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ABSTRACT

Xanthene dyes are one of the oldest synthetic dyes. Fluorescein was first
synthesized by von Baeyer in 1871. Since its discovery, it has been extensively studied.
Fluorescein can exist as four different ionic forms (cationic form, neutral form,
monoanionic form and dianionic form). Under physiological conditions (pH 7.4),
fluorescein mainly exists as the dianionic form which grants it large quantum yield and
excellent solubility in water. This renders fluorescein and its derivatives useful for
studies in biological media.

Cysteine (Cys) and homocysteine (Hcy) are of the few amino acids which contain
sulfur and both of them are believed to be related to some diseases. Cardiovascular
diseases, Alzheimer’s disease and neutral tube defects are reported to be associated with
elevated levels of homocysteine in blood plasma. Low levels of cysteine are associated
with slowed growth, hair depigmentation, liver damage, etc. The reason for Cys and Hcy
being connected with diseases is still unclear. Herein, we designed and synthesized
fluorescein-based dyes for detecting Hcy and Cys in the visible spectral region with the
highest selectivity.

Optical sensors in the near-infrared (NIR) spectral range have captured the
attention of researchers interested in studying chemical and biological processes in live
tissues because absorption and scattering by endogenous biomolecules are minimal.
Three heptamehtine cyanine-based dyes were designed and synthesized for the detection
or labeling of Cys and Hcy. Biocompatible hydrogels have been studied in many fields,

e.g., drug delivery system, separation processes or sensors (fluorescent polymers). A

xi



fluorescein-based hydrogel with potential application for detection of Cys and Hcy were
designed and underwent synthesized.

Dibenzo-p-dioxin is a structural analog of xanthene but is notorious for the
toxicicty of the halogenated members, such as 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD). Since polyhalogenated dibenzo-p-dioxins (PXDDs) have been shown to be a
significant threat to public health, measuring the concentrations of PXDDs in the
environment as well as understanding their mechanism of formation and environmental
fate is needed. Here we designed a novel synthesis with control halogen substitution

patterns in order to result in a large number of PXDDs.
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CHAPTER 1
INTRODUCTION

1.1  Definition of Xanthene Dyes
Any dyes that include a xanthene molecule structure (Figure 1.1), an aromatic
cyclic ether with an oxygen between the two aromatic rings, are called xanthene dyes.*
R3
Figure 1.1: General xanthene dye structure, in which Ry, R, are

normally paired as electron donor and acceptor (e.g., -OH and =0,
-NH; and -NR>", Rs could be any substituent, e.q.,-H -Ph, etc.

Based on the different electron donor-acceptor pairs on the commonly xanthene
dyes. Xanthene dyes can be divided into two subgroups. The first one includes hydroxyl
group as donor and keto group as acceptor, such as 3-hydroxy-6-fluorone,* fluorescein®®
and the related derivatives; e.g., eosin Y,” rose Bengal?® phloxine® and 6-hydroxy-9-

phenylfluorone. ™

The other subgroup includes amines as electron donor and
quaternary ammonium as acceptor. Examples include the pyronine® series and
rhodamine series of compounds; e.g., rhodamine 110 and rhodamine B.** Some well
known xanthene dyes are shown in Figure 1.2.
1.2 Properties of Xanthene Dyes
Xanthene dyes include many of the oldest synthetic dyes. Fluorescein was first

synthesized by von Baeyer in 1871.>° Since its discovery, it has been extensively
studied.***

1.2.1 Xanthene Dye Spectral Properties

In 1958, Zanker, et al.*® found that fluorescein can exist in aqueous solutions as

four different ionic forms (cationic, neutral, anionic, dianionic) (Figure 1.3). This renders

1
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Figure 1.2.  Some Well Known Xanthene dyes.



its absorption and fluorescence properties pH dependent.!’*® Among the four ionic
forms, each possesses specific spectral properties. The cationic form and the dianionic
form only occur in strongly acidic (pH < 2) or strongly basic (pH > 8) aqueous
conditions, respectively. The neutral form exists as three isomers (red quinoid, colorless
lactone, and yellow zwitterion) at pH ~3.3. Among the three neutral isomers, the quinoid

and lactone forms are believed to be the major forms. When the aqueous solution pH is

around 5.5, fluorescein mainly exists as a monoanion (carboxylate monoanion or

HO o OH
cation O . O
O COCH

HO (0] 0]
neutral O ‘
=
O COOH

quinoid

anion

dianion

Figure 1.3. Fluorescein’s four different ionic forms.



phenoxylate monoanion), between them the carboxylate monoanion is believed to be the
major form.
The previous studies also show that the four different fluorescein forms would

give different absorption spectra (Figure 1.4). 178

Under basic conditions (pH > 8), the
dianion displays the greatest absorption at 490 nm and a shoulder at 475 nm. Under
mildly acidic conditions (pH ~ 5.5), the monoanion form has relatively weaker
absorptions at 472 nm and 453 nm. In highly acidic media (pH < 2), the cationic form
shows a specific, low absorption at 437 nm. Under carefully controlled aqueous
conditions at pH exactly 3.3, the neutral form shows the relatively weakest absorptions at
434 nm and a shoulder at 472 nm. In strongly acidic conditions, the cationic form is
relatively not as highly conjugated which allows the compound to absorb at the shortest
wavelength. In the neutral form, fluorescein can exist as a poorly-conjugated lactone and
in a conjugated quinonoid form; therefore, the compound can absorb at two different
wavelengths. The dianion form is highly conjugated, and thus shows the highest
absorption at the longest wavelength. In the monoanion form, there are two isomers.
One is the carboxylate form which is similar to the conjugated dianion and shows
absorption at longer wavelengths. Another is the phenoxylate form which is similar to
the neutral quinonoid form and absorbs at a relatively shorter wavelength (see Figure 1.4
for more quantitative data).

Another type of xanthene dye, 6-hydroxy-9-phenyl-fluorone (HPF),***" was
studied by Zanker and Peter in 1958.° They reported that HPF can occur in three forms:
cationic, neutral and anionic (Figure 1.5). When the pH is < 1.5, HPF exists as a cation.

Under strongly basic conditions (pH>10.2), HPF exists as an anion. Under mildly acidic

conditions (pH~4.8), HPF mainly exist in the neutral form.



F(+1) F(0)
HO o OH HO O O HO
O £ O = O / N
O COOH ‘ COOH

pH<2 pH~3.3
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DE

Fi-2]
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SN s e 3
250 400 450 =Y BRD
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Figure 1.4. Absorption spectra of four different fluorescein ionic forms.**
F(+1) F(0) F(-1)
HO 0 OH HO 0 o o 0 0
L) - U - L

pH<1.5 pH~4.8 pH>10.2

cation neutral anion

Figure 1.5. 6-Hydroxy-9-phenyl-fluorone’s three different ionic forms.



1.2.2 Photochemical Properties of the Xanthene Dyes

Figure 1.6 shows the structures of fluorescein and its derivatives, eosin, rose
bengal and erythrosine. The difference among them is that the hydrogen atoms on the
xanthene ring, or the 9-phenyl ring of fluorescein, are replaced by halogen atoms and
give other various fluorescein derivatives. Eosin is a fluorescein-based dye with bromines
on the 2, 4, 5, and 7 positions, and rose bengal has iodines on the 2, 4, 5, 7, and chlorines
on 3’-6’ positions. Erythrosin is the parent compound of rose bengal with no chlorines
on the 3’-6’ positions. These halogenated derivatives show unique properties as
compared to fluorescein. When exposed to light, the halogenated fluorescein compounds
undergo intersystem crossing (ISC) to the triplet state. Thus the halogenated fluoresceins
show a large absorbance but very low fluorescence, while fluorescein shows almost a unit

fluorescence quantum yield. The photophysical properties® of them are shown below.

(Table 1.1).

Table 1.1: Photoproperties of fluorescein and its halogenated derivatives

Compound A max nm ol Pst
Fluorescein 491 0.93 0.03
Eosin 514 0.63 0.3
Erythrosin 525 0.08 0.6
Rose Bengal 548 0.08 0.76




Z
COOH

Fluorescein

Rose bengal

NaO O O ‘ O
Br = Br

Erythrosin

Figure 1.6. Fluorescein and its halogenated derivatives.



e Quenching of dyes and formation of singlet oxygen and superoxide radical
anion

Because of the halogenated fluorescein dyes’ excited triplet state, both singlet
oxygen® and superoxide radical anion®* can be formed under the combination of light
and oxygen.?’ The ratio of superoxide radical anion to singlet oxygen, which are
generated from the reaction, is believed to be around 1:3. Two different mechanisms are

responsible for each of them (Scheme 1.1 and 1.2).

Dye + hv — > 1Dye*

1 * ISC 3 *
Dye —— > “Dye

3Dye* + 302 —» Dye + 102

Scheme 1.1: Mechanism of formation of singlet oxgen.

Dye + hv ——» lDye*

1 * _ISC _ 3 =
Dye — > “Dye

3Dye* + Dye —  » Dyé_ + Dyé+

Dye + O, —> Dye + O,
Scheme 1.2: Mechanism of formation of superoxide radical anion.

Since Windaus et al.”® who first reported proof that dyes can be used as a
sensitizer in 1928, the halogenated fluoresceins have drawn a lot of attention and found
enormous applications, e.g. Rose Bengal already was used as sensitizer to produce singlet
22, 24-25

oxygen during a photooxidation reaction.

The generation of superoxide radical anion from Rose Bengal was first reported



by Neckers et al.?® However, Kochevar et al. found that the formation of superoxide
radical anion in aqueous solution or a biological enviroment is limited to certain
conditions, i.e. which needs the concentration O, should be low enough not to be
qguenched by triplet dye to form a single oxygen but high enough to react with the
semireduced radical anion dye and form the superoxide radical anion.?’
e Radical formation from dye oxidation-photoinitiator

In 1988, Neckers et al. found that the Rose Bengal monoanion or dianion salt
including counterions, such as iodonium (IPh,") ion would undergo photobleaching and
produce radicals as initiator for polymerization.”® The reason is that the reduction
potential of the counter ion is lower than the oxidation potential of the dye. Thus, a single
electron would transfer from the higher potential xanthene dye to the lower potential
counter ion. From the observations (color changes and product separation), Neckers et al.
thought that dye photobleaching could occur in two ways. The monoanionic rose bengal
salt forms a quinoid orange form (Scheme 1.3), and the dianionic rose bengal salt forms a
lactone which is colorless (Scheme 1.4). The two different reactions are shown below.

e Radical formation from dye reduction-photoinitiator

Xanthene dyes also can undergo photoreduction reactions.?® The reason is also
based on the relative electrochemical potential of dye and counter ion. If the
electrochemical potential of the counter ion, e.g iodonium ion, is higher than the dye’s
electrochemical potential, the dye will go through a photooxidation reaction. If the
electrochemical potential of the counter ion, e.g. tertiary amine, is lower than the dye’s
electrochemical potential, a photoreduction reaction will occur. For Rose Bengal,
Davidson, Tretheway, and Neckers found that it can be bleached with light and a

reducing reagent (tertiary amine or hydride).?*° In 1986, Phillips et al.** found that



+ Ph +* Phl

orange

Scheme 1.3: Photobleaching of monoanionic rose bengal iodonium salt.
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+ Ph + Phl

coloerless

Scheme 1.4: Photobleaching of dianionic rose bengal iodonium salt.
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(PhCHy)3N

H
Br = Br B 5
r A r
L0, o
(0] (0] OH
Br Br 0o

OH
Br Br

SO IO T
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— Br Br
s T Y OO
CL0 U ey
O %

O OH Br Br

Br Br
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Scheme 1.5: Photobleaching of decarboxylated eosin under the light with
tribenzylamine.
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2,4,5,7-tetrabromo-6-hydroxyl-9-phenyl-fluorone, another xanthene-based dye, could
also be converted to a colorless form (triarylmethane) when it was irradiated under
degassed conditions (in the presence of tribenzylamine). The reaction is shown in
Scheme 1.5.
e Chemical reduction of xanthene derivatives to leuco dye-probes for ROS

In protic solvents, xanthene dyes mainly exist in the quinonoid form. This makes
carbon-9 more electropositive. When xanthene dyes are subjected to reducing reagents,
such as NaBH,, they are reduced to the colorless leuco form (Scheme 1.6).2° Normally
the leuco form is not very stable and is readily oxidized to the starting xanthene dye.
Based on this property, the leuco dye can be used to detect reactive oxygen species
(ROS), such as singlet oxygen (*O5), hydrogen peroxide (H,0,), hydroxyl radicals (OH)
and superoxide radical anion (O").

2’,7’-Dichlorodihydrofluorescein (DCFH) was first used by Keston et al. in the
detection of the hydroperoxide.*** Since then, many dihydroxanthene dyes (Figure 1.7)
were invented and used in the detection of some ROS species, e.g. dihydrorhodamine 123
(DHR 123) was invented for the detection of superoxide,® dihydrorhodamine 6G (DHR-
6G) was designed to detect smoke oxidants®*® and 2,3,4,5,6-pentafluoro-dihydro-
tetramethylrosamine (RedoxSensor) was prepared as a fluorogenic indicator for oxidative
activity.®® In the review by Soh, fluorescent probes for the detection of ROS were
extensively discussed.*’
1.3 Synthesis of Xanthene Dyes

The most common method used to synthesize the xanthene type of dye was
discovered by Baeyer in 1871 (Scheme 1.7).>® Normally at high temperature, resorcinol

or m-aminophenol condense with phthalic anhydride in the presence of an acid catalyst

13



H
Br — Br NaBH, Br Br
o8¢ L1
) () OH HO (@) OH
Br Br Br

Br

Scheme 1.6: Chemical reduction of decarboxylate eosin with NaBH,,

I COOH COOCH;4
H H
Cl ‘ ‘ Cl O O
HO (@) OH H,N (@] NH,

DCFH DHR 123

H‘ COOCH,CH,
HsC O O CHj
H3CH,CHN o) NHCH,CH,

DHR-6G RedoxSensor

Figure 1.7: Some common xanthene-based fluorescent probes for the
detection of ROS.
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(ZnCl,, H,SO,4, CH3SO3H etc.) to form the desired xanthene dye. This method is

straightforward and convenient, but sometimes necessitates troublesome purifications.

0 HO O OH
RO we, - LLIC
+ O
A (@]
b @

Scheme 1.7: Traditional method for synthesis of xanthene dye.

O

In 2002, the Lawrence group® reported using xanthone and a lithium reagent as
the precursor to synthesize a xanthene dye (Scheme 1.8). More recently, the Nagano
group® and the Peterson group® have used the Grignard reagent and a xanthone to
synthesize two fluorescein analogs Tokyo green and Pennsylvania Green (Figure 1.8).
The xanthone reactions are generally more efficient and regioselective than the traditional

methods.

(0]
*
RO (@) OR

Scheme 1.8: Novel synthesis of xanthene dyes using xanthone as a
precursor.

Br

For a specific xanthene, 9-phenyl substituted fluorone, an efficient two-step
synthesis was developed by the Vranken group (Scheme 1.9).** The first step of the
synthesis involved the condensation of an aryl aldehyde with a 4-substitued resorcinol in
diluted methanesulfonic acid to form a triarylmethane, followed by cyclization using the
oxidant DDQ to give the desired dye. This method is pretty mild and which could give a

light to synthesize more xanthene-type dyes.
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Figure 1.8: Structures of Tokyo Green and Pennsylvania Green.
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Scheme 1.9: A convenient two-step synthesis of xanthene dye under mild
conditions.
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e
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Scheme 1.10: Convenient synthesis of xanthene dye through carbinol as an
intermediate.
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During the course of developing a new fluorescent sensor for the detection of

#2743 also invented a convenient two-step synthesis of 9-

biomolecules, our group
arylsubstituted fluorones (Scheme 1.10). In the first step of the synthesis, the Grignard
reagent of protected resorcinol readily reacted with a substituted phenyl ester to form a
triarylmethane alcohol (triphenylcarbinol), which was then subjected to deprotection with
BBr;. A smooth cyclization occurred.

1.4 Application of Some Xanthene Dyes

The most common uses of xanthene-based dyes have been to dye textiles and
cloth, since they first appeared in the 19" century. Rhodamine B and rhodamine 6G have
strong fluorescence. They are still the most popular dyes for dyeing cloth.

As stated above, most xanthene dyes exist in several different ionic forms in
aqueous solution; e.g. fluorescein can exist as four different ionic forms (cationic form,
neutral form, monoanionic form and dianionic form).***® Under physiological conditions
(pH 7.4), fluorescein mainly exists as the dianionic form which grants it a high molar
absorptivity and large quantum yield (0.92, pH > 8).** Also the dianionic form is easily
dissolved in water. This renders fluorescein and its derivatives useful for studies in
biological media. They can be used as fluorescent probes to track the locations of
proteins in the living cell.* They also can be used to detect certain biological molecules.
Recently, our group successfully applied xanthene-based dyes as fluorescent sensors for

46-49

homocysteine and cysteine. Moreover, we have developed other xanthene-based

sensors for the colorimetric or fluorimetric detection of sugars.”®>®
Another very important use of xanthene dyes is as laser components. The
rhodamines are among the most popular organic-dye lasers. Sorokin et al. first applied

rhodmine 6G in a flashlamp-pumped dye laser.>* In 1970, Peterson et al. used rhodamine

6G in the first continuous-wave dye laser.”> Rhodamine B is used as a photosensitizer>®
17



or as a quantum counter.> It can be used as a dye laser t00.® Fluorescein and its

derivatives also play important roles in tunable lasers.>®
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CHAPTER 2

COLORIMETRIC AND FLUOROMETRIC DETECTION OF CYSTEINE AND
HOMOCYSTEINE *
2.1 Background
Biological thiols are of great interest to public health." Some common biological

thiols are shown below (Figure 2.1).

oK
)OK/\/ I j/\/\SH /Cd\/\
HO™ ™ > © 07 “NH HO™ T SH
NH, OH o NH,
OH
homocysteine glutathione cysteine
o) O
Q NH,
NH HO
HO HS

SH
N-acetylcysteine

penicillamine
Figure 2.1: Some common biological thiols.
2.1.1 Homocysteine
Homocysteine (Hcy) is a sulfur containing amino acid that is an intermediate in
the metabolism of methionine to cysteine (Figure 2.2). Methionine is an essential amino
acid and is the only source of homocysteine.” If the pathway to ether cysteine or
methionine is blocked, the concentration of Hcy will rise and probably result in

hyperhomocysteinemia. Hyperhomocysteinemia is the condition where plasma Hcy

* Parts of this chapter have appeared in Journal of the American Chemical Society.
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concentration exceeds 12-15 pM.!

ATP 5 - METHYLHYDROFOLATE
METHIONINE
VB,
TETRAHYDROFOLATE
S- ADENOSYL - METHIONINE
HOMOCYSTEINE
SERINE

S - ADENOSYL-HOMOCYSTEINE /\

VB
ADENOSINE

CYSTATHIONINE

A - KETOBYTURATE | VBq

CYSTEINE
Figure 2.2: Methionine metabolism.

It has been reported that some diseases are related to hyperhomocysteinemia, such
as cardiovascular,’ Alzheimer’s disease' and neutral tube defects.’” More recently,
osteoporosis’ and complications during pregnancy,” were also reported to be associated
with elevated levels of homocysteine in blood plasma, though the reasons are still unclear.
It is still unknown if high level Hcy causes diseases or is just a consequence of disease.

2.1.2 Cysteine

Cysteine (Cys) is a nonessential amino acid which can be made by the human
body under normal physiologic conditions from essential amino acid. Cysteine is also
one of the limited amino acids that contain sulfur. Most cysteine normally appears in
proteins, e.g. beta-keratin, one of the main proteins of skin, nails, and hair, while small
amounts of free cysteine can be found in body fluids and in plants.

Cysteine is very important to the human body. It is a component of the

antioxidant glutathione, which is known for neutralizing free radicals occurred in the
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body. In addition, people have found that cysteine is useful to stimulate the healing of
erosive gastritis induced by nonsteroidal anti-inflammatory drugs, e.g. aspirin and
ibuprofen, and prevent bleeding induced by gastritis.° In 1991, Droge et al. reported that
cysteine plays a very important role in the immune system.” It is also founded that
people suffered from HIV have low levels of cysteine and glutathione, the reason could
be that a decrease of Cys or glutathione would either lead to, or suffered from, immune
system problem related to HIV.**'°

Like other thiols, cysteine can also be easily oxidized to cystine via disulfide bond
formation. The poor water solubility of the cystine reduces its excretion. It can
accumulate either in urine, leading to cystinuria'' or in various organs of the body,
forming stones, such as kidney stones. "

It has already been reported that the low levels of cysteine are associated with
slowed growth, hair depigmentation, edema, lethargy, liver damage, muscle and fat loss,
skin lesions and weakness." However, on the other hand, excess cysteine in the human
brain has also been associated with significant problems related to neurotoxicity.*

2.2 General Thiol Detection Methods

Due to the importance of cysteine and homocysteine, there is a significant need
for their detection. Various detection methods have been developed, which mainly
include chromatographic separations, immuno- and enzymatic assays, electrochemistry,
mass spectrometrometry, etc. Normally, these methods need to be used in combination.
For example, HPLC normally needs to be combined with mass spectrometrometry.
Electrochemical detection is also a very common detection method. However, it is

. . g . .. . .. .. 15
unselective and oxidizable impurities may result in low selectivity and precision, etc.
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For immuno- and enzymatic assays, the enzymes used are normally very expensive, also

they have short shelf lives.

(1)RS (H)+0, —= RS +0; +(H")
(2)RS"+RSH(RS ) — RSS(H)R + (RSSR" )
(3)RS” + 0, —> RSOO

(4)RS" +RS" — RSSR

(5)RSSR™ +0, — RSSR + 0}

(6)0; +0; +2H —= H,0, +0,

Figure 2.3: Complex chemistry of biological thiols.

Additional challenges include the facts that: 1) thiols are readily prone to
oxidation (Figure 2.3); 2) biological thiols have very similar structures; 3) biological
thiols are normally colorless and nonfluorescent, which make derivatization a need.
Some known derivatization reagents are shown in Figure 2.4.

However, excess derivatization agents must often be removed from reaction
mixtures, which can make the detection procedure more complicated. Some derivatives
are prone to unwanted further reactions, such as when using 4-fluoro-7-nitrobenzofurazan

(NBD-F) to detect penicillamine, an unexpected S-N migration occurred (Figure 2.5).'°

HO o 0 I\ o o NO,
_ N CHO N
HaC CHy @[ o
COOH O CHO =N
O BrH,C CHz OPA E
20 e
HN._O
\i NPM

|
5-iodoacetamidofluorescein

Figure 2.4: Some common known derivatization reagents.
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Other thiol-chromophore/fluorophore derivatives also are sensitive to light and hydrolysis,
such as O-phthalaldehyde (OPA) which is only stable in the dark.'” Some derivatization

agents themselves are prone to instability, such as monobromobimane (mBrB) .'*

HNTY

N SH

<

g

N =

N
Major NO,
NO,

=N M\ S-N migration
<P THS NH,
N \ S/\l
F i NH
NBD-F Minor Nx 2
O\ —
N
NO,

Figure 2.5: S-N migrations and competition in NBD-F reactions.

2.3 Formation of N-thiazolidines

It is well known that Cys can react with aldehyde,'® and that N-terminal cysteines

can selectively react with aldehydes and form thiazolidines.® The product is also stable

HS

H3+Nj\n/ O, O/< gj\”/ O,

0 )
Scheme 2.1: Reaction of cysteine with aldehydes to form thiazolidines.

at slightly acidic aqueous conditions, while N-termianl oxazolidines, resulting from the

reaction between serine and an aldehyde, are 10* times less stable than N-terminal

thiazolidines.?' Thiazolidine formation has been used to label and immobilize proteins

and peptides™ (Scheme 2.1).

Based on our group’s former research experience with sugar detection via a UV-

Vis technique,” we reasoned that the reaction of an aldehyde with Cys or Hey would
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promote colorimetric and fluorimetric responses, which also can be easily monitored by
UV-Vis or fluorescence techniques. Thus, a highly selective probe, fluorescein
dialdehyde (Figure 2.6), was studied. It showed selective colorimetric and fluorometric
detection in preliminary research for Hey and Cys.** More comprehensive results are

presented below.

2.4 Multistep Synthesis of Fluorescein Dialdehyde

Figure 2.6: Fluorescein dialdehyde.
The fluorescein dialdehyde (Compound 2.1 in Figure 2.6) we used to discriminate
Cys and Hey from other amino acids and thiols was derived from the literature.> It was
in fact an intermediate in a synthesis of a fluorescent sensor for zinc ion. The preparation

O
HO OH 1. ZnCl, BzO o) OBz
: P (LI
2. HCl (aq)
O

o 3. (C¢H5CO),0, CsHsN Q

R
Br~p N—Bf

Br Br
/V&o BzO O o O OBz 1. DMSO/NaHCO;
O

VAZO 88, AcOH 2. HCI (aq)

CeHsCl Q

O

Scheme 2.2: Multistep synthesis of compound 2.1. %

27



is a multi-step synthesis (Scheme 2.2) starting from a condensation of 2-methyl
resorcinol with phthalic anhydride at high temperature (from 150°C to 230°C) with the
aid of anhydrous ZnCl,. This is similar to the traditional fluorescein synthesis invented
by von Baeyer.® The crude 4,5-dimethyl fluorescein was protected as a benzoate in
order to convert it to a less polar compound for easier purification by recrystalliztion. A
facile radical bromination reaction produced the dibromo fluorescein in high yield, but a
long reaction time is required, i.e. the reaction was conducted over three days. After
purification by recrystallization in toluene and EtOH, the dibromo fluorescein was
converted to fluorescein dialdehyde by a Kornblum aldehyde synthesis®’ through
oxidation with DMSO in the presence of NaHCOj. In order to obtain ~40% yield, it was
required to use rigorously dried DMSO distilled over CaH, followed by storage over
molecular sieves. It was pointed out that undistilled DMSO would cut the yield by more
than 50%.% During the period of preparation of the fluorescein dialdehyde, I found that
the synthesis was time consuming, tedious and used a lot of reagents. I hypothesized that
choosing a more convenient synthesis method for preparing fluorescein-based aldehydes
would be very useful.

2.5  Reimer-Tiemann Reaction and Its Applications

It is known that there are several methods could be used to directly introduce an

aldehyde group to an aromatic compound or a heteroaromatic compound, such as the

OH OH OH
ag. NaOH, CHCl,4 ©/CHO
60 °C "
CHO
20% 10%

Scheme 2.3: Reimer-Tiemann reaction.
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Gattermann reaction,28 Gattermann-Koch reaction,29 Vilsmeier-Haack reaction,30 Duff

.31 . . . 3235
reaction,” and Reimer-Tiemann reactions.

However, compared to the Reimer-
Tiemann reaction, the other reactions have their certain “drawbacks” and Reimer-
Tiemann reaction has its own special advantages, though normally the Reimer-Tiemann
reaction gives a low yield product. For example, among the other reactions, some
formylating agents are very toxic, e.g., the HCN used in Gattermann reaction, the CO
used in the Gattermann-Koch reaction, and the phosphrous compounds required in
Vilsmeier- Haack reaction. Additionally, some of these formylating reagents (e.g CO)
are gaseous and which make the reaction relatively more difficult to perform. The
Reimer-Tiemann reaction, in contrast, is conducted under basic conditions and doesn’t
necessitate anhydrous conditions. Compared with other reactions, the Reimer-Tiemann
reaction’s advantages are: 1) the reaction is easy to handle and control, 2) the chemicals
used in the reaction are cheap, and 3) the reagents are non-toxic or low toxic.

In 1876, two young German chemists, Karl Reimer and Ferdinand Tiemann found
that phenol can be directly formylated when it was treated with strong base (such as
NaOH) and chloroform.**> Thus this kind of direct formylation of organic compounds is
named (Scheme 2.3).

However the Reimer-Tiemann reaction is divided into a normal and an abnormal
transformation depending on the reaction products. A normal Reimer-Tiemann reaction
is the one in which the active aromatic (such as phenol and some heterocylic compounds,
e.g. pyrroles and indoles) are treated with chloroform and strong base and yields one or
more aldehydes. The abnormal Reimer-Tiemann reaction products can be further divided

6

. . . . 3 .
into cyclohexadienones and ring-expansion products.” Here, we are mainly concerned

with the application of the normal Reimer-Tiemann reaction in formylation of fluorescein
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and naphthofluorescein.

2.6 Results and Discussion

HO o OH HO
C OO CHCl;, NaOH / MeOH
Q 15-Crown-5, 55 °C, 5 h
o)

Scheme 2.4: One step synthesis of fluorescein mono-aldehyde (compound 2.2) and
fluorescein di-aldehyde (compound 2.1).

e Synthesis of fluroescein-based aldehyde with Reimer-Tiemann reaction

Under normal Reimer-Tiemann reaction conditions (Scheme 2.4), commercially
availabe fluorescein treated with concentrated NaOH and CHCl; at 55 °C with the aid of
a phase transfer catalyst (15-Crown-5 ether) for 5h to afford fluorescein mono-aldehyde
(compound 2.2) in a single step in a 28.3% yield, and a small amount (3.4%) of
fluorescein dialdehyde (compound 2.1). The single-crystal X-ray structures analysis
confirmed the structure assignment. From the single-crystal structure, we can see that
both fluorescein-based derivatives exist as lactones (Figure 2.7).

Applying the same reaction conditions to naphthofluorescein (Scheme 2.5), the
product naphthofluoresceine monoaldehyde (compound 2.3) was obtained in 15% yield
along with a trace amount of naphthofluorescein dialdehye (compound 2.4). The single-
crystal X-ray structure analysis also confirmed the assignment of the product (Figure 2.8).

The advantage of this simple new synthesis of fluorescein-based aldehydes and
naphthafluorescein-based aldehyde includes convenience and efficiency, but the yield of

this reaction is low to moderate. The reason could be that a side reaction occurred
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Figure 2.7: Single-crystal X-ray structures of compound 2.1 (top)
and compound 2.2 (bottom).
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HO OH

O ..
O O CHCl3,NaOH / MeOH

0 15-Crown-5, 55 °C, 5 h

%

Figure 2.8: Single-crystal X-ray structure of compound 2.3.
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between carbene and water. The large amount of water needed for this reaction is due to
the pretty low solubility of fluorescein or naphthafluorescein in organic solvents.

e Detection of Cys and Hcy with fluorescein-based aldehydes

The formation of thiazolidinic acids were observed upon the reaction of
fluoresceine mono- and dialdehydes with Cys and Hcy in buffered solution (Scheme 2.6).
When Cys or Hey was added to a solution of compound 2.1 (Figure 2.6) (1.0 x 10° M,
pH 9.5), the solution color changed from bright yellow to brownish-orange.* Similar
color changes were also can be found on reverse phase silica gel.”* UV-Vis technique
showed absorbance changes (a decrease in absorbance at 480 nm followed by a ~ 25 nm
red shift) when cysteine was added to the dye solution. Similarly, the addition of Cys or
Hcy to solutions of compound 2.1 also resulted in fluorescence quenching because of the
formation of thiazolidines or thiazinanes.**

It is known that the concentration of total homocysteine (tHcy) in plasma is less
than 12~15 puM." *™3* Cys concentration in plasma is normally 20-30 times of Hcy
concentration. In a communication,”* we reported that compound 2.1 can be used to
monitor the low concentration Cys (the cysteine concentration range 10°-10° M.).

In order to study the selectivity of the probe for the detection of Cys and Hcy, in
the previous work,”* we also checked the response of fluorescein dialdehyde to some
other sulfur-containing molecules (L-methionine, mercaptoethanol, glutathione), other
amino acids (L-glutamine, L-serine, L-glycine, L-glutamic acid), and amines (D-
glucosamine hydrochloride and n-propylamine (8.0 x 10-4 M, pH 9.5).** We found that
only a small or no decrease in absorbance at 480 nm is observed and there is no
wavelength shift was seen for all of those molecules, though all of these compounds’

concentration is as 10 times more than the cysteine used. For example, Figure 2.9
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Scheme 2.6: Thiazolidine formation.
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illustrates the response of serine to fluorescein dialdehyde at the 2.5 x 10° M
concentration. There was no spectral change at first, when serine was continuously
added to the solution of fluroescein dialdehyde from 4 x 10° M to 8 x 10™* M and finally
only a minor absorbance decrease. When Cys was added from 4 x 10° M to 8 x 10° M,
we found a decrease at 480 nm first, and then a 25-nm red shift. The reason for this is
that the product N-teminal oxazolidine formed from serine and aldehyde is 10" times less
stable than thiazolidines.”! So from the above results, we can see that fluorescein
dialdehyde is a selective probe for colorimetric and fluorometric detection of Cys and
Hcy.

The new probe, fluroescein-monoaldehyde (compound 2.2), also showed a
positive response to the Cys and Hey (Figure 2. 10). From the absorption spectra, we can
see that both Cys and Hcy can produce an obvious decrease of the absorbance at 495 nm
but no red shift, which is a slightly different from the behavior of compound 2.1.

In the fluorescence studies, a different response from each of the two probes was
observed. Addition of cysteine or homocysteine to compound 2.1 (1.7 x 10”7 M) and
compound 2.2 (1.7 x 107 M) respectively resulted in the probes showing different
magnitudes of fluorescence quenching (Figure 2.11 and Figure 2.12).

In Figure 2.11, it shows that when Cys or Hcy was added to the fluorescein-
dialdehyde buffered (0.1 M carbonate buffer, pH=9.5) solution at room temperature, both
Cys and Hcy showed a certain degree quenching of fluorescence. Cys showed a little bit
greater quench. However, for the fluorescein-monoaldehyde (Figure 2.11), surprisingly
Hcy quenched the fluorescence in a less magnitude. Compared to the Hey, Cys showed a

certain selectivity.
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Wavelength (nm)

Figure 2.9: Successive addition of L-serine (to final
concentrations of 4 x 10° M to 8 x 10* M) to an aqueous
solution of dialdehyde (2.5 x 10 M) at pH 9.5 results only in
an absorbance change at 480 nm. Addition of L-cysteine (to
final concentrations of 4 x 10° M to 8 x 10~ M) to the L-serine-
dialdehyde solution produces an absorbance change at 505 nm.
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Figure 2.10: L-cysteine (final concentrations of 4 x 107
M) added to an aqueous solution of compound 2.2 (2.5 x
10 M) at pH 9.5 results in an absorbance decrease at
495 nm.
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a. Fluorescence emission spectra of solutions of compound 2.1 (1.7 x 107 M,
0.1 M carbonate buffer, pH 9.5) excited at 460 nm at rt in the various of
concentration of Cys.
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b. Fluorescence emission spectra of solutions of compound 2.1 (1.7 x 107 M,
0.1 M carbonate buffer, pH 9.5) excited at 460 nm at rt in the various of
concentration of Cys.
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c. Plot of fluorescence intensity of solutions of 2.1 in the presence of various
concentrations of Cys and Hcy.

Figure 2.11: Compound 2.1 fluorescence studies.
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c. Plot of Fluorescence intensity of solutions of 2.2 in the presence of various
concentrations of Cys and Hcy.

Figure 2.12: Compound 2.2 fluorescence studies.
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2.7  Experimental

General. UV-Visible spectra were recorded at room temperature on a Spectramax
Plus (Molecular Devices). Analytical thin-layer chromatography (TLC) was performed
using general-purpose silica gel on glass (Scientific Adsorbants). Chromatography

columns were prepared with silica gel (Scientific Adsorbants, 32-63 1 m particle size,

60A). All chemicals were purchased from Sigma or Aldrich and used without further
purification. Proton NMR spectra were acquired in either CD;OD, or DMSO-ds on a

Bruker DPX-250, DPX-300 spectrometer. All & values are reported with (CH3)4Si at

0.00 ppm or DMSO at 2.49 ppm as references.

e Formylation of Fluorescein

2.5g (7.75mmol) Fluorescein and 3mL methanol were placed in a 100mL three-
neck round bottom flask. Then 10g of 50% sodium hydroxide solution, 2.42 mL (30mmol)
of chloroform and 0.03mL 15-Crown-5 was carefully added while maintaining the
mixture temperature at 55°C. The mixture was stirred at this temperature for 5 h with a
condenser attached. After cooling, the mixture was acidified with 10 M H,SOs, and the
product precipitated. The solid was filtered and dried in vacuo overnight.
Chromatography on silica gel (15: 85 EtOAC: DCM) yielded the products, white
fluorescein di-aldehyde (2.1) and light yellow fluorescein mono-aldehyde (2.2). TLC:
compound 2.1 R=0.55 (15: 85 EtOAC: DCM), compound 2.2 R=0.28 (15: 85 EtOAC:
DCM). Characterization data for compound 2.2. 'H NMR (DMSO-de, 250 MHz) & (ppm):
6.60 (s, 2H), 6.68 (d, J =8.9Hz, 1H), 6.84(s, 1H), 6.92 (d, J=8.9 Hz, 1H), 7.29(d, J= 7.5
Hz, 1H), 7.69 (td, J=1.2,7.5 Hz, 1H), 7.76 (td, J=1.2, 7.5Hz, 1H),7.99 (d, J= 7.5 Hz, 1H),
10.26(s, 1H), 10.62(s, 1H), 11.87 (s, 1H). *C NMR (DMSO-de, 75 MHz) & (ppm): 81.92,
102.75, 109.20, 109.27, 109.75, 113.48, 113.63, 124.06, 124.89, 125.97, 129.07, 130.42,
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135.91, 136.61, 150.94, 152.25, 152.46, 159.71, 163.04, 168.68, 192.94 FTIR (KBr, cm -
1)1007, 1112,1157, 1227, 1465, 1512, 1593,1648, 1721, 3271 MALDI m/z for C;H;20s,
caled 360.32, found 361.16 (M+H"), 383.24 (M+Na")
Collection of X-ray Data. Intensity data were collected on a Nonius Kappa CCD
diffractometer equipped with MoKo radiation and a graphite monochromator. The
sample was cooled to 120 K by an Oxford Cryosystems Cryostream chiller.

e Formylation of Naphthofluorescein

The procedure is similar as above. 2.5g (5.78 mmol) naphthofluorescein and 3mL
methanol were placed in a 100 mL three-neck round bottom flask. Then 10g of 50%
sodium hydroxide solution, 1.87 mL (23.12mmol) of chloroform and 0.02mL 15-Crown-
5 were carefully added while maintaining the mixture temperature at 90 °C. The mixture
was stirred at this temperature for around 5 h with a condenser attached. After cooling,
the mixture was acidified with 10M H,SOs, and the product was precipitated. The solid
was filtered and dried in the vacuo overnight. Chromatography on silica gel (10: 90
EtOAC: DCM) yielded the products, light pink Naphthofluorescein Mono-aldehyde. TLC:
R=0.57 (15: 85 EtOAC: DCM). Characterization data for compound 2.3. '"H NMR
(DMSO-ds, 300 MHz) 6 (ppm): 6.69 (d, J =9Hz, 1H), 6.95 (d, J =9Hz, 1H), 7.20 (d, J
=2Hz, 1H), 7.29 (m, 2H), 7.45 (m, 2H), 7.73 (m, 2H), 8.08 (m, 1H),8.67 (dd, J= 7.5 Hz,
3.0 Hz, 2H), 9.04 (d, J =9Hz, 1H), 10.18 (s, 1H), 10.77 (s, 1H), 12.07 (s, 1H). *C NMR
(DMSO-ds, 75 MHz) d6(ppm): 82.47, 109.42, 111.33, 112.98, 117.22, 118.95, 119.32,
119.70, 122.88, 123.84, 124.18, 124.87, 125.64, 127.44, 130.38, 131.56, 133.23, 135.84,
135.99, 145.94, 146.12, 153.10, 157.41, 164.82, 168,81, 192.42 FTIR (KBr, cm -1 ) 1014,
1086,1156, 1226, 1463, 1516, 1576,1630, 1756, 3425 MALDI m/z for C,9H;60¢, calcd

460.43, found 460.91
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Collection of X-ray Data. Intensity data were collected on a Nonius Kappa CCD

diffractometer equipped with MoKo radiation and a graphite monochromator. The

sample was cooled to 120 K by an Oxford Cryosystems Cryostream chiller

2.8

Conclusion

A convenient synthesis of fluorescein-based aldehydes, compound 2.1 and 2.2,

was presented. Both of the two compounds showed the selective detection of cysteine and

homocysteine over other biological thiols. A longer wavelength fluorescent sensor,

naphthafluorescein mono-aldehyde, compound 2.3, was also synthesized by the one step

reaction and it also possesses potential application on the detection of cysteine or

homocysteine.
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CHAPTER 3

SELECTIVE DETECTION OF CYSTEINE AND DEVELOPMENT OF
NIR SENSOR

PART I. SELECTIVE DETECTION OF CYSTEINE

3.1 Background

In recent work,' the Strongin group evaluated the selective spectrophotometric
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Figure 3.1: Absorbance at 400 nm of solutions of cinnamaldehyde in
the presence of various concentrations of Cys and Hcy.
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Figure 3.2. Absorbance at 400 nm of solutions of 4-nitrocinnamaldehyde in the
presence of various concentrations of Cys and Hcy.

* Parts of this chapter have appeared in Journal of the American Chemical Society.
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response of some cinnamaldehyde derivatives towards cysteine in the presence of
homocysteine and found that commercially available cinnamaldehyde afforded mildly
selective detection for Cys. From this result they were able to activate or deactivate the
selectivity for cysteine by changing the aromatic ring substituents (Figures 3.1, 3.2 and
3.3). It was found that cinnamaldehyde containing an electron-donating group in the
benzene ring, e.g. 4-(dimethylamino)-cinnamaldehyde (DMACA), did show enhanced
selective detection for Cys over Hcy. The reason is attributed to the fact that the

electron-donating group renders the aldehyde and/or beta carbon less electrophilic.

1
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Figure 3.3. Absorbance at 400 nm of solutions of DMACA in the
presence of various concentrations of Cys and Hcy.

From the above results, we reasoned that an o,B-unsaturated aldehyde group can
be appended to fluorescein, a very common fluorescent dye. Thus, such a modified
fluorescent dye may potentially be used in selectively labeling or detecting peptides and
proteins via N-terminal Cys residues and to selectively detect free cysteine. Proposed
compounds 3.1 and 3.2 (Figure 3.4) were prepared via Wittig procedures from

fluorescein mono- and dialdehydes respectively (see Chapter 2).
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3.1

HO o OH
O O PhsP=CH-CHO
O 0 50 °C, 61.3%

Ph3P=CH-CHO
50 0C, 37.4%

2.1 3.2

Scheme 3.1 Synthesis of compound 3.1 and 3.2.
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3.2 Synthesis of Mono- and Di- a,p-unsaturated Fluorescein Aldehydes

Scheme 3.1 depicts a one-step synthesis of compounds 3.1 and 3.2. The starting
material, compound 2.2 (fluorescein monoaldehyde), was synthesized from commercially
available fluorescein via a Reimer-Tiemann reaction (Chapter 2) and extended to the
unsaturated aldehyde fluorescein by heating fluorescein monoaldehyde with
triphenylphosphoranylidene acetaldehyde in CHCl; at 50 °C overnight to afford 3.1 in
~60 % yield. Another starting material, compound 2.1 (fluorescein dialdehyde), was
prepared according to Lippard’s procedure.’ The di- o,p-unsaturated fluorescein
aldehyde (3.2) was obtained using the same procedure as with the mono aldehyde with a
yield of about 40 %.
33 Results and Discussion

3.3.1 Addition of Cysteine to Conjugated Aldehydes

It is known that cysteine can react with a,f-unsaturated aldehydes to generate
some important precursors of odorant sulfur compounds in flavors and fragrances.”™
Recently, Starkenmann et al.”® studied reactions of cysteine and a,B-unsaturated
aldehydes.

e Addition of Cysteine to a,p-unsaturated aldehydes

Under basic conditions (pH 8-9), addition of cysteine to non-substituted a,p-
unsaturated aldehydes would mainly generate a 7-member ring Schiff base and a bis-
adduct containing a thiazolidine (Scheme 3.2), which was reported by Esterbauer et al. as
early as in 1976.” The reaction was believed to undergo two steps, the first step being the
Michael-type addition between cysteine and a,B-unsaturated aldehyde; then the mono-
adduct may have reacted intramolecularly leading to the formation of a 7-membered ring

Schiff base or an intermolecular reaction with another molecule of cysteine to form a
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thiazolidine (Scheme 3.2).”
Under acidic conditions (pH=1), non-substituted a,B-unsaturated aldehydes would
react with cysteine and mainly form a bis-adduct and some mono-adduct, a saturated

aldehyde (Scheme 3.2).°

pH=8 N™ “cooH ONH, N
Major *
COOH
Ny, M cl Oj\/\b\/z'\l coo )C)S/\b\/*o
pH=1 - NHs H - NH;
Major

Scheme 3.2. Products from the reaction of cysteine and non-substituted o,-unsaturated
aldehydes.

e Addition of Cysteine to a-alkyl-substituted a,p-unsaturated aldehyde

An a-substituted o,B-unsaturated aldehyde would give a different result from the
non-substituted a,B-unsaturated aldehyde case when it reacts with cysteine. Under basic
conditions (pH 8-9), the major product from the reaction between 1 equiv Cys and 1
equiv a-substituted a,B-unsaturated aldehyde is a bis-adduct containing thiazolidine units,
and as minor product a 7-member ring Schiff base. In contrast, under acidic conditions, a
bis-adduct containing a vinylic sulfide moeity is generated as a major product, and a 7-
membered ring Schiff base and a single-adduct as minor products. The non-substituted
a,B-unsaturated aldehydes can’t generate a bis adduct vinylic sulfide moeity due to the
low stability of the less substituted olefin (Scheme 3.3).”

e Addition of Cysteine to f,p-dialkyl a,p-unsaturated Aldehyde
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Scheme 3.3: a-Substituted a,B-unsaturated aldehyde conjugates with cysteine.
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Scheme 3.4: B,B -dialkyl a,B-unsaturated aldehyde reacts with Cys affording
7-membered hexahydro-1,4-thiazepine (pH=7).
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A B,B-dialkyl a,B-unsaturated aldehyde normally reacts with cysteine (at neutral
conditions, pH=7) and yields exclusively one product, a 7-membered ring Schiff base.
Starkenmann et al. reported a detailed study of this reaction.® They believed that
substitution on the - position would make the Michael addition proceed very slowly, and
that the amino group would react with the aldehyde group first and form an a,f-
unsaturated imine, then a “7-endo-trig” cyclization would occur (Scheme 3.4).°

e Addition of Cysteamine to p,B-dialkyl a,B-unsaturated Aldehyde

During the mechanistic studies of thiazolidine hydrolysis, Fife et al. prepared 1, 3-
thiazolidine derivatives of 4-N,N-dimethylamino cinnamaldehyde (DMACA) by heating
equivalent amounts of DMACA and cysteamine in dry benzene (Scheme 3.5).* In this
reaction, cysteamine reacts with a,p-unsaturated aldehyde and forms a thiazolidine mono-
adduct (5-membered ring). To the best of our knowledge, this is one of the few examples
where a mono-adduct thiazolidine is prepared from an o,B-unsaturated aldehyde and an
aliphatic aminothiol.

3.3.2. Selective Detection of Cysteine with Fluoresceine-Derived Conjugated
Aldehydes

When a solution of cysteine (1.0 x 10 M) is continuously added to a solution of
compound 3.1 or 3.2 (1.0 x 10°M, 0.1 M carbonate buffer, pH 9.5), the fluorescence
intensity increases steadily (Figures 3.7 and 3.8a). In contrast, there is no significant
fluorescence change observed when Hey (1.0 x 10° M ) is continuously added to a
solution of 3.1 or 3.2 at the same conditions (Figure 3.7 and 3.8b). These results indicate
that Cys can be discriminated from Hcy by using 3.1 or 3.2 as fluorophore.

Due to the reversibility of the reaction between cysteine and 3.1 or 3.2 and to the

limited amount of these dyes, we were not able to separate the products and to determine
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Scheme 3.5. Synthesis of 1,3-thiazolidine from the reaction of DMACA and
cysteamine.

a: Compound 3.1

b: Cysteine added (2h)

c: Homocysteine added (2h)

|

d: Homocysteine added (overnight)

Figure 3.5: (a) '"H NMR of compound 3.1 in D,O (with one drop of NaOD); (b) 2 h after
addition of 10 equiv Cys. (c) 2 h after addition of 10 equiv Hey. (d) 12 h after addition
of 10 equiv Hcy.
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exactly what type of reaction occurred. However, based on the extensive research on
cysteine conjugated o,B-unsaturated aldehydes" >® the 'H NMR shifts before and after
the reaction (Figure 3.5) and the mass spectra (see appendix) of the reaction mixture of
compound 3.1 and cysteine, we believe that the reason why compounds 3.1 and 3.2 can
selectively react with Cys is the same as in the case of 4-N,N-dimethylamino-
cinnamaldehyde. Under our conditions, a strong electron donating group renders the -
carbon less electrophilic which makes the rate-determing step (Michael-type addition)’
slower. Thus, DMACA would prefer to react with Cys and form an o,B-unsaturated
imine first, followed by the formation of a 5-membered thiazolidine, again due to the
lower electrophilicity of the B- carbon and, in a lesser extent, form a 7-membered ring
Schiff base (Scheme 3.6). If there is Cys still available, it could be added again to the 7-
membered Schiff base to form a thiazepine. In contrast, due to the slow formation of the
1,4-Hcy mono- adduct, Hcy will not easily react with the unsaturated aldehyde to form a
6-membered thiazinane. Moreover, Hcy may also react with the unsaturated aldehyde
and form a conjugated imine (-CH=CH-CH=N-), but in the cyclization step, the
unfavored formation of a 8-membered ring or slow ring closure of 6-membered
thiazinane would inhibit this step.

Similarly, as in the case of DMACA, compounds 3.1 or 3.2 would also prefer to
react with Cys and form a single-adduct first, leading to a 5-membered thiazolidine or 7-
membered ring Schiff base, which in turn, could react with additional cysteine to form
thiazepine. On the other hand, Cys may probably also react slowly with 3.1 or 3.2 to
form a 1,4-mono-adduct saturated aldehyde, the excess Cys may continuously react and
form a thiazolidine (Scheme 3.6). All three cases exhibit the disappearance of the

characteristic aldehyde peak (Figure 3.5). In the case of Hcey, it may react with 3.1 or 3.2
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to form an a,B-unsaturated imine as an intermediate, but the unfavored 8-membered ring
formation or the slow ring closure of 6-membered thiazinane would prevent a cyclization.
Hence, Hey would prefer to undergo a slow 1,4-addition followed by cyclization to form
a thiazinane. From Figure 3.5, we can see that after 2 h, there is not a significant change
in the '"H NMR. Surprisingly, after 12 h, the characteristic doublet for the conjugated
aldehyde peak decreases and a new singlet for the saturated aldehyde peak appears. We
believe that this results indicate that Hcy undergoes a slow 1,4-addition forming a mono-
adduct, a saturated aldehyde, which could also further react with additional Hcy and form

a thiazinane.

Figure 3.6. The possible products from the reaction of compound 3.1 and cysteine.

Based on the analysis of the reaction of compound 3.1 with cysteine, we
hypothesize that the products may contain two different mono-adducts (compound 3.3 or
3.5 in Figure 3.6), the excess cysteine may continuously react with a 7-membered ring
Schiff base to form a bis-adduct (compound 3.4 in Figure 3.6), and probably another bis-
adduct from the reaction sequence that starts with a Michael addition followed by
thiazolidine formation (compound 3.6 in Figure 3.6). The MALDI results of the reaction

mixture revealed the presence of compounds 3.3 and 3.5, as Na” and K chelates

and compounds 3.4 and 3.6 as their Na™ chelates (see appendix).
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Scheme 3.6: mono- and di- a, B-unsaturated fluorescein aldehyde conjugated
with cysteine (a) or homocysteine (b).
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Figure 3.7. Fluorescence emission spectra of solutions of 3.1 (1.7 x 10° M,
0.1 M carbonate buffer, pH 9.5) excited at 485 nm at rt in the presence of
various concentrations of Cys (a) and Hcy (b).
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34 Experimental

General. UV-Visible spectra were recorded at rt on a Spectramax Plus
(Molecular Devices). Analytical thin-layer chromatography (TLC) was performed using
general-purpose silica gel on glass (Scientific Adsorbants). Chromatography columns
were prepared with silica gel (Scientific Adsorbants, 32-63 um particle size, 60A). All
chemicals were purchased from Sigma-Aldrich and used without further purification.
Proton NMR spectra were acquired in either CD;0D, or DMSO-d, on a Bruker DPX-250,
DPX-300 spectrometer. All o values are reported with (CH3)4Si at 0.00 ppm or DMSO at
2.49 ppm as references.

e Synthesis of a,p-unsaturated Fluorescein-mono-aldehyde ( 3.1)

To a solution of monoaldehyde 2.2 (144 mg, 0.4 mmol) in CHCI; (25 mL),
triphenylphosphoranylidene acetaldehyde (152 mg, 0.5 mmol) was added forming a red
solution. The mixture was stirred at 50 °C under N, for 24 h, cooled to rt and the solvent
removed in vacuo. The residue was absorbed in silca gel and subjected to column
chromatography (10/90 MeOH/CH,Cl; v/v) to afford compound 1 (94.7 mg, 61.3%) as a
red solid. Characterization data for compound 3.1. 'H NMR (DMSO-dg, 300 MHz) &
(ppm): 6.59 (s, 2H), 6.68 (s, 2H), 6.84 (s, 1H), 7.22 (m, 1H), 7.30 (d, J= 7.4 Hz, 1H),
7.69 (m, 2H), 7.99 (d, J= 7.4 Hz, 1H), 8.13 (d, J=16.09 Hz, 1H), 9.73 (d, J=7.96 Hz, 1H).
C NMR (DMSO-dg, 75 MHz) & (ppm): 103.55, 110.41, 111.37, 111.99, 113.51, 113.99,
125.09, 125.57, 127.91, 129.99, 130.88, 132.19, 133.28, 136.10, 143.56, 151.94, 152.86,
153.45, 160.61, 160.68, 169.44, 195.95. MALDI m/z for C,3H,40¢, calcd 386.08, found
387.15, 409.18 (M+ Na"), 431.16 (M+ 2Na").

e Synthesis of a,f-unsaturated Fluorescein-di-aldehyde ( 3.2 )

The procedure is similar as above. To a 100 mL three-neck round bottom flask.
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194 mg (0.5 mmol) fluorescein dialdehyde (2.1) and 182.4 mg (0.6 mmol)
triphenylphosphoranylidene acetaldehyde were dissolved in 30 mL MeCN. The mixture
was stirred at 50 °C under N, for 24 h, cooled to rt, and the red solution was concentrated
under vacuum. The red solid was absorbed on silica gel and subjected to
chromatography (10/90 MeOH/CH,Cl, v/v) to afford compound 3.2 (82.3 mg, 37.4%) as
a red solid. Characterization data for compound 3.2. '"H NMR (DMSO-ds, 250 MHz) &
(ppm): 6.70 (m, 4H), 7.15 (dd, J =7.5, 16.0 Hz, 1H), 7.33 (d, J =7.5 Hz, 1H), 7.72 (m,
2H), 7.99 (d, J =7.5 Hz, 1H), 8.08 (d, J =16.0 Hz, 1H), 9.73 (d, J =7.5 Hz, 2H), 11.35 (s,
2H). °C NMR (DMSO-ds, 62.5 MHz) & (ppm): 82.26, 109.28, 109.66, 113.12, 124.10,
124.77, 125.86, 130.30, 131.13, 132.42, 135.79, 143.01, 149.50, 152.19, 159.51, 168,53,
195.85. MALDI m/z for CosH 607, calcd 440.09, found 441.05.
PART 1II: SYNTHESIS AND CHARACTERIZATION OF NOVEL
HEPTAMETHINE CYANINE DYES AND APPLICATION IN THE DETECTION
OF CYSTEINE AND HOMOCYSTEINE
3.5 Introduction

Optical sensors in the near-infrared (NIR) spectral range have recently captured
the attention of researchers interested in studying chemical and biological processes in
live tissues because absorption and scattering by endogenous biomolecules are
minimal.”'® There is also ongoing interest in some NIR dyes that have applications in
high-technology areas, such as photochemistry, molecular biology, clinical chemistry,
tumor therapy, laser physics, nonlinear optics, laser sensitive optical recording techniques,
optical disks, compact disks, laser printers, optical cards, photoengraving, transparent bar
coding, forgery prevention, photoresists, spectrally sensitized photographic materials,

thermal transfer printing, and heat shielding materials."! Among the NIR dyes, cyanine

dyes are the most common ones.
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Figure 3.9: General structure of cyanine dyes.

As shown by the general structure (Figure 3.9), cyanine dyes are cationic
molecules in which two heterocyclic units are connected by a polymethine chain, which
possesses an electron donor in one end and an electron acceptor at the opposite end.'>"
Their common names depend on the number of methine groups in the polymethine chain.
For example, in Figure 3.9, when n=0 and n=3, they are referred to as monomethine and
heptamethine respectively. Heptamethines are known to have a strong absorption band in
the NIR region.

The main purpose of this project is the synthesis of a subclass of heptamethine
cyanine dyes 3.7-3.9 (Figure 3.10) that could potentially be used to detect or label

cysteine (Cys) or homocysteine (Hcy).
S & o
o 0 O o) O
oocC

3.7 3.8 3.9
Figure 3.10: NIR probes for the detection of Cys and Hcy.

3.6  Results and Discussion
e Synthesis
The dyes 3.7 and 3.8 were synthesized according to the general procedures for the

synthesis of heptamethine cyanine dyes'* (Scheme 3.7). As shown in scheme 3.7, the

59



nBuOH
————

(e} Cl
ij POCI; / DMF oé\ij/\OH_
3.10 3.11
86~93%
7 +/
N 82~89% N 1
1
3.12

3.15:R=Methyl | NaOBu-t
Il?l 3.16:R=Hexyl CHO
3.13: R=Methyl (78~82%)
3.14: R=Hexyl
OH
_0

3.7: R=Methyl
3.8: R=Hexyl

Scheme 3.7. Synthesis of heptamethine cyanine aldehyde 3.7 and 3.8.
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Scheme 3.8: Synthesis of compound 3.9.
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intermediate 3.11 (2-chloro-1-formyl-3-hydroxymethylenecyclohexene) was prepared

1516 Intermediates 3.13 and 3.14 were made via

according to literature procedures.
heating at reflux a solution of alkyl iodides (methyl iodide or hexyl iodide) and 3.12
(2,3,3-trimethylindolenine), in high yield. Normally, the pure salts can be recrystallized
from ethanol or methanol. Furthermore, according to Patonay’s method," 3.15 and 3.16
can be easily obtained in good yield. The synthesis of heptamethine cyanine aldehyde
dyes (3.7 and 3.8) were accomplished by stirring 4-hydroxy benzaldehyde and
heptamethine chlorides (3.15 and 3.16) in DMF in the presence of base (NaOt-Bu). Pure
product was obtained after column chromatography. Single-crystal X-ray structure data
confirms the assignment of 3.7 and 3.8 (Figures 3.11 and 3.13)

The heptamethine cyanine dye 3.9 was prepared according to Scheme 3.8, in

1,16 (note:

which the intermediate 3.11 was synthesized according to a known procedure
3.11 is somewhat unstable and needs to be stored in the dark at -20 °C or convert it to its
stable aniline Schiff base). Reaction of 3.17 with 3-bromopropionic acid in 1,2-
dichlorobenzene gave compound 3.18. Condensation of 3.11 and 3.18 in n-butanol under
azeotropic conditions quantitatively afforded diester 3.19, which was characterized by 'H
NMR and MALDI and showed the same spectra as the published one (see appendix).'”
Diester 3.19 was dissolved in CH3CN and 1N HCI was slowly added while stirring at 60
°C overnight. Compound 3.20 precipitated as shining crystals. Pure 3.20 can also be
obtained via flash column chromatography. The heptamethine cyanine aldehyde (3.9)
synthesis was accomplished by stirring 4-hydroxy benzaldehyde and heptamethine
chloride (3.20) in DMF in the presence of base (NaOt-Bu). Purified product was

obtained after column chromatography. Single-crystal X-ray structure analysisconfirmed

the structure assignment of 3.9 (Figure 3.12).
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Figure 3.12. Single-crystal X-ray structure of compound 3.9.
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Figure 3.13. Single-crystal X-ray structure of compound 3.8.
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Figure 3.14: Vis-NIR spectra of solutions containing NIR dye 3.7 (1 x
10° M, 0.1 M carbonate buffer, pH 9.5) and Hey (5 — 50 uM).
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¢ Preliminary study of novel NIR sensors for the detection of Cys and Hcy
Figure 3.14 shows the Vis-NIR spectra of solutions containing NIR dye 3.7 and
various concentrations of Hcy. The absorption decreases when the Hcy concentration
increases.
3.7  Experimental
e General procedure
All chemicals were purchased from Sigma-Aldrich and used without further
purification. UV-Visible and Visible-NIR spectra were recorded at rt on a Spectramax
Plus (Molecular Devices). Mass spectra were acquired using a Bruker Proflex III
MALDI mass spectrometer with proper matrices. Analytical thin-layer chromatography
(TLC) was performed using general-purpose silica gel on glass (Scientific Adsorbants).
Chromatography columns were prepared with silica gel (Scientific Adsorbants, 32-63 um
particle size, 60A). Proton NMR spectra were acquired in either CD;0D, or DMSO-dg on

a Bruker DPX-250 or a Bruker DPX-300 spectrometer. All 6 values are reported with

(CH3)4S1 at 0.00 ppm or DMSO at 2.49 ppm as references.

Collection of X-ray Data. Intensity data were collected on a Nonius Kappa CCD
diffractometer equipped with MoKa radiation and a graphite monochromator. The
sample was cooled to 120 K by an Oxford Cryosystems Cryostream chiller.

e Synthesis of 1,2,3,3-Tetramethyl-3H-indolium iodide (3.13)

2,3,3-trimethylindolenine (5 g, 31.39 mmol) and iodomethane (8.91 g, 62.78
mmol) were dissolved in 30 mL MeOH. The mixture was heated and refluxed under N,
for 20 h. and cooled to rt. The solid product was filtered and washed with cold MeOH to
give 7.73 g (81.8%) pink crystalline solid. '"H NMR (DMSO-de, 250 MHz) & (ppm): 1.51
(s, 6H), 2.76 (s, 3H), 3.96 (s, 3H), 7.59 (m, 2H), 7.80 (m, 1H), 7.88 (m, 1H)
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e Synthesis of 1-Hexyl-2,3,3-trimethyl-3H-indolium iodide (3.14)

2,3,3-trimethylindolenine (1 g, 6.3 mmol) and 1-iodohexane ( 6.68 g, 31.5 mmol)
were mixed in a 50 mL round bottom flask. The mixture was heated and refluxed at 100
°C under N, for 15 h and cooled to rt. The solvent was removed under vacuum. The
residue was washed with Et,O followed by MEK to give 2.06 g (88.1%) of a white solid.
'H NMR (CDCl;3, 250 MHz) & (ppm): 0.85 (t, J=7.0 Hz, 3H), 1.30 (m, 6H), 1.67 (s, 6H),
1.92 (m, 2H), 3.13 (s, 3H), 4.65 (t, J=7.75 Hz, 2H), 7.58 (m, 4H,) >C NMR (Acetone-ds,
62.5 MHz) 6 (ppm): 13.77, 15.59, 22.44, 22.59, 26.50, 28.09, 31.58, 49.35, 55.12,
116.25, 124.03, 129.55, 130.10, 141.95, 142.69, 196.99 MALDI m/z for C;;H2,N", calcd
244 .21, found 243.84.

e Synthesis of 3-(2-carboxyethyl)-1,1,2-trimethyl-1H-benz[e]indolium bromide
3.18)

1,1,2-Trimethylbenz(e)indole (6.3 g, 30.1 mmol) and 3-bromopropionic acid
(5.02 g, 32.8 mmol) were dissolved in 30 mL 1,2-Diclorobenzene. The mixture was

heated and refluxed at 110 °C under N, for 15 h and cooled to rt. The precipitate was
filtered and washed thoroughly with CH,Cl, to give 8.64 g (79.33%) as a white solid. 'H
NMR (DMSO-dg, 300 MHz) & (ppm): 1.74 (s, 6H), 2.95 (s, 3H), 3.00 (t, J=5.75 Hz, 2H),
4.74 (t, J=5.75 Hz, 2H), 7.37 (d, J= 5.0 Hz, 1H ), 7.61 (d, J= 5.0 Hz, 1H), 7.74 (m, 2H),
8.26 (d, J=7.5 Hz, 1H), 8.34 (d, J= 7.5 Hz, 1H).
e Synthesis of 3.15

Into a round bottom flask equipped with a Dean-Stark trap and a condenser,
compound 3.13 (6.02 g, 20 mmol) and compound 3.11 (1.72 g, 10 mmol) were dissolved
in a mixture of 100 mL of n-butanol and 30 mL of benzene. The mixture was
azeotropically refluxed overnight and cooled to rt and a greenish crystalline solid

precipitated. The solid was filtered and washed with Et,O to afford 5.7 g (93.3%) of
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compound 3.15. Characterization data for compound 3.15. "H NMR (CDCl;, 250 MHz)
d (ppm): 1.70 (s, 6H), 1.95 (m, 2H), 2.72 (t, J=6.0 Hz, 4H), 3.73 (s), 6.15 (d, J= 14.1 Hz,
2H), 7.17 (d, J= 7.5 Hz, 2H), 7.23 (d, J= 7.5 Hz, 2H), 7.35 (m, 4H), 8.30 (d, J= 14.1 Hz,
2H).
e Synthesis of 3.16

The procedure is similar as the one for preparing 3.15. Into a flask equipped with
a Dean-Stark trap, compound 3.14 (3.71 g, 10 mmol) and 3.11 (0.86 g, 5 mmol) were
dissolved in a mixture of 100 mL of n-butanol and 30 mL of toluene. The mixture was
azeotropically refluxed overnight and cooled to rt. A greenish crystalline solid was
precipitated. The solid was filtered and washed with Et;O to give 3.23 g (86.1%) of
compound 3.16. "H NMR (CDCls, 250 MHz) & (ppm): 0.85 (t, J=7.0 Hz, 6H), 1.31 (m,
12H), 1.69 (s, 12H), 1.81 (m, 6H), 2.66 (t, J=6.0 Hz, 4H), 4.14 (t, J=7.5 Hz, 4H), 6.12 (d,
J=14.0 Hz, 2H), 7.13 (d, J= 7.5 Hz, 2H), 7.22 (d, J=7.5 Hz, 2H), 7.36 (m, 4H), 8.29 (d,
J=14.0 Hz, 2H) *C NMR (CDCls, 62.5 MHz) & (ppm): 13.81, 20.54, 22.27, 26.48,
27.16,27.84,27.97, 31.24, 44.86, 49.20, 101.08, 110.81, 122.16, 125.21, 127.00, 128.66,
140.87, 142.01, 144.13, 150.34, 172.18 MALDI m/z for C4HssCIN,", caled 623.41,
found 623.00.

e Synthesis of 3.19

The procedure is similar as that for making 3.15. Into a flask equipped with a
Dean-Stark trap, 7.24 g (20 mmol) of 3.18 and 1.72 g (10 mmol) of 3.11 were dissolved
in a mixture of 100 mL of n-butanol and 30 mL of toluene. The mixture was
azeotropically refluxed overnight and cooled to rt. A greenish crystalline solid
precipitated. The solid was filtered and washed with Et,O to give 7.77 g (87.1%) of

product. "H NMR (CDCls, 250 MHz) & (ppm): 0.80 (t, , J= 7.25 Hz, 6H), 1.24 (m, 4H),
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1.47 (m, 4H), 1.99 (s, 12H), 2.30 (m, 2H), 2.77 (m, 4H), 2.98 (t, J= 6.25 Hz, 4H), 3.98 (t,
J=6.75 Hz, 4H), 4.70 (t, J=6.00 Hz, 4H), 6.33 (d, J=14.00 Hz, 2H), 7.44 (d, J=8.00 Hz,
2H), 7.58 (m, 4H), 7.91 (m, 4H), 8.08 (d, J= 8.00 Hz, 2H), 8.41 (d, J= 14.00 Hz, 2H),
MALDI m/z for Cs,HgoCIN,O4", caled 811.42, found 810.84.
e Synthesis of 3.20

Into a N; flushed 100 mL round bottom flask, 500 mg (0.56 mmol) of 3.19 was
dissolved in 10 mL of MeCN. 10 mL of 1N HCIl was added and the mixture allowed to
stir at 60 °C overnight and cooled to rt. A brown crystalline solid precipitated. The solid
was filtered and washed with copious amounts of water to give 287.64 mg (57%) of
compound 3.20. '"H NMR (DMSO-dg, 250 MHz) & (ppm): 1.94 (m, 14H), 2.81 (m, 8H),
4.56 (t, J=6.25 Hz, 4H), 6.43 (d, J=14.0 Hz, 2H), 7.51 (t, J=7.5 Hz, 2H), 7.66 (t, J=7.5
Hz, 2H), 7.76 (d, J=8.7 Hz, 2H), 8.07 (t, J=7.5 Hz, 4H), 8.27 (d, J=8.7 Hz, 2H), 8.33 (d,
J= 14.0 Hz, 2H) 12.63 (b, 2H) MALDI m/z for C44H43CIN,O4, calcd 698.29, found
698.85.

e Synthesis of 3.7.

To an ice cooled 50 ml three-neck round bottom flask, 4-hydroxybezaldehyde
(136.6 mg, 1.12 mmol) and sodium tert-butoxide (101.88 mg, 1.06 mmol) were mixed.
Anhydrous DMF (20 mL) was added under N, while stirring. After 30 min, the solution
was allowed to warm to rt and the chloro-dye 3.15 (611 mg, 1 mmol) was added. Three
hours later, the reaction was quenched with dry ice, and the solvent was removed under
vacuum.  The crude product was subjected to column chromatography with
CH,CL/MeOH 9/1 to give 577.86 mg (82%) of a green crystalline solid. '"H NMR
(CDCl3, 250 MHz) & (ppm): 1.29 (s, 12H), 2.05 (m, 2H), 2.77 (m, 4H), 3.68 (m, 6H),

6.12 (d, J= 14.2 Hz, 2H), 7.12 (d, J= 8.5 Hz, 2H), 7.22 (m, 6H), 7.34 (m, 2H), 7.73 (d,

68



J=14.2 Hz, 2H), 7.92 (d, J= 8.5 Hz, 2H), 9.90 (s, IH) "°C NMR (CDCl;, 62.5 MHz) &
(ppm): 20.95, 24.37, 27.67, 31.86, 48.78, 100.88, 110.67, 115.19, 121.87, 122.10, 125.16,
128.70, 131.15, 132.59, 140.68, 141.06, 142.60, 162.10, 163.93, 172.37, 190.46 MALDI
m/z for C3oH41N>0,", caled 569.32, found 570.18.

e Synthesis of 3.8.

The procedure is similar as above. To an ice-cooled 50 mL three-neck round
bottom flask, 4-hydroxybezaldehyde (67.16 mg, 0.55 mmol) and sodium tert-butoxide
(50.94 mg, 0.53 mmol) were mixed. Anhydrous DMF (20 mL) was added under N, with
stirring. After 30 min, the solution is allowed to warm to rt and the chloro-dye 3.16
(375.63 mg, 0.50 mmol) was added and stirred for 3 h. The reaction was quenched with
dry ice, and the solvent removed under vacuum. The crude product was subjected to
column chromatography with CH,Cl,/MeOH 90/5 to give 326.61 mg (78%) of a brown
crystalline solid. "H NMR (CDCls, 250 MHz) & (ppm) 0.87 (t, J=7.0 Hz, 6H), 1.35 (m,
24H), 1.79 (m, 4H), 2.08 (m, 2H), 2.77 (t, J=5.75 Hz, 4H), 4.08 (t, J=7.5 Hz, 4H), 6.07 (d,
J=14.2 Hz, 2H), 7.06 (d, J=8.0 Hz, 2H), 7.22 (m, 6H), 7.31 (m, 2H), 7.74 (d, J=14.2 Hz,
2H), 7.95 (d, J=8.0 Hz 2H), 9.92 (s, 1H) C NMR (CDCls, 62.5 MHz) & (ppm): 13.92,
20.98, 22.39, 24.49, 26.58, 27.22, 27.78, 31.34, 44.78, 48.93, 100.51, 110.68, 115.29,
121.78, 122.09, 125.16, 128.66, 131.18, 132.68, 140.88, 141.16, 142.03, 162.32, 163.88,
171.83, 190.54 MALDI m/z for C40HgN,O,", caled 709.47, found 708.57.

e Synthesis of 3.9.

To an ice-cooled 150 mL three-neck round bottom flask, 4-hydroxybezaldehyde
(195.39 mg, 1.6 mmol) and sodium tert-butoxide (153.78 mg, 1.6 mmol) were mixed.
Anhydrous DMF (50 mL) was added under N, with stirring. After 30 min, the solution

was allowed to warm to rt and the chloro-dye 3.20 (390.09 mg, 0.5 mmol) was added and
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stirred for 3 h. The reaction was quenched with dry ice, and the solvent removed under
vacuum. The crude product was washed with 1N HCI and dried over anhydrous MgSO,.
The solvent was evaporated and the residue subjected to column chromatography
(CH,Cl,/MeOH 86/14 to afford 183.14 mg (63%) of a light brown crystalline solid. 'H
NMR (CDCls, 250 MHz) & (ppm): 0.85 (m, 4H), 1.61 (s, 12H), 2.10 (m, 2H), 2.84 (m,
4H), 4.47 (m, 4H), 6.29 (d, J=14.2 Hz, 2H), 7.31 (d, J= 8.5 Hz, 2H), 7.43 (t, J= 7.5 Hz,
4H), 7.55 (t, J= 7.5 Hz, 2H), 7.87 (m, 10H), 9.93 (s, 1H) *C NMR (CDCls, 62.5 MHz) &
(ppm): 14.11, 24.44, 27.43, 29.68, 33.87, 41.49, 50.67, 70.53, 100.34, 110.68, 115.38,
121.86, 124.97, 127.58, 127.94, 130.13, 130.77, 131.19, 131.86, 132.75, 133.69, 139.27,
140.55, 162.09, 164.13, 173.17, 174.02, 190.53 MALDI m/z for Cs;H4sN,Os, calcd
784.35, found 784.53.
3.8  Conclusion

In summary, two novel fluorescein-based fluorescent sensors, compound 3.1 and
3.2, were developed. The fluorescence studies of the two a,B-unsaturated fluorescein-
based aldehyde show that both of them have highly selective detection of Cys over Hcy.
Base on the "H NMR shifts before and after the reaction and the mass spectra of the
reaction mixture of compound 3.1 and cysteine, a hypothetical mechanism about the
selection was also proposed. We believed under the slightly basic conditions the a,p-
unsaturated fluorescein-based aldehyde would like to react with cysteine via a kinetic
reaction control to form a 5-membered ring or a 7-membered ring containing product,
while homocysteine would like to undergo via a thermodynamic reaction control to form
a saturated aldehyde. Besides, I also synthesized three heptamethine-based aldehydes,
which show a potential application of detection of cysteine and homocysteine in the NIR

region.
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CHAPTER 4

A HYDROGEL FOR BIOMEDICAL APPLICATION

4.1  Introduction

Hydrogels are composed of three-dimensional cross-linked hydrophilic polymer
networks that can contain a large amount of water.'” Many hydrogels are biocompatible
and have been studied in many fields. For example, based on responses to temperature
changes, hydrogels have been used in drug delivery systems,”'' e.g., Hoffman et. al have
developed a system for delivering vitamin B12."" Hydrogels also undergo swelling and
contraction in response to environmental factors such as type of solvent,'? ion
concentration,”” pH'* etc. Recently, in our group, we have systematically added specific
functional groups to poly-methylmethacrylate (PMMA). The derivatized PMMA can
selectively contract in the presence of glucose over other sugars, at physiological levels in

16

human blood plasma.'”” Other hydrogel applications include contact lenses,'® and

. 17,18
separation processes. "

Polyacrylamide (PAAm) hydrogels are some of the most common hydrogels.'*"®
They are normally made from acrylamide subunits which are very easily polymerized.

In the first part of this work we tried to synthesize a fluorescein-based
polyacrylamide polymer which can have potential application for cysteine or
homocysteine detection (Scheme 4.1).

4.2 Results and Discussion
e Synthesis of compound 4.1

Compound 4.5 (4-nitro-4’,5’-fluorescein dialdehyde) was synthesized according

to the procedure shown in Scheme 4.1 starting from the condensation of commercially
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Scheme 4.1: Synthesis of 5’-acryloylamidofluorescein dialdehyde (4.1).
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available 2-methyl resorcinol and 4-nitrophthalic anhydride in the presence of ZnCl, at
high temperatures (150-230 °C). 'H NMR analysis indicated that the crude product
contained ca. a 1.3:1 ratio of 4-nitro-4’,5’-dimethylfluorescein to 5-nitro-4’,5’-
dimethylfluorescein.

Without any further separation, the mixture was allowed to react with excess
acetic anhydride under reflux in pyridine for 3 h. This afforded the acetylated mixture of
both 4-nitro-4’-5’-dimethylfluorescein and 5-nitro-4’-5’-dimethylfluorescein diacetates
(compounds 4.7 and 4.8 respectively). Recrystallization from EtOAc produced pure
compound 4.7. The filtrate was concentrated and recrystallized from toluene to afford
pure isomer 4.8.

Under mild bromination conditions, 4-nitro-4’,5’-bis(bromomethyl)fluorescein
diacetate (4.6) can be generated from compound 4.7 in high yields. Figure 4.1 shows the
single crystal X-ray structure of 4.6.

A Kornblum reaction'® was used to convert the dibromo fluorescein (4.6) to 4-
nitro fluorescein dialdehyde (4.5) via oxidation of compound 4.6 with DMSO in the
presence of excess NaHCO; at 130 °C for 4 h.

Exhaustive attempts to directly reduce the nitro group in the presence of an
unprotected aldehyde group are still ongoing. An alternative method to reduce the nitro
group to an amino is shown in scheme 4.1. After condensation of amino compound 4.3
with acryloyl chloride, ethylene acetal 4.2 can be deprotected to obtain dialdehyde
monomer 4.1.

4.3  Experimental
General. UV-Visible spectra were recorded at rt on a Spectramax Plus 384

(Molecular Devices). Analytical thin-layer chromatography (TLC) was performed using
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Figure 4.1. single crystal X-ray structure of compound
4.6, 4-nitro-4’,5’-bis(bromomethyl)fluorescein diacetate.
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general-purpose silica gel on glass (Scientific Adsorbants). Chromatography columns
were prepared with silica gel (Scientific Adsorbants, 32-63 um particle size, 60A). All
chemicals were purchased from Sigma-Aldrich and used without further purification. 'H
NMR spectra were acquired in either CD;0D, or DMSO-dg on a Bruker DPX-250 or
DPX-300 spectrometer. All 6 values are reported with (CHj3)4Si at 0.00 ppm or DMSO at
2.49 ppm as references.

Collection of X-ray Data. Intensity data were collected on a Nonius Kappa CCD
diffractometer equipped with MoKo radiation and a graphite monochromator. The
sample was cooled to 120 K by an Oxford Cryosystems Cryostream chiller.

e Syntheis of 4-Nitro-4’,5’-Dimethylfluorescein Diacetate (4.7) and 5-Nitro-4’,
5’-Dimethylfluorescein Diacetate (4.8)

A mixture of 4-nitrophthalic anhydride (10 g, 51.78 mmol) and 2-
methylresorcinol (11.57 g, 93.20 mmol) was heated until complete liquification (around
150 °C) and 5 g fused ZnCl, was added portionwise. The temperature was gradually
increased to 230 °C until the mixture solidified. The solid was allowed to cool to rt,
crushed and added to 200 mL 3M HCI. The mixture was boiled for 1 h. The crude
product was filtered, flushed with copious amounts of water and dried under vacuum
overnight. Without any purification, acetic anhydride (40 mL) was added to the mixture
and dissolved in 100 mL pyridine and heated under reflux for 3 h. The mixture was
cooled to rt and the solvent removed in vacuum. The residue was dissolved in the least
amount of EtOAc and 4-Nitro-4’,5’-Dimethylfluorescein Diacetate (4.7) recrystallized
out. The pure pale yellow 4.7 can be obtained by 2 or 3 consecutive recrystallizations
from EtOAc. The mother liquor was concentrated and redissolved in toluene, and 5—

Nitro-4’,5’-Dimethylfluorescein Diacetate (4.8) can be recrystallized out. The more pure
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purple 4.8 can be obtained by 2 or 3 consecutive recrystallizations from Toluene. 'H
NMR for 4-Nitro-4’,5’-Dimethylfluorescein Diacetate (4.7) (CDCls, 250 MHz) 6 (ppm):
2.36 (s, 12H), 6.63 (d, J =8.7 Hz, 2H), 6.79 (d, J =8.7 Hz, 2H), 7.38 (d, J=8.4 Hz, 1H),
8.49 (dd, J=2.0, 8.4 Hz, 1H), 8.83 (d, J=2.0 Hz, 1H). >C NMR (CDCl;, 62.5 MHz) &
(ppm): 9.98, 21.19, 83.47, 115.14, 118.60, 120.13, 121.37, 125.57, 126.12, 128.15,
130.38, 149.84, 150.35, 151.22, 158.15, 167.07, 169.15. MALDI m/z for CycH;9NOsy,
calcd 489.11, found 490.59 (M+ H").

"H NMR for 5-Nitro-4’,5’-Dimethylfluorescein Diacetate (4.8) (CDCls, 300 MHz)
o (ppm): 2.37 (s, 12H), 6.66 (d, J =8.64 Hz, 2H), 6.82 (d, J =8.64 Hz, 2H), 8.03 (d,
J=1.68 Hz, 1H), 8.21 (d, J=8.34 Hz, 1H) , 8.46 (dd, J=1.68, 8.34 Hz, 1H).

e Synthesis of 4-Nitro-4’, 5’-Bis(bromomethyl)fluorescein Diacetate (4.6)

Into a 500 mL round bottom flask was added C¢HsCl (90 mL), 4-nitro-4’,5’-
dimethylfluorescein diacetate (1 g, 2.04 mmol), 1,3-dibromo-5,5-dimethylhydantoin (0.7
g, 2.45 mmol), 1,1’-azobis(cyclohexanecarbonitrile) (0.16 g, 0.08 mmol) and acetic acid
(0.03 mL). The mixture was stirred at 40 °C for 72 h, cooled to rt and washed 3 times
with hot H,O. The organic layer was collected and dried over MgSQO4. A pale yellow
product was obtained after solvent removal in vacuo. The X-ray analysis of a single
crystal confirmed the expected structure. 'H NMR for 4-nitro-4’,5-
bis(bromomethyl)fluorescein diacetate (CDCls, 300 MHz) & (ppm): 2.42 (s, 6H), 4.81 (s,
4H), 6.76 (d, J =8.7 Hz, 2H), 6.94 (d, J =8.7 Hz, 2H), 7.44 (d, J=8.4 Hz, 1H), 8.54 (dd,
J=1.9, 8.4 Hz, 1H), 8.86 (d, J=8.4 Hz,1H).

e Synthesis of 4-Nitro-4’, 5’-Fluorescein Dialdehyde (4.5)
4-Nitro-4’,5’-bis(bromomethyl)fluorescein diacetate (500 mg, 0.77 mmol) and

NaHCO; (500 mg, 6.0 mmol) were dissolved in DMSO (50 mL). The solution was
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stirred at 130 °C for 4 h and cooled to rt. To the resulting mixture 2N HCI (200 mL) was
added and stirred for 30 min producing a red solid precipitate. The solid was filtered,
dried and subjected to flash column chromatography on silica gel (EtOAc:CH,Cl, 8:2).
A pale yellow solid was obtained (yield: 113 mg, 33.7%). 'H NMR for 4-nitro-4",5’-
fluorescein dialdehyde (DMSO, 300 MHz) 6 (ppm): 6.78 (d, J=8.7 Hz, 2H), 7.13 (d,
J=8.7 Hz, 1H), 7.68 (d, J=8.4 Hz, 1H), 8.60 (dd, J=1.8, 8.4 Hz, 1H), 8.69 (d, J=1.8 Hz,
1H), 10.70 (s, 2H), 11.86 (s, 2H). MALDI m/z for C»H;NOy, calcd 433.04, found

434.19 (M+H"), 460.28 (M+ Na'+4H").

4.4 Future Work

e Synthesis of water-soluble fluorescein-based polymer

0 NH, o Q Initiator Gel
+ + \)J\N/\ NJJ\/ ——————————— > Ge
Z H H
&O
41 Comonomer Crosslinker

Scheme 4.2: Synthesis of polyacrylamide hydrogel.

Scheme 4.2 shows a proposed synthesis of polyacrylamino-fluorescein dialdehyde.
During the synthesis acrylamide is used a comonomer and N,N'-methylenebis—acrylamide
is used as the crosslinker. The hydrogel can be prepared via free radical polymerization
or a chemical polymerization according to a well established protocol.”

45 Conclusion

I have successfully synthesized a new fluorescein-based dye, compound 4.5,
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which was a important intermediate towards the preparation of a fluorescein-based
hydrogel. The single crystal X-ray structure of compound 4.6 confirmed the correct
assignment of the intermediate. The rest of the synthesis is currently being done in our
laboratory. The hydrogel would show a potential application of the detection of cysteine

and homocysteine.
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CHAPTER 5

NOVEL SYNTHESIS OF POLYHALOGENATED
DIBENZO-P-DIOXINS

5.1 Background

9 1
U0
7 O 3

6 4

Xanthene ) L

Dibenzo-p-dioxin

9 1
BOSYs Iowel
cl 0 Cl 7 o} 3

6 4

2, 3, 7, 8-tetrachloro-Dibenzo-dioxin Dibenzofuran

Figure 5.1:  Structures of xanthene and dibenzo-p-dioxins.

Dibenzo-p-dioxin is a structural analog of xanthene. FEach are planar tricyclic
aromatic ethers. Dibenzo-p-dioxin has one more C-O-C bridge existing between the
two benzene rings (Figure 5.1). Dibenzo-p-dioxin is notorious particularly because of
the chlorinated-members of its class, for example, 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), which is regarded as one of the most toxic chemicals known. It is reported
that 0.6 ug of TCDD per kg of body weight can kill a guinea pig." It is important to
note that the toxicity of 2,3,7,8-tetrachlorodibenzofuran (TCDF),2 and the toxicity of the

polybrominated-dibenzon-p-dioxins (PBDD) has also been shown to be similar to the
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analogous of polychlorinated dibenzo-p-dioxin (PCDD).**
e Significance and purpose

Since polyhalogenated dibenzo-p-dioxins (PXDDs) have been shown to be a
significant threat to public health,”* a need exists for measuring the concentrations of
PXDDs in the environment as well as understanding their mechanism of formation and
environmental fate. Mixed bromo/chloro PXDDs have been found, for example, in
emissions from electronic wastes and waste carpets. According to the US-EPA Office of
Solid Wastes, at least 2.1 million tons of electronic waste (e-waste) was generated in
2000 alone. At least 91 % of this waste entered US landfills or incinerators. Because
there are hundreds of congeners of PXDDs and related compounds, there is currently a
lack of available standards to allow for the proper identification and health assessment of

. 1515
these materials.

Upon combustion and thermal degradation, simple halogenated
hydrocarbons (XHCs) can form a wide range of PXDD and related XHC emissions and
reaction intermediates.

A laboratory reactor study is a practical method for understanding these complex
reactions. Because of the multitude of environmentally relevant reaction products, we
will synthesize a library of PXDD standards. Using carbon-13 labeling, we can study
their mechanism of formation in both gas-phase and CuO-mediated surface processes
under both pyrolytic and oxidative conditions. We will develop methods to examine

racemic and chiral waste by-products. To the best of our knowledge, there are no

reports which focus, for instance, on the formation of new stereocenters during
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combustion or on the specific stereochemical fate of chiral molecules during combustion.

e Related Synthesis

In actual waste processes, both chlorinated and brominated (e.g., flame retardant)
materials are incinerated together. Importantly, progress on the origin, environmental
fate, and biological activity of BHC and mixed XHCs has been hindered by a lack of
available standards. There are no commercial standards of the mixed halogenated
dibenzodioxins or dibenzofurans. Moreover, there have only been limited reports
describing any attempted controlled syntheses of these compounds. A relatively recent

16, 17

related synthesiss was reported by Jay and Stieglitz. They used, for instance,

non-halogenated dioxins as substrates which were heated at 260 — 300 °C in the presence

7" This method of course

of copper bromide and copper chloride in an inert gas flow.
afforded a mixture of products and little or no control over halogen substitution patterns.
Older studies by Kende et al. showed that certain individual halogenated
dibenzo-p-dioxins (XDDs) (including just one mixed bromo/chloro XDD) could be
synthesized, isolated and characterized via carbon-13 NMR; however, there were
structural isomers that were indistinguishable. Their pioneering methodology, while
quite impressive during that time period, was not general towards the formation of large
classes of specific mixed bromo/chloro XDD."®

We propose to conduct a controlled, laboratory study of the thermal reactions of

PXDD precursors. This novel approach should result in large numbers of PXDDs that

can be formed; the types of mixed chlorinated hydrocarbon (CHC), brominated
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hydrocarbon (BHC), and XHC precursors that can form them.

5.2 Results and Discussion

e Syntheses

Et;N/DMF

FD H,SO, / HNO; FDCENOZ
0,

F 9% F NO, Rl: : :OH

5.2 R OH

5.1 5
53 Rl:RZ:H
54 R1:R2:C|
55 R]_:Rz:Br
85-91 %
NH3 / THF HZN]@EOD[Rl t-BUONO
10% ON o R, U
optimization
ongoin
g g 59 R]_:RZ:H
5.10 R1:R2:CI
5.11 Rj=R,=Br
Fe, HOAC R3j©:oj©[Rl t-BUONO
HoN o Ry CuBr

5.15 R;=R,=H, Rs=Br
5.16 R1:R2:CI,R3:Br
5.17 R;=R,=Br,R,=Br

5.6 R;=R,=H

5.7 RI:RZ:CI
5.8 R,=R,=Br

5.12 R1:R2:H, R3=BI’
5.13 R,=R,=Cl,R4=Br
5.14 R,=R,=Br,R,=Br

5.18 Rl:RZ:H! R3=R4=BI’
5.19 R;=R,=Cl,Ry=R,=Br
5.20 R1=R2=Br,R3=R4=Br

Shceme 5.1: Novel syntheses of polyhalogenated dibenzo-p-dioxins.

1,2-Difluoro-4,5-dinitrobenzene (5.2) was synthesized according to a published

. . . . 19
procedure with minor modification.

1,2-difluorobenzene (5.1) was carefully added neat to a pre-cooled (0 °C), concentrated

mixture of H,SO4 and fuming HNOs.

&4

The commercially available compound

Because the beginning of the reaction is



extremely exothermic, one should never let the temperature exceed 5 °C.

After addition of compound 5.1, the mixture was kept cooled with an ice bath and
stirred for 30 min, warmed to rt and stirred for another 2 h. The reaction mixture was
heated at 100 °C overnight. Less time (e.g. 2 h, according to the literature procedure) at
higher temperatures led to no reaction. Longer time is needed likely since fluoride is a
weak deactivator for nitration of the benzene ring. When cooled to rt, the mixture was
poured into an ice-H,O mixture resulting in the formation of white crystals. The
crystals were filtered and rinsed with copious amounts of cold H,O. An analytical
sample was recrystallized according to the published procedure.'

The nucleophilic aromatic substitution of fluorine in 5.2 by a catechol phenoxy
group™ (as in 5.3, 5.4 and 5.5) occurs smoothly in DMF in the presence of Et;N at 60 °C ,
affording yellow 6,7-dinitro substituted benzodioxin (5.6, 5.7 and 5.8) in good yield
(~85%-91%).

Conversion of 6,7-dinitro substituted benzodioxins (5.6, 5.7 and 5.8) to 0-amino nitro
compounds 5.9, 5.10 and 5.11 involved the substitution of one nitro group with NHj.
This method was chosen since Boyer et al.*! reported in 1955 the selective substitution of
only one of the 0-nitro groups in 3,4-dintrotoluene with NH; gas when he prepared
3-amino-4-nitrotoluene.  Despite the general belief that electron donating groups
deactivate the aromatic ring for the SxAr substitution of NO, groups, there is evidence

that they have been synthesized successfully by this method; e.g., compounds 5.21,** and

5.22 (Figure 5.2).” In the synthesis of compound 5.9 under mild conditions, i.e. heated
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1,2-dinitrobenzodioxin (5.6) in THF saturated with NH; gas at 60 °C for 6 h, the '"H NMR
spectrum showed that part of the starting materials has one nitro group replaced by
amino. The preliminary result (first try to date) gave a 10 % yield based on '"H NMR
integration. The optimization of this step is ongoing. This is very encouraging.
These successes demonstrate the feasibility of our proposed (i) highly facile new
synthesis of the dioxin skeletal framework and (ii) selective manipulation of functional

groups.

o NO, 0 NO,
5.21 5.22

Figure 5.2: 0-amino nitro compounds (5.21 and 5.22) prepared from 0-nitro
compounds via a SNAr reaction.

5.3 Experimental

e Synthesis of 1,2-difluoro-4,5-dinitrobenzene (5.2)

60 mL conc. HySO4 and 40 mL fuming HNO; were added to a 500 mL three-neck
round bottom flask immersed in an ice bath. 5 g (44 mmol) 1, 2-difluorobenzene was
added dropwise at a rate that kept the temperature below 5 °C. The mixture was
continually stirred over the ice bath for 30 min. The system was warmed to rt and
stirred for 2 h. The mixture was heated at 100 °C overnight. After cooling to rt, the
mixture was poured into 1 Kg crushed ice. A white precipitate was collected by

filtration and washed with copious amounts of H,O and dried under vacuum overnight,
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yield: 4.44g (48.5%). '"H NMR (250 MHz, CD,Cl,) & (ppm): 7.88 (t, J = 7.6 Hz, 2H); "*C
NMR (62.5 MHz, CD,Cl,) 6 (ppm): 115.90, 150.33, 154.55.

e Synthesis of 6, 7-dinitrodibenzodioxin (5.6)

500 mg catechol (2.45 mmol) and 269.8 mg of 1,2-difluoro -4,5-dinitrobenzene (2)
(2.45 mmol) were dissolved in 100 mL DMF at rt. Triethylamine (1.38 mL, 9.8 mmol)
was added dropwise. The resulting light yellow solution was heated at 60 °C overnight.
The solvent was removed under vacuum, and the crude product extracted using CH,Cl,
and H,O (3 x 100 mL), dried over MgSQO, and filtered. The solvent was removed under
vacuum. Yield: 570 mg (84.9%). 'H NMR (250 MHz, acetone-dg) & (ppm): 7.05 (m,
4H), 7.70 (s, 2H); *C NMR (62.5 MHz, acetone-dg) & (ppm): 114.475, 117.73, 126.66,
141.08, 146.24.

Compounds 5.7 and 5.8 were also synthesized according to the above procedure.
However, 5.7 and 5.8 are insoluble in CH,Cl,, and both were suspended in CH,Cl, after
evaporation of DMF. The products were filtered by suction and washed with CH,Cl,.
The mother liquor was concentrated and suspended in a small amount of CH,Cl, and
filtered again. The products were dried in a vacuum oven overnight. Yields for
compound 5.7 and compound 5.8 were 7649 mg (91%) and 699.0 mg (87%)
respectively.

Characterization data for compound 5.7: '"H NMR (250 MHz, THF-ds) & (ppm): 7.29
(s, 2H), 7.75 (s, 2H); °C NMR (62.5 MHz, THF-dg) 5114.62, 119.09, 128.84, 140.73,

145.33.
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Characterization data for compound 5.8: '"H NMR (250 MHz, DMSO-dg) & (ppm):
7.53 (s, 2H), 7.90 (s, 2H); >C NMR (62.5 MHz, DMSO-ds) & (ppm): 113.67, 118.86,
120.96, 138.22, 139.91, 144.28.

5.4 Conclusion
We presented a novel synthesis of PXDDs. The new synthesis can be used to

conduct a controlled, laboratory study of the thermal reactions of PXDD precursors.
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APPENDIX A: CHARACTERIZATION DATA FOR COMPOUND 2.2
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Figure A.1. *H NMR of compound 2.2
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Figure A.3. MALDI MS of compound 2.2
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Pure Naphthafluorescein-monoaldehyde (6/18, 2004)
S01=DM50

APPENDIX B: CHARACTERIZATION DATA FOR COMPOUND 2.3
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13C at room temp
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Figure B.2. **C NMR of compound 2.3
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APPENDIX C: CHARACTERIZATION DATA FOR COMPOUND 3.1
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13C Mono-a,b-unsaturated fluorescein aldehyde (Acetone)
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100



Flurorescein unsaturated dialdshyde (OMBO)

APPENDIX D: CHARACTERIZATION DATA FOR COMPOUND 3.2
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Figure D.1. *H NMR of compound 3.2
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13C for Di-a,b-unsaturated fluorescein aldehyde (DM30)
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APPENDIX E: MALDI MS OF REACTION MIXTURE OF COMPOUND 3.1
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APPENDIX F: 'H NMR OF COMPOUND 3.13
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Hexthyl substituted of 2,3,3-trimethylindoline (CDC13)

APPENDIX G: CHARACTERIZATION DATA FOR COMPOUND 3.14
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Figure G.1. *H NMR of compound 3.14
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Hexyl substituted 2,3,3-Trimethylindoline (Acetane)

LLLUET
168"
ERE”
§68”
gos”
660"
its”
oeg’
pET”’
LSF"
WL’
1o’
GLE’
£8s”
PeE"
T’

£sZ’

££0°
¥eg”
001"
286" 1
LE9*

666°
09% " coz
fgL'¢
£60°

228 BE_ 338 isg fgegf ¢ &
BS 88~ 288288 4858888 s
B e i g
el 4l -

i

g
E Ena!giaaaenaﬁ B=sE |EBEZ3R fus

s!a!aiﬁ

aegeg Eug:u
%
E8asz nu

%HI—

Figure G.2. *C NMR of compound 3.14
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Figure G.3. MALDI MS of compound 3.14
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APPENDIX H: '*H NMR OF COMPOUND 3.18
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'H NMR OF COMPOUND 3.15

APPENDIX I:
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APPENDIX J: CHARACTERIZATION DATA FOR COMPOUND 3.16

Cyanine: Hexyl-substituted -C1 dye (CDC13)
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Figure J.1. *H NMR of compound 3.16
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13C Cyanine: Bexyl substitoted -Cl {CDC13)
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Figure J.2. *C NMR of compound 3.16
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Figure J.3. MALDI MS of compound 3.16
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APPENDIX K: CHARACTERIZATION DATA FOR COMPOUND 3.19

NIR-p-butylester —chloride (CDC13)
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Figure K.1. *"H NMR of compound 3.19
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APPENDIX L: CHARACTERIZATION DATA FOR COMPOUND 3.20

/I8 GETOL ELT WOIE

w/udd ypy69°0 WoWad

8 £1'052 (41

wdd 000°T azd

IH 9L9LEE 1

wid g0g°£1 and

mw 00'8T b o]

sa9jeweaed Jo7d WM 0T

00°1 2

0 1]

T ST°0 a1

0 a8s

P NOM

ZHH PPO00ET 062 5

¥8€91 18

saajemered Buressdord - Zd

2N 90ETTET 052 1048

2P 00°0 T1d

o8dn (0"0T 1d

:14 TOON
— [ TIHNVED

298 (0000000°2 10

% 0°006 il

oasn 00'8 aa

o8em OZ" 111 Na

L'¥LS 9

238 BOS6TZE'T g

IH GEVILT'D Ia1

IH 0V 96FY NS

4 8a

(1] b

U038y INZATOS

¥8E9T a

oebz 04AT0d

HT anbmmg  OHE0Ed

J00ds WOUISHI

£€°B ewy]

02903002 “e3eg

BI9%9wRIRg UOTITETAbIY - 24

£ 0MO0u

b oNaxs

20072

18072

Z08°L
14

A

— £98°E

i

—LLEE

f

48

R

.................................

(NOEHD + WOQ woxy pazyrelskoey) pyoeofrAxoqied-jg-yIN

9629°21

Figure L.1. *H NMR of compound 3.20

116



9002 EZ:LF:6T OT uUnp 3@s  umouyun  [/e3epd/Ieyy/AX/T1IY/ucumod/elep/suoy/jIodxs/
005§

z/u 0ose
I i s 4 i 1

000z 00ST 000t
i i i i i 1 i 4 i s 1

Lol

i =)

e MRS

' T

] TCHGEO

Tl e0'oas L]
0Ly TTVa0

o8 GENTEIN

T CHRENT]

of CEEEETE

o Lot

i

wel  momm

o8 CAOELTN

a0e's [
oar'srx e )
EREOAMALIE Ly ]
a8 Y

len) ep'% TR
s} se'x e
o1 P

tan) s8't TV
Ewld- TIRE"Y
02391 -y

faxf of's wanth
e pE Taman
0°ST o

ax] 05T ]
=l g rms

fsl we't [}
L) TRLLORE

L} TRLAE

o TRRLTY

L) nces

(413 Lo

oooos ol
!ﬂlﬂ“ =gty

L b e, il AL ]
DOOE E5TSPUET DY TAp uﬂ mawr
s “pik

DL WERLLENT

AR

[ocueIyYlITA—O0O0L

[l

~N oo
O Www
o wo
oo oo o0

~
— o,

0001

- 0002

- 000€

000V

000§

0009

- 000L

Figure L.2. MALDI MS of compound 3.20
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APPENDIX M: CHARACTERIZATION DATA FOR COMPOUND 3.7
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Figure M.1. *"H NMR of compound 3.7
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Cyanine: Methyl-Aldehyde {(CDC13)
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Figure M.2. *C NMR of compound 3.7
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Figure M.3. MALDI MS of compound 3.7
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APPENDIX N: CHARACTERIZATION DATA FOR COMPOUND 3.8

Cyanine: Hexyl substituted dye-Aldehyde (CDC13)
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Figure N.1. '"H NMR of compound 3.8
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13C Cyanine: Hexyl substituted-Aldehyde (CDC13)
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Figure N.2. *C NMR of compound 3.8
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Figure N.3. MALDI MS of compound 3.8
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Cyanine: Dicarboxylic acid -Aldshyda (CDC13)

APPENDIX O: CHARACTERIZATION DATA FOR COMPOUND 3.9
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Figure O.1. *H NMR of compound 3.9
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Figure 0.2. *C NMR of compound 3.9

125



9002 PV:LP:BT 0C AON UOW  umowyun 1/e3epd/zeys/ny/ T1Iy/ucumoD /e3ep/awoy/3T0dxe /

z/m Qove p0zZeZ 000z DOBT 00ST 00vT 00zZT 000T oos 009 00y oo
PR Y R Y IRTAN| [ (BT (SO N TR [N S (N N NN (BN (NS TS T (YO S Y N AU VI N U W ! VIR Y 0
— _ = !
. 000T
Il -
[ D002
oo [
T
=”o ACETE? H
“u.“ AN =
szl egrons [ b
[ LM 73 TS
o CENENIN
] -
Lisn L 000€
a0 IS 5
L] L
e o= om0 ;
revTyeE rm -
sages -
i) se's Y
'y T 3 r B
i i £ .
e -
e 3
IAxi On”-n Tn
W E
I g0t L4 L
i E= :
Y —— . 000S
e e s
Ml o E
]
0009
~J ~J g
co co L
(S 2B - U
W o
o]  oo00L
w — o
e > — > E e

Figure O.3. MALDI MS of compound 3.9
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APPENDIX P: CHARACTERIZATION DATA FOR COMPOUND 4.7
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4-nitro-4’,5'~dimethylfluorescein diacetate (CDCL3)
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Figure P.2. *C NMR of compound 4.7
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Figure P.3. MALDI MS of compound 4.7
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APPENDIX Q: '*H NMR OF COMPOUND 4.8
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Di-bromide (8/4, 2004)
S01=CDC13

APPENDIX R: '"H NMR OF COMPOUND 4.6
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So1=DMS0

Dialdehyde (8/10, 2004)

APPENDIX S: CHARACTERIZATION DATA FOR COMPOUND 4.5
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Figure S.1. *"H NMR of compound 4.5
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APPENDIX T: CHARACTERIZATION DATAFOR COMPOUND 5.2
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Figure T.2. *C NMR of compound 5.2
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APPENDIX U: CHARACTERIZATION DATA FOR COMPOUND 5.6
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Figure U.1. 'H NMR of compound 5.6
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APPENDIXV: CHARACTERIZATION DATAFOR COMPOUND 5.7
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Figure V.1. 'H NMR of compound 5.7
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Figure V.2. **C NMR of compound 5.7
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APPENDIXW: CHARACTERIZATION DATA FOR COMPOUND 5.8
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Figure W.1. 'H NMR of compound 5.8
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APPENDIX X: CRYSTALLOGRAPHIC DATA FOR COMPOUND 2.2

data XXu2

_audit creation method SHELXL-97
_chemical name systematic

_chemical name common ?

_chemical melting point ?

_chemical compound source > local laboratory
_chemical formula moiety ’C21 H12 06

_chemical formula sum ’C21 H12 06

_chemical formula weight 360. 31

loop_

_atom_type_symbol

_atom_type_description

_atom_type_scat_dispersion real
_atom_type scat _dispersion imag

_atom type scat source

¢ C 0.0033  0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’
S 0.0000  0.0000

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’
00 0.0106  0.0060
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> International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’

_symmetry_space group name H-M P 21/c
_symmetry_space_group_name_Hall " =P 2ybc’
_symmetry cell setting 'Monoclinic

loop_

_symmetry equiv_pos as Xyz
%y, 7

T-x, y+1/2, —z+1/2

' %, -y, -2

'x, —y-1/2, z-1/2

~cell length a 7.891(6)
~cell length b 21.304(15)
~cell length c 9.977(8)
_cell angle alpha 90. 00
_cell angle beta 104. 80(3)
_cell angle gamma 90. 00
_cell volume 1622 (2)
_cell formula units Z 4

_cell measurement temperature 105
_cell measurement reflns used 2673
_cell measurement theta min 2.5
_cell measurement theta max 25.0
_exptl crystal description lath
_exptl crystal colour yellow
_exptl crystal size max 0.32
_exptl crystal size mid 0.15
_exptl crystal size min 0.05
_exptl crystal density meas ?

_exptl crystal density diffrn 1.476
_exptl crystal density method ’not measured’
_exptl _crystal F 000 744
_exptl _absorpt coefficient mu 0.110
_exptl _absorpt correction_type none

_exptl _absorpt correction T min 9
_exptl absorpt correction T max 9
_exptl absorpt process details ?

_exptl special details

~diffrn ambient temperature 105
~diffrn radiation wavelength 0.71073
~diffrn radiation type MoK\a
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~diffrn radiation source " fine—focus sealed tube
_diffrn_radiation monochromator  graphite

_diffrn measurement device ’KappaCCD (with Oxford Cryostream)’
~diffrn measurement method > \w scans with \k offsets’
_diffrn detector_area resol mean ¢
_diffrn_standards_number 0

_diffrn standards interval count 9

_diffrn standards interval time 9

_diffrn _standards_decay % <2

_diffrn reflns number 10081

_diffrn reflns av R _equivalents 0.098

~diffrn reflns av _sigmal/netl 0. 1942

~diffrn reflns limit h min -9

~diffrn reflns limit h max 9

~diffrn reflns limit k min -25

~diffrn reflns limit k max 22

~diffrn reflns limit 1 min -11

~diffrn reflns limit 1 max 11

_diffrn_reflns theta min 2.6

_diffrn_reflns theta max 25.0

_reflns number total 2842

_reflns number gt 1112

_reflns threshold expression I>2\s (1)

_computing data collection >COLLECT (Nonius, 2000)’

_computing cell refinement "HKL Scalepack (Otwinowski & Minor 1997)’
_computing data reduction ' HKL Denzo and Scalepack (Otwinowski & Minor 1997)’
_computing structure solution "SIR97 (Altomare et al., 1999)°
_computing structure refinement ’ SHELXL-97 (Sheldrick, 1997)’

_computing molecular graphics " ORTEP-3 for Windows (Farrugia, 1997)’

_computing publication material ’SHELXL-97 (Sheldrick, 1997)’
_refine special details

Refinement of F 2" against ALL reflections. The weighted R-factor wR and
goodness of fit S are based on F'2", conventional R-factors R are based

on F, with F set to zero for negative F'2". The threshold expression of
F'2" > 2sigma(F"2") is used only for calculating R-factors(gt) etc. and is
not relevant to the choice of reflections for refinement. R-factors based
on F'2" are statistically about twice as large as those based on F, and R-
factors based on ALL data will be even larger.

_refine Is structure factor coef Fsqd
_refine Is matrix type full
“refine 1s weighting scheme calc
“refine Is weighting details

“cale w=1/[\s 2" (Fo 27)+(0. 1300P) "2"] where P=(Fo 2 +2Fc"27)/3
~atom sites solution primary direct
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_atom_sites_solution_secondary difmap

_atom_sites_solution_hydrogens geom
_refine 1ls hydrogen treatment constr
_refine 1s extinction method none
_refine 1s extinction_coef ?
_refine 1s number reflns 2842
_refine 1s number parameters 246
_refine 1s number restraints 0
_refine 1s R factor_all 0.235
_refine 1s R factor gt 0. 088
_refine 1s wR _factor ref 0. 269
_refine Is wR factor gt 0.202
_refine Is goodness of fit ref 0. 966
~refine Is restrained S all 0. 966
_refine ls shift/su_max 0. 000
_refine 1s shift/su_mean 0. 000

loop

_atom_site label

_atom site type symbol
_atom site fract x
_atom site fract y
_atom site fract z

_atom site U iso or equiv
_atom_site_adp type
_atom_site_occupancy
_atom_site symmetry multiplicity
_atom_site calc flag

_atom_site refinement flags
_atom_site disorder_assembly
_atom_site disorder_group

01 0 0.3013(5) 0.5298(2) 0.5371(4) 0.0389(11) Uani 1 1 d

02 0 -0.0278(6) 0.3645(2) 0.2795(4) 0.0555(13) Uani 1 1 d .

H20 H -0.0116 0. 3493 0.3595 0.083 Uiso 1 1 calc R
03 0 0.6368(6) 0.6841(2) 0.8308(5) 0.0501(13) Uani 1 1 d
H30 H 0.6057 0.6626 0.8909 0.075 Uiso 1 1 calc R

04 0 0.0311(6) 0.3731(2) 0.5446(4) 0.0536(13) Uani 1 1 d
05 0 0.5116(5) 0.5751(2) 0.2299(4) 0.0509(13) Uani 1 1 d
06 0 0.6207(6) 0.6078(2) 0.0536(5) 0.0687(16) Uani 1 1 d
Cl C 0.1391(7) 0.4478(3) 0.4102(6) 0.0329(15) Uani 1 1 d
C2 C 0.0665(8) 0.4184(3) 0.2856(7) 0.0416(16) Uani 1 1 d
C3 C 0.0930(9) 0.4415(3) 0.1627(7) 0.0540(19) Uani 1 1 d
H3 H 0.0471 0.4201 0.0776 0.065 Uiso 1 1 calc R .

C4 C 0.1875(8) 0.4964(3) 0.1665(7) 0.0486(18) Uani 1 1 d
H4 H 0.2047 0.5126 0.0822 0.058 Uiso 1 1 calc R .

C5 C 0.2584(7) 0.5288(3) 0.2888(6) 0.0364(16) Uani 1 1 d
C6 C 0.3589(8) 0.5896(3) 0.2887(6) 0.0428(17) Uani 1 1 d
C7 C 0.4276(8) 0.6144(3) 0.4320(6) 0.0390(17) Uani 1 1 d
C8 C 0.5271(8) 0.6696(3) 0.4560(7) 0.0480(18) Uani 1 1 d
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H8 H 0.5489 0.6919 0.3797 0.058 Uiso 1 1 calc R .

C9 C 0.5944(8) 0.6923(3) 0.5900(7) 0.0469(18) Uani 1 1 d . .

H9 H 0.6614 0.7299 0.6041 0.056 Uiso 1 1 calc R .

C10 C 0.5642(8) 0.6602(3) 0.7035(7) 0.0435(17) Uani 1 1 d . . .
C11 C 0.4649(8) 0.6061(3) 0.6826(7) 0.0401(17) Uani 1 1 d . . .
H11 H 0.4422 0.5841 0.7590 0.048 Uiso 1 1 calc R . .

C12 C 0.3980(7) 0.5842(3) 0.5471(6) 0.0397(17) Uani 1 1 d . . .
C13 C 0.2356(7) 0.5029(3) 0.4097(6) 0.0338(15) Uani 1 1 d . . .
C14 C 0.1153(8) 0.4223(3) 0.5383(7) 0.0461(18) Uani 1 1 d . . .
H14 H 0.1664 0.4439 0.6221 0.055 Uiso 1 1 calc R . .

C15 C 0.2580(8) 0.6369(3) 0.1867(6) 0.0401(16) Uani 1 1 d . . .
C16 C 0.0978(7) 0.6654(3) 0.1834(6) 0.0377(16) Uani 1 1d . . .
H16 H 0.0332 0.6555 0.2491 0.045 Uiso 1 1 calc R . .

C17 C 0.0381(8) 0.7091(3) 0.0780(6) 0.0478(19) Uani 1 1d . . .
H17 H -0.0703 0.7298 0.0720 0.057 Uiso 1 1 calc R .

C18 C 0.1316(9) 0.7236(3) -0.0186(6) 0.0470(18) Uani 1 1d . .
H18 H 0.0865 0.7542 —0.0877 0.056 Uiso 1 1 calc R .

C19 C 0.2838(9) 0.6952(3) -0.0163(7) 0.0498(18) Uani 1 1d . .
H19 H 0.3465 0.7048 —0.0833 0.060 Uiso 1 1 calc R .

€20 C 0.3467(8) 0.6513(3) 0.0876(6) 0.0459(18) Uani 1 1 d. . .
€21 C 0.5035(9) 0.6124(3) 0.1153(7) 0.055(2) Uani 1 1d. . .
loop

_atom site aniso label
_atom_site aniso U 11
_atom_site aniso U 22
_atom_site aniso U 33
_atom_site aniso U 23
_atom_site aniso U 13
_atom_site aniso U 12

01 0.042(2) 0.041(3) 0.039(3) 0.007(2) 0.019(2) —0.002(2)
02 0.062(3) 0.045(3) 0.059(3) 0.002(3) 0.014(3) -0.002(3)
03 0.055(3) 0.055(3) 0.044(3) -0.003(2) 0.021(2) 0.004(2)
04 0.052(3) 0.050(3) 0.061(3) 0.004(3) 0.021(2) -0.004(3)
05 0.045(3) 0.062(3) 0.053(3) 0.020(3) 0.026(2) 0.014(2)
06 0.056(3) 0.083(4) 0.073(4) 0.024(3) 0.029(3) 0.010(3)
C1 0.034(3) 0.037(4) 0.030(4) 0.005(3) 0.013(3) 0.005(3)
C2 0.049(4) 0.040(4) 0.039(4) 0.010(4) 0.018(3) 0.007(4)
€3 0.059(4) 0.051(5) 0.048(5) —0.003(4) 0.006(4) 0.013(4)
C4 0.056(4) 0.052(5) 0.038(4) 0.012(4) 0.013(3) 0.010(4)
C5 0.036(4) 0.035(4) 0.040(4) 0.012(3) 0.012(3) 0.009(3)
C6 0.039(4) 0.056(5) 0.037(4) 0.009(3) 0.017(3) 0.013(3)
C7 0.039(4) 0.035(4) 0.043(4) 0.012(3) 0.010(3) 0.005(3)
C8 0.046(4) 0.054(5) 0.044(5) 0.021(4) 0.012(3) 0.007 (4)
C9 0.038(4) 0.036(4) 0.067(5) 0.008(4) 0.014(4) 0.001(3)

C10 0.042(4) 0.045(5) 0.045(4) -0.002(4) 0.014(3) 0.007(4)
C11 0.040(4) 0.039(4) 0.046(4) 0.004(3) 0.019(3) 0.004(3)
C12 0.035(4) 0.043(4) 0.045(4) 0.000(4) 0.018(3) 0.004(3)
C13 0.026(3) 0.039(4) 0.036(4) 0.004(3) 0.008(3) 0.010(3)
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C14 0.037(4) 0.040(4) 0.062(5) -0.001(4) 0.014(3) 0.000(3)
C15 0.040(4) 0.040(4) 0.041(4) 0.004(3) 0.012(3) 0.003(3)
C16 0.037(4) 0.032(4) 0.044(4) 0.001(3) 0.009(3) —0.001(3)
C17 0.045(4) 0.046(5) 0.046(4) 0.000(4) 0.001(4) 0.020(3)
C18 0.064(5) 0.037(5) 0.043(4) 0.004(3) 0.019(4) 0.001(4)
C19 0.054(4) 0.050(5) 0.049(4) 0.011(4) 0.020(4) -0.005(4)
€20 0.040(4) 0.052(5) 0.045(4) 0.008(4) 0.011(3) 0.000(4)
C21 0.045(4) 0.067(6) 0.059(5) 0.012(4) 0.026(4) -0.003(4)

_geom_special details

All esds (except the esd in the dihedral angle between two 1.s. planes)

are estimated using the full covariance matrix. The cell esds are taken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are only
used when they are defined by crystal symmetry. An approximate (isotropic)
treatment of cell esds is used for estimating esds involving 1.s. planes.

loop
_geom_bond atom site label 1
_geom_bond atom site label 2
_geom_bond distance
_geom_bond site symmetry 2
_geom_bond_publ flag

01 C13 1.369(7) . ?

01 C12 1.378(7) . ?

02 C2 1.361(7) . ?

02 H20 0.8400 . °?

03 C10 1.353(7) . ?

03 H30 0.8400 . °?

04 C14 1.250(7) . ?

05 C21 1.380(7) . ?

05 C6 1.501(7) . ?

06 C21 1.239(7) . ?

Cl C2 1.379(8) . ?

Cl C13 1.400(8) . ?

Cl C14 1.444(@8) . ?

C2 €3 1.385(9) . ?

C3 C4 1.382(9) . ?

C3 H3 0.9500 . ?

C4 C5 1.389(8) . ?

C4 H4 0.9500 . ?

C5 C13 1.379(8) . ?

C5 C6 1.520(9) . ?

C6 C7 1.490(8) . ?

C6 C15 1.507(8) . ?

C7 C12 1.387(8) . ?

C7 C8 1.400(9) . ?
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C8 €9 1.393(8) . ?
C8 H8 0.9500 . ?
C9 C10 1.395(8) . ?
C9 H9 0.9500 . ?

€10 C11 1.378(9) . 2
Cl1 C12 1.400(8) . 2
C11 HI1 0.9500 . ?
Cl14 H14 0.9500 . ?
C15 €20 1.384(8) . 2
C15 C16 1.395(8) . 2
Cl16 C17 1.394(8) . 2
C16 H16 0.9500 . ?
C17 C18 1.390(8) . 2
C17 H17 0.9500 . ?
C18 C19 1.339(8) . 2
C18 HI8 0.9500 . ?
C19 C20 1.390(8) . 2
C19 H19 0.9500 . ?
€20 C21 1.457(9) . ?
loop

_geom_angle atom site label 1
_geom_angle atom site label 2
_geom_angle atom site label 3
_geom_angle
_geom_angle site symmetry 1
_geom_angle site symmetry 3
_geom_angle publ flag

C13 01 C12 119.4(55) . . ?

C2 02 H20 109.5 . . ?

C10 03 H30 109.5 . . ?

C21 05 C6 109.4(5) . . ?

C2 C1 C13 118.6(6) . . ?

C2 C1 C14 120.6(6) . . ?

C13 C1 Cl14 120.8(6) . . ?

02 C2 C1 121.3(6)

02 C2 C3 117.7(6)

Cl C2 C3 121.0(6)

C4 C3 C2 118.6(7) . .
C4 C3 H3 120.7 . . ?
C2 C3 H3 120.7 . . ?
C3 C4 C5 122.5(6) . . ?
C3 C4 H4 118.7 . . °?

Cb C4 H4 118.7 . . °?

C13 C5 C4 117.2(6) . . ?
C13 C5 C6 121.7(6) . . ?
C4 C5 C6 121.1(6) . . ?
C7 C6 05 108.4(5) . . ?
C7 C6 C15 114.3(6) . . ?

D 0 0 O
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05 C6 C15 102.3(5) . . ?
C7 C6 C5 111.4(5)

05 C6 C5 107.2(5) . .

C15 C6 C5 112.7(5) .

Cl2 C7 C8 116.9(6) . . ¢
Cl12 C7 C6 122.2(6) . . ?
C8 C7 C6 120.9(6) . . ?

9 C8 C7 121.1(6) . . ?

C9 C8 H8 119.5

C7 C8 H8 119.5 . . 2

C8 C9 C10 120.4(6) . . ?
C8 C9 H9 119.8 . . 2

C10 C9 H9 119.8 . . 2

03 C10 CI1 123.0(6) . . °
03 C10 C9 117.2(6) . . ?
C11 C10 C9 119.8(6) . . °
Cl10 Cl1 Cl12 118.9(6) . . 2
C10 C11 HIl 120.6

Cl2 C11 HIl 120.6 . . ?

01 Cl2 C7 122.5(6) . . ?
01 C12 CI1 114.5(5) . . ?
C7 C12 CI1 122.9(6) . . °
01 C13 C5 122.8(6) . .
01 C13 CI 115.2(5) . .
C5 C13 Cl 122.0(6)

04 C14 Cl 123.4(6) .
04 Cl4 H14 118.3 . . ?
Cl Cl4 H14 118.3 . . ?
€20 C15 C16 120.5(6) . . 2
€20 C15 C6 110.8(5) . . ?
Cl6 C15 C6 128.7(5) . . °
C17 C16 C15 116.0(6) . . 2
C17 C16 HI6 122.0 . . ?
C15 C16 H16 122.0 . . ?
C18 C17 C16 122.3(6) . . 2
C18 C17 H17 118.9 . . ?
C16 C17 H17 118.9 . . ?
C19 C18 C17 121.4(6) . . 2
C19 C18 HI8 119.3 . . ?
C17 C18 HI8 119.3 . . ?
C18 C19 C20 117.6(6) . . 2
C18 C19 H19 121.2 . . ?
€20 C19 H19 121.2 . . ?
C15 C20 C19 122.2(6) . . ?
C15 C20 C21 107.3(6) . . 2
C19 €20 C21 130.5(6) . . °
06 C21 05 118.9(6) . . ?
06 C21 €20 131.0(7) . . °
05 €21 €20 110.0(5) . . ?

D 0 0 D
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loop

_geom_torsion_atom site label 1
_geom_torsion_atom site label 2
_geom_torsion_atom site label 3
_geom_torsion_atom site label 4

_geom_torsion

_geom_torsion site symmetry 1
_geom_torsion site symmetry 2
_geom_torsion site symmetry 3
_geom_torsion site symmetry 4

_geom_torsion publ flag

Cl3 Cl C2 02 179.6(5) . . .
Cl4 Cl C2 02 -0.6(9) . . .
Cl13Cl C2C32.20) .. ..
Cl4 C1 C2 €3 -178.1(6) . .
02 C2 C3 C4 179.6(6) . . .
Cl C2 C3C4-2.809) . . .
C2 C3C4C50.7010) . . .
C3C4C5C131.909) . . .
C3 C4 C5 C6 -178.9(6) . . .
€21 05 C6 C7 -117.6(6) . .
€21 05 C6 C15 3.5(6) . . .
C21 05 C6 C5 122.1(5) . .

C13 C5 C6 C7 1.2(7)

C4 C5 C6 C7 -178.0(5) .
C13 C5 C6 05 119.6(5) .

C4 C5 C6 05 —59.5(7)

C13 C5 C6 Cl5 —128.7(6)

C4 C5 C6 Cl5 52.2(8)

05 C6 C7 C12 -118.3(6) . .
C15 C6 C7 C12 128.4(6) . .
C5 C6 C7 C12 -0.7(8) . . .
05 C6 C7 C8 61.2(7) . . . .
C15 C6 C7 C8 -52.1(8) . . .
C5 C6 C7 C8 178.8(5) . . .
Cl12 C7 C8 €9 0.8(9) . . .
C6 C7 C8 C9 -178.7(6) . .
C7 C8 C9 C10 0.2(9) . . .
C8 C9 C10 03 178.5(5) . .
C8 C9 C10 C11 -0.9(9) . . .
03 C10 CI1 C12 -178.7(5) .
C9 C10 Cl11 C12 0.8(9) . . .
C13 01 C12 C7 2.1(8) . . .
C13 01 C12 C11 -177.4(5) .
C8 C7 C12 01 179.6(5) . . .
C6 C7 C12 01 -0.9(9) . . .
C8 C7 C12 Cl11 -1.0(9) . . .
C6 C7 C12 Cl11 178.5(5) . .
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C10 C11 C12 01 179.7(5)
C10 C11 C12 C7 0.2(9) . .
Cl2 01 C13 C5 -1.5(8) . .
C12 01 C13 C1 -180.0(5)
C4 C5 C13 01 179.0(5) .
C6 C5 C13 01 -0.1(8)

C4 C5 C13 C1 -2.6(8)

C6 C5 C13 C1 178.2(5) .

C2 Cl C13 01 179.1(5) . .
Cl4 C1 C13 01 -0.7(8) . .
C2 Cl C13C50.6(8) . . .
Cl4 C1 C13 C5 -179.1(5) .
C2 Cl Cl4 04 0.5(9) . . .
C13 C1 Cl14 04 -179.7(5) .

C7 C6 C15 C20 113.1(6) . .

05 C6 C15 €20 -3.8(7) . .
C5 C6 C15 C20 -118.5(6) .

C7 C6 C15 C16 —66.6(8) . .
05 C6 C15 C16 176.5(6) . .

C5 C6 C15 C16 61.8(8) . .
€20 C15 C16 C17 -1.4(9) .
C6 C15 C16 C17 178.2(8) .

C15 C16 C17 C18 0.2(9) . .

C16 C17 C18 C19 1.0(10) .

C17 C18 C19 €20 -0.9(10)

Cl6 C15 €20 C19 1.6(10)

C6 C15 C20 C19 -178.1(6) . .
Cl6 C15 C20 C21 -177.5(6)

C6 C15 C20 C21 2.8(8) . .

C18 C19 €20 C15 —0.4(10)
C18 C19 €20 C21 178.5(7) .

C6 05 C21 06 178.9(6) .
C6 05 C21 €20 -2.0(7) .
C15 C20 C21 06 178.5(8)
C19 C20 C21 06 —0.5(13)

C15 C20 C21 05 -0.5(8) .
C19 C20 C21 05 -179.5(6)

loop

_geom_hbond atom site label D
~geom_hbond atom site label H
~geom_hbond atom site label A

_geom_hbond_distance DH
_geom_hbond_distance HA
_geom_hbond_distance DA
~geom hbond angle DHA

~geom hbond site symmetry A
02 H20 04 0.84 1.86 2.572(6) 141.6
03 H30 06 0.84 1.98 2.783(7) 160.2 1 556
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_diffrn _measured fraction theta max 0. 989
_diffrn_reflns theta full 25.05
_diffrn _measured fraction theta full  0.989
_refine diff density max 0.76
_refine diff density min -0.30

_refine diff density rms 0.071

# END OF CIF
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APPENDIX Y: CRYSTALLOGRAPHIC DATA FOR COMPOUND 2.1

data XXu3

_audit creation method SHELXL-97
_chemical name systematic

?
_chemical name common ?
_chemical melting point ¢
_chemical compound source > local laboratory
_chemical formula moiety €22 H12 07, 0.5(C3 H6 0)’
_chemical formula sum " €23.50 H15 07.50°
_chemical formula weight 417. 36

loop_

_atom_type_symbol

_atom_type_description

_atom_type_scat_dispersion real
_atom_type_scat_dispersion_imag

_atom type scat source

¢ C 0.0033  0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’
S 0.0000  0.0000

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’
00 0.0106  0.0060
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> International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’

_symmetry_space group name H-M ’C 2/c
_symmetry_space group name Hall *-C 2yc’
_symmetry cell setting 'Monoclinic

loop_
_symmetry equiv _pos as Xyz
%y, 7

T-x, y, —z+1/2

Tx+1/2, y+1/2, 7’
T-x+1/2, y+1/2, -z+1/2
' -y, -7

'x, -y, z—1/2

T-x+1/2, -y+1/2, -7’
Tx+1/2, -y+1/2, z-1/2

~cell length a 19. 388 (6)
~cell length b 7.897(2)
~cell length ¢ 24.479(9)
_cell angle alpha 90

_cell angle beta 91. 407 (10)
_cell angle gamma 90

_cell volume 3746.8(18)
~cell formula units 7 8

_cell measurement temperature 105

_cell measurement reflns _used 3259
_cell measurement_theta min 2.5
_cell measurement theta max 26. 4
_exptl crystal description needle
_exptl crystal colour colorless
_exptl crystal size max 0. 37
_exptl crystal size mid 0.07
_exptl crystal size min 0.05
_exptl crystal density meas ?

_exptl crystal density diffrn 1. 480
_exptl crystal density method ’not measured’
_exptl crystal F 000 1728
_exptl absorpt coefficient mu 0.112
_exptl absorpt correction type none

_exptl absorpt correction T min 9
_exptl absorpt correction T max 9
_exptl absorpt process details ?

_exptl special details

’

?
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~diffrn_ambient temperature 105

~diffrn _radiation wavelength 0.71073
_diffrn_radiation_ type MoK\a
_diffrn_radiation_source ’fine—focus sealed tube

_diffrn radiation _monochromator  graphite
_diffrn_measurement device ’KappaCCD (with Oxford Cryostream)’
_diffrn_measurement method > \w scans with \k offsets’
_diffrn detector_area resol mean ¢

_diffrn_standards_number 0

_diffrn standards interval count 9

_diffrn standards interval time 9

_diffrn standards decay % <2
_diffrn reflns number 10686
_diffrn reflns av R equivalents 0.058
_diffrn reflns av _sigmal/netl 0. 0881
_diffrn reflns limit h min -23
~diffrn reflns limit h max 24
~diffrn reflns limit k min -6
_diffrn reflns limit k max 9
~diffrn reflns limit 1 min -30
~diffrn reflns limit 1 max 30
_diffrn_reflns theta min 2.6
_diffrn_reflns theta max 26. 4
_reflns number total 3802
_reflns number gt 2255
_reflns_threshold expression I>2\s (1)

_computing data collection ’COLLECT (Nonius 1999)’
_computing data reduction ’Denzo and Scalepack (Otwinowski & Minor, 1997)’

_computing cell refinement ’Denzo and Scalepack (Otwinowski & Minor, 1997)’
_computing structure solution ’Direct methods (SIR, Altomare, et al., 1994)’
_computing structure refinement ’ SHELXL-97 (Sheldrick, 1997)’

_computing molecular graphics " ORTEP-3 for Windows (Farrugia, 1997)°

_computing publication material ’ SHELXL-97 (Sheldrick, 1997)’
_refine special details

Refinement of F 2~ against ALL reflections. The weighted R-factor wR and
goodness of fit S are based on F 2", conventional R-factors R are based

on F, with F set to zero for negative F 2 . The threshold expression of
F'2" > 2sigma(F 2") is used only for calculating R-factors(gt) etc. and is
not relevant to the choice of reflections for refinement. R-factors based
on F'2" are statistically about twice as large as those based on F, and R-
factors based on ALL data will be even larger.

“refine Is structure factor coef Fsqd
“refine Is matrix type full
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~refine 1s weighting scheme calc
_refine 1s weighting details
“cale w=1/[\s 2" (Fo"27)+(0. 0602P) "2 +1. 1371P] where P=(Fo 2 +2Fc"2") /3

_atom_sites_solution primary direct
_atom_sites_solution secondary difmap
_atom_sites_solution hydrogens geom
_refine 1s hydrogen treatment constr
_refine 1s extinction method none
_refine 1s extinction_coef ?
_refine 1s number reflns 3802
_refine 1s number parameters 300
_refine Is number restraints 0
_refine Is R factor all 0.120
_refine 1s R factor gt 0. 058
_refine 1Is wR factor ref 0. 141
_refine Is wR factor gt 0.119
~refine Is goodness of fit ref 1. 023
~refine Is restrained S all 1. 023
_refine 1s shift/su max 0. 000
_refine 1s shift/su mean 0. 000

loop

_atom_site label

_atom site type symbol

_atom_site fract x

_atom_site fract y

_atom_site fract z

_atom_site U iso or equiv

_atom_site_adp type

_atom_site_occupancy

_atom_site symmetry multiplicity

_atom_site calc flag

_atom_site refinement flags

_atom_site disorder assembly

_atom_site_disorder group

01 0 0.47740(9) 0.23881(19) 0.52159(8) 0.0232(5) Uani 1 1 d
02 0 0.30624(10) 0.3479(2) 0.65314(9) 0.0341(5) Uani 1 1 d .
H20 H 0.2810(16) 0.291(4) 0.6249(14) 0.051 Uiso 1 1 d

03 0 0.63095(11) 0.1534(2) 0.37665(9) 0.0349(5) Uani 1 1 d . .

H30 H 0.5910(17) 0.103(4) 0.3620(14) 0.052 Uiso 1 1 d

04 0 0.28030(10) 0.1844(2) 0.56100(9) 0.0350(5) Uani 1 1d . .
05 0 0.50498(10) 0.0415(2) 0.37446(9) 0.0341(5) Uani 1 1d . .
06 0 0.59402(9) 0.60806(18) 0.58466(8) 0.0241(5) Uani 1 1 d
07 0 0.65989(9) 0.8015(2) 0.62792(9) 0.0316(5) Uani 1 1d . .
Cl C 0.39099(13) 0.2906(3) 0.58571(12) 0.0222(6) Uani 1 1 d
C2 C 0.37151(13) 0.3584(3) 0.63593(12) 0.0247(7) Uani 1 1 d
C3 C 0.41903(15) 0.4413(3) 0.66984(13) 0.0299(7) Uani 1 1 d
H3 H 0.4054 0.4855 0.7040 0.036 Uiso 1 1 calc R

C4 C 0.48591(14) 0.4588(3) 0.65350(13) 0.0270(7) Uani 1 1 d
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.67116(13) 0.5017(3) 0.64884(12) 0.0212(6) Uani 1
.64437(13) 0.6550(3) 0.62185(12) 0.0234(7) Uani 1 1 d
.0323(3) 0.7551(5) 0.2483(2) 0.0693(19) Uani 0.50

. 0000 0.6134(5) 0.2500 0.0483(14) Uani 1 2 d S .
.0552(4) 0.4588(9) 0.2544(3) 0.052(2) Uani 0.50 1 d P .
.0699(4) 0.5824(13) 0.2499(3) 0.058(2) Uani 0.50 1 d P .

C21
C22
018
C1S
C28
C3S

H4 H 0.5180 0.5158 0.6769 0.032 Uiso 1 1 calc R
C5 C 0.50857(13) 0.3956(3) 0.60336(12) 0.0208(6) Uani 1 1 d
C6 C 0.58165(13) 0.4222(3) 0.58599(12) 0.0219(6) Uani 1 1 d
C7 C 0.59272(13) 0.3523(3) 0.53013(12) 0.0216(6) Uani 1 1 d
C8 C 0.65709(14) 0.3701(3) 0.50484(12) 0.0272(7) Uani 1 1 d
H8 H 0.6931 0.4292 0.5237 0.033 Uiso 1 1 calc R . .
C9 C 0.66947(14) 0.3055(3) 0.45432(12) 0.0274(7) Uani 1 1 d
H9 H 0.7132 0.3210 0.4383 0.033 Uiso 1 1 calec R
C10 C 0.61724(14) 0.2162(3) 0.42633(12) 0.0257(7) Uani 1 1 d
C11 C 0.55264(14) 0.1940(3) 0.44979(12) 0.0223(6) Uani 1 1 d
C12 C 0.54227(14) 0.2654(3) 0.50154(12) 0.0221(6) Uani 1 1 d
C13 C 0.46062(13) 0.3120(3) 0.57062(11) 0.0201(6) Uani 1 1 d
Cl4 C 0.34128(15) 0.2072(3) 0.54940(13) 0.0297(7) Uani 1 1 d
H14 H 0.3564 0.1682 0.5150 0.036 Uiso 1 1 calc R . .
C15 C 0.49829(15) 0.1019(3) 0.42052(13) 0.0264(7) Uani 1 1 d
H15 H 0.4553 0.0874 0.4378 0.032 Uiso 1 1 calc R . .
C16 C 0.63539(13) 0.3636(3) 0.62782(11) 0.0206(6) Uani 1 1 d
C17 C 0.65180(14) 0.2009(3) 0.64428(12) 0.0249(7) Uani 1 1 d
H17 H 0.6275 0.1058 0.6299 0.030 Uiso 1 1 calc R . .
C18 C 0.70511(14) 0.1815(3) 0.68265(12) 0.0261(7) Uani 1 1 d
H18 H 0.7178 0.0708 0.6943 0.031 Uiso 1 1 calc R . .
C19 C 0.74050(14) 0.3201(3) 0.70453(12) 0.0280(7) Uani 1 1 d
H19 H 0.7762 0.3032 0.7312 0.034 Uiso 1 1 calc R . .
€20 C 0.72379(14) 0.4830(3) 0.68747(12) 0.0265(7) Uani 1 1 d
H20 H 0.7478 0.5785 0.7019 0.032 Uiso 1 1 calc R

Co 0

Co

00

Co

Co

Co

loop_

_atom_site aniso_label

_atom_site aniso U 11

_atom_site aniso U 22

_atom_site aniso U 33

_atom_site aniso U 23

_atom site aniso U 13

_atom site aniso U 12

01 0.0209(10) 0.0250(9) 0.0235(12) -0.0021(8) -0.0034(9) -0.0017(7)

02 0.0253(12) 0.0405(11) 0.0367(14) -0.0062(10) 0.0028(10) —0.0055(9)
03 0.0355(12) 0.0421(11) 0.0271(13) -0.0025(10) 0.0017(10) 0. 0061 (9)
04 0.0251(12) 0.0401(11) 0.0396(14) 0.0004(10) —0.0014(10) —0. 0057 (9)
05 0.0426(13) 0.0332(10) 0.0260(13) -0.0062(10) —0.0069 (11) 0. 0046 (9)
06 0.0255(10) 0.0129(8) 0.0336(13) 0.0035(8) —0.0058(9) —-0.0008(7)

07 0.0272(11) 0.0161(9) 0.0515(15) —0.0029(9) —0.0042(10) -0.0029(8)
C1 0.0218(15) 0.0192(12) 0.0253(17) 0.0026(12) -0.0046(13) —0.0011(10)
C2 0.0220(16) 0.0245(13) 0.0278(18) 0.0038(13) 0.0018(13) 0.0011(11)
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C3 0.0322(18) 0.0286(14) 0.0288(19) —0.0055(13) —0.0002(15) -0.0013(12)
C4 0.0255(17) 0.0241(13) 0.0311(19) —0.0044(13) -0.0050(14) -0.0023(11)
C5 0.0216(15) 0.0140(11) 0.0266(17) 0.0014(12) —0.0041(13) 0.0009 (10)
C6 0.0258(16) 0.0132(11) 0.0265(18) 0.0025(12) -0.0034(13) —0.0010(10)
C7 0.0245(15) 0.0163(11) 0.0237(17) 0.0046(12) —0.0014(13) 0.0020(11)
C8 0.0274(16) 0.0230(13) 0.0308(19) 0.0043(13) —0. 0056 (14) 0.0020(11)
C9 0.0232(16) 0.0303(14) 0.0286(19) 0.0057(14) 0.0013(14) 0.0016(12)
C10 0.0312(17) 0.0238(12) 0.0219(18) 0.0034(12) -0.0036(14) 0.0097 (12)
C11 0.0235(15) 0.0191(12) 0.0242(17) 0.0024(12) -0.0038(13) 0.0043(11)
C12 0.0223(15) 0.0181(12) 0.0257(18) 0.0043(12) -0.0048(13) 0.0028(11)
C13 0.0250(15) 0.0152(12) 0.0199(16) 0.0013(11) -0.0038(13) 0.0034(10)
Cl14 0.0292(18) 0.0249(13) 0.035(2) 0.0020(13) —0.0026(15) —0. 0003 (12)
C15 0.0288(16) 0.0202(13) 0.0299(19) 0.0011(13) -0.0051(14) 0.0065(11)
C16 0.0213(14) 0.0201(12) 0.0201(16) 0.0001(11) -0.0020(12) —0.0010(10)
C17 0.0311(16) 0.0171(12) 0.0262(18) 0.0008(12) —0.0047 (14) —0.0017 (11)
C18 0.0323(17) 0.0222(13) 0.0236(17) 0.0031(12) -0.0053(14) 0.0021(11)
C19 0.0273(16) 0.0329(14) 0.0233(18) 0.0041(13) -0.0076 (14) —0.0035(12)
€20 0.0256(16) 0.0256(13) 0.0281(18) -0.0048(13) —0.0040(14) —0.0032(11)
€21 0.0207(15) 0.0182(12) 0.0247(17) —0.0019(12) 0.0011(13) 0.0025(11)
€22 0.0178(14) 0.0196(13) 0.0327(19) 0.0007(12) 0.0013(13) —0.0020(11)
01S 0.130(6) 0.044(2) 0.034(3) -0.003(3) -0.007(5) —-0.025(3)

C1S 0.103(5) 0.030(2) 0.011(3) 0.000 —0.001(3) 0.000

C2S 0.063(5) 0.045(4) 0.049(5) -0.006(4) 0.010(4) 0.027(4)

€3S 0.033(5) 0.101(7) 0.039(5) 0.001(5) —0.001(4) -0.002(5)

_geom_special details

All esds (except the esd in the dihedral angle between two 1.s. planes)

are estimated using the full covariance matrix. The cell esds are taken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are only
used when they are defined by crystal symmetry. An approximate (isotropic)
treatment of cell esds is used for estimating esds involving 1.s. planes.

loop_
_geom_bond_atom _site label 1
_geom_bond_atom site label 2
_geom_bond distance
_geom_bond site symmetry 2
_geom_bond _publ flag

01 C12 1.377(3) . ?

01 C13 1.378(3) . ?

02 C2 1.346(3)
02 H20 0.95(3) . ?
03 C10 1.346(3) . ?
03 H30 0.93(3) . ?
04 C14 1.236(3) . ?
05 C15 1.234(3) . ?

(V]
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06
06
07
Cl1
Cl
Cl
C2
C3
C3
C4
C4
C5
C5
C6
C6
C7
C7
C8
C8
C9
C9
C10
Cl11
Cl11
Cl14
C15
C16
C16
C17
C17
C18
C18
C19
C19
C20
C20
C21
018
018
018
C1S
C1S
C1S
C1S
C1S
C28

loo

~geom angle atom site label 1

€22 1.369(3) .
C6 1.487(3) .

€22 1.204(3) .

C2 1.401(4) .

C13 1.418(4) . ?

Cl14 1.453(4) .

€3 1.389(4) . ?

C4 1.373(4)
H3 0.9500 . ?
C5 1.405(4)
H4 0.9500 . ?
C13 1.381(3) .
C6 1.504(4)
C7 1.495(4)

Cl6 1.515(3) . ?

C12 1.373(4) .

C8 1.414(4)
€9 1.365(4)
H8 0.9500 . ?
C10 1.399(4) .
H9 0.9500 . ?

Cl1 1.402(4) . ?
Cl2 1.405(4) . ?
C15 1.455(4) . ?
H14 0.9500 . ?
H15 0.9500 . ¢
C17 1.381(3) . ?
C21 1.384(3) . ?
C18 1.388(4) . ?
H17 0.9500 . ¢
C19 1.392(3) . ?
H18 0.9500 .
€20 1.388(4) . ?
H19 0.9500 . ¢
€21 1.382(4) . ?
H20 0.9500 .

€22 1.468(3) . ?
01S 1.258(11) 2 ?
C1S 1.283(5) .

€3S 1.546(10) .
01S 1.283(5) 2 ?
€3S 1.377(8) 2 ?
03S 1.377(8) .

C2S 1.625(7) 2 2
C2S 1.625(7) . ?
C3S 1.024(9) . ?
D_
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_geom_angle atom_site label 2
_geom_angle atom_site label 3

_geom_angle
_geom_angle site symmetry 1
_geom_angle site symmetry 3
_geom_angle publ flag

Cl12 01 C13 118.9(2) . . 2

C2 02 H20 106(2) . . ?

C10 03 H30 109(2) . . ?

€22 06 C6 111.41(18) . . ?
C2 Cl C13 117.5(2) . . ?

C2 C1 Cl14 121.4@3) . . ?

C13 C1 C14 121.1(3) . . ?

02 C2 C3 117.2(3) .
02 C2 C1 121.8(2) .
C3 C2 C1 121.0(3) .
C4 C3 C2 119.4(3)

C4 C3 H3 120.3 . . ¢
C2 C3 H3 120.3 . . 2
C3 C4 C5 122.4(3) . . 2

C3 C4 H4 118.8

C5 C4 H4 118.8 . . 2

Cl13 C5 C4 117.2(2) . . ¢
C13 C5 C6 121.9(3) . . ?
C4 C5 C6 120.9(2) . . 9

06 C6 C7 108.5(2) . . ?

06 C6 C5 107.34(19) . . 2
C7 C6 C5 111.4(2) . . ?

06 C6 C16 101.97(19) . . 2
C7 C6 C16 113.2(2) . . ?
C5 C6 C16 113.8(2) . . ?
Cl2 C7 C8 116.9(3) . . ?
Cl12 C7 C6 122.3(2) . . ?
C8 C7 C6 120.8(2) . . 2

C9 C8 C7 122.4(3) . . ?

9 C8 H8 118.8 . . 2

C7 C8 H8 118.8 . . 2

€8 C9 C10 119.4(3) . . ?
C8 C9 H9 120.3 . . 2

€10 C9 H9 120.3 . . 2

03 C10 C9 118.1(3) . . ?
03 C10 CI1 121.5(3) . . ?
C9 C10 CI1 120.4(3) . . ?
Cl10 Cl1 Cl12 117.9(2) . . 2
C10 Cl11 C15 120.3(3) . . 2
C12 C11 C15 121.8(3) . . ?
C7 Cl2 01 122.7(3) . . ?
C7 C12 CI1 123.0(3) . . ?
01 C12 CI1 114.4(2) . . ?

D D D D
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01

01

C5

04

04

Cl

05

05

Cl11
C17
C17
C21
C16
C16
C18
C17
C17
C19
C20
C20
C18
C21
C21
C19
C20
C20
C16

07 C22 C21 130.7(3) .
06 C22 C21 108.34(19) . .

018
018
C1S
018
018
018
018
018
C3S
015
015
C35
C3S
015
015
C3S
C3S
C25
C3S

C13
C13
C13
Cl14
Cl14
Cl14
C15
C15
C15
C16
C16
C16
C17
C17
C17
C18
C18
C18
C19
C19
C19
C20
C20
€20
C21
C21
C21

018
018
018
C18
C18
C18
C18
C18
C1S
C1S
C1S
C1S
C1S
C1S
C1S
C1S
C1S
C1S
C25

C5 122.4(2) .
Cl 115.1(2) .
Cl 122.5(3) .
Cl 123.3(3) .
H14 118.3 . .
H14 118.3 . .

Cl1l 123.5(3) . . ?

H15 118.2 . .
H15 118.2 .
C21 121.0(2) .

C6 129.1(2)

C6 109.9(2) . .
.5(2) .
121.
121.
121.
119.
119.
120.
119.
119.
117.
121.
121.
121.
130.
108.

C18
H17
H17
C19
H18
H18
C18
H19
H19
C19
H20
H20
C16
C22
C22

C1S
C3S
C3S
018
C3S
C3S
C3S
C3S
C35
C25
C25
C25
C25
C25
C25
C25
C25
C25
C1S

117

2.
2

?
?

?

70) .

2.
2

2(3) .

9.
9

9(2) .

1.
1

7(2) .
0(2) .
3(2) .
07 C22 06 120.9(2) .

L?

D 0 D 0

.2

60.7(3) 2. ?
117.9(4) 2 . ?
57.4(3) . . ?
58.7(5) 2. ?
71.0(5) 2 2 ?
129.5(6) . 2 ?
129.5(6) 2 . ?
71.0() . . ?
159.5(9) 2 . ?
109.6(4) 2 2 ?
166.9(4) . 2 ?
38.8(4) 22 °
120.8(7) . 2 ?
166.9(4) 2 . ?
109.6(4) . . ?
120.8(7) 2 . ?
38.8(4) . . ?
82.6(6) 2. ?
57.4(6) . . ?
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C2S €3S C1S 83.8(7) . . ?
C2S €3S 01S 135.3(9)
CIS C3S 01S 51.7(4) . . ?

loop_

_geom_torsion_atom site label 1
_geom_torsion_atom site label 2
_geom_torsion_atom site label 3
_geom_torsion_atom site label 4

_geom_torsion

_geom_torsion site symmetry 1
_geom_torsion site symmetry 2
_geom_torsion site symmetry 3
_geom_torsion site symmetry 4

_geom_torsion publ flag
Cl13 Cl C2 02 178.4(2) . .
Cl4 C1 C2 02 0.8(4) . . .

CI3 Cl1 C2 C3 -0.8(4) . . .
Cl4 Cl C2 C3 -178.5(2) . .

02 C2 C3 C4 -178.5(2) . .

Cl C2C3C40.84) . ...

€2 C3C4C5-0.1(4) . . .

C3 C4 C5 CI3 -0.6(4) . . .
C3 C4 C5 C6 177.9(2) . . .
C22 06 C6 C7 -122.6(2) . .

€22 06 C6 C5 116.9(2) .
€22 06 C6 C16 —2.9(3) .
C13 C5 C6 06 120.3(2) .
C4 C5 C6 06 —58.3(3)

C13 C5 C6 C7 1.6(3)

C4 C5 C6 C7 -176.9(2) .
C13 C5 C6 Cl6 —127.7(2)

C4 C5 C6 C16 53.8(3) . . .
06 C6 C7 C12 -122.1(2) .
C5 C6 C7 C12 -4.2(3) . . .
Cl6 C6 C7 C12 125.5(2) .

06 C6 C7 C8 59.4(3) . . .

C5 C6 C7 C8 177.3(2) . . .

Cl6 C6 C7 C8 -53.0(3) . .
Cl2 C7T C8 C9 0.3(4) . . .

C6 C7 C8 C9 178.9(2) . . .
C7 C8 C9 C10 -0.8(4) . . . .
C8 C9 C10 03 -179.8(2) . .
C8 C9 C10 C11 0.3(4) . . .
03 C10 CI1 C12 -179.2(2) .

C9 C10 Cl11 C12 0.6(4) . .

03 C10 C11 C15 -0.1(4) . .

C9 C10 C11 C15 179.7(2) .
C8 C7 C12 01 179.9(2) . .
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C6 C7 C12 01 1.3(4) .
C8 C7 C12 C11 0.8(4) .

C6 C7 C12 C11 -177.8(2) .

C13 01 C12 C7 4.6(3) .

.2

C13 01 C12 C11 -176.3(2) . . . . ?

€10 Cl11 C12 C7 -1.2(4) . .
C15 Cl1 C12 C7 179.7(2) .
C10 C11 C12 01 179.6(2) .
C15 Cl11 C12 01 0.6(3) . .
Cl12 01 C13 C5 -7.2(3) . .
Cl12 01 C13 C1 174.6(2) . .
C4 C5 C13 01 -177.4(2) . .

C6 C5 C13 01 4.0(4) .
C4 C5 C13 C1 0.6(4) .

C6 C5 C13 Cl -177.9(2) . .
C2 Cl C13 01 178.3(2) . .
Cl4 Cl C13 01 -4.0(3) . .

C2 Cl C13C5 0.1(4) .

Cl4 Cl C13 C5 177.8(2) .

C2 Cl Cl4 04 -3.1(4)

C13 C1 Cl14 04 179.3(2) . .
C10 C11 C15 05 -1.0(4) . .
C12 Cl11 C15 05 178.0(2) .
06 C6 C16 C17 -175.8(3) . .
C7 C6 C16 C17 -59.5(4) . .
C5 C6 C16 C17 68.9(4) . .

06 C6 C16 C21 2.3(3) .

C7 C6 C16 C21 118.7(2) . .
C5 C6 C16 C21 -112.9(2) . .
C21 C16 C17 C18 0.2(4) . .
C6 C16 C17 C18 178.2(3) . .
Cl6 C17 C18 C19 0.8(4) . .
C17 C18 C19 C20 -1.2(4) . .
C18 C19 €20 C21 0.5(4) . .
C19 C20 C21 C16 0.6(4) . .
C19 C20 C21 C22 -177.3(3) . . .
C17 C16 C21 C20 -0.9(4) .

C6 C16 C21 €20 -179.3(3) . . . . ?
C17 C16 C21 C22 177.3(3) . . . . ?

C6 C16 C21 €22 -1.0(3) . .
C6 06 C22 07 -177.5(3) . .

C6 06 C22 C21 2.5(3) . . .

C20
C16
C20
C16
C3S
015
C3S

21 €22 07 -2.8(5) . . .

C21 €22 07 179.2(3) . .
C21 €22 06 177.1(3) . .

21 €22 06 -0.9(3) . . .
01S C1S 01S 176.1(7) . .
.29
01S CIS €3S -179.12(16) . . . 2 °

01S C1S €3S 4.8(8) 2

?
.2
. 27?
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018
018
C3S
018
C3S
018
018
C3S
C28
C1S
018
018
C38
C28
018
C38
C28
C28
018
C1S
018

018
018
018
018
018
C18
C18
C18
C18
C28
C18
C18
C18
C18
C18
C18
C18
C18
01S
01S
01S

loop
_geom_hbond atom site label D
_geom_hbond_atom_site label H

C1S
C1S
C1S
C1S
C1S
C28
C28
C28
C28
C3S
C3S
C3S
C3S
C3S
C3S
C3S
C3S
C3S
C3S
C3S
C3S

C3S
C28
C28
C28
C28
C3S
C3S
C3S
C3S
018
C28
C28
C28
C28
018
018
018
018
C28
C28
C1S

-176.1(7) 2 . .
.29

29(2) 2
-155.0(18)

-173.3() 2 . .

2.8(5) . .
-30(2) 2.
-4.2(8) . .
177.5(3) 2

170.8(10) 2 . .

4.709) . .
171.5(6) 2
175.8(8) .
-6.1(6) 2 .

-10.6(11) 2 . .

-4.3(8) 2 .
178.1(3) 2
173.6(5) 2
-175.8(8) .
-2.0(17) 2
-5.9(12) .
3.9(7) 2.

?

?

.?

_geom_hbond_atom_site label A
_geom_hbond_distance DH
_geom_hbond_distance HA
_geom_hbond_distance DA
_geom_hbond _angle DHA

_geom_hbond_site symmetry A
02 H20 04 0.95(3) 1.77(3) 2.637(3) 149(3)

03 H30 05 0.93(3) 1.77(3) 2.597(3) 146(3) .

D O

L2

.27
.9

L?

_diffrn measured fraction theta max
_diffrn reflns theta full

_diffrn measured fraction theta full

_refine diff density max
_refine diff density min
refine diff density rms

# END OF CIF

0.33
-0.23
0. 057

0. 993
26.4
0.993
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APPENDIX Z: CRYSTALLOGRAPHIC DATA FOR COMPOUND 2.3

data_ XXu4

_audit_creation_method SHELXL-97
_chemical name systematic

_chemical name common

_chemical melting point ?

_chemical compound source >local laboratory
_chemical formula moiety €29 H16 06, 2(C3 H6 0)’
_chemical formula sum €35 H28 08

_chemical formula weight 576. 57

loop

_atom_type symbol

_atom type description

_atom_type_scat_dispersion real
_atom_type_scat_dispersion_imag

~atom type scat source

0 0.0033 0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1. 1.4’
ISt 0.0000  0.0000

"International Tables Vol C Tables 4.2.6.8 and 6.1. 1.4’
00 0.0106  0.0060
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> International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’

_symmetry_space group name H-M P -1
_symmetry space group name Hall '-P 1
_symmetry cell setting 'Triclinic

loop

_symmetry equiv_pos as Xyz

%y, 7

' %, -y, -2
~cell length a 7.338(H)
~cell length b 12.459(9)
~cell length c 16. 247 (13)
_cell angle alpha 81.00(3)
_cell angle beta 80. 19(3)
_cell angle gamma 73.69(3)
_cell volume 1395.5(18)
_cell formula units Z 2
_cell measurement temperature 105
_cell measurement reflns used 4614
_cell measurement theta min 2.5
_cell measurement theta max 25.6
_exptl crystal description plate
_exptl crystal colour yellow
_exptl crystal size max 0.10
_exptl crystal size mid 0.10
_exptl crystal size min 0.02
_exptl crystal density meas ?
_exptl crystal density diffrn 1. 372
_exptl crystal density method ’not measured’
_exptl _crystal F 000 604
_exptl _absorpt coefficient mu 0.097
_exptl _absorpt correction_ type none

_exptl _absorpt correction T min 9
_exptl _absorpt correction T max 9
_exptl absorpt process details ?

_exptl special details

_diffrn ambient temperature 105

~diffrn radiation wavelength 0.71073

~diffrn radiation type MoK\a

~diffrn radiation source ’fine—focus sealed tube

~diffrn radiation monochromator  graphite
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_diffrn_measurement device
_diffrn_measurement method

> KappaCCD (with Oxford Cryostream)’

\w scans with \k offsets’

_diffrn_detector_area resol mean ¢

_diffrn_standards number 0
_diffrn standards interval count 9
_diffrn standards interval time 9
_diffrn _standards decay % <2
_diffrn reflns number 15953
_diffrn reflns av R _equivalents 0.310
_diffrn reflns_av_sigmal/netl 0. 501
_diffrn reflns limit h min -8
~diffrn reflns limit h max 8
~diffrn reflns limit k min -15
~diffrn reflns limit k max 14
~diffrn reflns limit 1 min -19
~diffrn reflns limit 1 max 19
_diffrn reflns theta min 2.5
_diffrn reflns theta max 25.5
_reflns number total 5053

_reflns number gt 1306
_reflns threshold expression I>2\s (1)

_computing data collection ’COLLECT (Nonius 1999)’
_computing data reduction ’Denzo and Scalepack (Otwinowski & Minor, 1997)’
’Denzo and Scalepack (Otwinowski & Minor, 1997)’
"Direct methods (SIR, Altomare, et al., 1994)’
> SHELXL-97 (Sheldrick, 1997)’
" ORTEP-3 for Windows (Farrugia, 1997)’
> SHELXL-97 (Sheldrick, 1997)’

_computing cell refinement
_computing structure solution
_computing structure refinement
_computing molecular graphics
_computing publication material

_refine special details

Refinement of F 2" against ALL reflections. The weighted R-factor wR and
goodness of fit S are based on F'2", conventional R-factors R are based

on F, with F set to zero for negative F 2 . The threshold expression of
F'2" > 2sigma(F"2") is used only for calculating R-factors(gt) etc. and is
not relevant to the choice of reflections for refinement. R-factors based
on F'2" are statistically about twice as large as those based on F, and R-
factors based on ALL data will be even larger.

_refine Is structure factor coef Fsqd
_refine ls matrix type full
~refine 1s weighting scheme calc
~refine Is weighting details
“cale w=1/[\s 2" (Fo 27)+(0.0877P) "2"] where P=(Fo 2 +2Fc"27)/3

~atom sites solution primary direct
~atom sites solution secondary difmap
~atom sites solution hydrogens geom
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_refine 1s hydrogen treatment constr

_refine 1s extinction method none
_refine ls extinction coef ?
_refine 1s number reflns 5053
_refine 1s number parameters 219
_refine 1s number restraints 0
_refine 1s R factor_all 0.393
_refine 1s R factor gt 0. 140
_refine 1s wR_factor ref 0.331
_refine 1s wR_factor gt 0.233
_refine 1s goodness of fit ref 0.997
~refine Is restrained S all 0.997
_refine ls shift/su_max 0.001
_refine 1s shift/su_mean 0. 000

loop

_atom_site label
_atom_site type symbol
_atom site fract x
_atom site fract y
_atom site fract z

_atom site U iso or equiv
_atom site adp type
_atom site occupancy
_atom_site symmetry multiplicity
_atom_site calc flag

_atom_site refinement flags
_atom_site disorder_assembly
_atom_site disorder_ group

01 0 0.7059(9) 0.5139(6) 0.5378(4) 0.0244(19) Uani 1 1 d .
02 0 0.5903(12) 0.0423(6) 0.6941(5) 0.036(2) Uani 1 1 d
H20H H 0.5640 0. 0254 0.7460 0.054 Uiso 1 1 calc R

03 0 0.4150(11) 0.0888(7) 0.8383(5) 0.046(2) Uani 1 1 d

04 0 0.6710(9) 0.7124(6) 0.7088(5) 0.029(2) Uani 1 1 d .
05 0 1.0674(11) 0.6836(6) 0.1819(5) 0.038(2) Uani 1 1 d .
H50H H 1. 0415 0.7523 0.1634 0.057 Uiso 1 1 calc R .

06 0 0.6301(10) 0.8246(6) 0.8091(4) 0.035(2) Uani 1 1d. . .
C1 C 0.5999(15) 0.1534(10) 0.6785(7) 0.026(3) Uiso 1 1 d
C2 C 0.5158(14) 0.2253(9) 0.7405(7) 0.021(3) Uiso 1 1 d
C3 C 0.5244(15) 0.3433(9) 0.7200(7) 0.028(3) Uiso 1 1 d
C4 C 0.4505(15) 0.4253(9) 0.7758(7) 0.032(3) Uiso 1 1 d
H4 H 0.3924 0.4044 0.8306 0.038 Uiso 1 1 calc R

C5 C 0.4597(15) 0.5337(10) 0.7539(7) 0.035(3) Uiso 1 1 d
H5 H 0.4103 0.5863 0.7939 0.042 Uiso 1 1 calc R

C6 C 0.5403(14) 0.5692(9) 0.6736(7) 0.023(3) Uiso 1 1 d
C7 C 0.6202(15) 0.4908(9) 0.6166(7) 0.025(3) Uiso 1 1 d
C8 C 0.6104(14) 0.3769(9) 0.6394(7) 0.024(3) Uiso 1 1 d
C9 C 0.6913(13) 0.2931(8) 0.5834(7) 0.022(3) Uiso 1 1 d
H9 H 0.7521 0.3152 0.5295 0.027 Uiso 1 1 calc R
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C10 C 0.6865(16) 0.1851(10) 0.6022(7) 0.036(3) Uiso 1 1 d . .
H10 H 0.7427 0.1324 0.5627 0.043 Uiso 1 1 calc R

C11 C 0.4146(16) 0.1891(11) 0.8176(7) 0.036(3) Uiso 1 1d . .
H11 H 0.3446 0.2432 0.8543 0.043 Uiso 1 1 calc R

C12 C 0.5536(14) 0.6879(8) 0.6496(6) 0.020(3) Uiso 1 1 d

C13 C 0.6466(15) 0.7075(9) 0.5615(7) 0.024(3) Uiso 1 1 d

Cl14 C 0.6727(14) 0.8157(9) 0.5265(6) 0.023(3) Uiso 1 1 d

H14 H 0.6313 0.8759 0.5603 0.028 Uiso 1 1 calc R

C15 C 0.7547(13) 0.8345(9) 0.4465(6) 0.021(3) Uiso 1 1 d

H15 H 0.7623 0.9085 0.4239 0.026 Uiso 1 1 calc R . .

C16 C 0.8309(16) 0.7433(10) 0.3949(7) 0.033(3) Uiso 1 1 d .
C17 C 0.9196(14) 0.7613(10) 0.3103(7) 0.031(3) Uiso 1 1 d .
H17 H 0.9334 0.8337 0.2866 0.037 Uiso 1 1 calc R

C18 C 0.9848(16) 0.6708(10) 0.2641(7) 0.032(3) Uiso 1 1 d
C19 C 0.9740(15) 0.5631(10) 0.2995(7) 0.033(3) Uiso 1 1 d
H19 H 1.0271 0.5015 0.2673 0.039 Uiso 1 1 calc R

€20 C 0.8883(14) 0.5452(9) 0.3797(7) 0.025(3) Uiso 1 1 d

H20 H 0.8773 0.4719 0.4024 0.029 Uiso 1 1 calc R

C21 C 0.8160(15) 0.6349(9) 0.4290(7) 0.026(3) Uiso 1 1 d

€22 C 0.7238(14) 0.6225(9) 0.5093(7) 0.022(3) Uiso 1 1 d

€23 C 0.3599(14) 0.7712(8) 0.6705(6) 0.023(3) Uiso 1 1 d

C24 C 0.1897(14) 0.7888(9) 0.6365(7) 0.029(3) Uiso 1 1 d

H24 H 0.1827 0.7489 0.5924 0.035 Uiso 1 1 calc R . .

€25 C 0.0324(15) 0.8671(9) 0.6704(7) 0.027(3) Uiso 1 1 d

H25 H —0. 0865 0.8792 0.6500 0.033 Uiso 1 1 calc R .

€26 C 0.0404(15) 0.9288(9) 0.7329(6) 0.027(3) Uiso 1 1 d

H26 H —0.0717 0.9824 0.7535 0.033 Uiso 1 1 calc R .

€27 C 0.2067(13) 0.9140(8) 0.7657(6) 0.021(3) Uiso 1 1 d

H27 H 0.2127 0.9564 0.8085 0.026 Uiso 1 1 calc R . .

€28 C 0.3670(13) 0.8339(8) 0.7335(6) 0.019(3) Uiso 1 1 d

€29 C 0.5617(15) 0.7952(9) 0.7547(7) 0.028(3) Uiso 1 1 d

01S 0 0.9151(11) 0.1042(7) 0.8757(5) 0.051(3) Uani 1 1d. . .
02S 0 0.8009(14) -0.3425(8) 1.0212(6) 0.070(3) Uani 1 1d . .
C1S C 0.7996(17) 0.0755(10) 0.9375(8) 0.035(3) Uiso 1 1d . .
C2S C 0.7792(17) -0.0419(10) 0.9562(8) 0.046(4) Uiso 1 1d . .

H2S1 H 0.6601 —0.0450 0.9381 0.069 Uiso 1 1 calc R

H2S2 H 0. 7757 —0.0654 1.0168 0.069 Uiso 1 1 calc R

H2S3 H 0.8884 —0.0925 0.9259 0.069 Uiso 1 1 calc R

€3S C 0.6796(18) 0.1646(11) 0.9907(8) 0.059(4) Uiso 1 1 d . .
H3S1 H 0.7018 0.2377 0.9664 0.089 Uiso 1 1 calc R .

H3S2 H 0.7146 0. 1465 1.0478 0.089 Uiso 1 1 calc R .

H3S3 H 0.5439 0. 1679 0.9927 0.089 Uiso 1 1 calc R .

C4S C 0.8410(18) -0.3770(11) 0
C5S C 0.7278(18) —0.4439(10) 0
H5S1 H 0.6039 —0.4341 0.9616 0.083 Uiso 1 1 calc R
H5S2 H 0.7978 -0.5237 0.9308 0.083 Uiso 1 1 calc R
H5S3 H 0.7069 -0.4182 0.8671 0.083 Uiso 1 1 calc R
C6S C 1.0122(17) —0.3596(10) 0
0

H6S1 H 1. 0835 -0.3222 0.9202 0.075 Uiso 1 1 calc R .
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.9525(9) 0.046(4) Uiso 1 1d . .
.9257(8) 0.055(4) Uiso 1 1d. .

.8933(8) 0.050(4) Uiso 1 1d. .



H6S2 H 0.9706 -0.3125 0.8422 0.075 Uiso 1 1 calc R
H6S3 H 1.0948 -0.4326 0.8786 0.075 Uiso 1 1 calc R

loop_

_atom_site aniso_label

_atom_site aniso U 11

_atom_site aniso U 22

_atom_site aniso U 33

_atom_site aniso U 23

_atom_site aniso U 13

_atom_site aniso U 12

01 0.017(4) 0.019(4) 0.030(5) -0.001(4) 0.001(4) 0.003(3)
02 0.034(5) 0.029(5) 0.043(5) 0.005(4) -0.011(5) -0.007 (4)
03 0.053(6) 0.031(5) 0.056(6) 0.006(5) —0.015(5) —0.016(4)
04 0.024(4) 0.018(4) 0.045(5) -0.002(4) -0.018(4) —0.001(3)
05 0.032(5) 0.036(5) 0.033(5) —0.004(4) 0.003(4) 0.008(4)
06 0.049(5) 0.030(5) 0.027(5) -0.001(4) —0.019(4) —-0.002(4)
01S 0.052(6) 0.053(6) 0.042(6) -0.009(5) 0.015(5) —0.015(5)
02S 0.089(7) 0.070(7) 0.048(7) -0.031(6) -0.014(6) —0.001(6)

NN

_geom_special details

All esds (except the esd in the dihedral angle between two l.s. planes)

are estimated using the full covariance matrix. The cell esds are taken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are only
used when they are defined by crystal symmetry. An approximate (isotropic)
treatment of cell esds is used for estimating esds involving 1.s. planes.

loop_
_geom_bond_atom _site label 1
_geom_bond_atom site label 2
_geom_bond_distance
_geom_bond_site symmetry 2
_geom_bond _publ flag

01 C7 1.353(13) . ?

01 C22 1.395(12) . ?

02 C1 1.386(12) . ?
02 H20H 0.8400 . ¢
03 C11 1.242(13)

04 C29 1.355(11)

04 C12 1.510(10) .
05 C18 1.374(13)

05 H50H 0.8400 . ¢
06 C29 1.234(11)

Cl C10 1.348(15) . ?
Cl C2 1.400(13) . ?
C2 C11 1.420(15) . ?

D 0 D O

-0
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C2

C3

C3

C4

C4

C5

C5

C6

C6

C7

C8

C9

C9

C10
Cl1
Cl12
Cl12
C13
C13
Cl14
Cl14
C15
C15
C16
C16
C17
C17
C18
C19
C19
C20
C20
C21
C23
C23
C24
C24
C25
C25
C26
C26
Cc27
Cc27
C28
015
025
C1S
C1S
C25

C3
C4
C8
Cb
H4
C6
H5
C7

— O = O e e

.473(14) .
.404(13) .
.408(15) .
.358(15) .
.9500 . ?
.397(15) .
.9500 . ?
.389(14) . ?
Cl2 1.495(14) . ?

D 0 0 D

0

C8 1.428(14) . ?
€9 1.427(13) . ?

C10 1.341(14) . 2

H9 0.
H10
H11
C13
C23
C22
C14
C15
H14
C16
H15
C21
C17
C18
H17
C19
C20
H19
C21
H20
C22
C28
C24
C25
H24
C26
H25
Cc27
H26
C28
H27
C29
C1S
C4S
C25
C3S

9500 . ?

0.9500 . ?
0.9500 . ?
1.492(14) .
1.526(13) .
1.394(13) .
1.430(14) .
1.349(14) .
0.9500 . ?
1.445(13) .
0.9500 . ?
1.404(15) .
1.430(15) .
1.381(14) .
0.9500 . ?
1.393(15) .
1.361(14) .
0.9500 . ?
1.
0
1
1
1
1
0
1
0
1
0
1
0
1
1
1
1
1

405(13) .

.9500 . ?
.370(14) .
.397(12) .
.399(13) .
.382(13) .
.9500 . ?
.383(13) .
.9500 . ?
.367(12) .
.9500 . ?
.396(12) .
.9500 . ?
.456(13) .
.275(14) .
.218(13) .
.491(15) .
.498(15) .

H251 0.9800 . ?

D D D 0 0D

D D -0

D

D 0

D 0 D 0 -0

R} -0

D D D 0 D
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C28
C28
C3S
C3S
C3S
C4S
C48
C58
C58
C58
C6S
C6S
C6S

loo

_geom_angle atom site label 1
_geom_angle atom site label 2
_geom_angle atom site label 3

_8g

_geom_angle site symmetry 1
_geom_angle site symmetry 3

H252 0. 9800
H2S83 0. 9800
H3S1 0. 9800
H352 0. 9800

H3S3 0. 9800

D 0 0 D O

C5S 1.483(15)

C6S 1.492(16)
H5S1 0.9800 .
H5S2 0. 9800 .
H5S3 0. 9800 .
H6S1 0.9800 .
H6S2 0. 9800 .
H6S3 0. 9800 .

p_

eom_angle

D D D D D D

_geom_angle publ flag
C7 01 C22 120.0(9) . . ?
Cl 02 H20H 109.5 .

€29 04 C12 109.7(7)

C18 05 H50H 109. 5

C10 C1 02 116.5(10)
C10 C1 C2 124.5(12)

?

02 C1 C2 118.9(11) . .
Cl C2 C11 122.0(11)
Cl C2 €3 116.9(11) . .
C11 C2 €3 120.9(11)

C4
C4
C8
C5
C5
C3
C4
C4
C6
C7
C7
Cb
01
01
C6
C3
C3

C3
C3
C3
C4
C4
C4
(05)
C5
C5
C6
C6
C6
Cr
C7
C7
C8
C8

C8
C2
C2
C3

117.6(11) . .
124.0(12) . .
118.4(10) . .
122.0(12) . .

H4 119.0
H4 119.0

.?
.?

C6 121.2(11)

H5 119.4
H5 119.4

.2
.?

C5 119.1(11) . .

Cl2 119.4(11) . .
Cl2 121.4(10) . .

C6 124.8(11)
C8 115.4(10) .
C8 119.8(11) .
C9 117.9(11) .
C7 120.2(10)

D 0 0 D O
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€9 C8 C7 121.9(11)
C10 C9 C8 124.0(12) .

€10 C9 H9 118.0 . .

C9 H9 118.0 . . ?
C10 C1 118.3(12) . . ?
C10 H10 120.8 . .
C10 H10 120.8 . .
Cl1 C2 121.9(11)

Cl11 HI1 119.0 . . ?
C11 HI1 119.0 . .
C13 C12 C6 112.7(9) . . 2
C13 C12 04 108.8(9) . . ?
C6 C12 04 107.8(8) . . ?

C8
C9
C9
Cl
03
03
C2

?

D 0

CI3 Cl12 €23 114.2(9) . . ?

C6 C12 €23 111.0(9) . . ?
04 C12 €23 101.6(7) . . ?
115.0(11) . .
123.5(11) . .
121.4(10) . .
121.8(10) .

C22
C22
Cl14
C15
C15
C13
Cl14
Cl14
C16
C21
C21
C17
C18
C18
C16

05 C18 C17 120.8(11)

05 C18 C19 117.7(10) . .
121.4(12) . .
120. 7(11) . .

C17
C20
C20
C18
C19
C19
C21
C22
C22
C16
C21
C21
C13
C28
C28
C24

C13
C13
C13
C14
C14
C14
C15
C15
C15
C16
C16
C16
C17
C17
C17

C18
C19
C19
C19
C20
€20
C20
C21
C21
C21
C22
C22
C22
C23
C23
C23

Cl14
C12
C12
C13
H14
H14
C16
H15
H15
C17
Cl15
Cl15
C16
H17
H17

C19
C18
H19
H19
C21
H20
H20
C16
C20
C20
C13

01 114.5(10)

01 119.4(11) .
120.3(9) .
110.6(8) .
129.109) .

C24
Cl2
Cl2

119.1 .
119. 1

120.6(11) . .

119.7 .
119.7

119.6(11) . .
118.9(11) . .
121.5(11) . .
118.3(12) . .

120.8 .
120.8 .

119.7 .
119.7

120.2(11) . .

119.9 .
119.9 .
117.5(11
122.8(11
119.7(11
126.0(12

D 0 0 D O

D 0 D 0

D 0 D 0

D 0 0 D
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C25 €24 €23 116.6(10) . .
(25 €24 H24 121.7 . . 2
(23 €24 H24 121.7 . . 2
C24 (25 (26 122.8(10) . .
€24 €25 H25 118.6 . . ?
€26 €25 H25 118.6 . .
€27 €26 €25 121.3(10) . .
C27 €26 H26 119.4 . . ?
€25 €26 H26 119.4 . .
€26 €27 €28 117.1(9) . .
€26 €27 H27 121.5 . . ?
€28 €27 H27 121.5 . .
C27 €28 €23 122.0(9)
C27 €28 €29 131.6(9)
€23 (28 €29 106.4(9)

(V]

(V]

(V]

06 C29 04 119.6(9) . . 2

06 C29 (28 128.6(10)

04 C29 €28 111.7(9) . . 2

01S C1S C2S 121.8(11) . .
01S C1S €3S 117.9(12)
C2S C1S €3S 120.3(12)
C1S C25 H2S1 109.5 . /
C1S C2S H2S2 109.5 . . ?

H2S1 C2S H2S2 109.5 . . ?

C1S C25 H2S3 109.5 . . ?

H251 C2S H283 109.5 . . ?
H252 C2S H283 109.5 . . ?

C1S C3S H3S1 109.5 . /
C1S C3S H3S2 109.5 . . ?

H3S1 C3S H3S2 109.5 . . ?

C1S C3S H3S3 109.5 . . ?

H3S1 C3S H3S3 109.5 . . ?
H382 C3S H3S3 109.5 . . ?

02S C4S C5S 121.4(13) . .
02S C4S C6S 121.7(12) . .
C5S C4S C6S 116.8(11) . .
C4S C5S H5S1 109.5 . . ?
C4S C5S H5S2 109.5 . . ?

H551 C5S H5S2 109.5 . . °?

C4S CbS H5S3 109.5 . . ?

H551 C5S H5S3 109.5 . . °?
H552 C5S H5S3 109.5 . . ?

C4S C6S H6S1 109.5 . . ?
C4S C6S H6S2 109.5 . . ?

H6S1 C6S H6SZ2 109.5 . . °?

C4S C6S H6S3 109.5 . . ?

H6S1 C6S H6S3 109.5 . . ?
H6S2 C6S H6S3 109.5 . . ?

?
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loop

_geom_torsion_atom site label 1
_geom_torsion_atom site label 2
_geom_torsion_atom site label 3
_geom_torsion_atom site label 4

_geom_torsion

_geom_torsion_site symmetry 1
_geom_torsion site symmetry 2
_geom_torsion site symmetry 3
_geom_torsion site symmetry 4

_geom_torsion publ flag

C10 C1 C2 C11 175.4(10) . .
02 C1 C2 C11 -2.5(14) . .

C10 C1 C2 €3 -0.2(15)

02 Cl C2 C3 -178.1(9) . .
9) .

C1 C2 C3 C4 -178.6(
C11 C2 C3 C4 5.7(15)

Cl1 C2C3C81.9(13) . . . .
Cl1 C2 C3 C8 -173.8(9) . .
€8 C3 C4 C5 0.3(15) . . . .
C2 3 C4 C5 -179.2(10) . .
C3C4C5C6 1.2(16) . . .

C4 C5 C6 C7 -2.9(15)

C4 C5 C6 C12 -179.0(10)

€22 01 C7 €6 1.9(13)

€22 01 C7 €8 -179.7(9) . .
C5 C6 C7 01 -178.6(9) . .
Cl2 C6 C7 01 -2.5(15) . .

C5 C6 C7 €8 3.0(14)

Cl2 C6 C7 €8 179.1(9) . .

C4 C3 C8 €9 178.0(9)
C2 C3 C8 €9 -2.5(13)
C4 C3 C8 C7 -0.1(14)
C2 C3 C8 C7 179.4(9)
01 C7 C8 €3 179.9(9)
C6 C7 C8 €3 -1.5(14)

01 C7 C8 C9 1.9(13) . . .
C6 C7 C8 C9 -179.6(9) .

€3 C8 €9 C10 1.5(15) .

C7 C8 C9 C10 179.6(10) . .

C8 C9 C10 C1 0.2(16)

02 C1 C10 C9 177.1(9) . .
C2 C1 C10 C9 -0.8(16) . .

C1 C2 C11 03 8.9(15)

€3 C2 C11 03 -175.6(10) .
C7 C6 C12 C13 3.2(13) . . .
C5 C6 C12 C13 179.3(9) . .
C7 C6 C12 04 -116.8(10) .
C5 C6 C12 04 59.2(12) . .

D 0 0 0 D 0

N N N A A
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C7 C6 C12 €23 132.8(10) .
C5 C6 C12 €23 -51.2(13) .
€29 04 C12 C13 120.7(9) .
€29 04 C12 C6 -116.8(10) .
€29 04 C12 €23 0.0(11) . .
C6 C12 C13 €22 -4.0(13) .
04 C12 C13 €22 115.5(10) .

€23 C12 C13 C22 -131.8(10) .

C6 C12 C13 C14 179.9(9) .
04 C12 C13 C14 -60.6(11) .

C23
C22
Cl12
C13
C14
C14
C21
C15
C16
C16

Cl12
C13
C13
C14
C15
C15
C16
C16
C17
C17

C13
Cl14
Cl14
C15
C16
C16
C17
C17
C18
C18

C14 52.1(13) .
Cl5 4.4(14) .

C15 -179.2(9) .

Cl6 —4.2(14) .
€21 0.9(14) .

C17 -179.5(10) .

C18 1.3(15) .

C18 -178.3(9) .

05 178.6(9) .
C19 -3.2(15) .

05 C18 C19 €20 -177.9(9) .

C17
C18
C17
C15
C17
C15
C19
C19
C16
C20
C16
C20
Cl4
Cl2
Cl4
Cl2

C18
C19
C16
C16
C16
C16
C20
C20
C21
C21
C21
C21
C13
C13
C13
C13

C19
C20
C21
C21
C21
C21
C21
C21
C22
C22
C22
C22
C22
C22
C22
C22

€20 3.9(16) .
€21 -2.5(15) .

22 -177.7(9) .

€22 1.9(15) .
€20 0.0(15) .
€20 179.6(9) .

€22 178.2(10) .

C16 0.6(14) .
C13 -1.5(15) .

C13 -179.2(9) .

01 177.1(9) .
01 -0.6(14) .
21 -1.5(14) .

€21 -177.8(10) .

01 180.0(8) .
01 3.6(14) . .

C7 01 C22 C21 178.9(9) . .
C7 01 C22 C13 -2.3(12) . .

C13 C12 €23 C28 -117.2(10) .

C6 C12 (23 €28 114.1(10) .
04 C12 €23 €28 -0.3(11) .
C13 C12 €23 C24 63.5(15) .
C6 C12 (23 C24 -65.2(15) .

04 C12 €23 C24 -179.6(11) .

C28 (23 €24 C25 —2.1(16) .

C12 C23 €24 C25 177.1(11) .

€23 C24 €25 C26 2.1(17) .
C24 C25 €26 C27 -0.9(18) .
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C25
C26
C26
C24
Cl2
C24
Cl2
Cl2
Cl2
C27
C23
Cc27
C23

C26
C27
C27
C23
C23
C23
C23

04 C29 06 177.4(10) . . . .

C27
C28
C28
C28
C28
C28
C28

€28 -0.2(16) .

€23 0.1(16) . . . . ?

€29 -178.3(11)

€27 1.1(17) . . . . ?

€27 -178.2(10) . . .
€29 179.9(10) . . .
€29 0.5(12) . . . .

04 C29 C28 0.4(12) . . . . ?
28 C29 06 1(2) . . . . ?

€28 €29 06 -177.3(12) . . .
€28 €29 04 178.0(11) . . . .
€28 C29 04 -0.6(12) . . . . ?

loop
_geom_hbond atom site label D
~geom_hbond atom site label H
~geom_hbond atom site label A
_geom_hbond distance DH
_geom_hbond distance HA
_geom_hbond distance DA
_geom_hbond angle DHA
_geom_hbond site symmetry A

02 H20H 03 0.84 1.84 2.542(12) 139.7

05 H50H 01S 0.84 1.90 2.694(12) 157.9 2 766

_diffrn _measured fraction theta max

_diffrn_reflns theta full

_diffrn _measured fraction_ theta full

_refine diff density max 0. 445
_refine diff density min  —0.37
_refine diff density rms 0. 089
#END OF CIF

0.972
25.5
0.972
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APPENDIX AA: CRYSTALLOGRAPHIC DATA FOR COMPOUND 3.7

= [y \
C2 A e pot
» C2¢
c22 W N
q; -
o C30
data XXulO
_audit_creation_method SHELXL-97

_chemical name systematic

_chemical name common ?

_chemical melting point ?

_chemical compound source > local laboratory
_chemical formula moiety ’C39 H41 N2 02 1+, I 1-
_chemical formula sum ’C39 H41 I N2 02

_chemical formula weight 696. 64

loop_

_atom_type_ symbol

_atom_type description
_atom_type scat dispersion real
_atom_type scat _dispersion imag
_atom type scat source

¢ C 0.0033 0.0016
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" International Tables Vol C Tables 4.2.6.8 and 6.1.1.4

' W 0.0000  0.0000

" International Tables Vol C Tables 4.2.6.8 and 6.1.1.4

T T -0.4742 1.8119

"International Tables Vol C Tables 4.2.6.8 and 6.1. 1.4’

NN 0.0061  0.0033

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’

00 0.0106  0.0060

"International Tables Vol C Tables 4.2.6.8 and 6.1. 1.4’
_symmetry_space group name H-M P 21/c ’
_symmetry space group name Hall " P 2ybc’
_symmetry cell setting 'Monoclinic

loop

_symmetry equiv_pos_as Xyz
sy, 2

T-x, y+1/2, —z+1/2

'—x, -y, -2’

'x, —y-1/2, z-1/2

~cell length a 20.111(3)
~cell length b 9.721(2)
~cell length ¢ 18.261(3)
_cell angle alpha 90

_cell angle beta 103. 354 (4)
_cell angle gamma 90

_cell volume 3473.5(11)
~cell formula units 7 4

_cell measurement temperature 110

_cell measurement reflns used 7540
_cell measurement theta min 2.5
_cell measurement theta max 27.9
_exptl crystal description plate
_exptl crystal colour blue-bronze
_exptl crystal size max 0.42
_exptl crystal size mid 0.18
_exptl crystal size min 0.03
_exptl crystal density meas ?

_exptl crystal density diffrn 1. 332
_exptl crystal density method ’not measured
_exptl crystal F 000 1432
_exptl absorpt coefficient mu 0. 957

_exptl absorpt correction type 'multi-scan’

_exptl absorpt correction T min  0.689

_exptl absorpt correction T max 0.972

_exptl absorpt process details ’HKL Scalepack (Otwinowski & Minor 1997)’
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_exptl special details

_diffrn _ambient temperature 110

_diffrn radiation wavelength 0.71073

_diffrn radiation type MoK\a
_diffrn_radiation_source ’fine—focus sealed tube

_diffrn radiation _monochromator  graphite
_diffrn_measurement device ’KappaCCD (with Oxford Cryostream)’
_diffrn measurement method > \w scans with \k offsets
_diffrn detector area resol mean 9

_diffrn standards number 0

_diffrn standards interval count 9

_diffrn standards interval time 9

_diffrn standards decay % <2

_diffrn reflns number 39781
_diffrn_reflns av R equivalents  0.053

~diffrn reflns av sigmal/netl 0. 0836

~diffrn reflns limit h min -26

~diffrn reflns limit h max 26

~diffrn reflns limit k min -11

_diffrn reflns limit k max 12

~diffrn _reflns limit 1 min -23

~diffrn_reflns limit 1 max 24

~diffrn _reflns theta min 2.7

_diffrn _reflns theta max 27.9

_reflns_number total 8271

_reflns number gt 5606

_reflns_threshold expression I>2\s (1)

_computing data collection > COLLECT (Nonius, 2000)’

_computing cell refinement "HKL Scalepack (Otwinowski & Minor 1997)’
_computing data reduction ' HKL Denzo and Scalepack (Otwinowski & Minor 1997)’
_computing structure solution "SIR97 (Altomare et al., 1999)°
_computing structure refinement ’ SHELXL-97 (Sheldrick, 1997)’

_computing molecular graphics " ORTEP-3 for Windows (Farrugia, 1997)°

_computing publication material ’SHELXL-97 (Sheldrick, 1997)’
_refine special details

Refinement of F 2~ against ALL reflections. The weighted R-factor wR and
goodness of fit S are based on F 2", conventional R-factors R are based

on F, with F set to zero for negative F 2 . The threshold expression of
F2" > 2sigma(F"2") is used only for calculating R-factors(gt) etc. and is
not relevant to the choice of reflections for refinement. R-factors based
on F'2" are statistically about twice as large as those based on F, and R-
factors based on ALL data will be even larger.
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_refine ls structure factor coef Fsad
_refine 1s matrix type full
_refine 1s weighting scheme calc
_refine 1s weighting details
“cale w=1/[\s 2" (Fo 27)+(0. 0373P) "2"+2. 2694P] where P=(Fo 2 +2Fc"2")/3’

_atom_sites_solution primary direct
_atom_sites_solution secondary difmap
_atom_sites_solution hydrogens geom
_refine 1s hydrogen treatment constr
_refine Is extinction method none
_refine Is extinction coef ?
_refine 1s number reflns 8271
_refine ls number parameters 403
_refine Is number restraints 0
_refine Is R factor all 0. 088
_refine 1s R factor gt 0. 047
_refine 1s wR factor ref 0.101
_refine 1s wR factor gt 0. 089
_refine ls goodness of fit ref 1.016
_refine ls restrained S all 1.016
_refine 1s shift/su max 0.001
_refine 1s shift/su mean 0. 000

loop

_atom_site label

_atom_site type_symbol
_atom_site fract x

_atom_site fract y

_atom_site fract z
_atom_site U iso or equiv
_atom_site adp type
_atom_site_occupancy
_atom_site symmetry multiplicity
_atom_site calc flag

_atom_site refinement flags
_atom_site disorder assembly
_atom_site disorder group

I1 1 0.157473(11) 0.93298(2) 0.540838(13) 0.02793(8) Uani 1 1 d

01 0 0.30592(11) 0.2663(2) 0.73597(14) 0.0282(5) Uani 1 1 d
02 0 0.11754(15) 0.4823(3) 0.43042(16) 0.0461(7) Uani 1 1 d
N1 N 0.03128(13) 0.2755(3) 0.84314(15) 0.0232(6) Uani 1 1 d
N2 N 0.61844(14) 0.3990(3) 0.77448(18) 0.0319(7) Uani 1 1 d
Cl C -0.03016(16) 0.2346(3) 0.79227(19) 0.0218(7) Uani 1 1 d
C2 C -0.09522(17) 0.2255(3) 0.8048(2) 0.0268(8) Uani 1 1 d .
H2 H -0.1040 0.2427 0.8529 0.032 Uiso 1 1 calc R

C3 C —0.14706(18) 0.1900(3) 0.7432(2) 0.0306(8) Uani 1 1 d .
H3 H -0.1927 0.1836 0.7492 0.037 Uiso 1 1 calc R

181



C4 C —0.13398(18) 0.1637(3) 0.6735(2) 0.0313(8) Uani 1 1d . .
H4 H -0.1706 0. 1396 0.6326 0.038 Uiso 1 1 calc R

C5 C —0.06799(17) 0.1722(3) 0.6626(2) 0.0289(8) Uani 1 1 d . .
H5 H -0.0589 0. 1539 0.6148 0.035 Uiso 1 1 calc R

C6 C —0.01594(16) 0.2078(3) 0.72327(19) 0.0237(7) Uani 1 1 d
C7 C 0.05994(16) 0.2277(3) 0.72901(19) 0.0249(8) Uani 1 1 d
C8 C 0.08407(16) 0.2741(3) 0.81084(19) 0.0223(7) Uani 1 1 d
C9 C 0.03236(18) 0.3073(4) 0.92199(19) 0.0315(8) Uani 1 1 d
H9A H 0.0395 0.2224 0.9517 0.047 Uiso 1 1 calc R

H9B H -0.0113 0.3489 0.9251 0.047 Uiso 1 1 calc R .

H9C H 0.0696 0.3718 0.9418 0.047 Uiso 1 1 calc R

C10 C 0.09212(18) 0.0886(3) 0.7157(2) 0.0347(9) Uani 1 1 d . .
H10A H 0.0860 0.0226 0.7542 0.052 Uiso 1 1 calc R .

H10B H 0.1410 0. 1012 0.7186 0.052 Uiso 1 1 calc R .

H10C H 0.0698 0.0534 0.6657 0.052 Uiso 1 1 calc R .

Cl1 C 0.07064(18) 0.3399(4) 0.6730(2) 0.0340(9) Uani 1 1 d
HI1A H 0.0497 0.3105 0.6216 0.051 Uiso 1 1 calc R .

H11B H 0.1197 0.3547 0.6780 0.051 Uiso 1 1 calc R .

HL1C H 0.0494 0.4259 0.6840 0.051 Uiso 1 1 calc R .

Cl12 C 0.15120(16) 0.3125(3) 0.84881(19) 0.0241(7) Uani 1 1 d .
H12 H 0.1584 0.3475 0.8986 0.029 Uiso 1 1 calc R

C13 C 0.20589(16) 0.3011(3) 0.8167(2) 0.0264(8) Uani 1 1 d
H13 H 0.1970 0.2644 0.7672 0.032 Uiso 1 1 calc R

Cl4 C 0.27506(17) 0.3384(3) 0.84942(19) 0.0261(8) Uani 1 1
C15 C 0.32398(17) 0.3229(3) 0.80854(19) 0.0258(8) Uani 1 1
C16 C 0.39572(16) 0.3485(3) 0.8363(2) 0.0272(8) Uani 1 1 d
C17 C 0.41796(18) 0.3847(4) 0.9183(2) 0.0390(9) Uani 1 1 d
H17A H 0.4610 0.4382 0.9270 0.047 Uiso 1 1 calc R .

H17B H 0.4271 0.2992 0.9484 0.047 Uiso 1 1 calc R .

C18 C 0.36389(19) 0.4683(5) 0.9442(2) 0.0445(11) Uani 1 1 d
H18A H 0.3577 0.5575 0.9174 0.053 Uiso 1 1 calc R .

H18B H 0.3793 0.4872 0.9987 0.053 Uiso 1 1 calc R .

C19 C 0.29605(18) 0.3923(4) 0.9291(2) 0.0357(9) Uani 1 1d . .
H19A H 0.2996 0.3143 0.9646 0.043 Uiso 1 1 calc R .

H19B H 0.2602 0.4552 0.9384 0.043 Uiso 1 1 calc R .

C20 C 0.43803(16) 0.3426(3) 0.7877(2) 0.0266(8) Uani 1 1d . .
H20 H 0.4175 0.3207 0.7369 0.032 Uiso 1 1 calc R

€21 C 0.50982(16) 0.3661(3) 0.8055(2) 0.0270(8) Uani 1 1d . .
H21 H 0.5320 0.3769 0.8570 0.032 Uiso 1 1 calc R

€22 C 0.54918(16) 0.3741(3) 0.7539(2) 0.0264(8) Uani 1 1 d . .
€23 C 0.52814(17) 0.3627(4) 0.6684(2) 0.0286(8) Uani 1 1 d . .
C24 C 0.5959(2) 0.3887(4) 0.6467(2) 0.0364(9) Uani 1 1 d. . .
€25 C 0.6113(2) 0.3938(5) 0.5776(3) 0.0522(12) Uani 1 1d . .
H25 H 0.5771 0.3787 0.5329 0.063 Uiso 1 1 calc R . .

€26 C 0.6797(3) 0.4224(5) 0.5747(3) 0.0669(14) Uani 1 1d . .
H26 H 0.6916 0.4267 0.5273 0.080 Uiso 1 1 calc R . .

C27 C 0.7287(3) 0.4438(5) 0.6389(3) 0.0605(13) Uani 1 1d . .
H27 H 0.7741 0.4636 0.6355 0.073 Uiso 1 1 calc R . .

€28 C 0.7137(2) 0.4373(4) 0.7090(3) 0.0462(11) Uani 1 1d . .
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H28 H 0.7480 0.4512 0.7538 0.055 Uiso 1 1 calc R

C29 C 0.64664(19) 0.4096(4)
€30 C 0.65612(19) 0.4133(4)
H30A H 0.6408 0.4961 0. 8734
H30B H 0.7050 0.4211 0.8530
H30C H 0.6482 0.3324 0.8803

C31 C 0.4757(2) 0.4726(4) O.

H31A H 0.4929 0.5639 0.6503
H31B H 0.4323 0.4555 0. 6467
H31C H 0.4685 0.4686 0.5776

€32 C 0.5021(2) 0.2178(4) o.

H32A H 0.4945 0. 2103 0. 5887
H32B H 0.4591 0.2009 0.6584
H32C H 0.5361 0. 1496 0.6674

C33
C34
H34
C35
H35
C36
C37
H37
C38
H38
C39
H39

T O T O T OO0 O OO0

loop
_atom_site aniso_label
_atom_site aniso U 11
_atom_site aniso U 22
_atom_site aniso U 33
_atom_site aniso U 23
_atom_site aniso U 13
_atom_site aniso U 12
0.

11
01
02
N1
N2
Cl1
C2
C3
C4
Cb
C6
C7
C8
C9

e eoBeoBoNocNoNeoNeoBNoNoNoReoR el

.27210(15) 0.3422(3)
. 26866 (18) 0. 4866 (4)
.2918 0.5391 0.7177
.23053(19) 0.5506(4)
. 2281 0.6482 0.6097
. 19596 (18) 0.4749(4)
.20149(18) 0.3330(4)
. 1790 0. 2804 0.5095
.23918(18) 0.2672(4)
. 2426 0.1697 0.6151
.1523(2) 0.5433(4) 0
. 1513 0.6410 0.4829

O O OO OO OO oo oo

0.7114(2) 0.0344(9) Uani 1 1 d .
0.8515(2) 0.0465(11) Uani 1 1 d
0.070 Uiso 1 1 calc R

0.070 Uiso 1 1 calc R

0.070 Uiso 1 1 calc R

6325(2) 0.0437(10) Uani 1 1 d .
0.066 Uiso 1 1 calc R

0.066 Uiso 1 1 calc R

0.066 Uiso 1 1 calc R

6435(2) 0.0394(9) Uani 1 1 d
0.059 Uiso 1 1 calc R

0.059 Uiso 1 1 calc R

0.059 Uiso 1 1 calc R

0.67663(18) 0.0230(7) Uani 1 1 d
0.6756(2) 0.0294(8) Uani 1 1 d
0.035 Uiso 1 1 calc R

0.6115(2) 0.0341(9) Uani 1 1 d
0.041 Uiso 1 1 calc R .

0.5499(2) 0.0300(8) Uani 1 1 d
0.5519(2) 0.0334(9) Uani 1 1 d
0.040 Uiso 1 1 calc R .

0.6145(2) 0.0317(8) Uani 1 1 d
0.038 Uiso 1 1 calc R .

.4838(2) 0.0379(9) Uani 11 d
0.045 Uiso 1 1 calc R

02452 (12) 0.03092(13) 0.02691(13) 0.00382(10) 0.00299(9) —0. 00146 (10)
.0206(12) 0.0297(13) 0.0353(15) —0.0030(11) 0.0083(11) 0.0013(10)
.0522(18) 0.0462(16) 0.0366(17) 0.0001(14) 0.0035(15) 0.0011(14)
.0194(15) 0.0250(14) 0.0263(16) —0.0016(12) 0.0078(12) 0. 0007 (11)
.0172(15) 0.0413(18) 0.0381(19) —0.0070(14) 0.0081(14) —-0.0035(12)
.0199(17) 0.0180(16) 0.0266(19) —0.0010(14) 0.0036(15) —0.0007 (13)
.0256(19) 0.0276(18) 0.030(2) —0.0066(15) 0.0128(16) —0.0030 (14)
.0225(19) 0.0300(19) 0.040(2) —0.0036(17) 0.0096(17) —0.0076(15)
.0256(19) 0.036(2) 0.030(2) —0.0024(16) 0.0006(16) —0.0064 (15)
.0269(19) 0.035(2) 0.025(2) —0.0010(15) 0.0064(16) —0.0010(15)
.0224(18) 0.0205(16) 0.030(2) —0.0025(15) 0.0101(15) —0. 0008 (13)
.0186(17) 0.0294(18) 0.029(2) —0.0051(15) 0.0094(15) —0. 0005 (14)
.0231(18) 0.0176(16) 0.0293(19) 0.0003(14) 0.0123(15) 0.0008 (13)
.0250(19) 0.043(2) 0.027(2) —0.0085(17) 0.0066(16) —0.0051(16)
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C10
Cl11
Cl2
C13
Cl14
Cl5
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
Cc27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39

[eleoleoloBoBoBoBoNoNoNoNoNoNo oo ool No oo NoNeo oo BRo oo el

.0259(19)
.0253(19)
.0187(17)
.0235(18)
.0208(17)
.0239(18)
.0196 (18)
.0211(19)
.031(2) 0.
.0228(19)
.0198(17)
. 0207 (18)
.0162(17)
.0222(18)
.036(2) 0.
. 046 (3)
.061(3)
. 047 (3)
.028(2)
.029(2) 0.
.0188(19)
.034(2) 0.
.037(2) 0.
.0101(15)
. 0264 (19)
.036(2) 0.
.028(2)
.032(2)
.028(2)
.047(2)

0
0
0
0

0
0
0
0

. 066 (3)
.049(2)
033(2) 0.

.036(2)
. 046 (2)

O O OO OO oo

.065(3)

072(3) 0.

0.052(2)

0.043(2) -0.0154(17) 0.0108(17) 0.0011(15)
0.033(2) 0.0067(18) 0.0118(17) -0.0067 (16)

.0274(18) 0.0267(19) 0.0008(15) 0.0060(15) 0.0000 (14)
.0263(18) 0.031(2) -0.0044(15) 0.0086(16) 0.0007 (14)
.0302(19) 0.028(2) —0.0008(15) 0.0073(15) —0.0008(14)
.0282(18) 0.026(2) —0.0005(15) 0.0070(15) —0.0001(14)
.0323(19) 0.030(2) —0.0024(16) 0.0062(15) —-0.0013(14)

0.032(2) 0.0025(19) 0.0082(17) -0.0048(18)
031(2) -0.016(2) 0.0083(18) —0.005(2)
0.034(2) -0.0012(18) 0.0104(17) —0.0013(16)

0.0255(18) 0.033(2) -0.0019(15) 0.0030(15) 0.0010(14)
0.0309(18) 0.029(2) -0.0029(16) 0.0050(15) —0.0003(14)
0.0268(17) 0.035(2) —0.0008(16) 0.0043(15) 0.0003(14)
0.0332(19) 0.031(2) 0.0028(16) 0.0080(16) —0.0005(15)

038(2) 0.
.072(3)

090 (4)

0.073(3)

052(2) 0.
046 (2) 0.

0.038(2)

040(2) 0.0056(18) 0.0180(19) —0.0007 (17)

.044(3) 0.008(2) 0.020(2) —0.001(2)
.064(3) 0.013(3) 0.045(3) —0.003(3)
.082(4) 0.001(3) 0.041(3) —0.010(2)
.066(3) —0.009(2) 0.020(2) —0.0085(19)

045(2) —0.0013(17) 0.0161(18) —0.0012(15)
0.045(3) —0.012(2) 0.0006(18) —0.0029(19)
044(3) 0.011(2) 0.0074(19) 0.0078(19)

037(2) -0.0102(19) 0.0129(19) -0.0050(18)
0.0227(19) -0.0030(16) 0.0082(14) —0.0044 (14)

0.0325(19) 0.030(2) -0.0078(16) 0.0092(16) —0. 0056 (15)

031(2) 0.
.035(2) o.
041(2) 0.
.033(2) o.
.038(2) o.

_geom_special details

038(2) —0.0013(18) 0.0144(18) 0.0001(17)
030(2) -0.0030(16) 0.0123(16) -0.0019(15)
027(2) -0.0083(17) 0.0070(17) 0.0005(17)
035(2) -0.0077(17) 0.0092(17) -0.0008(15)
030(2) -0.0024(18) 0.0113(19) -0.0009 (18)

All esds (except the esd in the dihedral angle between two 1.s. planes)

are estimated using the full covariance matrix. The cell esds are taken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are only
used when they are defined by crystal symmetry. An approximate (isotropic)
treatment of cell esds is used for estimating esds involving 1.s. planes.

loop

_geom_bond atom site label 1
_geom _bond atom site label 2
_geom_bond distance
~geom bond site symmetry 2
~geom bond publ flag
01 €33 1.357(4) . ?

01 C15 1.403(4) . ?
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02
N1
N1
N1
N2
N2
N2
Cl
Cl
C2
C2
C3
C3
C4
C4
Cb
Cb
C6
C7
C7
C7
C8
C9
C9
C9
C10
C10
C10
Cl1
Cl1
Cl1
Cl2
Cl2
C13
C13
Cl4
Cl4
Cl5
C16
C16
C17
C17
C17
C18
C18
C18
C19
C19
C20

€39 1.214(4) .

€8 1.328(4) . ?
Cl 1.420(4) . ?
€9 1.468(4) . ?

€22 1.378(4) . ?

€29 1.399(5) .
€30 1.441(5) .
C6 1.380(4) . 2
€2 1.382@4) . 2
€3 1.389(5) . ¢
H2 0.9500 . ?
C4 1.381(5) . ¢
H3 0.9500 . ?
C5 1.389(5) . ¢
H4 0.9500 . ?
C6 1.380(5) . ¢
H5 0.9500 . ?
C7 1.518(4) . ?
C8 1.529(5)

Cl10 1.543(5) . ?

Cll 1.544(5) .
Cl2 1.418(4) .
H9A 0.9800 . ?
HOB 0.9800 . ?

H9C 0. 9800 .

H10A 0. 9800 .
H10B 0. 9800 .
H10C 0. 9800 .
H11A 0. 9800 .
H11B 0. 9800 .
H11C 0. 9800 .
.365(4) .

C13
H12
C14
H13

. 9500 .

. 9500 .

C19
C16
€20
C17
C18

. 428(5) ..

.512(5) .
. 436(5) .
364 (5) .
503 (5) .

1
0
1
0 .
Cl5 1.374(4) .
1
1
1
1
1.517(5) .

D 0 D D 0 D

H17A 0.9900 . ?
H17B 0.9900 . ?

C19 1.520(5) .
H18A 0.9900 .
H18B 0. 9900 .
H19A 0.9900 .
H19B 0. 9900 .
C21 1.423(4) .

D 0 0 D

R I B e I V]
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€20 H20 0.9500 . ?
€21 €22 1.366(5) . 2
€21 H21 0.9500 . ?
€22 (€23 1.523(5) . @
€23 €24 1.526(5) . 2
€23 €32 1.535(5) . 2
€23 €31 1.538(5) . 2
€24 025 1.367(5) . 2
€24 €29 1.387(5) . 2
€25 026 1.417(6) . 2
€25 H25 0.9500 . ?
€26 €27 1.363(7) . 2
€26 H26 0.9500 . ?
C27 (€28 1.382(6) . 2
C27 H27 0.9500 . ?
(28 €29 1.386(5) . 2
€28 H28 0.9500 . ?
€30 H30A 0.9800 . °
€30 H30B 0.9800 . 2
€30 H30C 0.9800 . 2
C31 H31A 0.9800 . 2
C31 H31B 0.9800 . ?
€31 H31C 0.9800 . ?
€32 H32A 0.9800 . 2
€32 H32B 0.9800 . ?
€32 H32C 0.9800 . ?
€33 €38 1.382(5) . 2
€33 €34 1.405(5) . 2
€34 €35 1.390(5) . 2
C34 H34 0.9500 . ?
€35 €36 1.388(5) . 2
€35 H35 0.9500 . ?
€36 €37 1.384(5) . 2
€36 €39 1.477(5) . 2
€37 €38 1.375(5) . 2
€37 H37 0.9500 . ?
€38 H38 0.9500 . ?
€39 H39 0.9500 . ?
loop

_geom_angle atom site label 1
_geom_angle atom site label 2
_geom_angle atom site label 3
_geom_angle
_geom_angle site symmetry 1
~geom angle site symmetry 3
~geom angle publ flag

€33 01 C15 120.9(3) . . ?

C8 N1 C1 111.7(3) . . ?
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C8 N1 C9 127.3(3) .
Cl N1 C9 120.9(3) . .
€22 N2 C29 111.4(3) .
€22 N2 €30 123.7(3)
€29 N2 (30 125.0(3)
C6 Cl C2 122.9(3)

C6 Cl N1 108.5(3)

C2 Cl N1 128.5(3)

Cl C2 C3 116.4(3)

Cl C2 H2 121.8 . . ¢
C3 C2 H2 121.8 . . 2
C4 C3 C2 121.6(3) .
C4 C3 H3 119.2 . . ¢
C2 C3 H3 119.2. . 2
C3 C4 C5 120.8(3) .
C3 C4 H4 119.6 . . ¢
C5 C4 H4 119.6 . . 2
C6 C5 C4 118.2(3) .
C6 C5 H5 120.9 . . ¢
C4 C5 H5 120.9 . . 2
Cl C6 C5 120.1(3) .
Cl C6 C7 109.3(3) .
C5 C6 C7 130.7(3) .
C6 C7 C8 101.1(3) . .
C6 C7 C10 109.2(3)
C8 C7 C10 111.3(3) .
C6 C7 C11 109.6(3)
C8 C7 CI1 112.2(3)

C10 C7 CI1 112.8(3) . . ?

N1 C8 C12 123.3(3)
N1 €8 C7 109.3(3)

D 0 0 0

D 0 0 D

.2

L?

Cl2 C8 C7 127.4(3) . . ?

N1 C9 H9A 109.5 . . ?
N1 C9 H9B 109.5 . . ?
H9A C9 H9B 109.5 .

N1 C9 H9C 109.5 . . ?
H9A C9 HO9C 109.5 .
H9B C9 H9C 109.5 .
C7 C10 H10A 109.5
C7 C10 H10B 109.5 .
H10A C10 H10B 109.5
C7 C10 H10C 109.5 .
H10A C10 H10C 109.5
H10B C10 H10C 109.5
C7 C11 H11A 109.5

C7 C11 H11B 109.5 .
H11A C11 HI11B 109.5
C7 C11 H11C 109.5 .
H11A C11 H11C 109.5

?

?
?

L9
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H11B C11 H11C 109.5 .
C13 C12 €8 122.6(3) .
C13 C12 H12 118.7 .

C8 Cl2 H12 118.7 . .

C12 C13 C14 127.1(3) .

Cl12 C13 H13 116.4 .
C14 C13 H13 116.4 .

Cl5 C14 C13 119.7(3) .
C15 C14 C19 119.0(3) .
C13 C14 C19 121.3(3) .

Cl4 C15 01 119.6(3) .

Cl4 Cl15 C16 125.2(3)

01 C15 C16 114.9(3)

€20 C16 C15 119.4(3)
C20 C16 C17 124.8(3)
C15 C16 C17 115.8(3)
C16 C17 C18 111.5(3)

Cl6 C17 HI7A 109.3 .
C18 C17 HI7A 109.3 .
Cl6 C17 HI17B 109.3 .
C18 C17 H17B 109.3 .

H17A C17 HI7B 108.0 . .
C17 C18 C19 111.2(3)

C17 C18 H18A 109.4 .
C19 C18 HI18A 109.4 .
C17 C18 H18B 109.4 .
C19 C18 H18B 109.4 .

H18A C18 H18B 108.0 . .
Cl4 C19 C18 112.5(3) .

C14 C19 HI9A 109.1 .
C18 C19 HI9A 109.1 .
C14 C19 HI19B 109.1 .
C18 C19 HI19B 109.1 .

H19A C19 H19B 107.8 . .
Cl6 C20 C21 126.7(3) .

C16 C20 H20 116.7 .
C21 C20 H20 116.7 .

€22 C21 €20 124.8(3) .

€22 C21 H21 117.6
€20 C21 H21 117.6
C21 €22 N2 122.1(3) .

C21 €22 €23 129.4(3)

N2 €22 €23 108.5(3)

€22 (23 €24 101.6(3)
€22 (23 €32 111.4(3)
C24 (23 €32 109.8(3)
€22 (23 €31 112.8(3)
C24 (23 €31 109.8(3)
€32 (23 €31 111.0(3)

.2

D 0 0 0

D 0 0 D O 0
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€25 C24 €29 120.2(4) .
€25 C24 €23 130.6(4) .
€29 C24 €23 109.1(3) .
C24 C25 €26 118.0(5) .

C24 C25 H25 121.0 .
C26 C25 H25 121.0

C27 C26 €25 120.8(4) .

C27 C26 H26 119.6 .
C25 C26 H26 119.6

C26 C27 €28 121.5(4) .

C26 C27 H27 119.3 .
C28 C27 H27 119.3

C27 €28 €29 117.4(4)

C27 C28 H28 121.3 .
C29 (C28 H28 121.3

028 €29 €24 122.1(4)
€28 €29 N2 128.5(4) .
€24 €29 N2 109.4(3) .

N2 C30 H30A 109.5 .
N2 C30 H30B 109.5 .

H30A C30 H30B 109.5 .

N2 C30 H30C 109.5 .

H30A C30 H30C 109.5 .
H30B C30 H30C 109.5 .

C23 C31 H31A 109.5 .
C23 C31 H31B 109.5 .

H31A C31 H31B 109.5 .

C23 C31 H31C 109.5 .

H31A C31 H31C 109.5 .
H31B C31 H31C 109.5 .

C23 C32 H32A 109.5 .
C23 C32 H32B 109.5 .

H32A C32 H32B 109.5 .

C23 C32 H32C 109.5 .

H32A C32 H32C 109.5 .
H32B C32 H32C 109.5 .
01 C33 €38 115.1(3) .
01 C33 €34 124.6(3) .

D O

.?

€38 (€33 €34 120.2(3)

€35 €34 €33 118.3(3)

C35 (C34 H34 120.8 .
C33 (€34 134 120.8

C36 €35 €34 121.3(3)

C36 C35 H35 119.3 .
C34 €35 H35 119.3

€37 €36 €35 119.0(3)
€37 €36 €39 119.9(3)
€35 €36 €39 121.0(3)
€38 (37 €36 120.7(3)

D 0 D O

D 0 0 D

D 0 0 D

189



C38 C37 H37 119.6
C36 C37 H37 119.6
C37 €38 €33 120.3(3)

C37 C38 H38 119.9
C33 C38 H38 119.9
02 C39 €36 124.0(4) . . ?
02 C39 H39 118.0 .
C36 C39 H39 118.0

loop_

_geom_torsion_atom site label 1
_geom_torsion atom site label 2
_geom_torsion atom site label 3
_geom_torsion atom site label 4

_geom_torsion

_geom_torsion site symmetry 1
_geom_torsion site symmetry 2
_geom_torsion site symmetry 3
_geom torsion site symmetry 4
_geom_torsion publ flag
-1.04) . . .
-178.3(3) . .
-178.9(3) . .

C8
C9
C8
C9
C6
N1
Cl1
C2
C3
C2
N1
C2
N1
C4
C4
Cl
C5
Cl
Cb
Cl1
Cb
Cl1
C9
Cl1
C9
C6

Cl10 C7 C8 N1 -114.6(3) . .
Cl1 C7 C8 NI 118.0(3) . . .
C6 C7 C8 C12 -178.0(3) . .

N1
N1
N1
N1
Cl1
Cl1
C2
C3
C4
Cl1
Cl1
Cl
Cl
C5
Ch
C6
C6
C6
C6
C6
C6
N1
N1
N1
N1
C7

Cl1
Cl1
Cl1
Cl1
C2
C2
C3
C4
C5
C6
C6
C6
C6
C6
C6
C7
C7
C7
C7
C7
C7
C8
C8
C8
C8
C8

C6
C6
C2
C2
C3
C3
C4
Cb
C6
Cb
Cb
C7
C7
Cl
C7
C8
C8
C10
C10
Cl1
Cl1
C12
C12
Cr
Cr
N1

3.8(5) . .
-1.2(5) .
176.3(3) .
0.7(5) .

-0.1(5) .
-0.1(5) .
1.0(5) .

176.9(3) .

179.8(3) .
1.8(3) . .
-0.3(5) .

-178.8(3) .:

-1.8(3) .
176.8(3) .

115.5(3) .'.'
-65.9(5) . . .
-120.4(3) . .

58.2(4) .

179.0(3) ...'

-3.9(5) .
-0.2(3) .
176.9(3) .
1.2(3) . .

?
.9

D O

.9
.9

.?
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C10
Cl11

C7 C8 C12 66.2(4) . .

C7 C8 C12 -61.2(4) . .
N1 C8 C12 C13 175.1(3) . .

C7 C8 C12 C13 -5.8(5) . .
C8 C12 C13 C14 179.1(3) .

Cl2
Cl2
C13
C19
C13
C19
C33
C33
Cl4

C14

C20
Cl5
Cl16
Cl5
C13
C17
Cl5
C17
C16
C20
C20
C29
€30
C29
€30
C21

C21

C13 C14 C15 -178.6(3) .
C13 C14 C19 2.6(5) . .
Cl4 C15 01 -2.1(5) . .

Cl4 C15 01 176.7(3) .

Cl4 C15 C16 -176.0(3) .
Cl4 Cl15 C16 2.8(5) . .
01 C15 C14 76.9(4) . .
01 C15 C16 -108.6(3) . .
C15 C16 C20 -173.4(3) .
01 C15 C16 C20 12.4(5) . .
C15 C16 C17 4.8(5) . .
01 C15 C16 C17 -169.4(3) .
C16 C17 C18 143.6(4)
Cl6 C17 C18 -34.5(5)

C17 C18 C19 56.8(5)
Cl4 C19 C18 20.0(5)

Cl4 C19 C18 -161.2(3) .
C18 C19 Cl14 -49.3(5)
C16 €20 C21 179.5(3)
C16 €20 C21 1.5(6) . . .
€20 C21 €22 -172.5(3) .

C21 €22 N2 179.0(3) .

C21 C22 €23 0.8(6) . .
N2 €22 C21 -176.9(3) .

N2 C22 C21 2.6(5) . .
N2 C22 C23 1.6(4) . .

N2 C22 (23 -178.9(3) .
€22 (€23 C24 177.0(4) .
N2 C22 C23 C24 -1.4(3) . .
€22 (23 €32 -66.1(5) .

N2 €22 (23 €32 115.5(3) .

C21

N2 €22 (23 €31 -118.8(3) . .
023 €24 €25 -179.2(4) .

C22
C32
C31
C22
C32
C31
C29
C23
C24
C25
C26

€22 €23 €31 59.6(5) .

023 €24 €25 62.7(5)

(23 €24 €25 -59.6(5)
(23 €24 €29 0.6(4) . . .
(23 €24 €29 -117.4(3) .
€23 €24 €29 120.2(3)

24 €25 €26 -0.7(6)

24 €25 €26 179.1(4)
025 €26 €27 0.2(7) . .
026 €27 €28 0.6(8) . .

027 €28 €29 -0.7(7)
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Cc27
Cc27
C25
C23
C25
C23
C22
C30
C22
€30
Cl5
Cl5

€28 €29 C24 0.1(6) . . . . ?
€28 C29 N2 -179.4(4) . . . . ?
C24 €29 C28 0.6(6) . . . . ?
€24 C29 €28 -179.3(3) . . . . ?
€24 C29 N2 -179.8(4) . . . . ?
(24 C29 N2 0.3(4) . . . . ?

N2
N2
N2
N2
01
01

01 C33

C38
C33
C34
C34
C35
C39
C36

C33
C34
C35
C35
C36
C36
C37

C29
C29
C29
C29
C33
C33
C34
C34
C35
C36
C36
C37
C37
C38

€28 178.3(4) . . . . ?
€28 -1.1(6) . . . . ¢
24 -1.2(4) . . .. ?
€24 179.3(3) . . . . ?
€38 -161.0(3) . . . . ?
C34 18.5(4) . . . . ?
€35 -178.3(3) . . . . ?
35 1.2(6) . . . . 9
€36 0.6(5) . . . . ?
€37 -2.0(5) . . . . ?
€39 176.4(3) . . . . ?
38 1.6(6G) ... .7°
€38 -176.7(3) . . . . ?
€33 0.1() ... .7°

01 €33 (38 €37 178.0(3) .

€34 €33 €38 €37 -1.5(5) . . . . ¢
€37 C36 C39 02 3.1(6) . . . . ?
€35 €36 C39 02 -175.2(4) . . . . ?

_diffrn _measured fraction theta max
_diffrn_reflns theta full
_diffrn_measured fraction theta full
_refine diff density max 1. 59
_refine diff density min -1.06
_refine diff density rms 0. 097

# END OF CIF

0.994
27.9
0.994
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APPENDIX BB: CRYSTALLOGRAPHIC DATA FOR COMPOUND 3.8

y M1
A ca
c41 i
N TR
G43 ), T 40
@ At
L =1.C42
e
(5
Gd4
data NIR-3
_audit creation method SHELXL-97

_chemical name systematic

_chemical name common ?

_chemical melting point ?

_chemical compound source > local laboratory
_chemical formula moiety ~C49 H61 N2 02 1+ I 1-
_chemical formula_sum ’C49 H61 I N2 02
_chemical formula weight 836. 90

loop

_atom_type_symbol

_atom_type_description

_atom_type_scat_dispersion real
_atom_type_scat_dispersion_imag

_atom type scat source

CC 0.0033  0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’
S 0.0000  0.0000

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’
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T T -0.4742 1.8119
"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4
NN 0.0061 0.0033
" International Tables Vol C Tables 4.2.6.8 and 6.1.1.4
00 0.0106  0.0060
"International Tables Vol C Tables 4.2.6.8 and 6.1. 1.4’

_symmetry_space group name H-M P 21/n
_symmetry_space group_name Hall " P 2yn’
_symmetry cell setting 'Monoclinic

loop

_symmetry equiv_pos_as Xyz
sy, 2

T-x+1/2, y+1/2, -z+1/2

' x, -y, 2’

‘x-1/2, -y-1/2, z-1/2

_cell length a 15. 066 (2)
~cell length b 19. 470(3)
~cell length ¢ 16. 580 (2)
_cell angle alpha 90

_cell angle beta 112. 441(7)
_cell angle gamma 90

_cell volume 4495. 2(11)
~cell formula units 7 4

_cell measurement temperature 90

_cell measurement reflns used 9378
_cell measurement_theta min 2.5
_cell measurement theta max 27.1
_exptl _crystal description plate
_exptl crystal colour blue—green/bronze dichroic’
_exptl crystal size max 0.27
_exptl crystal size mid 0.23
_exptl crystal size min 0.05
_exptl crystal density meas ?

_exptl crystal density diffrn 1. 237
_exptl crystal density method ’not measured
_exptl crystal F 000 1752
_exptl absorpt coefficient mu 0.751

_exptl absorpt correction type 'multi-scan’

_exptl absorpt correction T min  0.823

_exptl absorpt correction T max  0.963

_exptl absorpt process details ’HKL Scalepack (Otwinowski & Minor 1997)’

_exptl special details

’

?
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~diffrn_ambient temperature 90

~diffrn _radiation wavelength 0.71073
_diffrn radiation type MoK\a
_diffrn_radiation_source ’fine—focus sealed tube

_diffrn radiation _monochromator  graphite
_diffrn_measurement device ’KappaCCD (with Oxford Cryostream)’
_diffrn_measurement method > \w scans with \k offsets’
_diffrn detector_area resol mean ¢
_diffrn_standards_number 0

_diffrn standards interval count 9

_diffrn standards interval time 9

_diffrn standards decay % <2

_diffrn reflns number 37226

_diffrn reflns av R equivalents 0.036

~diffrn reflns av _sigmal/netl 0. 0570

~diffrn reflns limit h min -19

~diffrn reflns limit h max 19

~diffrn reflns limit k min -24

_diffrn reflns limit k max 23

~diffrn reflns limit 1 min -21

_diffrn reflns limit 1 max 21

_diffrn_reflns theta min 2.5

~diffrn_reflns theta max 27.1

_reflns number total 9881

_reflns number gt 7440

_reflns_threshold expression I>2\s (1)

_computing data collection > COLLECT (Nonius, 2000)’

_computing cell refinement "HKL Scalepack (Otwinowski & Minor 1997)’
_computing data reduction ' HKL Denzo and Scalepack (Otwinowski & Minor 1997)’
_computing structure _solution "SIR97 (Altomare et al., 1999)°
_computing structure refinement ’ SHELXL-97 (Sheldrick, 1997)’

_computing molecular graphics " ORTEP-3 for Windows (Farrugia, 1997)°

_computing publication material ’SHELXL-97 (Sheldrick, 1997)’
_refine special details

Refinement of F 2~ against ALL reflections. The weighted R-factor wR and
goodness of fit S are based on F 27, conventional R-factors R are based

on F, with F set to zero for negative F 2 . The threshold expression of
F'2" > 2sigma(F 2") is used only for calculating R-factors(gt) etc. and is
not relevant to the choice of reflections for refinement. R-factors based
on F'2" are statistically about twice as large as those based on F, and R-
factors based on ALL data will be even larger.

“refine ls structure factor coef Fsqd
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_refine 1s matrix type full
_refine 1s weighting scheme calc
_refine 1ls weighting details
“cale w=1/[\s 2" (Fo"27)+(0. 0335P) "2"+4. 8374P] where P=(Fo 2 +2Fc"2") /3’

_atom_sites_solution primary direct
_atom_sites_solution secondary difmap
_atom_sites_solution hydrogens geom
_refine 1s hydrogen treatment constr
_refine 1s extinction method SHELXL
_refine_ls extinction coef 0.00129(13)

_refine ls extinction expression
"Fe s =kFc[1+0. 001xFc 2°\173" /sin(2\q) ] "-1/4"

_refine 1s number reflns 9881
_refine ls number parameters 494
_refine Is number restraints 0
_refine Is R factor all 0. 065
_refine 1s R factor gt 0.039
_refine 1s wR factor ref 0. 089
_refine ls wR factor gt 0. 080
_refine ls goodness of fit ref 1. 009
_refine ls restrained S all 1. 009
_refine 1s shift/su max 0. 003
_refine 1s shift/su mean 0. 000

loop

_atom_site label

_atom_site type_symbol
_atom_site fract x

_atom_site fract y

_atom_site fract z
_atom_site U iso or equiv
_atom_site adp type
_atom_site_occupancy
_atom_site symmetry multiplicity
_atom_site calc flag

_atom_site refinement flags
_atom_site disorder assembly
_atom_site_disorder group

I1 1 0.151479(13) 0.595518(9) 0.128776(11) 0.01932(7) Uani 1 1 d .

01 0 0.57552(13) 0.43045(9) 0.35942(12) 0.0169(4) Uani 1 1 d .

02 0 0.9361(2) 0.24256(15) 0.3985(2) 0.0631(9) Uani 1 1d. . .
N1 N 0.18082(16) 0.35305(11) 0.06228(15) 0.0181(5) Uani 1 1 d

N2 N 0.80668(17) 0.67725(12) 0.60286(14) 0.0184(5) Uani 1 1 d

Cl C 0.14040(19) 0.28656(14) 0.05482(17) 0.0169(6) Uani 1 1 d .
C2 C 0.0485(2) 0.26512(14) 0.00100(18) 0.0192(6) Uani 1 1 d

H2 H 0.0038 0.2954 —0.0392 0.023 Uiso 1 1 calc R

C3 C 0.0261(2) 0.19663(14) 0.00955(18) 0.0200(6) Uani 1 1 d

H3 H -0.0355 0.1796 —0.0261 0.024 Uiso 1 1 calc R .

C4 C 0.0917(2) 0.15273(15) 0.06896(19) 0.0227(6) Uani 1 1 d
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H4
C5
H5
C6
C7
C8
C9

OO0 - O T
O O O O O OO

.0738 0.1065 0.0736 0.027 Uiso 1 1 calc R

.1830(2) 0.17537(15) 0.12174(19) 0.0218(6) Uani 1
. 2278 0.1452 0.1621 0.026 Uiso 1 1 calc R

.2070(2) 0.24305(14) 0.11383(18) 0.0192(6) Uani 1
.29867(19) 0.28296(14) 0.16244(18) 0.0188(6) Uani
.27080(19) 0.35475(14) 0.12277(17) 0.0180(6) Uani
.1273(2) 0.41364(14) 0.01406(18) 0.0214(6) Uani 1

H9A H 0.1386 0.4526 0.0551 0.026 Uiso 1 1 calc R

—_

—

o
Q. = O =

1d.

Q= =
AL Ao

H9B H 0.0577 0.4032 —0.0092 0.026 Uiso 1 1 calc R .

C10 C 0.3202(2) 0.28301(15) 0.26136(18) 0.0240(6) Uani 1 1 d .
H10A H 0.3815 0.3063 0.2925 0.036 Uiso 1 1 calc R .

HI0B H 0.3241 0.2356 0.2822 0.036 Uiso 1 1 calc R .

H10C H 0.2688 0.3072 0.2721 0.036 Uiso 1 1 calc R .

C11 C 0.3831(2) 0.25275(16) 0.1442(2) 0.0265(7) Uani 1 1
HI1A H 0.3692 0.2553 0.0816 0.040 Uiso 1 1 calc R .

H11B H 0.3925 0.2047 0.1631 0.040 Uiso 1 1 calc R .

H11C H 0.4414 0.2790 0.1764 0.040 Uiso 1 1 calc R .

C12 C 0.3243(2) 0.41555(14) 0.14422(18) 0.0203(6) Uani 1
H12 H 0.2965 0.4554 0. 1112 0.024 Uiso 1 1 calc R

C13 C 0.41407(19) 0.42215(14) 0.20950(18) 0.0185(6) Uani
H13 H 0.4447 0.3818 0.2397 0.022 Uiso 1 1 calc R

Cl4 C 0.46307(19) 0.48509(14) 0.23414(17) 0.0180(6) Uani
C15 C 0.54248(19) 0.49106(14) 0.31197(17) 0.0165(6) Uani
C16 C 0.58543(19) 0.55393(14) 0.35052(17) 0.0165(6) Uani
C17 C 0.5535(2) 0.61829(14) 0.29596(18) 0.0207(6) Uani 1
H17A H 0.6097 0.6486 0.3068 0.025 Uiso 1 1 calc R .

H17B H 0.5067 0.6434 0.3137 0.025 Uiso 1 1 calc R .

C18 C 0.5075(2) 0.60161(14) 0.19858(18) 0.0205(6) Uani 1
H18A H 0.4816 0.6442 0.1653 0.025 Uiso 1 1 calc R .

H18B H 0.5568 0.5829 0.1787 0.025 Uiso 1 1 calc R .

C19 C 0.4267(2) 0.54947(14) 0.18035(19) 0.0237(7) Uani 1
H19A H 0.3743 0.5699 0.1946 0.028 Uiso 1 1 calc R .

H19B H 0.4003 0.5375 0.1176 0.028 Uiso 1 1 calc R .

€20 C 0.65164(19) 0.55527(14) 0.43533(17) 0.0174(6) Uani
H20 H 0.6685 0.5128 0.4655 0.021 Uiso 1 1 calc R

€21 C 0.6959(2) 0.61523(14) 0.48032(17) 0.0180(6) Uani 1
H21 H 0.6761 0.6578 0.4509 0.022 Uiso 1 1 calc R

€22 C 0.76536(19) 0.61719(14) 0.56308(17) 0.0166(6) Uani
€23 C 0.8090(2) 0.55746(14) 0.62676(18) 0.0191(6) Uani 1
C24 C 0.88296(19) 0.59508(15) 0.70392(17) 0.0186(6) Uani
€25 C 0.9466(2) 0.57044(16) 0.78297(18) 0.0228(6) Uani 1
H25 H 0.9495 0.5228 0.7961 0.027 Uiso 1 1 calec R

€26 C 1.0069(2) 0.61722(15) 0.84332(19) 0.0239(7) Uani 1
H26 H 1.0514 0.6013 0.8980 0.029 Uiso 1 1 calc R

€27 C 1.0016(2) 0.68700(16) 0.82340(18) 0.0239(7) Uani 1
H27 H 1.0434 0.7180 0.8648 0.029 Uiso 1 1 calc R

€28 C 0.9371(2) 0.71234(15) 0.74484(17) 0.0200(6) Uani 1
H28 H 0.9334 0.7600 0.7318 0.024 Uiso 1 1 calc R

€29 C 0.87823(19) 0.66515(14) 0.68599(17) 0.0172(6) Uani
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€30 C 0.7768(2) 0.74577(13) 0.56621(18) 0.0186(6) Uani 1 1 d
H30A H 0.7968 0.7797 0.6143 0.022 Uiso 1 1 calc R .

H30B H 0.7058 0.7470 0.5381 0.022 Uiso 1 1 calc R .

€31 C 0.8597(2) 0.50405(16) 0.5908(2) 0.0320(8) Uani 1 1 d
H31A H 0.9061 0.5273 0.5718 0.048 Uiso 1 1 calc R .

H31B H 0.8120 0.4801 0.5411 0.048 Uiso 1 1 calc R .

H31C H 0.8934 0.4707 0.6366 0.048 Uiso 1 1 calc R .

€32 C 0.7319(2) 0.52400(16) 0.65398(19) 0.0286(7) Uani 1 1 d .
H32A H 0.7624 0.4909 0.7009 0.043 Uiso 1 1 calc R .

H32B H 0.6847 0.5003 0.6037 0.043 Uiso 1 1 calc R .

H32C H 0.6996 0.5596 0.6746 0.043 Uiso 1 1 calc R .

€33 C 0.65907(19) 0.40165(14) 0.35907(16) 0.0169(5) Uani 1 1 d
€34 C 0.7232(2) 0.43566(16) 0.33065(18) 0.0240(6) Uani 1 1 d
H34 H 0.7100 0.4809 0.3076 0.029 Uiso 1 1 calc R

€35 C 0.8070(2) 0.40207(17) 0.3367(2) 0.0285(7) Uani 1 1 d . .
H35 H 0.8517 0.4249 0.3182 0.034 Uiso 1 1 calc R

€36 C 0.8262(2) 0.33585(17) 0.3692(2) 0.0290(7) Uani 1 1 d . .
€37 C 0.7603(2) 0.30230(16) 0.39593(19) 0.0278(7) Uani 1 1 d
H37 H 0.7724 0.2564 0.4169 0.033 Uiso 1 1 calc R

€38 C 0.6777(2) 0.33534(15) 0.39214(18) 0.0233(6) Uani 1 1 d .
H38 H 0.6338 0.3128 0.4120 0.028 Uiso 1 1 calc R

€39 C 0.9151(3) 0.3017(2) 0.3742(3) 0.0478(10) Uani 1 1d . .
H39 H 0.9590 0.3273 0.3575 0.057 Uiso 1 1 calc R

C40 C 0.1559(2) 0.43522(16) —0.0617(2) 0.0295(7) Uani 1 1 d

H40A H 0. 1279 0.
H40B H 0. 2267 0.
C41 C 0.1243(3)
HA1A H 0. 0543 0.
H41B H 0. 1569 0.
C42 C 0.1465(3)
H42A H 0.2169 0.
H42B H 0. 1184 0.
C43 € 0.1082(3)
H43A H 0. 1408 0.
H43B H 0. 0388 0.
C44 C 0.1223(3)
H44A H 0. 0922 0.
H44B H 0. 0926 0.
H44C H 0. 1911 0.
C45 C 0.8188(2)
H45A H 0. 7978 0.
H45B H 0. 8898 0.
C46 C 0.7866(2)
H46A H 0. 7172 0.
H46B H 0. 8217 0.
C47 C 0.8041(3)
H47A H 0. 7672 0.
H47B H 0. 7784 0.
€48 C 0.9083(3)

4809 —0. 0828 0.
4399 -0.0394 0.
0. 38569 (17) 0.
3778 -0. 1577 0.
3411 -0. 1187 0.
0.41163(19) 0.
4160 -0. 1971
4580 —0. 2317
0.3653(2) -0
3202 -0. 2812
3575 -0. 3111
0.3940(2) -0
4394 0. 3893
3631 -0.4250
3981 -0. 3627

0. 76662 (14)
7335 0. 4503
7651 0. 5268
0. 83934 (15)
8444 0. 4520
8732 0. 5098
0. 85534 (18)
8221 0.3354
9017 0. 3606
0. 85293 (19)

035 Uiso 1 1 calc R .
035 Uiso 1 1 calc R .
1383(2) 0.0342(8) Uani 11 d .
041 Uiso 1 1 calc R .
041 Uiso 1 1 calc R .
2155(2) 0.0392(8) Uani 1 1 d .
.047 Uiso 1 1 calc R .
.047 Uiso 1 1 calc R .

.2960(2) 0.0486(10) Uani 1 1 d . .

0.058 Uiso 1 1 calc R .
0.058 Uiso 1 1 calc R .

.3752(3) 0.0559(11) Uani 1 1 d . .

0.084 Uiso 1 1 calc R .

0.084 Uiso 1 1 calc R .

0.084 Uiso 1 1 calc R .
.49936(19) 0.0221(6) Uani 1 1 d
.026 Uiso 1 1 calc R .

.026 Uiso 1 1 calc R .

. 46425(19) 0.0260(7) Uani 1 1 d
.031 Uiso 1 1 calc R .

.031 Uiso 1 1 calc R .

.3811(2) 0.0335(8)
.040 Uiso 1 1 calc R .
.040 Uiso 1 1 calc R
.3907(2) 0.0389(9)

Uani 1 1d. .

Uani 1 1d. .
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H48A H 0.9113 0.8582 0.3324 0.047 Uiso 1 1 calc R .
H48B H 0.9353 0.8073 0.4137 0.047 Uiso 1 1 calc R .
C49 C 0.9701(3) 0.9084(2) 0.4512(3) 0.0603(12) Uani 1 1 d. . .
H49A H 0.9411 0.9536 0.4315 0.091 Uiso 1 1 calc R .
H49B H 1.0347 0.9073 0.4502 0.091 Uiso 1 1 calc R .
H49C H 0.9742 0.9001 0.5108 0.091 Uiso 1 1 calc R .

loop_

_atom_site aniso_label
_atom_site aniso U 11
_atom_site aniso U 22
_atom site aniso U 33
_atom site aniso U 23
_atom site aniso U 13
_atom site aniso U 12
01561 (10) 0.01293(9) 0.02478(11) 0.00072(8) 0.00253(7) —0.00016 (8)
0249 (10) 0.0028(8) 0.0061(8) 0.0022(8)

11
01
02
N1
N2
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl1
Cl2
C13
Cl4
Cl5
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
Cc27
C28
C29

0.
.0118(9) 0.0131(9) 0
. 0407 (16)
.0122(11)
.0180(12)
.0154(13)
.0148(13)
.0163(14)
. 0245 (16)
.0205(14)
.0152(13)
.0150(13)
.0124(13)
.0169(14)

el eoleoloBoBoBoNoNeoNeNeNe e

el eolBeolBoNoNoNoNoNoRo oo lo oo NoNoNe e Nel

.0235(15)
.0169 (14)
.0176 (14)
.0141(13)
.0129(13)
.0154(13)
.0126(13)
. 0201 (14)
. 0203 (14)
.0190(15)
.0147(14)
. 0189 (14)
0167 (14)
.0152(14)
.0160(13)
.0180(15)
.0194(15)
.0208(15)
.0229(15)
.0158(14)

O O O OO DD DO OO O oo

. 0445 (18)
.0122(11)
.0144(12)
.0128(13)
.0174(14)
.0171(14)
.0144(14)
.0154(14)
.0155(14)
.0120(13)
.0171(14)
.0112(14)

el eolBeoBoNoNoNoNoNoNoNoBeolo o BRoNoNoNe e Ne

.0191(15)
. 0226 (16)
.0150(15)
.0142(14)
. 0146 (14)
.0130(13)
.0143(14)
.0138(13)
.0129(13)
. 0154 (14)
.0139(14)
.0123(13)
.0121(13)
.0132(14)
.0151(13)
.0174(14)
. 0249 (16)
. 0256 (16)
.0153(14)
.0169(14)

C o000 oco0o00o0 o0

ol eoBeoNoNoNoNoNoNoNoNoNoBo oo NoNoNe Ne e

0240
0238

14)

(
(
(15)
(

. 0269 (15)
. 0308(16)
.0285(16)
. 0264 (15)
.0252(15)
.0223(14)
.0277(15)

.0261(15)
.0365(17)
. 0240 (15)
. 0257 (15)
.0238(15)
.0216(14)
.0219(14)
. 0254 (15)
.0239(14)
.0282(16)
. 0244 (15)
.0227(14)
. 0226 (14)
.0234(15)
.0227(14)
.0292(16)
.0235(15)
.0243(15)
.0231(15)
.0187(14)

.102(2) -0.0049(16) 0.0246(16) 0.0201(14)
.0250(12)
.0211(12)

-0.0012(10) 0.0016(10) —0.0010(9)
-0.0013(9) 0.0055(10) —0.0023(10)
-0.0029(11) 0.0093(12) 0.0003(11)
-0.0019(11) 0.0055(12) 0.0006(11)
-0. 0065 (12) 0.0086(12) —0.0043(11)
-0.0033(12) 0.0122(13) —0.0027(12)
0.0003(12) 0.0081(13) 0.0014(12)
-0.0015(12) 0.0075(12) —0.0016(11)
-0.0011(11) 0.0031(12) 0.0015(11)
-0.0013(11) 0.0041(11) 0.0006(11)
0.0014(11) -0.0011(12) 0.0025(11)
0.0000(12) 0.0059(13) —0.0051 (13)
-0.0031(13) 0.0064(13) 0.0024(12)
0.0013(11) 0.0031(12) —0.0009 (11)
0.0019(11) 0.0057(12) 0.0004(11)
-0. 0003 (11) 0.0041(11) 0.0000(11)
0.0026 (11) 0.0077(11) 0.0041(11)
-0.0014(11) 0.0058(11) 0.0009(11)
-0.0016(11) 0.0056(12) 0.0012(11)
0.0023(11) 0.0035(12) 0.0007(12)
0.0026 (12) -0.0005(13) -0.0014(12)
0.0010(11) 0.0086(12) 0.0005(11)
0.0011(11) 0.0081(12) 0.0007(11)
-0.0032(11) 0.0094(12) -0.0002(11)
-0.0005(11) 0.0013(12) 0.0007(11)
-0.0049(12) 0.0051(11) -0.0022(12)
0.0020(12) 0.0048(13) —0. 0004 (12)
-0.0001(12) 0.0040(13) -0.0017(12)
-0.0088(12) 0.0075(13) —0. 0080 (13)
-0.0020(12) 0.0101(12) -0.0022(12)
-0. 0024 (11) 0.0065(11) —0.0010(11)
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€30 0.0215(14) 0.0106(13) 0.0228(14) —0.0010(11) 0.0075(12) 0.0010(11)
€31 0.0269(17) 0.0210(16) 0.0361(18) —0.0109(14) —0.0013(14) 0. 0098 (14)
€32 0.0300(17) 0.0219(16) 0.0270(16) 0.0026(13) 0.0031(14) —0.0102(14)
€33 0.0179(13) 0.0163(13) 0.0145(12) —0.0020(11) 0.0039(11) 0.0036(12)
€34 0.0263(16) 0.0192(15) 0.0276(16) 0.0002(12) 0.0114(13) 0.0010(13)
€35 0.0255(16) 0.0280(17) 0.0360(17) -0.0075(14) 0.0161(14) —0.0031(15)
€36 0.0241(17) 0.0277(17) 0.0337(17) —0.0058(14) 0.0095(14) 0.0053(13)
€37 0.0305(17) 0.0229(16) 0.0306(17) 0.0070(13) 0.0125(14) 0.0109 (14)
€38 0.0241(16) 0.0198(15) 0.0269(16) 0.0060(12) 0.0107(13) 0.0033(13)
€39 0.0304(19) 0.044(2) 0.073(3) -0.011(2) 0.0236(19) 0.0061(18)

C40 0.0249(16) 0.0202(16) 0.0351(18) 0.0076(14) 0.0022(14) -0.0029(13)
C41 0.039(2) 0.0243(17) 0.0423(19) 0.0002(14) 0.0184(17) —0.0035(15)
C42 0.039(2) 0.036(2) 0.046(2) 0.0031(16) 0.0205(17) —0.0014(17)

C43 0.059(3) 0.043(2) 0.054(2) -0.0089(19) 0.033(2) -0.014(2)

C44 0.076(3) 0.050(3) 0.054(2) -0.011(2) 0.039(2) -0.009(2)

C45 0.0236(15) 0.0145(14) 0.0296(16) —-0.0008(12) 0.0118(13) —0. 0006 (12)
€46 0.0301(17) 0.0197(15) 0.0301(16) 0.0022(13) 0.0136(14) 0.0016(13)
C47 0.043(2) 0.0286(18) 0.0285(17) 0.0061(14) 0.0125(15) 0.0038(16)

C48 0.050(2) 0.040(2) 0.0327(18) 0.0080(16) 0.0224(17) 0.0033(18)

C49 0.058(3) 0.081(3) 0.046(2) -0.005(2) 0.024(2) -0.024(3)

_geom_special details

All esds (except the esd in the dihedral angle between two l.s. planes)

are estimated using the full covariance matrix. The cell esds are taken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are only
used when they are defined by crystal symmetry. An approximate (isotropic)
treatment of cell esds is used for estimating esds involving 1.s. planes.

loop_
_geom_bond_atom _site label 1
_geom_bond_atom site label 2
_geom_bond_distance
_geom_bond_site symmetry 2
_geom_bond publ flag

01 €33 1.380(3) . °

01 C15 1.400(3) . 2

02 C39 1.221(5) . 2

N1 C8 1.344(3) . ?

N1 Cl 1.416(3) . ?

N1 C9 1.480(3) . ?

N2 €22 1.370(3) . °

N2 €29 1.408(3) . °

N2 C30 1.464(3) . ?

Cl C6 1.390(4) . ?

Cl C2 1.394(4) . ?

C2 C3 1.396(4) . 2
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C2
C3
C3
C4
C4
C5
C5
C6
C7
C7
C7
C8
C9
C9
C9
C10
C10
C10
Cl1
Cl1
Cl1
Cl12
Cl12
C13
C13
Cl14
Cl14
C15
C16
C16
C17
C17
C17
C18
C18
C18
C19
C19
C20
C20
C21
C21
C22
C23
C23
C23
C24
C24
C25

H2
C4
H3
Cb
H4
C6
H5
C7

— O = O = O —= O

.9
.390(4) . ?
.9
.391(4) . ?
.9
.386(4) . ?
.9
.521(4) . ?
C11 1.532(4) .

500 . ?

500 . ?

500 . ?

500 . ?

€8 1.533(4) .
545(4) . ?

C10 1
Cl2 1
C40 1
H9A 0
H9B 0
H10A
H10B
H10C
H11A
H11B
H11C
C13
H12
C14
H13
C15
C19
C16
C20
C17
C18

H18A 0. 9900 .
H18B 0. 9900 .
H19A 0. 9900 .
H19B 0. 9900 .

C21
H20
C22
H21
C23
C24
C31
C32
C25
C29
C26

1
0
1
0
1
1
1
1
1
1

— o= = = = = O = O

400(4) .
534(4) .
9900 . ?

9900 .

0. 9800 .
0. 9800 .
0. 9800 .
0. 9800 .
0. 9800 .
0. 9800 .

378 (4)
9500 .
408 (4)
9500 .

?

390(4) .

418(4) .
379(4) .
513(4) .
529(4) .
H17A 0.9900 . ?
H17B 0.9900 . ?
C19 1.524(4) .

. 409 (4)
. 9500 .
.372(4)
.9500 .

515(4) .

.539(4) .
.525(4) .
.539(4) .
.542(4) .
.381(4) .
.392(4) .
.400(4) .

?

D 0 0 D O 0

D 0 D 0 0 D

D 0 D O

D 0 0 D 0 D O
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C25
C26
C26
Cc27
C27
C28
C28
C30
C30
€30
C31
C31
C31
C32
C32
C32
C33
C33
C34
C34
C35
C35
C36
C36
C37
C37
C38
C39
C40
C40
C40
C41
C41
C41
C42
C42
C42
C43
C43
C43
C44
C44
C44
C45
C45
C45
C46
C46
C46

H25
C27
H26
C28
H27
C29
H28
C45
H30A
H30B
H31A
H31B
H31C
H32A
H32B
H32C
C38
C34
C35
H34
C36
H35
C37
C39
C38
H37
H38
H39
C41
H40A 0. 9900
H40B 0. 9900

. 9500 .

9500 .

. 9500 .

. 9500 .

— O = O = O = O

.9900 .
9900 .
9800 .
9800 .
9800 .
9800 .
. 9800 .
. 9800 .

coococooooo

. 9500 .

. 9500 .

. 9500 .

—_ O O O = O = O =

C42 1.527(5) .

H41A 0. 9900 .
H41B 0. 9900 .

€43 1.529(5) .

H42A 0. 9900 .
H42B 0. 9900 .

C44 1.515(5) .

H43A 0. 9900 .
H43B 0.9900 .
H44A 0. 9800 .
H44B 0. 9800 .
H44C 0. 9800 .

C46 1.537(4) .

H45A 0. 9900 .
H45B 0.9900 .

€47 1.531(4) .

H46A 0.9900 .
H46B 0. 9900 .

.393(4) .
385(4) .
. 387 (4) ..

. 526 (4) :

.385(5) :

520(4) .

D 0 D D D D D D

.389(4) . ?
.394(4) .
.391(4) .

.394(5) . ?
.468(5) .
.382(4) .
.9500 . ?
.9500 . ?

D 0 D O D

D

?
?
?
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C47 C48 1.518(5) . ?
C47 H47A 0.9900 . ?
C47 H47B 0.9900 . ?
C48 C49 1.526(5) . ?
C48 H48A 0. 9900
C48 H48B 0. 9900
C49 H49A 0. 9800
C49 H49B 0. 9800
C49 H49C 0. 9800

D 0 D D 0

loop_
_geom_angle atom site label 1
_geom_angle atom site label 2
_geom_angle atom site label 3
_geom_angle
_geom_angle site symmetry 1
_geom_angle site symmetry 3
_geom_angle publ flag

€33 01 C15 118.0(2) . . ?

C8 NI CI 111.4(2) . . 2

C8 N1 C9 124.8(2) . .
Cl N1 C9 123.7(2) . .
€22 N2 €29 111.5(2)
€22 N2 C30 124.5(2) . . ¢
C29 N2 €30 123.9(2) . . ?
C6 C1 C2 122.8(3)

C6 C1 NI 109.0(2)

C2 Cl N1 128.2(2)

Cl C2C3116.1(3) . .
Cl C2 H2 121.9 . . 2
C3 C2 H2 121.9 . . 2
C4C3C2121.7(3) . . 2
C4 C3 H3 119.2 . . 2

C2 C3H3 119.2. . 2

C3 C4 C5 121.0(3) . . 2
C3 C4 H4 119.5 . . 2

C5 C4 H4 119.5 . . 2

6 C5 C4 118.2(3) . . 2
C6 C5 H5 120.9 . . 2

C4 C5 H5 120.9 . . 2

C5 C6 C1 120.1(3) . . 2
C5 C6 C7 130.7(3) . . ?
Cl C6 C7 109.1(2) . . ?
C6 C7 CI1 110.7(2) . . ?
C6 C7 C8 101.2(2) . . 2
Cll C7 C8 112.2(2) . . ?
C6 C7 C10 110.1(2) . . ?
C11 C7 C10 110.8(2) . . ?
C8 C7 C10 111.5(2) . . ?

D O

D 0 0 0

203



N1 C8 C12 122.0(2)
N1 €8 C7 109.3(2)
Cl2 C8 C7 128.7(2)
N1 C9 C40 113.2(2)
N1 C9 H9A 108.9 .
C40 C9 HO9A 108.9 .
N1 C9 H9B 108.9 .

C40 C9 H9B 108.9 . . ?

H9A C9 H9B 107.7 .
C7 C10 H10A 109.5
C7 C10 H10B 109.5

H10A C10 H10B 109.5

C7 C10 H10C 109.5

H10A C10 H10C 109.5
H10B C10 H10C 109.5

C7 C11 H11A 109.5
C7 C11 H11B 109.5

H11A C11 H11B 109.5

C7 C11 H11C 109.5

H11A CI1 HIIC 109.5 . . ?
H11B C11 H11C 109.5
C13 C12 C8 125.2(3) .

C13 Cl12 H12 117.4
C8 C12 H12 117.4

Cl2
C12
Cl14
C15
C15
C13
Cl14
Cl14

C20
C20
Cl5
C16
C16
C18
C16
C18

H17A C17 H17B 108.0 . .
C19 C18 C17 110.9(2)

C13 C14
C13 HI3
C13 HI3
C14 C13
C14 C19
C14 C19

C15 Cl6

C16 C15
Cl6 C17
Cl6 C17
C17 C18

123.9(3) .

118.1 .
118.1 .

120.8(2) .
117.9(2) .
121.2(2) .
Cl5 01 116.5(2) . .
125.0(2) .
01 C15 C16 118.1(2) . .
120.3(2) .
122.4(2) .
117.4(2) .
111.6(2) .

C17 HI7A 109.3
C17 H17A 109.3
C17 H17B 109.3
C17 H17B 109.3

C19 C18 HI8A 109.5
C17 C18 HI8A 109.5
C19 C18 HI18B 109.5
C17 C18 HI18B 109.5

H18A C18 HIS8B 108.0 . .
Cl4 C19 C18 110.6(2)

.2

.2
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C14 C19 HI9A 109.5 .
C18 C19 HI9A 109.5 .
C14 C19 HI9B 109.5 .
C18 C19 HI19B 109.5

H19A C19 H19B 108.1 .
C16 C20 C21 124.6(3) .

Cl6 C20 H20 117.7 .
C21 C20 H20 117.7 .

€22 C21 €20 125.4(3) .

C22 C21 H21 117.3 .
C20 C21 H21 117.3 .

N2 €22 C21 122.6(2)
N2 €22 €23 108.5(2)

D 0 D 0

.2

.2

C21 €22 €23 128.9(2)

C24 (23 €31 109.7(2)
C24 (23 €22 101.3(2)
€31 (23 €22 113.0(2)
C24 (23 €32 110.4(2)
C31 (23 €32 111.6(3)
€22 (23 €32 110.3(2)
€25 €24 €29 120.2(3)
€25 €24 €23 130.5(3)
C29 (24 €23 109.3(2)
C24 (25 (26 118.6(3)

C24 C25 H25 120.7 .
C26 C25 H25 120.7

C27 C26 €25 120.2(3) .

C27 C26 H26 119.9 .
C25 C26 H26 119.9

€28 (27 €26 121.7(3) .

C28 C27 H27 119.1 .
C26 C27 H27 119.1

C27 C28 €29 117.2(3) .

C27 C28 H28 121.4 .
C29 C28 H28 121.4

€28 €29 (24 122.2(2)

€28 €29 N2 128.5(3) .
€24 €29 N2 109.3(2) .
N2 €30 C45 113.4(2)

.9
.2
.9

N2 C30 H30A 108.9 .
C45 C30 H30A 108.9 .
N2 C30 H30B 108.9 .
C45 C30 H30B 108.9 .

H30A C30 H30B 107.7 .

C23 C31 H31A 109.5 .
C23 C31 H31B 109.5 .

H31A C31 H31B 109.5 .

C23 C31 H31C 109.5 .

H31A C31 H31C 109.5 .

D 0 0 D 0 D D D D D D

.2

.?
.?
.?
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H31B €31 H31C 109.5 . . 2
€23 €32 H32A 109.5

€23 €32 H32B 109.5 . . ¢
H32A €32 H32B 109.5 . . 2
€23 €32 H32C 109.5 . . ?
H32A €32 H32C 109.5

H32B €32 H32C 109.5

01 €33 (38 115.0(2)

01 €33 34 124.0(3) . .
€38 €33 €34 120.9(3) . . 2
€35 €34 €33 118.7(3) . . 2
€35 €34 H34 120.7 . . ?
€33 €34 H34 120.7 . . ?
C36 €35 €34 121.0(3) . . 2
€36 €35 H35 119.5 . . ?
€34 €35 H35 119.5 . .
€35 €36 €37 119.4(3)
€35 €36 €39 119.6(3)
C37 €36 €39 120.9(3)
€38 (37 €36 120.4(3) . .
C38 (€37 H37 119.8 . . ?
C36 €37 H37 119.8 . .
C37 €38 €33 119.5(3) . . ?
C37 €38 H38 120.2 . . ?
€33 €38 H38 120.2 . . ?

02 39 C36 124.2(4) . . 2
02 C39 H39 117.9 . . ?

€36 €39 H39 117.9 . . ?
C41 €40 €9 114.5(3) . . 2
C41 C40 H40A 108.6 . . ?
C9 C40 H40A 108.6 . . ?
C41 €40 H40B 108.6 . . ?
C9 C40 H40B 108.6 . . ?
H40A C40 H40B 107.6 . . 2
C40 €41 C42 113.1(3) . . 2
C40 C41 H41A 109.0
C42 C41 H41A 109.0
C40 C41 H41B 109.0
C42 C41 H41B 109.0
H41A C41 H41B 107.8 . . ?
C41 C42 €43 113.9(3) . . 2
C41 C42 H42A 108.8
C43 €42 H42A 108.8
C41 C42 H42B 108.8
C43 €42 H42B 108.8
H42A C42 H42B 107.7 . . ?
C44 C43 C42 114.1(3) . . ?
C44 (43 H43A 108.7 . . ?
C42 (43 H43A 108.7 . . ?

D 0 D O

(V]

D 0 0 D

-0

D 0 D 0

D 0 D 0
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C44 C43 H43B 108.7 .
C42 C43 H43B 108.7 .

H43A C43 H43B 107.6 .

C43 C44 H44A 109.5 .
C43 C44 H44B 109.5 .

H44A C44 H44B 109.5 .

C43 C44 H44C 109.5 .
H44A C44 H44C 109.5 .
H44B C44 H44C 109.5 .

C30 C45 C46 111.2(2) .

C30 C45 H45A 109.4 .
C46 C45 H45A 109.4 .
C30 C45 H45B 109.4 .
C46 C45 H45B 109.4 .

H45A C45 H45B 108.0 . .
C47 C46 €45 113.0(3)

C47 C46 H46A 109.0 .
C45 (C46 H46A 109.0 .
C47 C46 H46B 109.0 .
C45 C46 H46B 109.0 .

H46A C46 H46B 107.8 . .
C48 CA7 C46 115.3(3)

C48 C47 H47A 108.5 .
C46 C47 H4TA 108.5 .
C48 C47 H47B 108.5 .
C46 C47 H47B 108.5 .

H47A C47 H47B 107.5 . .
C47 C48 €49 113.2(3) .

C47 C48 H48A 108.9 .
C49 C48 H48A 108.9 .
C47 C48 H48B 108.9 .
C49 C48 H48B 108.9 .
H48A C48 H48B 107.7 .
C48 C49 H49A 109.5 .
C48 C49 H49B 109.5 .

H49A C49 H49B 109.5 .

C48 C49 H49C 109.5 .

H49A C49 H49C 109.5 .

H49B C49 H49C 109.5 .

loop

_geom_torsion atom site label 1
_geom_torsion atom site label 2
_geom_torsion atom site label 3
_geom_torsion atom site label 4

~geom torsion

~geom torsion site symmetry 1
~geom torsion site symmetry 2
~geom torsion site symmetry 3

D 0 0 0

D 0 0 0
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_geom_torsion site symmetry 4
_geom_torsion_publ flag

C8 NI C1 €6 0.5(3) . . . . ?

C9 NI C1 C6 -175.1(2) . . . . 2

C8 NI C1 €2 178.4(3) . . . . 2
CONILClC228(4)....°¢%

6 ClC2C30.2(4) ....72

NI C1 C2 C3 -177.4(3) . . . . 2
Cl1C2C3C40.5(4) ....°¢2
C2C3C4C5-0.7(4) . . . .2
C3C4C50C60.2(4) ....°2
C4C5C6Cl1 0.44) ... .°2

C4 C5C6 C7 178.8(3) . . . . 2
c2C1C6C5-0.74) . .. .2

N1 C1 C6 C5 177.4(3) . . . . ?

C2 Cl C6 C7 -179.3(3) . . . . ?

NI C1 C6C7-1.3(3) . . . . ?®

C5 C6 C7 C11 63.9(4) . . . . 2

Cl C6 C7 CI1 -117.6(3) . . . . ?
C5 C6 C7 C8 -177.0(3) . . . . ?
Cl1C6C7C81.5(3) ....°¢2

C5 C6 C7 C10 -58.9(4) . . . . ¢

Cl C6 C7 C10 119.5(3) . . . . ?

Cl N1 ¢8 C12 -177.5(3) . . . . ?
C9 NI C8 C12 -2.0(4) . . . . 2

Cl1 NI C8 C7 0.5(3) . . . . ?®?

C9 N1 C8 C7 176.0(2) . . . . 2

C6 C7 C8 NI -1.2(3) . . . . ?

Cl1 €7 C8 N1 116.9(3) . . . . 2
C10 C7 C8 N1 -118.2(3) . . . . 2
C6 C7 C8 C12 176.7(3) . . . . 2
Cl1 C7 C8 C12 -65.3(4) . . . . ?
Cl10 C7 C8 C12 59.7(4) . . . . 2

C8 NI C9 €40 79.3(3) . . . . 2

Cl N1 C9 C40 -105.7(3) . . . . ?
N1 €8 C12 C13 175.3(3) . . . . 2
C7 C8 Cl12 C13 -2.3(5) . . . . 2

C8 Cl2 C13 C14 -174.8(3) . . . . ?
Cl12 C13 Cl4 C15 165.5(3) . . . . ?
Cl2 C13 Cl4 C19 -9.8(5) . . . . ?
Cl13Cl4 C1501 5.7(4) . . . . ?
C19 Cl4 C15 01 -178.9(2) . . . . ?
C13 Cl4 C15 C16 -167.5(3) . . . . 2
Cl19 Cl4 C15 C16 8.0(4) . . . . ?
€33 01 C15 C14 105.9(3) . . . .
€33 01 C15 C16 -80.5(3) . . . . ?
Cl4 C15 C16 C20 167.4(3) . . . . ?
01 C15 C16 C20 -5.7(4) . . . . ?
Cl4 Cl15 C16 C17 -10.9(4) . . . . 2

208



01 C15 C16 C17 176.0(2) .

C20
C15
C16
Cl5
C13
C17
Cl5
C17
C16
C29
€30
C29
€30
C20
C20

N2 (22 (23 24 -2.8(3) . .
C21 €22 (23 €24 178.1(3) .
N2 €22 (23 €31 -120.1(3)

C16
C16
C17
C14
C14
C18
C16
C16
C20

C17
C17
C18
C19
C19
C19
C20
C20
C21

C18
C18
C19
C18
C18
Cl4
C21
C21
C22

161.2(3) .
220.5(4) .

53.4(3) .
26.0(4) .

-158.6(3) .
-56.1(3) . .
-177.9(3) .
0.4(4) . . .
-176.6(3) .
N2 22 C21 -177.7(3)

N2 €22 C21 5.6(4) . .
N2 €22 €23 3.1(3) . .

N2 €22 €23 -173.6(2) .

C21 €22 N2 179.1(3)
21 €22 €23 -1.9(5)

C21 C22 €23 C31 60.8(4) .
N2 €22 C23 €32 114.2(3) .

C21
C31
C22
C32
C31
C22
C32
C29
C23
C24
C25
C26
C27
C27
C25
C23
C25
C23
C22
C30
C22
C30
C22
C29
C15
C15

C22
C23
C23
C23
C23
C23
C23
C24
C24
C25
C26
Cc27
C28
C28
C24
C24
C24
C24
N2
N2
N2
N2
N2
N2
01
01

01 €33
€38 (€33 (€34 €35 —-0.5(4) .

C23
C24
C24
C24
C24
C24
C24
C25
C25
C26
Cc27
C28
C29
C29
C29
C29
C29
C29
C29
C29
C29
C29
C30
C30
C33
C33
C34

C32
C25
C25
C25
C29
C29
C29
C26
C26
Cc27
C28
C29
C24
N2
C28
C28
N2
N2
C28
C28
C24
C24
C45
C45
C38
C34
C35

-64.9(4) .
-60.3(4) .
180.0(3) .

63.1(4) .

121.2(3) .
1L6G) . ..
115.3(3) .

-1.1(4) .

179.4(3) .
0.34) . .
0.6(0) . .

-0.7(4) .
-0.2(4) .
179.3(3) .

1) .
179.7(3) .
-178.5(3) .

0.1(3) . .
178.4(3) .

-4.9(4) ...
-2.1(3) . .

174.6(2) .
-81.7(3) .
102.1(3) .

-167.7(2) .

14.2(4) .
177.5(2) .
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€33 €34 €35 €36 0.8(4) . . . . ¢
C34 €35 €36 €37 0.3(5) . . . . ?
C34 €35 €36 €39 179.7(3) . . . . ?
€35 €36 €37 €38 -1.6(5) . . . . ?
C39 €36 €37 €38 179.0(3) . . . . ?
€36 €37 €38 €33 1.9(4) . . . . 2

01 €33 €38 €37 -179.0(2) . . . . ?
€34 €33 €38 €37 -0.8(4) . . . . ?
€35 €36 €39 02 -176.8(4) . . . . ?
C37 €36 €39 02 2.5(6) . . . . ¢

NI C9 C40 C41 70.0(3) . . . . 2

C9 C40 C41 €42 175.1(3) . . . . ?
C40 C41 €42 C43 -175.4(3) . . . . ?
C41 C42 €43 C44 174.8(3) . . . . ¢
N2 C30 €45 C46 -179.0(2) . . . . ?
C30 C45 C46 C47 -164.8(3) . . . . ?
C45 C46 CA7 C48 —61.4(4) . . . . ¢
C46 C47 (48 C49 —65.5(4) . . . . ?

_diffrn measured fraction theta max
_diffrn reflns theta full

_diffrn measured fraction theta full
_refine diff density max 0.57
_refine diff density min  —0.48
_refine diff density rms 0. 086

# END OF CIF

0.995
25.0
0.999
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APPENDIX CC: CRYSTALLOGRAPHIC DATA FOR COMPOUND 3.9

data NIR-2Aldehyde

_audit_creation_method SHELXL-97
_chemical name systematic

_chemical name common

_chemical melting point ?

_chemical compound source >local laboratory
_chemical formula moiety ’C51 H48 N2 06, C H4 O
_chemical formula sum 52 H52 N2 07

_chemical formula weight 816. 96

loop

_atom_type_ symbol

_atom type description

_atom_type scat dispersion real
_atom_type scat dispersion imag

_atom type scat source

¢ 0.0033 0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4’
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' W 0.0000  0.0000

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4

NN 0.0061  0.0033

" International Tables Vol C Tables 4.2.6.8 and 6.1.1.4

0’0 0.0106  0.0060

"International Tables Vol C Tables 4.2.6.8 and 6.1. 1.4’
_symmetry_space group name H-M P 21/n ’
_symmetry_space group_name Hall " P 2yn’
_symmetry cell setting 'Monoclinic

loop

_symmetry equiv_pos_as Xyz
sy, 2

T-x+1/2, y+1/2, -z+1/2

' x, -y, 2’

‘x-1/2, -y-1/2, z-1/2

_cell length a 13.9436(11)
~cell length b 11.5410(10)
~cell length ¢ 25.5730(15)
_cell angle alpha 90

_cell angle beta 90. 840 (5)
_cell angle gamma 90

_cell volume 4114. 8(5)
~cell formula units 7 4

_cell measurement temperature 90

_cell measurement reflns used 9450

_cell measurement_theta min 2.5

_cell measurement theta max 27.8
_exptl _crystal description fragment
_exptl crystal colour blue—green/bronze dichroic’
_exptl crystal size max 0.40
_exptl crystal size mid 0.35
_exptl crystal size min 0. 20
_exptl crystal density meas ?

_exptl crystal density diffrn 1. 319
_exptl crystal density method ’not measured
_exptl crystal F 000 1736
_exptl absorpt coefficient mu 0. 087
_exptl absorpt correction type none

_exptl absorpt correction T min 9
_exptl absorpt correction T max 9
_exptl absorpt process details ?

_exptl special details

’

?

212



~diffrn_ambient temperature 90

~diffrn _radiation wavelength 0.71073
_diffrn radiation type MoK\a
_diffrn_radiation_source ’fine—focus sealed tube

_diffrn radiation _monochromator  graphite
_diffrn_measurement device ’KappaCCD (with Oxford Cryostream)’
_diffrn_measurement method > \w scans with \k offsets’
_diffrn detector_area resol mean ¢
_diffrn_standards_number 0

_diffrn standards interval count 9

_diffrn standards interval time 9

_diffrn standards decay % <2

_diffrn reflns number 52149

_diffrn reflns av R equivalents 0.029

~diffrn reflns av _sigmal/netl 0.0410

~diffrn reflns limit h min -18

~diffrn reflns limit h max 18

~diffrn reflns limit k min -15

_diffrn reflns limit k max 14

~diffrn reflns limit 1 min -33

_diffrn reflns limit 1 max 33

_diffrn_reflns theta min 2.7

~diffrn_reflns theta max 27.9

_reflns number total 9790

_reflns_number gt 7182

_reflns_threshold expression I>2\s (1)

_computing data collection > COLLECT (Nonius, 2000)’

_computing cell refinement "HKL Scalepack (Otwinowski & Minor 1997)’
_computing data reduction ' HKL Denzo and Scalepack (Otwinowski & Minor 1997)’
_computing structure _solution "SIR97 (Altomare et al., 1999)°
_computing structure refinement ’ SHELXL-97 (Sheldrick, 1997)’

_computing molecular graphics " ORTEP-3 for Windows (Farrugia, 1997)°

_computing publication material ’SHELXL-97 (Sheldrick, 1997)’
_refine special details

Refinement of F 2~ against ALL reflections. The weighted R-factor wR and
goodness of fit S are based on F 27, conventional R-factors R are based

on F, with F set to zero for negative F 2 . The threshold expression of
F'2" > 2sigma(F 2") is used only for calculating R-factors(gt) etc. and is
not relevant to the choice of reflections for refinement. R-factors based
on F'2" are statistically about twice as large as those based on F, and R-
factors based on ALL data will be even larger.

“refine ls structure factor coef Fsqd
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_refine 1s matrix type full
_refine 1s weighting scheme calc
_refine 1ls weighting details
“cale w=1/[\s 2" (Fo"27)+(0. 1270P) "2 +4. 7080P] where P=(Fo 2 +2Fc"27) /3’

_atom_sites_solution primary direct
_atom_sites_solution secondary difmap
_atom_sites_solution hydrogens geom
_refine 1s hydrogen treatment constr
_refine 1s extinction method SHELXL
_refine_ls extinction coef 0.0021(10)

_refine ls extinction expression
"Fe s =kFc[1+0. 001xFc 2°\173" /sin(2\q) ] "-1/4"

_refine 1s number reflns 9790
_refine ls number parameters 556
_refine Is number restraints 0
_refine Is R factor all 0.104
_refine 1s R factor gt 0.076
_refine 1s wR factor ref 0.232
_refine ls wR factor gt 0.213
_refine ls goodness of fit ref 1. 034
_refine ls restrained S all 1. 034
_refine 1s shift/su max 0. 000
_refine 1s shift/su mean 0. 000

loop

_atom_site label

_atom_site type_symbol

_atom_site fract x

_atom_site fract y

_atom_site fract z

_atom_site U iso or equiv

_atom_site adp type

_atom_site_occupancy

_atom_site symmetry multiplicity

_atom_site calc flag

_atom_site refinement flags

_atom_site disorder assembly

_atom_site_disorder group

01 0 0.79700(13) 0.30307(18) 0.62131(9) 0.0385(5) Uani 1 1 d .
02 0 0.7677(3) 0.2107(4) 0.86245(14) 0.1037(13) Uani 1 1 d .
03 0 0.25898(14) —0.04821(16) 0.48078(8) 0.0328(4) Uani 1 1 d
H30 H 0.2231 0.0050 0.4695 0.049 Uiso 1 1 calc R

04 0 0.40202(14) —0.06441(16) 0.51789(8) 0.0326(4) Uani 1 1 d
05 0 0.87840(16) 0.9286(2) 0.55528(9) 0.0485(6) Uani 1 1 d .
06 0 0.90351(18) 0.8352(2) 0.48080(11) 0.0642(8) Uani 1 1 d

NI N 0.36428(14) 0.12461(18) 0.59966(8) 0.0239(4) Uani 1 1 d .
N2 N 1.11397(14) 0.65644(17) 0.55084(8) 0.0221(4) Uani 1 1 d .
Cl C 0.32923(17) 0.0312(2) 0.62954(9) 0.0232(5) Uani 1 1 d . .
C2 C 0.23471(18) -0.0131(2) 0.62807(10) 0.0273(5) Uani 1 1 d .

214



H2 H 0.1867 0.0187 0.6056 0.033 Uiso 1 1 calc R

C3 C 0.21597(19) —0.1039(2) 0.66067(10) 0.0296(6) Uani 1 1 d
H3 H 0.1530 —0. 1354 0.6609 0.036 Uiso 1 1 calc R

C4 C 0.28689(19) —0.1527(2) 0.69396(10) 0.0277(6) Uani 1 1 d
C5 C 0.2665(2) —0.2492(2) 0.72659(10) 0.0337(6) Uani 1 1 d . .
H5 H 0.2037 -0.2810 0.7261 0.040 Uiso 1 1 calc R

C6 C 0.3346(2) —0.2969(2) 0.75847(11) 0.0373(7) Uani 1 1 d . .
H6 H 0.3189 —0.3607 0.7802 0.045 Uiso 1 1 calc R

C7 C 0.4282(2) —0.2519(3) 0.75928(11) 0.0380(7) Uani 1 1 d . .
H7 H 0.4755 —0. 2857 0.7817 0.046 Uiso 1 1 calc R

C8 C 0.4524(2) —0.1597(2) 0.72808(10) 0.0305(6) Uani 1 1 d . .
H8 H 0.5164 0. 1313 0.7288 0.037 Uiso 1 1 calc R

C9 C 0.38326(19) —0.1066(2) 0.69482(9) 0.0254(5) Uani 1 1 d

C10 C 0.40090(17) -0.0113(2) 0.66165(9) 0.0236(5) Uani 1 1 d . .

Cl1 C 0.49255(17) 0.0577(2) 0.65210(9) 0.0235(5) Uani 1 1 d
Cl12 C 0.45743(17) 0.1469(2) 0.61169(9) 0.0227(5) Uani 1 1 d . .
C13 C 0.56884(19) —0.0207(2) 0.62678(11) 0.0298(6) Uani 1 1 d .
HI3A H 0.5836 —0.0859 0.6501 0.045 Uiso 1 1 calc R

HI3B H 0.6273 0.0243 0.6209 0.045 Uiso 1 1 calc R .

H13C H 0.5440 -0.0503 0.5933 0.045 Uiso 1 1 calc R

Cl4 C 0.5301(2) 0.1171(2) 0.70218(10) 0.0292(6) Uani 1 1 d . .
H14A H 0.4787 0.1635 0.7175 0.044 Uiso 1 1 calc R .

H14B H 0.5842 0.1677 0.6936 0.044 Uiso 1 1 calc R .

H14C H 0.5514 0.0582 0.7274 0.044 Uiso 1 1 calc R .

C15 C 0.50613(17) 0.2389(2) 0.58926(9) 0.0240(5) Uani 1 1 d
H15 H 0.4704 0.2872 0.5660 0.029 Uiso 1 1 calc R

C16 C 0.60215(18) 0.2671(2) 0.59757(10) 0.0256(5) Uani 1 1 d
H16 H 0.6401 0.2162 0.6185 0.031 Uiso 1 1 calc R

C17 C 0.31112(18) 0.1758(2) 0.55524(10) 0.0260(5) Uani 1 1 d
H17A H 0.3192 0.2610 0.5559 0.031 Uiso 1 1 calc R .

H17B H 0.2420 0.1587 0.5588 0.031 Uiso 1 1 calc R .

C18 C 0.34582(19) 0.1289(2) 0.50276(10) 0.0275(5) Uani 1 1 d .
H18A H 0.3065 0.1627 0.4741 0.033 Uiso 1 1 calc R .

H18B H 0.4133 0.1525 0.4976 0.033 Uiso 1 1 calc R .

C19 C 0.33874(18) —0.0027(2) 0.50059(10) 0.0259(5) Uani 1 1 d .
C20 C 0.64633(18) 0.3657(2) 0.57713(10) 0.0247(5) Uani 1
€21 C 0.74383(18) 0.3871(2) 0.58747(10) 0.0269 (5) Uani 1
€22 C 0.79732(18) 0.4782(2) 0.56566(10) 0.0260(5) Uani 1
€23 C 0.74601(18) 0.5595(2) 0.52856(10) 0.0253(5) Uani 1
H23A H 0.7524 0.5306 0.4923 0.030 Uiso 1 1 calc R .

H23B H 0. 7763 0.6370 0.5306 0.030 Uiso 1 1 calc R .

0 1
0 1
0 1
0 1
0
0 )
C24 C 0.64010(18) 0.5699(2) 0.54158(10) 0.0257(5) Uani 1 1 d
0
0
0
0
0
0

Qo o

H24A H 0.6074 0.6184 0.5148 0.031 Uiso 1 1 calc R .

H24B H 0. 6336 0.6087 0.5759 0.031 Uiso 1 1 calc R .

€25 C 0.59161(18) 0.4507(2) 0.54350(10) 0.0247(5) Uani 1 1 d
H25A H 0.5261 0.4597 0.5573 0.030 Uiso 1 1 calc R .

H25B H 0. 5858 0.4195 0.5075 0.030 Uiso 1 1 calc R .

C26 C 0.89421(18) 0.4889(2) 0.57873(10) 0.0272(5) Uani 1 1 d .
H26 H 0.9195 0.4361 0.6039 0.033 Uiso 1 1 calc R
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Cc27
H27
C28
C29
€30
C31
C32
H32
C33
H33
C34
H34
C35

OO T OoOTCT OO O T O IT O OO0 0 T0
— = e e e e e e e e e e e e e e e = = OO

. 95766 (17) 0.
. 9334 0.6237
. 05444 (17) 0.
. 11085(17) 0.
.21036(17) 0.
.29799(18) 0.
.30884(19) 0.
. 2552 0. 3998
.3958(2) 0.4265(2) 0.69813(11) 0.0335(6) Uani 1 1 d .

.4019 0. 3667
.4760(2) 0.4939(3) 0.68562(11) 0.0339(6) Uani 1 1 d .

. 5362 0.4788
.46801(18) 0.

5701(2) 0.55815(10) 0.0257(5)
0.5331 0.031 Uiso 1 1 calc R

5773(2) 0.57218(9) 0.0233(5) Uani
5081(2) 0.61372(9) 0.0232(5) Uani
5608 (2) 0.60942(9) 0.0216(5) Uani
5344 (2) 0.63588(9) 0.0235(5) Uani

4459 (2) 0.67424(10) 0.0276(5)
0.6833 0.033 Uiso 1 1 calc R

0.7235 0.040 Uiso 1 1 calc R

0.7022 0.041 Uiso 1 1 calc R
5811(2) 0.64974(10) 0.0283(5)

Uani 1 1 d

— = =
— = =
Q0 a0

Uani 1 1 d

Uani 1 1 d

H35 .5225 0.6273 0.6422 0.034 Uiso 1 1 calc R

€36 .37957(17) 0.6039(2) 0.62348(9) 0.0238(5) Uani 1 1 d
€37 .37118(17) 0.6940(2) 0.58603(9) 0.0234(5) Uani 1 1 d
H37 . 4260 0.7396 0.5786 0.028 Uiso 1 1 calc R

€38 .28707(17) 0.7175(2) 0.56029(9) 0.0233(5) Uani 1 1 d
H38 . 2825 0.7775 0.5349 0.028 Uiso 1 1 calc R

€39 .20741(17) 0.6487(2) 0.57299(9) 0.0217(5) Uani 1 1 d
C40 . 06942 (19) 0.5356(2) 0.66800(10) 0.0287(5) Uani 1 1 d .
H40A H 1. 1116 0.5032 0.6953 0.043 Uiso 1 1 calc R .

H40B H 1.0054 0.5012 0.6707 0.043 Uiso 1 1 calc R .

H40C H 1.0650 0.6197 0.6725 0.043 Uiso 1 1 calc R .

C41 C 1.11137(19) 0.3769(2) 0.60188(10) 0.0261(5) Uani 1 1 d
H41A H 1.1322 0.3642 0.5659 0.039 Uiso 1 1 calc R .

H41B H 1. 0466 0.3456 0.6060 0.039 Uiso 1 1 calc R .

H41C H 1. 1556 0.3377 0.6262 0.039 Uiso 1 1 calc R .

C42 C 1.08424(18) 0.7471(2) 0.51396(10) 0.0274(5) Uani 1 1 d
H42A H 1.0406 0. 7135 0.4871 0.033 Uiso 1 1 calc R .

H42B H 1. 1413 0. 7778 0.4960 0.033 Uiso 1 1 calc R .

C43 € 1.0330(2) 0.8467(2) 0.54196(12) 0.0345(6) Uani 1 1 d . .
H43A H 1.0328 0.8295 0.5799 0.041 Uiso 1 1 calc R .

H43B H 1.0707 0.9184 0.5371 0.041 Uiso 1 1 calc R .

C44 C 0.9302(2) 0.8697(2) 0.52395(12) 0.0337(6) Uani 1 1 d . .
C45 C 0.7811(2) 0.3131(3) 0.67190(13) 0.0403(7) Uani 1 1 d . .
C46 C 0.8135(3) 0.2152(4) 0.69925(16) 0.0625(10) Uani 1 1 d
H46 H 0.8430 0. 1527 0.6814 0.075 Uiso 1 1 calc R

C47 C 0.8013(3) 0.2116(3) 0.75387(16) 0.0609(11) Uani 1 1 d
H47 H 0.8242 0. 1465 0.7731 0.073 Uiso 1 1 calc R

C48 C 0.7579(3) 0.2990(4) 0.77939(15) 0.0563(10) Uani 1 1 d
C49 C 0.7278(3) 0.3951(4) 0.75197(15) 0.0638(11) Uani 1 1 d
H49 H 0.6980 0.4571 0.7700 0.077 Uiso 1 1 calec R

C50 C 0.7404(3) 0.4031(3) 0.69804(14) 0.0556(9) Uani 1 1d . .
H50 H 0.7206 0.4708 0.6797 0.067 Uiso 1 1 calc R

C51 C 0.7419(3) 0.2907(5) 0.83581(16) 0.0744(14) Uani 1 1 d
H51 H 0.7092 0.3527 0.8523 0.089 Uiso 1 1 calc R

C1S C 0.5077(3) 0.5988(4) 0.88101(19) 0.1071(13) Uani 1 1 d
01S 0 0.5602(6) 0.5067(6) 0.8531(3) 0.108(2) Uani 1 1 d .
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loop

_atom_site_aniso_label
_atom_site aniso U 11
_atom_site aniso U 22
_atom_site aniso U 33
_atom_site aniso U 23
_atom_site aniso U 13
_atom_site aniso U 12

01 0.0181(9) 0.0391(11) 0.0586(13) -0.0103(10) 0.0131(8) -0.0199(8)

020
03 0.0286(10) 0.0245(10)
04 0.0290(10) 0.0289(10)
05 0.0352(12) 0.0590(15)
06 0.0461(14) 0.0670(17)
N1 0.0205(10) 0.0211(10)
N2 0.0192(10) 0.0210(10)
C1 0.0219(12) 0.0230(12)
C2 0.0233(12) 0.0268(13)
C3 0.0267(13) 0.0296(14)
C4 0.0342(14) 0.0239(13)
C5 0.0451(16) 0.0262(14)
C6 0.0563(19) 0.0251(14)
C7 0.0565(19) 0.0266(14)
€8 0.0371(15) 0.0254(13)
€9 0.0316(13) 0.0221(12)
C10 0.0240(12) 0.0226(12)
Cl1 0.0212(12) 0.0225(12)
C12 0.0194(11) 0.0228(12)
C13 0.0260(13) 0.0288(13)
C14 0.0304(14) 0.0290(13)
C15 0.0219(12) 0.0234(12)
C16 0.0215(12) 0.0246(12)
C17 0.0219(12) 0.0207(12)
C18 0.0279(13) 0.0232(12)
C19 0.0248(13) 0.0269(13)
€20 0.0220(12) 0.0237(12)
€21 0.0225(12) 0.0245(12)
€22 0.0228(12) 0.0242(12)
€23 0.0227(12) 0.0260(13)
€24 0.0217(12) 0.0249(12)
€25 0.0221(12) 0.0254(12)
€26 0.0219(12) 0.0262(13)
€27 0.0204(12) 0.0260(13)
€28 0.0225(12) 0.0215(12)
€29 0.0232(12) 0.0216(12)
€30 0.0213(12) 0.0192(11)
€31 0.0238(12) 0.0211(11)
0 0

€32 0.0290(13) 0.0245(13)

0

C OO0 OO0

eNeoBeoBoNoNoNoNoNeoNoNoNoNoNoNoNo oo BRoNoNe Ne e

. 0400
. 0512
.0784
. 0301
. 0262

. 0310
.0310(14)
.0291(13)
.0227(11)

0451

0247
0319
0330
0252
0302

11)
13)
13)
12)
13)
14)

P~ N N~~~ o~~~ o~ o~

.0243(11)
.0268(12)
.0261(11)
.0348(13)
.0282(12)
.0267(11)
.0307(12)
.0352(13)
.0312(13)
.0260(12)
.0285(12)
.0338(13)
.0311(12)
.0274(12)
.0305(12)
.0267(12)
.0335(13)
.0308(12)
.0259(11)
.0249(11)
.0243(11)
.0257(11)
.0293(12)

.118(3) 0.109(3) 0.083(2) 0.048(2) —0.036(2) —0.018(2)

11) 0.0000(8) —0.0036(8) —0.0054(8)
10) 0.0020(8) —0.0010(8) —0.0025(8)
13) -0.0039(11) —0.0034(10) 0.0092(10)
18) -0.0384(15) —0.0337(13) 0.0195(13)
10) -0.0012(8) 0.0009(8) -0.0064 (8)
10) 0.0031(8) 0.0013(8) -0.0052(8)

-0.0043(9) 0.0056(9) —0.0058(9)

-0. 0062 (10)
-0.0090(11)
-0. 0072 (10)
-0.0048(11)
-0.0008(11)
-0. 0009 (11)
-0. 0035 (10)

el elel ol ol= o)

. 0046 (10) -0.0073(10)
.0104
.0107
.0166
.0141
. 0044 (12) 0. 0007 (13)
.0041(11) —0.0041(11)

(
10) -0.0111(11)
10) —0.0089(10)
11) —0.0096(12)
12) —0.0069(13)

P~ o~~~

-0.0052(9) 0.0071(9) -0.0054(10)
-0. 0046 (9) 0.0053(9) —0.0064(9)
-0.0020(9) 0.0018(9) -0.0053(9)
—0. 0051 (10) 0.0021(9) -0.0051(9)
0.0016 (11) 0.0075(10) —0.0016(10)

—0.0008(11) -0.0012(10) -0.0083(11)

-0. 0006 (10) —0.0010(9) —0.0051 (9)
0.0010(10) 0.0021(9) —0. 0041 (10)
0. 0004 (10) -0.0025(10) —0. 0034 (9)
0.0034(10) -0.0029(10) —0.0076(10)
-0. 0003 (10) 0.0041(9) —0.0065(10)
-0.0019(10) 0.0037(9) —0. 0065 (10)
0.0038(10) 0.0019(10) —0. 0023 (10)
-0.0012(10) 0.0047(9) —0. 0060 (10)
-0. 0005 (10) 0.0042(9) —0.0081(10)
0.0038(10) 0.0002(9) -0.0063(10)
0.0003(10) 0.0019(9) -0.0081(10)
0.0017 (10) 0.0025(10) —0. 0050 (10)
0. 0006 (10) 0.0017(9) -0.0066(10)
-0. 0005 (9) 0.0039(9) -0.0063(9)

0.0003(9) 0.0035(9) -0.0053(9)

-0.0020(9) 0.0036(9) -0.0045(9)

-0.0030(9) 0.0024(9) -0.0008(9)

0.0024 (10) 0.0008(10) —0.0015(10)
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€33 0.0360(15) 0.0286(14) 0.0357(14) 0.0036(11) -0.0013(11) 0.0018(11)
C34 0.0262(13) 0.0376(15) 0.0379(14) —0.0012(12) —0.0039(11) 0.0031(11)
€35 0.0209(12) 0.0332(14) 0.0310(13) —0.0048(11) 0.0035(9) —0.0014(10)
€36 0.0221(12) 0.0254(12) 0.0239(11) —0.0060(10) 0.0037(9) —0.0012(9)
€37 0.0193(11) 0.0226(12) 0.0283(12) —0.0046(10) 0.0051(9) —0.0051 (9)
€38 0.0234(12) 0.0207(11) 0.0260(11) 0.0001(9) 0.0053(9) —0.0046(9)

€39 0.0210(11) 0.0201(11) 0.0239(11) -0.0018(9) 0.0017(9) -0.0026(9)
€40 0.0279(13) 0.0302(13) 0.0281(12) 0.0017(11) 0.0051(10) —0.0068(11)
C41 0.0275(13) 0.0203(12) 0.0305(12) 0.0010(10) 0.0017(10) —0.0076(10)
C42 0.0229(12) 0.0251(13) 0.0342(13) 0.0061(10) —0. 0034 (10) —0. 0048 (10)
C43 0.0313(14) 0.0254(13) 0.0465(16) —0.0005(12) —0.0119(12) —0.0026(11)
C44 0.0288(14) 0.0251(13) 0.0469(16) —0.0005(12) —0.0069(12) —0.0034(11)
C45 0.0244(14) 0.0413(17) 0.0549(18) 0.0135(14) -0.0078(12) —0.0063 (12)
C46 0.070(3) 0.052(2) 0.066(2) 0.0044(19) —0.0187(19) 0.0149(19)

C47 0.074(3) 0.044(2) 0.064(2) 0.0155(18) —0.026(2) 0.0074(19)

C48 0.049(2) 0.065(3) 0.055(2) 0.0144(18) —0.0134(16) —0.0037(18)

C49 0.076(3) 0.069(3) 0.0464(19) 0.0114(19) -0.0033(18) 0.023(2)

C50 0.067(2) 0.050(2) 0.0491(19) 0.0129(17) -0.0014(17) 0.0129(18)

C51 0.070(3) 0.104(4) 0.048(2) 0.031(2) -0.0196(19) -0.010(3)

C1S 0.087(3) 0.081(3) 0.153(4) 0.024(3) -0.011(2) -0.006(2)

01S 0.149(6) 0.077(4) 0.097(4) -0.002(3) 0.031(4) -0.012(4)

_geom_special details

All esds (except the esd in the dihedral angle between two l.s. planes)

are estimated using the full covariance matrix. The cell esds are taken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are only
used when they are defined by crystal symmetry. An approximate (isotropic)
treatment of cell esds is used for estimating esds involving 1.s. planes.

loop_
_geom_bond_atom _site label 1
_geom_bond_atom site label 2
_geom_bond_distance
_geom_bond_site symmetry 2
_geom_bond publ flag

01 C45 1.321(4) . 2
01 C21 1.490(3) . 2
02 C51 1.200(5) . 2
03 C19 1.324(3) . 2
03 H30 0.8400 . ?

04 C19 1.213(3) . 2
05 C44 1.283(4) . 2
06 C44 1.226(4) . ?
N1 C12 1.355(3) . ?

Nl Cl 1.413(@3) . ?
N1 C17 1.471(3) . ?
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N2
N2
N2
Cl1
Cl
C2
C2
C3
C3
C4
C4
Cb
Cb
C6
C6
C7
C7
C8
C8
C9
C10
Cl1
Cl1
Cl1
C12
C13
C13
C13
C14
C14
Cl14
Cl5
Cl15
C16
C16
C17
C17
C17
C18
C18
C18
C20
C20
C21
C22
C22
C23
C23
C23

028 1.354(3) .
€39 1.416(3) .
C42 1.465(3) .
C10 1.375(4) .
€2 1.413(3) . 2
€3 1.367(4) . ¢
H2 0.9500 . ?
C4 1.412(4) . ¢
H3 0.9500 . ?
C5 1.422(4) . 2
€9 1.445(4) . 2
C6 1.359(4) . 7
H5 0.9500 . ?
C7 1.405(4) . 7
H6 0.9500 . ?
C8 1.375(4) . ¢
H7 0.9500 . ?
C9 1.417(4) . 7
H8 0.9500 . ?

C10 1.412(3) .

Cl1 1.528(3) .
Cl2 1.534(4) .
Cl4 1.538(3) .
C13 1.546(4) .
C15 1.389(3) .

H13A 0. 9800 .
H13B 0. 9800 .
H13C 0. 9800 .
H14A 0. 9800 .
H14B 0. 9800 .
H14C 0. 9800 .

C16 1.391(3) .

H15 0. 9500 .

20 1.399(3) .

H16 0.9500 .

C18 1.532(4) .

H17A 0.9900 .
H17B 0. 9900 .

C19 1.522(4) .

H18A 0. 9900 .
H18B 0.9900 .
C21
C25
C22
C26
C23
C24
H23A 0.9900 .
H23B 0.9900 .

1
1
1
1
1
1

.403(3) .
.505(4) .
.409(3) .
.392(4) .
.507(4) .
.523(3) .

D 0 0 D

D 0 D D 0 D

?
?

D D 0 D O

D O 0 D O 0
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C24
C24
C24
C25
C25
C26
C26
C27
C27
C28
C29
C29
C29
C30
C30
C31
C31
C32
C32
C33
C33
C34
C34
C35
C35
C36
C37
C37
C38
C38
C40
C40
C40
C41
C41
C41
C42
C42
C42
C43
C43
C43
C45
C45
C46
C46
C47
C47
C48

025 1.534(3) .
H24A 0.9900 .
H24B 0.9900 .
H25A 0.9900 .
H25B 0.9900 .
27 1.397(3) .
H26 0.9500 . ¢
28 1.394(3) .
H27 0.9500 . ¢
€29 1.536(4) .
€30 1.520(3) .
€40 1.544(3) .
C41 1.545(3) .
€39 1.377(3) .
€31 1.421(3) .
032 1.423(4) .
036 1.431(3) .
033 1.368(4) .
H32 0.9500 . ¢
034 1.404(4) .
H33 0.9500 . ¢
035 1.366(4) .
H34 0.9500 . ¢
036 1.420(4) .
H35 0.9500 . ¢
037 1.417(4) .
(38 1.364(3) .
H37 0.9500 . ¢
€39 1.407(3) .
H38 0.9500 .

H40A 0. 9800 .
H40B 0. 9800 .
H40C 0. 9800 .
H41A 0.9800 .
H41B 0. 9800 .
H41C 0.9800 .
(43 1.536(4) .
H42A 0.9900 .
H42B 0.9900 .
44 1.522(4) .
H43A 0.9900 .
H43B 0.9900 .
€50 1.364(5) .
C46 1.400(5) .
€47 1.410(6) .
H46 0.9500 . ¢
48 1.349(6) .
H47 0.9500 . ¢
€49 1.375(5) .

D 0 D 0 D D

D 0 0 D

D 0 D 0 D D D D O
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C48 Ch1 1.466(5) . ?
C49 C50 1.396(5) . ?
C49 H49 0.9500 . ?
C50 H50 0.9500 . ?
C51 H51 0.9500 . ?
01S C1S 1.481(8) . ?

loop_

_geom_angle atom_site label 1
_geom_angle atom site label 2
_geom_angle atom site label 3
_geom_angle
_geom_angle site symmetry 1
_geom_angle site symmetry 3
_geom_angle publ flag

C45 01 C21 115.0(2) . . ?

€19 03 H30 109.5 . . ?

C12 N1 CI 111.1(2) . . ?

Cl12 N1 C17 124.7(2) . . ?

Cl NI C17 123.3(2) . . ?

C28 N2 €39 111.2(2) . . ?

C28 N2 C42 124.9(2) . . ?

C39 N2 C42 123.55(19) . . 2
C10 Cl NI 109.9(2) . . ?

Cl0 C1 C2 123.8(2) . . ?

NI C1 C2 126.2(2) .
€3 C2 Cl 116.6(3) .
C3 C2 H2 121.7 . . 2
Cl C2 H2 121.7 .
C2C3C4122.3(12) . . 2
C2 C3 H3 118.8 . . 2
C4 C3 H3 118.8 . . 2
C3 C4 C5 121.4(2)

C3 C4 C9 120.3(2) .
C5 C4 C9 118.2(3) .
C6 C5 C4 121.7(3) . .
C6 C5 H5 119.1 . . 2
C4 C5 H5 119.1 . . 2
C5 C6 C7 120.0(3) . . 2
C5 C6 H6 120.0 . . 2

C7 C6 H6 120.0 . . 2

C8 C7 C6 120.9(3) . . ?
C8 C7 H7 119.6 . . 2

C6 C7 H7 119.6 . . 2

C7 C8 C9 120.9(3) . . ?
C7 C8 H8 119.6 . . 2

C9 C8 H8 119.6 . . 2

C10 C9 C8 125.1(2) . . ?
Cl0 C9 C4 116.6(2) . . ?

D O

-0

D 0 0 O
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C8 C9 C4 118.3(2) . . ?
Cl C10 €9 120.3(2) . . ?
Cl C10 CI1 108.7(2)

C9 C10 CI1 130.9(2) . . ?

C10 C11 C12 101.41(19) . . ?

C10 Cl11 C14 112.0(2) . .
Cl2 Cl11 C14 111.3(2) . .
C10 C11 C13 110.1(2) . .
Cl12 Cl11 C13 109.0(2) . .
Cl4 Cl11 C13 112.4(2) . .
N1 C12 C15 121.6(2) . . ?
N1 C12 C11 108.7(2) . . ?
Cl5 C12 CI1 129.7(2) . . 2
C11 C13 HI3A 109.5

C11 C13 HI3B 109.5 . . ?
H13A C13 HI3B 109.5 . . ?
C11 C13 HI3C 109.5 . . ?
H13A C13 HI3C 109.5 . . ¢
H13B C13 HI3C 109.5 . . ?
C11 C14 H14A 109.5

Cl1 C14 H14B 109.5 . . ?
H14A C14 HI4B 109.5 . . ?
Cl1 C14 H14C 109.5 . . ?
H14A C14 H14C 109.5

H14B C14 H14C 109.5 . . 2
C12 C15 C16 126.2(2) . . 2
C12 C15 H15 116.9
C16 C15 H15 116.9
C15 C16 €20 124.2(2) . . 2
C15 C16 H16 117.9
€20 C16 H16 117.9
N1 C17 C18 111.8(2) . . ?
N1 C17 H17A 109.2 . . ?
C18 C17 HI7A 109.2 . . ?
N1 C17 H17B 109.2 . . ?
C18 C17 HI7B 109.2 . . ?
H17A C17 H17B 107.9 . . 2
C19 C18 C17 111.3(2) . . 2
C19 C18 HI8A 109.4
C17 C18 HI8A 109.4
C19 C18 HI8B 109. 4
C17 C18 H18B 109. 4
H18A C18 HI8B 108.0 . . ?
04 C19 03 120.6(2) . . ?
04 C19 C18 121.7(2) . . ?
03 C19 C18 117.6(2) . . ?
C16 C20 C21 120.3(2) . . °
C16 C20 C25 121.4(2) . . ?
C21 C20 €25 118.3(2) . . ?

D 0 D D 0

D O

D O

D 0 D 0
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€20 C21 C22 125.0(2) .

€20 C21 01 117.8(2) .
€22 €21 01 117.0(2) .

€26 €22 C21 119.2(2) .

C26 C22 (23 123.1(2) .
C21 C22 €23 117.7(2) .

€22 C23 C24 111.4(2) .

C22 C23 H23A 109.4 .
C24 C23 H23A 109.4 .
C22 C23 H23B 109.4 .
C24 C23 H23B 109.4 .

H23A C23 H23B 108.0 .

023 €24 €25 111.4(2)

C23 C24 H24A 109.3 .
C25 C24 H24A 109.3 .
C23 C24 H24B 109.3 .
C25 C24 H24B 109.3 .

H24A C24 H24B 108.0 .

€20 €25 €24 112.5(2)

C20 C25 H25A 109.1 .
C24 C25 H25A 109.1 .
C20 C25 H25B 109.1 .
C24 C25 H25B 109.1 .

H25A C25 H25B 107.8 .

C22 C26 C27 125.9(2) .

C22 C26 H26 117.1 .
C27 C26 H26 117.1 .

€28 (27 €26 124.0(2) .

C28 C27 H27 118.0 .
C26 C27 H27 118.0 .
N2 €28 (27 122.2(2) .

N2 €28 C29 108.6(2) . . ?

D O

D 0 D 0

C27 C28 €29 129.1(2) . . ?

€30 €29 €28 101.57(19) . .
€30 €29 C40 109.7(2)
€28 €29 €40 108.7(2)
€30 €29 C41 111.8(2)
€28 €29 C41 112.2(2)
C40 C29 C41 112.3(2)
€39 €30 C31 119.8(2)
€39 €30 €29 109.0(2)
€31 €30 €29 131.2(2)
C30 C31 €32 124.4(2)
€30 C31 €36 117.0(2)
€32 (€31 €36 118.6(2)
€33 €32 €31 120.7(2)

C33 €32 H32 119.7 .
C31 C32 H32 119.7

€32 (€33 €34 120.8(3)

D 0 0 D D D D D D D D O

223



C32 C33 H33 119.6 .
C34 C33 H33 119.6 .

€35 €34 €33 120.2(3) .

C35 C34 H34 119.9 .
C33 C34 H34 119.9

D O

C34 €35 €36 121.1(2) .

C34 C35 H35 119.5 .
C36 C35 H35 119.5

C37 C36 €35 121.2(2)
C37 €36 C31 120.2(2)
€35 €36 C31 118.6(2)
€38 (37 €36 122.3(2)

C38 C37 H37 118.9 .
C36 C37 H37 118.9

C37 €38 €39 116.9(2)

C37 C38 H38 121.5 .
C39 (€38 H38 121.5

€30 €39 €38 123.8(2)

C29 C40 H40A 109.5 .
C29 C40 H40B 109.5 .

H40A C40 H40B 109.5 .

C29 C40 H40C 109.5 .

H40A C40 H40C 109.5 .
H40B C40 H40C 109.5 .

C29 C41 H41A 109.5 .
C29 C41 H41B 109.5 .

H41A C41 H41B 109.5 .

C29 C41 H41C 109.5 .

H41A C41 H41C 109.5 .
H41B C41 H41C 109.5 .
N2 C42 C43 111.3(2) . .
.9
.2
.9
.2

N2 C42 H42A 109.4 .
C43 C42 H42A 109.4 .
N2 C42 H42B 109.4 .
C43 C42 H42B 109.4 .

H42A C42 H42B 108.0 .

C44 C43 H43A 108.4 .
C42 C43 H43A 108.4 .
C44 C43 H43B 108.4 .
C42 C43 H43B 108.4 .

H43A C43 H43B 107.4 .

06 C44 05 124.6(3) .

06 C44 €43 119.2(3)
05 C44 €43 116.1(3)
01 C45 C50 128.6(3)
01 C45 C46 111.2(3)

D 0 D O

.9
€30 €39 N2 109.6(2) . . ?
(38 C39 N2 126.7(2) . . 2

.?

.9
C44 C43 C42 115.6(2) . . ?

D 0 D 0

D 0 0 D
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C50 C45 C46 120.2(3) . . ¢
C45 C46 C47 118.4(4) . . 2
C45 €46 H46 120.8

C47 C46 H46 120.8 . . ¢
C48 €47 C46 121.3(3) . . 2
C48 €47 HAT 119.4 . . 9
C46 €47 HAT 119.4 . . ?
C47 €48 €49 119.5(4)
C47 €48 C51 120.2(4)
C49 €48 €51 120.3(4)
C48 €49 €50 121.1(4)
C48 €49 H49 119.5 . . ¢
C50 €49 H49 119.5 . . ?
C45 C50 €49 119.5(3) . . 2
C45 €50 H50 120. 2

C49 €50 H50 120.2 . . ?

02 C51 C48 124.1(5) . . ?
02 C51 H51 118.0 . . ?

C48 C51 H51 118.0 . . 2

D 0 D O

loop
_geom_torsion atom site label 1
_geom_torsion atom site label 2
_geom_torsion atom site label 3
_geom_torsion_atom _site label 4
_geom_torsion
_geom_torsion site symmetry 1
_geom_torsion site symmetry 2
_geom_torsion site symmetry 3
_geom_torsion site symmetry 4
_geom_torsion_publ flag

C12 NI C1 C10 -1.0(3) . . . . ?
C17 N1 C1 C10 169.0(2) . . . . ?
Cl2 N1 C1 C2 178.2(2) . . . . ?
Cl7 N1 C1 €2 -11.8(4) . . . . ?
C10 C1 C2 C3 -0.5(4) . . . . ?
N1 C1 C2 C3 -179.6(2) . . . . ?
Cl1 C2C3C4-0.6(4)....7%2

C2 C3 C4 C5 -178.3(2) . . . . ?
C2C3C4C90.44) ....72

C3 C4 C5C6 179.6(2) . . . . ?
C9 C4 C5C60.8(4) ... .72
C4C5C6C7 -0.8(4) . . .. 7°
C5C6C7C8-0.1(4) . . ..?°

C6 C7 €8 C9 0.9(4) . ... 2

C7 €8 €9 C10 179.6(2) . . . . ?
C7C8C9C4-0.94) . . .. 7°
C3C4C9CI10 0.8(3) . . .. *°

C5 C4 €9 C10 179.6(2) . . . . ?
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C3 C4 C9 C8 -178.8(2) . .
C5 C4 C9 €8 0.0(3) . .
NI C1 C10 C9 -179.0(2) . .
C2C1Cl0C9 1.74) . . .
N1 C1 C10 C11 -1.0(3) . .

C2 C1 C10 C11 179.8(2) . .

C8 C9 C10 C1 177.7(2) . .
C4 C9 C10 C1 -1.8(3) . . .
C8 C9 C10 C11 0.2(4) . . .

C4 C9 C10 C11 -179.3(2) . . . .
Cl C10 C11 C12 2.4(2) . . .

€9 C10 C11 C12 -179.9(2) .
C1 C10 C11 C14 121.1(2) .
C9 C10 C11 C14 -61.1(3) .

C1 C10 C11 C13 -113.0(2) .

C9 C10 CI1 C13 64.8(3) . .
Cl N1 Cl12 Cl15 -176.6(2)

C17 N1 C12 C15 13.5(4) . .

Cl N1 C12 C11 2.6(3) . . .
C17 N1 C12 C11 -167.3(2)

C10 C11 Cl12 N1 -3.0(2) . .
Cl14 Cl11 C12 N1 -122.2(2) .
C13 Cl11 C12 N1 113.2(2) .

C10 C11 Cl12 C15 176.2(2) .

Cl4 C11 C12 C15 56.9(3) .

C13 C11 C12 C15 -67.7(3) .

N1 Cl12 C15 C16 -177.8(2) .
Cl1 C12 C15 C16 3.1(4) . .

Cl2 C15 Cl6 C20 -175.1(2) .

C12 N1 C17 C18 70.1(3) . .
C1 NI C17 C18 -98.6(3) . .
N1 C17 C18 C19 56.6(3) . .
C17 C18 C19 04 -85.3(3) .

C17 C18 C19 03 92.3(3) . . .
C15 C16 C20 C21 -179.9(2) .

C15 C16 €20 C25 -0.2(4) .

Cl6 C20 C21 C22 174.7(2) .

€25 C20 C21 C22 -4.9(4) .

Cl6 C20 €21 01 -1.0(4) . .

€25 C20 C21 01 179.3(2) .
C45 01 C21 C20 -77.5(3) .
C45 01 C21 C22 106.4(3) .

C20 C21 €22 C26 -179.2(2) .

01 C21 €22 €26 -3.4(4) . .
€20 C21 €22 €23 0.3(4) . .
01 C21 €22 €23 176.1(2)

C26 C22 €23 €24 -150.9(2) .

C21 C22 €23 C24 29.6(3) . . . . ?
C22 (€23 C24 C25 -54.3(3) . . . . ?
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Cl6 C20 €25 C24 159.5(2) .
C21 C20 €25 C24 -20.8(3) .
€23 (€24 €25 C20 50.1(3) .
C21 C22 €26 C27 176.1(3) .

€23 C22 (26 C27 -3.4(4) . . . .

€22 026 C27 (28 -179.6(3) .
€39 N2 (28 (27 177.8(2)

C42 N2 (28 (€27 4.2(4) . .
C39 N2 (28 €29 0.7(3) . . .
C42 N2 (28 (29 -172.9(2) .
€26 €27 C28 N2 179.2(2) .
€26 €27 (28 (€29 -4.4(4) . .
N2 €28 €29 €30 -1.9(2) . . .
C27 €28 (29 (30 -178.7(2) .
N2 (28 €29 €40 113.7(2) . .
€27 €28 (29 C40 -63.1(3) .
N2 (28 (€29 C41 -121.4(2) .
C27 €28 €29 C41 61.7(3) .
€28 (€29 €30 €39 2.5(3) . . .
C40 €29 €30 €39 -112.4(2) .
C41 €29 €30 €39 122.3(2) . .
€28 €29 €30 C31 -178.0(2) .
C40 €29 €30 C31 67.1(3) . .
C41 €29 €30 €31 -58.2(3) .
€39 €30 C31 €32 179.8(2) .
€29 €30 C31 C32 0.3(4) . .
€39 €30 C31 €36 1.2(3) . . .
€29 €30 C31 C36 -178.3(2) .
€30 C31 €32 (33 -179.6(2) .
€36 €31 €32 €33 -1.0(4) . .
€31 €32 €33 €34 0.4(4) . .
€32 €33 €34 (35 0.8(4) . .
€33 €34 €35 €36 -1.5(4) . .
€34 €35 €36 (€37 -179.7(2) .
€34 €35 €36 C31 0.9(4) . .
€30 €31 €36 €37 -0.4(3) . .
€32 €31 €36 €37 -179.1(2) .

€30 C31 €36 C35 179.0(2) . . . .

€32 €31 €36 €35 0.4(3) . .
€35 €36 €37 (38 180.0(2) .
C31 €36 C37 C38 -0.6(4) . .
€36 €37 €38 €39 0.8(3) . .
C31 €30 €39 C38 -1.1(4) . .
€29 €30 €39 (38 178.6(2) .
€31 €30 C39 N2 178.2(2) .
€29 C30 C39 N2 -2.2(3) .
€37 €38 €39 C30 0.0(4) . .
€37 €38 €39 N2 -179.0(2) .
€28 N2 €39 €30 1.0(3) .
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C42 N2 C39 C30
C28 N2 C39 C38
C42 N2 C39 C38
C28 N2 C42 (43
C39 N2 C42 (43
N2 C42 C43 C44
C42 C43 C44 06
C42 C43 C44 05
C21 01 C45 C50
C21 01 C45 C46
01 C45 C46 C47

174.7(2) . .
-179.8(2) .
-6.1(4) . .
76.1(3) . .
-96.8(3) . .
-119.9(3) .
-20.8(4) .
161.7(3) .
-15.6(4) .
165.1(3) . .
-179.6(3) .
C50 C45 C46 €47 1.1(6) . .
C45 C46 C47 €48 1.3(6) . .
C46 €47 C48 C49 -2.3(6) . .
C46 €47 C48 C51 177.1(4) . . . . %
C47 C48 C49 €50 0.9(7) . . . . ?

C51 €48 €49 C50 -178.5(4) . . .
01 C45 C50 C49 178.4(3) . . . .
C46 C45 C50 C49 -2.5(6) . . . . ?
C48 €49 C50 C45 1.5(7) . . . . ?

C47 C48 C51 02 2.0(7) . . .

.?

C49 C48 C51 02 -178.6(5) . . . .

loop

_geom_hbond_atom_site label D

_geom_hbond_atom_site label H

_geom_hbond_atom_site label A

_geom_hbond_distance DH
_geom_hbond_distance HA
_geom_hbond_distance DA

_geom_hbond_angle DHA
_geom_hbond_site symmetry A
03 H30 05 0.84 1.72 2.524(3) 158.9 3 666

_diffrn measured fraction theta max
_diffrn reflns theta full

_diffrn measured fraction theta full
_refine diff density max
_refine diff density min
_refine diff density rms

# END OF CIF

1.00
-0.63
0.078

0. 996
25.0
0.998
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APPENDIX DD: LETTERS OF PERMISSION

___02/185/2007 18:23 FAX 2027768112 @ooz/002
- Page 1 of 1

Karen Bushler

From: Xiangyang Xu bow3@lsu.edu]

Sent:  Sunday, February 11, 2007 10:33 PM
To: Copyright

Subject: Ask for a parmission

To whom it may Concerm:
Imamwmdmtinﬁ\anepmuuof(memiwuhujﬂzmmvnivmity. I am writing to
obtain permission for the use of my contribution to the lrﬁclepubﬁahndin"mlomalofms
American Chemical Society”. T am one of the authors on the article. The article is:

"Detection of Homocysteine and Cysteine” J. Am. Chem, Soc. , 2005, 127(45), 15949-15958.

Thank you for your consideration of this request.

Sincerely

Xiangyang Xu

Phone: (225)-578-3573
Fax: (225)-578-3458
LSU Chemistry Depertment
Room 232 Choppin Hall

Baton Rouge, La, 70803

21212007
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02/18/2007 16:23 FAX 2027788112

@oo1/002
’ American Chemical Society
Publications Division 1155 Sixtecnth Street, NW
Copyright Office Washington, DC 20036
VIA FAX:225-578-3458  DATE: February 15, 2007 B iy

TO: xmmsxmwmnmmwﬁmmum
Room 232 Choppin Hall, Baton Rouge, LA 70803 d

FROM: C. Arleen Courtuey, Copyright Associnte (. @l Coudiy
‘Ihmkyouiorynmrequmfmpmnjm'mmhcluﬂnyunrpnpet(a)wpwﬁmormuﬁomyuurpupq-(s)h:mﬁ:uis.

Permission is now automatically granted; please pay special attention 1o the implications parayraph below. The Copyright
Subcommittee of the Jaini Board/Council Cormmittees on Publications approved the following:

i i fiog iblighet il submiitted 1 &588 AN gsartabions

Al amndsbluﬂmtpcmﬂsaimtnuudmwlncludeinmtir and jons their own articles, or
portions thereof, that have been published in ACS journals or submitted to ACS journsls for publication, provided
that the ACS copyright credit line is noted on the appropriate page(s).

Students and their mantors should be aware ponﬁnzofﬂmeunddiuﬂﬁonnﬂeﬁﬂmﬁm%‘ebmm
submisaiunurmarillfmmthatwswmmmACSjwmﬂmmmbﬁuﬁmmmqwmd.
wnedm-webpostinsiumﬁdudpﬁmpnbﬁuﬁonmhwﬂuhdunnm—bwmbﬁsbymejumn‘s
cditor, IfanACSjm.u'rraluditormmidmWebmhsmbe"miwpubﬁuﬁm“,ﬂaumwﬂ!nmbuowphdfm
publication in thaz journsl. If you intend to subimit your unpublished paper to ACS for publication, check with the
apme&mrpﬁmwpmﬂngymummdmﬁm.

If your peper has not yet been published by ACS, we have no objection to your inchuding the text or portions of the text
in your thesig/dissortation in print and microfilm formats; please note, however, that elcotranic distribution or Web
poﬁugnfthempubhshedpapn'aspmofmmcmmwmmjm@puwuﬁmofmmhy
ACS. Please print the following eredit line on the first paga of your article: "Reproduced (or 'Reproduced in part) with
permission from [JOURNAL NAME], in press (or ‘submitted for publication’). Unpublished work copyright [CURRENT
YEAR] American Chemical Society." Molude appropriate mformation.

ready been published by ACS and you want to include the text or portions of the wext in your
thesis/dissertation in print or microfilm formats, pleass print the ACS copyright credit line on the first puge of your
article: “Reproduced (or Reproduced in part)) with permission from [FULL REFERENCE CITATION,] Copyright
[YEAR] American Chemical Socisty." Include appropriate information.

_your DEDCT NAS
‘

Submission to a Dissertation Distributor: Hmpmmmﬁtmmmmﬂmmguim
m.mmmmﬂmmmmmwmspmhmmammwbemm
clectronically, untl ACS has published your paper. ARer publication of the paper by ACS, you may release the entire
muis(mﬂumMu.lAmmwimmwmﬁmmmmmm*swm
credit line should be printed on the firs page of the ACS paper.

Use op an Intranct: The inclusion of your ACS wnpublished or published manuscript is permitted in your thesis in print
and microfilm formats. 1€ ACS has published your paper you may include the manusaript in your thesis on &n intranet
that is pot publicly available. Your ACS article cannot be posted electronically on a publicly available medium (j.e. onc
Mhnmmdpmmd).mchubmmlﬁmdmwmmhmm.m The only
material from your paper that can be posted on a public electronic medium is the article abstract, figures, and wbles, md
youmytinktumemle'Swaen&neuﬁcwsmﬁ:wdmﬂURLanmvidadhyacs. This paragraph does
ot pertain to the dissertation distributor paragraph above. DAOT6
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