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(ABSTRACT) 

Part 1. Discotic liquid crystals are a relatively new class of mesogens in which 

the molecules self assemble in the melt state to form highly ordered columnar stacks. The 

ability of the molecules to display this type of mesomorphic behavior is a function of their 

shape; a semi-rigid core with flexible "arms" gives the necessary flatness and broad 

diameter conducive to columnar stacking. We first set out to make discotic liquid crystals 

by synthesizing a series of three-armed aryloxy-s-triazines with aromatic Schiff's base 

moieties at the molecular periphery and investigate the thermal and optical behavior of these 

compounds. We discovered that these molecules were in fact rigid rod, or calamitic, liquid 

crystals based on the optical textures and X-ray diffraction patterns in the mesophase. This 

is in direct conflict with published but unsubstantiated reports of the "discotic” behavior of 

similar compounds. 

The failure of these compounds to give crystals suitable for X-ray crystal structural 

analysis prompted us to utilize electron microscopy to look at the microstructures formed 

when dilute solutions were evaporated onto different substrates. Surprisingly, these



aryloxy-s-triazines in several different solvents formed well defined microtubules of 

varying dimensions on both copper and polymeric substrates. Hole diameters of up to 10° 

A and lengths of up to 0.5 cm were commonly seen using both transmission electron 

microscopy (TEM) and scanning electron microscopy (SEM). 

Finally, we understood via molecular modeling studies that the aryloxy-s-triazines 

adopted a rod shape in the mesophase due to the inherent flexibility of the ether linkages at 

the triazine core. By substituting 1,3,5-triphenylbenzene cores in place of the s-triazine we 

hoped to rigidify the molecules and prompt them to stack in a discotic or columnar fashion 

in the melt state. This plan was successful based on the X-ray diffraction patterns and 

optical textures observed with these compounds in the mesophase. 

Part 2. a-Aminonitriles and their derivatives have played an important role in the 

synthesis of enantiomerically pure and racemic a-amino acids for almost ninety years. 

Much less studied is the alkylation behavior of this particular class of compounds. The 

ability of the aminonitrile moiety to be deprotonated with a base and reacted with various 

electrophiles allows for the placement of carbony! functionalities virtually anywhere in a 

synthetic system through hydrolysis of this aminonitrile group after alkylation. Using this 

"umpolung”, or reversed polarity, approach we have demonstrated the utility of this class 

of compounds by reacting them with several activated aromatic dihalides and aliphatic 

dihalides to produce high molecular weight poly(bis-a-aminonitrile)s which were in turn 

hydrolyzed under mild conditions to afford the corresponding polymeric ketones. This 

ability to form both wholly aromatic and mixed aliphatic/aromatic polyketones is extremely 

powerful and unprecedented in the literature to date. 

During the course of this research, it was also discovered that some of these a- 

aminonitriles underwent side reactions which were undesirable for polymerization but 

which produced interesting compounds in their own right. These enaminonitriles and



quinodimethanes which resulted from dehydrocyanation were studied extensively in order 

to exploit the possible polymerization of these reactive intermediates. 

Finally, another route to ketones is through the reaction of enamines with 

appropriate electrophiles followed by acid hydrolysis. Research towards polymeric 

ketones was Carried out using monomeric di(enamine)s and aromatic diacid chlorides with 

the hope of producing high molecular weight polymeric 1,3-diketones. Unfortunately, the 

extent of reaction was not high enough to produce high molecular weight polymers.
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CHAPTER I 

LIQUID CRYSTALS 

A. General Overview 

It was in 1888 that Reinitzer! noticed that cholesteryl benzoate melted in two stages 

on heating, giving a turbid, colorful fluid between the two transition temperatures. 

*.3 confirmed this behavior using polarized optical microscopy and found that Lehmann 

several cholesteryl esters of fatty acids exhibited the same type of optical birefringence. In 

1922, Friedel* critiqued these results and established a standard in nomenclature which is 

"> has grown at an generally accepted even today. Interest in this "fourth state of matter 

accelerating rate over the past 108 years. The unique thermal and optical properties typical 

of this class of materials have found uses in liquid crystal displays in watches, televisions, 

and many other devices which require electrooptic behavior. The development in this area 

requires a general understanding of (1) the structural requirements for mesomorphic 

behavior and (2) the effect of modifying these structures in order to obtain desired 

properties. In addition, intense research in this area over the past few decades has 

produced discotic liquid crystals, a novel, conceptually appealing class of liquid crystalline 

materials which has been successfully incorporated in both low molar mass and polymeric 

systems. 

To date, approximately 95% of all known crystalline compounds exhibit normal 

melting behavior as shown in the diagram below:



Normal Melting 

Phase: Crystalline —- Liquid 
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Orientational No Orientational 

Upon heating, the three dimensional crystal lattice breaks down to afford an amorphous, 

disordered isotropic melt in which the individual molecules exhibit no spatial or 

orientational order. Crystalline compounds which display abnormal melting behavior 

comprise the other 5% of known compounds. This stage-wise melting phenomenon is 

shown in the diagram below: 

Abnormal Melting 

Phase: Crystalline ¢ » Smectic ¢ » Nematic ¢» Liquid 
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Orientational Orientational Orientational No Orientational 

The smectic phase is the most ordered (and viscous) of the liquid crystalline phases, with 

the molecules being less spatially ordered than in the crystalline state but orientationally 

aligned. In the nematic phase, the molecules are no longer spaced evenly, but still retain 

the orientational anisotropy required for mesomorphism. Qualitatively, the nematic phase



is also relatively nonviscous and free-flowing. Further heating produces the isotropic fluid 

with no ordering. 

What criteria determine whether a compound will be liquid crystalline or simply a 

“normal melting" one? Generally accepted is the notion that in order to be mesomorphic, 

the molecules must have a shape which will engender some type of aggregation in the melt 

state. This "shape anisotropy” is a function of a molecule's aspect ratio. Two main classes 

of liquid crystals exist to date: calamitic or rigid rod liquid crystals and discotic or disk- 

shaped liquid crystals. While both classes are exemplified by compounds with high aspect 

ratios, differences in structure/property relationships warrant a separate treatment for the 

two mesogenic types. 

B. Calamitic Liquid Crystals 

1. Structural requirements 

The name "calamitic" is derived from the inherent rod shape in this class of 

compounds. As mentioned in the above paragraph, a high aspect ratio is required for 

aggregation in the melt state. For a rod shaped object, a high aspect ratio is defined as a 

high length to diameter ratio, or I/d ratio. A potential candidate for calamitic 

mesomorphism based on this requirement would be octadecane (1) shown below: 

CH 
Hye OS 3 

1 

In fact, this compound is a low melting solid with no liquid crystalline behavior. Upon 

melting, this compound is too flexible to retain the rod shape which was present in the 

crystalline phase, and an isotropic fluid results. For this reason, the vast majority of 

mesogenic compounds contain one or multiple aromatic rings in the backbone of the rod,



thus giving the concomitant rigidity necessary for retention of shape in the melt state. 

Substitution at the para positions of the aromatic rings is usually necessary and multiple 

aromatic rings enhance mesomorphism even more. In general, at least two aromatic rings 

are required®’ and these are usually separated by a rigid spacer, as shown below: 

  

      

  

2 

—CH+=CH—_ —CH=N—_ —N=N— 

O 

—N=N— —c=c— —,-l_- 
Y 
O Our'H—O 

O—H'!!'! 1O       

Note that some of the most commonly used spacer groups (above) extend the conjugation 

through the two phenyl rings and enhance the rigidity of the structure. With this enhanced 

rigidity comes higher melting points; this is usually controlled by placing long n-alkyl or n- 

alkoxy groups in the terminal (X, Y) positions of the molecule, thus lowering the melting 

transitions. In addition, it was discovered® that by inducing a dipole across the molecule, 

stabilization of the liquid crystalline phases of these compounds resulted. Nitro, cyano, 

and alkoxy groups are the most commonly used endgroups for dipole induction. 

2. Melting behavior of an homologous series 

When the liquid crystal transition temperatures of an homologous series of 

compounds are plotted against the number of carbons in the terminal alkyl chains, a smooth 

4



curve relationship would be expected. In fact, a staggered relationship was observed for 

many calamitic mesogens. One such example? is shown 

below: 
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The initial melting temperatures of these n-alkyl-4-p-acetoxybenzylideneaminocinnamates 

(3) do not show a regular decrease in magnitude as the terminal n-alkyl chain is extended 

carbon by carbon. Compounds with odd numbers (3b) of carbons in the alkyl chain 

consistently melt at lower temperatures than the even-numbered counterparts. 

O O 

3a 3b 
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One common explanation is that the polarization vectors of the even-numbered members 

(3a) of the series are aligned along the molecular axis, while the odd-numbered members 

have vector sums which are at an angle to the molecular axis. The stronger anisotropic 

interactions for the even-numbered members thus result in higher melting and isotropization 

temperatures. This "odd-even effect" decreases in magnitude with the longer alkyl groups 

in the series. 

3. Types of calamitic phases 

Currently there are three main classes of liquid crystalline phases for low molar 

mass calamitic mesogens: smectic, nematic, and cholesteric. Cholesteric phases are usually 

described as a type of nematic phase. 

a. Smectic phases 

Smectic phases represent the most ordered of the liquid crystalline phases, and to 

date at least seven different types of smectic phases are known. The relative degree of 

order is shown below: 

SE, SG>SB>SRF>Sc>Sp>Sa 

Smectic-A liquid crystals are the least ordered and most common of the smectic phase 

types. A schematic representation of the packing array and a specific example are shown 

below: 

po V¢ \—cocs, 
4 

K-S A, 97 °C; Sac, 113.5 °C!0 

  

  

Smectic-A phase K = Crystalline phase 

(unstructured and S, = Smectic-A phase 
uncorrelated layers) I = Isotropic phase



In the smectic-A phase, the molecules are arranged in layered domains with statistical 

spacings between the molecules but constant orientational registry. The layers are 

uncorrelated, and the individual molecules are free to rotate around their molecular axes. 

Smectic-B phases are almost as ordered as the crystalline phases from whence they 

came and are arranged in close-packed hexagonal arrays (below): 

“PLO, ran 
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K-Sp, 130 °C; Sp-Sc, 138 °C; Sc-I, 156 C1 

Smectic-B phase S, = smectic-B phase 
(structured layers) S,. = smectic-C phase 

The exceptional order in the layers (again, uncorrelated) prevents molecular motion except 

longtitudinally along the molecular axes, and these phases are viscous and resistant to 

shearing. !? 

Smectic-C phases are a tilted modification of the smectic-A phase. The tilt of the 

molecular axes with respect to the layer plane (layers uncorrelated) gives an array similar to 

the smectic-A phase but with different optical textures and energetics of melting (below): 

K-Sc, 138 °C; Sc-Sp, 159 °C; Spl, 195 °c}3 

  

Smectic-C phase S, = smectic-D phase 
(unstructured layers)



Compound 6 (above) also transforms from a tilted smectic-C phase to a cubic 

smectic-D modification.'? This rare phase is less ordered than the smectic-C phase and is 

optically isotropic; only two examples exhibiting the smectic-D phase are known. 

Smectic-E, F, G phases are very similar in that they are characterized by almost 

crystalline-like order. They are also quite rare, with single examples existing for the 

smectic-F and G phases. The smectic-E phase is shown in the figure below: 

OV en 
6.5 

K-Sg, 80 °C; Sg-S p, 99 °C; Sp-S a, 165.5 °C; Sa-I, 199 °C13b 

  

Smectic-E phase 

(structured and 

uncorrelated layers) 
S, = smectic-E phase 

Notice that the molecules adopt an edge-on arrangement which prohibits rotation around the 

long molecular axis. 

b. Nematic phases 

Nematic phases are the least ordered of the calamitic phases, and as a result, they 

are nonviscous and free flowing states of matter. In the nematic phase, the absence of 

layers and spatial regularity allows the molecules to slide over one another without losing 

the orientational anisotropy required for liquid crystalline behavior. The packing 

arrangement and an example are shown below:



4. Optical textures observed with calamitic liquid crystals 

In most cases, the various types of calamitic mesophases give distinct optical 

textures when viewed between glass slides under polarized light. All of these textures have 

been accurately correlated with the phase types in comprehensive reviews. !7.18 

a. Smectic-A textures 

Focal conic and fan textures are characteristic of smectic-A calamitic liquid crystals. 

Focal conic textures consist of elliptical disclination lines and hyperbolae, a direct 

consequence of the layered structure of the mesophase. When very thin preparations are 

made between the glass slides, a fan-shaped focal conic texture results. In this 

modification, the disclination lines are more numerous and in many cases obstruct the view 

of the elliptical structures. Upon cooling from the isotropic liquid, focal conic textures are 

usually preceded by the formation of long rod-shaped birefringent structures called 

batonnets .!? These structures are usually transient and quickly produce the focal conic 

texture upon further cooling. 

b. Smectic-B textures 

The smectic-B phase, or the "hexatic" phase, is more ordered than the smectic-A 

phase and gives textures with disclination surfaces rather that lines. These surfaces 

produce large, visible objects which pack tightly to form what is known as the mosaic 

texture!!, Qualitatively, these mesophases are more viscous than the smectic-A and 

smectic-C phases. 

c. Smectic-C textures 

Tilted smectic-C mesophases are generally characterized by Schlieren textures 

which are optically much more complex than the regular focal conic textures of the smectic- 

A modification. This texture consists of threadlike disclination lines which result from 

variations in the tilt directions of the molecules in the mesophase.”” Smectic-C phases also 

10



show variations of the focal conic texture: a broken focal conic texture and a broken fan 

texture. The appearance of batonnets is also typical of these phases when cooling from the 

isotropic melt. 

d. Other smectics 

Smectic-E-G mesophases exhibit textures reminiscent of the crystalline phases from 

which they are derived. Smectic-E phases are characterized by a striated mosaic texture not 

uncommon among compounds with structured mesophases.> 

e. Nematic and cholesteric textures 

Nematic phases also exhibit the Schlieren thread texture, except that the free- 

flowing nature of the mesophase can always be observed qualitatively. Cholesterics, due 

to their extremely high optical rotatory power, produce viscous birefringent mesophases 

which may appear isotropic until they are put under shearing stress.7! Colors may be seen 

if the pitch of the mesophase is such that visible light can be reflected. Modifications of the 

focal conic texture can also be observed with cholesteric liquid crystals. 

5. X-ray diffraction properties of calamitic mesophases2?"27 

a. Smectics 

Upon passing an x-ray beam through the mesophase of a sample of a smectic liquid 

crystal, two Bragg reflections are observed. A sharp low angle peak corresponds with the 

smectic layer thickness d,. This is a known quantity, as it is defined by the length of the 

molecular axes, which can be determined by molecular modeling. A broad wide angle halo 

is also present; this is due to the intermolecular lateral spacing d,. A schematic 

representation of a smectic-A phase is shown below: 
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Layer spacing «| 

  
Intermolecular spacing d, 

In the smectic-A phase, since the molecules are spaced in a statistical fashion, the wide- 

angle Bragg peak observed (d,) tends to be rather broad and diffuse. With hexatic smectic- 

B mesophases, however, the intermolecular spacings are constant and the resulting high 

angle peak is much sharper. In fact, if the x-ray beam is oriented perpendicular to the layer 

planes and parallel with the molecular axes, a distinct hexagonal diffraction pattern is 

observed.78 

b. Nematics 

In nematic liquid crystals, since both short and long range order is statistical, the x- 

ray diffraction patterns show extremely broad halos which reflect the disorder in these 

systems. 

C. Discotic Liquid Crystals 

A second member of the family of liquid crystalline classes was added in 1977 

when Chandrasekhar’’ discovered that benzene hexa-n-alkanoates of type 9 exhibited a 

new type of mesomorphism unlike any reported previously: 
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�B�i�l�l�a�r�d� �a�n�d� �c�o�w�o�r�k�e�r�s�* �� �f�o�u�n�d� �t�h�a�t� �h�e�x�a�e�s�t�e�r�s� �o�f� �t�r�i�p�h�e�n�y�l�e�n�e� �(�1�0�)� �a�l�s�o� �e�x�h�i�b�i�t�e�d� �t�h�e� �s�a�m�e� 

�t�y�p�e� �o�f� �m�e�s�o�m�o�r�p�h�i�s�m�.� �C�h�a�n�d�r�a�s�e�k�h�a�r� �"�c�o�i�n�e�d�"� �t�h�e� �n�a�m�e� �d�i�s�c�o�t�i�c� �t�o� �d�e�s�c�r�i�b�e� �t�h�i�s� �n�e�w� 

�m�e�s�o�p�h�a�s�e� �t�y�p�e�.� �|� 

�1�.� �S�t�r�u�c�t�u�r�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� 

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

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

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

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

�s�p�a�c�e� �a�n�d� �s�e�r�v�e�s� �t�o� �"�a�n�c�h�o�r�"� �t�h�e� �m�o�l�e�c�u�l�e� �i�n� �t�h�e� �m�e�l�t� �s�t�a�t�e�.� �F�o�u�r� �t�o� �s�i�x�?�!� �f�l�e�x�i�b�l�e� �o�r� 

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

�i�n� �t�h�e� �m�e�s�o�p�h�a�s�e�.� �A� �d�e�p�i�c�t�i�o�n� �o�f� �t�h�e� �"�c�o�i�n� �s�t�a�c�k�i�n�g �� �i�s� �s�h�o�w�n� �b�e�l�o�w�:� 

�e�e� 

�C�E�C�E� 

� � 

�2�.� �P�h�a�s�e� �t�y�p�e�s� 

�D�e�s�t�r�a�d�e� �i�n� �1�9�8�1�7�?� �c�l�a�s�s�i�f�i�e�d� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �p�h�a�s�e� �t�y�p�e�s� �o�f� �d�i�s�c�o�t�i�c� �l�i�q�u�i�d� �c�r�y�s�t�a�l�s� 
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�s�h�o�w�n� �b�e�l�o�w�:� 
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�T�h�i�s� �p�h�a�s�e� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �i�t�s� �e�x�t�r�e�m�e�l�y� �h�i�g�h� �v�i�s�c�o�s�i�t�y� �d�u�e� �t�o� �t�h�e� �c�o�n�s�t�a�n�t� 

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

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

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

�m�o�l�e�c�u�l�a�r� �p�e�r�i�p�h�e�r�y�.� �T�h�e�s�e� �p�h�a�s�e�s� �a�l�s�o� �h�a�v�e� �q�u�i�t�e� �h�i�g�h� �i�s�o�t�r�o�p�i�z�a�t�i�o�n� �e�n�t�h�a�l�p�i�e�s�, �� �2� 

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

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

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

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

�c�.� �D�i�s�c�o�t�i�c� �r�e�c�t�a�n�g�u�l�a�r� �t�i�l�t�e�d� �d�i�s�o�r�d�e�r�e�d� �p�h�a�s�e� �(�D�,�,�)�:� 
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�D�i�s�c�o�t�i�c� �c�h�o�l�e�s�t�e�r�i�c� �n�e�m�a�t�i�c� �p�h�a�s�e� �(�D�,�.�)� 

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

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

�r�e�f�l�e�c�t�e�d�.�> �� 

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

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

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

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

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

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

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

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

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

�3�4� �M�o�s�t� �d�i�s�c�o�t�i�c� �t�e�x�t�u�r�e�s� �a�r�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�o�s�e� �"�b�r�o�k�e�n� �f�a�n�"� �t�e�x�t�u�r�e�.� 

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

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

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

�p�h�e�n�o�m�e�n�o�n� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d�.�>� 

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

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

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

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

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

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

� � 

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

�d�i�n�o�:� �4�1�1�0� �:� �4�o�9�9� �=� �1�:� �V�3�:� �1�/�2� 

�T�h�e� �i�n�t�e�r�c�o�l�u�m�n�a�r� �l�a�t�t�i�c�e� �p�a�r�a�m�e�t�e�r� �a� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �o�n�c�e� �t�h�e� �d�-�s�p�a�c�i�n�g�s� �a�r�e� �k�n�o�w�n�:� 
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�a�=� �2�d� �o�/�V�3� 

�T�h�e� �r�a�d�i�u�s� �R� �o�f� �t�h�e� �h�e�x�a�g�o�n�a�l� �l�a�t�t�i�c�e� �a�n�d� �t�h�e� �s�i�d�e� �l�e�n�g�t�h� �S� �a�r�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �l�a�t�t�i�c�e� 

�p�a�r�a�m�e�t�e�r� �a� �t�h�r�o�u�g�h�:� 

�R�=�a�/�2� 

�S� �=� �2�R�/�V�3� 

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

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

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

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

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

�a�b�o�u�t� �4�.�5� �A�)�.� 

�D�.� �R�E�F�E�R�E�N�C�E�S� 

�1�.� �R�e�i�n�i�t�z�e�r�,� �F�.� �M�o�n�a�t�s�h�.� �C�h�e�m�.� �1�8�8�8�,� �9�,� �4�2�1�.� 

�2�.� �L�e�h�m�a�n�n�,� �O�.� �Z�.� �P�h�y�s�.� �C�h�e�m�.� �1�8�8�9�,� �4�,� �4�6�2�.� 

�3�.� �L�e�h�m�a�n�n�,� �O�.� �Z�.� �P�h�y�s�.� �C�h�e�m�.� �1�9�0�6�,� �5�6�,� �7�5�0�.� 

�4�.� �F�r�i�e�d�e�l�,� �G�.� �A�n�n�.� �P�h�y�s�.� �1�9�2�2�,� �1�8�,� �2�7�3�.� 

�5�.� �S�a�e�v�a�,� �F�.� �D�.� �L�i�g�u�i�d� �C�r�y�s�t�a�l�s�:� �T�h�e� �F�o�u�r�t�h� �S�t�a�t�e� �o�f� �M�a�t�t�e�r�,� �M�a�r�c�e�l� �D�e�k�k�e�r�:� �N�e�w� �Y�o�r�k�,� 

�1�9�7�9�;� �p� �v�i�l�.� 

�6�.� �B�r�o�w�n�,� �G�.� �H�.�;� �S�h�a�w�,� �W�.� �G�.� �C�h�e�m�.� �R�e�v�.� �1�9�5�7�,� �5�7�,� �1�0�4�9�.� 

�7�.� �B�r�o�w�n�,� �G�,� �H�.� �A�n�a�l�.� �C�h�e�m�.� �1�9�6�9�,� �1�3�,� �2�6�A�.� 
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�8�.� �A�r�o�r�a�,� �S�.� �L�.�;� �T�a�y�l�o�r�,� �T�.� �R�.�;� �F�e�r�g�a�s�o�n�,� �J�.� �L�.�;� �S�a�u�p�e�,� �A�.� �J�.� �A�m�.� �C�h�e�m�.� �S�o�c�.� �1�9�6�9�,� �9�1�,� 

�3�6�7�1�.� 

�9�.� �G�r�a�y�,� �G�.� �W�.�;� �H�a�r�r�i�s�o�n�,� �K�.� �J�.� �M�o�l�.� �C�r�y�s�t�.� �L�i�g�.� �C�r�y�s�t�.� �1�9�7�1�,� �1�3�,� �3�7�.� 

�1�0�.� �G�r�a�y�,� �G�.� �W�.�;� �H�a�r�t�l�e�y�,� �J�.� �B�.�;� �J�o�n�e�s�,� �B�.� �J�.� �C�h�e�m�.� �S�o�c�.� �1�9�5�5�,� �1�4�1�2�.� 

�1�1�.� �T�a�y�l�o�r�,� �T�.� �R�.�;� �F�e�r�g�a�s�o�n�,� �J�.� �L�.�;� �A�r�o�r�a�,� �S�.� �L�.� �P�h�y�s�.� �R�e�v�.� �L�e�t�t�.� �1�9�7�0�,� �2�4�,� �3�5�9�.� 

�1�2�.� �G�r�a�y�,� �G�.� �W�.�;� �W�i�n�s�o�r�,� �P�.� �A�.� �L�i�q�u�i�d� �C�r�y�s�t�a�l�s� �a�n�d� �P�l�a�s�t�i�c� �C�r�y�s�t�a�l�s�;� �H�a�l�s�t�e�d� �P�r�e�s�s�:� �N�e�w� 

�Y�o�r�k�,� �1�9�7�4�;� �p�p� �4�4�-�4�5�.� 

�1�3�.� �(�a�)� �D�e�m�u�s�,� �D�.�;� �K�u�n�i�c�k�e�,� �G�.�;� �N�e�e�l�s�e�n�,� �J�.�;� �S�a�c�k�m�a�n�n�,� �H�.� �Z�.� �N�a�t�u�r�f�o�r�s�c�h�g�.� �1�9�6�8�,� 

�2�3�a�,� �8�4�.� �(�b�)� �C�o�a�t�e�s�,� �D�.�;� �G�r�a�y�,� �G�.� �W�.�;� �H�a�r�r�i�s�o�n�,� �K�.� �J�.� �M�o�l�.� �C�r�y�s�t�.� �L�i�g�.� �C�r�y�s�t�.� �1�9�7�3�,� �2�2�,� 

�9�9�.� 

�1�4�.� �K�a�s�t�,� �W�.� �L�a�n�d�o�l�t�-�B�o�r�n�s�t�e�i�n�;� �S�p�r�i�n�g�e�r�:� �B�e�r�l�i�n�,� �1�9�6�0�;� �p� �2�6�6�.� 

�1�5�.� �V�o�g�t�l�e�,� �F�.� �S�u�p�r�a�m�o�l�e�c�u�l�a�r� �C�h�e�m�i�s�t�r�y�;� �J�o�h�n� �W�i�l�e�y� �a�n�d� �S�o�n�s�:� �N�e�w� �Y�o�r�k�,� �1�9�9�1�;� �p� �2�4�6�.� 

�1�7�.� �D�e�m�u�s�,� �D�.�;� �R�i�c�h�t�e�r�,� �L�.� �T�e�x�t�u�r�e�s� �o�f� �L�i�q�u�i�d� �C�r�y�s�t�a�l�s�;� �V�e�r�l�a�g� �C�h�e�m�i�e�:� �W�e�i�n�h�e�i�m�,� �1�9�7�8�.� 

�1�8�.� �G�r�a�y�,� �G�.� �W�.�;� �G�o�o�d�b�y�,� �J�.� �W�.� �S�m�e�c�t�i�c� �L�i�q�u�i�d� �C�r�y�s�t�a�l�s�.� �T�e�x�t�u�r�e�s� �a�n�d� �S�t�r�u�c�t�u�r�e�s�;� 

�H�e�y�d�o�n� �a�n�d� �S�o�n� �I�n�c�.�:� �P�h�i�l�a�d�e�l�p�h�i�a�,� �1�9�8�4�.� 

�1�9�.� �R�e�f�e�r�e�n�c�e� �1�2�,� �p�.� �3�9�.� 

�2�0�.� �R�e�f�e�r�e�n�c�e� �1�2�,� �p�.� �4�4�.� 

�2�1�.� �S�a�u�p�e�,� �A�.� �M�o�l�.� �C�r�y�s�t�.� �L�i�g�.� �C�r�y�s�t�.� �1�9�6�9�,� �7�,� �5�9�.� 

�2�2�.� �d�e� �V�r�i�e�s�,� �A�.� �M�o�l�.� �C�r�y�s�t�.� �L�i�g�.� �C�r�y�s�t�.� �1�9�7�0�,� �1�0�,� �2�1�9�.� 

�2�3�.� �C�h�a�t�e�l�a�i�n�,� �P�.� �A�c�t�a� �C�r�y�s�t�a�l�l�o�g�r�.� �1�9�5�1�,� �4�,� �4�5�3�.� 
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�C�H�A�P�T�E�R� �I�I� 

�T�R�I�A�R�Y�L�O�X�Y�-�S�-�T�R�I�A�Z�I�N�E�S� 

�A�.� �G�e�n�e�r�a�l� �O�v�e�r�v�i�e�w� 

�T�h�e� �s�i�m�p�l�e�s�t� �m�e�m�b�e�r� �o�f� �t�h�e� �f�a�m�i�l�y� �o�f� �t�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s�,� �2�,�4�,�6�-�t�r�i�p�h�e�n�o�x�y�-�s�-� 

�t�r�i�a�z�i�n�e� �(�1�6�)�,� �w�a�s� �f�i�r�s�t� �r�e�p�o�r�t�e�d� �i�n� �1�8�7�0�!� �a�s� �a� �h�i�g�h� �m�e�l�t�i�n�g� �c�r�y�s�t�a�l�l�i�n�e� �s�o�l�i�d�:� 

 �� 

�1�6� 

�T�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s� �a�r�e� �d�e�r�i�v�a�t�i�v�e�s� �o�f� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e�?� �(�1�8�)�,� �a�n� �i�n�e�x�p�e�n�s�i�v�e� �d�e�r�i�v�a�t�i�v�e� 

�o�f� �c�y�a�n�u�r�i�c� �a�c�i�d� �(�1�7�,� �E�q�.� �1�)�:� 

�H�O� �C�l� �N�w� �C�l� 

�O�H� �C�l� 

�1�7� �1�8� 

�C�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�1�8�)� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �e�q�u�i�v�a�l�e�n�t� �t�o� �a�n� �a�r�o�m�a�t�i�c� �a�c�i�d� �c�h�l�o�r�i�d�e� �i�n� �t�e�r�m�s� 

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

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

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

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

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

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

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

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

�h�y�d�r�o�x�i�d�e� �a�n�d� �p�h�e�n�o�l�s� �a�t� �o�r� �n�e�a�r� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�*�®� �(�E�q�.� �2�)�:� 

�v�o� 
�C�l� �N� �C�l� �k�e� 

�~� �T� �R�O�H� �(�3� �e�q�.�)� �2�0�°�C� �G�Q�.� �N�.� �O�R� 

�x� �N�a�O�H� �(�3� �e�q�.�)� �n�e� �q�T� �(�2�)� 

�c� �H�,�0� �9�5�°�C� �&� 
� � �Y� 

�(�1� �e�q�u�i�v�.� �i�n� �a�c�e�t�o�n�e�)�  ��y�e� �t�T� 

�1�8� �S� �&� 
�R� �=� �a�r�y�l�,� �a�l�k�y�l� 

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

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

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

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

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

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

�2�.� �F�r�o�m� �t�h�e� �c�y�c�l�o�t�r�i�m�e�r�i�z�a�t�i�o�n� �o�f� �a�r�y�l� �c�y�a�n�a�t�e�s� 

�T�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s� �(�2�0�)� �c�a�n� �a�l�s�o� �b�e� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �e�x�c�e�l�l�e�n�t� �y�i�e�l�d�s� �t�h�r�o�u�g�h� �t�h�e� 

�c�y�c�l�o�t�r�i�m�e�r�i�z�a�t�i�o�n� �o�f� �a�r�y�l� �c�y�a�n�a�t�e�s ��}�}� �o�f� �t�y�p�e� �2�0� �(�E�q�.� �3�)�:� 

�2�2



�t�a�l� �>� �B�r�C�N� �C�a� �_� �G�a�u�l�y�s�t� �,� �y�o�  ��_�_�_� �= ��y�®�e� �(�3�)� �A�r�O�H� �A�c�e�t�o�n�i�t�r�i�l�e� � �t�O�C�N� �L� 
�1�9� �E�t�3�N� �2�0� �G�l� 

�2�5�°�C� �A�r� 
�2�1� 

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

�t�r�i�e�t�h�y�l�a�m�i�n�e� �w�a�s� �u�s�e�d� �t�o� �s�c�a�v�e�n�g�e� �H�B�r� �g�e�n�e�r�a�t�e�d� �i�n� �t�h�e� �r�e�a�c�t�i�o�n�. �� �A�r�y�l� �c�y�a�n�a�t�e�s� �(�2�0�)� �a�r�e� 

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

�b�a�s�e�s�!�*� �t�h�e�y� �c�y�c�l�o�t�r�i�m�e�r�i�z�e� �t�o� �f�o�r�m� �t�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s� �(�2�1�)� �i�n� �e�x�c�e�l�l�e�n�t� �y�i�e�l�d�s�.�1�*� �1�4� 

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

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

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

�C�.� �P�r�o�p�e�r�t�i�e�s� �a�n�d� �r�e�a�c�t�i�v�i�t�y� �o�f� �a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s� 

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

�a�r�o�m�a�t�i�c� �a�n�d� �a�l�i�p�h�a�t�i�c� �a�m�i�n�e�s� �t�o� �f�o�r�m� �2�,�4�,�6�-�t�r�i�a�m�i�n�o�-�s�-�t�r�i�a�z�i�n�e�s�.� �O�n�e� �p�a�r�t�i�c�u�l�a�r� �e�x�a�m�p�l�e� �i�s� 

�s�h�o�w�n� �b�e�l�o�w� �(�E�q�.� �4�)�:�!� 

� � 

�H�y�2�N�C�H�»�C�H�»�,�0�H� �(�e�x�c�e�s�s�)� 
�i� �r�y� �(�4�)� 

�|� �.� �1�8�0�-�2�1�0�°�C�,� �S�h�s�.� 

�1�6� �H�O� �2�2� 

�2�3



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

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

�m�e�t�h�o�d� �o�f� �o�b�t�a�i�n�i�n�g� �c�o�m�p�o�u�n�d�s� �l�i�k�e� �2�2�,�1�5� 

�D�.� �L�i�q�u�i�d� �c�r�y�s�t�a�l�l�i�n�e� �t�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s� 

�1�.� �M�e�s�o�g�e�n�i�c� �t�h�e�r�m�o�s�e�t�s� 

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

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

�n�o�v�e�l� �o�p�t�i�c�a�l� �a�n�d� �f�e�r�r�o�e�l�e�c�t�r�i�c� �p�r�o�p�e�r�t�i�e�s�.� �!�°�1�7� �A�m�o�n�g� �t�h�e� �m�o�s�t� �c�o�m�m�o�n�l�y� �s�t�u�d�i�e�d� �l�i�q�u�i�d� 

�1�8�,� �1�9� �2�2�,� �2�3� �c�r�y�s�t�a�l�l�i�n�e� �t�h�e�r�m�o�s�e�t�s� �a�r�e� �t�h�e� �e�p�o�x�i�e�s�,� �m�a�l�e�i�m�i�d�e�s�, � �� �a�c�e�t�y�l�e�n�e�s�, ��!� �a�c�r�y�l�a�t�e�s�,� �a�n�d� 

�v�i�n�y�l� �e�t�h�e�r�s�. ��4� �C�y�a�n�a�t�e� �t�h�e�r�m�o�s�e�t�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �s�t�u�d�i�e�d� �e�x�t�e�n�s�i�v�e�l�y�;� �t�h�e�s�e� �t�h�e�r�m�o�s�e�t�s� 

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

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

�d�i�c�y�a�n�a�t�e� �(�2�3�)� �o�f� �b�i�s�-�(�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)� �t�e�r�e�p�h�t�h�a�l�a�t�e� �i�s� �i�n� �i�t�s�e�l�f� �n�o�t� �l�i�q�u�i�d� �c�r�y�s�t�a�l�l�i�n�e�,� �b�u�t� 

�u�p�o�n� �c�u�r�i�n�g� �p�r�o�d�u�c�e�s� �a� �t�h�e�r�m�o�s�e�t� �(�2�4�)� �w�i�t�h� �m�e�s�o�m�o�r�p�h�i�c� �p�r�o�p�e�r�t�i�e�s� �(�E�q�.� �5�)�:� 

�2�3� 

�C�a�t�a�l�y�s�t� �|� �*� �(�5�)� 

�T�O�A� �o�4� 
�O� 

�2�4



�X�-�r�a�y� �d�i�f�f�r�a�c�t�i�o�n� �p�r�o�f�i�l�e�s� �a�n�d� �o�p�t�i�c�a�l� �m�i�c�r�o�s�c�o�p�y� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e�r�m�o�s�e�t� �2�4� �w�a�s� �i�n� �f�a�c�t� �a� 

�2�5� �c�a�l�a�m�i�t�i�c� �s�m�e�c�t�i�c� �m�e�s�o�m�o�r�p�h�i�c� �s�y�s�t�e�m�*� �w�i�t�h� �t�h�e� �t�r�i�a�z�i�n�e� �"�a�r�m�s�"� �a�d�o�p�t�i�n�g� �a� �r�o�d� �s�h�a�p�e� �a�s� 

�s�h�o�w�n� �b�e�l�o�w�:� 

�o�o� �a�,�0� 

�°� �°� 

� � 

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

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

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

�a�n�g�l�e� �r�e�g�i�o�n� �(�1�9�.�6� �A�)� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�e�d� �w�e�l�l� �w�i�t�h� �t�h�e� �"�a�r�m�"� �l�e�n�g�t�h� �o�f� �1�9�.�8� �A� �c�a�l�c�u�l�a�t�e�d� 

�f�r�o�m� �m�o�l�e�c�u�l�a�r� �m�o�d�e�l�i�n�g�.� �A� �b�r�o�a�d� �r�e�f�l�e�c�t�i�o�n� �a�t� �5�.�2� �A� �w�a�s� �a�l�s�o� �o�b�s�e�r�v�e�d�;� �t�h�i�s� �i�s� �d�u�e� �t�o� �t�h�e� 

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

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

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

�a�l�i�g�n�e�d� �p�a�r�a�l�l�e�l� �w�i�t�h� �t�h�e� �m�a�g�n�e�t�i�c� �f�i�e�l�d�.�'�*� �2� 

�2�5



�2�.� �L�o�w� �m�o�l�a�r� �m�a�s�s� �t�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s� 

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

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

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

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

�t�r�i�a�z�i�n�e�s�,� �s�e�v�e�r�a�l� �c�o�n�t�r�a�d�i�c�t�i�o�n�s� �a�n�d� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �s�u�r�f�a�c�e�d�.� 

�H�u�a�n�g� �a�n�d� �c�o�w�o�r�k�e�r�s ��°� �r�e�p�o�r�t�e�d� �t�h�a�t� �c�o�m�p�o�u�n�d�s� �o�f� �t�y�p�e� �2�6�,� �2�,�4�,�6�-�t�r�i�-�[�p�-� 

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

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

�(�C�H�,�)�,�C�H� 

�Z� 

�B�o� 
�a�o� 

�w�e�e�n�,� �A� �2�6� �x� 

�Q�y� 
�T�L� �(�C�H�,�)�,�C�H�,� 

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

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

�l�a�t�e�r�,� �M�o�r�m�a�n�n� �a�n�d� �Z�i�m�m�e�r�m�a�n�? �� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�r�i�e�s�t�e�r� �2�7� �(�b�e�l�o�w�)� �e�x�h�i�b�i�t�e�d�  ��d�i�s�c�o�t�i�c� 

�m�e�s�o�m�o�r�p�h�i�s�m�"� �i�n� �a�c�c�o�r�d� �w�i�t�h� �t�h�e� �r�e�s�u�l�t�s� �o�f� �H�u�a�n�g�. ��6� 

�2�6



�O�C�,�H�y� 

� � � 
�C�,�H�,�O� �2�7� 

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

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

�l�i�n�k�a�g�e� �e�l�i�m�i�n�a�t�e�d� �l�i�q�u�i�d� �c�r�y�s�t�a�l�l�i�n�i�t�y� �a�l�t�o�g�e�t�h�e�r�.� �Q�u�i�t�e� �r�e�c�e�n�t�l�y�,� �O�u� �a�n�d� �c�o�w�o�r�k�e�r�s�7�®� 

�r�e�p�o�r�t�e�d� �t�h�a�t� �s�u�b�s�t�i�t�u�t�i�o�n� �o�f� �t�h�e� �e�s�t�e�r� �g�r�o�u�p�s� �o�f� �2�7� �w�i�t�h� �s�t�i�l�b�e�n�e� �u�n�i�t�s� �a�l�s�o� �p�r�o�d�u�c�e�d� 

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

�H�u�a�n�g ��s� �r�e�s�u�l�t�s�*�°� �a�n�d� �d�i�r�e�c�t�l�y� �c�o�n�t�r�a�d�i�c�t�e�d� �t�h�o�s�e� �o�f� �B�a�r�c�l�a�y� �a�n�d� �O�b�e�r�.�'�©� �*� �I�n� �a� �s�i�m�i�l�a�r� 

�m�a�n�n�e�r�,� �n�o� �m�e�n�t�i�o�n� �o�f� �x�-�r�a�y� �d�i�f�f�r�a�c�t�i�o�n� �s�t�u�d�i�e�s� �w�a�s� �m�a�d�e�.� 
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�E�.� �R�e�f�e�r�e�n�c�e�s� 
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�2�7�.� �M�o�r�m�a�n�n�,� �W�.�;� �Z�i�m�m�e�r�m�a�n�,� �J�.� �P�o�l�y�m�.� �M�a�t�.� �S�c�i�.� �E�n�g�.� �1�9�9�2�,� �6�6�,� �4�9�8�.� 
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�C�H�A�P�T�E�R� �I�I�I� 

�R�A�T�I�O�N�A�L�E� �A�N�D� �G�O�A�L�S� 

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

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

�i�n� �a�b�o�u�t� �t�h�e� �l�a�s�t� �3�0� �y�e�a�r�s�.� �W�h�e�n� �p�e�r�u�s�i�n�g� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,� �i�t� �b�e�c�a�m�e� �i�n�s�t�a�n�t�l�y� �o�b�v�i�o�u�s� �t�h�a�t� 

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

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

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

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

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

�t�r�i�a�z�i�n�e�s�.� 

�F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� �w�e� �i�n�t�e�n�d�e�d� �t�o�:� �(�1�)� �I�n�v�e�s�t�i�g�a�t�e� �t�h�e� �l�i�q�u�i�d� �c�r�y�s�t�a�l�l�i�n�e� �p�r�o�p�e�r�t�i�e�s� �o�f� 

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

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

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

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

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

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

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

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

�c�o�m�p�o�u�n�d�s� �a�r�e� �n�o�t�o�r�i�o�u�s�l�y� �d�i�f�f�i�c�u�l�t� �t�o� �s�y�n�t�h�e�s�i�z�e�.� �1�,�3�,�5�-�T�r�i�p�h�e�n�y�l�b�e�n�z�e�n�e� �d�e�r�i�v�a�t�i�v�e�s� 

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

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

�3�0



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

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

�3�1



�C�H�A�P�T�E�R� �I�V� 

�S�Y�N�T�H�E�S�I�S� �A�N�D� �C�H�A�R�A�C�T�E�R�I�Z�A�T�I�O�N� �O�F� �L�I�Q�U�I�D� 

�C�R�Y�S�T�A�L�L�I�N�E� �T�R�I�A�R�Y�L�O�X�Y�-�S�-�T�R�I�A�Z�I�N�E�S� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� 

�A�.� �2�,�4�,�6�-�T�r�i�[�p�-�(�n�-�a�l�k�y�l�p�h�e�n�y�l�i�m�i�n�o�m�e�t�h�y�l�e�n�e�)�-�p�-�p�h�e�n�o�x�y� �]�-�s�-�t�r�i�a�z�i�n�e�s� 

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

�t�r�i�a�l�d�e�h�y�d�e� �2�8� �a�n�d� �s�e�v�e�r�a�l� �o�f� �i�t�s� �S�c�h�i�f�f�'�s� �b�a�s�e� �d�e�r�i�v�a�t�i�v�e�s� �s�p�a�r�k�e�d� �o�u�r� �i�n�t�e�r�e�s�t� �i�n� �t�h�e� 

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

�f� �~� 

�q�  �� 
�w�l� 

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

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

�t�h�e� �s�y�m�m�e�t�r�i�c�a�l� �n�a�t�u�r�e� �o�f� �t�r�i�a�l�d�e�h�y�d�e� �2�8� �g�a�v�e� �u�s� �t�h�e� �i�m�p�r�e�s�s�i�o�n� �t�h�a�t� �i�t�s� �a�z�o�m�e�t�h�i�n�e�,� �o�r� 

�S�c�h�i�f�f�'�s� �b�a�s�e�,� �d�e�r�i�v�a�t�i�v�e�s� �m�i�g�h�t� �s�t�a�c�k� �i�n� �a� �c�o�l�u�m�n�a�r� �f�a�s�h�i�o�n� �t�o� �p�r�o�d�u�c�e� �d�i�s�c�o�t�i�c� �l�i�q�u�i�d� 

�c�r�y�s�t�a�l�s�.� 

�1�.� �S�y�n�t�h�e�s�i�s� �a�n�d� �m�o�l�e�c�u�l�a�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� 

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

�g�,� �S�t�a�r�t�i�n�g� �w�i�t�h� �t�r�i�a�l�d�e�h�y�d�e� �2�8� �a�n�d� �r�e�a�c�t�i�n�g� �i�t� �w�i�t�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �s�u�b�s�t�i�t�u�t�e�d� �a�n�i�l�i�n�e�s� �2�9�;� 

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

�3�2



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

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

�N�M�R� �s�p�e�c�t�r�u�m� �o�f� �c�o�m�p�o�u�n�d� �3�0�a� �(�F�i�g�u�r�e� �1�)� �i�n� �C�D�C�I�,� �s�h�o�w�s� �t�h�e� �a�z�o�m�e�t�h�i�n�e� �p�r�o�t�o�n�s� �(�a�)� 

�a�t� �8�.�4�3� �p�p�m� �(�3� �H�)�,� �d�o�u�b�l�e�t�s� �a�t� �7�.�9�2� �a�n�d� �7�.�2�5� �p�p�m� �(�1�2� �H�)� �w�h�i�c�h� �a�r�e� �d�u�e� �t�o� �t�h�e� �a�r�y�l� �p�r�o�t�o�n�s� 

�(�b�,� �d�)� �o�f� �t�h�e� �p�h�e�n�o�x�y� �m�o�i�e�t�y�,� �d�o�u�b�l�e�t�s� �a�t� �7�.�3�1� �a�n�d� �7�.�1�6� �p�p�m� �(�1�2� �H�)� �d�u�e� �t�o� �t�h�e� �a�r�y�l� �p�r�o�t�o�n�s� 

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

�r�e�g�i�o�n� �o�f� �t�h�e� �s�p�e�c�t�r�u�m�.� �T�h�e� �N�M�R� �s�p�e�c�t�r�a� �o�f� �c�o�m�p�o�u�n�d�s� �3�0�a�-�g� �a�r�e� �v�i�r�t�u�a�l�l�y� �i�d�e�n�t�i�c�a�l� �i�n� 

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

�(�F�i�g�u�r�e� �2�)� �o�f� �3�0�a� �s�h�o�w�s� �a� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �s�t�r�o�n�g� �s�t�r�e�t�c�h� �a�t� �1�5�6�0� �c�m �� �d�u�e� �t�o� �t�h�e� �C�=�N� 

�f�u�n�c�t�i�o�n�a�l�i�t�y�,� �a�s� �d�o� �c�o�m�p�o�u�n�d�s� �3�0�b�-�g�.� 

�2�.� �P�h�a�s�e� �t�r�a�n�s�i�t�i�o�n�s� 

�T�h�e� �t�h�e�r�m�a�l� �t�r�a�n�s�i�t�i�o�n�s� �m�e�a�s�u�r�e�d� �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�,� �1�0� 

�°�C�/�m�i�n�)� �o�f� �c�o�m�p�o�u�n�d�s� �3�0�a�-�g� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�.� �C�o�m�p�o�u�n�d� �3�0�a�,� �t�h�e� �n�-�b�u�t�y�l� 

�d�e�r�i�v�a�t�i�v�e�,� �h�a�s� �a�n� �i�n�i�t�i�a�l� �m�e�l�t�i�n�g� �t�r�a�n�s�i�t�i�o�n� �a�t� �1�8�0� �°�C� �f�o�l�l�o�w�e�d� �b�y� �i�s�o�t�r�o�p�i�z�a�t�i�o�n� �a�t� �1�9�1� �°�C�.� 

�T�h�e� �r�a�n�g�e� �o�f� �l�i�q�u�i�d� �c�r�y�s�t�a�l�l�i�n�i�t�y� �(�D�S�C�,� �r�a�t�e� �=� �1�0� �°�C�/�m�i�n�.�)� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �1�1� �°�C� �w�i�t�h� �3�0�a� �t�o� 

�2�8�.�6� �°�C� �f�o�r� �t�h�e� �n�-�p�e�n�t�y�l� �d�e�r�i�v�a�t�i�v�e� �3�0�b� �o�n� �h�e�a�t�i�n�g�,� �w�h�i�l�e� �t�h�e� �i�n�i�t�i�a�l� �m�e�l�t�i�n�g� �t�r�a�n�s�i�t�i�o�n� 

�d�e�c�r�e�a�s�e�d� �d�u�e� �t�o� �t�h�e� �l�o�n�g�e�r� �a�l�k�y�l� �c�h�a�i�n�.� �T�h�e� �D�S�C� �t�r�a�c�e� �(�F�i�g�u�r�e� �3�)� �o�f� �c�o�m�p�o�u�n�d� �3�0�b� 

�r�e�v�e�a�l�s� �t�w�o� �e�n�d�o�t�h�e�r�m�i�c� �t�r�a�n�s�i�t�i�o�n�s�.� �T�h�e� �m�e�l�t�i�n�g� �e�n�d�o�t�h�e�r�m� �a�t� �1�7�2�.�8� �°�C� �i�s� �d�u�e� �t�o� �t�h�e� 

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

�c�r�y�s�t�a�l�l�i�n�e� �o�r�d�e�r� �i�s� �l�o�s�t� �a�t� �t�h�e� �i�s�o�t�r�o�p�i�z�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �(�2�0�1�.�4� �°�C�)�.� �U�p�o�n� �c�o�o�l�i�n�g�,� �t�h�e� 

�m�e�s�o�p�h�a�s�e� �f�o�r�m�s� �a�t� �1�9�7�.�5� �°�C�,� �f�o�l�l�o�w�e�d� �b�y� �s�a�m�p�l�e� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �a�t� �1�4�2�.�3� �°�C�.� �T�h�i�s� 

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

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

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

�p�h�a�s�e� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �c�l�e�a�r�i�n�g� �p�o�i�n�t� �e�n�t�h�a�l�p�i�e�s�,� �a�s� �n�o�t�e�d� �i�n� �T�a�b�l�e� �1�2� 

�3�3



�T�h�e� �n�-�t�e�t�r�a�d�e�c�y�l� �d�e�r�i�v�a�t�i�v�e� �3�0�f� �e�x�h�i�b�i�t�e�d� �s�o�m�e� �i�n�t�e�r�e�s�t�i�n�g� �t�h�e�r�m�a�l� �b�e�h�a�v�i�o�r�.� �D�S�C� 

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

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

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

�t�e�x�t�u�r�e� �c�o�u�l�d� �b�e� �s�e�e�n� �a�t� �t�h�i�s� �t�r�a�n�s�i�t�i�o�n� �(�s�e�e� �s�e�c�t�i�o�n� �3� �b�e�l�o�w�)�.� �T�h�i�s� �p�h�a�s�e� �t�h�e�n� �m�e�l�t�s� �a�t� �1�4�9� 

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

�t�e�m�p�e�r�a�t�u�r�e� �i�s� �r�e�a�c�h�e�d� �a�t� �1�6�9�.�5� �°�C�.� �Q�u�a�l�i�t�a�t�i�v�e�l�y�,� �t�h�i�s� �m�e�s�o�p�h�a�s�e� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �b�e� �o�f� 

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

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

�C�o�m�p�o�u�n�d� �3�0�g�,� �t�h�e� �n�-�p�e�n�t�y�l�o�x�y� �d�e�r�i�v�a�t�i�v�e�,� �a�l�s�o� �s�h�o�w�e�d� �t�h�r�e�e� �e�n�d�o�t�h�e�r�m�s� �o�n� 

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

�c�r�y�s�t�a�l�l�i�n�e� �p�h�a�s�e�s�.� �T�h�i�s� �c�o�m�p�o�u�n�d�'�s� �n�-�a�l�k�y�l� �e�q�u�i�v�a�l�e�n�t�,� �t�h�e� �n�-�h�e�x�y�l� �d�e�r�i�v�a�t�i�v�e� �3�0�c�,� �w�a�s� 

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

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

�3�.� �O�p�t�i�c�a�l� �t�e�x�t�u�r�e�s� 

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

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

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

�d�o�m�a�i�n� �o�f� �c�o�m�p�o�u�n�d�s� �3�0�a�-�e� �o�n� �c�o�o�l�i�n�g� �i�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�i�n�g� �b�a�t�o�n�n�e�t� �f�o�r�m�a�t�i�o�n�,� �a� 

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

�s�m�e�c�t�i�c�-�A� �t�y�p�e� �m�e�s�o�p�h�a�s�e� �a�n�d� �n�o�t� �a� �d�i�s�c�o�t�i�c� �m�e�s�o�p�h�a�s�e�.� �F�i�g�u�r�e�s� �5�-�8� �s�h�o�w� 

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

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

�r�e�s�i�s�t�a�n�t� �t�o� �s�h�e�a�r�i�n�g�.� �C�o�m�p�o�u�n�d� �3�0�f� �d�i�s�p�l�a�y�e�d� �a� �f�r�e�e� �f�l�o�w�i�n�g� �n�e�m�a�t�i�c� �m�e�s�o�p�h�a�s�e� �w�i�t�h� 

�t�r�a�n�s�i�e�n�t� �b�i�r�e�f�r�i�n�g�e�n�c�e� �(�F�i�g�u�r�e� �9�)�.� �O�p�t�i�c�a�l�l�y�,� �n�o� �c�h�a�n�g�e� �i�n� �t�e�x�t�u�r�e� �c�o�u�l�d� �b�e� �s�e�e�n� �a�t� �t�h�e� 
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�c�r�y�s�t�a�l�-�c�r�y�s�t�a�l� �p�h�a�s�e� �t�r�a�n�s�i�t�i�o�n� �(�f�r�o�m� �D�S�C�,� �a�b�o�v�e�)� �f�o�r� �t�h�i�s� �c�o�m�p�o�u�n�d�.� �T�h�e� �p�e�n�t�y�l�o�x�y� 

�d�e�r�i�v�a�t�i�v�e� �3�0�g� �s�h�o�w�e�d� �a� �m�o�s�a�i�c� �t�e�x�t�u�r�e� �t�y�p�i�c�a�l� �o�f� �s�m�e�c�t�i�c�-�B� �m�e�s�o�p�h�a�s�e�s �� �w�h�e�n� �c�o�o�l�e�d� 

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

�4�.� �M�o�l�e�c�u�l�a�r� �m�o�d�e�l�i�n�g� 

�D�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�i�s� �w�o�r�k�,� �a� �r�e�f�e�r�e�n�c�e� �w�a�s� �f�o�u�n�d�*� �w�h�i�c�h� �d�e�s�c�r�i�b�e�d� �t�h�e� 

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

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

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

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

�t�h�e�s�e� �c�o�m�p�o�u�n�d�s�.� 

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

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

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

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

�t�h�e� �2�,�4�,�6�-�p�o�s�i�t�i�o�n�s� �o�f� �t�h�e� �r�i�n�g�.� �M�o�l�e�c�u�l�a�r� �m�o�d�e�l�i�n�g� �(�C�S�C� �C�h�e�m�3�D� �P�l�u�s� �f�o�r� �t�h�e� 

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

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

�i�n� �F�i�g�u�r�e� �1�1� �a�n�d� �h�o�w� �t�h�e� �a�l�t�e�r�n�a�t�i�n�g� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�h�e�s�e� �m�o�l�e�c�u�l�e�s� �a�l�l�o�w�s� �f�o�r� �s�m�e�c�t�i�c�-�A� 

�r�i�g�i�d� �r�o�d�s� �i�n� �t�h�e� �m�e�s�o�p�h�a�s�e�.� �T�h�i�s� �l�o�c�a�l�l�y� �m�i�n�i�m�i�z�e�d� �c�o�n�f�o�r�m�a�t�i�o�n� �o�f� �3�0�a� �h�a�d� �a� �l�o�w�e�r� 

�e�n�e�r�g�y� �(�3�6�.�7� �k�c�a�l�/�m�o�l�)� �t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �f�u�l�l�y� �e�x�t�e�n�d�e�d�,� �s�y�m�m�e�t�r�i�c�a�l� �c�o�n�f�o�r�m�a�t�i�o�n� �(�4�7�.�8� 

�k�c�a�l�/�m�o�l�)�.� �T�h�e�s�e�  ��r�o�d�s �� �a�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �7�.�8� �A� �i�n� �d�i�a�m�e�t�e�r� �a�n�d� �3�4�.�4� �A� �i�n� �l�e�n�g�t�h�,� 

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

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

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

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

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

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

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

�A� �p�l�o�t� �o�f� �t�h�e� �t�r�a�n�s�i�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e�s� �v�s�.� �c�a�r�b�o�n� �n�u�m�b�e�r� �o�f� �c�o�m�p�o�u�n�d�s� �3�0�a�-�f� �i�s� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�2�.� �A�s� �o�n�e� �m�i�g�h�t� �e�x�p�e�c�t�,� �t�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t�s� �d�e�c�r�e�a�s�e� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� 

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

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

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

�o�t�h�e�r� �o�u�t� �i�n� �t�h�e� �a�n�t�i�p�a�r�a�l�l�e�l� �a�r�r�a�y�s� �(�b�e�l�o�w�)�:� 

� � � � � � � � 

� � 

�6�.� �X�-�r�a�y� �d�i�f�f�r�a�c�t�i�o�n� �s�t�u�d�i�e�s� 

�F�i�g�u�r�e� �1�3� �s�h�o�w�s� �t�h�e� �w�i�d�e� �a�n�g�l�e� �x�-�r�a�y� �d�i�f�f�r�a�c�t�i�o�n� �p�r�o�f�i�l�e� �o�f� �c�o�m�p�o�u�n�d� �3�0�a� �i�n� �t�h�e� 

�m�e�s�o�p�h�a�s�e� �a�t� �1�7�9� �°�C�.� �A� �d�-�s�p�a�c�i�n�g� �o�f� �3�2�.�7� �A� �i�s� �s�e�e�n� �i�n� �t�h�e� �l�o�w� �a�n�g�l�e� �r�e�g�i�o�n� �a�n�d� �r�e�p�r�e�s�e�n�t�s� 

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

�o�f� �3�4�.�4� �A� �f�r�o�m� �m�o�l�e�c�u�l�a�r� �m�o�d�e�l�i�n�g�.� �I�n� �a�d�d�i�t�i�o�n�,� �a� �b�r�o�a�d� �a�m�o�r�p�h�o�u�s� �h�a�l�o� �a�t� �4�.�4� �A� �i�s� 

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

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

�a�n�g�l�e� �r�e�g�i�o�n� �i�n�d�e�x�a�b�l�e� �t�o� �a�n� �h�e�x�a�g�o�n�a�l� �c�o�l�u�m�n�a�r� �a�r�r�a�y�.� �X�-�r�a�y� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �n�-�p�e�n�t�y�l�o�x�y� 
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�d�e�r�i�v�a�t�i�v�e� �3�0�g� �i�s� �a�l�s�o� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �a� �s�m�e�c�t�i�c�-�B� �c�a�l�a�m�i�t�i�c� �p�h�a�s�e� �(�F�i�g�u�r�e� �1�4�)�,� �w�i�t�h� �a� 

�s�t�r�o�n�g� �B�r�a�g�g� �r�e�f�l�e�c�t�i�o�n� �a�t� �2�5�.�9�7� �A� �a�n�d� �a�n� �a�m�o�r�p�h�o�u�s� �h�a�l�o� �c�e�n�t�e�r�e�d� �a�t� �4�.�4�6� �A� �d�u�e� �t�o� �t�h�e� 

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

�s�h�a�r�p�e�r �� �t�h�a�n� �w�i�t�h� �3�0�a�.� �I�n� �a�d�d�i�t�i�o�n�,� �a� �v�e�r�y� �s�h�a�r�p� �p�e�a�k� �c�e�n�t�e�r�e�d� �a�t� �2�.�9�5� �A� �i�s� �m�o�s�t� �l�i�k�e�l�y� 

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

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

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

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

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

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

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

�s�t�r�u�c�t�u�r�e�.� �O�n�e� �s�u�c�h� �s�t�r�u�c�t�u�r�e� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�e�l�o�w�:� 

�P�y�r�o�g�e�n� �c�o�h� 
�O�o�,� 

�P�o�l�y�m�e�r� �3�1� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�o� �b�e� �l�i�q�u�i�d� �c�r�y�s�t�a�l�l�i�n�e� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �i�t� �c�o�n�t�a�i�n�s� �t�h�e� 

�B�u� 

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

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

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

�i�n�i�t�i�a�t�e�d�.� �C�o�m�p�o�u�n�d� �3�4�,� �4�-�(�4�'�-�n�-�b�u�t�y�l�b�e�n�z�y�l�i�d�e�n�e�a�m�i�n�o�)�p�h�e�n�o�l�,� �w�a�s� �f�i�r�s�t� �s�y�n�t�h�e�s�i�z�e�d� 

�f�r�o�m� �p�-�h�y�d�r�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�3�2�)� �a�n�d� �n�-�b�u�t�y�l�a�n�i�l�i�n�e� �(�3�3�)� �i�n� �r�e�f�l�u�x�i�n�g� �e�t�h�a�n�o�l� �(�E�q�.� �6�)�:� 
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�3�3� �R�S� �©� �H�o ��_ ��c�x�o�  ��>� �H�o�)� 
�E�t�h�a�n�o�l�,� �r�e�f�l�u�x� 

�3�2� �4�A� �m�o�l�.� �s�i�e�v�e�s� �3�4� 

� � 

�T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �p�r�o�d�u�c�e�d� �i�n� �7�7�%� �y�i�e�l�d� �a�f�t�e�r� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �e�t�h�a�n�o�l� �a�n�d� �h�a�d� �a� 

�m�e�l�t�i�n�g� �p�o�i�n�t� �o�f� �1�7�7�-�1�8�8� �°�C�.� �T�h�e� �c�o�m�p�o�u�n�d� �a�p�p�e�a�r�e�d� �t�o� �b�e� �l�i�q�u�i�d� �c�r�y�s�t�a�l�l�i�n�e� �a�s� �e�v�i�d�e�n�c�e�d� 

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

�U�s�i�n�g� �t�h�e� �m�e�t�h�o�d� �o�f� �H�i�r�t� �a�n�d� �N�i�d�e�c�k�e�r�,�®� �t�h�e� �p�h�e�n�o�l�a�t�e� �o�f� �c�o�m�p�o�u�n�d� �3�4� �w�a�s� �m�a�d�e� 

�f�i�r�s�t� �u�s�i�n�g� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �(�1� �e�q�u�i�v�a�l�e�n�t�)� �i�n� �w�a�t�e�r� �a�n�d� �w�a�s� �t�h�e�n� �a�d�d�e�d� �t�o� �a� �s�t�i�r�r�e�d� 

�s�o�l�u�t�i�o�n� �o�f� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�1� �e�q�u�i�v�a�l�e�n�t�)� �i�n� �d�i�c�h�l�o�r�o�m�e�t�h�a�n�e� �a�t� �5�0� �°�C�.� �T�h�e� �e�x�p�e�c�t�e�d� 

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

�3�5� 

�A� �B�B� �m�o�n�o�m�e�r� 

�b�e� �a� �B�B� �e�l�e�c�t�r�o�p�h�i�l�i�c� �m�o�n�o�m�e�r� �t�o� �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�m�e�r� �3�1�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� 

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

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

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

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

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

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

�F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� �u�n�d�e�r� �t�h�e� �s�a�m�e� �c�o�n�d�i�t�i�o�n�s�,� �2�,�6�-�d�i�c�h�l�o�r�o�-�4�-�(�p�-�f�o�r�m�y�l�)�p�h�e�n�o�x�y�-�s�-�t�r�i�a�z�i�n�e� 

�3�6� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �u�s�i�n�g� �t�h�e� �p�h�e�n�o�l�a�t�e� �o�f� �p�-�h�y�d�r�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e�.� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� 

�p�r�o�d�u�c�e�d� �i�n� �4�2�%� �y�i�e�l�d� �a�f�t�e�r� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �h�o�t� �t�o�l�u�e�n�e�,� �t�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t� �b�e�i�n�g� �1�3�9�-� 
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�C�l� 

�s�h�o� �Q�-�a�0� 

�C�l� 

�3�6� 

�1�4�2� �°�C�.� �T�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�i�s� �m�o�n�o�m�e�r� �w�a�s� �c�o�n�f�i�r�m�e�d� �b�y� �p�r�o�t�o�n� �N�M�R� �a�n�d� �I�R� 

�S�p�e�c�t�r�o�s�c�o�p�y�.� 

�T�h�e� �A�A� �d�i�p�h�e�n�o�l�i�c� �m�o�n�o�m�e�r� �3�7� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �m�e�t�h�o�d� �o�f� �J�.� 

�S�z�e�.�?� �T�h�i�s� �c�o�m�p�o�u�n�d�,� �1�,�1�0�-�b�i�s�(�p�-�h�y�d�r�o�x�y�p�h�e�n�y�l�i�m�i�n�o�-�p�-�b�e�n�z�y�l�i�d�e�n�e�o�x�y�)�d�e�c�a�n�e�,� �w�a�s� 

�p�r�o�d�u�c�e�d� �i�n� �7�3�%� �y�i�e�l�d� �a�f�t�e�r� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �d�i�o�x�a�n�e�,� �m�p� �1�7�4�-�1�9�9� �°�C�.� 

�e� �a� 

�O�(�C�H�)�,�9�9� 

�3�7� 

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

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

�3�7� �t�o� �a� �c�o�n�s�t�a�n�t� �v�a�l�u�e� �o�f� �2�1�0�-�2�1�4� �°�C�.� �N�M�R� �a�n�d� �I�R� �s�p�e�c�t�r�a� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� 

�p�r�o�p�o�s�e�d� �s�t�r�u�c�t�u�r�e�.� 

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

�w�a�s� �d�i�s�c�o�v�e�r�e�d� �t�h�a�t� �m�o�n�o�a�l�d�e�h�y�d�e� �3�6� �h�a�d� �d�e�c�o�m�p�o�s�e�d�.� �W�h�i�l�e� �t�h�i�s� �c�o�m�p�o�u�n�d� �i�s� �w�h�i�t�e� 

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

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

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

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

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

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

�W�h�i�l�e� �i�t� �b�e�c�a�m�e� �a�p�p�a�r�e�n�t� �t�h�a�t� �t�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s� �w�i�t�h� �S�c�h�i�f�f�'�s� �b�a�s�e� �r�e�s�i�d�u�e�s� �i�n� 

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

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

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

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

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

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

�1�.� �T�r�i�s�u�b�s�t�i�t�u�t�e�d� �s�y�s�t�e�m�s� 

�a�.� �P�a�r�a�f�f�i�n�i�c� �e�s�t�e�r�s� 

�W�i�t�h� �t�h�i�s� �i�n� �m�i�n�d�,� �2�,�4�,�6�-�t�r�i�(�p�-�n�-�o�c�t�y�l�o�x�y�c�a�r�b�o�n�y�l�)�p�h�e�n�o�x�y�-�s�-�t�r�i�a�z�i�n�e� �(�3�8�)� �w�a�s� 

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

�s�o�d�i�u�m� �n�-�o�c�t�y�l� �p�-�h�y�d�r�o�x�y�b�e�n�z�o�a�t�e� �i�n� �w�a�t�e�r� �(�3� �e�q�u�i�v�.�)� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �3� �h�o�u�r�s�.�}�°� 
�C�O�,�C�.�H�i�7� 

�O�o� 

�s�o�d� 
�3�8� 

�T�h�i�s� �n�e�w� �c�o�m�p�o�u�n�d� �w�a�s� �p�r�o�d�u�c�e�d� �i�n� �9�6�%� �c�r�u�d�e� �y�i�e�l�d� �a�n�d� �8�9�%� �p�u�r�i�f�i�e�d� �y�i�e�l�d� �a�f�t�e�r� 

�r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �a�c�e�t�o�n�e� �(�m�p� �(�D�S�C�)� �1�0�1�.�3�-�1�1�7�.�2� �°�C�)�.� �T�h�e� �D�S�C� �t�h�e�r�m�o�g�r�a�m� �s�h�o�w�s� 

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

�e�x�o�t�h�e�r�m�s� �a�t� �9�2�.�9� �°�C� �a�n�d� �8�5�.�4� �°�C� �o�n� �c�o�o�l�i�n�g�.� �I�d�e�n�t�i�c�a�l� �b�e�h�a�v�i�o�r� �i�s� �s�e�e�n� �o�n� �t�h�e� �s�e�c�o�n�d� 

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

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

�4�0



�l�i�q�u�i�d� �c�r�y�s�t�a�l�l�i�n�e� �t�e�x�t�u�r�e� �(�F�i�g�u�r�e� �1�5�B�)�.� �F�u�r�t�h�e�r� �c�o�o�l�i�n�g� �g�i�v�e�s� �r�i�s�e� �t�o� �s�a�m�p�l�e� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� 

�a�t� �9�2�.�9� �°�C� �r�e�s�u�l�t�i�n�g� �i�n� �a� �s�p�h�e�r�u�l�i�t�i�c� �f�a�n� �t�e�x�t�u�r�e�,� �a�n�d� �t�h�e� �s�a�m�e� �t�e�x�t�u�r�e� �i�s� �o�b�s�e�r�v�e�d� �a�f�t�e�r� �t�h�e� 

�f�i�n�a�l� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �a�t� �8�5�.�4� �°�C�.� �P�r�o�t�o�n� �a�n�d� �c�a�r�b�o�n� �N�M�R� �a�n�a�l�y�s�e�s� �c�o�n�f�i�r�m� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� 

�t�h�i�s� �c�o�m�p�o�u�n�d�.� �I�n� �t�h�e� �p�r�o�t�o�n� �N�M�R� �s�p�e�c�t�r�u�m�,� �a�n� �A�B� �q�u�a�r�t�e�t� �i�s� �s�e�e�n� �a�t� �8�.�0�4� �a�n�d� �7�.�2� �p�p�m� 

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

�g�r�o�u�p� �g�i�v�e� �r�i�s�e� �t�o� �a� �t�r�i�p�l�e�t� �a�t� �4�.�3� �p�p�m� �i�n�t�e�g�r�a�t�i�n�g� �f�o�r� �s�i�x� �p�r�o�t�o�n�s�,� �a�n�d� �t�h�e� �r�e�m�a�i�n�i�n�g� �u�p�f�i�e�l�d� 

�a�l�i�p�h�a�t�i�c� �p�e�a�k�s� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �C�,� �c�h�a�i�n�.� �T�h�e� �c�a�r�b�o�n� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� 

�3�8� �s�h�o�w�s� �e�i�g�h�t� �s�p�?� �c�a�r�b�o�n�s�,� �o�n�e� �o�f� �w�h�i�c�h� �i�s� �o�v�e�r�l�a�p�p�e�d�.� �S�i�x� �s�p�?� �c�a�r�b�o�n�s� �a�r�e� �a�l�s�o� 

�p�r�e�s�e�n�t�,� �w�i�t�h� �t�h�e� �t�r�i�a�z�i�n�e� �c�o�r�e� �c�a�r�b�o�n�s� �a�t� �1�7�2�.�8� �p�p�m� �a�n�d� �t�h�e� �e�s�t�e�r� �c�a�r�b�o�n�y�l� �a�t� �1�6�5� �p�p�m�.� �I�t� 

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

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

�f�o�r� �e�l�e�m�e�n�t�a�l� �a�n�a�l�y�s�i�s�.� �T�h�e� �I�R� �s�p�e�c�t�r�u�m� �s�h�o�w�s� �v�e�r�y� �s�t�r�o�n�g� �C�-�H� �s�t�r�e�t�c�h�i�n�g� �a�n�d� �a� �s�t�r�o�n�g� 

�c�a�r�b�o�n�y�l� �a�b�s�o�r�p�t�i�o�n� �a�t� �1�7�1�0� �c�m�.� �W�A�X�D� �a�n�a�l�y�s�i�s� �w�i�l�l� �b�e� �r�u�n� �t�o� �s�e�e� �i�f� �t�h�i�s� �c�o�m�p�o�u�n�d� �i�s� 

�d�i�s�c�o�t�i�c� �o�r� �c�a�l�a�m�i�t�i�c�.� 

�b�.� �C�h�o�l�e�s�t�e�r�y�l�-�c�o�n�t�a�i�n�i�n�g� �e�s�t�e�r�s� 

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

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

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

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

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

�t�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�,� �2�,�4�,�6�-�t�r�i�(�p�-�b�e�n�z�y�l�o�x�y�)�p�h�e�n�y�!� �c�y�a�n�u�r�a�t�e� �(�4�1�)� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �8�1�%� 

�c�r�u�d�e� �y�i�e�l�d� �b�y� �t�r�e�a�t�i�n�g� �a� �s�t�i�r�r�e�d� �a�c�e�t�o�n�e� �s�o�l�u�t�i�o�n� �o�f� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�4�0�,� �1� �e�q�.�)� �w�i�t�h� �a�n� 

�a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �o�f� �p�-�b�e�n�z�y�l�o�x�y�p�h�e�n�o�l� �(�3�9�,� �3� �e�q�.�)� �a�n�d� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �(�3� �e�q�.�)� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �t�h�r�e�e� �h�o�u�r�s� �(�E�q�.� �7�)�:� 

�4�1



� � 

�1�)� �N�a�O�H�,� �H�»�O�0� �a� 
�w�l� �Y�o�c�u�m� �a� �(�7�)� 

�3�9� 

�a�.� �L�N�.� �a� �O�N� �0� 

�2�)� �¥� �T�y� �,� �a�c�e�t�o�n�e� �T�t� �T� �T�L� �a� �O�C�H�,�P�h� �2�5�°�C� �T� �a� �O�o�  �� �o� �P�h�C�H�,�O� 
�4�1� 

�T�h�i�s� �n�e�w� �c�o�m�p�o�u�n�d� �w�a�s� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �e�t�h�y�l� �a�c�e�t�a�t�e� �t�o� �a�f�f�o�r�d� �p�u�r�e� �4�1� �a�s� �w�h�i�t�e� 

�n�e�e�d�l�e�s� �(�7�7�%�)�,� �m�p� �1�6�1�-�1�6�3� �°�C�.� �T�h�e� �p�r�o�t�o�n� �N�M�R� �s�p�e�c�t�r�u�m� �s�h�o�w�s� �a� �m�u�l�t�i�p�l�e�t� �b�e�t�w�e�e�n� 

�7�.�4�5� �a�n�d� �7�.�3�1� �p�p�m� �w�h�i�c�h� �i�n�t�e�g�r�a�t�e�s� �f�o�r� �1�5� �p�r�o�t�o�n�s� �d�u�e� �t�o� �t�h�e� �o�u�t�e�r� �p�h�e�n�y�l� �p�r�o�t�o�n�s�.� �A�n� 

�A�B� �q�u�a�r�t�e�t� �a�t� �7�.�1�5� �a�n�d� �7�.�0�3� �p�p�m� �i�n�t�e�g�r�a�t�e�s� �f�o�r� �1�2� �p�r�o�t�o�n�s� �a�n�d� �i�s� �d�u�e� �t�o� �t�h�e� �h�y�d�r�o�q�u�i�n�o�n�e� 

�m�o�i�e�t�y�.� �F�i�n�a�l�l�y�,� �a� �s�i�n�g�l�e�t� �a�t� �5�.�0�9� �p�p�m� �i�n�t�e�g�r�a�t�e�s� �f�o�r� �s�i�x� �p�r�o�t�o�n�s� �a�n�d� �i�s� �d�u�e� �t�o� �t�h�e� �p�r�o�t�o�n�s� 

�o�f� �t�h�e� �b�e�n�z�y�l� �l�i�n�k�a�g�e�.� �T�h�e� �I�R� �s�p�e�c�t�r�u�m� �s�h�o�w�s� �a� �v�e�r�y� �s�t�r�o�n�g� �C�-�O�-�C� �s�t�r�e�t�c�h� �a�t� �1�2�0�0� �c�m ��!� �a�s� 

�w�e�l�l� �a�s� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �-�C�=�N�-� �s�t�r�e�t�c�h� �a�t� �1�5�9�0� �c�m�"� �f�r�o�m� �t�h�e� �t�r�i�a�z�i�n�e� �r�i�n�g�.� �E�l�e�m�e�n�t�a�l� 

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

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

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

�h�y�d�r�o�g�e�n�a�t�i�o�n� �u�s�i�n�g� �p�a�l�l�a�d�i�u�m� �o�n� �c�h�a�r�c�o�a�l� �w�i�t�h� �c�h�l�o�r�o�f�o�r�m�/�m�e�t�h�a�n�o�l� �(�1�:�1�)� �a�s� �t�h�e� �s�o�l�v�e�n�t�.� 

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

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

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

�d�e�p�r�o�t�e�c�t�i�n�g� �c�o�m�p�o�u�n�d� �4�1� �i�n�v�o�l�v�e�d� �t�h�e� �u�s�e� �o�f� �t�r�i�m�e�t�h�y�l�s�i�l�y�l� �c�h�l�o�r�i�d�e� �a�n�d� �s�o�d�i�u�m� �i�o�d�i�d�e� �i�n� 

�a�c�e�t�o�n�i�t�r�i�l�e�!�!� �(�E�q�.� �8�)�:� 

�4�2



� � 

�O�H� 

�T�M�S�C�I�,� �N�a�l� �9� �N� 

�x� �A�c�e�t�o�n�i�t�r�i�l�e�,� �r�e�f�l�u�x� �r� �G�H�.� �)� 
�a� �O�H� 

�o�O� 

�w�w� 
�4�2� 

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

�8�5�%� �c�r�u�d�e� �y�i�e�l�d�.� �T�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �3�5�0� �°�C�,� �a�n�d� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�a�i�l�e�d� 

�d�u�e� �t�h�e� �c�o�m�p�o�u�n�d�'�s� �i�n�s�o�l�u�b�i�l�i�t�y�.� �T�L�C� �a�n�a�l�y�s�i�s� �(�M�e�O�H�)� �s�h�o�w�e�d� �t�h�a�t� �t�h�i�s� �p�r�o�d�u�c�t� �w�a�s� 

�i�n�d�e�e�d� �p�u�r�e�.� �T�h�e� �p�r�o�t�o�n� �N�M�R� �s�p�e�c�t�r�u�m� �r�e�v�e�a�l�s� �t�h�a�t� �t�h�e� �b�e�n�z�y�l� �p�r�o�t�o�n�s� �a�t� �5�.�0�9� �o�f� �4�1� �a�r�e� 

�n�o�w� �a�b�s�e�n�t�,� �a�n�d� �a�n� �h�y�d�r�o�x�y�l� �s�i�n�g�l�e�t� �w�h�i�c�h� �i�n�t�e�g�r�a�t�e�s� �f�o�r� �t�h�r�e�e� �p�r�o�t�o�n�s� �i�s� �s�e�e�n� �a�t� �9�.�5�0� 

�p�p�m�.� �A�n� �A�B� �q�u�a�r�t�e�t� �i�s� �a�l�s�o� �o�b�s�e�r�v�e�d� �a�t� �7�.�0�1� �a�n�d� �6�.�7�3� �p�p�m� �w�h�i�c�h� �i�n�t�e�g�r�a�t�e�s� �f�o�r� �1�2� 

�p�r�o�t�o�n�s�.� �T�h�e� �I�R� �s�p�e�c�t�r�u�m� �s�h�o�w�s� �a�n� �i�n�t�e�n�s�e� �h�y�d�r�o�x�y�l� �s�t�r�e�t�c�h� �f�r�o�m� �3�2�0�0� �t�o� �3�4�0�0� �c�m�!� �a�s� 

�w�e�l�l� �a�s� �a� �s�t�r�o�n�g� �C�-�O�-�C� �s�t�r�e�t�c�h� �a�t� �1�2�0�0� �c�m!"�.� �T�h�e� �t�r�i�a�z�i�n�e� �r�i�n�g� �-�C�=�N�-� �s�t�r�e�t�c�h� �i�s� �a�l�s�o� �s�e�e�n� �a�t� 

�1�5�6�0� �c�m ��.� 

�T�h�e� �t�r�i�p�h�e�n�o�l� �4�2� �w�a�s� �r�e�a�c�t�e�d� �w�i�t�h� �c�h�o�l�e�s�t�e�r�y�l� �c�h�l�o�r�o�f�o�r�m�a�t�e� �(�6� �e�q�u�i�v�a�l�e�n�t�s�)� �i�n� 

�d�i�c�h�l�o�r�o�m�e�t�h�a�n�e� �a�n�d� �p�y�r�i�d�i�n�e�.� �I�t� �w�a�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �t�h�e� �t�r�i�c�a�r�b�o�n�a�t�e� �p�r�o�d�u�c�t� �4�3� �m�i�g�h�t� �b�e� �a� 

�n�e�m�a�t�i�c� �c�h�o�l�e�s�t�e�r�i�c� �d�i�s�c�o�t�i�c� �m�e�s�o�g�e�n� �(�D�y�,� �E�q�.� �9�)�:� 
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�Y�e�,� 
�v�o� 

�A�T� �C�h�o�l�e�s�t�e�r�y�l� 
 ��a�o� �c�h�l�o�r�o�f�o�r�m�a�t�e� �>� �S�i�r�e� �°� �(�9�)� 

�s�\�n� �P�y�r�i�d�i�n�e�,� �C�H�C�l� �;� �A�B� �|� 
�r�.�t�.� �2�5� �h�o�u�r�s� �L�Y� �Q� �4� 

�4�2�  ��3� 

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

� � 

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

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

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

�n�i�t�r�o�m�e�t�h�a�n�e�.� �G�e�l� �f�o�r�m�a�t�i�o�n� �w�a�s� �p�r�e�v�a�l�e�n�t� �i�n� �b�o�t�h� �h�e�x�a�n�e�s� �a�n�d� �b�e�n�z�e�n�e�.� �T�L�C� �a�n�a�l�y�s�i�s� �o�f� 

�t�h�i�s� �c�r�u�d�e� �p�r�o�d�u�c�t� �s�h�o�w�e�d� �t�w�o� �s�p�o�t�s�,� �t�h�e� �t�o�p� �s�p�o�t� �b�e�i�n�g� �U�V� �i�n�a�c�t�i�v�e�.� �S�e�p�a�r�a�t�i�o�n� �o�f� �t�h�e�s�e� 

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

�I�s�o�l�a�t�i�o�n� �o�f� �t�h�e� �f�i�r�s�t� �b�a�n�d� �g�a�v�e� �a� �w�h�i�t�e� �c�r�y�s�t�a�l�l�i�n�e� �s�o�l�i�d�,� �m�p� �1�7�4�-�1�7�7� �°�C�.� �D�i�c�h�o�l�e�s�t�e�r�y�l� 

�c�a�r�b�o�n�a�t�e� �4�4� �w�a�s� �a� �l�i�k�e�l�y� �s�t�r�u�c�t�u�r�e� �b�a�s�e�d� �o�n� �t�h�e� �N�M�R� �a�n�d� �I�R� �r�e�s�u�l�t�s� �a�n�d� �t�h�e� �a�g�r�e�e�m�e�n�t� 

�w�i�t�h� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �m�e�l�t�i�n�g� �p�o�i�n�t�.�!�®� �T�a�n� �9� �a�s�h� 

�4�4� 

�T�h�e� �p�r�o�t�o�n� �N�M�R� �s�p�e�c�t�r�u�m� �s�h�o�w�e�d� �n�o� �a�r�o�m�a�t�i�c� �r�e�s�o�n�a�n�c�e�s�,� �a�n�d� �t�h�e� �I�R� �s�p�e�c�t�r�u�m� �i�n�d�e�e�d� 

�r�e�v�e�a�l�s� �t�h�e� �s�t�r�o�n�g� �a�b�s�o�r�b�a�n�c�e� �o�f� �a�n� �a�l�i�p�h�a�t�i�c� �c�a�r�b�o�n�a�t�e� �a�t� �1�7�4�0� �c�m ��!� �a�s� �w�e�l�l� �a�s� �a� �s�t�r�o�n�g� 

�e�t�h�e�r� �s�t�r�e�t�c�h� �a�t� �1�2�4�3� �c�m!"�.� 
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�T�h�e� �s�e�c�o�n�d� �b�a�n�d� �f�r�o�m� �t�h�e� �P�T�L�C� �p�l�a�t�e� �(�U�V� �a�c�t�i�v�e�)� �w�a�s� �i�s�o�l�a�t�e�d� �a�n�d� �a�f�f�o�r�d�e�d� �4�6� �m�g� 

�o�f� �t�h�e� �d�e�s�i�r�e�d� �p�r�o�d�u�c�t� �4�3� �(�5�2�%� �c�r�u�d�e� �y�i�e�l�d� �f�r�o�m� �r�e�a�c�t�i�o�n�)�,� �m�p� �2�5�6� �°�C� �(�d�e�c�.�)�.� �T�h�e� �p�r�o�t�o�n� 

�N�M�R� �s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� �1�6�)� �r�e�v�e�a�l�s� �t�h�e� �A�B� �q�u�a�r�t�e�t� �f�r�o�m� �t�h�e� �h�y�d�r�o�q�u�i�n�o�n�e� �m�o�i�e�t�y� �(�a�,� �b�)� �i�n� 

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

�p�r�o�t�o�n�s�)� �i�s� �f�o�u�n�d� �a�t� �5�.�4�2� �p�p�m� �a�n�d� �t�h�e� �m�e�t�h�i�n�e�s� �(�d�)� �a�r�e� �l�o�c�a�t�e�d� �a�t� �4�.�5�9� �p�p�m� �(�3� �p�r�o�t�o�n�s�)�.� 

�T�h�e� �r�e�m�a�i�n�i�n�g� �c�h�o�l�e�s�t�e�r�y�l� �p�r�o�t�o�n�s� �a�r�e� �s�e�e�n� �i�n� �t�h�e� �a�l�i�p�h�a�t�i�c� �r�e�g�i�o�n� �a�n�d� �i�n�t�e�g�r�a�t�e� �f�o�r� �1�2�9� 

�p�r�o�t�o�n�s�.� �T�h�e� �°�C� �N�M�R� �s�p�e�c�t�r�u�m� �(�F�i�g�u�r�e� �1�7�)� �i�n�d�i�c�a�t�e�s� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �t�h�e� �t�r�i�a�z�i�n�e� 

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

�p�e�a�k� �i�s� �s�e�e�n� �a�t� �1�5�2�.�7� �p�p�m�,� �a�n�d� �t�h�e� �p�h�e�n�y�l�!� �c�a�r�b�o�n�s� �a�r�e� �a�l�s�o� �f�o�u�n�d� �i�n� �t�h�e� �a�r�o�m�a�t�i�c� �s�p�*� 

�r�e�g�i�o�n� �o�f� �t�h�e� �s�p�e�c�t�r�u�m�.� �T�h�e� �I�R� �s�p�e�c�t�r�u�m� �s�h�o�w�s� �a� �c�a�r�b�o�n�y�l� �a�b�s�o�r�b�a�n�c�e� �a�t� �1�7�5�9� �c�m�!�,� �a�s� 

�w�e�l�l� �a�s� �t�h�e� �t�y�p�i�c�a�l� �-�C�=�N�-� �s�t�r�e�t�c�h�e�s� �a�t� �1�5�7�0� �c�m�"� �f�r�o�m� �t�h�e� �t�r�i�a�z�i�n�e� �r�i�n�g�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�y�s�i�s� 

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

�O�p�t�i�c�a�l� �m�i�c�r�o�s�c�o�p�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �c�o�m�p�o�u�n�d� �4�3� �t�o� �s�e�e� �i�f� �i�t� �w�a�s� �l�i�q�u�i�d� 

�c�r�y�s�t�a�l�l�i�n�e�.� �I�n�d�e�e�d�,� �a�t� �2�5�6� �°�C� �a� �f�r�e�e�-�f�l�o�w�i�n�g� �m�e�s�o�p�h�a�s�e�,� �t�h�e� �t�e�x�t�u�r�e� �o�f� �w�h�i�c�h� �i�s� �s�h�o�w�n� �i�n� 

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

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

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

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

�o�b�s�e�r�v�e�d�.� �A� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �e�x�o�t�h�e�r�m� �w�a�s� �s�e�e�n� �i�n� �t�h�e� �D�S�C� �i�f� �t�h�e� �s�a�m�p�l�e� �w�a�s� �c�o�o�l�e�d� 

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

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

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

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

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

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

�r�a�y� �i�n�s�t�r�u�m�e�n�t�.� 

�c�.� �D�i�r�e�c�t� �a�t�t�a�c�h�m�e�n�t� �o�f� �c�h�o�l�e�s�t�e�r�o�l� �t�o� �t�h�e� �t�r�i�a�z�i�n�e� �n�u�c�l�e�u�s� 

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

�e�t�h�a�n�o�l� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�o�d�i�u�m� �c�a�r�b�o�n�a�t�e� �a�t� �7�0� �°�C� �p�r�o�d�u�c�e�d� �t�r�i�e�t�h�y�l� �c�y�a�n�u�r�a�t�e� �i�n� �8�7�%� 

�y�i�e�l�d�.� �W�i�t�h� �t�h�i�s� �i�n� �m�i�n�d�,� �c�h�o�l�e�s�t�e�r�o�l� �(�3� �e�q�u�i�v�.�)� �w�a�s� �r�e�a�c�t�e�d� �w�i�t�h� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �i�n� �T�H�F� 

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

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

�r�e�s�o�n�a�n�c�e� �a�t� �1�7�3� �p�p�m� �i�n� �t�h�e� �1�3�C� �N�M�R� �s�p�e�c�t�r�u�m� �w�a�s� �a�b�s�e�n�t� �a�n�d� �t�h�e� �r�e�m�a�i�n�i�n�g� �c�h�e�m�i�c�a�l� 

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

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

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

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

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

�u�r�e�t�h�a�n�e�s� �(�c�a�r�b�a�m�a�t�e�s�)�,� �a�n�d� �s�e�v�e�r�a�l� �o�f� �t�h�e�s�e� �a�r�e� �k�n�o�w�n� �m�e�s�o�g�e�n�s�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� �2�,�4�,�6�-� 

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

�c�o�m�p�o�u�n�d� �4�1�.� �I�t� �w�a�s� �h�o�p�e�d� �t�h�a�t� �r�e�d�u�c�t�i�o�n� �o�f� �4�5� �t�o� �t�h�e� �t�r�i�a�n�i�l�i�n�e� �w�o�u�l�d� �g�i�v�e� �u�s� �a� �g�o�o�d� 

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



�T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �f�i�r�s�t� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�!�?� �b�y� �O�t�t�o� �i�n� �1�8�8�7� �a�s� �a� �y�e�l�l�o�w� �f�l�o�c�c�u�l�a�t�e� 

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

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

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

�p�r�o�d�u�c�t�s�.�!�*� �T�h�i�s� �r�e�a�c�t�i�o�n� �w�a�s� �a�t�t�e�m�p�t�e�d� �u�s�i�n�g� �a� �s�o�l�u�t�i�o�n� �o�f� �s�o�d�i�u�m� �p�-�n�i�t�r�o�p�h�e�n�o�x�i�d�e� �(�3� 

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

�a�n�d� �t�h�e�n� �h�e�a�t�i�n�g� �t�h�e� �m�i�x�t�u�r�e� �t�o� �6�5� �°�C� �f�o�r� �2�4� �h�o�u�r�s�.� �A� �b�r�i�g�h�t� �y�e�l�l�o�w� �p�r�e�c�i�p�i�t�a�t�e� �w�a�s� �i�s�o�l�a�t�e�d� 

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

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

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

�a�f�f�o�r�d� �s�m�a�l�l� �c�o�l�o�r�l�e�s�s� �n�e�e�d�l�e�s�,� �m�p� �2�1�9�-�2�2�1� �°�C� �(�5�4�%�)�.� �P�r�o�t�o�n� �a�n�d� �c�a�r�b�o�n� �N�M�R� �a�n�a�l�y�s�e�s� 

�s�h�o�w�e�d� �t�h�a�t� �t�h�i�s� �p�r�o�d�u�c�t� �w�a�s� �u�n�e�q�u�i�v�o�c�a�l�l�y� �t�h�e� �e�x�p�e�c�t�e�d� �p�r�o�d�u�c�t� �4�5�,� �a�n�d� �n�o�t� �a� �m�i�x�t�u�r�e� �o�f� 

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

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

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

�a�b�s�o�r�p�t�i�o�n�s� �a�r�e� �p�r�e�s�e�n�t� �a�t� �1�5�0�0� �a�n�d� �1�3�4�0� �c�m ��!� �a�s� �w�e�l�l� �a�s� �v�e�r�y� �s�t�r�o�n�g� �e�t�h�e�r� �s�t�r�e�t�c�h�e�s� �a�t� 

�1�2�0�0� �c�m�"�.� 

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

�p�a�l�l�a�d�i�u�m� �a�s� �t�h�e� �c�a�t�a�l�y�s�t� �a�n�d� �T�H�F�/�E�t�O�A�c� �a�s� �t�h�e� �s�o�l�v�e�n�t� �s�y�s�t�e�m�.� �N�o� �p�r�e�s�s�u�r�e� �d�r�o�p� �w�a�s� 

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

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

�r�e�a�c�t�i�o�n� �s�y�s�t�e�m� �w�o�u�l�d� �b�e� �t�o� �u�s�e� �F�e�/�H�O�A�c� �w�h�i�c�h� �w�i�l�l� �a�f�f�o�r�d� �t�h�e� �t�r�i�h�y�d�r�o�c�h�l�o�r�i�d�e� �s�a�l�t� �w�h�i�c�h� 

�i�s� �e�a�s�i�l�y� �i�s�o�l�a�t�e�d� �a�n�d� �h�a�n�d�l�e�d�.� 
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�2�.� �H�e�x�a�s�u�b�s�t�i�t�u�t�e�d� �s�y�s�t�e�m�s� 

�A�s� �S�t�a�t�e�d� �i�n� �C�h�a�p�t�e�r� �1�,� �m�o�s�t� �d�i�s�c�o�t�i�c� �m�e�s�o�g�e�n�s� �c�o�n�t�a�i�n� �f�r�o�m� �4� �t�o� �6� �"�a�r�m�s�"� �a�r�o�u�n�d� �a� 

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

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

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

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

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

�h�e�x�a�m�e�t�h�y�l� �e�s�t�e�r�,� �d�i�m�e�t�h�y�l� �5�-�h�y�d�r�o�x�y�i�s�o�p�h�t�h�a�l�a�t�e� �(�4�7�)� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �f�r�o�m� �5�-� 

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

�(�E�q�.� �1�0�)�:� 
�C�O�.�,�H� �C�O�,�C�H�;� 

�H�,�S�O� 
�1�0� 

�H� �C�H�,�O�H� �A� �(�1�0�)� 
�r�e�f�l�u�x�,� �2�4� �h�o�u�r�s� 

�C�O�.�H� �C�O�.�C�H�,�;� 
�4�6�0�"� �4�7� 

�C�o�m�p�o�u�n�d� �4�7� �(�m�p� �1�6�6�-�1�6�8� �°�C�)� �w�a�s� �p�r�o�d�u�c�e�d� �i�n� �9�0�%� �y�i�e�l�d� �a�f�t�e�r� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� 

�m�e�t�h�a�n�o�l� �.� �T�h�e� �p�r�o�t�o�n� �N�M�R� �a�n�d� �I�R� �s�p�e�c�t�r�a� �a�g�r�e�e� �w�e�l�l� �w�i�t�h� �t�h�e� �p�r�o�p�o�s�e�d� �s�t�r�u�c�t�u�r�e�.� 

�I�n� �a� �s�i�m�i�l�a�r� �m�a�n�n�e�r�,� �t�h�e� �d�i�-�n�-�b�u�t�y�l� �5�-�h�y�d�r�o�x�y�i�s�o�p�h�t�h�a�l�a�t�e� �(�4�8�,� �m�p� �6�6�-�6�8� �°�C�)� �w�a�s� 

�s�y�n�t�h�e�s�i�z�e�d� �i�n� �9�3�%� �y�i�e�l�d� �u�s�i�n�g� �b�u�t�a�n�o�l� �a�s� �t�h�e� �s�o�l�v�e�n�t�.� 
�C�O�,�C�,�H�,� 

�C�O�,�C�,�H�,� 
�4�8� 

�P�r�o�t�o�n� �N�M�R� �a�n�d� �I�R� �s�p�e�c�t�r�o�s�c�o�p�y� �s�u�p�p�o�r�t�e�d� �t�h�e� �a�b�o�v�e� �s�t�r�u�c�t�u�r�e�.� �A�t� �t�h�i�s� �p�o�i�n�t�,� �w�e� �w�e�r�e� 

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

�p�r�o�c�e�d�u�r�e� �f�o�r� �o�b�t�a�i�n�i�n�g� �t�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s� �(�E�q�.� �1�1�)�:� 
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� � 

�R�O�,� �C�O�,�R� 

�C�O�R� �1�)� �K�,�C�O�,� �(�6� �h�r�s�)� �|� 
 ��}�>� �R�O�C� �O� 

�a�)� �2�7�C�_�N�_�a� �;� �o�r� 

�2� �o�t� 
�(�1�1�)� 

�C�O�R� �N�N� �N� 

�4�7�:� �R�=� �C�H�,� �B�e�n�z�e�n�e�,� �D�M�F�,� �r�e�f�l�u�x� �O�2�R� 
�4�8�:� �R� �=�n�-�b�u�t�y�l� �2�4� �h�o�u�r�s� 

�4�9� �O�R� 

�b�:� �R� �=�n�-�b�u�t�y�l� 

�T�o� �f�o�r�m� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �n�e�w� �h�e�x�a�a�l�k�y�l� �e�s�t�e�r�s� �4�9�a� �a�n�d� �4�9�b� �s�h�o�w�n� �a�b�o�v�e�,� �t�h�e� �p�r�e�c�u�r�s�o�r� 

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

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

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

�A�f�t�e�r� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �a�d�d�i�t�i�o�n� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �w�o�r�k�u�p�,� �t�h�e� �h�e�x�a�m�e�t�h�y�l� �e�s�t�e�r� �4�9�a� 

�w�a�s� �p�r�o�d�u�c�e�d� �i�n� �9�0�%� �y�i�e�l�d� �a�f�t�e�r� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �e�t�h�a�n�o�l�/�h�e�x�a�n�e�s�.� �T�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t� 

�w�a�s� �o�b�s�e�r�v�e�d� �t�o� �b�e� �v�e�r�y� �b�r�o�a�d�,� �a�n�d� �s�u�b�s�t�a�n�t�i�a�l� �t�u�r�b�i�d�i�t�y� �w�a�s� �s�e�e�n� �b�e�t�w�e�e�n� �1�6�7� �a�n�d� �1�8�4� 

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

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

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

�1�7�9� �°�C� �f�o�r� �3�0� �m�i�n�u�t�e�s� �o�n� �c�o�o�l�i�n�g� �g�a�v�e� �o�n�l�y� �a� �T�,� �i�n� �t�h�e� �s�e�c�o�n�d� �h�e�a�t�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �o�n�c�e� 

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

�m�i�n�i�m�i�z�e�d� �s�t�r�u�c�t�u�r�e� �(�C�h�e�m�3�D� �P�l�u�s�)� �a�n�d� �s�p�a�c�e� �f�i�l�l�i�n�g� �m�o�d�e�l� �o�f� �4�9�a� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� 

�1�9�,� �r�e�v�e�a�l�i�n�g� �t�h�e� �p�l�a�n�a�r�i�t�y� �o�f� �t�h�e� �m�o�l�e�c�u�l�e�.� �T�h�e� �p�r�o�t�o�n� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� �4�9�a� �s�h�o�w�s� �a� 

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

�7�.�9�4� �p�p�m� �(�6� �H�)� �d�u�e� �t�o� �t�h�e� �o�r�t�h�o� �p�r�o�t�o�n�s�.� �T�h�e� �h�y�d�r�o�x�y�l� �p�r�o�t�o�n� �f�r�o�m� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �a�t� 

�6�.�4� �p�p�m� �i�s� �a�b�s�e�n�t�,� �a�n�d� �t�h�e� �m�e�t�h�y�l�!� �s�i�g�n�a�l� �o�f� �t�h�e� �s�i�x� �e�s�t�e�r� �g�r�o�u�p�s� �i�s� �f�o�u�n�d� �a�t� �3�.�9�5� �p�p�m� �(�1�8� 

�H�)�.� �T�h�e�  ��°�C� �N�M�R� �s�p�e�c�t�r�u�m� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �p�r�o�p�o�s�e�d� �s�t�r�u�c�t�u�r�e�,� �w�i�t�h� �s�e�v�e�n� �d�i�f�f�e�r�e�n�t� 

�4�9



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

�a�b�s�e�n�c�e� �o�f� �t�h�e� �h�y�d�r�o�x�y�l� �g�r�o�u�p�,� �a�n�d� �t�h�e� �e�s�t�e�r� �c�a�r�b�o�n�y�l� �g�r�o�u�p� �i�s� �n�o�w� �p�r�e�s�e�n�t� �a�t� �1�7�2�8� �c�m�?�.� 

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

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

�i�n�c�r�e�a�s�e� �t�h�e� �l�i�q�u�i�d� �c�r�y�s�t�a�l�l�i�n�e� �r�a�n�g�e�.� �T�h�e� �h�e�x�a�b�u�t�y�l� �e�s�t�e�r� �4�9�b� �(�m�p� �1�3�6�-�1�3�8� �°�C�)� �w�a�s� 

�p�r�o�d�u�c�e�d� �b�y� �a�n� �i�d�e�n�t�i�c�a�l� �p�r�o�c�e�d�u�r�e� �a�n�d� �w�a�s� �i�s�o�l�a�t�e�d� �i�n� �9�9�%� �y�i�e�l�d� �a�f�t�e�r� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� 

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

�b�y� �D�S�C�.� �T�h�e� �p�r�o�t�o�n� �N�M�R� �s�p�e�c�t�r�u�m� �i�s� �a�l�m�o�s�t� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�a�t� �o�f� �4�9�a�,� �e�x�c�e�p�t� �t�h�a�t� �t�h�e� 

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

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

�a�b�s�o�r�b�a�n�c�e� �i�s� �f�o�u�n�d� �a�t� �1�7�1�0� �c�m�"�!�.� �T�h�e� �p�h�e�n�y�l� �e�t�h�e�r� �s�t�r�e�t�c�h� �a�t� �1�3�0�0� �c�m ��!� �i�s� �a�l�s�o� �p�r�e�s�e�n�t�.� 

�I�t� �o�c�c�u�r�r�e�d� �t�o� �u�s� �t�h�a�t� �b�y� �h�y�d�r�o�l�y�z�i�n�g� �e�i�t�h�e�r� �e�s�t�e�r� �4�9�a� �o�r� �4�9�b�,� �t�h�e� �r�e�s�u�l�t�i�n�g� 

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

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

�h�y�d�r�o�l�y�s�i�s� �(�1�0�%� �a�q�u�e�o�u�s� �H�C�l�)� �w�a�s� �d�e�e�m�e�d� �t�o� �b�e� �m�u�c�h� �t�o�o� �s�l�o�w� �t�o� �b�e� �o�f� �p�r�a�c�t�i�c�a�l� �u�s�e�.� 

�B�a�s�e� �h�y�d�r�o�l�y�s�i�s� �w�i�t�h� �2�N� �N�a�O�H� �w�a�s� �m�u�c�h� �f�a�s�t�e�r� �(�E�q�.� �1�2�)�:� 

�H�O� �C�O�.�H� 

�N�a�O�H� �H�O� �O�N�.� 
�4�9�a�,�b� �a�e� �Y� �Y�T� �(�1�2�)� 

�[�e�o�]� �1�0�0�°�C� �4� �a� �c�o�n� 

�5�0� �J� 

�U�n�f�o�r�t�u�n�a�t�e�l�y�,� �b�r�e�a�k�d�o�w�n� �o�f� �t�h�e� �t�r�i�a�z�i�n�e� �e�t�h�e�r� �l�i�n�k�a�g�e� �o�c�c�u�r�r�e�d�,� �a�n�d� �5�-�h�y�d�r�o�x�y�i�s�o�p�t�h�t�h�a�l�i�c� 

�a�c�i�d� �4�6� �w�a�s� �i�s�o�l�a�t�e�d� �i�n� �a�n� �a�l�m�o�s�t� �q�u�a�n�t�i�t�a�t�i�v�e� �y�i�e�l�d�.� �T�h�i�s� �i�s� �n�o�t� �t�o�o� �s�u�r�p�r�i�s�i�n�g�,� �a�s� �t�h�e� 

�5�0



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

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

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

�C�o�n�c�l�u�s�i�o�n�s� 

�S�e�v�e�r�a�l� �n�e�w� �a�n�d� �k�n�o�w�n� �t�r�i�a�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e�s� �w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d� �w�i�t�h� �t�h�e� �i�n�t�e�n�t�i�o�n� 

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

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

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

�m�o�l�e�c�u�l�a�r� �m�o�d�e�l�i�n�g� �r�e�s�u�l�t�s�.� �R�e�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �S�c�h�i�f�f�'�s� �b�a�s�e� �m�o�i�e�t�i�e�s� �i�n� �t�h�e� �m�e�s�o�g�e�n�i�c� 

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

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

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

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

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

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

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

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

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

�m�e�s�o�m�o�r�p�h�i�s�m�.� 

�5�1



�E�x�p�e�r�i�m�e�n�t�a�l� 

�M�e�l�t�i�n�g� �p�o�i�n�t�s� �w�e�r�e� �t�a�k�e�n� �o�n� �a� �M�e�l�-�T�e�m�p� �I�I� �m�e�l�t�i�n�g� �p�o�i�n�t� �a�p�p�a�r�a�t�u�s� �a�n�d� �a�r�e� �u�n�c�o�r�r�e�c�t�e�d�.� 

�1�H� �a�n�d� �1�3�°�C� �N�M�R� �s�p�e�c�t�r�a�,� �r�e�c�o�r�d�e�d� �i�n� �p�p�m�,� �w�e�r�e� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �a� �V�a�r�i�a�n� �U�n�i�t�y� �4�0�0� �M�H�z� 

�s�p�e�c�t�r�o�m�e�t�e�r� �a�n�d� �a� �B�r�u�k�e�r� �W�P�-�2�7�0� �M�H�z� �s�p�e�c�t�r�o�m�e�t�e�r� �w�i�t�h� �t�e�t�r�a�m�e�t�h�y�l�s�i�l�a�n�e� �(�T�M�S�)� �a�s� �a�n� 

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

�s�x� �(�s�e�x�t�e�t�)�,� �m� �(�m�u�l�t�i�p�l�e�t�)�.� �I�R� �s�p�e�c�t�r�a�,� �r�e�p�o�r�t�e�d� �i�n� �c�m�.�7�?� �,� �w�e�r�e� �r�e�c�o�r�d�e�d� �o�n� �a� �N�i�c�o�l�e�t� �I�m�p�a�c�t� 

�4�0�0� �i�n�f�r�a�r�e�d� �s�p�e�c�t�r�o�m�e�t�e�r� �u�s�i�n�g� �p�u�l�v�e�r�i�z�e�d� �p�o�t�a�s�s�i�u�m� �b�r�o�m�i�d�e� �a�s� �t�h�e� �m�e�d�i�u�m�.� �O�p�t�i�c�a�l� 

�m�i�c�r�o�s�c�o�p�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �a� �Z�e�i�s�s� �A�x�i�o�s�k�o�p� �(�2�0�X� �o�b�j�e�c�t�i�v�e�)� �u�s�i�n�g� �c�r�o�s�s�e�d� �p�o�l�a�r�i�z�e�r�s� 

�a�l�o�n�g� �w�i�t�h� �a� �L�i�n�k�a�m� �S�c�i�e�n�t�i�f�i�c� �T�H�M�6�0�0� �(�P�R�6�0�0� �c�o�n�t�r�o�l�l�e�r�)� �h�o�t� �s�t�a�g�e� �a�n�d� �a� �Z�e�i�s�s� �M�3�5�W� 

�c�a�m�e�r�a�.� �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�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �S�e�i�k�o� �S�S�C�-�5�2�0�0� �a�n�d� 

�P�e�r�k�i�n�-�E�l�m�e�r� �S�e�r�i�e�s�-�4� �c�a�l�o�r�i�m�e�t�e�r�s� �(�1�0� �°�C�/�m�i�n� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �n�o�t�e�d�)� �u�n�d�e�r� �a� �d�r�y� 

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

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

�A�t� �V�i�r�g�i�n�i�a� �T�e�c�h�,� �t�h�e�s�e� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �w�i�t�h� �a� �n�i�c�k�e�l�-�f�i�l�t�e�r�e�d� �C�u� �K�,� �r�a�d�i�a�t�i�o�n� 

�c�o�m�p�a�c�t� �u�s�i�n�g� �a� �P�h�i�l�i�p�s� �P�W� �1�7�2�0� �d�i�f�f�r�a�c�t�o�m�e�t�e�r� �f�o�r� �i�n�t�e�r�m�e�d�i�a�t�e� �t�o� �w�i�d�e� �a�n�g�l�e� �s�t�u�d�i�e�s� �a�n�d� 

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

�t�e�m�p�e�r�a�t�u�r�e� �X�-�r�a�y� �d�i�f�f�r�a�c�t�i�o�n� �w�a�s� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �C�u� �K�,� �r�a�d�i�a�t�i�o�n� �o�n� �a�n� �I�n�e�l� �C�P�S� �1�2�0� 

�p�o�s�i�t�i�o�n�-�s�e�n�s�i�t�i�v�e� �d�e�t�e�c�t�o�r� �w�i�t�h� �a� �X�R�G� �2�0�0�0� �g�e�n�e�r�a�t�o�r�,� �a� �f�i�n�e�-�f�o�c�u�s� �X�-�r�a�y� �t�u�b�e�,� �a�n�d� �a� 

�h�o�m�e� �b�u�i�l�t� �h�e�a�t�i�n�g� �s�t�a�g�e�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �r�e�g�u�l�a�t�e�d� �w�i�t�h� �a� �M�i�n�c�o� �C�T� �1�3�7� �t�e�m�p�e�r�a�t�u�r�e� 

�c�o�n�t�r�o�l�l�e�r� �w�i�t�h� �p�l�u�s� �o�r� �m�i�n�u�s� �1� �°�C� �t�e�m�p�e�r�a�t�u�r�e� �s�t�a�b�i�l�i�t�y�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �2� �m�g� �s�a�m�p�l�e�s� �w�e�r�e� 

�s�u�s�p�e�n�d�e�d� �i�n� �0�.�5�m�m� �L�i�n�d�e�r�m�a�n�n� �g�l�a�s�s� �c�a�p�i�l�l�a�r�i�e�s�.� �T�h�e� �d�e�t�e�c�t�o�r� �w�a�s� �c�a�l�i�b�r�a�t�e�d� �u�s�i�n�g� �m�i�c�a� 

�a�n�d� �s�i�l�i�c�o�n� �s�t�a�n�d�a�r�d�s� �w�h�i�c�h� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �N�a�t�i�o�n�a�l� �B�u�r�e�a�u� �o�f� �S�t�a�n�d�a�r�d�s� �(�N�B�S�)�.� 

�5�2



�E�l�e�m�e�n�t�a�l� �a�n�a�l�y�s�e�s� �a�n�d� �m�a�s�s� �s�p�e�c�t�r�a�l� �d�a�t�a� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �A�t�l�a�n�t�i�c� �M�i�c�r�o�l�a�b�,� �N�o�r�c�r�o�s�s�,� 

�G�A� �a�n�d� �t�h�e� �N�e�b�r�a�s�k�a� �C�e�n�t�e�r� �f�o�r� �M�a�s�s� �S�p�e�c�t�r�o�m�e�t�r�y�,� �L�i�n�c�o�l�n�,� �N�E�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�M�o�l�e�c�u�l�a�r� �m�o�d�e�l�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �a� �P�o�w�e�r� �M�a�c�i�n�t�o�s�h� �7�1�0�0�/�6�6� �c�o�m�p�u�t�e�r� �u�s�i�n�g� 

�C�h�e�m�3�D� �P�l�u�s!"� �b�y� �C�a�m�b�r�i�d�g�e� �S�c�i�e�n�t�i�f�i�c� �C�o�m�p�u�t�i�n�g�,� �I�n�c�.� �T�h�e� �m�o�l�e�c�u�l�e�s� �w�e�r�e� �f�i�r�s�t� 

�d�r�a�w�n� �u�s�i�n�g� �C�h�e�m�D�r�a�w!"� �a�n�d� �p�a�s�t�e�d� �i�n�t�o� �C�h�e�m�3�D� �P�l�u�s!"�,� �U�s�i�n�g� �t�h�e� �M�M�2� �p�a�r�a�m�e�t�e�r�s� 

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

�m�e�a�n� �s�q�u�a�r�e� �e�r�r�o�r� �w�a�s� �b�e�l�o�w� �0�.�0�1� �o�r� �t�h�e� �r�o�o�t� �m�e�a�n� �s�q�u�a�r�e� �g�r�a�d�i�e�n�t� �w�a�s� �b�e�l�o�w� �0�.�0�0�1�.� �I�n�a� 

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

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

�M�a�c�i�n�t�o�s�h� �I�I�s�i� �e�q�u�i�p�p�e�d� �w�i�t�h� �1�O�M�b� �o�f� �R�A�M� �a�n�d� �a� �6�8�8�8�2� �f�l�o�a�t�i�n�g� �p�o�i�n�t� �m�a�t�h� �c�o�p�r�o�c�e�s�s�o�r�.� 

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

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

�u�s�e�.� 

�2�,�4�,�6�-�T�r�i�s�(�p�-�f�o�r�m�y�l�p�h�e�n�o�x�y�)�-�1�,�3�,�5�-�t�r�i�a�z�i�n�e� �(�2�8�)�:� 

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

�T�a�h�m�a�s�s�e�b�i� �a�n�d� �S�a�s�a�k�i�. �� �T�o� �a� �2�5�0�-�m�L� �t�h�r�e�e�-�n�e�c�k�e�d� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� 

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

�h�y�d�r�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�8�.�0� �g�,� �6�5� �m�m�o�l�)� �a�n�d� �p�u�l�v�e�r�i�z�e�d� �s�o�d�i�u�m� �c�a�r�b�o�n�a�t�e� �(�5�0� �g�)� �a�n�d� �t�h�e� 

�m�i�x�t�u�r�e� �c�o�v�e�r�e�d� �w�i�t�h� �b�e�n�z�e�n�e� �(�1�5�0� �m�L�)� �a�n�d� �b�r�o�u�g�h�t� �t�o� �r�e�f�l�u�x�.� �A�f�t�e�r� �2� �h�o�u�r�s�,� �w�a�t�e�r� �c�e�a�s�e�d� 

�t�o� �c�o�l�l�e�c�t� �i�n� �t�h�e� �D�e�a�n�-�S�t�a�r�k� �t�r�a�p�.� �A�t� �t�h�i�s� �t�i�m�e�,� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�3�.�0� �g�,� �1�6� �m�m�o�l�)� �i�n� 

�b�e�n�z�e�n�e� �(�1�0� �m�L�)� �w�a�s� �s�l�o�w�l�y� �a�d�d�e�d� �f�r�o�m� �a� �d�r�o�p�p�i�n�g� �f�u�n�n�e�l�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �a�l�l�o�w�e�d� �t�o� 

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

�w�i�t�h� �1�0�%� �a�q�u�e�o�u�s� �s�o�d�i�u�m� �c�a�r�b�o�n�a�t�e� �(�3� �x� �1�0�0� �m�L�)� �t�o� �r�e�m�o�v�e� �a�n�y� �u�n�r�e�a�c�t�e�d� �p�-� 

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

�5�3



�e�v�a�p�o�r�a�t�e�d� �u�n�d�e�r� �v�a�c�u�u�m� �t�o� �g�i�v�e� �t�h�e� �c�r�u�d�e� �t�r�i�a�l�d�e�h�y�d�e� �2�8� �a�s� �a� �s�n�o�w� �w�h�i�t�e� �s�o�l�i�d� �(�7�.�1�9� �g�,� 

�1�0�0�%�)�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �e�t�h�y�l� �a�c�e�t�a�t�e� �g�a�v�e� �p�u�r�e� �2�8� �a�s� �w�h�i�t�e� �n�e�e�d�l�e�s� �(�6�.�4�5� �g�,� �9�1�%�)�,� 

�m�p� �1�7�3�-�1�7�5�.�2� �°�C� �(�l�i�t�.�!� �m�p� �1�7�4�-�1�7�6� �°�C�)�.� �I�R� �v� �1�6�9�5� �(�s�,� �C�=�O�)�,� �1�2�1�0� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� 

�1�4� �N�M�R� �8� �1�0�.�0� �(�s�,� �3� �H�,� �C�H�O�)�,� �7�.�9� �(�d�,� �J� �=� �8�.�5� �H�z�,� �6� �H�)�,� �7�.�3� �(�,� �J� �=� �8�.�5� �H�z�,� �6� �H�)�.� 

�2�,�4�,�6�-�T�r�i�s�[�p�-�(�n�-�b�u�t�y�l�p�h�e�n�y�l�i�m�i�n�o�m�e�t�h�y�l�e�n�e�-�p�-�p�h�e�n�o�x�y�]�-�s�-�t�r�i�a�z�i�n�e� �(�3�0�a�)�:� 

�T�o� �a� �2�5�0�-�m�L� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k� �w�i�t�h� �a� �s�t�i�r�r�i�n�g� �b�a�r� �w�a�s� �a�d�d�e�d� �c�o�m�p�o�u�n�d� �2�8� �(�2�.�0� �g�,� 

�4�.�5� �m�m�o�l�)�,� �4�A� �m�o�l�e�c�u�l�a�r� �s�i�e�v�e�s�,� �a�n�d� �a�b�s�o�l�u�t�e� �e�t�h�a�n�o�l� �(�1�5�0� �m�L�)�.� �A�f�t�e�r� �t�h�i�s� �s�u�s�p�e�n�s�i�o�n� 

�h�a�d� �b�e�e�n� �s�l�o�w�l�y� �h�e�a�t�e�d� �t�o� �r�e�f�l�u�x�,� �f�r�e�s�h�l�y� �d�i�s�t�i�l�l�e�d� �4�-�n�-�b�u�t�y�l�a�n�i�l�i�n�e� �(�2�.�0� �g�,� �1�3� �m�m�o�l�)� �w�a�s� 

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

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

�w�h�i�t�e� �p�o�w�d�e�r� �(�3�.�7�5� �g�,� �1�0�0�%�)�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �h�o�t� �e�t�h�y�l� �a�c�e�t�a�t�e� �a�f�f�o�r�d�e�d� �p�u�r�e� �3�0�a� 

�(�3�.�7�4� �g�,� �9�9�%�)� �a�s� �a� �w�h�i�t�e� �f�l�u�f�f�y� �s�o�l�i�d�,� �m�p� �1�8�1�-�1�9�0� �°�C�;� �I�R� �v� �1�5�6�0� �(�s�,� �C�=�N�)�,� �1�2�1�0� �(�s�,� �C�-�O�-� 

�C�)�.� �'�H� �N�M�R� �8� �8�.�4�3� �(�s�,� �3� �H�,� �C�H�=�N�)�,� �7�.�9�2� �(�d�,� �J� �=� �8�.�8� �H�z�,� �6� �H�)�,� �7�.�3�1� �(�d�,� �J� �=� �8�.�8� �H�z�,� �6� 

�H�)�,� �7�.�2�5� �(�d�,� �J� �=� �6�.�4� �H�z�,� �6� �H�)�,� �7�.�1�6� �(�d�,� �J� �=� �6�.�4� �H�z�,� �6� �H�)�,� �2�.�6�3� �(�t�,� �J� �=� �7�.�2� �H�z�,� �6� �H�)�,� �1�.�6�1� 

�(�p�,� �J� �=� �7�.�2� �H�z�,� �6� �H�)�,� �1�.�3�9� �(�s�x�,� �J� �=� �7�.�2� �H�z�,� �6� �H�)�,� �0�.�9�7� �(�t�,� �J� �=� �7�.�2� �H�z�,� �9� �H�)�.� �E�l�e�m�e�n�t�a�l� 

�a�n�a�l�.� �c�a�l�c�d� �(�f�o�u�n�d�)� �f�o�r� �C�,�,�H�>�,�N�,�O�,� �°� �1�/�2� �E�t�O�A�c�:� �C�,� �7�6�.�5�1� �(�7�6�.�1�3�)�;� �H�,� �6�.�6�4� �(�6�.�6�0�)�;� �N�,� 

�9�.�5�6� �(�9�.�7�4�)�.� 

�2�,�4�,�6�-�T�r�i�s�[�p�-�(�n�-�p�e�n�t�y�l�p�h�e�n�y�l�)�i�m�i�n�o�m�e�t�h�y�l�e�n�e�-�p�-�p�h�e�n�o�x�y�]�-�s�-�t�r�i�a�z�i�n�e� �(�3�0�b�)�:� 

�B�y� �u�s�e� �o�f� �t�h�e� �s�a�m�e� �p�r�o�c�e�d�u�r�e� �a�s� �a�b�o�v�e�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�r�i�a�l�d�e�h�y�d�e� �2�8� �(�2�.�0� �g�,� �4�.�5� 

�m�m�o�l�)� �a�n�d� �4�-�n�-�p�e�n�t�y�l�a�n�i�l�i�n�e� �(�2�.�2� �g�,� �1�3� �m�m�o�l�)� �p�r�o�d�u�c�e�d� �t�h�e� �c�r�u�d�e� �c�o�m�p�o�u�n�d� �3�0�b� �a�s� �a�n� 

�o�f�f� �w�h�i�t�e� �p�o�w�d�e�r� �(�3�.�9�3� �g�,� �9�9�%�)�.� �R�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� �g�a�v�e� �p�u�r�e� �3�0�b� �a�s� �a� �w�h�i�t�e� 

�f�l�u�f�f�y� �p�o�w�d�e�r�,� �m�p� �1�7�2�.�8�-�2�0�1�.�4� �°�C� �(�D�S�C�,�)�.� �I�R� �v� �1�5�5�8� �(�s�,� �C�=�N�)�,� �1�2�1�0� �(�s�,� �C�-�O�-�C�)�.� �'�H� 

�N�M�R� �6� �8�.�4�3� �(�s�,� �3� �H�,� �C�H�=�N�)�,� �7�.�9�1� �(�d�,� �J� �=� �8�.�8� �H�z�,� �6� �H�)�,� �7�.�2�3� �(�d�,� �J� �=� �8�.�8� �H�z�,� �6� �H�)�,� �7�.�1�6� 

�(�d�,� �J� �=� �6�.�4� �H�z�,� �6� �H�)�,� �7�.�1�6� �(�d�,� �J� �=� �6�.�4� �H�z�,� �6� �H�)�,� �2�.�6�1� �(�t�,� �J� �=� �7� �H�z�,� �6� �H�)�,� �1�.�6�1� �(�m�,� �6� �H�)�,� 

�3�4



�1�.�3�4� �(�m�,� �1�2� �H�)�,� �0�.�9�0� �(�t�,� �J� �=� �7� �H�z�,� �9� �H�)�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�.� �c�a�l�c�d� �(�f�o�u�n�d�)� �f�o�r� �C�5�7�H�g�g�N�,�0�3�°� 

�1� �M�e�,�C�O�:� �C�,� �7�8�.�3�9� �(�7�8�.�0�9�)�;� �H�,� �7�.�2�3� �(�7�.�2�7�)�;� �N�,� �9�.�1�4� �(�9�.�1�5�)�.� 

�2�,�4�,�6�-�T�r�i�s�[�p�-�(�n�-�h�e�x�y�l� �p�h�e�n�y�l�)�i�m�i�n�o�m�e�t�h�y�l�e�n�e�-�p�-�p�h�e�n�o�x�y�]�-�s�-�t�r�i�a�z�i�n�e� �(�3�0�c�)�:� 

�B�y� �u�s�e� �o�f� �t�h�e� �s�a�m�e� �p�r�o�c�e�d�u�r�e� �a�s� �a�b�o�v�e�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�r�i�a�l�d�e�h�y�d�e� �2�8� �(�2�.�0� �g�,� �4�.�5� 

�m�m�o�l�)� �a�n�d� �4�-�n�-�h�e�x�y�l�a�n�i�l�i�n�e� �(�2�.�4� �g�,� �1�4� �m�m�o�l�)� �p�r�o�d�u�c�e�d� �t�h�e� �c�r�u�d�e� �c�o�m�p�o�u�n�d� �3�0�¢� �a�s� �a�n� �o�f�f� 

�w�h�i�t�e� �p�o�w�d�e�r� �(�4�.�1� �g�,� �9�8�%�)�.� �R�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� �g�a�v�e� �a� �w�h�i�t�e� �p�o�w�d�e�r� �(�3�.�6�7� �g�,� 

�8�9�%�)�,� �m�p� �1�6�1�-�2�0�2�.�7� �°�C� �(�D�S�C�)�.� �I�R� �v� �1�5�6�0� �(�s�,� �C�=�N�)�,� �1�2�1�0� �(�s�,� �C�-�O�-�C�)�.� �'�H� �N�M�R� 

�(�C�D�C�I�,�)� �8� �8�.�4�3� �(�s�,� �3� �H�,� �C�H�=�N�)�,� �7�.�9�2� �(�d�,� �J� �=� �8� �H�z�,� �6� �H�)�,� �7�.�2�3� �(�d�,� �J� �=� �8� �H�z�,� �6� �H�)�,� �7�.�1�8� 

�(�d�,� �J� �=� �6� �H�z�,� �6� �H�)�,� �7�.�1�0� �(�d�,� �J� �=� �6� �H�z�,� �6� �H�)�,� �2�.�6�0� �(�t�,� �J� �=� �6�.�4� �H�z�,� �6� �H�)�,� �1�.�6�1� �(�p�,� �J� �=� �6�.�4� 

�H�z�,� �6� �H�)�,� �1�.�3�2� �(�s�x�,� �J� �=� �6�.�4� �H�z�,� �6� �H�)�,� �0�.�9�6� �(�t�,� �J� �=� �6�.�4� �H�z�,� �9� �H�)�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�.� �c�a�l�c�d� 

�(�f�o�u�n�d�)� �f�o�r� �C�p�p�H�_�.�N�,�O� �3�°� �1�.�3�3� �M�e�,�C�O�:� �C�,� �7�7�.�1�3� �(�7�7�.�1�5�)�;� �H�,� �7�.�4�8� �(�7�.�3�0�)�;� �N�,� �8�.�4�3� 

�(�8�.�6�4�)�.� 

�2�,�4�,�6�-�T�r�i�s�[�p�-�(�n�-�h�e�p�t�y�!�p�h�e�n�y�l�)�i�m�i�n�o�m�e�t�h�y�l�e�n�e�-�p�-�p�h�e�n�o�x�y�]�-�s�-�t�r�i�a�z�i�n�e� �(�3�0�d�)�:� 

�B�y� �u�s�e� �o�f� �t�h�e� �s�a�m�e� �p�r�o�c�e�d�u�r�e� �a�s� �a�b�o�v�e�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�r�i�a�l�d�e�h�y�d�e� �2�8� �(�2�.�0� �g�,� �4�.�5� 

�m�m�o�l�)� �a�n�d� �4�-�n�-�h�e�p�t�y�l�a�n�i�l�i�n�e� �(�2�.�6� �g�,� �1�3� �m�m�o�l�)� �p�r�o�d�u�c�e�d� �t�h�e� �c�r�u�d�e� �c�o�m�p�o�u�n�d� �3�0�d� �a�s� �a�n� 

�o�f�f� �w�h�i�t�e� �p�o�w�d�e�r� �(�4�.�3�2� �g�,� �1�0�0�%�)�.� �R�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� �g�a�v�e� �p�u�r�e� �3�0�d� �a�s� �a� 

�w�h�i�t�e� �f�l�u�f�f�y� �p�o�w�d�e�r�,� �m�p� �1�5�3�.�4�-�2�0�3�.�7� �°�C� �(�D�S�C�)�.� �I�R� �v� �1�5�6�0� �(�s�,� �C�=�N�)�,� �1�2�1�0� �(�s�,� �C�-�O�-�C�)�.� 

�1�H� �N�M�R� �8� �8�.�4�3� �(�s�,� �3� �H�,� �C�H�=�N�)�,� �7�.�9�1� �(�d�,� �J� �=� �8�.�4� �H�z�,� �6� �H�)�,� �7�.�2�3� �(�d�,� �J� �=� �8�.�4� �H�z�,� �6� �H�)�,� 

�7�.�1�6� �(�d�,� �J� �=� �6� �H�z�,� �6� �H�)�,� �7�.�1�0� �(�d�,� �J� �=� �6� �H�z�,� �6� �H�)�,� �2�.�6�2� �(�t�,� �J� �=� �7�.�2� �H�z�,� �6� �H�)�,� �1�.�6�6� �(�m�,� �6� 

�H�)�,� �1�.�3�0� �(�m�,� �2�4� �H�)�,� �0�.�9�0� �(�t�,� �J� �=� �7�.�2� �H�z�,� �9� �H�)�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�.� �c�a�l�c�d� �(�f�o�u�n�d�)� �f�o�r� 

�C�y�3�H�7�2�N�,�0�3�°� �0�.�5� �M�e�,�C�O�:� �C�,� �7�8�.�2�2� �(�7�7�.�8�4�)�;� �H�,� �7�.�6�3� �(�7�.�6�2�)�;� �N�,� �8�.�5�2� �(�8�.�3�9�)�.� 

�2�,�4�,�6�-�T�r�i�s�[�p�-�(�n�-�o�c�t�y�!�I�p�h�e�n�y�l�)�i�m�i�n�o�m�e�t�h�y�l�e�n�e�-�p�-�p�h�e�n�o�x�y�]�-�s�-�t�r�i�a�z�i�n�e� �(�3�0�e�)�:� 

�B�y� �u�s�e� �o�f� �t�h�e� �s�a�m�e� �p�r�o�c�e�d�u�r�e� �a�s� �a�b�o�v�e�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�r�i�a�l�d�e�h�y�d�e� �2�8� �(�2�.�0� �g�,� �4�.�5� 

�m�m�o�l�)� �a�n�d� �4�-�n�-�o�c�t�y�l�a�n�i�l�i�n�e� �(�2�.�8� �g�,� �1�3� �m�m�o�l�)� �p�r�o�d�u�c�e�d� �t�h�e� �c�r�u�d�e� �c�o�m�p�o�u�n�d� �3�0�¢� �a�s� �a�n� �o�f�f� 

�w�h�i�t�e� �p�o�w�d�e�r� �(�3�.�5�2� �g�,� �7�8�%�)�.� �R�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� �g�a�v�e� �p�u�r�e� �3�0�e� �a�s� �a� �w�h�i�t�e� 
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�f�l�u�f�f�y� �p�o�w�d�e�r�,� �m�p� �1�5�2�.�8�-�1�9�0� �°�C� �(�D�S�C�)�.� �I�R� �v� �1�5�5�8� �(�s�,� �C�=�N�)�,� �1�2�1�0� �(�s�,� �C�-�O�-�C�)�.� �1�H� 

�N�M�R� �6� �8�.�4�3� �(�s�,� �3� �H�,� �C�H�=�N�)�,� �7�.�9�1� �(�d�,� �J� �=� �8�.�4� �H�z�,� �6� �H�y�)�,� �7�.�2�3� �(�d�,� �J� �=� �8�.�4� �H�z�,� �6� �H�)�,� �7�.�1�6� 

�(�d�,� �J� �=� �6� �H�z�,� �6� �H�)�,� �7�.�1�0� �(�d�,� �J� �=� �6� �H�z�,� �6� �H�)�,� �2�.�6�2� �(�t�,� �J� �=� �7�.�6� �H�z�,� �6� �H�)�,� �1�.�5�9� �(�m�,� �6� �H�)�,� 

�1�.�3�0� �(�m�,� �3�0� �H�)�,� �0�.�8�8� �(�t�,� �J� �=� �7�.�6� �H�z�,� �9� �H�)�.� �H�R�F�A�B�M�S� �c�a�l�c�d� �(�f�o�u�n�d�)�:� �1�0�0�2�.�6�1�3�5� 

�(�1�0�0�2�.�6�2�1�3�)�.� 

�2�,�4�,�6�-�T�r�i�s�[�p�-�(�n�-�t�e�t�r�a�d�e�c�y�l�p�h�e�n�y�l�)�i�m�i�n�o�m�e�t�h�y�l�e�n�e�-�p�-�p�h�e�n�o�x�y�]�-�s�-�t�r�i�a�z�i�n�e� 

�(�3�0�f�)�:� 

�B�y� �u�s�e� �o�f� �t�h�e� �s�a�m�e� �p�r�o�c�e�d�u�r�e� �a�s� �a�b�o�v�e�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�r�i�a�l�d�e�h�y�d�e� �2�8� �(�2�.�0� �g�,� �4�.�5� 

�m�m�o�l�)� �a�n�d� �4�-�n�-�t�e�t�r�a�d�e�c�y�l�a�n�i�l�i�n�e� �(�3�.�9� �g�,� �1�3� �m�m�o�l�)� �p�r�o�d�u�c�e�d� �t�h�e� �c�r�u�d�e� �c�o�m�p�o�u�n�d� �3�0�f� �a�s� �a�n� 

�o�f�f� �w�h�i�t�e� �p�o�w�d�e�r� �(�4�.�4� �g�,� �9�8�%�)�.� �R�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� �g�a�v�e� �p�u�r�e� �3�0�f� �a�s� �w�h�i�t�e� 

�n�e�e�d�l�e�s�,� �m�p� �1�0�3�-�1�6�9�.�5� �°�C� �(�D�S�C�)�.� �I�R� �v� �1�5�5�8� �(�s�,� �C�=�N�)�,� �1�2�2�0� �(�s�,� �C�-�O�-�C�)�.� �'�H� �N�M�R� �&� 

�8�.�4�4� �(�s�,� �3� �H�,� �C�H�=�N�)�,� �7�.�9�2� �(�d�,� �J� �=� �8�.�4� �H�z�,� �6� �H�)�,� �7�.�2�6� �(�d�,� �J� �=� �8�.�4� �H�z�,� �6� �H�)�,� �7�.�1�8� �(�d�d�,� �J� �=� 

�6�.�4� �H�z�,� �6� �H�)�,� �7�.�1�3� �(�d�,� �J� �=� �6�.�4� �H�z�,� �6� �H�)�,� �2�.�6�2� �(�t�,� �J� �=� �7�.�2� �H�z�,� �6� �H�)�,� �1�.�6�3� �(�b�r� �p�,� �6� �H�)�,� 

�1�.�3�3�-�1�.�2�2� �(�m�,� �6�6� �H�)�,� �0�.�8�8� �(�t�,� �J� �=� �7�.�2� �H�z�,� �9� �H�)�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�.� �c�a�l�c�d� �(�f�o�u�n�d�)� �f�o�r� 

�C�o�,� �1�4�N�,�O�3�:� �C�,� �8�0�.�3�3� �(�8�0�.�1�3�)�;� �H�,� �9�.�1�5� �(�9�.�0�7�)�;� �N�,� �6�.�6�9� �(�6�.�8�6�)�.� 

�2�,�4�,�6�-�T�r�i�s�[�p�-�(�n�-�p�e�n�t�y�l�o�x�y�p�h�e�n�y�l�)�i�m�i�n�o�m�e�t�h�y�l�e�n�e�-�p�-�p�h�e�n�o�x�y�]�-�s�-�t�r�i�a�z�i�n�e� 

�(�3�0�g�)�:� 

�B�y� �u�s�e� �o�f� �t�h�e� �s�a�m�e� �p�r�o�c�e�d�u�r�e� �a�s� �a�b�o�v�e�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�r�i�a�l�d�e�h�y�d�e� �2�8� �(�2�.�0� �g�,� �4�.�5� 

�m�m�o�l�)� �a�n�d� �4�-�n�-�p�e�n�t�y�l�o�x�y�a�n�i�l�i�n�e� �(�3�.�9� �g�,� �1�3� �m�m�o�l�)� �p�r�o�d�u�c�e�d� �t�h�e� �c�r�u�d�e� �c�o�m�p�o�u�n�d� �3�0�g� �a�s� 

�a�n� �o�f�f� �w�h�i�t�e� �p�o�w�d�e�r� �(�4�.�4� �g�,� �9�8�%�)�.� �R�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� �a�f�f�o�r�d�e�d� �p�u�r�e� �3�0�g� �(�2�.�9�9� 

�g�,� �7�2�%�)� �a�s� �a� �w�h�i�t�e� �c�r�y�s�t�a�l�l�i�n�e� �s�o�l�i�d�,� �m�p� �1�9�4�.�9�-�2�1�6�.�8� �°�C� �(�D�S�C�)�.� �I�R� �v� �1�5�5�0� �(�s�,� �C�=�N� 

�s�t�r�e�t�c�h�)�,� �1�2�4�5� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� �'�H� �N�M�R� �(�C�D�C�I�,�)� �5� �8�.�4�3� �(�s�,� �3� �H�,� �C�H�=�N�)�,� �7�.�9�0� �(�d�,� �J� 

�=� �8� �H�z�,� �6� �H�)�,� �7�.�2�8� �(�d�,� �J� �=� �8� �H�z�,� �6� �H�)�,� �7�.�1�9� �(�d�,� �J� �=� �7� �H�z�,� �6� �H�)�,� �6�.�8�8� �(�d�,� �J� �=� �7� �H�z�,� �6� �H�)�,� 

�3�.�9�6� �(�t�,� �J� �=� �4� �H�z�,� �6� �H�)�,� �1�.�7�9� �(�p�,� �J� �=� �4� �H�z�,� �6� �H�)�,� �1�.�2�4� �(�m�,� �1�2� �H�)�,� �0�.�9�7� �(�t�,� �J� �=� �4� �H�z�,� �9� �H�)�.� 

�1�3�C� �N�M�R� �6� �1�7�3�.�5� �(�t�r�i�a�z�i�n�e� �C�'�s�)�,� �1�5�7�.�9�,� �1�5�6�.�5�,� �1�5�3�.�3�,� �1�4�4�.�4�,� �1�3�4�.�6�,� �1�2�9�.�7�,� �1�2�2�.�2�,� 
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�1�2�1�.�8�,� �1�1�4�.�9�,� �6�8�.�3�,� �2�9�.�0�1�,� �2�8�.�2�1�,� �2�2�.�4�7�,� �1�4�.�0�1�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�.� �c�a�l�c�d� �(�f�o�u�n�d�)� �f�o�r� 

�C�o�g�H�g�g�N�.�O�,�:� �C�,� �7�4�.�0�0� �(�7�3�.�9�7�)�;� �H�,� �6�.�5�3� �(�6�.�5�1�)�;� �N�,� �9�.�0�8� �(�9�.�1�4�)�.� 

�4�-�(�4�'�-�n�-�b�u�t�y�l�b�e�n�z�y�l�i�d�e�n�e�a�m�i�n�o�)�p�h�e�n�o�l� �(�3�4�)�:� 

�T�o� �a� �5�0�0�-�m�L� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k� �w�a�s� �a�d�d�e�d� �4�-�h�y�d�r�o�x�y�b�e�n�z�a�l�d�e�h�y�d�e� �(�1�0�.�0� �g�,� �8�2�2� 

�m�m�o�l�)�,� �4�A� �m�o�l�e�c�u�l�a�r� �s�i�e�v�e�s�,� �4�-�n�-�b�u�t�y�l�a�n�i�l�i�n�e� �(�1�3�.�4� �g�,� �9�0�6� �m�m�o�l�)�,� �a�n�d� �a�b�s�o�l�u�t�e� �e�t�h�a�n�o�l� 

�(�1�5�0� �m�L�)�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �h�e�a�t�e�d� �a�t� �r�e�f�l�u�x� �w�i�t�h� �s�t�i�r�r�i�n�g� �f�o�r� �4� �h�o�u�r�s� �a�n�d� �u�p�o�n� �c�o�o�l�i�n�g� �t�h�e� 

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

�d�r�y�i�n�g� �g�a�v�e� �c�r�u�d�e� �3�4� �(�1�9�.�6� �g�,� �9�5�%�)� �a�n�d� �s�u�b�s�e�q�e�n�t� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �h�o�t� �e�t�h�a�n�o�l� 

�a�f�f�o�r�d�e�d� �t�h�e� �p�u�r�e� �p�r�o�d�u�c�t� �3�4� �a�s� �y�e�l�l�o�w� �f�l�a�k�e�s� �(�1�4�.�8� �g�,� �7�1�%�)�,� �m�p� �1�7�7�-�1�8�8� �°�C� �(�l�i�q�u�i�d� 

�c�r�y�s�t�a�l�l�i�n�e�)�.� �'�H� �N�M�R� �(�D�M�S�O�-�d�,�)� �6� �8�.�4�3� �(�s�,� �1� �H�,� �a�z�o�m�e�t�h�i�n�e�)�,� �7�.�7�5� �(�d�,� �J� �=� �8�.�6� �H�z�,� �2� 

�H�)�,� �7�.�1�8� �(�d�,� �J� �=� �8�.�4� �H�z�,� �2� �H�)�,� �7�.�1�1� �(�d�,� �J� �=� �8�.�6� �H�z�,� �2� �H�)�,� �6�.�8�7� �(�d�,� �J� �=� �8�.�4� �H�z�,� �2� �H�)�,� �2�.�5�4� 

�(�t�,� �J� �=� �7�.�4� �H�z�,� �2� �H�)�,� �1�.�4�9� �(�p�,� �J� �=� �7�.�4� �H�z�,� �2� �H�)�,� �1�.�2�6� �(�s�x�,� �J� �=� �7�.�4� �H�z�,� �2� �H�)�,� �0�.�8�6� �(�t�,� �J� �=� 

�7�.�4� �H�z�,� �3� �H�)�.� �I�R� �v� �2�8�0�0�-�2�4�0�0� �(�m�,� �O�H� �s�t�r�e�t�c�h�e�s�)�,� �1�5�8�0� �(�v�s�,� �C�=�N� �s�t�r�e�t�c�h�)�,� �1�2�9�0� �(�v�s�,� �C�-� 

�O�-�C� �s�t�r�e�t�c�h�)�.� 

�2�,�6�-�D�i�c�h�l�o�r�o�-�[�4�-�(�p�-�(�n�-�b�u�t�y�l�)�b�e�n�z�y�l�i�d�e�n�e�a�m�i�n�o�]�-�p�-�p�h�e�n�o�x�y�-�s�-�t�r�i�a�z�i�n�e� �(�3�5�)�:� 

�T�o� �a� �2�5�0�-�m�L� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �w�i�t�h� �a� �m�a�g�n�e�t�i�c� �s�t�i�r�r�e�r� �a�n�d� �n�i�t�r�o�g�e�n� �i�n�l�e�t� �w�a�s� 

�a�d�d�e�d� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�4�.�5�3� �g�,� �2�5�.�1� �m�m�o�l�)� �a�n�d� �c�h�l�o�r�o�f�o�r�m� �(�5�0� �m�L�)� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� 

�S�t�i�r�r�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �u�n�t�i�l� �h�o�m�o�g�e�n�e�o�u�s�.� �A�t� �t�h�i�s� �t�i�m�e�,� �a� �m�i�x�t�u�r�e� �o�f� �c�o�m�p�o�u�n�d� �3�4� 

�(�6�.�2�2� �g�,� �2�5�.�1� �m�m�o�l�)�,� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �(�1�.�0�0� �g�,� �2�5�.�1� �m�m�o�l�)�,� �a�n�d� �w�a�t�e�r� �(�S�O� �m�L�)� �w�a�s� 

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

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

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

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

�v�i�s�c�o�u�s� �y�e�l�l�o�w� �o�i�l�.� �A�t�t�e�m�p�t�e�d� �v�a�c�u�u�m� �d�i�s�t�i�l�l�a�t�i�o�n� �(�8� �t�o�r�r� �a�t� �1�6�0� �°�C�)� �r�e�s�u�l�t�e�d� �i�n� 

�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �s�a�m�p�l�e�.� 
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�2�,�6�-�D�i�c�h�l�o�r�o�-�4�-�(�p�-�f�o�r�m�y�l�p�h�e�n�o�x�y�)�-�s�-�t�r�i�a�z�i�n�e� �(�3�6�)�:� 

�T�o� �a� �5�0�0�-�m�L� �t�h�r�e�e�-�n�e�c�k�e�d� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� �r�e�f�l�u�x� �c�o�n�d�e�n�s�e�r�,� 

�m�e�c�h�a�n�i�c�a�l� �s�t�i�r�r�e�r�,� �a�n�d� �h�e�a�t�i�n�g� �m�a�n�t�l�e� �w�a�s� �a�d�d�e�d� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�1�8�.�5� �g�,� �1�0�0� �m�m�o�l�)� �a�n�d� 

�c�h�l�o�r�o�f�o�r�m� �(�1�0�0� �m�L�)� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� �s�l�o�w�l�y� �h�e�a�t�e�d� �t�o� �5�0� �°�C� �u�n�t�i�l� �h�o�m�o�g�e�n�e�o�u�s�.� �A� 

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

�1�0�0� �m�m�o�l�)� �i�n� �w�a�t�e�r� �(�1�0�0� �m�L�)� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �f�r�o�m� �a� �f�u�n�n�e�l� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �1� �h�o�u�r�.� 

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

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

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

�v�a�c�u�u�m� �o�v�e�n� �(�1�3�.�0� �g�,� �5�7�%�)�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �h�o�t� �t�o�l�u�e�n�e� �g�a�v�e� �a�l�m�o�s�t� �p�u�r�e� �3�6� �a�s� �a� 

�w�h�i�t�e� �p�o�w�d�e�r�,� �9�.�6�8� �g� �(�4�2�%�)�,� �m�p� �1�3�9�-�1�4�2� �°�C�.� �'�H� �N�M�R� �8� �1�0�.�0� �(�s�,� �1� �H�,� �a�l�d�e�h�y�d�e�)�,� �7�.�9�9� 

�(�d�,� �J� �=� �8� �H�z�,� �2� �H�)�,� �7�.�3�7� �(�d�,� �J� �=� �8� �H�z�,� �2� �H�)�.� �I�R� �v� �1�7�2�0� �(�v�s�,� �C�=�O� �s�t�r�e�t�c�h�)�,� �1�5�5�0� �(�m�,� �C�=�N� 

�s�t�r�e�t�c�h�)�,� �1�2�5�0� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �f�o�u�n�d� �t�o� �d�e�c�o�m�p�o�s�e� �r�a�p�i�d�l�y�,� �e�v�e�n� 

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

�1�,�1�0�-�B�i�s�(�p�-�h�y�d�r�o�x�y�p�h�e�n�y�l�i�m�i�n�o�-�p�-�b�e�n�z�y�l�i�d�e�n�e�o�x�y�)�d�e�c�a�n�e� �(�3�7�)�:� 

�T�o� �a� �2�5�0� �m�L� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �w�i�t�h� �a� �m�a�g�n�e�t�i�c� �s�t�i�r�r�e�r� �w�a�s� �a�d�d�e�d� �1�,�1�0�-�b�i�s�(�p�-� 

�f�o�r�m�y�l�p�h�e�n�o�x�y�)�d�e�c�a�n�e� �(�3�.�8� �g�,� �1�0� �m�m�o�l�)�,� �p�-�a�m�i�n�o�p�h�e�n�o�l� �(�2�.�2� �g�,� �2�0� �m�m�o�l�)� �a�n�d� �a�b�s�o�l�u�t�e� 

�e�t�h�a�n�o�l� �(�1�0�0� �m�L�)�.� �T�o� �t�h�i�s� �m�i�x�t�u�r�e� �w�a�s� �a�d�d�e�d� �4�A� �m�o�l�e�c�u�l�a�r� �s�i�e�v�e�s� �a�n�d� �t�h�e� �w�h�o�l�e� �s�t�i�r�r�e�d� �a�t� 

�r�e�f�l�u�x� �f�o�r� �8� �h�o�u�r�s�.� �A�f�t�e�r� �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�,� �a� �y�e�l�l�o�w� �s�o�l�i�d� 

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

�g�i�v�e� �p�u�r�e� �3�7� �a�s� �a� �w�h�i�t�e� �p�o�w�d�e�r�,� �4�.�2�4� �g� �(�7�7�%�)�,� �m�p� �2�1�0�-�2�1�4� �°�C� �(�l�i�t�?� �m�p� �2�1�1�-�2�1�2�.�4� �°�C�)�.� 

�'�H� �N�M�R� �(�D�M�S�O�-�d�,�)� �6� �9�.�8�2� �(�b�r� �s�,� �0�.�5� �H�,� �h�y�d�r�o�x�y�l�)�,� �9�.�4�1� �(�b�r� �s�,� �1�.�5� �H�,� �h�y�d�r�o�x�y�l�)�,� �8�.�4�4� 

�(�b�r� �s�,� �2� �H�,� �a�z�o�m�e�t�h�i�n�e�)�,� �7�.�8�2� �(�b�r� �d�,� �4� �H�,� �a�r�y�l�s�)�,� �7�.�1�5� �(�b�r� �d�,� �4� �H�,� �a�r�y�l�s�)�,� �7�.�0�2� �(�b�r� �d�,� �4� �H�,� 
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�a�r�y�l�s�)�,� �6�.�7�8� �(�b�r� �d�,� �4� �H�,� �a�r�y�l�s�)�,� �4�.�0�2� �(�b�r� �t�,� �4� �H�,� �a�-�m�e�t�h�y�l�e�n�e�)�,� �1�.�7�1� �(�b�r� �p�,� �4� �H�,� �B�-� 

�m�e�t�h�y�l�e�n�e�)�,� �1�.�4�3�-�1�.�2�1� �(�b�r� �m�,� �1�2� �H�,� �y�,�5�,�e ¬� �m�e�t�h�y�l�e�n�e�s�)�.� �I�R� �v� �3�6�0�0�-�3�2�0�0� �(�b�r� �s�,� �O�H� 

�s�t�r�e�t�c�h�)�,� �1�5�9�5� �(�s�,� �C�=�N� �s�t�r�e�t�c�h�)�,� �1�2�5�0� �(�C�-�O�-�C� �s�t�r�e�t�c�h�)�.� 

�2�,�4�,�6�-�T�r�i�(�p�-�n�-�o�c�t�y�l�o�x�y�c�a�r�b�o�n�y�l�p�h�e�n�o�x�y�)�-�s�-�t�r�i�a�z�i�n�e� �(�3�8�)�:� 

�T�o� �a� �5�0�0�-�m�L� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� �m�e�c�h�a�n�i�c�a�l� �s�t�i�r�r�e�r� �a�n�d� �w�a�t�e�r� �b�a�t�h� �w�a�s� 

�a�d�d�e�d� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�9�.�2� �g�,� �5�0� �m�m�o�l�)� �a�n�d� �H�P�L�C� �g�r�a�d�e� �a�c�e�t�o�n�e� �(�1�0�0� �m�L�)� �w�i�t�h� �s�t�i�r�r�i�n�g� 

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

�h�y�d�r�o�x�y�b�e�n�z�o�a�t�e� �(�3�8� �g�,� �1�5�0� �m�m�o�l�)� �a�n�d� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �(�6�.�2� �g�,� �1�5�5� �m�m�o�l�)� �i�n� �w�a�t�e�r� 

�(�1�0�0� �m�L�)� �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�u�t�e�s�.� �A� �w�h�i�t�e� �p�r�e�c�i�p�i�t�a�t�e� �a�p�p�e�a�r�e�d� �i�m�m�e�d�i�a�t�e�l�y� 

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

�p�o�w�d�e�r�-�l�i�k�e� �s�o�l�i�d� �w�a�s� �s�u�c�t�i�o�n� �f�i�l�t�e�r�e�d� �a�n�d� �o�v�e�n� �d�r�i�e�d� �t�o� �g�i�v�e� �3�9�.�7� �g� �(�9�6�%�)� �o�f� �t�h�e� �c�r�u�d�e� 

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

�v�a�c�u�u�m� �a�f�f�o�r�d�e�d� �a�l�m�o�s�t� �p�u�r�e� �3�8� �(�3�6�.�7� �g�,� �8�9�%�)� �a�s� �w�h�i�t�e� �p�l�a�t�e�s�,� �m�p� �(�D�S�C�)� �1�0�1�.�3�-�1�1�7�.�2� 

�°�c�.� �'�H� �N�M�R� �8� �8�.�0�6� �(�d�,� �J� �=� �7� �H�z�,� �6� �H�)�,� �7�.�2�4� �(�d�,� �J� �=�7� �H�z�,� �6� �H�)�,� �4�.�3�2� �(�t�,� �J� �=� �6� �H�z�,� �6� �H�)�,� 

�1�.�7�3� �(�p�,� �J� �=� �6� �H�z�,� �6� �H�)�,� �1�.�4�-�1�.�3� �(�m�,� �1�0� �H�)�,� �0�.�9� �(�t�,� �J� �=� �6� �H�z�,� �9� �H�)�.� �1�3�C� �N�M�R� �8� �1�7�3�.�4�,� 

�1�6�5�.�6�,� �1�5�4�.�3�,� �1�3�1�.�6�,� �1�2�9�.�1�,� �1�2�1�.�8�,� �6�5�.�6�,� �3�2�.�0�,� �2�9�.�3�,� �2�9�.�0�,� �2�6�.�1�,� �2�2�.�9�,� �1�4�.�1�.� �I�R� �v� �1�7�1�5� 

�(�v�s�,� �C�=�O� �s�t�r�e�t�c�h�)�,� �1�5�5�0� �(�s�,� �C�=�N� �s�t�r�e�t�c�h�)�,� �1�2�4�5� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�.� �c�a�l�c�d� 

�(�f�o�u�n�d�)� �f�o�r� �C�,�,�H�.�,�N�,�O�,�:� �C�,� �6�9�.�7�9� �(�6�9�.�8�9�)�;� �H�,� �7�.�6�8� �(�7�.�7�2�)�;� �N�,� �5�.�0�8� �(�5�.�1�1�)�.� 

�2�,�4�,�6�-�T�r�i�(�p�-�b�e�n�z�y�l�o�x�y�p�h�e�n�o�x�y�)�-�s�-�t�r�i�a�z�i�n�e� �(�4�1�)�:� 

�T�o� �a� �5�0�0�-�m�L� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �w�i�t�h� �a� �m�e�c�h�a�n�i�c�a�l� �s�t�i�r�r�e�r� �a�n�d� �n�i�t�r�o�g�e�n� �b�u�b�b�l�e�r� �w�a�s� 

�a�d�d�e�d� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�1�8�.�4� �g�,� �1�0�0� �m�m�o�l�)� �a�n�d� �H�P�L�C� �g�r�a�d�e� �a�c�e�t�o�n�e� �(�1�5�0� �m�L�)� �u�n�d�e�r� 

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

�b�e�n�z�y�l�o�x�y�p�h�e�n�o�l� �(�3�9�,� �6�0�.�3� �g�,� �3�1�0� �m�m�o�l�)� �a�n�d� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �(�1�2�.�4� �g�,� �3�1�0� �m�m�o�l�)� �i�n� 

�w�a�t�e�r� �(�1�5�0� �m�L�)� �d�r�o�p�w�i�s�e� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �3�0� �m�i�n�u�t�e�s�.� �A� �w�h�i�t�e� �p�r�e�c�i�p�i�t�a�t�e� �a�p�p�e�a�r�e�d� 

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

�5�9



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

�p�r�o�d�u�c�t� �a�s� �a� �w�h�i�t�e� �p�o�w�d�e�r� �(�5�4�.�7� �g�,� �8�1�%�)�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �e�t�h�y�l� �a�c�e�t�a�t�e� �a�f�f�o�r�d�e�d� 

�p�u�r�e� �4�1� �a�s� �f�i�n�e� �w�h�i�t�e� �n�e�e�d�l�e�s�,� �m�p� �1�6�1�-�1�6�3� �°�C� �(�5�1�.�9� �g�,� �7�7�%�)�.� �1�H� �N�M�R� �(�D�M�S�O�-�d�,�)� �3� 

�7�.�4�5�-�7�.�3�2� �(�m�,� �1�5� �H�)�,� �7�.�1�6� �(�d�,� �J� �=� �9� �H�z�,� �6� �H�)�,� �7�.�0�4� �(�d�,� �J� �=� �9� �H�z�,� �6� �H�)�,� �5�.�0�9� �(�s�,� �6� �H�)�.� �I�R� 

�v� �1�5�5�0� �(�s�,� �-�C�=�N�-� �s�t�r�e�t�c�h�)�,� �1�2�5�0� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�.� �c�a�l�c�d� �(�f�o�u�n�d�)� �f�o�r� 

�C�4�,�H�,�N�,�0�,�:� �C�,� �7�4�.�6�1� �(�7�4�.�5�1�)�;� �H�,� �4�.�9�2� �(�4�.�9�3�)�;� �N�,� �6�.�2�1� �(�6�.�1�9�)�.� 

�2�,�4�,�6�-�T�r�i�(�p�-�h�y�d�r�o�x�y�p�h�e�n�o�x�y�)�-�s�-�t�r�i�a�z�i�n�e� �(�4�2�)�:� 

�T�o� �a� �5�0�0�-�m�L� �p�r�e�s�s�u�r�e� �b�o�t�t�l�e� �w�a�s� �a�d�d�e�d� �c�o�m�p�o�u�n�d� �4�1� �(�1�0� �g�,� �1�5� �m�m�o�l�)� �a�n�d� �t�h�e� 

�s�o�l�i�d� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �c�h�l�o�r�o�f�o�r�m� �(�7�5� �m�L�)�.� �M�e�t�h�a�n�o�l� �w�a�s� �t�h�e�n� �a�d�d�e�d� �(�7�5� �m�L�)� �f�o�l�l�o�w�e�d� 

�b�y� �p�a�l�l�a�d�i�u�m� �o�n� �c�h�a�r�c�o�a�l� �(�6�0� �m�g�)�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �t�h�e�n� �p�l�a�c�e�d� �u�n�d�e�r� �6�0� �p�s�i� �o�f� �h�y�d�r�o�g�e�n� 

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

�p�r�e�s�s�u�r�e� �d�r�o�p� �o�f� �4� �p�s�i� �w�a�s� �n�o�t�e�d�.� �T�L�C� �a�n�d� �N�M�R� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�h�a�t� �o�n�l�y� �t�h�e� �s�t�a�r�t�i�n�g� 

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

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

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

�b�u�t�y�l� �r�u�b�b�e�r� �s�t�o�p�p�e�r� �i�n� �t�h�e� �p�r�e�s�s�u�r�e� �b�o�t�t�l�e�.� 

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

�w�a�s� �e�m�p�l�o�y�e�d�.� �T�o� �a� �2�5�0�-�m�L� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� �s�t�i�r�r�i�n�g� �b�a�r� �a�n�d� �r�e�f�l�u�x� 

�c�o�n�d�e�n�s�e�r� �w�a�s� �a�d�d�e�d� �c�o�m�p�o�u�n�d� �4�1� �(�5�.�0� �g�,� �7�.�4� �m�m�o�l�)� �a�n�d� �a�c�e�t�o�n�i�t�r�i�l�e� �(�1�0�0� �m�L�)�.� 

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

�f�u�l�l�y� �s�o�l�u�b�l�e� �w�h�e�n� �h�o�t�.� �A�t� �t�h�i�s� �t�i�m�e�,� �t�r�i�m�e�t�h�y�l�s�i�l�y�l� �c�h�l�o�r�i�d�e� �(�4�.�8� �g�,� �5�.�7� �m�L�,� �4�4� �m�m�o�l�)� �w�a�s� 

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

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

�d�a�r�k� �r�e�d� �i�n� �c�o�l�o�r�.� �A� �s�m�a�l�l� �a�l�i�q�u�o�t� �w�a�s� �r�e�m�o�v�e�d� �f�o�r� �T�L�C� �a�n�a�l�y�s�i�s�;� �n�o� �s�p�o�t� �d�u�e� �t�o� �s�t�a�r�t�i�n�g� 

�m�a�t�e�r�i�a�l� �w�a�s� �p�r�e�s�e�n�t�,� �a�n�d� �a�n� �i�n�t�e�n�s�e� �s�p�o�t� �r�e�m�a�i�n�e�d� �a�t� �t�h�e� �b�a�s�e�l�i�n�e� �(�3�:�1� �h�e�x�a�n�e�s�/�E�t�O�A�c�)�.� �A� 

�6�0



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

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

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

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

�(�1�5�0� �m�L�)� �a�n�d� �t�h�e� �r�e�m�a�i�n�i�n�g� �y�e�l�l�o�w� �s�o�l�i�d� �f�i�l�t�e�r�e�d�.� �T�h�i�s� �s�o�l�i�d� �w�a�s� �r�e�d�i�s�s�o�l�v�e�d� �i�n� �a�c�e�t�o�n�e� 

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

�s�u�s�p�e�n�d�e�d� �i�n� �w�a�t�e�r� �a�n�d� �h�e�a�t�e�d� �a�t� �1�0�0� �°�C� �f�o�r� �3�0� �m�i�n�u�t�e�s� �t�o� �h�y�d�r�o�l�y�z�e� �a�n�y� �r�e�m�a�i�n�i�n�g� �b�e�n�z�y�l� 

�i�o�d�i�d�e�.� �S�u�c�t�i�o�n� �f�i�l�t�r�a�t�i�o�n� �a�n�d� �d�r�y�i�n�g� �u�n�d�e�r� �r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e� �(�3�0� �t�o�r�r� �@� �1�1�0� �°�C�)� �p�r�o�d�u�c�e�d� 

�c�o�m�p�o�u�n�d� �4�2� �a�s� �a�n� �o�f�f�-�w�h�i�t�e� �s�o�l�i�d� �(�2�.�5�6� �g�,� �8�5�%�)�,� �m�p� �>�3�5�0� �°�C� �(�l�i�t�.�}�5� �m�p� �3�8�9�-�3�9�2� �°�C�)�.� 

�l�H� �N�M�R� �(�D�M�S�O�-�d�,�)� �8� �9�.�5�0� �(�s�,� �3� �H�,� �-�O�H�)�,� �7�.�0�1� �(�d�,� �J� �=� �7� �H�z�,� �6� �H�)�,� �6�.�7�4� �(�d�,� �J� �=�7� �H�z�,� �6� 

�H�)�.� �I�R� �v� �3�3�5�0� �(�v�s�,� �-�O�H� �s�t�r�e�t�c�h�)�,� �1�5�4�0� �(�s�,� �-�C�=�N� �s�t�r�e�t�c�h�)�,� �1�2�4�0� �(�v�s�,� �-�C�-�O�-�C� �s�t�r�e�t�c�h�)�.� 

�2�,�4�,�6�-�T�r�i�(�p�-�c�h�o�l�e�s�t�e�r�y�l�o�x�y�c�a�r�b�o�n�y�l�o�x�y�p�h�e�n�o�x�y�)�-�s�-�t�r�i�a�z�i�n�e� �(�4�3�)�:� 

�T�o� �a� �1�0�0�-�m�L� �3�-�n�e�c�k�e�d� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� �n�i�t�r�o�g�e�n� �i�n�l�e�t� �a�n�d� �s�t�i�r�r�i�n�g� 

�b�a�r� �w�a�s� �a�d�d�e�d� �t�r�i�p�h�e�n�o�l� �4�2� �(�0�.�5� �g�,� �1� �m�m�o�l�)� �a�n�d� �c�h�o�l�e�s�t�e�r�y�l� �c�h�l�o�r�o�f�o�r�m�a�t�e� �(�3�.�3� �g�,� �7�.�4� 

�m�m�o�l�)� �a�n�d� �t�h�e� �s�o�l�i�d�s� �d�i�s�s�o�l�v�e�d� �i�n� �d�r�y� �d�i�c�h�l�o�r�o�m�e�t�h�a�n�e� �(�5�0� �m�L�)�.� �T�o� �t�h�i�s� �c�o�l�o�r�l�e�s�s� �s�o�l�u�t�i�o�n� 

�w�a�s� �a�d�d�e�d� �6� �m�L� �o�f� �d�r�y� �p�y�r�i�d�i�n�e� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �i�m�m�e�d�i�a�t�e�l�y� �t�u�r�n�e�d� �y�e�l�l�o�w�.� �T�h�e� �m�i�x�t�u�r�e� 

�w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �f�o�r� �2�5� �h�o�u�r�s�,� �a�t� �w�h�i�c�h� �t�i�m�e� �a� �w�h�i�t�e� �p�r�e�c�i�p�i�t�a�t�e� �h�a�d� �f�o�r�m�e�d�.� �A� �s�m�a�l�l� 

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

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

�(�3� �x� �5�0� �m�L�)� �t�o� �r�e�m�o�v�e� �p�y�r�i�d�i�n�e� �a�n�d� �i�t�s� �h�y�d�r�o�c�h�l�o�r�i�d�e� �s�a�l�t�.� �T�h�e� �o�r�g�a�n�i�c� �e�x�t�r�a�c�t�s� �w�e�r�e� 

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

�a�f�f�o�r�d� �a� �w�h�i�t�e� �s�o�l�i�d�,� �1�.�8�6� �g�.� �T�L�C� �(�s�i�l�i�c�a� �g�e�l�,� �7�0�%� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e�/�h�e�x�a�n�e�s�)�:� �t�w�o� �s�p�o�t�s�,� 

�R�,� �=� �0�.�9�2�,� �0�.�4�1�.� �T�h�e� �t�o�p� �s�p�o�t� �w�a�s� �U�V� �i�n�a�c�t�i�v�e� �a�n�d� �c�o�u�l�d� �o�n�l�y� �b�e� �s�e�e�n� �b�y� �s�t�a�i�n�i�n�g� �t�h�e� 

�p�l�a�t�e� �w�i�t�h� �a�n� �i�s�o�v�a�n�i�l�l�i�n� �s�o�l�u�t�i�o�n�.� �P�T�L�C� �(�1�0�0� �m�g�,� �s�i�l�i�c�a� �g�e�l�,� �7�0�%� �m�e�t�h�y�l�e�n�e� 

�h�l�o�r�i�d�e�/�h�e�x�a�n�e�s� �e�l�u�e�n�t�)�:� �t�w�o� �b�a�n�d�s�,� �t�h�e� �t�o�p� �b�a�n�d� �w�a�s� �n�o�t� �U�V� �a�c�t�i�v�e�.� �T�h�e� �t�o�p� �b�a�n�d� �w�a�s� 
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�i�s�o�l�a�t�e�d� �a�n�d� �a�f�f�o�r�d�e�d� �3�5� �m�g� �o�f� �w�h�i�t�e� �c�r�y�s�t�a�l�l�i�n�e� �s�o�l�i�d� �4�4�,� �m�p� �1�7�4�-�1�7�7� �°�C� �(�l�i�t�.�1�®� �m�p� �1�7�4�-� 

�1�7�6� �°�C�)�.� �'�H� �N�M�R� �8� �5�.�4�1� �(�d�,� �J� �=� �3� �H�z�,� �2�H�,� �v�i�n�y�l�s�)�,� �4�.�4�3� �(�m�,� �2� �H�,� �m�e�t�h�i�n�e�s�)�,� �2�.�4�1�-�0�.�6�4� 

�(�m�,� �8�6� �H�,� �c�h�o�l�e�s�t�e�r�y�l� �p�r�o�t�o�n�s�)�.� �'�*�C� �N�M�R� �8� �1�3�9�.�4�,� �1�2�2�.�8�,� �7�7�.�4�6�,� �5�6�.�6�7�,� �5�6�.�1�0�,� �4�9�.�9�6�,� 

�4�2�.�2�9�,� �3�9�.�6�9�,� �3�9�.�4�8�,� �3�8�.�0�4�,� �3�6�.�8�5�,� �3�6�.�5�2�,� �3�6�.�1�5�,� �3�5�.�7�6�,� �3�1�.�8�7�,� �3�1�.�8�2�,� �2�8�.�2�0�,� �2�7�.�9�9�,� 

�2�7�.�7�0�,� �2�4�.�2�5�,� �2�3�.�7�9�,� �2�2�.�7�9�,� �2�2�.�5�4�,� �2�1�.�0�0�,� �1�9�.�2�4�,� �1�8�.�6�8�,� �1�1�.�8�3�.� �I�R� �v� �1�7�4�0� �(�s�,� �C�=�O� 

�s�t�r�e�t�c�h�)�,� �1�2�4�3� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� 

�T�h�e� �s�e�c�o�n�d� �b�a�n�d� �(�R�,� �=� �0�.�4�1�,� �U�V� �a�c�t�i�v�e�)� �a�f�f�o�r�d�e�d� �4�6� �m�g� �o�f� �d�e�s�i�r�e�d� �c�o�m�p�o�u�n�d� �4�3� 

�a�s� �a� �t�r�a�n�s�p�a�r�e�n�t� �g�l�a�s�s�y� �s�o�l�i�d�,� �m�p� �2�5�6� �°�C� �(�d�e�c�.�)�.� �S�i�n�c�e� �t�h�e� �s�a�m�p�l�e� �m�i�x�t�u�r�e� �c�o�n�s�i�s�t�s� �o�f� �5�7�%� 

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

�c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �1�.�0�6� �g� �(�5�2�%� �c�r�u�d�e� �y�i�e�l�d�,� �2�.�3�%� �p�u�r�i�f�i�e�d�)�.� �'�H� �N�M�R� �8�7�.�1�9� �(�d�,� �J� �=�7� �H�z�,� �6� 

�H�)�,� �7�.�1�5� �(�d�,� �J� �=� �7� �H�z�,� �6� �H�)�,� �5�.�4�2� �(�d�,� �J� �=� �2� �H�z�,� �3� �H�,� �v�i�n�y�l�s�)�,� �4�.�5�9� �(�m�,� �3� �H�,� �m�e�t�h�i�n�e�s�)�,� 

�2�.�4�4�-�0�.�6�4� �(�m�,� �1�2�9� �H�,� �c�h�o�l�e�s�t�e�r�y�l� �p�r�o�t�o�n�s�)�.� �1�3�C� �N�M�R� �8� �1�7�3�.�5� �(�t�r�i�a�z�i�n�e�)�,� �1�5�2�.�7� �(�C�=�O�)�,� 

�1�4�8�.�8�,� �1�4�8�.�7�,� �1�3�9�.�0�,� �1�2�3�.�2�,� �1�2�2�.�3�,� �1�2�2�.�1�,� �7�8�.�9�7�,� �5�6�.�6�7�,� �5�6�.�1�5�,� �4�9�.�9�5�,� �4�2�.�3�0�,� �3�9�.�6�9�,� 

�3�9�.�4�9�,� �3�7�.�9�1�,� �3�6�.�8�2�,� �3�6�.�5�3�,� �3�6�.�1�7�,� �3�5�.�7�9�,� �3�1�.�8�8�,� �3�1�.�8�2�,� �2�8�.�2�1�,� �2�7�.�9�8�,� �2�7�.�6�0�,� �2�4�.�2�6�,� 

�2�3�.�8�4�,� �2�2�.�8�1�,� �2�2�.�5�5�,� �2�1�.�0�5�,� �1�9�.�2�7�,� �1�8�.�7�0�,� �1�1�.�8�5�.� �I�R� �v� �1�7�5�9� �(�s�,� �C�=�O�)�,� �1�5�7�0� �(�m�,� �C�=�N� 

�s�t�r�e�t�c�h�e�s�)�,� �1�1�9�3� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�y�s�i�s� �c�a�l�c�d� �(�f�o�u�n�d�)� �f�o�r� 

�C�i�o�s�H�1�4�7�N�3�0�1�2�:� �C�,� �7�6�.�7�4� �(�7�6�.�7�9�)�;� �H�,� �9�.�0�1� �(�9�.�0�5�)�;� �N�,� �2�.�5�5� �(�2�.�5�0�)�.� 

�2�,�4�,�6�-�T�r�i�c�h�o�l�e�s�t�e�r�y�l�o�x�y�-�s�-�t�r�i�a�z�i�n�e� �(�n�o� �s�t�r�u�c�t�u�r�e� �g�i�v�e�n�,� �f�r�o�m� �p�a�g�e� �4�5�,� 

�s�e�c�t�i�o�n� �c�)�:� 

�T�o� �a� �1�0�0�-�m�L� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �w�i�t�h� �a� �s�t�i�r�r�i�n�g� �b�a�r� �a�n�d� �r�e�f�l�u�x� �c�o�n�d�e�n�s�e�r� �w�a�s� 

�a�d�d�e�d� �c�h�o�l�e�s�t�e�r�o�l� �(�5�.�0� �g�,� �1�3� �m�m�o�l�)� �a�n�d� �f�i�n�e�l�y� �g�r�o�u�n�d� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �(�3�.�6� �g�,� �2�6� 

�m�m�o�l�)� �a�n�d� �t�h�e� �s�o�l�i�d�s� �w�e�r�e� �c�o�v�e�r�e�d� �w�i�t�h� �d�r�y� �T�H�F� �(�7�5� �m�L�)�.� �C�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�0�.�8� �g�,� �4� 

�m�m�o�l�)� �w�a�s� �t�h�e�n� �a�d�d�e�d� �a�n�d� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �a�t� �6�6� �°�C� �o�v�e�r�n�i�g�h�t�.� �A�f�t�e�r� 

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

�p�r�e�c�i�p�i�t�a�t�e�.� �S�u�c�t�i�o�n� �f�i�l�t�r�a�t�i�o�n� �a�n�d� �a�i�r� �d�r�y�i�n�g� �g�a�v�e� �t�h�e� �c�r�u�d�e� �p�r�o�d�u�c�t� �a�s� �a� �w�h�i�t�e� �p�o�w�d�e�r� �(�5�.�1� 
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�g�,� �9�6�%�)�.� �T�h�i�s� �p�r�o�d�u�c�t� �w�a�s� �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� �t�w�i�c�e� �t�o� �a�f�f�o�r�d� �t�r�a�n�s�p�a�r�e�n�t� �f�l�a�k�e�s�,� 

�m�p� �1�4�3�-�1�4�6� �°�C� �(�4�.�6�7� �g�,� �8�8�%�)�.� �P�u�r�e� �c�h�o�l�e�s�t�e�r�o�l� �m�e�l�t�s� �a�t� �1�4�7� �°�C�.� �T�L�C� �a�n�a�l�y�s�i�s� �(�E�t�O�A�c�)� 

�s�h�o�w�e�d� �t�h�a�t� �t�h�i�s� �p�r�o�d�u�c�t� �w�a�s� �p�u�r�e� �a�n�d� �h�a�d� �t�h�e� �s�a�m�e� �R�,� �(�0�.�9�3�)� �a�s� �p�u�r�e� �c�h�o�l�e�s�t�e�r�o�l�.� �l�y� 

�N�M�R� �6� �5�.�3�5� �(�d�d�,� �1� �H�,� �v�i�n�y�l�)�,� �3�.�5�0� �(�m�,� �1� �H�,� �m�e�t�h�i�n�e�)�,� �2�.�3�0�-�0�.�7� �(�m�,� �4�4� �H�,� �c�h�o�l�e�s�t�e�r�o�l� 

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

�2�,�4�,�6�-�T�r�i�(�p�-�n�i�t�r�o�p�h�e�n�o�x�y�)�-�s�-�t�r�i�a�z�i�n�e� �(�4�5�)�:� 

�T�o� �a� �5�0�0�-�m�L� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �w�i�t�h� �a� �m�e�c�h�a�n�i�c�a�l� �s�t�i�r�r�e�r� �a�n�d� �w�a�t�e�r� �b�a�t�h� �w�a�s� 

�a�d�d�e�d� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�1�8�.�4� �g�,� �1�0�0� �m�m�o�l�)� �a�n�d� �H�P�L�C� �g�r�a�d�e� �a�c�e�t�o�n�e� �(�1�5�0� �m�L�)� �w�i�t�h� 

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

�(�4�1�.�7� �g�,� �3�0�0� �m�m�o�l�)� �a�n�d� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �(�1�2�.�2� �g�,� �3�0�0� �m�m�o�l�)� �i�n� �w�a�t�e�r� �(�1�5�0� �m�L�)� 

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

�t�h�e� �r�e�q�u�i�s�i�t�e� �a�m�o�u�n�t� �o�f� �p�h�e�n�o�l�a�t�e� �w�a�s� �a�d�d�e�d�.� �T�h�i�s� �m�i�x�t�u�r�e� �w�a�s� �t�h�e�n� �h�e�a�t�e�d� �t�o� �6�5� �°�C� �a�n�d� 

�s�t�i�r�r�e�d� �f�o�r� �2�4� �h�o�u�r�s�.� �A�f�t�e�r� �c�o�o�l�i�n�g�,� �t�h�e� �b�r�i�g�h�t� �y�e�l�l�o�w� �s�o�l�i�d� �w�a�s� �s�u�c�t�i�o�n� �f�i�l�t�e�r�e�d� �a�n�d� �w�a�s�h�e�d� 

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

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

�p�u�r�e� �4�5� �(�2�6�.�6� �g�,� �5�4�%�)� �a�s� �s�m�a�l�l� �c�o�l�o�r�l�e�s�s� �c�r�y�s�t�a�l�s�,� �m�p� �2�1�9�-�2�2�1� �°�C� �d�i�t�.� �m�p� �1�9�1�°�C�)�.� �!�H� 

�N�M�R� �(�D�M�S�O�-�d�,�)� �6� �8�.�2�9� �(�d�,� �J� �=� �7� �H�z�,� �6� �H�)�,� �7�.�5�3� �(�d�,� �J� �=� �7� �H�z�,� �6� �H�)�.� �1�3�¢� �N�M�R� �(�D�M�S�O�-� 

�d�x�)� �8� �1�7�2�.�9�,� �1�5�6�.�2�,� �1�4�5�.�7�,� �1�2�5�.�8�,� �1�2�3�.�3�.� �I�R� �v� �1�5�5�0� �(�v�s�,� �C�=�N� �s�t�r�e�t�c�h�e�s�)�,� �1�5�0�0�,� �1�3�5�0� 

�(�v�s�,� �N�O�,� �s�t�r�e�t�c�h�)�,� �1�2�0�0� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� 

�2�,�4�,�6�-�T�r�i�(�p�-�a�m�i�n�o�p�h�e�n�o�x�y�)�-�s�-�t�r�i�a�z�i�n�e� �(�n�o� �s�t�r�u�c�t�u�r�e� �g�i�v�e�n�,� �p�a�g�e� �4�6�)�:� 

�T�o� �a� �5�0�0�-�m�L� �p�r�e�s�s�u�r�e� �b�o�t�t�l�e� �w�a�s� �a�d�d�e�d� �c�o�m�p�o�u�n�d� �4�5� �(�5�.�7�7� �g�,� �1�1�.�7� �m�m�o�l�)� �a�n�d� 

�p�a�l�l�a�d�i�u�m� �o�n� �c�a�r�b�o�n� �(�7�0� �m�g�)� �a�n�d� �t�h�e� �s�o�l�i�d�s� �c�o�v�e�r�e�d� �w�i�t�h� �T�H�F�/�E�t�O�A�c� �(�1�:�1�,� �3�0�0� �m�L�)�.� �T�h�e� 

�s�o�l�u�t�i�o�n� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �6�0� �p�s�i� �o�f� �h�y�d�r�o�g�e�n� �p�r�e�s�s�u�r�e� �a�n�d� �s�h�a�k�e�n� �v�i�g�o�r�o�u�s�l�y� �f�o�r� �2�4� �h�o�u�r�s�.� 

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

�s�t�a�r�t�i�n�g� �c�o�m�p�o�u�n�d� �(�4�5�)�.� 

�D�i�m�e�t�h�y�l�]� �5�-�h�y�d�r�o�x�y�i�s�o�p�h�t�h�a�l�a�t�e� �(�4�7�)�:� 

�T�o� �a� �2�5�0�-�m�L�,� �t�h�r�e�e�-�n�e�c�k�e�d� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� �s�t�i�r�r�i�n�g� �b�a�r�,� �h�e�a�t�i�n�g� 

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

�m�m�o�l�)� �a�n�d� �t�h�e� �w�h�i�t�e� �s�o�l�i�d� �d�i�s�s�o�l�v�e�d� �i�n� �m�e�t�h�a�n�o�l� �(�1�5�0� �m�L�)�.� �T�o� �t�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� 

�c�o�n�c�e�n�t�r�a�t�e�d� �s�u�l�f�u�r�i�c� �a�c�i�d� �(�5� �m�L�,� �9�.�1�8� �g�,� �1�3�8� �m�m�o�l�,� �d�e�n�s�i�t�y� �=� �1�.�8�3�6� �g�/�m�L�)� �c�a�r�e�f�u�l�l�y� �w�i�t�h� 

�S�t�i�r�r�i�n�g�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �h�e�a�t�e�d� �s�l�o�w�l�y� �t�o� �r�e�f�l�u�x� �a�n�d� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �u�n�d�e�r� �n�i�t�r�o�g�e�n� 

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

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

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

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

�t�e�m�p�e�r�a�t�u�r�e� �(�3�0� �m�m� �H�g�)� �f�o�r� �t�h�r�e�e� �h�o�u�r�s�,� �a�n�d� �w�e�i�g�h�e�d� �t�o� �g�i�v�e� �1�0�.�6�6� �g� �(�9�6�%�)� �o�f� �t�h�e� �c�r�u�d�e� 

�d�i�m�e�t�h�y�l� �e�s�t�e�r�,� �m�p� �1�6�2�-�1�6�8� �°�C�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �m�e�t�h�a�n�o�l� �g�a�v�e� �t�h�e� �p�u�r�e� �e�s�t�e�r� �4�7� �a�s� 

�w�h�i�t�e� �f�l�a�k�e�s�,� �9�.�9�8� �g� �(�9�0�%�)�,� �m�p� �1�6�6�-�1�6�8� �°�C� �(�l�i�t�.�!�?� �m�p� �1�6�2�-�1�6�3�.�5� �°�C�)�.� �'�H� �N�M�R� �8� �8�.�2�2� �(�t�,� 

�1�H�,� �J� �=� �1�.�6� �H�z�)�,� �7�.�6�9� �(�d�,� �2� �H�,� �J� �=� �1�.�6� �H�z�)�,� �6�.�2�4� �(�s�,� �1� �H�,� �h�y�d�r�o�x�y�l�)�,� �3�.�9�4� �(�s�,� �6� �H�,� 

�m�e�t�h�y�l�s�)�.� �I�R� �3�3�6�0� �(�v�s�,� �h�y�d�r�o�x�y�l�)�,� �1�7�0�3� �(�v�s�,� �C�=�O� �e�s�t�e�r�)�,� �1�2�5�0�,� �1�2�6�0� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� 

�D�i�-�n�-�b�u�t�y�l� �5�-�h�y�d�r�o�x�y�i�s�o�p�h�t�h�a�l�a�t�e� �(�4�8�)�:� 

�T�o� �a� �2�5�0�-�m�L�,� �t�h�r�e�e�-�n�e�c�k�e�d� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� �s�t�i�r�r�i�n�g� �b�a�r�,� �h�e�a�t�i�n�g� 

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

�m�m�o�l�)� �a�n�d� �t�h�e� �w�h�i�t�e� �s�o�l�i�d� �d�i�s�s�o�l�v�e�d� �i�n� �n�-�b�u�t�a�n�o�l� �(�1�5�0� �m�L�)�.� �T�o� �t�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� 

�c�o�n�c�e�n�t�r�a�t�e�d� �s�u�l�f�u�r�i�c� �a�c�i�d� �(�1�0� �m�L�,� �9�.�1�8� �g�,� �1�3�8� �m�m�o�l�,� �d�e�n�s�i�t�y� �=� �1�.�8�3�6� �g�/�m�L�)� �c�a�r�e�f�u�l�l�y� 

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

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

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

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

�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �(�3�0� �m�m� �H�g�)� �o�v�e�r�n�i�g�h�t�,� �a�n�d� �w�e�i�g�h�e�d� �t�o� �g�i�v�e� �1�4�.�4�2� �g� �(�9�5�%�)� �o�f� �t�h�e� �c�r�u�d�e� 

�d�i�b�u�t�y�l� �e�s�t�e�r� �4�8�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �h�e�x�a�n�e�s� �g�a�v�e� �t�h�e� �p�u�r�e� �e�s�t�e�r� �4�8� �a�s� �c�o�l�o�r�l�e�s�s� 

�n�e�e�d�l�e�s�,� �1�4�.�1�2� �g� �(�9�3�%�)�,� �m�p� �6�6�-�6�8� �°�C� �(�l�i�t�.�!�®� �m�p� �6�5�.�3�-�6�6�.�6� �°�C�)�.� �'�H� �N�M�R� �8� �8�.�2�4� �(�t�,� �1�H�,� �J� 

�=� �2� �H�z�)�,� �7�.�7�8� �(�d�,� �2� �H�,� �J� �=� �2� �H�z�)�,� �6�.�3�9� �(�s�,� �1� �H�,� �h�y�d�r�o�x�y�l�)�,� �4�.�3�5� �(�t�,� �4� �H�,� �J� �=� �4�.�8� �H�z�)�,� �1�.�7�8� 

�(�p�,� �4�H�,� �J� �=� �4�.�8� �H�z�)�,� �1�.�4�3� �(�s�e�x�t�e�t�,� �4� �H�,� �J� �=� �4�.�8� �H�z�)�,� �0�.�9�9� �(�t�,� �6�H�,� �J� �=�4�.�8� �H�z�)�.� �I�R�v� 

�3�4�2�0� �(�v�s�,� �h�y�d�r�o�x�y�l�)�,� �1�7�1�0� �(�v�s�,� �C�=�O� �e�s�t�e�r�)�,� �1�2�5�0�,� �1�3�1�0� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� 

�2�,�4�,�6�-�T�r�i�[�3�,�5�-�b�i�s�(�m�e�t�h�o�x�y�c�a�r�b�o�n�y�!�)�p�h�e�n�o�x�y�]�-�s�-�t�r�i�a�z�i�n�e� �(�4�9�a�)�:� 

�T�o� �a� �5�0�0�-�m�L� �t�h�r�e�e�-�n�e�c�k�e�d� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� �s�t�i�r�r�i�n�g� �b�a�r�,� �h�e�a�t�i�n�g� 

�m�a�n�t�l�e�,� �n�i�t�r�o�g�e�n� �i�n�l�e�t�,� �d�r�o�p�p�i�n�g� �f�u�n�n�e�l�,� �a�n�d� �a� �D�e�a�n�-�S�t�a�r�k� �c�o�n�d�e�n�s�e�r� �w�a�s� �a�d�d�e�d� �d�i�m�e�t�h�y�]� �5�-� 

�h�y�d�r�o�x�y�i�s�o�p�h�t�h�a�l�a�t�e� �(�4�7�,� �5�.�0� �g�,� �2�3�.�7� �m�m�o�l�)� �a�n�d� �f�i�n�e�l�y� �g�r�o�u�n�d� �a�n�h�y�d�r�o�u�s� �p�o�t�a�s�s�i�u�m� 

�c�a�r�b�o�n�a�t�e� �(�3�.�7�6� �g�,� �3�5� �m�m�o�l�)�.� �T�h�e� �s�o�l�i�d�s� �w�e�r�e� �t�h�e�n� �c�o�v�e�r�e�d� �w�i�t�h� �b�e�n�z�e�n�e� �(�2�0�0� �m�L�)�,� �b�u�t� 

�t�h�e� �d�i�e�s�t�e�r� �p�r�o�v�e�d� �i�n�s�o�l�u�b�l�e� �i�n� �t�h�e� �s�o�l�v�e�n�t�,� �s�o� �N�,�N�-�d�i�m�e�t�h�y�l�f�o�r�m�a�m�i�d�e� �(�D�M�F�,� �5�0� �m�L�)� �w�a�s� 

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

�(�8�5� �°�C�)�,� �a�n�d� �t�h�e� �w�a�t�e�r� �o�f� �r�e�a�c�t�i�o�n� �w�a�s� �c�o�l�l�e�c�t�e�d� �i�n� �t�h�e� �D�e�a�n�-�S�t�a�r�k� �t�r�a�p� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �s�i�x� 

�h�o�u�r�s� �(�~� �1� �m�L�)�.� �A�t� �t�h�i�s� �t�i�m�e�,� �a� �s�o�l�u�t�i�o�n� �o�f� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�1�.�4�5� �g�,� �7�.�9� �m�m�o�l�)� �i�n� 

�b�e�n�z�e�n�e� �(�1�0� �m�L�)� �w�a�s� �a�d�d�e�d� �f�r�o�m� �t�h�e� �d�r�o�p�p�i�n�g� �f�u�n�n�e�l� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �3�0� �m�i�n�u�t�e�s�.� �T�h�e� 

�r�e�f�l�u�x�i�n�g� �s�l�u�r�r�y� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �o�v�e�r�n�i�g�h�t� �a�t� �8�5� �°�C�.� �A�f�t�e�r� �c�o�o�l�i�n�g�,� �t�h�e� �e�x�c�e�s�s� �c�a�r�b�o�n�a�t�e� 

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

�T�h�e� �o�r�g�a�n�i�c� �f�i�l�t�r�a�t�e� �w�a�s� �t�h�e�n� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �a� �1�0�%� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �s�o�l�u�t�i�o�n� �(�3� �x� �7�5� 

�m�L�)� �a�n�d� �t�h�e�n� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �(�5�0� �m�L�)� �i�n� �a� �s�e�p�a�r�a�t�o�r�y� �f�u�n�n�e�l�.� �T�h�e� �o�r�g�a�n�i�c� �l�a�y�e�r� �w�a�s� �d�r�i�e�d� 

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

�g�i�v�e� �5�.�2�6� �g� �(�9�4�%�)� �o�f� �t�h�e� �c�r�u�d�e� �h�e�x�a�m�e�t�h�y�]� �e�s�t�e�r�,� �m�p� �1�6�2�-�1�7�9� �°�C�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� 

�e�t�h�a�n�o�l�/�a�c�e�t�o�n�e� �g�a�v�e� �t�h�e� �p�u�r�e� �p�r�o�d�u�c�t� �4�9� �a�s� �w�h�i�t�e� �f�l�a�k�e�s�,� �5�.�0�1� �g� �(�9�0� �%�)�,� �m�p� �1�6�7�-�1�8�4� �°�C�.� 

�1�H� �N�M�R� �(�C�D�C�I�,�)� �6� �8�.�2�6� �(�t�,� �3� �H�,� �J� �=� �2� �H�z�)�,� �7�.�7�8� �(�d�,� �6� �H�,� �J� �=� �2� �H�z�)�,� �3�.�9�2� �(�s�,� �1�8� �H�,� 

�m�e�t�h�y�l�s�)�.� �'�3�C� �N�M�R� �8� �1�9�3�.�8�,� �1�7�3�.�6�,� �1�5�1�.�4�,� �1�3�2�.�1�,� �1�2�8�.�3�,� �1�2�6�.�6�,� �5�2�.�1�.� �D�S�C� �(�e�n�d�o�,� �1�0� 

�°�C�/�m�i�n�)�)� �1�6�9�.�6�,� �1�7�5�.�6�,� �1�7�7�.�2� �°�C�.� �I�R� �v� �1�7�2�8� �(�v�s�,� �C�=�O� �s�t�r�e�t�c�h�)�,� �1�2�5�5� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� 

�E�l�e�m�e�n�t�a�l� �a�n�a�l�y�s�i�s� �c�a�l�c�d� �(�f�o�u�n�d�)� �f�o�r� �C�,�,�H�,�,�N�,�0�,�<�5�:� �C�,� �5�6�.�1�7� �(�5�6�.�3�9�)�;� �H�,� �3�.�8�5� �(�4�.�0�2�)�;� �N�,� 

�5�.�9�5� �(�6�.�6�3�)�.� 

�2�,�4�,�6�-�T�r�i�[�3�,�5�-�b�i�s�(�n�-�b�u�t�o�x�y�c�a�r�b�o�n�y�l�)�p�h�e�n�o�x�y�]�-�s�-�t�r�i�a�z�i�n�e� �(�4�9�b�)�:� 

�T�o� �a� �5�0�0�-�m�L� �t�h�r�e�e�-�n�e�c�k�e�d� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� �s�t�i�r�r�i�n�g� �b�a�r�,� �h�e�a�t�i�n�g� 

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

�5�-�h�y�d�r�o�x�y�i�s�o�p�h�t�h�a�l�a�t�e� �(�4�8�,� �7�.�0� �g�,� �2�3�.�7� �m�m�o�l�)� �a�n�d� �f�i�n�e�l�y� �g�r�o�u�n�d� �a�n�h�y�d�r�o�u�s� �p�o�t�a�s�s�i�u�m� 

�c�a�r�b�o�n�a�t�e� �(�1�6�.�3�7� �g�,� �1�1�8� �m�m�o�l�)�.� �T�h�e� �s�o�l�i�d�s� �w�e�r�e� �t�h�e�n� �c�o�v�e�r�e�d� �w�i�t�h� �b�e�n�z�e�n�e� �(�2�0�0� �m�L�)�,� �b�u�t� 

�t�h�e� �d�i�e�s�t�e�r� �p�r�o�v�e�d� �i�n�s�o�l�u�b�l�e� �i�n� �t�h�e� �s�o�l�v�e�n�t�,� �s�o� �N�,�N�-�d�i�m�e�t�h�y�l�f�o�r�m�a�m�i�d�e� �(�D�M�F�,� �4�0� �m�L�)� �w�a�s� 

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

�(�8�5� �°�C�)�,� �a�n�d� �t�h�e� �w�a�t�e�r� �o�f� �r�e�a�c�t�i�o�n� �w�a�s� �c�o�l�l�e�c�t�e�d� �i�n� �t�h�e� �D�e�a�n�-�S�t�a�r�k� �t�r�a�p� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �s�i�x� 

�h�o�u�r�s� �(�~� �1� �m�L�)�.� �A�t� �t�h�i�s� �t�i�m�e�,� �a� �s�o�l�u�t�i�o�n� �o�f� �c�y�a�n�u�r�i�c� �c�h�l�o�r�i�d�e� �(�1�.�4�5� �g�,� �7�.�9� �m�m�o�l�)� �i�n� 

�b�e�n�z�e�n�e� �(�1�0� �m�L�)� �w�a�s� �a�d�d�e�d� �f�r�o�m� �t�h�e� �d�r�o�p�p�i�n�g� �f�u�n�n�e�l� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �3�0� �m�i�n�u�t�e�s�.� �T�h�e� 

�r�e�f�l�u�x�i�n�g� �s�l�u�r�r�y� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�i�r� �o�v�e�r�n�i�g�h�t� �a�t� �8�5� �°�C�.� �A�f�t�e�r� �c�o�o�l�i�n�g�,� �t�h�e� �e�x�c�e�s�s� �c�a�r�b�o�n�a�t�e� 

�w�a�s� �c�o�l�l�e�c�t�e�d� �b�y� �v�a�c�u�u�m� �f�i�l�t�r�a�t�i�o�n� �a�n�d� �w�a�s�h�e�d� �t�w�i�c�e� �w�i�t�h� �h�o�t� �e�t�h�y�l� �a�c�e�t�a�t�e� �(�2� �x� �5�0� �m�L�)�.� 

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

�m�L�)� �a�n�d� �t�h�e�n� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �(�5�0� �m�L�)� �i�n� �a� �s�e�p�a�r�a�t�o�r�y� �f�u�n�n�e�l�.� �T�h�e� �o�r�g�a�n�i�c� �l�a�y�e�r� �w�a�s� �d�r�i�e�d� 

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

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

�w�e�i�g�h�e�d� �t�o� �g�i�v�e� �7�.�5�9� �g� �(�1�0�0�%�)� �o�f� �t�h�e� �c�r�u�d�e� �h�e�x�a�b�u�t�y�l� �e�s�t�e�r�.� �R�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� 
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�h�e�x�a�n�e�s� �g�a�v�e� �t�h�e� �p�u�r�e� �p�r�o�d�u�c�t� �4�9�b� �a�s� �t�r�a�n�s�p�a�r�e�n�t� �f�l�a�k�e�s�,� �7�.�4�9� �g� �(�9�9� �%�)�,� �m�p� �1�3�6�-�1�3�8� �°�C�.� 

�'�H� �N�M�R� �6� �8�.�5�3� �(�t�,� �3� �H�,� �J� �=� �2� �H�z�)�,� �7�.�9�2� �(�d�,� �6� �H�,� �J� �=� �2� �H�z�)�,� �4�.�3�5� �(�t�,� �1�2� �H�,� �J� �=� �5� �H�z�)�,� 

�1�.�7�4� �(�p�,� �1�2� �H�,� �J� �=� �5� �H�z�)�,� �1�.�4�7� �(�s�e�x�t�e�t�,� �1�2� �H�,� �J� �=� �5� �H�z�)�,� �0�.�9�8� �(�t�,� �1�8� �H�,� �J� �=�5� �H�z�)�.� �I�R�v� 

�1�7�1�0� �(�v�s�,� �C�=�O� �s�t�r�e�t�c�h�)�,� �1�2�5�5�,� �1�3�0�5� �(�v�s�,� �C�-�O�-�C� �s�t�r�e�t�c�h�)�.� �E�l�e�m�e�n�t�a�l� �a�n�a�l�y�s�i�s� �c�a�l�c�d� �(�f�o�u�n�d�)� 

�f�o�r� �C�;�,�H�_�3�N�3�0�,�5�:� �C�,� �6�3�.�9�3� �(�6�3�.�6�9�)�;� �H�,� �6�.�6�2� �(�6�.�6�0�)�;� �N�,� �4�.�3�8� �(�4�.�2�8�)�.� 

�2�,�4�,�6�-�T�r�i�(�3�,�5�-�d�i�c�a�r�b�o�x�y�p�h�e�n�o�x�y�)�-�s�-�t�r�i�a�z�i�n�e� �(�5�0�)�:� 

�T�o� �a� �1�0�0�-�m�L� �o�n�e�-�n�e�c�k�e�d� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �f�i�t�t�e�d� �w�i�t�h� �a� �s�t�i�r�r�i�n�g� �b�a�r�,� �h�e�a�t�i�n�g� 

�m�a�n�t�l�e�,� �a�n�d� �r�e�f�l�u�x� �c�o�n�d�e�n�s�e�r� �w�a�s� �a�d�d�e�d� �c�o�m�p�o�u�n�d� �4�9�a� �(�5� �g�,� �7�.�0�8� �m�m�o�l�)� �a�n�d� �2�N� �N�a�O�H� 

�s�o�l�u�t�i�o�n� �(�7�5� �m�L�)� �a�n�d� �t�h�e� �h�e�t�e�r�o�g�e�n�e�o�u�s� �m�i�x�t�u�r�e� �h�e�a�t�e�d� �a�t� �r�e�f�l�u�x� �w�i�t�h� �s�t�i�r�r�i�n�g� �f�o�r� �2�4� �h�o�u�r�s�.� 

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

�i�n�t�o� �a� �b�e�a�k�e�r� �a�n�d� �n�e�u�t�r�a�l�i�z�e�d� �w�i�t�h� �c�o�n�c�e�n�t�r�a�t�e�d� �s�u�l�f�u�r�i�c� �a�c�i�d� �u�n�t�i�l� �t�h�e� �p�H� �w�a�s� �a�b�o�u�t� �3� �w�h�e�n� 

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

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

�s�e�v�e�r�a�l� �w�a�t�e�r� �w�a�s�h�i�n�g�s� �a�f�f�o�r�d�e�d� �w�h�i�t�e� �n�e�e�d�l�e�s� �(�4�.�1�6� �g�)�,� �m�p� �3�1�4�-�3�1�6� �°�C�.� �T�h�e� �p�r�o�d�u�c�t� �w�a�s� 

�s�o�l�u�b�l�e� �i�n� �a�c�e�t�o�n�e�,� �e�t�h�y�l� �a�c�e�t�a�t�e�,� �D�M�F�,� �D�M�S�O�,� �a�n�d� �c�o�u�l�d� �b�e� �r�e�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �h�o�t� �w�a�t�e�r�.� 

 ��H� �N�M�R� �(�D�M�S�O�-�d�,�)� �6� �1�3�.�1� �(�b�r� �s�,� �2� �H�,� �c�a�r�b�o�x�y�l�s�)�,� �1�0�.�1�6� �(�b�r� �s�,� �1� �H�,� �p�h�e�n�o�l�i�c� �H�)�,� �7�.�9�4� 

�(�t�,� �1� �H�,� �J� �=� �2�.�4� �H�z�)�,� �7�.�5�2� �(�d�,� �2� �H�,� �J� �=� �2�.�4� �H�z�)�.� �I�R� �v� �3�5�1�0�-�2�3�0�0� �(�v�v�s�,� �b�r�,� �c�a�r�b�o�x�y�l�)�,� 

�1�7�0�0� �(�v�s�,� �C�=�O� �s�t�r�e�t�c�h�)�,� �1�3�0�0�,� �1�2�5�0� �(�s�,� �C�-�O�-�C� �e�t�h�e�r� �s�t�r�e�t�c�h�)�.� �T�h�i�s� �d�a�t�a� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�i�s� 
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�p�o�l�a�r�i�z�e�r�s�.� �(�A�)� �B�a�t�o�n�n�e�t�s� �f�o�r�m�i�n�g� �f�r�o�m� �t�h�e� �i�s�o�t�r�o�p�i�c� �f�l�u�i�d� �a�t� �2�0�1� �°�C� �(�3�0�b�)�;� 
�(�B�)� �F�a�n� �t�e�x�t�u�r�e� �o�f� �3�0�a� �a�t� �1�7�2� �°�C� �u�p�o�n� �c�o�o�l�i�n�g� �f�r�o�m� �t�h�e� �i�s�o�t�r�o�p�i�c� �f�l�u�i�d�.� 
�P�o�l�a�r�i�z�e�r�s� �o�r�i�e�n�t�e�d� �h�o�r�i�z�o�n�t�a�l� �a�n�d� �v�e�r�t�i�c�a�l�.� �M�a�g�n�i�f�i�c�a�t�i�o�n� �=� �2�0�X�.� 
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