�e�r�,� �H�.�-�B�.�;� �V�é�g�t�l�e�,� �F�.� �T�o�p�i�c�s� �C�u�r�r�.� 

�C�h�e�m�.� �1�9�9�2�,� �1�6�7�,� �3�.� 

�L�a�i�d�i�e�r�,� �D�.� �A�.� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �S�y�n�t�h�e�s�i�s� �o�f� �C�r�o�w�n� �E�t�h�e�r� �a�n�d� �A�n�a�l�o�g�u�e�s�.� �I�n� 

�T�h�e� �C�h�e�m�i�s�t�r�y� �o�f� �F�u�n�c�t�i�o�n�a�l� �G�r�o�u�p�s�;� �P�a�t�a�i�,� �S�.�,� �E�d�.�;� �W�i�l�e�y�:� �N�e�w� �Y�o�r�k�,� 

�1�9�8�0�;� �S�u�p�p�l�.� �E�,� �P�a�r�t� �1�.� 

�B�a�k�e�r�,� �W�.�;� �M�a�c�-�O�m�i�e�,� �J�.� �F�.� �W�.�;� �O�l�l�i�s�,� �W�.� �D�.� �J�.� �J�.� �C�h�e�m�.� �S�o�c�.� �1�9�5�1�,� �2�0�0�.� 

�W�a�l�b�a�,� �D�.� �M�.�;� �R�i�c�h�a�r�d�s� �,� �B� �M�.�;� �H�a�l�t�i�w�a�n�g�e�r�,� �B� �C�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�8�2�,� 

�1�0�4�,� �3�2�1�9�.� �W�a�i�h� �D�.� �M�;� �H�o�m�a�n�,� �T�.� �C�.�;� �R�i�c�h�a�r�d�s�,� �B� �M�.�;� �H�a�l�t�i�w�a�n�g�e�r�,� �B� �C�.� 

�N�e�w� �J�.� �C�h�e�m�.� �1�9�9�3�,� �1�7�,� �6�6�1�.� 

�V�i�t�a�l�i�,� �C�.� �A�.�;� �M�a�s�c�i�,� �B�.� �T�e�t�r�a�h�e�d�r�o�n� �1�9�8�9�,� �4�5�,� �2�2�0�1�.� 

�C�h�e�n�e�v�e�r�t�,� �R�.�;� �D�'�A�s�t�o�u�s�,� �L�.� �J�.� �H�e�t�e�r�o�c�y�c�!� �C�h�e�m�.� �1�9�8�6�,� �2�3�,� �1�7�8�5�.� 

�G�i�b�s�o�n�,� �H�.� �W�.�;� �B�h�e�d�a�,� �M�.� �C�.�;� �E�n�g�e�n�,� �P�.�;� �S�h�e�n�,� �Y�.� �X�.�;� �S�z�e�,� �J�.�;� �Z�h�a�n�g�,� �H�.�;� 

�G�i�b�s�o�n�,� �M�.� �D�.�;� �D�e�l�a�v�i�z�,� �Y�.�;� �L�e�e�,� �S�-�H�.�;� �L�i�u�,� �S�.�;� �W�a�n�g�,� �L�.�;� �N�a�g�v�e�k�a�r�,� �D�.�;� 

�R�a�n�c�o�u�r�t�,� �J�.�;� �T�a�y�l�o�r�,� �L�.� �J�.� �O�r�g�.� �C�h�e�m�.� �1�9�9�4�,� �5�9�,� �2�1�8�6�.� 

�N�a�k�a�t�a�u�j�i�,� �N�.�;� �K�a�m�e�d�a�,� �N�.�;� �O�k�a�h�a�r�a�,� �O�.� �S�y�n�t�h�e�s�i�s� �1�9�8�7�,� �2�8�0�.� 

�B�a�r�t�s�c�h�,� �R�.� �A�.�;� �C�a�s�o�n�,� �C�.� �V�.�;� �C�z�e�c�h�,� �B�.� �P�.� �J�.� �O�r�g�.� �C�h�e�m�.� �1�9�8�9�,�5�4�,� �8�5�7�.� 

�C�o�r�n�f�o�r�t�h�,� �|�.� �W�.�;� �M�o�r�g�a�n�,� �E�.� �D�.�;� �P�o�t�t�s�,� �K�.� �T�.�;� �R�e�e�s�,� �D�.� �J�.� �T�e�t�r�a�h�e�d�r�o�n� �1�9�7�3�,� 

�2�9�,� �1�6�5�9�.� 

�O�u�c�h�i�,� �M�.�;� �I�n�o�u�e�,� �Y�.�;� �K�a�n�z�a�k�i�,� �T�.�;� �H�a�k�u�s�b�i�,� �T�.� �J�.� �O�r�g�.� �C�h�e�m�.� �1�9�8�4�,� �4�9�,� 

�1�4�0�8�.� 
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�3�9�.� 

�4�0�.� 

�4�1�.� 

�(�a�)�.� �D�u�s�t�,� �J�.� �M�.�;� �F�a�n�g�,� �J�.� �M�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �1�9�9�0�,� �2�3�,� �3�7�4�2�.� �(�b�)�.� 

�K�i�n�u�g�a�s�a�,� �S�.�;� �T�a�k�a�t�s�u�,� �A�.�;� �N�a�k�a�n�i�s�h�i�,� �H�.�;� �N�a�k�a�h�a�r�a�,� �H�.�;� �H�a�t�t�o�r�i�,� �S�.� 

�M�a�c�r�o�m�o�l�e�c�u�l�e�s� �1�9�9�2�,� �2�5�,� �4�8�4�8�.� 

�T�h�i�s� �s�p�e�c�t�r�u�m� �w�a�s� �p�r�o�v�i�d�e�d� �b�y� �M�r�.� �S�a�n�g�-�H�u�n� �L�e�e�.� 

�C�o�r�n�f�o�r�t�h�,� �|�.� �W�.�;� �M�o�r�g�a�n�,� �E�.� �D�.�;� �P�o�t�t�s�,� �K�.� �T�.�;� �R�e�e�s�,� �D�.� �J�.� �T�e�t�r�a�h�e�d�r�o�n� 

�1�9�7�3�,� �2�9�,� �1�6�5�9�.� 
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�H�-�{�0�C�H�,�C�H�,� �}�O�T�s� 
�a� 

�|� 
�c�o�n�e�)� 

�S�c�h�e�m�e� �1�.� �S�i�n�g�l�e� �m�o�l�e�c�u�l�a�r� �r�i�n�g� �c�l�o�s�u�r�e� 

�H�-�{�O�C�H�,�C�H�,�}�O�H� �+� �T�s�{�O�C�H�,�C�H�)�}�0�T�s� 
�a� �b� 

�|� 
�a� �O�C�H�,�C�H�,� �=� 

�S�c�h�e�m�e� �2�.� �T�w�o� �m�o�l�e�c�u�l�e� �c�o�m�b�i�n�a�t�i�o�n� 
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�2� �H�{�O�C�H�,�C�H�;�}�0�H� �+� �2�T�s ��{�O�C�H�,�C�H�,� �O�T�s� 
�a� 

� � 

�O�C�H�,�C�H�,� �} �� 
�2� �(�a�t�)� 

�S�c�h�e�m�e� �3�.� �F�o�u�r� �m�o�l�e�c�u�l�e� �c�o�m�b�i�n�a�t�i�o�n� 

�~�C�H� �C�H�»� �-�O�T�H�P� �H�O�-� �C�H�,�C�H�,�O�+�}�.� �H� �C�I�F� �C�H�2�C�H�e� �=�O� �=� �H� �H� 
�5�0�%� �a�q� �N�a�O�H� �o�-�f� �C�H�C� �2�0�}�.�H� 
�p�h�a�s�e� �t�r�a�n�s�f�e�r� �c�a�t�.� 
�6�5�°�C� �6�.�5� �d�a�y�s� 
�H�*�/�M�e�O�H�-�C�H�.�C�l�,� 

�S�c�h�e�m�e� �4�.� �S�y�n�t�h�e�s�i�s� �o�f� �h�e�x�a�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� 
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�H�{�O�C�H�,�C�H�s�}�O�H� �+� �C�H� �)�-� �5�-�C�l� 
�n� 

�N�a�O�H�,� �T�H�F� �|� �9� �°�C�,� �4�8�h� 

� � 
�T�s�-�{�O�C�H�,�C�H�;�}�O�T�s� �+� �N�a�C�l� �+� �H�O� 

�n� 

�W�h�e�r�e�:� �n�=�3�,�4� 

�S�c�h�e�m�e� �5�.� �S�y�n�t�h�e�s�e�s� �o�f� �o�l�i�g�o�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �d�i�t�o�s�y�l�a�t�e�s� 
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�H�-�{�O�C�H�,�C�H�,�}�0�H� �+� �T�s�-�O�C�H�,�C�H�,� �}�O�T�s� 
�a� 

�1� �2� 

�O�C�H�,�C�H�,� �O�C�H�,�C�H�,� �} �� 
�(�a�+�b�)� �+� �2� �=�)� 

�3� �4� 

�S�c�h�e�m�e� �6�.� �S�y�n�t�h�e�s�e�s� �o�f� �l�a�r�g�e� �a�l�i�p�h�a�t�i�c� �c�r�o�w�n� �e�t�h�e�r�s� 
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�1�.�0� �e�q� �H�-�{�O�C�H�,�C�H�,� �}�O�H� �+� �2�.�0� �e�q� �N�a�H� 
�a� 

�N�a�*�-�O�C�H�,�C�H�,�-�{�O�C�H�,�C�H�,� �}� �O�N�a�*� 

�1�)� �D�i�l�u�t�i�o�n� �2�)�.� �1�.�0� �e�q� �T�s� �{�O�C�H�,�C�H�,�}�-�O�T�s� 
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�s�h�o�w�i�n�g� �l�a�c�k� �o�f� �O�H� �s�i�g�n�a�l� �(�4�.�5�7� �p�p�m�)� �e�v�e�n� �o�n� �a� �g�r�e�a�t�l�y� �e�x�p�a�n�d�e�d� �v�e�r�t�i�c�a�l� 

�s�c�a�l�e�.� �T�h�e� �s�i�g�n�a�l� �a�t� �3�.�3�5� �i�s� �d�u�e� �t�o� �H�2�0�.� 
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�C�H�A�P�T�E�R� �V� 

�M�O�N�O�F�U�N�C�T�I�O�N�A�L� �B�L�O�C�K�I�N�G� �G�R�O�U�P�S� 

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

�e�n�d�s� �o�f� �p�o�l�y�r�o�t�a�x�a�n�e� �b�a�c�k�b�o�n�e�s� �t�o� �p�r�e�v�e�n�t� �m�a�c�r�o�c�y�c�l�e�s� �f�r�o�m� �d�e�t�h�r�e�a�d�i�n�g� �[�1�]�.� 

�T�h�e� �b�l�o�c�k�i�n�g� �g�r�o�u�p�s� �s�h�o�u�l�d� �m�e�e�t� �s�e�v�e�r�a�l� �r�e�q�u�i�r�e�m�e�n�t�s�:� �(�1�)� �t�h�e�y� �h�a�v�e� �t�o� �b�e� �b�i�g� 

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

�d�e�t�e�r�m�i�n�e�d� �b�y� �a� �C�P�K� �m�o�l�e�c�u�l�a�r� �m�o�d�e�l� �o�r� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n�;� �(�2�)� �t�h�e�y� �h�a�v�e� 

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

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

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

�p�o�l�y�m�e�r�i�z�a�t�i�o�n�s�;� �(�8�)� �t�h�e�y� �s�h�o�u�l�d� �b�e� �s�o�l�u�b�l�e� �i�n� �r�e�a�c�t�i�o�n� �s�o�l�v�e�n�t�s� �w�h�i�c�h� �m�a�y� �b�e� 

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

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

�d�i�(�c�y�c�l�o�h�e�x�y�l�)�a�c�e�t�y�l� �c�h�l�o�r�i�d�e� �o�r� �t�r�i�p�h�e�n�y�l�m�e�t�h�y�l� �c�h�l�o�r�i�d�e� �a�n�d� �b�y� �e�n�d�-�c�a�p�p�i�n�g� �1�,�1�0�-� 

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

�r�o�t�a�x�a�n�e�s� �u�s�i�n�g� �t�w�o� �a�p�p�r�o�a�c�h�e�s� �[�2�]�.� �T�h�e� �f�i�r�s�t� �a�p�p�r�o�a�c�h� �w�a�s� �t�h�e� �r�e�v�e�r�s�i�b�l�e� 

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

�t�r�i�c�h�l�o�r�o�a�c�e�t�i�c� �a�c�i�d�,� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�y�c�l�o�a�l�k�a�n�e�s� �w�i�t�h� �r�i�n�g� �s�i�z�e�s� �o�f� �1�4� �t�o� �4�2� 

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

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

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

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

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

�c�o�u�l�d� �c�o�n�s�t�r�a�i�n� �t�h�e� �m�a�c�r�o�c�y�l�e�s� �c�o�m�p�r�i�s�e�d� �o�f� �l�e�s�s� �t�h�a�n� �2�8� �a�t�o�m�s�.� �T�h�e� 

�t�r�i�p�h�e�n�y�l�m�e�t�h�y�!� �g�r�o�u�p� �c�o�u�l�d� �b�l�o�c�k� �3�0�-�m�e�m�b�e�r�e�d� �c�y�c�l�o�a�l�k�a�n�e�s�,� �w�h�i�l�e� �t�r�i�s�(�p�-�t�-� 

�b�u�t�y�l�p�h�e�n�y�l�)�m�e�t�h�y�!� �g�r�o�u�p�s� �c�o�u�l�d� �c�o�n�s�t�r�a�i�n� �r�i�n�g�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �u�p� �t�o� �4�2� �a�t�o�m�s�.� 

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

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

�[�3�]�.� �T�h�e�y� �e�q�u�i�l�i�b�r�a�t�e�d� �i�n�d�i�v�i�d�u�a�l� �p�u�r�e� �c�y�c�l�o�a�l�k�a�n�e�s� �o�f� �2�1� �t�o� �2�9� �m�e�t�h�y�l�e�n�e� �u�n�i�t�s� 

�w�i�t�h� �1�,�1�2�-�b�i�s�(�t�r�i�p�h�e�n�y�i�m�e�t�h�y�l�t�h�i�o�)�d�o�d�e�c�a�n�e�,� �e�i�t�h�e�r� �t�h�e�r�m�a�l�l�y� �o�r� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�a�n� �a�c�i�d� �c�a�t�a�l�y�s�t�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �2�9�-�m�e�m�b�e�r�e�d� �m�a�c�r�o�c�y�c�l�e�s� �c�o�u�l�d� �b�e� 

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

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

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

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

�g�r�o�u�p�s� �[�4�]�.� �T�h�e�y� �e�x�e�r�t� �a� �l�a�r�g�e� �s�t�e�r�i�c� �i�n�f�l�u�e�n�c�e� �c�a�p�a�b�l�e� �o�f� �b�l�o�c�k�i�n�g� �m�a�c�r�o�c�y�c�l�e�s� 

�c�o�m�p�r�i�s�e�d� �o�f� �u�p� �t�o� �4�2� �a�t�o�m�s�.� �T�h�e�y� �h�a�v�e� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p�s� �r�e�a�c�t�i�v�e� �t�o�w�a�r�d� �t�h�e� 

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

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

�a�l�i�p�h�a�t�i�c� �c�r�o�w�n� �e�t�h�e�r�s� �w�h�i�c�h� �a�r�e� �m�a�c�r�o�c�y�c�l�e�s� �f�o�r� �o�u�r� �p�o�l�y�r�o�t�a�x�a�n�e�s�.� 
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�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N�S� 

�A�l�t�h�o�u�g�h� �H�a�r�r�i�s�o�n� �u�s�e�d� �t�r�i�s�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�l�)�m�e�t�h�a�n�o�l� �i�n� �h�i�s� �s�y�n�t�h�e�s�e�s� �o�f� 

�r�o�t�a�x�a�n�e�s� �[�2�]�,� �h�e� �d�i�d� �n�o�t� �r�e�p�o�r�t� �h�o�w� �t�o� �p�r�e�p�a�r�e� �t�h�i�s� �b�l�o�c�k�i�n�g� �g�r�o�u�p�.� �M�a�r�v�e�l� �a�n�d� 

�c�o�w�o�r�k�e�r�s� �f�i�r�s�t� �r�e�p�o�r�t�e�d� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�h�i�s� �c�o�m�p�o�u�n�d� �[�5�]�.� �T�h�e�y� �s�t�u�d�i�e�d� �t�h�e� 

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

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

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

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

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

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

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

�c�h�l�o�r�i�d�e� �m�o�l�e�c�u�l�e�s� �g�a�v�e� �a�r�y�l�e�t�h�a�n�e�s� �[�5�]�.� 

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

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

�[�6�]�.� �H�o�w�e�v�e�r�,� �t�h�e�y� �d�i�d� �n�o�t� �r�e�p�o�r�t� �a� �d�e�t�a�i�l�e�d� �s�y�n�t�h�e�t�i�c� �p�r�o�c�e�d�u�r�e�.� 

�B�a�s�e�d� �o�n� �M�a�r�v�e�l�'�s� �p�r�i�n�c�i�p�l�e� �t�h�a�t� �a� �b�u�l�k�y� �t�r�i�a�r�y�l� �g�r�o�u�p� �c�a�n� �b�e� �b�u�i�l�t� �u�p� �b�y� �G�r�i�g�n�a�r�d� 

�r�e�a�c�t�i�o�n� �o�f� �a� �b�r�o�m�o�b�e�n�z�e�n�e� �d�e�r�i�v�a�t�i�v�e� �a�n�d� �a� �b�e�n�z�o�a�t�e� �e�s�t�e�r� �[�5�]�,� �w�e� �s�y�n�t�h�e�s�i�z�e�d� 

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

�b�u�t�y�l�p�h�e�n�y�l�)�m�e�t�h�y�!� �m�o�i�e�t�y�.� �T�h�e� �s�y�n�t�h�e�t�i�c� �r�o�u�t�e� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �1�.� 

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

�G�r�i�g�n�a�r�d� �r�e�a�g�e�n�t� �d�e�r�i�v�e�d� �f�r�o�m� �p�-�b�r�o�m�o�-�t�-�b�u�t�y�l�b�e�n�z�e�n�e� �T�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�,� 
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�e�t�h�y�l� �p�-�t�b�u�t�y�l�b�e�n�z�o�a�t�e� �(�1�)� �w�a�s� �p�r�e�p�a�r�e�d� �i�n� �9�1� �%� �y�i�e�l�d� �f�r�o�m� �d�i�r�e�c�t� �e�s�t�e�r�i�f�i�c�a�t�i�o�n� �o�f� 

�p�-�t�-�b�u�t�y�l�b�e�n�z�o�i�c� �a�c�i�d� �a�n�d� �e�t�h�a�n�o�l�,� �u�s�i�n�g� �H�C�I� �a�s� �a� �c�a�t�a�l�y�s�t�.� �F�i�g�u�r�e� �1� �i�s� �t�h�e� �1�H� 

�N�M�R� �s�p�e�c�t�r�u�m� �o�f� �1�.� �T�h�e� �G�r�i�g�n�a�r�d� �r�e�a�g�e�n�t� �2� �w�a�s� �p�r�e�p�a�r�e�d� �i�n� �s�i�t�u� �b�y� �t�h�e� 

�r�e�a�c�t�i�o�n� �o�f� �p�-�b�r�o�m�o�-�t�-�b�u�t�y�l�b�e�n�z�e�n�e� �w�i�t�h� �m�a�g�n�e�s�i�u�m� �i�n� �r�e�f�l�u�x�i�n�g� �T�H�F�.� �U�s�u�a�l�l�y� 

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

�b�e� �r�e�m�o�v�e�d� �b�y� �a� �w�a�t�e�r� �b�a�t�h� �[�7�]�.� �O�u�r� �r�e�a�c�t�i�o�n�,� �h�o�w�e�v�e�r�,� �w�a�s� �u�n�d�e�r� �r�e�f�l�u�x� 

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

�E�t�h�y�l� �e�t�h�e�r�,� �a� �c�o�m�m�o�n� �s�o�l�v�e�n�t� �f�o�r� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �G�r�i�g�n�a�r�d� �r�e�a�g�e�n�t�s� �[�7�]�,� �w�a�s� 

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

�i�s� �a� �n�o�r�m�a�l� �c�a�t�a�l�y�s�t� �f�o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �G�r�i�g�n�a�r�d� �r�e�a�g�e�n�t�s� �[�7�]�.� �H�o�w�e�v�e�r�,� �u�s�e� �o�f� 

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

�r�e�s�u�l�t�i�n�g� �i�n� �a� �s�i�d�e� �p�r�o�d�u�c�t�,� �1�,�1�,�2�,�2�-�t�e�t�r�a�k�i�s�(�p�-�f�b�u�t�y�l�p�h�e�n�y�l�)�-�1�,�2�-�d�i�h�y�d�r�o�x�y�e�t�h�a�n�e� 

�[�4�,� �8�]�.� 

�T�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �2�.� �F�i�r�s�t�,� �t�h�e� �G�r�i�g�n�a�r�d� 

�r�e�a�g�e�n�t� �a�t�t�a�c�k�s� �t�h�e� �c�a�r�b�o�n�y�l� �g�r�o�u�p� �o�f� �t�h�e� �e�s�t�e�r� �1�,� �r�e�s�u�l�t�i�n�g� �i�n� �d�i�(�p�-�t�-� 

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

�d�i�a�r�y�l� �k�e�t�o�n�e�,� �g�e�n�e�r�a�t�i�n�g� �t�h�e� �m�a�g�n�e�s�i�u�m� �s�a�l�t� �o�f� �t�r�i�s�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�!�)�m�e�t�h�a�n�o�l�.� 

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

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

�N�M�R� �s�p�e�c�t�r�a�.� �T�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t� �w�a�s� �s�a�m�e� �a�s� �t�h�e� �r�e�p�o�r�t�e�d� �v�a�l�u�e� �[�4�]�.� �T�h�e� �F�T�I�R� 

�s�p�e�c�t�r�u�m� �s�h�o�w�s� �t�h�e� �O�-�H� �s�t�r�e�t�c�h� �a�t� �3�5�7�6� �c�m�-�1�.� �I�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� 

�2�)� �t�h�e� �s�i�g�n�a�l� �f�o�r� �2�7� �t�-�b�u�t�y�l� �p�r�o�t�o�n�s� �a�p�p�e�a�r�s� �a�t� �1�.�3�0� �6�;� �t�h�e� �h�y�d�r�o�x�y�l� �p�r�o�t�o�n� �o�c�c�u�r�s� 
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�a�t� �2�.�7�1� �5�;� �s�i�g�n�a�l�s� �o�f� �t�h�e� �1�2� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �a�p�p�e�a�r� �a�t� �7�.�1�8� �5� �(�d�o�u�b�l�e�t�)� �a�n�d� �7�.�3�1� 

�5� �(�d�o�u�b�l�e�t�)�.� 

�T�r�i�s�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�l�)�m�e�t�h�a�n�o�l� �(�3�)� �c�a�n� �n�o�t� �b�e� �d�i�r�e�c�t�l�y� �u�s�e�d� �a�s� �a� �b�l�o�c�k�i�n�g� �g�r�o�u�p� 

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

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

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

�e�q�u�i�l�i�b�r�a�t�i�o�n� �[�2�]�,� �h�i�s� �r�o�t�a�x�a�n�e�s� �w�e�r�e� �u�n�s�t�a�b�l�e� �c�o�m�p�o�u�n�d�s�.� �S�c�h�i�l�l� �e�t� �a�l�.� 

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

�s�u�i�t�a�b�l�e� �e�l�e�c�t�r�o�p�h�i�l�e� �[�3�]�.� �T�h�e� �a�n�i�o�n� �w�a�s� �f�o�r�m�e�d� �i�n� �s�i�t�u� �b�y� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �n�-� 

�b�u�t�y�l�l�i�t�h�i�u�m� �w�i�t�h� �t�r�i�p�h�e�n�y�l�m�e�t�h�a�n�e�.� 

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

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

�p�r�o�p�o�s�e�d� �b�y� �S�c�h�i�l�l� �[�3�]�,� �a� �m�e�t�h�o�d� �i�n�v�o�l�v�i�n�g� �c�a�r�b�o�a�n�i�o�n� �c�h�e�m�i�s�t�r�y� �w�a�s� �d�e�v�e�l�o�p�e�d� 

�a�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �3� �[�4�]�.� �F�i�r�s�t�,� �t�r�i�s�(�p�-�t�b�u�t�y�l�p�h�e�n�y�l�)�m�e�t�h�a�n�o�l� �(�3�)� �i�s� �r�e�d�u�c�e�d� �t�o� 

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

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

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

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

�p�r�o�t�e�c�t�e�d�)� �3�-�c�h�l�o�r�o�p�r�o�p�a�n�o�l� �t�o� �f�o�r�m� �c�h�a�i�n� �e�x�t�e�n�d�e�d� �T�H�P�-�p�r�o�t�e�c�t�e�d� �a�l�c�o�h�o�l� �6�.� �6� 

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

�b�l�o�c�k�i�n�g� �g�r�o�u�p� �7�.� 
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�T�h�i�s� �m�e�t�h�o�d� �h�a�s� �t�w�o� �d�r�a�w�b�a�c�k�s�.� �F�i�r�s�t�,� �t�h�e� �s�y�n�t�h�e�t�i�c� �r�o�u�t�e� �i�n�v�o�l�v�e�s� �s�e�v�e�r�a�l� 

�s�t�e�p�s�.� �S�e�c�o�n�d�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� �t�r�i�a�r�y�i�m�e�t�h�y�l� �c�a�r�b�a�n�i�o�n� �a�n�d� �T�H�P�-�p�r�o�t�e�c�t�e�d� �3�-� 

�c�h�l�o�r�o�p�r�o�p�a�n�o�l� �i�s� �n�o�t� �h�i�g�h� �y�i�e�l�d�i�n�g� �e�x�c�e�p�t� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�o�x�i�c� �H�M�P�A� �[�4�]�.� 

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

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

�4� �[�4�]�.� �T�h�i�s� �m�e�t�h�o�d� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�p�o�r�t� �b�y� �M�i�k�r�o�y�a�n�n�i�d�i�s� �[�9�]�.� �H�e� 

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

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

�C�r�a�f�t�s� �a�l�k�y�l�a�t�i�o�n� �r�e�a�c�t�i�o�n�.� �I�n� �S�c�h�e�m�e� �4� �t�r�i�s�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�!�)�m�e�t�h�y�!� �c�h�l�o�r�i�d�e� �(�8�)� 

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

�c�h�l�o�r�i�d�e�,� �u�s�i�n�g� �t�h�e� �p�r�o�c�e�d�u�r�e� �s�u�g�g�e�s�t�e�d� �b�y� �M�a�r�v�e�l� �e�t� �a�l�.�[�5�]�.� �T�r�i�s�(�p�-�t�-� 

�b�u�t�y�l�p�h�e�n�y�l�)�m�e�t�h�y�!� �c�h�l�o�r�i�d�e� �(�8�)� �w�a�s� �t�h�e�n� �r�e�a�c�t�e�d� �w�i�t�h� �e�x�c�e�s�s� �n�e�a�t� �p�h�e�n�o�l� �a�t� �1�0�0� 

�°�C� �t�o� �p�r�o�d�u�c�e� �t�r�i�s�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�l�)�(�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�m�e�t�h�a�n�e� �(�9�)�.� �S�t�o�d�d�a�r�t� �a�n�d� 

�c�o�w�o�r�k�e�r�s� �r�e�p�o�r�t�e�d� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �9� �f�r�o�m� �8� �i�n� �9�5� �%� �y�i�e�l�d� �[�6�]�.� �T�h�e�y� �p�r�e�p�a�r�e�d� �8� 

�f�r�o�m� �3� �u�s�i�n�g� �t�h�i�o�n�y�l� �c�h�l�o�r�i�d�e� �i�n� �6�9� �%� �y�i�e�l�d� �[�6�]�.� 

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

�b�e� �c�a�r�r�i�e�d� �o�u�t� �w�i�t�h� �H�C�I� �a�s� �a� �c�a�t�a�l�y�s�t� �t�o� �p�r�o�d�u�c�e� �p�h�e�n�o�l�i�c� �b�l�o�c�k�i�n�g� �g�r�o�u�p� �9� �i�n�a� 

�g�o�o�d� �y�i�e�l�d� �[�3�]�.� �O�b�v�i�o�u�s�l�y�,� �t�h�i�s� �m�e�t�h�o�d� �i�s� �s�u�p�e�r�i�o�r� �t�o� �t�h�e� �a�b�o�v�e� �o�n�e� �b�e�c�a�u�s�e� �o�f� �i�t�s� 

�s�h�o�r�t�e�r� �s�y�n�t�h�e�t�i�c� �r�o�u�t�e�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �w�a�s� �a�d�o�p�t�e�d� �t�o� �s�y�n�t�h�e�s�i�z�e� �9�.� �T�h�i�s� �r�e�a�c�t�i�o�n� 

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

�S�c�h�e�m�e� �5�.� �F�i�r�s�t�,� �3� �i�s� �p�r�o�t�o�n�a�t�e�d� �b�y� �H�C�I� �a�n�d� �l�o�s�e�s� �a� �w�a�t�e�r� �m�o�l�e�c�u�l�e� �t�o� �f�o�r�m� �a� 

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

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

�N�A�O�H� �s�o�l�u�t�i�o�n�.� �I�t� �w�a�s� �e�a�s�i�l�y� �p�u�r�i�f�i�e�d� �b�y� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �s�i�n�c�e� �t�h�e� �s�y�m�m�e�t�r�y� �i�s� 

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

�T�h�e� �p�h�e�n�o�l�i�c� �b�l�o�c�k�i�n�g� �g�r�o�u�p� �9� �g�i�v�e� �s�a�t�i�s�f�a�c�t�o�r�y� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �r�e�s�u�l�t�s�.� �I�t�s� 

�m�e�l�t�i�n�g� �p�o�i�n�t� �i�s� �8�5� �°�C� �h�i�g�h�e�r� �t�h�a�n� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �3� �b�e�c�a�u�s�e� �o�f� �i�t�s� �h�i�g�h�e�r� 

�s�y�m�m�e�t�r�y�.� �T�h�e� �F�T�I�R� �s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� �3�)� �s�h�o�w�s� �a� �p�h�e�n�o�l�i�c� �O�-�H� �o�u�t�-�o�f�-�p�l�a�n�e� 

�d�e�f�o�r�m�a�t�i�o�n� �a�t� �7�0�4� �c�m�-�1�.� �I�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� �4�)� �t�h�e� �s�i�g�n�a�l� �o�f� �2�7� �t�-� 

�b�u�t�y�l� �p�r�o�t�o�n�s� �a�p�p�e�a�r�s� �a�t� �1�.�3�0� �6�;� �t�w�o� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �a�p�p�e�a�r� �a�t� �6�.�7�2� �6�;� �t�w�o� �a�t� 

�7�.�0�3� �5�;� �t�w�e�l�v�e� �a�t� �7�.�0�8� �a�n�d� �7�.�2�2� �5�8�.� 

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

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

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

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

�w�a�s� �d�o�n�e� �b�y� �e�l�a�b�o�r�a�t�i�o�n� �o�f� �t�h�e� �p�h�e�n�o�l� �9� �b�y� �a� �W�i�l�l�i�a�m�s�o�n� �r�e�a�c�t�i�o�n� �a�s� �s�h�o�w�n� �i�n� 

�S�c�h�e�m�e� �1�.� 

�T�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �p�h�e�n�o�l� �9� �t�o� �t�h�e� �a�l�c�o�h�o�l� �1�0� �c�a�n� �b�e� �d�o�n�e� �b�y� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� 

�p�h�e�n�o�l� �9� �w�i�t�h� �a�n� �e�x�c�e�s�s� �o�f� �T�H�P�-�p�r�o�t�e�c�t�e�d� �d�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �m�o�n�o�c�h�l�o�r�i�d�e� �i�n� �1�-� 

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

�w�i�t�h� �H�C�I� �t�h�e� �a�l�c�o�h�o�l�i�c� �b�l�o�c�k�i�n�g� �g�r�o�u�p� �1�0� �w�a�s� �o�b�t�a�i�n�e�d� �[�5�]�.� �A�l�t�h�o�u�g�h� �t�h�e� �r�e�p�o�r�t�e�d� 

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

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

�g�l�y�c�o�l�)� �m�o�n�o�c�h�i�o�r�i�d�e�.� �I�n� �t�h�i�s� �r�e�a�c�t�i�o�n� �9� �w�a�s� �a�l�l�o�w�e�d� �t�o� �r�e�a�c�t� �w�i�t�h� �a�n� �e�x�c�e�s�s� �o�f� 

�d�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� �m�o�n�o�c�h�l�o�r�i�d�e� �i�n� �1�-�b�u�t�a�n�o�l�,� �u�s�i�n�g� �K�2�C�O�3� �a�s� �a� �b�a�s�e�.� �S�i�n�c�e� 

�K�2�C�O�3� �c�a�n� �o�n�l�y� �d�e�p�r�o�t�o�n�a�t�e� �t�h�e� �p�h�e�n�o�l� �b�u�t� �n�o�t� �t�h�e� �a�l�c�o�h�o�l�,� �p�r�o�t�e�c�t�i�o�n� �o�f� �a�l�c�o�h�o�l� 

�9� �b�e�c�o�m�e�s� �u�n�n�e�c�e�s�s�a�r�y�.� 

�T�h�e� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �1�0� �w�a�s� �s�t�r�a�i�g�h�t�f�o�r�w�a�r�d�.� �A�f�t�e�r� �t�h�e� �p�r�o�d�u�c�t� �h�a�d� �b�e�e�n� �w�a�s�h�e�d� 

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

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

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

�s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� �5�)� �s�h�o�w�s� �t�h�e� �a�l�i�p�h�a�t�i�c� �e�t�h�e�r� �C�-�O�-�C� �s�t�r�e�t�c�h� �a�t� �1�0�7�0� �c�m�-�'�.� �I�n� �t�h�e� 

�1�H� �N�M�R� �s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� �6�)� �t�h�e� �s�i�g�n�a�l� �o�f� �2�7� �t�-�b�u�t�y�l� �p�r�o�t�o�n�s� �a�p�p�e�a�r�s� �a�t� �1�.�3�0� �p�p�m� 

�a�s� �a� �s�i�n�g�l�e�t�;� �p�r�o�t�o�n�s� �o�f� �e�t�h�y�l�e�n�e� �o�x�i�d�e� �u�n�i�t�s� �o�c�c�u�r� �a�t� �3�.�6�9�,� �3�.�7�6�,� �3�.�8�7�,� �a�n�d� �4�.�1�1� 

�p�p�m�;� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �a�p�p�e�a�r� �a�t� �6�.�7�9�,� �7�.�0�8�,� �a�n�d� �7�.�2�3� �p�p�m�.� 

�T�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t� �o�f� �1�0� �i�s� �8�1� �°�C� �l�o�w�e�r� �t�h�a�n� �i�t�s� �p�r�e�c�u�r�s�o�r�,� �p�h�e�n�o�l� �9�.� �T�h�i�s� �i�s� 

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

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

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

�n�e�c�e�s�s�a�r�y� �f�o�r� �d�i�f�f�e�r�e�n�t� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�.� 
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�C�O�N�C�L�U�S�I�O�N�S� 

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

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

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

�g�e�n�e�r�a�t�e�d� �t�r�i�s�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�l�)�(�p�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�m�e�t�h�a�n�e� �(�9�)�,� �a� �p�h�e�n�o�l�i�c� �b�l�o�c�k�i�n�g� 

�g�r�o�u�p�.� �9� �w�a�s� �c�o�n�v�e�r�t�e�d� �t�o� �a� �h�y�d�r�o�x�y�l� �t�e�r�m�i�n�a�t�e�d� �b�l�o�c�k�i�n�g� �g�r�o�u�p� �1�0� �b�y� �i�t�s� 

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

�b�a�s�e�.� �T�h�e�s�e� �f�u�n�c�t�i�o�n�a�l�i�z�e�d� �t�r�i�a�r�y�l�m�e�t�h�y�l� �d�e�r�i�v�a�t�i�v�e�s� �9� �a�n�d� �1�0� �a�r�e� �a�b�l�e� �t�o� �e�n�d�-�c�a�p� 

�p�o�l�y�m�e�r� �b�a�c�k�b�o�n�e�s� �o�f� �p�o�l�y�r�o�t�a�x�a�n�e�s� �t�o� �c�o�n�s�t�r�a�i�n� �r�i�n�g�s� �c�o�m�p�r�i�s�e�d� �o�f� �u�p� �t�o� �4�2� 

�a�t�o�m�s�.� �T�h�e�y� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �a�s� �e�n�d� �b�l�o�c�k�i�n�g� �u�n�i�t�s� �i�n� �r�o�t�a�x�a�n�e� �s�y�n�t�h�e�s�e�s�.� 
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�E�X�P�E�R�I�M�E�N�T�A�L� 

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

�c�o�r�r�e�c�t�e�d�.� �P�r�o�t�o�n� �N�M�R� �s�p�e�c�t�r�a�,� �r�e�p�o�r�t�e�d� �i�n� �p�p�m�,� �w�e�r�e� �o�b�t�a�i�n�e�d� �o�n� �2�7�0� �o�r� �4�0�0� 

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

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

�N�M�R� �s�p�e�c�t�r�a�:� �s� �(�s�i�n�g�l�e�t�)�,� �d� �(�d�o�u�b�l�e�t�)�,� �t� �(�t�r�i�p�l�e�t�)�,� �q� �(�q�u�a�r�t�e�t�)�,� �p� �(�p�e�n�t�e�t�)�,� �a�n�d� �m� 

�(�m�u�t�l�i�p�l�e�t�)�.� �T�h�e� �v�a�l�u�e�s� �o�f� �c�o�u�p�l�i�n�g� �c�o�n�s�t�a�n�t�s� �(�J�)� �w�e�r�e� �r�e�p�o�r�t�e�d� �i�n� �H�z�.� �F�T�I�R� 

�s�p�e�c�t�r�a�,� �r�e�p�o�r�t�e�d� �i�n� �c�m�'�,� �w�e�r�e� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �K�B�r� �p�e�l�l�e�t�s� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� 

�n�o�t�e�d�.� 

�S�t�a�r�t�i�n�g� �M�a�t�e�r�i�a�l�s�.� �T�H�F� �w�a�s� �d�r�i�e�d� �o�v�e�r� �N�a�/�b�e�n�z�e�n�o�p�h�e�n�o�n�e� �a�n�d� �d�i�s�t�i�l�l�e�d� �j�u�s�t� 

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

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

�E�t�h�y�l� �p�-�t�b�u�t�y�l�b�e�n�z�o�a�t�e� �(�1�)� 

�p�-�t�-�B�u�t�y�l�b�e�n�z�o�i�c� �a�c�i�d� �(�1�0�0� �g�,� �5�6�0� �m�m�o�l�)�,� �e�t�h�a�n�o�l� �(�5�0�0� �m�L�,� �8�.�7�0� �m�o�l�)�,� �a�n�d� �9�8�%� 

�s�u�l�f�u�r�i�c� �a�c�i�d� �(�5�0� �m�L�,� �9�0�0� �m�m�o�l�)� �w�e�r�e� �a�d�d�e�d� �i�n� �a� �1�-�L�,� �1�-�n�e�c�k�e�d� �f�l�a�s�k� �e�q�u�i�p�p�e�d� 

�w�i�t�h� �a� �c�o�n�d�e�n�s�e�r� �a�n�d� �a� �m�a�g�n�e�t�i�c� �s�t�i�r�r�e�r�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �s�t�i�r�r�e�d� �f�o�r� �3�6� �h�o�u�r�s� �a�t� 

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

�i�c�e� �w�a�t�e�r� �(�5�0�0� �m�L�)� �a�n�d� �n�e�u�t�r�a�l�i�z�e�d� �w�i�t�h� �N�a�O�H� �(�c�a�.� �2�2� �g�)�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �t�h�e�n� 

�e�x�t�r�a�c�t�e�d� �w�i�t�h� �e�t�h�y�l� �a�c�e�t�a�t�e� �(�2� �x� �5�0�0� �m�L�)�.� �T�h�e� �c�o�m�b�i�n�e�d� �o�r�g�a�n�i�c� �p�h�a�s�e� �w�a�s� 

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

�l�i�q�u�i�d� �p�r�o�d�u�c�t� �(�1�1�1� �g�,� �9�1� �%�)� �w�a�s� �o�b�t�a�i�n�e�d�.� �I�R�:� �2�9�6�6�,� �2�9�5�6�,� �1�7�2�0�,� �1�6�1�0�,� �1�4�0�9�,� 

�1�3�6�6�,� �1�3�1�3�,� �1�2�7�7�,� �1�1�8�8�,� �1�1�1�6�,� �1�1�0�2�,� �1�0�2�1�,� �7�7�5�,� �7�0�8�.� �1�H�-�N�M�R�:� �1�.�3�5� �(�s�,� �9� �H�,� �t�-� 
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�b�u�t�y�l�)�,� �1�.�4�0� �(�t�,� �J� �=� �7�,� �3�H�,� �-�C�H�s�3�)�,� �4�.�4�0� �(�q�,� �J� �=� �7�,� �2� �H�,� �-�C�H�z�-�)�,� �7�.�4�5� �(�d�,� �J�=�1�1�,� �2�H�,� 

�a�r�o�m�.�)�,� �8�.�0�0� �(�d�,� �J� �=� �1�1�,� �2�H�,� �a�r�o�m�.�)�.� 

�T�r�i�s�(�p�-�#�b�u�t�y�l�p�h�e�n�y�l�)�m�e�t�h�a�n�o�l� �(�3�)� 

�T�o� �a�n� �o�v�e�n�-�d�r�i�e�d� �5�0�0�-�m�L� �3�-�n�e�c�k�e�d� �f�l�a�s�k� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �c�o�n�d�e�n�s�e�r�,� �m�a�g�n�e�t�i�c� 

�s�t�i�r�r�i�n�g�,� �a� �d�r�o�p�p�i�n�g� �f�u�n�n�e�l�,� �a�n�d� �n�i�t�r�o�g�e�n� �s�y�s�t�e�m�,� �m�a�g�n�e�s�i�u�m� �t�u�r�n�i�n�g�s� �(�7�.�3�9� �g�,� �3�0�4� 

�m�m�o�l�)� �w�e�r�e� �a�d�d�e�d� �w�i�t�h� �d�r�y� �(�N�a�/�b�e�n�z�o�p�h�e�n�o�n�e�)� �T�H�F� �(�8�5� �m�L�)�.� �p�-�B�r�o�m�o�-�t�-� 

�b�u�t�y�l�b�e�n�z�e�n�e� �(�4�3�.�2� �g�,� �2�0�3� �m�m�o�l�)� �i�n� �d�r�y� �T�H�F� �(�6�5� �m�L�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �o�v�e�r� �2� 

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

�E�t�h�y�l� �p�-�t�-�b�u�t�y�l�b�e�n�z�o�a�t�e� �(�1�)� �(�2�0�.�9� �g�,� �1�0�1� �m�m�o�l�)� �i�n� �d�r�y� �T�H�F� �(�8�5� �m�L�)� �w�a�s� �a�d�d�e�d� 

�d�r�o�p�w�i�s�e� �o�v�e�r� �2� �h�o�u�r�s�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �s�t�i�r�r�e�d� �f�o�r� �1�7� �h�o�u�r�s� �a�t� �r�e�f�l�u�x�.� �T�h�e� 

�s�o�l�u�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �n�e�u�t�r�a�l�i�z�e�d� �w�i�t�h� �1�0� �%� �H�C�l�.� �A�f�t�e�r� 

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

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

�a�f�f�o�r�d� �a� �w�h�i�t�e� �s�o�l�i�d� �(�2�6�.�6� �g�,� �6�2� �%�)�,� �m�p� �2�1�6�.�5� �-� �2�1�7�.�7� �°�C� �(�L�i�t�.� �[�4�]� �m�p� �2�1�4�.�6� �-� �2�1�5�.�8� 

�°�C�)�.� �I�R�:� �3�5�7�5�,� �3�0�8�5�,� �3�0�5�3�,� �3�0�2�4�,� �2�9�7�5�,� �2�9�0�0�,� �2�8�6�5�,� �1�5�0�7�,� �1�4�6�1�,� �1�3�0�2�,� �1�1�6�3�.� �'�H� 

�N�M�R�:� �1�.�3�1� �(�s�,� �2�7� �H�,� �t�-�b�u�t�y�l�)�,� �7�.�1�9� �(�d�,� �J� �=� �1�1�,� �6�H�,� �a�r�o�m�.�)�,� �7�.�3�3� �(�d�,� �J� �=� �1�1�,� �6� �H�,� 

�a�r�o�m�.�)�.� 

�T�r�i�s�(�p�-�t�b�u�t�y�l�p�h�e�n�y�l�)�(�p ��-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�m�e�t�h�a�n�e� �(�9�)� 

�T�r�i�s�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�l�)�m�e�t�h�a�n�o�l� �(�1�3�.�0� �g�,� �3�0�.�3� �m�m�o�l�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �p�h�e�n�o�l� �(�5�0� �g�)� 

�b�y� �w�a�r�m�i�n�g� �i�n� �a� �2�5�0�-�m�L� �1�-�n�e�c�k�e�d� �f�l�a�s�k� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �c�o�n�d�e�n�s�e�r� �a�n�d� �n�i�t�r�o�g�e�n� 

�s�y�s�t�e�m�.� �H�C�I� �(�3�6�%�,� �1� �m�L�)� �w�a�s� �a�d�d�e�d� �a�s� �a� �c�a�t�a�l�y�s�t�.� �A� �d�e�e�p� �r�e�d�d�i�s�h� �b�l�u�e� �c�o�l�o�r� 
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�w�a�s� �o�b�s�e�r�v�e�d� �i�m�m�e�d�i�a�t�e�l�y�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �r�e�f�l�u�x�e�d� �f�o�r� �2�4� �h�o�u�r�s�.� �A�f�t�e�r� �t�h�e� 

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

�(�3� �x� �1�5�0� �m�L�)�.� �T�h�e� �c�o�m�b�i�n�e�d� �o�r�g�a�n�i�c� �p�h�a�s�e� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �a�q�u�e�o�u�s� �N�a�O�H� 

�s�o�l�u�t�i�o�n� �(�2�0� �g�/�L�,� �3� �x� �2�5�0� �m�L�)�,� �a�n�d� �w�i�t�h� �w�a�t�e�r� �(�3� �x� �2�5�0� �m�L�)�,� �a�n�d� �d�r�i�e�d� �w�i�t�h� 

�N�a�a�S�O�q�.� �A� �w�h�i�t�e� �s�o�l�i�d� �(�1�2�.�3� �g�,� �8�0� �%�)� �w�a�s� �o�b�t�a�i�n�e�d� �a�f�t�e�r� �i�t� �w�a�s� �d�e�c�o�l�o�r�i�z�e�d� �w�i�t�h� 

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

�n�-�h�e�x�a�n�e� �f�o�r� �3�0� �m�i�n�u�t�e�s�,� �f�i�l�t�e�r�e�d�,� �d�r�i�e�d� �u�n�d�e�r� �v�a�c�u�u�m� �a�n�d� �w�e�i�g�h�e�d� �(�1�1�.�2� �g�,� �7�3� 

�%�)�,� �m�p� �3�0�1�.�8�-�3�0�2�.�8�°�C� �(�L�i�t�.� �[�4�]� �m�p� �3�0�4�.�0� �-� �3�0�5�.�8� �°�C�)�.� �I�R�:� �3�3�0�7�,� �3�0�3�1�,� �2�9�5�8�,� �1�6�0�7�,� 

�1�5�0�8�,� �1�4�7�5�,� �1�4�0�2�,� �1�3�6�3�,� �1�2�7�1�,� �1�2�3�8�,� �1�1�7�8�,� �1�1�0�6�,� �1�0�2�0�,� �8�2�2�,� �7�0�4�.� �'�H� �N�M�R�:� �1�.�3�0� 

�(�S�s�,� �2�7� �H�,� �t�-�b�u�t�y�l�)�,� �4�.�7�2� �(�s�,�1� �H�,� �-�O�H�)�,� �6�.�7�0� �(�d�,� �J� �=� �1�1�,� �2�H�,� �a�r�o�m�.�)�,� �7�.�0�5�-�7�.�2�5� �(�m�,� �1�4� 

�H�,� �a�r�o�m�.�)�.� 

�M�o�n�o�-�p�-�[�t�r�i�s�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�l�)�m�e�t�h�y�l�]�p�h�e�n�y�l� �E�t�h�e�r� �o�f� �D�i�(�e�t�h�y�l�e�n�e� �g�l�y�c�o�l�)� 

�(�1�0�)� 

�T�r�i�s�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�l�)�(�p�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�m�e�t�h�a�n�e� �(�9�)� �(�1�0�.�1� �g�,� �2�0�.�0� �m�m�o�l�)� �w�a�s� 

�d�i�s�s�o�l�v�e�d� �i�n� �1�-�b�u�t�a�n�o�l� �(�2�0�0� �m�L�)� �b�y� �h�e�a�t�i�n�g� �i�n� �a� �5�0�0�-�m�L� �1�-�n�e�c�k�e�d� �f�l�a�s�k� �e�q�u�i�p�p�e�d� 

�w�i�t�h� �a� �c�o�n�d�e�n�s�e�r�,� �m�a�g�n�e�t�i�c� �s�t�i�r�r�i�n�g� �a�n�d� �n�i�t�r�o�g�e�n� �i�n�l�e�t�.� �K�2�C�O�3� �(�2�7�.�6� �g�,� �2�0�0� �m�m�o�l�)� 

�i�n� �w�a�t�e�r� �(�7�0� �m�L�)� �w�a�s� �a�d�d�e�d� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �r�e�f�l�u�x�e�d� �f�o�r� �1�2� �h�.� �2�-�(�2 ��-� 

�C�h�l�o�r�o�e�t�h�o�x�y�)�e�t�h�a�n�o�l� �(�2�4�.�9� �g�,� �2�0�0� �m�m�o�l�)� �i�n� �1�-�b�u�t�a�n�o�l� �(�4�0� �m�L�)� �w�a�s� �a�d�d�e�d�.� �T�h�e� 

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

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

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

�m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �(�3�0�0� �m�L�)�,� �w�a�s�h�e�d� �w�i�t�h� �w�a�t�e�r� �(�3� �x� �2�0�0� �m�L�)�,� �a�n�d� �d�r�i�e�d� �w�i�t�h� 

�N�a�g�S�O�4�.� �A� �w�h�i�t�e� �s�o�l�i�d� �(�1�5�.�3� �g�)� �w�a�s� �o�b�t�a�i�n�e�d� �a�f�t�e�r� �t�h�e� �r�e�m�o�v�a�l� �o�f� �t�h�e� �s�o�l�v�e�n�t�.� 
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�T�h�e� �s�o�l�i�d� �w�a�s� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �i�n� �a�c�e�t�o�n�e� �t�h�r�e�e� �t�i�m�e�s� �t�o� �a�f�f�o�r�d� �w�h�i�t�e� �c�r�y�s�t�a�l�s� �(�1�1�.�9� 

�g�,� �8�6� �%�)�,� �m�p� �2�2�0�.�5� �-�2�2�1�.�6� �°�C� �(�L�i�t�.� �[�4�]� �2�1�8�.�3� �-�2�1�8�.�6� �°�C�)�.� �I�R�:� �3�4�5�5�,� �2�9�6�5�,� �2�8�6�8�,� 

�1�6�1�1�,� �1�5�0�8�,� �1�4�6�3�,� �1�3�6�0�,� �1�2�5�0�,� �1�1�8�6�,� �1�1�3�5�,� �1�0�6�4�,� �1�0�1�8�,� �8�1�9�,� �7�0�9�,� �5�8�0�.� �1�H� �N�M�R�:� 

�1�.�3�0� �(�s�,� �2�7� �H�,� �C�H�3�)�,� �3�.�6�9� �(�t�,� �J� �=� �5�,� �2�H�,� �C�H�o�C�H�2�O�H�)�,� �3�.�7�6� �(�m�,� �2� �H�,� �C�H�o�O�H�)�,� 

�3�.�8�7� �(�t�,� �J� �=� �5�,� �2�H�,� �C�H�o�C�H�2�O�C�H�2�C�H�2�0�O�H�)�,� �4�.�1�1� �(�t�,� �J� �=� �5�,� �2�H�,� �A�T�O�C�H�2�-�)�,� �6�.�7�9� �(�d�,� 

�J�=�1�1�,� �2�H�,� �a�r�o�m� �c�l�o�s�e�s�t� �t�o� �O�H�)�,� �7�.�0�8� �(�m�,� �6� �H�,� �a�r�o�m�)�,� �7�.�2�3� �(�m�,� �6�H�,� �a�r�o�m�)�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�G�i�b�s�o�n�,� �H�.� �W�.�;� �M�a�r�a�n�d�,� �H�.� �A�d�v�.� �M�a�t�e�r�,� �1�9�9�3�,� �6�,� �1�1�;� �G�i�b�s�o�n�,� �H�.� �W�.�;� �B�h�e�d�a�,� 

�M�.� �C�.�;� �E�n�g�e�n�,� �P�.� �T�.� �P�r�o�g�.� �P�o�l�y�m�.� �S�c�i�.� �1�9�9�4�,� �1�9�,� �8�4�3�.� 

�H�a�r�r�i�s�o�n�,� �|�.� �T�.� �J�.� �C�h�e�m�.�S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.� �1�9�7�2�,� �2�3�1�;� �J�.� �C�h�e�m�.� �S�o�c�.�,� 

�P�e�r�k�i�n� �T�r�a�n�s�.� �1�,� �1�9�7�4�,� �3�0�1�;� �J�.� �C�h�e�m�.� �S�o�c�.�,� �C�h�e�m�.� �C�o�m�m�u�n�.� �1�9�7�7�,� �3�8�4�.� 

�S�c�h�i�l�l�,� �G�.�;� �B�e�c�k�m�a�n�n�,� �W�.�;� �S�c�h�w�e�i�k�e�r�t�,� �N�.�;� �F�r�i�t�z� �H�.� �C�h�e�m�.� �B�e�r�.� �1�9�8�6�,� �1�9�9�,� 

�2�6�4�7�.� 

�G�i�b�s�o�n�,� �H�.� �W�.�;� �L�e�e�,� �S�-�H�.�;� �E�n�g�e�n�,� �P�.� �T�.�;� �L�e�c�a�v�a�l�i�e�r�,� �P�.�;� �S�z�e�,� �J�.�;� �S�h�e�n�,� �Y�.� 

�X�.�;� �B�h�e�d�a�,� �M�.�,� �J�.� �O�r�g�.� �C�h�e�m�.� �1�9�9�3�,� �5�8�,� �3�7�4�8�.� 

�M�a�r�v�e�l�,� �C�.� �S�.�;� �K�a�p�l�a�n�,� �J�.� �F�.�;� �H�i�m�e�l�,� �C�.� �M�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�4�1�,� �6�3�,� 

�1�8�9�2�.� 

�A�s�h�t�o�n�,� �P�.�R�.�;� �P�h�i�l�p�,� �D�.�;� �S�p�e�n�c�e�r�,� �N�.�;� �S�t�o�d�d�a�r�t�,� �J�.� �F�.� �J�.� �C�h�e�m�.� �S�o�c�.� �C�h�e�m�.� 

�C�o�m�m�u�n�.� �1�9�9�2�,� �1�1�2�4�.� 

�F�u�r�n�i�s�s�,� �B�.� �S�.�;� �H�a�n�n�a�f�o�r�d�,� �A�,� �J�.�;� �r�o�g�e�r�s�,� �V�.�;� �S�m�i�t�h�,� �P�.� �W�.� �G�.�;� �T�a�c�h�e�l�l�,� �A�.� �R�.� 
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�|�.� �D�I�F�U�N�C�T�I�O�N�A�L� �B�L�O�C�K�I�N�G� �G�R�O�U�P�S� �F�O�R� �S�T�E�P� �G�R�O�W�T�H� 

�P�O�L�Y�M�E�R�I�Z�A�T�I�O�N� 

�A�.� �&�,�0�,�0�,�@�-�T�e�t�r�a�a�r�y�l�-�c�,�@�-�d�i�f�u�n�c�t�i�o�n�a�l� �B�l�o�c�k�i�n�g� �G�r�o�u�p�s� 

�S�i�m�i�l�a�r�l�y� �t�o� �t�h�e� �s�y�n�t�h�e�s�e�s� �o�f� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �t�r�i�a�r�y�i�m�e�t�h�y�l� �d�e�r�i�v�a�t�i�v�e�s� �[�2�]�,� 

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

�d�i�e�s�t�e�r�s� �6� �w�i�t�h� �t�h�e� �G�r�i�g�n�a�r�d� �r�e�a�g�e�n�t� �7� �d�e�r�i�v�e�d� �f�r�o�m� �p�-�b�r�o�m�o�-�f�-�b�u�t�y�l�b�e�n�z�e�n�e� �i�n� 

�t�e�t�r�a�h�y�d�r�o�f�u�r�a�n� �(�T�H�F�)� �(�S�c�h�e�m�e� �2�)�,� �u�s�i�n�g� �t�h�e� �p�r�o�c�e�d�u�r�e� �r�e�p�o�r�t�e�d� �b�y� �M�a�r�v�e�l� �e�t� �a�l�.� 

�[�5�]� �a�n�d� �S�t�o�d�d�a�r�t� �e�t� �a�l�.� �[�6�]� �a�n�d� �l�a�t�e�r� �b�y� �o�u�r�s�e�l�v�e�s� �[�2�]�.� 

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

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

�u�s�i�n�g� �s�o�d�i�u�m� �t�o� �d�e�p�r�o�t�o�n�a�t�e� �t�h�e� �p�h�e�n�o�l� �[�7�]�.� �T�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �6�a� �i�s� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�.� �U�s�u�a�l�l�y� �G�r�i�g�n�a�r�d� �r�e�a�c�t�i�o�n�s� �r�e�q�u�i�r�e� �a� �c�o�l�d� �b�a�t�h� �t�o� �a�b�s�o�r�b� �t�h�e� 

�1�2�0



�h�e�a�t� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �G�r�i�g�n�a�r�d� �r�e�a�g�e�n�t�s�.� �I�n� �o�u�r� �c�a�s�e�,� �h�o�w�e�v�e�r�,� 

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

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

�b�e�c�a�u�s�e� �i�t� �a�l�s�o� �c�a�t�a�l�y�z�e�s� �a� �G�o�m�b�e�r�g�-�B�a�c�h�m�a�n� �r�e�a�c�t�i�o�n� �[�2�,� �8�]�.� �C�o�m�p�o�u�n�d�s� �8�a� �-� 

�8�c� �w�e�r�e� �o�b�t�a�i�n�e�d� �i�n� �4�0� �-�7�2� �%� �y�i�e�l�d�s� �a�n�d� �w�e�r�e� �p�u�r�i�f�i�e�d� �b�y� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n�.� 

�F�i�g�u�r�e�s� �2�-�4� �a�r�e� �t�h�e�i�r� �1�H� �N�M�R� �s�p�e�c�t�r�a�.� 

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

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

�m�e�t�h�a�n�o�l� �w�i�t�h� �1�,�1�0�-�d�e�c�a�n�e�d�i�o�l� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �c�y�c�l�i�c� �s�p�e�c�i�e�s� �[�9�]� �a�n�d� �f�o�u�n�d� 

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

�2�8�,� �2�9�,� �a�n�d� �4�2� �m�e�t�h�y�l�e�n�e� �g�r�o�u�p�s�,� �r�e�s�p�e�c�t�i�v�e�l�y� �[�1�0�]�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �a�,�a�,�@�,�o�-� 

�t�e�t�r�a�a�r�y�l�-�a�,�@�-�d�i�o�l�s� �8�a� �a�n�d� �8�b� �c�a�n� �c�o�n�s�t�r�a�i�n� �4�2�-�m�e�m�b�e�r�e�d� �r�i�n�g�s� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� 

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

�c�a�p�a�b�l�e� �o�f� �b�l�o�c�k�i�n�g� �t�h�e� �l�o�s�s� �o�f� �4�2�-�m�e�m�b�e�r�e�d� �r�i�n�g�s�.� 

�H�o�w�e�v�e�r�,� �d�i�o�l�s� �8� �c�a�n� �n�o�t� �b�e� �u�s�e�d� �d�i�r�e�c�t�l�y� �i�n� �t�h�e� �p�o�l�y�r�o�t�a�x�a�n�e� �s�y�n�t�h�e�s�e�s� �b�e�c�a�u�s�e� 

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

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

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

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

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

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

�1�2�1



�T�h�e�r�e� �a�r�e� �t�w�o� �a�p�p�r�o�a�c�h�e�s� �f�o�r� �t�h�i�s� �p�u�r�p�o�s�e�.� �O�n�e� �a�p�p�r�o�a�c�h� �i�n�v�o�l�v�e�s� �t�h�e� 

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

�c�h�l�o�r�i�d�e� �[�5�]� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �F�r�i�e�d�e�l�-�C�r�a�f�t�s� �r�e�a�c�t�i�o�n� �w�i�t�h� �p�h�e�n�o�l�,� �a�s� �r�e�p�o�r�t�e�d� �b�y� 

�M�i�k�r�o�y�a�n�n�i�d�i�s� �i�n� �h�i�s� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �b�i�s�-�(�p�-�h�y�d�r�o�x�p�h�e�n�y�l�)�d�i�p�h�e�n�y�l�m�e�t�h�a�n�e� �[�1�1�]�.� 

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

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

�[�2�]�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �s�i�m�p�l�e�r� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �f�i�r�s�t� �o�n�e� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �w�a�s� 

�a�d�o�p�t�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�t� �w�o�r�k�,� �a�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �3�.� �T�h�e� �b�i�s�p�h�e�n�o�l� �9� �w�a�s� 

�g�e�n�e�r�a�t�e�d� �(�9�6� �%�)� �v�i�a� �a� �c�a�r�b�o�c�a�t�i�o�n�i�c� �p�r�o�c�e�s�s� �b�y� �r�e�f�l�u�x�i�n�g� �8�a� �i�n� �p�h�e�n�o�l�,� �u�s�i�n�g� 

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

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

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

�9� �i�n�c�r�e�a�s�e� �i�t�s� �c�r�y�s�t�a�l�l�i�n�i�t�y� �i�n� �c�o�m�p�a�r�i�s�o�n� �t�o� �i�t�s� �p�r�e�c�u�r�s�o�r�,� �d�i�o�l� �8�a�.� �H�e�n�c�e� �9� �w�a�s� 

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

�I�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �9� �(�F�i�g�u�r�e� �5�)� �t�h�e� �c�e�n�t�r�a�l� �t�w�e�l�v�e� �p�r�o�t�o�n�s� �o�f� �t�h�e� 

�d�e�c�a�m�e�t�h�y�l�e�n�e� �u�n�i�t� �a�n�d� �t�h�e� �t�-�b�u�t�y�l� �p�r�o�t�o�n�s� �(�l�a�b�e�l�l�e�d� �a�)� �a�p�p�e�a�r� �a�t� �1�.�2�9�-�1�.�4�7� �5�.� 

�T�h�e� �f�o�u�r� �p�r�o�t�o�n�s� �£� �t�o� �e�t�h�e�r� �o�x�y�g�e�n�s� �(�l�a�b�e�l�l�e�d� �b�)� �a�p�p�e�a�r� �a�t� �1�.�7�6� �6� �a�s� �a� �p�e�n�t�e�t�.� 

�T�h�e� �O�C�H�»� �p�r�o�t�o�n�s� �(�l�a�b�e�l�l�e�d� �c�)� �o�c�c�u�r� �a�s� �a� �f�o�u�r� �p�r�o�t�o�n� �t�r�i�p�l�e�t� �a�t� �3�.�9�3� �5�.� �T�h�e� 

�h�y�d�r�o�x�y�l� �p�r�o�t�o�n�s� �(�g�)� �a�p�p�e�a�r� �a�t� �4�.�6�6� �5�.� �T�h�e� �e�i�g�h�t� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �(�l�a�b�e�l�l�e�d� �d�)� 

�o�c�c�u�r� �a�t� �6�.�6�7� �a�n�d� �6�.�7�3� �8� �a�s� �t�w�o� �d�o�u�b�l�e�t�s�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �2�4� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �(�e�)� 

�a�p�p�e�a�r� �a�t� �7�.�0�2� �-� �7�.�2�4� �8�.� 

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

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

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

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

�b�i�s�p�h�e�n�o�l� �b�u�t� �i�n�s�t�e�a�d� �p�r�o�d�u�c�e�d� �a�,�a�,�,�@�-�t�e�t�r�a�a�r�y�l�h�e�x�a�n�e� �1�0� �i�n� �8�0� �%� �y�i�e�l�d� 

�(�S�c�h�e�m�e� �4�)�.� �T�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �1�0� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.� �T�h�e� �m�e�c�h�a�n�i�s�m� 

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

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

�a�b�s�t�r�a�c�t�i�o�n�.� �1�0� �c�a�n� �b�e� �c�o�n�v�e�r�t�e�d� �v�i�a� �i�t�s� �d�i�a�n�i�o�n� �t�o� �o�t�h�e�r� �d�i�f�u�n�c�t�i�o�n�a�l� �b�l�o�c�k�i�n�g� 

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

�t�h�e� �t�y�p�e� �s�h�o�w�n� �i�n� �o�u�r� �s�y�n�t�h�e�s�i�s� �o�f� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �b�l�o�c�k�i�n�g� �g�r�o�u�p�s� �[�2�]� �a�n�d� �c�a�n� 

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

�a�s� �d�i�h�a�l�i�d�e�s�.� 

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

�a�l�i�p�h�a�t�i�c� �p�o�l�y�e�s�t�e�r� �r�o�t�a�x�a�n�e� �b�a�c�k�b�o�n�e�s� �[�s�e�e� �C�h�a�p�t�e�r� �V�I�I�]�.� �I�n� �f�a�c�t�,� �d�u�e� �t�o� �t�h�e� 

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

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

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

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

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

�i�n� �t�h�e�i�r� �p�o�l�y�m�e�r� �c�h�a�i�n�s�.� �I�n�d�e�e�d� �t�h�i�s� �p�h�e�n�o�m�e�n�o�n� �h�a�s� �b�e�e�n� �o�b�s�e�r�v�e�d� �b�y� �D�S�C� 

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

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

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

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

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

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

�b�u�t�a�n�o�l� �a�t� �r�e�f�l�u�x�,� �u�s�i�n�g� �a�n� �e�x�c�e�s�s� �o�f� �K�o�C�O�3� �a�s� �a� �b�a�s�e�,� �a�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �5�.� 

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

�e�t�h�a�n�o�l�.� 

�I�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �1�1� �(�F�i�g�u�r�e� �7�)� �t�h�e� �s�i�g�n�a�l� �o�f� �t�h�e� �p�h�e�n�o�l�i�c� �-�O�H� �p�r�o�t�o�n�s� 

�o�f� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �9� �i�s� �n�o�t� �p�r�e�s�e�n�t�.� �T�h�e� �t�e�r�m�i�a�l� �h�y�d�r�o�x�y�l� �p�r�o�t�o�n�s� �(�l�a�b�e�l�l�e�d� �j�)� 

�a�p�p�e�a�r� �a�t� �2�.�1�7� �5� �a�s� �a� �t�r�i�p�l�e�t�.� �T�h�e� �p�r�o�t�o�n�s� �o�f� �t�h�e� �e�t�h�y�l�e�n�e�o�x�y� �u�n�i�t�s� �(�l�a�b�e�l�l�e�d� �h�,� �i�,� 

�g�,� �a�n�d� �f�)� �o�c�c�u�r� �a�t� �3�.�6�7�,� �3�.�7�5�,� �3�.�8�5�,� �a�n�d� �4�.�1�1� �6�.� �T�h�e� �s�i�g�n�a�l�s� �o�f� �d�e�c�a�m�e�t�h�y�l�e�n�e� 

�p�r�o�t�o�n�s� �a�n�d� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �9� �i�n� �F�i�g�u�r�e� 

�5�.� 

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

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

�u�s�i�n�g� �b�i�s�p�h�e�n�o�l�i�c� �b�l�o�c�k�i�n�g� �g�r�o�u�p� �9�.� �U�n�l�i�k�e� �9� �w�h�i�c�h� �i�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �l�o�n�g� 

�s�e�q�u�e�n�c�e�s� �1�1� �i�s� �e�x�p�e�c�t�e�d� �t�o� �b�e� �i�n�c�l�u�d�e�d� �m�o�r�e� �r�a�n�d�o�m�l�y� �a�l�o�n�g� �p�o�l�y�m�e�r� �c�h�a�i�n�s� 

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

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

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

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

�B�.� �D�i�e�t�h�y�l� �D�i�(�p�-�t�-�b�u�t�y�l�b�e�n�z�y�l�)�m�a�l�o�n�a�t�e� 

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

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

�b�l�o�c�k�i�n�g� �g�r�o�u�p� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �v�i�a� �a� �o�n�e� �s�t�e�p� �r�o�u�t�e� �(�S�c�h�e�m�e� �6�)�.� �D�i�e�t�h�y�!� 

�m�a�l�o�n�a�t�e� �(�1�2�)� �i�s� �a�n� �i�d�e�a�l� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �f�o�r� �d�i�f�u�n�c�t�i�o�n�a�l� �b�l�o�c�k�i�n�g� �g�r�o�u�p� 

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

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

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

�p�a�r�t�i�c�i�p�a�t�e� �i�n� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� �p�-�t�B�u�t�y�l�b�e�n�z�y�l� �b�r�o�m�i�d�e� �(�1�3�)� �w�a�s� �c�h�o�s�e�n� �b�e�c�a�u�s�e� 

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

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

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

�t�o� �3�0� �a�t�o�m�s�,� �a�c�c�o�r�d�i�n�g� �t�o� �a� �C�P�K� �m�o�d�e�l� �s�t�u�d�y�.� 

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

�T�H�F� �u�s�i�n�g� �l�i�t�h�i�u�m� �h�y�d�r�o�x�i�d�e� �g�a�v�e� �m�a�i�n�l�y� �m�o�n�o�a�l�k�y�l�a�t�i�o�n� �p�r�o�d�u�c�t� �[�1�2�]�.� �O�e�d�i�g�e�r� 

�a�n�d� �M�o�l�l�e�r� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �u�s�e� �o�f� �1�,�8�-�d�i�a�z�a�b�i�c�y�c�l�o�[�5�,�4�,�0�]�u�n�d�e�c�-�7�-�e�n� �(�D�B�U�)� �i�n� 

�D�M�F� �g�a�v�e� �8�4� �%� �d�i�a�l�k�y�l�a�t�i�o�n� �p�r�o�d�u�c�t�s� �[�1�3�]�.� �H�o�w�e�v�e�r�,� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �l�a�t�t�e�r� 

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

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

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

�r�e�l�a�t�i�v�e�l�y� �l�o�w� �y�i�e�l�d� �(�5�5� �%�)� �w�a�s� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �e�t�h�a�n�o�l� �c�a�n� �s�o�l�v�a�t�e� �t�h�e� 

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

�m�o�n�o�a�l�k�y�l�a�t�i�o�n� �[�1�4�]�.� �H�o�w�e�v�e�r�,� �t�h�e� �b�y�p�r�o�d�u�c�t�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �m�o�n�o�a�l�k�y�l�a�t�i�o�n� 

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

�s�y�m�m�e�t�r�y�.� 

�F�i�g�u�r�e� �8� �i�s� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �1�4�.� �T�h�e� �e�t�h�y�l� �p�r�o�t�o�n�s� �a�p�p�e�a�r� �a�t� �1�.�1�3� �5� �(�a�)� 

�a�n�d� �4�.�0�8� �6� �(�b�)�.�T�h�e� �e�i�g�h�t�e�e�n� �t�-�b�u�t�y�l� �p�r�o�t�o�n�s� �a�p�p�e�a�r� �a�t� �1�.�2�9� �6� �(�l�a�b�e�l�l�e�d� �e�)�.� �T�h�e� 

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

�T�h�e� �s�i�g�n�a�l�s� �o�f� �t�h�e� �e�i�g�h�t� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �a�p�p�e�a�r� �a�t� �7�.�0�9�-�7�.�2�9� �6� �(�d�)�.� 

�l�l�.� �A� �D�I�F�U�N�C�T�I�O�N�A�L� �B�L�O�C�K�I�N�G� �G�R�O�U�P� �F�O�R� �C�H�A�I�N� �G�R�O�W�T�H� 

�P�O�L�Y�M�E�R�I�Z�A�T�I�O�N� 

�W�e� �n�o�w� �h�a�v�e� �p�h�e�n�o�l�i�c� �(�9�a�)�,� �a�n�i�l�i�n�i�c� �(�9�b�)�,� �a�l�k�a�n�i�c� �(�1�0�)�,� �a�l�c�o�h�o�l�i�c� �(�1�1�)�,� �a�n�d� �e�s�t�e�r�i�c� 

�(�1�4�)� �d�i�f�u�n�c�t�i�o�n�a�l� �b�l�o�c�k�i�n�g� �g�r�o�u�p�s� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �i�n� �s�t�e�p� �g�r�o�w�t�h� 

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

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

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

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

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

�c�h�a�i�n�s� �s�u�c�h� �a�s� �p�o�l�y�s�t�y�r�e�n�e� �i�t� �c�a�n� �b�l�o�c�k� �4�2�-�m�e�m�b�e�r�e�d� �r�i�n�g�s�.� �T�h�e� �r�e�a�c�t�i�o�n� �o�f� 

�e�t�h�y�l� �a�c�e�t�a�t�e� �(�1�5�)� �w�i�t�h� �G�r�i�g�n�a�r�d� �r�e�a�g�e�n�t� �7� �g�e�n�e�r�a�t�e�d� �d�i�(�p�-�t�-�b�u�t�y�l�p�h�e�n�y�l�)�e�t�h�a�n�o�l� 

�(�1�6�)� �i�n� �6�7� �%� �y�i�e�l�d�.� �T�h�e� �p�r�o�d�u�c�t� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �i�n� �a� �m�i�x�t�u�r�e� �o�f� 
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�t�o�l�u�e�n�e� �a�n�d� �h�e�x�a�n�e� �(�1�:�2�)�.� �F�i�g�u�r�e� �9� �i�s� �t�h�e� �'�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �1�6�.� �R�e�m�o�v�a�l� �o�f� 

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

�1�7� �i�n� �8�2� �%� �y�i�e�l�d�.� �W�a�t�e�r� �g�e�n�e�r�a�t�e�d� �i�n� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �r�e�m�o�v�e�d� �b�y� �a� �D�e�a�n�-�S�t�a�r�k� 

�t�r�a�p� �t�o� �d�r�i�v�e� �t�h�e� �e�q�u�i�l�i�b�r�i�u�m� �t�o�w�a�r�d� �t�h�e� �p�r�o�d�u�c�t�.� �1�7� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� 

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

�o�f� �1�,�1�-�d�i�p�h�e�n�y�l�e�t�h�e�n�e� �[�1�5�]�.� 

�I�n� �t�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �c�o�m�p�o�u�d� �1�7� �(�F�i�g�u�r�e� �1�0�)� �t�h�e� �s�i�g�n�a�l� �o�f� �t�h�e� �e�i�g�h�t�e�e�n� �t� 

�b�u�t�y�l� �p�r�o�t�o�n�s� �a�p�p�e�a�r�s� �a�t� �1�.�3�4� �6� �(�l�a�b�e�l�l�e�d� �c�)�.� �T�h�e� �t�w�o� �v�i�n�y�l� �p�r�o�t�o�n�s� �a�p�p�e�a�r� �a�s� �a� 

�s�i�n�g�l�e�t� �a�t� �5�.�4�0� �6� �(�a�)�.� �T�h�e� �e�i�g�h�t� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �o�c�c�u�r� �a�t� �7�.�2�7�-�7�.�3�7� �5� �(�l�a�b�e�l�l�e�d� �b�)�.� 

�1�2�7



�C�O�N�C�L�U�S�I�O�N�S� 

�A� �s�e�r�i�e�s� �o�f� �t�h�r�e�e� �a�,�a�,�w�,�w�-�t�e�t�r�a�a�r�y�l�-�a�,�w�-�d�i�c�a�r�b�i�n�o�l�s� �(�8�)� �w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d� �v�i�a� 

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

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

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

�p�r�o�d�u�c�e�d� �v�i�a� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�e�t�r�a�a�r�y�l�h�e�x�a�n�e�d�i�o�l� �8�c� �a�n�d� �p�h�e�n�o�l�.� �W�i�l�l�i�a�m�s�o�n� �e�t�h�e�r� 

�s�y�n�t�h�e�s�i�s� �w�a�s� �a�p�p�l�i�e�d� �t�o� �t�e�t�r�a�a�r�y�l�m�e�t�h�y�l�b�i�s�p�h�e�n�o�l� �9� �t�o� �f�o�r�m� �a�l�i�p�h�a�t�i�c� �h�y�d�r�o�x�y�!� 

�t�e�r�m�i�n�a�t�e�d� �d�i�f�u�n�c�t�i�o�n�a�l� �c�o�m�p�o�u�n�d� �1�1�.� �D�i�e�t�h�y�l� �d�i�(�p�-�t�b�u�t�y�l�b�e�n�z�y�l�)�m�a�l�o�n�a�t�e� �(�1�4�)� 

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

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

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

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

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

�9�,�1�0�,� �1�1�,� �1�2� �,� �1�6�,� �a�n�d� �1�7� �a�r�e� �n�e�w� �c�o�m�p�o�u�n�d�s� �a�n�d� �a�l�l� �o�f� �t�h�e�m� �g�a�v�e� �s�a�t�i�s�f�a�c�t�o�r�y� 

�1�H� �N�M�R�,� �1�8�C� �N�M�R�,� �I�R� �s�p�e�c�t�r�a� �a�n�d� �e�l�e�m�e�n�t�a�l� �a�n�a�l�y�s�i�s� �o�r� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�y� 

�r�e�s�u�l�t�s�.� �W�h�i�l�e� �c�o�m�p�o�u�n�d�s� �9�,� �1�0�,� �1�1�,� �1�4� �c�a�n� �b�e� �u�s�e�d� �i�n�s�t�e�p� �g�r�o�w�t�h� 

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

�r�e�a�c�t�i�o�n�s� �w�i�t�h� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �b�l�o�c�k�i�n�g� �g�r�o�u�p�s�,� �c�o�m�p�o�u�n�d� �1�7� �i�s� �s�u�i�t�a�b�l�e� �f�o�r� �c�h�a�i�n� 

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

�1�2�8


