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Abstract

Photodynamic therapy (PDT) is a regimen for cancer, age-related macular degeneration, and
localized infections which combines photosensitizer (PS), a light source, and molecular oxygen
for producing toxic reactive oxygen species (ROS) to kill the targeted cells in tissues. Recently,
development for better PSs is an emerging and active research area. A chemical modification of
PSs using sugars often called glycoconjugation has attracted considerable attention due to the
beneficial structure of carbohydrates and their roles in many biological metabolisms. In line with
this, here we report the development of S-glycosylated tetrakis(pentafluorophenyl)-porphyrin
(TFPP)s for PDT PSs application.

In preparation of glycoconjugation, deoxythiolated D-glucose at the 2-, 3-, 4-, and 6-positions
were synthesized. Starting with D-mannose, tetraacetyl 2-thio glucose (2-Ac-S-AcGlc) as f3-
anomer was obtained in 84% yield from tetraacetyl mannose 2-triflate which was prepared through
orthoester formation of D-mannose and introduction of an acethylthio group by an Sn2 reaction.
3-Thiolated derivative was synthesized from commercially available diacetone D-glucose by
oxidation and reduction followed by triflation, and acetylthiolation. And finally, the tetraacetyl 3-

thio glucose (3-Ac-S-AcGlc) was afforded as o/f-anomeric mixture through transformation of

furanose ring into the pyranose form. The tetraacetyl 4-thio glucose (4-Ac-S-AcGlc) as o/-
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anomeric mixture from D-galactose was synthesized in 55% yield from 4-triflated sugar derivative
through its acetyl thiolation. The tetraacetyl 6-thio glucose (6-Ac-S-AcGlc) as [-anomer was
obtained in 86% yield from the prepared tetraacetyl 6-tosyl D-glucose.

Conjugation of the obtained 2-, 3-, 4-, 6-Ac-S-AcGlcs with TFPP was performed by utilizing
the SnAr reactions to give the acetylated TFPP-glucose conjugates 2Ac¢ and 6Ac as a 3-anomer
and 3Ac and 4Ac as o/B-anomeric mixture. Four mono-conjugated TFPP-glucose conjugates 2—

40H, and 60H were obtained after removal of the acetyl groups and chromatographic purification

in 11%, 20%, 31%, and 5% yield, respectively.

Scheme 1. Synthesis of TFPP-glucose conjugates
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The relative quantum yields of 'O, generation (®a) of 2-40H, and 60H illustrate no contrast
of hydroxyphenyl fluorescein (HPF) fluorescence. However, similar to previously synthesized

10H, these conjugates generated higher *OHs compared to hematoporphyrin (HP). The order of



@.on values was 20H < 10H < 40H < 30H << 60H. These conjugates prefer to produce ROS
by the type I reaction. The cellular uptake evaluated by using an RGK gastric carcinoma mucosal
cell line (RGK cells) indicated that the quantity of the conjugates linearly correlates with the
increasing incubation time. Among them, 4OH shows a significant activity. The cellular uptake
investigation combining the RGK cells with cytochalasin B, an inhibitor of membrane-bound
glucose transporter (GLUT1), notified slight inhibition with 20H, 30H, and 40H, indicating that
these conjugates are partially affected by GLUT1. The photocytotoxicity in Human cervical cell
line (HeLa cells) showed no cytotoxicity in the dark, but potent under photoirradiation with a 100
W halogen lamp except for 20H. A detailed photocytotoxicity evaluation performed in the
concentration range from 0.1 to 1.0 uM revealed that 10H, 30H, and 4OH showed a slight higher
photocytotoxicity with lower concentration for 50% cell death (ECso) compared to those of 20H
and 60H. Further photocytotoxicity test using human glioblastoma cell line (U251 cells) and RGK
cells displayed identical results to those in HeLa cells.

The multiconjugated TFPP-glucose conjugates including cis- and trans-disubstituted,
trisubstituted, and tetrasubstituted compounds through sulfide bonds were synthesized by
conjugation of TFPP with 3-Ac-S-AcGlc and 4-Ac-S-AcGlc. This conjugation was performed by

controlling the ratio of 3-Ac-S-AcGlc and 4-Ac-S-AcGlc to TFPP.
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CHAPTER 1 General Introduction

1.1 Photodynamic Therapy: Principle and Mechanism

Photodynamic therapy (PDT) is an anticancer therapy. PDT combines photosensitizers (PSs), a
light source, and tissue oxygen which produce toxic reactive oxygen species (ROS) for killing the
targeted cells in tissues by apoptosis or necrosis [1-5]. Compared to conventional surgery,
chemotherapy, and radiotherapy, PDT is a low-cost and simple treatment. Moreover, PDT is free
from severe toxic side effects because the PSs itself is well-tolerated by the cells without cytotoxic
effect in the absence of light. Additionally, PDT only disrupts the malignant cells by the cytotoxic
PSs upon photoirradiation while keeps the normally cells [6-8]. These advantages bring PDT as a
promising cancer treatment in the future.

Light source is one of the important factors in PDT. Light source for PDT including laser and
non-laser sources/lamps determines the efficacy of PDT which reaches its peak when light is
delivered in homogenous, adequate, and penetrate deep into the targeted tissues [9]. After
photosensitizers are injected to the organ and a drug-to-light time interval, the irradiation is
conducted on the targeted tissue [9,10]. In this step, oxygen in the targeted tissue is important for
PDT processes. With light irradiation, the PSs are converted into the excited singlet state (S1) from
the ground state (So) followed by the excited triplet state (T1) through intersystem crossing. This
T1 state form generates the two different photochemical reactions. In Type | reaction, T1 form
reacts directly with biological components like plasma membrane, peptides, proteins, and nucleic
acids to generate their radicals or radical ions which can interact with triplet state of oxygen (0y)
and water to produce superoxide anions (O2™) and hydroxyl radicals (HO+). On the other hand, the

T1 form participates in the energy transfer of 0, into the cytotoxic singlet oxygen (*0,) in Type



Il reaction [8,10]. These two types of reactions take place instantaneously and deliver their
cytotoxic effect to the locally-irradiated area due to the short lifetime of the generated reactive
oxygen species (ROS) and their diffusion distance [9]. These all cytotoxic reactive oxygen species
damage the cell organelles including membrane, mitochondria, lysosome, etc. and finally kill the

cells. This mechanism is shown in the Figure 1.1.

Singlet Excited State

Ps'* : .
* Intersystem Crossing

4 Triplet Excited State
. W 30,
PS'+0,"-
Absorption| Fluorescence .
ca. 10""%s ca.108s |Phosphorescence H
ca. 1073s 2x

Fe(") (traces)*
1 HO* + HO- + Fe(lll) |
(Type I)

Light

PST) y Y

Singlet Ground State

Figure 1.1 Scheme of Type I and Type Il PDT

1.2 Photosensitizers (PSs)

PSs are (natural or synthetic) molecules that absorb light and transfer the energy to other species
or to trigger the photochemical reactions in order to produce ROS [11,12]. The ideal PS involves
the following : availability of PSs produced from an efficient and reproducible synthetic route in
pure form; no or low toxicity in the dark; stable and soluble in aqueous media; rapid selective
accumulation and fast clearance; high-molar extinction coefficient in the 600-1000 nm range of
wavelength; high quantum yield for ROS generation [13-15]. PSs include porphyrin or non-
porphyrin based structures. Phthalocyanines, chlorins, bacteriochlorin, and protoporhyrin IX

obtained from 5-aminolevulinic acid (ALA) through biosynthetic process are PSs with porphyrin
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Table 1.1 Characteristics of several photosensitizers [21]

Photosensitizer

First generation

Second generation

Photofrin Tookad Foscan Purlytin Lutrin Laser- Levulan Metvix
1) ) @) (4) (5) Phyrin(6) () (8)
Absorption (nm) 630 763 652 664 732 664 635 635
Localization Golgi apparatus, Vasculature  Endoplasmic Mitochondria, Lysosome Lysosome, Mitochondria, Mitochondria,
plasma reticulum (ER), lysosomes endosome cytosol, cytosol,
membrane mitochondria cytosolic cytosolic
membranes membranes
Primary Vascular Vascular Vascular Direct tumor Vascular Vascular Direct tumor  Direct tumor
mechanism of damage and damage damage and cytotoxicity damage and stasis and cytotoxicity cytotoxicity
action ischemic tumor direct tumor direct tumor direct tumor
cell necrosis cytotoxicity cytotoxicity cytotoxicity
Most commonly
employed drug- 24-48 h 15 min 96 h 24 h 3h 2-4h 4-6h 3h
light interval
Clinical/ Approved: Clinical Approved: Clinical trials: Clinical trials: Approved Approved: Approved:
preclinical Esophageal trials: Head and neck Metastatic Recurrent (Japan): Actinic Actinic
application cancer, lung Prostate cancer breast cancer,  prostate cancer, Early lung keratosis keratosis,
cancer, cancer AIDS-related cervical cancer cancer basal cell
microinvasive Kaposis Preclinical Clinical trials: carcinoma
endobronchial sarcoma, basal testing: Hepatocellular
cancer, gastric cell carcinomas Recurrent cancer, Liver
and pappilary breast cancer metastatis
bladder,
cervical,
dysplasia and
cancer
Most common Mild to Swelling, Stinging, Burning
local side effects moderate bleeding, burning, sensation,
erythema ulceration, itching, redness,
scarring erythema scabbing
Most common Photosensitivity, Photosensitivity Photosensitivity —Photosensitivity
systemic side mild = (minima) = = =
effects constipation
Clinically Yes No Yes No No Yes (Japan) Yes Yes
approved?




Table 1.1 Characteristics of several photosensitizers (continued) [21]

Photosensitizer

Hypericin (9)

Phenothiazinium dye-
methylene Blue

Phenothiazinium dye-
toluidine Blue

Merocyanine 540
(10)

ADPMO06 (11)

Absorption (nm)
Localization

Primary mechanism
of action

Most commonly
employed drug-light
interval

Clinical/ preclinical
application

Most common local
side effects

Most common
systemic side effects
Clinically approved?

595

Membrane of endoplasmic

reticulum (ER),
membranes of Golgi
Tumor cell cytotoxicity
and vascular damage

0.5-6 h
Preclinical testing:

Bladder cancer,
nasopharyngeal cancer

Slight damage to

surrounding normal tissue

No

666
Lysosome

Tumor cell and
cytotoxicity

1-4h

Preclinical testing:
Bladder cancer, colon
cancer, AlDS-related

Kaposi’s sarcoma

No

626,632
ER, Golgi apparatus

Tumor cell and
cytotoxicity

1h

Preclinical testing:
AIDS-related Kaposi’s
sarcoma, T-cell
sarcoma

Minimal side effects
No

535-574
Mitochondria, plasma
membrane

Tumor cell and
cytotoxicity

1h

Preclinical testing:
Leukimia, lymphoma

Minimal side effects
No

680
ER, mitochondria

Vascular-
targeted

<5min

Preclinical
testing:
Breast cancer,
mouse lung
cancer

No




based structure, while psoralens, anthracyclines, hypericin, hypocrellins, cyanines, and
phenothiazinium compounds i.e. methylene blue, Nile blue analogs, toluidine blue, rhodamines,
triarylmethanes, and acridine are examples of PSs with non-porphyrin based structure [16-21].
Porphyrin-based PSs are mainly divided into the first, second, and third generations.
Hematoporphyrin (HpD) and its derivatives, HpD, and partially-purified of hematoporphyrin,
porfimer sodium (Photofrin®) are the first generation PSs which have been approved to be used in
several cancers and is widely used in PDT treatment up to this day. However, several problems
arise from the usage of this first generation i.e. use as mixtures of various porphyrins, low
selectivity, and slow clearance results in the long-lasting photosensitivity [1,22-27]. To resolve
these problems, the second generation PSs were developed. These include verteporfin, visudyne,
and Foscan®. The third generation PSs were established for enhancing the selectivity,
bioavailability, and targeting the tumor tissue by conjugation of the first and second generation
PSs to biomolecules, like carbohydrates, proteins, peptides, cholesterol, antibodies, and liposomes
[12,14]. Figure 1.2 shows the structures of several PSs and Table 1.1 summarizes the

characteristics of the PSs.

1.3 Glycoconjugated Porphyrin Derivatives

Searching for new PSs is an emerging and active research area nowadays because of the limited
number of PSs clinically approved. The low selectivity of PSs in tumor cells gives the chance to
modify the first or second generation PSs by attaching them to vectors/carriers that deliver PSs to
tumor cells precisely [14,15,28]. Among other conjugation of PSs to biologically active materials,
glycoconjugation has attracted attention since carbohydrates are the major natural compounds [29-

31] and it includes in several diseases such as cancer, immune dysfunction, congenital disorders,



and infectious diseases [29,30,32,33]. Furthermore, carbohydrates can accurately lead the binding
process to the receptors on the cell surface [34-40] and tune the amphiphilic features to regulate
the biodistribution [28]. This new class of PSs which are often called glycoporphyrins covers the
coupling of one or more carbohydrate units to the porphyrin cores by glycosidic or other bonding
with or without spacers/linkers [28]. The spacers/linkers between the porphyrin and the
carbohydrate units can be positioned at either meso or £ positions in porphyrin structures and the
carbohydrate units can be linked to the porphyrins through heteroatoms bonding like nitrogen,
sulfur, carbon, and oxygen. (Figure 1.3). The glycosides themselves can act as spacers/linkers. The
glycoporphyrins can be obtained by the following methods: (1) cyclization of glycosylated
benzaldehydes with pyrroles to form the desired porphyrin macrocycles by the Lindsey, Adler,
McDonald or Little methods; (2) glycosylation of pre-made porphyrins from various
benzaldehydes with spacers/linkers or carbohydrate units; (3) acylation of amino groups or
hydroxy group with carboxylic acids to obtain the conjugates through stable amide bonds; (4)
direct nucleophilic substitution to the porphyrin cores. A number of different meso-substituted
porphyrins can be afforded from the method (1) by modification of the structure of benzaldehydes,
but it usually gives low yields. The method (2) offers building small libraries of compounds. This
can evaluate the effect of the numbers and the collecting positions of carbohydrate units on their
activities. This is also advantageous on a clean reaction regarding the cyclization step of porphyrins
[41,42]. Through these synthetic methods, numerous glycoporphyrins have been studied along
with their photophysical characteristics, in vitro cytotoxicity, and cellular uptake. The structures
of reported glycoporphyrins is presented in the Figure 1.3 and their properties are tabulated in the

Table 1.2.
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Table 1.2 Characteristics of some glycoporphyrins

Compound Preparation in vitro Comments Ref.

12-15 Lindsey method Human chronic myelogenous The percentage of cell survival is low (< 10%) at a 52
leukemia concentration 2 uM and under irradiation for 200 min. The
(K562 cells) percentage of cell survival is 10% with 15 after 24 h

irradiation

16,17 Lindsey method Staphylococcus aureus, Escherichia  The conjugates 16 and 17 are bactericidal to S. aureus 53
coli

18-30 Template synthesis and a Hela cells None of these conjugates shows cytotoxicity in the dark, 54,

modified Lindsey method in contrast almost all of these conjugates shows 55,
photocytotoxicity (except for 18, 27). The conjugates have 56,
identical electronic absorption spectra in DMSO, but have 57,
different one in phosphate buffer containing 10%w/w of 58
bovine serum albumin (BSA).

31-37 Glycosylation Phosphatidylethanolamine (PE) The binding constant for DMPC liposomes is lower than 59
liposomes and for PE liposomes. The conjugate 37 shows the highest
dimyristoylphosphatidylcholine binding constant with PE.

(DMPC) liposomes.

38,39 Glycosylation Vero cells infected with the herpes ~ The maximum concentration of 38,39 for non-infected 60

simplex virus (HSV-1 and HSV-2)  cells is 15-30 ppm, and 100 ppm and 1000 ppm for
Acyclovir and Foscarnet as standard, respectively.

40,41 Acylation K562 cells The cell survival evaluation for 40 is higher than 41. 61

42,43 Acylation RLC-16 hepatocytes The conjugate 42 is attached to the cells, but not for 43. 62

44-53 Nucleophilic substitution Hela cells All conjugates show no cytotoxicity in the dark. The 63

conjugates 44 and 49 show the highest photocytotoxicity
upon irradiation. The cis- conjugate 45 displays higher
photocytotoxicity compared to trans- conjugate 46.

54-56 Nucleophilic substitution Breast cancer cell (MDA-MB-231  The cellular uptake of 54 is higher 2 times than 55. The 50,
cells), rat fibroblasts (3Y1, 3Y1¢5,  conjugate 54 show minimal affinity to healthy 3Y1 cells, 64
3Y1vSr) but high for 3Y 15", The cellular uptake increases with

increasing incubation time. The cell survival after 24 h of
incubation reaches 20%.
57-62 Microwave-assisted 1,3- Y79 cells, HT-29 cells None of these conjugates show cytotoxicity in the dark. 65

dipolar cycloaddition

11

The photocytotoxicity of 57-62 to Y79 cells is 10-20 times
higher than that for HT-29 cells. The conjugate 61 is the
best.



1.4 Object and Outline of The Thesis

As one of key components in PDT, photosensitizers determine the performance of PDT treatment.
Porphyrin-based photosensitizers lead in PDT application, but the first generation photosensitizers
show various problems as shown in section 1.2. Thus, second generation as well as third generation
photosensitizers rise to respond this fact. Manipulation of photochemotherapeutic properties of
photosensitizers can be accomplished by structural modification of photosensitizers. Sugar-
conjugated photosensitizers have been developed and a considerable amount of this
photosensitizers have been synthesized. A study of in vitro and in vivo photocytotoxicity along
with photophysical properties and cellular uptake of sugar-conjugated photosensitizers indicate
that sugar moiety affects the high cellular uptake and photocytotoxicity [41,43-45].

Kessel and co-workers reported their work on conjugation of tetraphenylporphyrin (TPP) with
sulfonic acid (i.e. mono-, bis cis-, bis trans-, tri-, and tetra-sulfonic acids) (63-67) (Figure 1.4).
Photocytotoxicity data in cycloleucine (CL) clearly say that when intracellular drug concentrations
in the dose for 50% decrease in CL transport (IDsoT) upon irradiation were compared, the bis cis-
sulfonic acid product (64) to be the most potent of the analogs, with bis trans- (65), tri- (66), tetra-
(67), and mono-sulfonic acid (63) progressively less effective. The external and corresponding
intracellular drug concentrations which mediate a 50% decrease in cell growth (IDsoG) upon
irradiation also gave the same trend with the IDs0G concentration of bis cis- product (64) was only
slightly greater than the IDsoT [46]. Furthermore, in order to explore the effect of substitution
patterns on the photocytotoxicity of glycoconjugated porphyrins, a ‘complete set’ of
tetrakis(pentafluorophenyl)porphyrins (TFPP) (namely, mono-, bis cis-, bis trans-, tri-, and tetra-
glucoses) (68-72) having 1-B-D-glucopyranosylthio group obtained from tetraacetyl-1-B-D-

thioglucopyranose (73) on the phenyl ring have been synthesized and characterized (Figure 1.4).
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The results indicating a close correlation between photocytotoxicity and cellular uptake revealed
that bis trans- product (70) showed an uptake and phototcytotoxicity that was three-fold and
twenty-fold greater than those of the other conjugates (68,69,71,72). This finding imply that the

substitution number and pattern greatly influence the overall effect of the photosensitizers [47].

R'=S0;H, R?=R%=R*=H (63)
R'=R?=80;H, R®=R*=H (64)
R"=R®=8S04H, R? = R* = H (65)
R2 R'=R?=R3=S03H, R* = H (66)

R'"=GIcS,R2=R®=R*=H (68
R'=R2=GIcS, R®=R*=H (69
R'"=R®=GIcS, R?=R*=H (70

)
)
)
R'=R2=R%=GIcS, R*=H (71)

2
R'=R?=R%=R*=SO3H (67) R R'=R2=R%=R*=GIcS (72)
OH OAc
GleS = HO o) —> A o
HE&/S"H{ Acggﬁ/SAc
OH OAc (73)

Figure 1.4 Previous reported glycoconjugated porphyrins (46,47)

In line with this fact, this thesis reports the study on the development of S-glycosylated
porphyrins for PDT photosensitizers. As for porphyrin system, tetrakis(pentafluorophenyl)-
porphyrins (TFPP) was chosen due to the reactivity of fluorine at the para- position of
pentafluorophenyl group [48-50]. Also, to enhance the biochemical stability and enzymatic
resistance as well as give better selectivity and specificity of the resulted photosensitizers [50,51],
S-glycoside linkage is used instead of O-glycoside in this study. Sulfur has lower tendency to form
acid conjugate for hydrolysis due to its weaker Lewis base properties and lower affinity for proton
compared to oxygen [50].

Previous studies noted that only 1-B-D-thioglucopyranose obtained from tetraacetyl-1-f-D-
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thioglucopyranose (73) was reported and there were no records on the other thioglucoses [47].
This fact strongly motivates this research and the development of PDT photosensitizers in this
research is expanded by using 2-, 3-, 4-, and 6-thioglucopyranoses resulted from tetraacetyl-2-
thioglucopyranose (2-Ac-S-AcGlc), tetraacetyl-3-thioglucopyranose (3-Ac-S-AcGle), tetraacetyl-
4-thioglucopyranose (4-Ac-S-AcGlc), and tetraacetyl-6-thioglucopyranose (6-Ac-S-AcGle)
(Figure 1.5). The development includes mono-glycoconjugated porphyrins of positional isomer of
2-,3-,4-,6-thioglucoses (2-40OH, 60H) and multi-glycoconjugated porphyrins of promising
thioglucose resulted from monoconjugation (3-TFPP(SGIlc)sans2, 3-TFPP(SGIc)cis2, 3-
TFPP(SGIc)s, 3-TFPP(SGlc)s, 4-TFPP(SGlc)rans-2, 4-TFPP(SGIc).is-2, 4-TFPP(SGlc)s, and 4-
TFPP(SGIc)s). The first object in this research, mono-glycoconjugated porphyrins of positional
isomer of 2-,3-,4-,6-thioglucoses, is addressed to understand the effect of thioglucose positional
isomers on their photophysical properties, cellular uptake, and photocytotoxicity. Whereas the
multi-glycoconjugated porphyrins as the second object are to direct the systematic study on the
photophysical properties, cellular uptake, and photocytotoxicity of a complete set of

glycoconjugated porphyrins.

OAc OAc OAc SAc
(o] C C C C C
cS AcO OAc AcO OAc O

A A

(2-Ac-S-AcGlc) (3-Ac-S-AcGlc) (4-Ac-S-AcGlc) (6-Ac-S-AcGlc)

Figure 1.5 Structure of 2-Ac-S-AcGlc, 3-Ac-S-AcGlc, 4-Ac-S-AcGlc, and 6-Ac-S-AcGlc

In order to achieve that research motivation, a strategy is applied to this research. The mono-
glycoconjugated porphyrins (2-4OH, 60H) is converted to intermediate acetylated mono-

glycoconjugated porphyrins (2-4Ac, 6Ac), first, and then they are should be constructed from
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tetrakis(pentafluorophenyl)-porphyrins (TFPP) and tetraacetyl-2-, 3-, 4-, and 6-thioglucopyranose
(2-Ac-S-AcGle, 3-Ac-S-AcGlc, 4-Ac-S-AcGlc, and 6-Ac-S-AcGle). The strategy in this research
is broken down as follow : 1) synthesis of tetraacetyl-2-, 3-, 4-, and 6-thioglucopyranose (2-Ac-S-
AcGlc, 3-Ac-S-AcGle, 4-Ac-S-AcGlc, and 6-Ac-S-AcGle) which is introduction of acetylthio
group by Sn2 reaction, 2) synthesis of mono-glycoconjugated porphyrins (2-4OH, 60H) by
utilizing aromatic Sn reaction and deprotection, 3) in vitro study of mono glycoconjugated
porphyrins which includes photophysical properties, cellular uptake, and photocytotoxicity, and 4)
synthesis of multi-glycoconjugated porphyrins (3-TFPP(SGIlc)sans-2, 3-TFPP(SGle)cis-2, 3-
TFPP(SGIc)s, 3-TFPP(SGlc)s, 4-TFPP(SGlc)rans-2, 4-TFPP(SGIc).is-2, 4-TFPP(SGlc)s, and 4-
TFPP(SGIc)4) by harnessing aromatic Sy reaction and deprotection (Figure 1.6).

This thesis is outlined as follow. In Chapter 2, the preparation of tetraacetyl-2-, 3-, 4-, and 6-
thioglucopyranose (2-Ac-S-AcGle, 3-Ac-S-AcGle, 4-Ac-S-AcGle, and 6-Ac-S-AcGlc) toward
porphyrin conjugation through sulfide bonding is presented. Chapter 3 explains the conjugation of
these tetraacetyl-2-, 3-, 4-, and 6-thioglucopyranose (2-Ac-S-AcGle, 3-Ac-S-AcGle, 4-Ac-S-
AcGle, and 6-Ac-S-AcGlc) with tetrakis(pentafluorophenyl)-porphyrins (TFPP) giving the mono-
glycoconjugated porphyrins (2-4OH, 60H). The photophysical properties, cellular uptake, ROS
generation, and in vitro photocytotoxicity experiments of the obtained conjugates (2-4OH, 60H)
are displayed in Chapter 4. Chapter 5 informs the conjugation experiment of tetraacetyl-3-, and 4-
thioglucopyranose (3-Ac-S-AcGle, 4-Ac-S-AcGle) with tetrakis(pentafluorophenyl)-porphyrins
(TFPP) producing the intermediate acetylated multi-glycoconjugated porphyrins (3-
TFPP(SAcGIc)ians2, 3-TFPP(SAcGle)eis2, 3-TFPP(SAcGle)s, 4-TFPP(SAcGlc)ians2, 4-
TFPP(SAcGIlc)cis-2, 4-TFPP(SAcGlc)s, and 4-TFPP(SAcGlc)s). Lastly, Chapter 6 summarizes

the results of the this study.
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R1
R1

HO g—s
AN TR

HO HOD= OH
20H 30H 40H 60H

= R? = SAcGlIc, R® = R* = F (3- or 4-TFPP(SAcGIc)js.2)

AcO 3 AcO
= R3 = SAcGlc, R2 = R* = F (3- or 4-TFPP(SACGIC)yaps.s) SACGIC = AcO 0 or =S o}
§—S OAc AcO OAc
AcO AcO

= R? = R® = SAcGlc, R* = F (3- or 4-TFPP(SAcGlc)s)

=R2=R%=R*=SAcGlc

=R?=SGIc, R®=R*=F
=R%®=SGIc,R?=R*=F
=R?=R%®=SGlc,R*=F
=R?=R%®=R*=SGlc

1.5 References

(3- or 4-TFPP(SAcGIc),)

(3- or 4-TFPP(SGIc)s.)

(3- or 4-TFPP(SGIC)yrans2)  ggc = HF(')O o or ‘é—HsO o
(3- or 4-TFPP(SGlc);) = HO
i OH e OH

(3- or 4-TFPP(SGIc),)

Figure 1.6 The objects of this research
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CHAPTER 2 Synthesis of Tetraacetyl Thioglucopyranoses

2.1 Introduction

Thiosugars have been applied in the conjugation with porphyrins to give porphyrin
glycoconjugates. A series of porphyrin glycoconjugates have been synthesized with thioglucose
such as thiomannose, and thiogalactose, and they showed their stability and photoactivity [1,2].
Thioglucose, namely 2,3,4,6-tetra-O-acetyl-S-acetyl-1-thio-B-D-glucopyranose, also has been
used in the synthesis of tetrakis(pentafluorophenyl)-porphyrin (TFPP)-glucose conjugates [3].
This chapter describes the preparation of glucosyl thiols i.e. deoxythiolated D-glucose at the 2-, 3-,
4-, and 6-positions for porphyrin glycocojugates tethered by sulfide linkages. The tetraacetyl 2-
thio glucose (2-Ac-S-AcGle), tetraacetyl 3-thio glucose (3-Ac-S-AcGle), tetraacetyl 4-thio
glucose (4-Ac-S-AcGle), and tetraacetyl 6-thio glucose (6-Ac-S-AcGlc) are synthesized from D-
mannose, diacetone D-glucose, D-galactose, and D-glucose, respectively, following previously

reported procedures, with some modifications.

2.2 Results and Discussion

2.2.1 Synthesis of Tetraacetyl 2-Thioglucopyranose (2-Ac-S-AcGlc)

The preparation of 2-Ac-S-AcGlc was started from pentaacetyl mannose (75) which was obtained
through iodine-promoted acetylation of D-mannose (74). 75 was brominated by 33% solution of
hydrogen bromide in acetic acid. Due to the instability, the obtained acetobromomannose (76) was
directly reacted with ethanol in the presence of 2,4,6-collidine to afford orthoester (77) as a
diastereomeric mixture. Hydrolysis of 77 was performed with 1M hydrochloric acid in acetone to

yield 1,3,4,6-tetra-O-acetyl-p-D-mannopyranose (78). Triflation of 78 was accomplished using
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Figure 2.1 Selected *H NMR of 2-Ac-S-AcGlc
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triflic anhydride to yield the mannose triflate (2-Tf-O-AcMan) as reported [4]. Finally, an
acetylthio group was introduced by an Sn2 reaction with potassium thioacetate to afford tetraacetyl
2-thio glucose (2-Ac-S-AcGle) as colorless solids in 12 % total yield (Scheme 2.1). The structure
of 2-Ac-S-AcGlc determined unambiguously by spectral data which was same as those reported
[5] indicated that 2-Ac-S-AcGlc in a B-anomer form as shown by doublet peaks at 5.8 ppm (J =
8.0 Hz) in '"H NMR (Figure 2.1) [6]. Fortunately, the single crystal of 2-Ac-S-AcGle was obtained

and the analysis result supported this f-anomer form (Figure 2.2).

Figure 2.2 Structure of 2-Ac-S-AcGlc

2.2.2 Synthesis of Tetraacetyl 3-Thioglucopyranose (3-Ac-S-AcGlc)

The preparation of 3-thio sugar (3-Ac-S-AcGle) (Scheme 2.2) was started by oxidation of
commercial diacetone D-glucose (79) with pyridinium dichromate (PDC) followed by reduction
of the derived ketone by sodium borohydride to give epimerized 79, 1,2;5,6-di-isopropylidene-a-
D-allofuranose (80) [7]. Triflation of 80 in dichloromethane at -15 °C gave 1,2:5,6-di-O-

isopropyidene-3-O-trifyl-D-allofuranose (81) [8]. Next, substitution of triflate (81) by thioacetate

24



Me

"5

0]
(0]

:,IO

HO'3 ’I/O/k-Me
Me

diacetone D-glucose (79)

KSAc, DMF
rt, 2h

Me
Me Me Me
1)PDC, AcO  V~o Yo
CH20|2 0] o szO (@]
reflux, 2h pyridine (0]
2) NaBH "o "o
abHy N 0°C't T,
EtOH, H,0 HO 3 Ame ook 10" 7 A-we
Me :
rt, 3 h Me
807 67% 818 929%
Me Me
Yo
o 1) TFA/H,0 4/1 AO
o) rt 30 min c o
'I/O » AcO
2) Ac,0, NaOAc AcS ORLAC

reflux 10 min
42%

AcS "/O/'T-Me
Me

Diacetone-3-deoxy-
Ac-S-Glc® 95%

3-Ac-S-AcGlc'?

Scheme 2.2 Synthesis of 3-Ac-S-AcGlc

-
wn
- g ~ 5 & 8
i - / ” -
< ” J VA,
JI | |
l|II I | I\
' |
I M N
1 | it h PPN
T T T T T T T T T I T I T T T T T T T T T T T I T T
\ | \ \ | \ | |
6.0 55 5.0 45 4.0 35 3.0

Figure 2.3 Selected *H NMR of 3-Ac-S-AcGlc
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ion yielded 3-S-acetyl-1,2:5,6-di-O-isopropylidene-3-thio-D-glucofuranose (Diacetone-3-deoxy-
Ac-S-Glc) [9]. Finally, the furanose structure was transformed into pyranose by acid treatment
followed by acetylation to obtain an o/3 anomeric mixture (0.3:1.0) of 3-Ac-S-AcGlc as yellowish
oil in 25 % total yield where the structure were identical with those already reported (Figure 2.3)
[10]. 3-Ac-S-AcGle showed two doublet peaks that were assigned to the a-anometic proton (J =

4.0 Hz) at 6.3 ppm and the B-anomeric one (J = 8.0 Hz) at 5.7 ppm [6].

BzCl

(e} OH pyridine (@] OBz szo OT{-0Bz
4 o} t3d 4 0 pyridine 4 &
HO OH —— > BzO ———> BzO OBz
HO BzO CH,Cl, BzO
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BzO  opy 2) Ac,0 Ac ACO c
pyridine
4-Ac-S-Bz-Glc 0°C 30 min 4-Ac-S-AcGlc
58 % tort5h

55%
Scheme 2.3. Synthesis of 4-Ac-S-AcGle

2.2.3 Synthesis of Tetraacetyl 4-Thioglucopyranose (4-Ac-S-AcGlc)

The synthesis tetraacetyl 4-thio glucose (4-Ac-S-AcGlc) was commenced with D-galactose (82)
(Scheme 2.3). Global benzoylation of 82 except for the axial 4-hydroxy group gave 1,2,3,6-tetra-
O-benzoyl-a-D-galactopyranose (83) [11] which was triflated to give 84 [12]. Next, substitution of
84 by thioacetate yielded 1,2,3,6-tetra-O-benzoyl-4-acetyl-4-thio-a-D-glucopyranose (4-Ac-S-Bz-
Glc). Finally, global exchange of protecting group from benzoyl to acetyl by hydrolysis and

acetylation afforded an o/ff anomeric mixture (0.3:1.0) the desired and known 4-Ac-S-AcGlc as
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white solids in 7 % total yield (Figure 2.4). The two doublet peaks at 6.4 ppm (J = 4.0 Hz) and at

5.7 ppm (J = 8.5 Hz) were assigned for the a-and B-anomeric proton [6].
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Figure 2.4 Selected *H NMR of 4-Ac-S-AcGle

2.2.4 Synthesis of Tetraacetyl 6-Thioglucopyranose (6-Ac-S-AcGlc)

Pentaacetate of 6-deoxy-6-thioglucose (6-Ac-S-AcGle) was prepared from D-glucose (85) in
accordance of'the literature [13] by one-pot regioselective tosylation/tetraacetylation [14] (Scheme
2.4) followed by acetylthiolation was accomplished to synthesize a 3- anomer of the known 6-Ac-
S-AcGle in 34 % total yield as white solids [14]. The doublet peaks at 5.7 ppm (J = 8.0 Hz) in 'H

NMR indicated that 6-Ac-S-AcGle in a B-anomer form (Figure 2.5) [6].
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2.3 Summary

Commenced with commercially available carbohydrates, deoxy 2-, 3-, 4-, and 6-thioglucoses with
acetyl group protection were synthesized. Starting with D-mannose, tetraacetyl 2-thio glucose (2-

Ac-S-AcGlc) as a p-anomer was obtained. 3-Thiolated derivative (3-Ac-S-AcGlc) was

synthesized from diacetone D-glucose as an o/p-anomeric mixture. The 4-thio glucose (4-Ac-S-
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AcGlc) as an a/B-anomeric mixture was prepared from D-galactose. The 6-thio glucose (6-Ac-S-

AcGlc) as an pB-anomer was obtained from D-glucose. Introduction of acetylthio groups were

performed by Sn2 reaction with the appropriate surfonylated carbohydrates.

2.4 Experiments

Materials and Measurements

All chemicals were of analytical grade. *H and 3C NMR spectra were recorded using a JEOL
JNM-ECX500 spectrometer (500 MHz for *H NMR and 126 MHz for 3C NMR) (JEOL Ltd.,
Tokyo, Japan). Chemical shifts are reported as & values in ppm and calibrated with respect to the
residual solvent peak (CDCls: § 7.26 for *H NMR and § 77.00 for 3C NMR) or tetramethylsilane
(8 0 for *H NMR). The abbreviation used is as follows: s (singlet), d (doublet), dd (doublet of
doublets), ddd (doublet of doublet of doublet), t (triplet), m (multiplet). Melting points were
measured using a Yanaco Micro melting point apparatus (Yanako Corporation, Tokyo, Japan).
Infrared spectra were measured using a JASCO FT-IR-4200 spectrometer (Jasco Co., Ltd., Tokyo,
Japan). Mass spectra were recorded using a JEOL JMS-700 MStation [EI (70 eV), CI, FAB, and
ESI], Bruker Autoflex II, and JEOL spiral TOF JMS-S3000 (MALDI-TOF) (JEOL Ltd., Tokyo,
Japan). Flash column chromatography was performed using Merck silica gel 60 (Merck, Germany).
The progress of the reactions was monitored by silica-gel thin-layer chromatography (TLC)

(Merck TLC Silica gel 60 F254) (Merck, Germany).

Synthesis of 2-Ac-S-AcGlc

2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosyl bromide (76)*

The oily penta-O-acetyl-D-mannopyranose 75 (~6.9 g) obtained from acetylation of D-mannose 74
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(4 g, 22 mmol) using iodine (51 mg, 200 umol) in acetic anhydride (Ac20, 20 mL) was dissolved
in glacial acetic acid (AcOH, 6.3 mL) containing Ac2O (0.5 mL) with vigorous stirring. The
solution was cooled to 0 °C under an argon atmosphere and a precooled 33% hydrogen bromide
(HBr) in acetic acid (6.7 mL) was added dropwise for 25 minutes with vigorous stirring. The
mixture was then stirred at room temperature overnight and diluted with chloroform (CHCl3, 35
mL). The organic layer was washed successively with pre-cooled saturated aqueous sodium
hydrogen carbonate (NaHCO3, 3 x 20 mL) and water (20 mL). The CHCls-layer was dried over
anhydrous sodium sulfate (Na>SOs), filtered, and concentrated on a rotary evaporator to yield tetra-
O-acetyl-a-D-mannopyranosyl bromide 76 as a brown oil (7.2 g, quant.). Ry value 0.5 (hexane :
ethyl cetate (EtOAc) = 1 : 1). HRMS (ESI): m/z for Ci14H19BrNaOy ([M+Na]") caled 433.01101,
found 433.01125 (error 0.23 mmu, 0.54 ppm). IR (NaCl, neat) vmax 1750, 1432, 1371, 1222, 1166,
1129, 1052, 1015, 984, 910, 734 cm™’. 'TH NMR (CDCls, 500.16 MHz, Si(CH3)4 = 0 ppm) 6 (ppm)
=6.29 (1H, d, J» = 1.5 Hz, 1-GIcH), 5.72 (1H, dd, J+ = 10.0 Hz, J> = 3.5 Hz, 3-GlcH), 5.44 (1H,
dd, J5 =3.5 Hz, J1 = 2.0 Hz, 2-GIcH), 5.37 (1H, dd, Js = 10.0 Hz, J5 = 10.0 Hz, 4-GlcH), 4.33 (1H,
dd, Jo = 12.5 Hz, Js = 5.0 Hz, 6-GlcH), 4.22 (1H, ddd, Js = 7.0 Hz, Js = 5.0 Hz, J¢ = 2.0 Hz, 5-
GlcH), 4.14 (1H, dd, Js = 12.5 Hz, Js = 2.5 Hz, 6’-GlcH), 2.18 (3H, s, COCH3), 2.11 (3H, s,
COCH3), 2.08 (3H, s, COCH3), 2.01 (3H, s, COCH3). *C NMR (CDCls, 125.77 MHz, CDCl; =
77.0 ppm): 0 (ppm) = 170.5 (COCHs), 169.7 (COCH3), 169.6 (COCH3), 83.0 (1-GlcC), 72.8 (2-
GlcC), 72.1 (3-GlcC), 68.0 (4-GlcC), 65.2 (5-Glc (), 61.4 (6-GlcC), 20.8 (COCH3), 20.7 (COCH3),
20.6 (COCH3), 20.6 (COCH3). [a]f +120.4 (c 1.00 in CHCl3).
3,4,6-Tri-O-acetyl-1,2,-O-(I-ethoxyethylidene)-B-D-mannopyranose (77)*

The oily tetra-O-acetyl-a-D-mannopyranosyl bromide 76 was dissolved in anhydrous acetonitrile

(MeCN, 2.5 mL) containing 2,4,6-collidine (3.5 mL, 27 mmol). To this solution was added
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anhydrous ethanol (EtOH, 4 mL, 69 mmol) in one portion with vigorous stirring. The stirring was
continued at room temperature in the dark overnight. The heterogeneous mixture was diluted with
CHCl; (50 mL) and washed with water (3 x 35 mL). The combined water layers were re-extracted
with CHCI3 (35 mL). The combined organic layer was dried over anhydrous Na,SOg, filtered, and
concentrated on a rotary evaporator. The residue was triturated with hexane and recrystallized from
EtOH to yield the orthoester 77 (4.4 g, 68%) as a white solid. Ry value 0.47 (hexane : EtOAc=1:
1). mp. 84-86°C. HRMS (ESI): m/z for Ci¢H2aNaOjo ([M+Na]") caled 399.12672, found
399.12694 (error 0.22 mmu, 0.56 ppm). IR (NaCl, neat) vmax 1747, 1434, 1372, 1228, 1118, 1050,
979, 897 cm™. 'TH NMR (CDCls, 500.16 MHz, Si(CHs)4 = 0 ppm) J (ppm) = 5.47 (1H, d, . =2.5
Hz, 1-GlcH), 5.30 (1H, dd, 1H, Js = 10.0 Hz, J3 = 10.0 Hz, 4-GlcH), 5.15 (1H, dd, Js = 10.0 Hz,
J>=4.0 Hz, 3-GlcH), 4.60 (1H, dd, J5 =4.0 Hz, J1 = 2.5 Hz, 2-GIcH), 4.23 (1H, dd, J¢ = 12.0 Hz,
Js = 4.5 Hz, 6-GlcH), 4.14 (1H, dd, Js = 12.0 Hz, J5s = 2.0 Hz, 6’-GIcH), 3.67 (1H, m, 5-GlcH),
3.55 (2H, m, CH3CH20), 2.12 (3H, s, COCH3), 2.08 (3H, s, COCH3), 2.05 (3H, s, COCH3), 1.75
(3H, s, CH3COs), 1.18 (3H, t, CH;CH,0). *C NMR (CDCl, 125.77 MHz, CDCl; = 77.0 ppm): &
(ppm) = 170.7 (COCH3), 170.4 (COCH3), 169.4 (COCH3), 124.2 (CH3CO3), 97.3 (1-GlcC), 76.3
(2-GleC), 71.2 (3-GlcC), 70.6 (4-GlcC), 65.5 (5-GlcC), 62.3 (6-GlcC), 58.1 (CH3CH20), 24.7
(CH3CO3), 20.7 (COCH3), 20.7 (COCH3), 20.7 (COCH3), 15.0 (CHsCH:0). [a] -7.5 (¢ 1.00 in
CHC).

1,3,4,6-Tetra-O-acetyl-B-D-mannopyranose (78)*

To a solution of the orthoester 77 (4.4 g, 12 mmol) in anhydrous acetone (27 mL) was added 1M
hydrochloric acid (HCI) aq. (2.7 mL) in one portion with vigorous stirring (~18 °C, water bath).
After being stirred for an additional 5 min at room temperature, the reaction mixture was

concentrated on a rotary evaporator below 20 °C. The resulting solid was dissolved in CHCl; (25
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mL) and washed with water (2 X 10 mL). The organic layer was dried over anhydrous Na>SOs,
filtered, and concentrated on a rotary evaporator. The residue was triturated with diethyl ether
(Et20) and recrystallized from EtOH to yield the tetraacetyl mannose 78 (1.9 g, 45%) as a white
solid. Ryvalue 0.13 (hexane : EtOAc=1:1). m.p. 134-136°C. HRMS (ESI): m/z for C14H20NaO1o
([M+Na]") cacld 371.09542, found 71.09581 (error 0.39 mmu, 1.06 ppm). IR (NaCl, neat) Vimax
3466, 1747, 1432, 1371, 1230, 1176, 1080, 1050, 936 cm”. 'H NMR (CDCls, 500.16 MHz,
Si(CH3)4 = 0 ppm) J (ppm) = 5.80 (1H, d, J> = 1.0 Hz, 1-GlcH), 5.40 (1H, dd, Js = 10.0 Hz, J5 =
10.0 Hz, 4-GlcH), 5.04 (1H, dd, Js = 10.5 Hz, J> = 3.5 Hz, 3-GlcH), 4.31 (1H, dd, Jo = 12.5 Hz,
Js =5.5 Hz, 6-GlcH), 4.20 (1H, dt, J5 =7.0 Hz, Jon = 4.0 Hz, J1 = 1.5 Hz, 2-GlcH), 4.13 (1H, dd,
Js = 13.0 Hz, J5 = 2.5 Hz, 6’-GIcH), 3.78 (1H, ddd, Js = 10.0 Hz, Js = 5.5 Hz, J¢ = 2.5 Hz, 5-
GlcH), 2.18 (3H, s, COCH3), 2.12 (3H, s, COCHj3), 2.10 (3H, s, COCH3), 2.05 (3H, s, COCH3).
3C NMR (CDCl3, 125.77 MHz, CDCl; = 77.0 ppm): J (ppm) = 170.7 (COCH3), 170.1 (COCH3),
169.5 (COCH3), 168.4 (COCH3), 91.6 (1-GlcC), 73.1 (2-GlcC), 72.8 (3-GlcC), 68.4 (4-GlcC),
65.1 (5-GlcC), 62.0 (6-GlcC), 21.0 (COCH3), 20.8 (COCH3), 20.8 (COCH3), 20.7 (COCH3). [a]p
-22.7 (¢ 1.00 in CHCI3).

1,3,4,6-Tetra-O-acetyl-2-O-trifluoromethylsulfonyl-B-p-mannopyranose (2-Tf-0-AcMan)’

The tetraacetyl mannose 78 (1.8 g, 5 mmol) was dissolved in anhydrous CH>Cl> (14 mL)
containing dry pyridine (0.9 mL, 11 mmol). This solution was cooled to -15 °C and
trifluoromethanesulfonic anhydride (triflic anhydride) (0.9 mL, 5.2 mmol) was added dropwise
over a period of 25 min under a nitrogen atmosphere with vigorous stirring. The mixture was then
allowed to reach room temperature overnight. The reaction mixture was successively washed with
ice-cold saturated aqueous NaHCO3 (50 mL) and water (50 mL). The organic layer was dried over

anhydrous Na»SOs, filtered, and concentrated on a rotary evaporator. 2-Tf-O-AcMan was isolated
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by column chromatography on silica with hexane : EtOAc =1 : 1 as the eluant as white solid (1.4
g, 56%). Ry value 0.5 (hexane : EtOAc = 1 : 1). m.p. 118-120 °C. HRMS (ESI): m/z for
CisH19F3sNaO12S ([M+Na]") cacld 503.04470, found 503.04470 (error 0.00 mmu, 0.00 ppm). IR
(NaCl, neat) vmax 1758, 1418, 1371, 1215, 1142, 1091, 1057, 934, 734 cm™; '"H NMR (CDCl;,
500.16 MHz, Si(CH3)4+ = 0 ppm) ¢ (ppm) = 5.90 (1H, d, J>» = 1.0 Hz, 1-GlcH), 5.30 (1H, dd, Js =
10.5 Hz, J; = 10.5 Hz, 4-GlcH), 5.18 (1H, dd, J4 = 9.5 Hz, J> = 3.0 Hz, 3-GlcH), 5.14 (1H, dd, J3
=7.0 Hz, Ji1 = 2.5 Hz, 2-GlcH), 4.25 (1H, dd, Js = 12.5 Hz, Js = 5.0 Hz, 6-GlcH), 4.18 (1H, dd, Js
=12.5 Hz, Js=2.0 Hz, 6’-GIcH), 3.83 (1H, ddd, J4=10.0 Hz, Js = 5.5 Hz, Jo = 3.0 Hz, 5-GIcH),
2.17 (3H, s, COCH3), 2.12 (3H, s, COCH3), 2.10 (3H, s, COCH3), 2.07 (3H, s, COCH3). 3C NMR
(CDCl;, 125.77 MHz, CDCl; = 77.0 ppm):  (ppm) = 170.6 (COCH3), 169.8 (COCH3), 169.1
(COCH3), 167.9 (COCH3), 118.4 (CFs, Jor = 320.9 Hz), 89.1 (1-GleC), 81.2 (2-GlcC), 73.5 (3-
GlcC), 69.6 (4-GlcC), 64.5 (5-GlcC), 61.6 (6-GlcC), 20.7 (COCH3), 20.6 (COCH3), 20.5 (COCH3),
20.4 (COCH3). [a]p -14.9 (¢ 1.00 in CHCI3).
1,3,4,6-Tetra-O-acetyl-2-S-acetyl-2-thio-B-D-glucopyranose (2-Ac-S-AcGlc)’

A 0.05 M solution of 2-Tf-O-AcMan (501 mg, 1 mmol) in dimethylformamide (DMF, 21 mL)
was treated with potassium thioacetate (KSAc, 1.2 g, 10 mmol) at room temperature under nitrogen
atmosphere. The reaction mixture was stirred for 2h and was partitioned between diethyl ether
(Et20) and water. The organic phase was dried, filtered, and concentrated in vacuo. Purification
by column chromatography on silica with hexane : ethyl acetate (EtOAc) = 3 : 1 as the eluant
followed by recrystallization from Et20O gave 2-Ac-S-AcGlc as colorless solids (354 mg, 84%). Ry
value 0.46 (hexane : EtOAc = 1 : 1). m.p. 117-119 °C. HRMS (ESI) : m/z for C16H22NaO10S
[M+Na]" caled 429.08314, found 429.08357 (error 0.43 mmu, 1.00 ppm). IR (NaCl, neat) Vmax

1755, 1707, 1369, 1221, 1103, 1049 cm™. *H NMR (CDCls, 500.16 MHz, Si(CH3)4 = 0 ppm): 6
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(ppm) = 5.83 (1H, d, J2 = 9.0 Hz, 1-GlcH), 5.31 (1H, dd, J2 = 11.5 Hz, Js= 9.0 Hz, 3-GlcH), 5.10
(1H, dd, Js = 10.0 Hz, Js = 9.0 Hz, 4-GIcH), 4.32 (1H, dd, Jo = 12.5 Hz, Js = 4.5 Hz, 6-GIcH),
4.10 (1H, dd, Je = 12.5 Hz, Js = 1.5 Hz, 6>-GlcH), 3.85 (1H, ddd, Js = 10.0 Hz, Jo = 4.5 Hz, Js =
1.5 Hz, 5-GlcH), 3.73 (1H, dd, Js = 11.0 Hz, J1 = 9.5 Hz, 2-GIcH), 2.34 (3H, s, SCOCHs), 2.09
(6H, s, 2COCHs), 2.017 (3H, s, COCHs), 2.015 (3H, s, COCHs). 3C NMR (CDCls, 125.77 MHz,
CDCl; = 77.0 ppm): & (ppm) = 192.3 (SCOCHs), 170.7 (OCOCHs), 170.0 (OCOCH3), 169.5
(OCOCHs), 169.0 (OCOCHs), 92.0 (1-GIcC), 72.6 (3-GlcC), 71.0 (4-GlcC), 68.8 (5-GIcC), 61.5

(6-GIcC), 47.1 (2-GIcC), 30.7 (SCOCHs), 20.7 (OCOCHs), 20.6 (OCOCHS3), 20.5 (OCOCHs).

[a]2 +15.9 (c 1.00 in CHCl5).

Synthesis of 3-Ac-S-AcGlc

1,2:5,6-Di-O-isopropylidene-D-allofuranose (80)”

A solution of diacetone D-glucose 79 (100 mg, 0.4 mmol) in dichloromethane (0.6 mL) was added
to a mixture of pyridinium dichromate (108 mg, 0.3 mmol) and Ac,O (0.1 mL, 1.2 mmol) in
dichloromethane (1.2 mL) at room temperature under nitrogen. The whole mixture was refluxed
for 2h, then cooled to room temperature, and the solvent was evaporated under reduced pressure.
EtOAc (1 mL) was added to dissolve the solid residue, and the resulting solution was filtered
through short-column of'silica gel. The filtrate was concentrated in vacuo and the resulted ketone
was dissolved in 56% EtOH aq. (0.4 mL). A solution of sodium borohydride (15 mg, 0.4 mmol) in
water (0.4 mL) was added at room temperature to this solution. After stirring for 3h, the mixture
was extracted with dichloromethane (CH2Clz, 3 x 5 mL), and the combined organic layers were
dried over magnesium sulfate (MgSOs), filtered, and concentrated in vacuo. The residue was

recrystallized from diethyl ether-hexane to afford the product 80 (68 mg, 67%) as colorless solid.
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Rr value 0.33 (hexane : EtOAc = 1 : 1). m.p. 72-73 °C. HRMS (ESI): m/z for Ci2H20NaOsg
([M+Na]") cacld 283.11576, found 283.11508 (error -0.68 mmu, -2.40 ppm). IR (NaCl, neat) Vimax
3465, 2987, 1648, 1377, 1215, 1165, 1061, 1016, 870 cm™. 'H NMR (CDCl;, 500.16 MHz,
Si(CH3)s =0 ppm) 6 (ppm) = 5.82 (1H, d, J> =4.0 Hz, 1-GlcH), 4.62 (1H, dd, J3 =5.0 Hz, J1 =4.0
Hz, 2-GlcH), 4.31 (1H, ddd, J¢ = 6.5 Hz, Js = 6.5 Hz, J4 = 5.0 Hz, 5-GlcH), 4.00-4.10 (3H, m,
3-,6-,6’-GlcH), 3.82 (1H, dd, J; = 8.5 Hz, Js = 5.0 Hz, 4-GIcH), 1.58 (3H, s, CH3), 1.47 (3H, s,
CH3), 1.40 3H, s, CH3), 1.37 (3H, s, CH3). *C NMR (CDCls, 125.77 MHz, CDCl; = 77.0 ppm):
o (ppm) = 112.8 (OOCCH3CH3), 109.9 (OOCCH3CH3), 103.9 (1-GleC), 79.7 (2-GlcC), 78.9 (3-
GlcC), 75.5 (4-GlcC), 72.5 (5-GlcC), 65.9 (6-GlcC), 26.6 (CH3), 26.5 (CH3), 26.3 (CH3), 25.3
(CHs). [a]h +32.9 (¢ 1.00 in CHCL).

1,2,5,6-Di-O-isopropylidene-3-O-trifyl-D-allofuranose (81)°

To a cooled (0 °C) solution of 1,2:5,6-di-O-isopropyidene-D-allofuranose 80 (0.3 g, 1.3 mmol) in
pyridine (0.4 mL), triflic anhydride (0.4 mL, 2 mmol) was slowly added. After stirring 3.5h at
room temperature, the reaction mixture was diluted with CH>Cl,, washed with saturated NaHCO3
and brine, dried. The resulting residue after evaporation under reduced pressure was purified by
column chromatography (hexane : EtOAc =5 : 1) to afford the title compound 81 (0.5 g, 92%) as
a colorless oil. Ry value 0.75 (hexane : EtOAc = 1 : 1). HRMS (FAB): m/z for Ci3H20F30sS
(IM+H]") cacld 393.0831, found 393.0829 (error -0.20 mmu, -0.50 ppm). IR (NaCl, neat) Vmax
1417, 1379, 1213, 1146, 1018, 877 cm™. '"H NMR (CDCls, 500.16 MHz, Si(CH3)4 = 0 ppm) 6
(ppm) = 5.84 (1H, d, J> =4.0 Hz, 1-GIcH), 4.91 (1H, dd, Js+ = 7.5 Hz, J>» = 5.0 Hz, 3-GlcH), 4.77
(1H, dd, J3 = 5.0 Hz, J1 = 4.0 Hz, 2-GlcH), 4.23-4.16 (2H, m, 4-,6-GIcH), 4.12 (1H, dd, J5s = 8.5
Hz, Js = 6.0 Hz, 6’-GlcH), 3.91 (1H, dd, Js = 8.5 Hz, Js = 4.5 Hz, 5-GIcH), 1.58 (3H, s, CH>),

1.45 (3H, s, CH5), 1.39 (3H, s, CHs), 1.35 (3H, s, CHs). 13C NMR (CDCls, 125.77 MHz, CDCl; =
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77.0 ppm): & (ppm) = 118.3 (CFs, Jer = 319.0 Hz), 114.4 (OOCCH;CHs), 110.3 (OOCCH;CH),
104.1 (1-GlcC), 82.8 (2-GlcC), 77.8 (3-GlcC), 77.6 (4-GlcC), 75.1 (5-GleC), 66.2 (6-GleC), 26.8
(CHs), 26.5 (CH3), 26.2 (CH3), 24.7 (CH3). [o]p +67.4 (¢ 1.00 in CHCL3).
3-S-Acetyl-1,2;5,6-di-O-isopropylidene-3-thio-D-glucofuranose (Diacetone-3-deoxy-Ac-S-Glc)’
A 0.05 M solution of 1,2:5,6-di-O-isopropyidene-3-O-trifyl-D-allofuranose 81 (0.5 g, 1.2 mmol)
in dimethylformamide (24 mL) was treated with potassium thioacetate (KSAc, 1.4 g, 12 mmol) at
room temperature under nitrogen atmosphere. The reaction mixture was stirred for 2h and was
partitioned between diethyl ether and water. The organic phase was dried, filtered, and
concentrated in vacuo. Diacetone-3-deoxy-Ac-S-Glc was isolated by column chromatography on
silica with hexane : ethyl acetate = 5 : 1 as the eluant as colorless oil (0.4 g, 95%). Ry value 0.73
(hexane : EtOAc = 1: 1). HRMS (ESI): m/z for C14H22NaOeS ([M+Na]*) calcd 341.10348, found
341.10369 (error 0.21 mmu, 0.62 ppm). IR (NaCl, neat) vmax 2985, 2937, 1701, 1375, 1255, 1209,
1163, 1068, 1014 cm'. *H NMR (CDCls, 500.16 MHz, Si(CHz)4 = 0 ppm) & (ppm) = 5.80 (1H, d,
J2 = 3.5 Hz, 1-GlcH), 4.55 (1H, d, J1 = 3.5 Hz, 2-GlcH), 4.30 (1H, m, 4-GlcH), 4.13 (1H, d, Js =
4.0 Hz, 5-GlcH), 4.07-4.11 (2H, m, 6-,6’-GlcH), 3.97-4.01 (1H, m, 3-GlcH), 2.39 (3H, s, SCOCH),
1.53 (3H, s, CH3), 1.41 (3H, s, CHs), 1.33 (3H, s, CH3), 1.31 (3H, 3H, s, CH3). 23C NMR (CDCls,
125.77 MHz, CDCls = 77.0 ppm): J (ppm) = 193.4 (SCOCHs3), 112.3 (OOCCHsCHs), 109.7
(OOCCH3CH3), 104.7 (1-GlcC), 86.4 (2-GlcC), 78.8 (3-GIcC), 74.2 (5-GlcC), 67.6 (6-GIcC), 50.2
(4-GlcC), 31.2 (SCOCH?3), 26.9 (CHs), 26.6 (CH3), 26.2 (CH3), 25.2 (CHs). [0]p -43.2 (¢ 1.00 in
CHCL).

1,2,4,6-Tetra-O-acetyl-3-S-acetyl-3-thio-D-glucopyranose (3-Ac-S-AcGlc)°

A solution of Diacetone-3-deoxy-Ac-S-Glc (330 mg, 1 mmol) in CFsCOOH/H0 (4:1, 1.4 mL)

was stirred at room temperature under nitrogen atmosphere for 30 min. Concentration of the
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mixture gave a colorless residue, which was dissolved in acetic anhydride (Ac.O, 1.9 mL)
containing sodium acetate (NaOAc, 48 mg, 0.6 mmol). This mixture was heated at reflux (10 min)
before being poured into ice/water. Standard work-up (EtOAc) and column chromatography on
silica with hexane : EtOAc = 3 : 1 as eluant gave 3-Ac-S-AcGlc as a yellowish oil (180 mg, 42%).
R value 0.40 (hexane : EtOAc = 1 : 1). HRMS (ESI): m/z for CigH22NaO10S [M+Na]* calcd
429.08314, found 429.08323 (error 0.09 mmu, 0.22 ppm). IR (NaCl, neat) vmax 1753, 1702, 1373,
1221, 1068 cm™. *H NMR (CDCls, 500.16 MHz, Si(CH3)4 = 0 ppm): 6 (ppm) = 6.29 (0.3 H, d, J2
=4.0 Hz, 1a-GlcH ), 5.72 (1H, d, J> = 8.0 Hz, 1B-GlcH), 5.16-5.08 (2.6H, m, 2a/B-,6a/B-GlcH),
4.28-4.22 (1.3H, m, 40/B-GlIcH), 4.16-4.05 (1.9H, m, 5a/B-,30-,6’a-GlcH), 3.86 (2H, m, 3B-,6°B-
GlcH), 2.34 (3.9H, s, SCOCHBa), 2.10 (3.9H, s, COCH3), 2.08 (3.9H, s, COCHs3), 2.03 (7.8H, s,
2COCHs). *C NMR (CDCls, 125.77 MHz, CDCls = 77.0 ppm): 6 (ppm) = 193.1 (SCOCHs), 170.7
(OCOCHs3), 169.3 (OCOCH3), 169.2 (OCOCH?3), 169.0 (OCOCHS3), 93.1 (1-GlcC), 75.3 (2-GlcC),

69.1 (4-GIcC), 66.7 (5-GIcC), 61.7 (6-GIcC), 47.7 (3-GIcC), 30.6 (SCOCHs), 20.8 (OCOCHs),

20.7 (OCOCHs), 20.52 (OCOCHs), 20.51 (OCOCHs). [a]% +17.8 (¢ 1.00 in CHCls).

Synthesis 4-Ac-S-AcGlc

1,2,3,6-Tetra-O-benzoyl-o-D-galactopyranose (83 1

A solution of benzoyl chloride (2.6 mL, 23 mmol) in pyridine (1 mL) was added dropwise to a
stirred suspension of D-galactose 82 (1 g, 5.6 mmol) in pyridine (20 mL) at 18°C under nitrogen
atmosphere. After 3 days, ice was added and the mixture was extracted with CH2Cl,. The organic
layer was washed with 1 M HCl aq., saturated NaHCO3 aq. and water, dried under Na>SOy, filtered,
and concentrated. Column chromatography on silica with hexane : EtOAc = 5 : 1 as eluant gave

the compound 83 as a white solid (1.3 g, 38%). Ry value 0.60 (hexane : EtOAc = 1 : 1). HRMS
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(ESI): m/z for C34sH23NaO1o ([M+Na]") cacld 619.15802, found 619.15702 (error -1.00 mmu, -1.61
ppm). IR (NaCl, neat) vmax 3500, 1726, 1268, 1110, 1069, 1023, 708 cm™'. "H NMR (CDCls, 500.16
MHz, Si(CH3)4 =0 ppm) J (ppm) = 8.09-8.11 (2H, dd, Jorino = 9.0 Hz, Jnera = 1.0 Hz, ArH), 8.00-
8.03 (4H, m, ArH), 7.85-7.87 (2H, dd, Jormo = 8.0 Hz, Jera = 1.0 Hz, ArH), 7.39-7.65 (12H, m,
ArH), 6.82 (1H, d, J> = 4.0 Hz, 1-GlcH), 6.06 (1H, dd, J5 = 10.5 Hz, Ji1 = 4.0 Hz, 2-GIcH), 5.88
(1H, dd, Js = 10.5 Hz, J> = 4.0 Hz, 3-GIcH), 4.79 (1H, dd, Js = 11.0 Hz, Js = 7.0 Hz, 6’-GIcH),
4.46-4.55 (3H, m, 4-,5-,6-GlcH), 2.76 (1H, d, J1+ = 4.0 Hz, OH). '*C NMR (CDCls, 125.77 MHz,
CDCl; =77.0 ppm): 6 (ppm) = 166.6, 165.9, 165.5, 164.6 (OBz), 133.8, 133.6, 133.4, 133.3, 129.9,
129.82, 129.79, 129.7, 129.2, 129.1, 128.93, 128.85, 128.1, 128.5, 128.4, 128.3 (Ph of Bz), 90.8
(1-GlcC), 70.8 (2-GlcC), 70.4 (3-GleC), 67.4 (4-GlcC), 67.1 (5-GleC), 62.4 (6-GlcC). [a]h
+136.8 (¢ 1.00 in CHCL).
1,2,3,6-Tetra-O-benzoyl-4-O-trifluoromethylsulfonyl-D-galactopyranose (84)"

To a solution of 1,2,3,6-tetra-O-benzoyl-a-D-galactopyranose 83 (1 g, 1.7 mmol) in 50 mL
anhydrous CH>Cl, and 10 mL anhydrous pyridine was added dropwise triflic anhydride (1.1 mL,
6.5 mmol) at -20°C under a nitrogen atmosphere. After 30 min the reaction mixture was allowed
to reach room temperature, stirred for additional 30 min, diluted with 40 mL of CH»Cl,, and the
resulting solution poured onto ice. The aqueous layer was separated and extracted twice with 50
mL of CH>CL. The combined organic layers were washed with saturated NaHCOj3 solution, dried,
concentrated under reduced pressure, and purified by column chromatography on silica with
hexane : ethyl acetate =5 : 1 to give the product 84 as white solid (0.7 g, 54%). Ry value 0.625
(hexane : EtOAc =1 : 1). m.p. 67-69 °C. HRMS (ESI): m z for C3sH27F3NaO12S ([M+Na]") cacld
751.10730, found 751.10714 (error -0.16 mmu, -0.21 ppm). IR (NaCl, neat) vmax 1734, 1416, 1265,

1216, 1143, 1110, 1070, 1023, 915, 709 cm™. "H NMR (CDCls, 500.16 MHz, Si(CH3)s = 0 ppm)
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S (ppm) = 8.16 (0.5H, dd, Jorho = 8.5 Hz, Jmew = 1.0 Hz, ArH), 8.08 (2H, dd, Jormo = 3.5 Hz, Jnewa
= 1.0 Hz, ArH), 8.06 (2H, dd, Joro = 3.0 Hz, Juew = 1.5 Hz, ArH), 7.95-8.03 (3.5H, m, ArH), 7.85
(2H, d, ArH), 7.39-7.66 (15H, m, ArH), 6.94 (0.25H, d, J» = 4.0 Hz, 10-GlcH), 6.88 (1H, d, J, =
4.0 Hz, 1B-GlcH), 6.24 (0.25H, dd, Js = 4.0 Hz, J> = 2.0 Hz, 30-GlcH), 6.06 (1H, dd, J+ = 11.0 Hz,
J» = 3.0 Hz, 3p-GlcH), 5.92-5.97 (1.25H, m, 2a-,2B-GlcH), 5.70-5.73 (1.25H, m, 4a-,4B-GlcH),
4.80 (1H, dd, Jep = 11.5 Hz, Jsg = 6.5 Hz, 6B-GlcH), 4.71-4.74 (1.25H, m, 60-,6’B-GlcH), 4.61
(0.25H, dd, Je:o = 11.5 Hz, Js5¢ = 6.5 Hz, 60-GlcH), 4.39 (0.25H, dd, Js. = 11.5 Hz, Js'o = 7.0 Hz,
50-GlcH), 4.32 (1H, dd, Jeg = 11.5 Hz, Jop = 8.0 Hz, 5B-GlcH). 1*C NMR (CDCls, 125.77 MHz,
CDCls =77.0 ppm): J (ppm) = 165.8 (OBz), 165.6 (OBz), 165.1 (OBz), 164.2 (OBz), 134.1, 134.0,
133.6, 133.5, 130.1, 129.9, 129.72, 129.7, 128.8, 128.6, 128.5, 128.4 (Ph of Bz), 118.3 (CF3, Jc.r
=319.7Hz), 90.1 (1-GlcC), 81.7 (4-GlcC), 68.3 (2-GlcC), 67.6 (3-GlcC), 66.5 (5-GlcC), 60.7 (6-
GlcO). [a]p +132.8 (¢ 1.00 in CHCL).
1,2,3,6-Tetra-O-benzoyl-4-acetyl-4-thio-o-D-glucopyranose (4-Ac-S-Bz-Glc)

A 0.05 M solution of 1,2,3,6-tetra-O-benzoyl-4-O-trifluoromethanesulfonyl-a-D-galactopyranose
84 (1.5 g, 2 mmol) indry MeCN (41 mL) was treated with potassium thioacetate (2.4 g, 20 mmol)
at room temperature under nitrogen atmosphere. The reaction mixture was stirred for 4h and was
partitioned between chloroform and water. The organic phase was dried over Na>SQyg, filtered, and
concentrated in vacuo. 4-Ac-S-Bz-Glc was isolated by column chromatography on silica with
hexane : EtOAc =5 : 1 as white solid (0.8 g, 58%). Ry value 0.65 (hexane : EtOAc = 1: 1). m.p.
68-69 °C. HRMS (ESI): m/z for CssHaoNaO10S ([M+Na]*) cacld 677.14574, found 677.14511
(error -0.63 mmu, -0.93 ppm). IR (NaCl, neat) vmax 1731, 1451, 1267, 1109, 1068, 1021, 709 cm
1. 1H NMR (CDCls, 500.16 MHz, Si(CHs)s = 0 ppm) & (ppm) = 8.15 (2H, d, ArH), 8.10 (2H, d,

AI’H), 7.95 (2H, dd, Jortho =85 HZ, \]meta =15 HZ, AI’H), 7.86 (ZH, dd, Jortho =85 HZ, Jmeta =10
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Hz, ArH), 7.37-7.65 (12H, m, ArH), 6.84 (1H, d, J» = 4.0 Hz, 1-GIcH), 6.18 (1H, t, Js = 10.5 Hz,
J2=10.5 Hz, 3-GlcH), 5.61 (1H, dd, Js = 10.0 Hz, J1 = 4.0 Hz, 2-GlcH), 4.57-4.66 (3H, m, 5-,6-,6°-
GlcH), 4.25 (1H, t, Js = 11.5 Hz, J3 = 11.5 Hz, 4-GlcH), 2.23 (3H, s, CHs). 3C NMR (CDCls,
125.77 MHz, CDClz = 77.0 ppm): 5 (ppm) = 192.3 (SAc), 166.2, 165.8, 165.3, 164.4 (OBz), 133.8,
133.5, 133.4, 133.2, 130.0, 129.8, 129.7, 128.9, 128.86, 128.8, 128.5, 128.4, 128.37, (Ph of Bz),
90.2 (1-GlcC), 71.5 (2-GlcC), 71.0 (3-GlcC), 69.0 (5-GIcC), 63.3 (6-GlcC), 43.9 (4-GlcC), 30.7
(Me of Ac). [a]5> +180.9 (¢ 1.00 in CHCIs).
1,2,3,6-Tetra-O-acetyl-4-S-acetyl-4-thio-D-glucopyranose (4-Ac-S-AcGlc)

4-Ac-S-BzGlc (20 mg, 30 umol) was debenzoylated in methanol (MeOH, 0.6 mL) with sodium
methoxide (MeONa, 0.1 M, 31 pL). After stirring at room temperature for 60 min, the mixture was
neutralized with acetic acid (AcOH) and concentrated. The resulted residue was dissolved in
anhydrous pyridine (83 pL), cooled to 0 °C and Ac20 (24 pL, 26 umol) was added. After 30 min
the reaction mixture was allowed to reach room temperature, stirred for additional 5h, solvent was
removed under reduced pressure and the residue was dissolved in dichloromethane (CH2Cly, 10
mL). The solution was washed with saturated sodium hydrogen carbonate (NaHCO3) solution
followed by 0.2 M hydrochloric acid (HCI) ag. and water, dried, concentrated under reduced
pressure, and purified by column chromatography on silica with hexane : EtOAc =5 : 1 to give
the product 4-Ac-S-AcGlc as white solids (6.8 mg, 55%). Ry value 0.38 (hexane : EtOAc = 1: 1).
m.p. 3032 °C. HRMS (ESI): m/ z for C16H22NaO10S [M+Na]* calcd 429.08314, found 429.08333
(error 0.19 mmu, 0.45 ppm). IR (NaCl, neat) vmax 1754, 1707, 1369, 1223, 1073, 1046, 918, 732
cm™. 'H NMR (CDCls, 500.16 MHz, Si(CHs)s = 0 ppm): 6 (ppm) = 6.36 (0.3H, d, Ja, = 4.0 Hz,
la-GlcH), 5.71 (1H, d, Jop = 8.5 Hz, 1B-GlcH), 5.34 (0.3H, dd, Jz = 10.5 Hz, Jae = 7.5 Hz, 3a-

GIcH), 5.27 (1H, dd, Jog = 11.0 Hz, Jap = 9.5 Hz, 3B-GlcH), 5.08-5.12 (1.3H, m, 2a-,2B-GlcH),
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4.38 (1H, dd, Jep = 13.0 Hz, Jsp = 5.0 Hz, 6B-GlcH), 4.20 (1H, dd, Jes = 12.0 Hz, Jsp = 1.5 Hz,
6’B-GlcH), 4.10-4.15 (0.9H, m, 60-,6"a-,50-GIcH), 3.96 (1H, ddd, Jap = 11.0 Hz, Jeg = 4.5 Hz, Jep
— 2.5 Hz, 5B-GlcH), 3.81 (0.3H, dd, Js, = 11.0 Hz, Js, = 11.0 Hz, 4a-GlcH), 3.74 (1H, dd, Jss =
11.0 Hz, Jsp = 11.0 Hz, 4B-GlcH), 2.33 (3H, s, SCOCHs), 2.11 (3H, s, COCH3), 2.09 (3H, s,
COCHs), 2.02 (6H, s, COCHs). 3C NMR (CDCls, 125.77 MHz, CDCl; = 77.0 ppm): & (ppm) =
192.4 (SCOCHs), 170.7 (OCOCHs), 169.9 (OCOCHSs), 169.4 (OCOCHs), 168.9 (OCOCHs), 91.5
(1-GIcC), 73.6 (2-GlcC), 71.4 (3-GIcC), 71.1 (5-GlcC), 62.6 (6-GIcC), 43.3 (4-GlcC), 30.7
(SCOCH3), 20.8 (OCOCHs), 20.7 (OCOCHs), 20.54 (OCOCHs), 20.50 (OCOCHs). [0]2 +22.8

(c 1.00 in CHCls).

Synthesis of 6-Ac-S-AcGlc

1,2,3,4-Tetra-O-acetyl-6-O-p-toluenesulfonyl-p-D-glucopyranose (6-Ts-0-Ac-Glc)'?

D-Glucose 85 (500 mg, 2.8 mmol) was added to a solution of p-toluenesulfonyl chloride (TsCl,
534 mg, 2.8 mmol) in anhydrous pyridine (7.5 mL) at 0 °C under nitrogen atmosphere and the
solution was stirred overnight. Then, Ac2O (2.2 mL) was added dropwise and the solution was
allowed to warm to room temperature. After 1h the solvent was removed in reduced pressure and
the residue was dissolved in CH2Cl.. The solution was washed several times with saturated
NaHCOs aqg., 0.2 M HCI ag. and water, dried under Na.SOs, and concentrated. The resulted crude
1,2,3,4-tetra-O-acetyl-6-O-p-toluenesulfonyl-B-D-glucopyranose (6-Ts-O-Ac-Glc) was crystal-
lized from EtOH (0.54 g, 39%) as white solid. Rf value 0.41 (hexane:EtOAc = 1:1). m.p. 178
179 °C. HRMS (ESI): m/z for C21H2sNa012S ([M+Na]*) cacld 525.10427, found 525.10401 (error
-0.26 mmu, -0.49 ppm). IR (NaCl, neat) vmax 1759, 1367, 1216, 1177, 1077, 1038 cm™. 'H NMR

(CDCls, 500.16 MHz, Si(CHs)s = 0 ppm) & (ppm) = 7.77 (2H, d, J = 8.0 Hz, ArTs), 7.35 (2H, d, J
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= 8.0 Hz, ArTs), 5.64 (1H, d, J, = 8.0 Hz, 1-GlcH), 5.19 (1H, dd, Js = 9.0 Hz, J2 = 9.0 Hz, 3-GIcH),
5.06 (1H, dd, Js = 8.0 Hz, J1 = 4.0 Hz, 2-GlcH), 5.03 (1H, dd, Js = 4.0 Hz, J; = 4.0 Hz, 4-GlcH),
4.15 (1H, dd, Js = 11.5 Hz, J¢ = 4.0 Hz, 6-GlcH), 4.10 (1H, dd, Js = 11.5 Hz, Js = 4.0 Hz, 6’
GlcH), 3.84 (1H, ddd, Js = 9.5 Hz, Jo = 4.0 Hz, Js = 3.0 Hz, 5-GlcH), 2.45 (s, 3H, MeTs), 2.09 (s,
3H, COCH3), 2.02 (s, 3H, COCH3), 2.00 (s, 3H, COCHs), 1.99 (s, 3H, COCHs). *C NMR (CDCls,
125.77 MHz, CDCls = 77.0 ppm): J (ppm) = 170.1, 169.3, 169.1, 168.8, (OAC), 145.1, 132.3,

129.8, 128.1 (Ph of Ts), 91.5 (1-GIcC), 72.5 (2-GIcC), 72.1 (3-GlcC), 69.9 (4-GIcC), 67.8 (5-

GlcC), 66.6 (6-GlcC), 21.7 (Me of Ts), 20.7, 20.6, 20.52, 20.49 (OAc). [0]5 +25.7 (¢ 1.00 in
CHCly).

1,2,3,4-Tetra-O-acetyl-6-S-acetyl-6-thio-s-D-glucopyranose (6-Ac-S-AcGlc)®

A 0.05 M solution of 6-Ts-OAcGlc (450 mg, 890 umol) in DMF (18 mL) was treated with KSAc
(2.0 g, 8.9 mmol) at room temperature under nitrogen atmosphere. The reaction mixture was stirred
for 2h and was partitioned between Et,O and water. The organic phase was dried, filtered, and
concentrated in vacuo. The product 6-Ac-SAcGlc was isolated by column chromatography on
silica with hexane : EtOAc = 2 : 1 as the eluant as white solids (312 mg, 86%). Rs value 0.55
(hexane : EtOAc =1 :1). m.p. 126-127 °C. HRMS (ESI): m/z for C1sH22NaO10S [M+Na]* calcd
429.08314, found 429.08333 (error 0.19 mmu, 0.45 ppm). IR (NaCl, neat) vmax 1757, 1695, 1369,
1215, 1074, 1037 cm'X. 'H NMR (CDCls, 500.16 MHz, Si(CHs)s = 0 ppm): J (ppm) = 5.66 (1H,
d, J2 = 8.0 Hz, 1-GlcH), 5.21 (1H, dd, J2 = 9.5 Hz, Js = 9.5 Hz, 3-GlcH), 5.10 (1H, dd, J; = 8.0 Hz,
J3 = 9.5 Hz, 2-GlIcH), 5.02 (1H, dd, J3 = 9.5 Hz, Js = 9.5 Hz, 4-GlcH), 3.80 (1H, ddd, J4 = 9.5 Hz,
J6 =6.0 Hz, J¢- = 3.0 Hz, 5-GIcH), 3.21 (1H, dd, Js = 14.5 Hz, J5 = 3.0 Hz, 6-GIcH), 3.14 (1H, dd,
Js = 14.5 Hz, Js= 6.0 Hz, 6’-GlcH), 2.34 (3H, s, SCOCH3), 2.11 (3H, s, COCHs), 2.08 (3H, s,

COCHs), 2.02 (3H, s, COCHs), 2.00 (3H, s, COCHs). *C NMR (CDCls, 125.77 MHz, CDCls =
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77.0 ppm): 6 (ppm) = 194.6 (SCOCHs3), 170.1 (OCOCHs), 169.7 (OCOCH;), 169.2 (OCOCHS3),

168.9 (OCOCHs), 91.5 (1-GIcC), 73.7 (2-GlcC), 72.7 (3-GlcC), 70.2 (4-GIcC), 69.7 (5-GIcC),

30.4 (SCOCHs), 29.6 (6-GIcC), 20.8 (OCOCHSs), 20.7 (OCOCHs), 20.6 (OCOCHs), 20.5

(OCOCHs3). [a]5 -11.4 (c 1.00 in CHCIy).
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CHAPTER 3 Synthesis of Mono-Glycoconjugated Porphyrins

3.1 Introduction

As mentioned in Chapter 1, Photofrin® is a common PS used in PDT and provides its cyclic core
and peripheral substituent for PDT effect [1]. However, Photofrin® exhibits several problems, i.e.
it is a complex mixture of dimeric and oligomeric porphyrins [2-8]. Therefore, advancing PSs
properties is needed, and conjugation of sugars to porphyrins have been developed [9-18]. A
number of porphyrins-sugar conjugates have been developed including the use of sulfur linkage
between porphyrins and sugar, and their PDT effects have been evaluated [19-27]. This chapter
describes the conjugation of TFPP with peracetylated glucopyranoses followed by global
deprotection to afford the desired mono-glycoconjugated porphyrins as well as their
characterization. The further research goal for these mono-glycoconjugated porphyrins of
positional isomer of 2-,3-,4-,6-thioglucoses is addressed to understand the effect of thioglucose

positional isomers on their photophysical properties, cellular uptake, and photocytotoxicity.

3.2 Results and Discussion

3.2.1 Synthesis of Glycoconjugated 5,10,15,20-Tetrakis(pentafluorophenyl)porphyrin

The acetylated TFPP-glucose conjugates 2-4Ac¢, and 6Ac were prepared by utilizing the SNAr
reactions of TFPP with peracetylated thioglucopyranoses 2-4-Ac-S-AcGle, and 6-Ac-S-AcGle
according to the similar procedure for preparing the TFPP-glucose conjugate 1Ac (Scheme 3.1)
[28]. The reactions were carried out in N,N-dimethylformamide (DMF) in the presence of
diethylamine at ambient temperature except for the reaction of TFPP with 6-Ac-S-AcGle which
requires higher temperature (40 ~ 50 °C) or longer reaction times (3 days or more) than other

thioglucose materials.
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Scheme 3.1 Synthesis of TFPP-glucose conjugates

It was found that all pentaacetyl thioglucopyranoses in this research reacted slowly compared
to previous 1-Ac-S-AcGlc (deduced from the TLC profile of the reaction mixture) due to different
reactivity of C2, C3, C4, and C6 positions contrasted to anomeric position (C1) [29]. This different
reactivity may be due to the slow generation of thiolate ions in 2-4-Ac-S-AcGle, and 6-Ac-S-
AcGle which affected in the ability to bind with the TFPP. Moreover, this fact is also supported by
the recovery of the starting sugars from the reaction mixture after chromatographic purification.
2-4Ac, and 6Ac were isolated as deep purplish red solids in 6 ~ 54% yields after chromatographic
purification. The structure of 2-4Ac¢, and 6Ac was confirmed by means of matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) high-resolution mass spectrometry (HRMS)
and 'H and 'F NMR. 2-4A¢, and 6Ac were detected as [M]* species with error 0.73-0.98 ppm.

Further study on the "H NMR revealed that 2Ac¢ and 6Ac were obtained only in a B-anomeric form,
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while 3Ac and 4Ac were afforded as an anomeric mixture, respectively. However, the anomeric
stereochemistry does not matter because this will be epimerized after removal of acetyl group. At
this stage, the purity of these products including the anomeric product of 3Ac and 4Ac was 99%
to more than 99% as evaluated by HPLC method. Based on this fact, these products were used for
the next reaction.

The removal of acetyl groups was performed by alkaline hydrolysis using sodium methoxide in
a mixture of MeOH and dichloromethane (DCM) [30-33] to give mono-glycoconjugated
porphyrins 2-40OH, and 60H as anomeric mixtures in 37 % — 81 % yields. The purity evaluation
of all TFPP-glucose conjugate products by HPLC method using 99% of silica gel packed column
indicated that the purities were over 99%. MALDI-TOF HRMS, 'H and 'F NMR were used to
affirm the structure of 2-4OH, and 60H. 2-4OH, and 60H were detected as [M]" species with

error -0.85-0.39 ppm by using MALDI-TOF HRMS.

3.2.2 NMR Spectra of Mono-Glycoconjugated TFPPs

The NMR spectroscopy (‘H, !°F, 1*C, COSY, HSQC, and 'H-'F HOESY) was used to confirm the
structure of all TFPP-glucose conjugates. The 'H NMR spectra of 2-4A¢, and 6Ac recorded in
CDCls indicates two peaks centered at 8.9 ppm correspond for the B-pyrrole protons similar to that
for 1Ac [28]. A number of peaks around 6.44 ~ 3.35 ppm together with singlet peaks and a broad
singlet peak in the range of 1.87 ~ 2.29 ppm and -2.92 ppm are attributable for glucose protons,
acetyl groups, and the inner pyrrole protons, respectively. 3Ac and 4Ac as an o/ anomeric
mixtures can be distinguished by the coupling constant of the anomeric proton. The two doublet
peaks of anomeric proton located at 6.4 ppm with J = 4.0 Hz and at 5.8 ppm with J = 8.0 Hz as the

a- anomer and the - anomer separately (Figure 3.1) [34,35]. At the same time, the characteristic
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peaks of porphyrin ring of 2-4Ac, and 6Ac can be recognized by '*C NMR. The '3*C NMR spectra
of these conjugates show peaks at 147.45 ~ 145.48, 130.98 ~ 131.27, and 103.57 ~ 103.87 ppm
correspond to o position (resemble with 2,6-PhC and 3,5-PhC), B-pyrrole, and meso position,
proportionately. Further investigation on the '°F NMR reveals that 3Ac and 4Ac gave two set of
distinctly-separated two peaks which correlates for the 2,6- and 3,5-F nucleus of glucose-
substituted perfluorophenyl group resulted from the stereochemical difference of o- and B-

anomeric positions (Figure 3.2).
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Figure 3.1 Selected *H NMR of 2-4Ac, 6Ac
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Figure 3.2 Selected °F NMR of 2-4Ac, 6Ac

The "H NMR spectra of 2-4OH and 60H indicate that all peaks featured for acetyl groups on
2-4Ac, and 6Ac disappeared. The '"H NMR spectra also imply that 2-4OH, and 60H is in an o/p
anomeric mixtures illustrated from the two doublet peaks with different coupling constant in the
range 5.7 ~ 4.62 ppm (Figure 3.3). This is supported by '°F NMR spectra which show two sets of
two peaks conforming the 2,6- and 3,5-F nucleus of glucose-conjugated perfluorophenyl group.
Detailed study on the '°F NMR spectra of 2-4OH, and 60H clearly indicates that the 4-F nucleus

of the pentafluorophenyl groups remains in the porphyrin ring (Figure 3.4).
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Figure 3.4 Selected **F NMR of 2-4OH, 60H

3.2.3 Electronic Absorption Spectra of Mono-Glycoconjugated TFPPs

Light is a critical factor in PDT as it is known that PDT is a light-based treatment. The light’s
wavelength range typically used for PDT relies 600-800 nm is called “therapeutic window”. The
energy in this wavelength range is sufficient enough to excite the photosensitizers and allows the
light to appropriately penetrate the tissue [36,37]. In order to study the aggregation behaviour of
2-40H, and 60H, their electronic absorption was measured in dimethylsulfoxide (DMSO) and in
phosphate buffer saline (PBS). Figure 3.5 shows the electronic absorption of 2-4OH, and 60H
recorded in DMSO, and Table 3.1 summarizes their maximum absorption wavelengths (Amax) and

molar extinction coefficients (&). 2-4OH, and 60H have one intense peak of Soret band at
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approximately 413 nm and three vibronic peaks (Q bands) around 505 to 648 nm typical for phyllo-
type U V-vis spectra of porphyrins with meso-position are occupied by substituents [38]. An intense
Soret band in this UV-vis spectra documented in DMSO is characteristic of the monomeric form
of mono-glycoconjugated porphyrins. No detectable differences informed by Figure 3.5 means the
electronic absorption measured in DMSO did not depend on the positional isomer of D-glucose.
Meanwhile, the UV-vis spectra of 2-40OH, and 60H measured in phosphate buffer saline (PBS)
containing 1 vol% DMSO afford a distinct decrease in the intensity and broadening of the Soret
band as shown in Figure 3.6 and are listed in Table 3.2 for their maximum absorption wavelengths
(Amax) and molar extinction coefficients (&), respectively. These results parallel to the spectrum of
10H that was reported previously [28]. The four mono-glycoconjugates displayed a red-shifted
Soret bands in PBS solution as clearly indicated from Table 3.2 imply the formation of J-aggregates
[39] similar to 10H in PBS [28]. Table 3.2 also informed the order of molar extinction coefficients
(&) of 2-40H, and 60H for their Soret band is 20H > 60H > 40H > 10H > 30H. This order
means 30H more aggregated than other mono-glycoconjugated prophyrins. The differences in the
aggregation behavior of these mono-glycoconjugated porphyrins 2-4OH, and 60H with different
in positional isomer of 2-4, 6 thioglucopyranoses are not easy to be explained. It is known that the
aggregation of porphyrins as indicated by wavelength shift and absorption changes are dependent
upon such factors as pH, temperature, solvent change [38]. A detail investigation i.e. dynamic light
scattering (DLS) for the number of molecules or size of an aggregate in solution is needed in order
to gain the information about this aggregation behaviour.

Further, the oscillator strength as an important parameter representing the light absorbing ability
and the photoexcitation probability was evaluated in the wavelength over 500 nm (f>s00nm). The

f>500nm becomes an important factor for the next photocytotoxicity evaluation (a 100 W halogen
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lamp equipped with a Y-50 cut-off filter (1 > 500 nm)). The calculated oscillator strengths (Table

1 and Table 2) indicate the constant values for all TFPP-glucose conjugates which is around 0.03-

0.04 in DMSO and is about 0.05-0.06 in PBS containing 1%vol DMSO.

40
—:10H
—:20H
g :30H
E :40H
= -+ 60H
ﬂ'
L]
%
Iy
550 B50 750
Alnm

Figure 3.5 UV-vis spectra of 1-40H and 60H in DMSO at 25 °C. [1-4OH, and 60H ]=5.00 uM.
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Figure 3.6 UV-vis spectra of 1-40OH, and 60H in PBS (1% DMSO) at 25°C.
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Table 3.1 UV-Vis and Photoluminescence Spectral Data of 1-4OH, and 60H in DMSO at 25°C.¢

UV-vis Luminescence
Amax /nm (g x 1074/ M ' cm ™)
£~500 nm” Amax / nm°

Soret Q bands
412.5 505.5 537.5 582.0

10H (29.3) (2.09) (0.07) (0.61) 0.03 637.5,702.5
412.5 506.0 537.5 582.0

20H (28.9) (1.93) (0.03) (0.55) 0.03 637.5,702.5
413.0 505.5 537.5 581.0

30H (30.4) 2.13) (0.06) (0.63) 0.03 637.5,703.0
413.0 506.0 537.5 582.0

40H (30.2) 2.01) (0.02) (0.57) 0.03 637.5,703.0
412.5 505.5 536.5 581.0

60H (35.1) (2.52) (0.06) 0.71) 0.04 637.5,702.5

¢ [1OH] = 5.00 uM, [20H] = 4.44 uM, [3OH] = 4.48 uM, [4OH] = 4.05 uM, [60OH] = 4.19 pM.
b Oscillator strength in the range above 500 nm estimated as 4.32 x 107° Je(v)dv. ¢ The excitation
wavelength was adjusted to the maximum absorption wavelength of the Soret band.

Table 3.2 UV-Vis and Photoluminescence Spectral Data of 1-4OH, and 60H in PBS (1% DMSO)

at 25°C.¢
UV-vis Luminescence
Amax /nm (g x 1074/ M cm ™)
£+500 nm” Amax / nm°
Soret Q bands
215 5095 5570 586.5
on ol 17 oy e 0.06 645.0, 709.0
4175 5000 5565  586.0 646.5, 662.0,
20H o) 204 023)  (0.69) 0.06 702.5
4215 5000 5570 586.0 645.5, 663.0,
30H 900y  (167)  (023)  (0.58) 0.05 703.0
15 5100 5570 586.5 646.0, 662.5,
4OH 155y (190) (021)  (0.61) 0.06 703.0
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421.0 510.0 557.0 586.0
60H (11.2) (2.06) (0.25) (0.70) 0.06 645.5,702.5
“[10OH] = 5.00 uM, [20H] = 4.44 uM, [30H] = 4.48 uM, [4OH] = 4.05 uM, [60H] = 4.19 uM.
b Oscillator strength in the range above 500 nm estimated as 4.32 x 107 [e(v)dv. ¢ The excitation
wavelength was adjusted to the maximum absorption wavelength of the Soret band.

The study of aggregation behavior of porphyrins are usually conducted by two spectroscopic
techniques i.e. UV-Vis absorption and fluorescence spectroscopy due to their peculiar
spectroscopic properties [38]. Figure 3.7 and Figure 3.8 shows fluorescence spectra of mono-
glycoconjugated porphyrins 1-4OH, and 60H recorded in DMSO and in PBS (1% DMSO). The
fluorescence spectral data in DMSO and in PBS (1% DMSO) are listed in Table 3.1 and Table 3.2.
In DMSO, 1-40H, and 60H display two emission bands which is characteristics of porphyrins
[40] and they show a very small difference in intensities. In PBS (1% DMSO), 1-4OH showed
three emission bands, while 10H and 60H have two emission bands. All mono-glycoconjugated
porphyrin 1-4OH, and 60H exhibited a red-shift which correlates with the formation of J-
aggregates [41].

The UV-Vis absorption and fluorescence spectroscopy studies indicate that mono-
glycoconjugated porphyrins 1-4OH, and 60H have an amphiphilic character where they are
bearing hydrophilic and hydrophobic groups. These amphiphilic molecules are capable of forming
micellar colloidal aggregates in aqueous solutions as displayed both by UV-Vis and fluorescence
spectroscopy recorded in PBS (1%DMSOQO) solution. The driving force for micellar colloidal
aggregates formation comes from the hydrophobic interaction accompanied by the desolvation

process [41].
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Figure 3.7 Steady-state luminescence spectra of 1-4OH and 60H in DMSO at 25 °C. [1-40H,
and 60H ]=5.00 uM.
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Figure 3.8 Steady-state luminescence spectra of 1-4OH, and 60H in PBS (1% DMSO) at 25°C.
[1-40H, and 60H ]=5.00 uM.

3.3 Summary
The SnAr reactions of TFPP with peracetylated thioglucopyranoses 2-Ac-S-AcGle, 3-Ac-S-AcGlc,

4-Ac-S-AcGlc, and 6-Ac-S-AcGle gave acetylated TFPP-glucose conjugates 2-4Ac and 6Ac. The
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purity of these conjugates was 99% to more than 99% determined by HPLC analysis. Deprotection
of acetyl groups produces the TFPP-glucose conjugates 20H, 30H, 40H, and 60H with >99%
purities and are in the anomeric mixtures. While 2-40OH, and 60H has phyllo-type UV-vis spectra
with one intense peak of Soret band and three Q bands in DMSO, they have a broad peak in the
UV-vis spectra recorded in PBS containing 1 vol% DMSO and displayed a red-shifted Soret band.

The 'H, C, and '°F NMR spectra establish the structure of all conjugates.

3.4 Experiments

Materials and Measurements

The purities of peracetyrated TFPP-Glucose conjugates 2Ac, 3Ac, 4Ac and 6Ac were determined
to be >99% on an HPLC system (Jasco PU-2086 Plus Intelligent pump, Jasco Co., Ltd., Tokyo,
Japan) equipped with a UV-vis detector (UV-2075 Plus, Jasco Co., Ltd.) and a silica gel column
(COSMOSIL 5SL-II packed column, 4.6 mmg % 150 mm, Nacalai Tesque, Inc., Kyoto, Japan)
using a mixture of dichloromethane (CH2Cly) and ethyl acetate (9/1, v/v) at 30°C. The purities of
TFPP-Glucose conjugates 20H, 30H, 40OH and 60H were determined to be >97% on an HPLC
system (Jasco PU-2086 Plus Intelligent pump) equipped with a UV-vis detector (UV-2075 Plus)
and a silica gel column (COSMOSIL 5SL-II packed column, 4.6 mmg¢ x 150 mm, Nacalai Tesque,
Inc.) using a mixture of CH>Cl> and CH30H (9/1, v/v) at 30°C. Mass spectra were recorded using
JEOL spiral TOF JMS-S3000 (MALDI-TOF) (JEOL Ltd., Tokyo, Japan). UV-vis spectra were
recorded on UV-2550 spectrophotometer (Shimadzu Co., Kyoto, Japan) and V-570
spectrophotometer (JASCO Co., Ltd., Tokyo, Japan). Steady-state fluorescence (FL) spectra were
recorded on FP-6300 spectrofluorometer (JASCO Co., Ltd., Tokyo, Japan). NMR spectra were

recorded using an AVANCE III HD (500 MHz; Bruker Biospin K.K., Yokohama, Japan) and a
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NMR-DD2 500PS (500 MHz; Agilent Technologies, CA, USA). Luminescence spectra of singlet
oxygen sensitized by each compound's solution was recorded using a spectrometer (Jobin Yvon
SPEX fluorolog3, HORIBA, Ltd., Kyoto, Japan) equipped with a photomultiplier (NIR-PMT
R5509-72, Hamamatsu Photonics K.K., Shizuoka, Japan) cooled to 193 K. The absorbance and
the fluorescence intensity of each well were determined using plate readers (Multiscan JX and

Fluoroskan Ascent, Thermo Fisher Scientific Co., Yokohama, Japan).

5-[4-(1,3,4,6-Tetra-O-acetyl-2-thio-p-D-glucopyranos-2-S-yl)-2,3,5,6-tetrafluoro-phenyl)]-

10,15,20-tris(2,3,4,5,6-pentafluorophenyl)porphyrin (2Ac). TFPP (192.2 mg, 197 umol), 2-Ac-
S-AcGlc (117.8 mg, 290 umol), and diethylamine (DEA, 60 pL, 580 pumol) were dissolved in
DMF (40 mL). The reaction mixture was stirred at room temperature for 24h, diluted with CH2Cl>
(15 mL) and washed with distilled water (15 mL x 5). The extract was dried over Na>SO4 and the
solvent was removed under reduced pressure. The crude product was purified by column
chromatography (silica gel, CH2Cl, to CH2Cl/EtOAc = 100-90:10) to give TFPP-glucose
conjugate 2Ac (41.2 mg, yield 15.8%) as deep purplish red solids. Purity (HPLC): 98.7%. MALDI-
TOF high resolution mass spectrometry (HRMS): m/z for CssH29N4OgF19S ([M]*) cacld
1318.13560, found 1318.13464 (error 0.97 mmu, 0.73 ppm). *H NMR (CDCls, 499.91 MHz,
Si(CHz)4 =0 ppm): o (ppm) = 8.93 (8H, brs, 2,3,7,8,12,13,17,18-p-pyrroleH), 6.02 (1H, d, J =9.0
Hz, 1’-GlcH), 5.36 (1H, dd, J = 10.0 Hz and 9.0 Hz, 3°-GlcH), 5.24 (1H, dd, J = 10.0 Hz and 10.0,
4°-GlcH), 4.44 (1H, dd, J = 12.0 Hz and 4.0 Hz, 6°-GlcH), 4.17 (1H, dd, J = 12.0 Hz and 2.00 Hz,
6-GIcH), 3.99 (1H, ddd, J = 12.0 Hz, 4.0 Hz and 2.0 Hz, 5’-GlcH), 3.64 (1H, dd, J = 9.0 Hz and
9.0 Hz, 2°-GlcH), 2.26 (3H, s, CH3), 2.25 (3H, s, CH3), 2.14 (3H, s, CH3), 2.12 (3H, s, CH3), —2.92

(2H, br s, NH). $3C NMR (CDCls, 125.72 MHz, CDCls = 77.0 ppm): 6 (ppm) = 170.64 (C=0),
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170.26 (C=0), 169.64 (C=0), 169.55 (C=0), 147.48—145.48 (2,6-PhC, 3,5-PhC, a-pyrroleC),
130.98 (B-pyrroleC), 122.35 (4-PhC), 115.47 (1-PhC), 103.84 (mesoC), 94.17 (1’-GIcC), 72.72
(5’-GlcC), 71.58 (3’-GIcC), 68.94 (4’-GlcC), 61.45 (6’-GlIcC), 52.82 (2’-GlcC), 20.78 (CHs),
20.69 (CHs), 20.68 (CHs), 20.61 (CHs). 1°F NMR (CDCls, 470.34 MHz, CFsCO2H = —76.05 ppm):
0 (ppm) = —131.85 (2F, dd, Jrr = 25.9 Hz, Jrr = 13.3 Hz, 3,5-PhFGlc), —136.54 (2F, dd, Jrr =
25.8 Hz, Jrr = 12.4 Hz, 2,6-PhFGlc), —137.18 (6F, dd, Jrr = 15.2 Hz, Jrr = 6.7 Hz, 3,5-PhF),
—151.78 (3F, dd, Jrr = 20.0 Hz, Jrr = 20.0 Hz, 4-PhF), —161.92 (6F, dd, Jr.r = 14.3 Hz, JFr = 6.7
Hz, 2,6-PhF). UV-Vis (¢ = 5.00 uM, DMSO, path length = 1 cm, 25 °C): A//nm (¢ x 10*4/M* cm™)
=412 (33.96), 505 (2.44), 532 (0.34), 580 (0.80), 631 (0.10).
5-14-(1,2,4,6-Tetra-0O-acetyl-3-thio-D-glucopyranos-3-S-yl)-2,3,5,6-tetrafluoro-phenyl)|-
10,15,20-tris(2,3,4,5,6-pentafluorophenyl)porphyrin (3Ac). A procedure similar to that
described for TFPP-glucose conjugate 2Ac¢ was applied to TFPP (112.8.mg, 116 umol), 3-Ac-S-
AcGle (91.7 mg, 226 umol), and DEA (40 uL, 387 umol) to give TFPP-glucose conjugate 3Ac
(83.0 mg, yield 54.4%) as a deep purplish red solids. Purity (HPLC): >99%. MALDI-TOF high
resolution mass spectrometry (HRMS): m/z for CsgH29N4OoF19S ([M]") cacld 1318.13569, found
1318.13464 (error 1.05 mmu, 0.80 ppm). 'H NMR (CDCls, 499.91 MHz, Si(CH3)s = 0 ppm): &
(ppm) = 8.99 (2H, br s, 3,7-B-pyrroleH), 8.93 (6H, br s, 2,8,12,13,17,18-B-pyrroleH), 6.44 (0.5H,
d,J=4.0 Hz, I’a-GlcH), 5.83 (1H, dd, /= 8.0 Hz, 1’B-GlcH), 5.42-5.37 (2.5H, m, 2’a.-,2’3-,63-
GlcH), 5.32 (0.5H, m, 6" a-GlcH), 4.36-4.31 (1.5H, m, 4’ap3-GlcH), 4.23-4.18 (2H, m, 3’a-,5’a3-
GlcH), 3.97-3.90 (1.5H, m, 6’a-,3’B-GlcH), 3.71 (1H, dd, J = 10.0 Hz, 6’B-GlcH), 2.29 (3H, s,
CHs),2.28 (3H, s, CH3),2.27 (3H, s, CH3),2.23 (3H, s, CH3),2.21 (3H, s, CH3), 2.20 (3H, s, CH3),
2.159 (3H, s, CH3), 2.156 (3H, s, CH3), —2.91 (2H, br s, NH). '*C NMR (CDCl3, 125.72 MHz,

CDCl; = 77.0 ppm): & (ppm) = 170.74 (C=0), 169.45 (C=0), 169.16 (C=0), 169.12 (C=0),
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147.45—145.45 (2,6-PhC, 3,5-PhC, a-pyrroleC), 131.26 (B-pyrroleC), 122.03 (4-PhC), 115.48 (1-
PhC), 103.87 (mesoC), 93.13 (1’a-GlcC), 88.88 (1’B-GlcC), 75.40 (6’a-GlcC), 71.28 (5’ap-
GlcC), 70.73 (2’ap-GlcC), 70.33 (6’ a-GlcC), 68.20 (6”B-GlcC), 62.00 (4’ap-GlcC), 61.91 (3’a-
GlcC), 54.18 (6’B-GlcC), 50.33 (3’B-GlcC), 20.92 (CH3), 20.80 (CH3), 20.63 (CH3), 20.58 (CH3).
F NMR (CDCls, 470.34 MHz, CF3CO2H = —76.05 ppm): 6 (ppm) = —131.74 (2F, dd, Jr.r = 25.8
Hz, Jrr = 12.4 Hz, 3,5-PhFGlc), —136.59 (2F, dd, Jrr = 25.8 Hz, Jrr = 12.4 Hz, 2,6-PhFGlc),
—137.18 (6F, dd, Jrr = 22.0 Hz, Jr.r = 22.0 Hz, 3,5-PhF), —151.84 (3F, dd, Jrr = 32.4 Hz, Jrr =
19.0 Hz, 4-PhF), —161.94 (6F, dd, Jr.r = 12.4 Hz, Jr.r = 6.9 Hz, 2,6-PhF). UV-Vis (¢ = 5.00 uM,
DMSO, path length =1 cm, 25 °C): A//nm (¢ x 10*/M" cm™) =412 (33.62), 505 (2.46), 532 (0.36),
580 (0.82), 631 (0.12).
5-14-(1,2,3,6-Tetra-O-acetyl-4-thio-D-glucopyranos-4-S-yl)-2,3,5,6-tetrafluoro-phenyl) |-
10,15,20-tris(2,3,4,5,6-pentafluorophenyl)porphyrin (4Ac). A procedure similar to that
described for TFPP-glucose conjugate 2Ac¢ was applied to TFPP (111.9 mg, 115 umol), 4-Ac-S-
AcGle (20.9 mg, 52 umol), and DEA (37 pL, 358 umol) to give TFPP-glucose conjugate 4Ac
(59.2 mg, yield 39.1%) as a deep purplish red solids. Purity (HPLC): >99%. MALDI-TOF high
resolution mass spectrometry (HRMS): m/z for CssH2oN4OoF 1S ([M]") cacld 1318.13565, found
1318.13464 (error 1.01 mmu, 0.77 ppm). 'H NMR (CDCls, 499.91 MHz, Si(CH)4 = 0 ppm): J
(ppm) =9.05 (2H, br s, 3,7-B-pyrroleH), 8.92 (6H, br s, 2,8,12,13,17,18-B-pyrroleH), 6.43 (0.3H,
d, J=4.0 Hz, 1’a-GlcH), 5.85 (1H, dd, J = 8.0 Hz, 1’B-GlcH), 5.62 (0.3H, dd, J=10.0 Hz, 3’a-
GlcH), 5.35 (1H, dd, J=11.0 Hz, 9.0 Hz, 3’ B-GIcH), 5.20-5.27 (1.3H, m, 2’aB-GlcH), 4.70-4.76
(1.3H, m, 6”ap-GlcH), 4.61 (1H, dd, J = 12.0 Hz, 2.0 Hz, 6’a-GlcH), 4.47-4.52 (0.6H, m,
6’a-,5’a-GlcH), 4.17-4.20 (1H, m, 5°B-GlcH), 3.89-3.97 (1.3H, m, 4’ ap-GlcH), 2.26 (3H, s, CHs),

2.25 (3H, s, CH3), 2.24 (3H, s, CH:), 2.17 (3H, s, CH3), 2.13 (3H, s, CHs), 2.11 (3H, s, CH3), —2.92
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(2H, br s, NH). 3C NMR (CDCls, 125.72 MHz, CDCl3 = 77.0 ppm): § (ppm) = 170.53 (C=0),
170.05 (C=0), 169.62 (C=0), 168.93 (C=0), 147.46—145.48 (2,6-PhC, 3,5-PhC, a-pyrroleC),
131.25 (B-pyrroleC), 122.12 (4-PhC), 115.51 (1-PhC), 103.81 (mesoC), 91.49 (1’B-GlcC), 75.15
(5’B-GlcC), 72.08 (3’B-GlcC), 71.77 (2’B-GlcC), 63.11 (6’B-GlcC), 48.00 (4’B-GlcC), 20.86
(CH3), 20.74 (CH3), 20.68 (CH3), 20.63 (CH3). "F NMR (CDCl, 470.34 MHz, CF3CO-H =
—76.05 ppm): 6 (ppm) =—132.23 (2F, dd, Jrr =24.8 Hz, Jr.r = 11.5 Hz, 3,5-PhFGlc), —136.29 (2F,
dd, Jrr = 23.8 Hz, Jr.r = 11.5 Hz, 2,6-PhFGlc), —136.54 (6F, dd, Jr.r = 24.5 Hz, Jrr = 10.5 Hz,
3,5-PhF), —151.96 (3F, dd, Jrr = 21.9 Hz, Jr.r = 21.9 Hz, 4-PhF), —162.04 (6F, dd, Jr.r = 17.2 Hz,
Jrr = 6.9 Hz, 2,6-PhF). UV-Vis (¢ = 5.00 uM, DMSO, path length =1 cm, 25 °C): A /nm (& x 10"
YMT em™) =412 (31.58), 505 (2.30), 532 (0.34), 580 (0.76), 631 (0.12).
5-14-(1,2,3,4-Tetra-O-acetyl-6-thio-D-glucopyranos-6-S-yl)-2,3,5,6-tetrafluoro-phenyl) |-
10,15,20-tris(2,3,4,5,6-pentafluorophenyl)porphyrin (6Ac). TFPP (100.0 mg, 103 pmol), 6-Ac-
S-AcGle (127.6 mg, 314 umol), and DEA (45 pL, 435 umol) were dissolved in DMF (25 mL).
The reaction mixture was stirred at 60°C for 24h, diluted with CH,Cl (15 mL) and washed with
distilled water (15 mL X 5). The extract was dried over Na,SO4 and the solvent was removed under
reduced pressure. The crude product was purified by column chromatography (silica gel, CH,Cl
to CH2CL/EtOAc = 100-90:10) to give TFPP-glucose conjugate 6Ac (8.5 mg, yield 6.3%) as a
deep purplish red solids. Purity (HPLC): >99%. MALDI-TOF high resolution mass spectrometry
(HRMS): m/z for CssH20N4OoF19S ([M]") cacld 1318.13593, found 1318.13464 (error 1.29 mmu,
0.98 ppm). 'H NMR (CDCls, 499.91 MHz, Si(CH3)4 = 0 ppm): 6 (ppm) = 8.99 (2H, br s, 3,7-B-
pyrroleH), 8.92 (6H, br s, 2,8,12,13,17,18-B-pyrroleH), 5.87 (1H, d, J = 8.0 Hz, 1’-GlcH), 5.37
(1H, dd, J=9.0 Hz, 9.0 Hz, 4’-GlcH), 5.30-5.23 (2H, m, 2°,3’-GlcH), 4.14-4.11 (1H, m, 5’-GlcH),

3.45 (1H, dd, J = 9.0 Hz, 9.0 Hz, 6’a-GIcH), 3.35 (1H, m, 6”-GlcH), 2.16 (3H, s, CH3), 2.09 (3H,
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s, CH3), 2.07 (3H, s, CHs), 1.87 (3H, s, CH3), —2.92 (2H, br s, NH). '*C NMR (CDCls, 125.72
MHz, CDCl; = 77.0 ppm): 6 (ppm) = 170.17 (C=0), 169.68 (C=0), 169.33 (C=0), 168.83 (C=0),
147.52—145.46 (2,6-PhC, 3,5-PhC, a-pyrroleC), 131.27 (B-pyrroleC), 120.43 (4-PhC), 115.51 (1-
PhC), 103.57 (mesoC), 91.72 (1’-GlcC), 74.98 (5’ -GlcC), 72.61 (4°-Glc (), 70.68 (3’-GlcC), 70.35
(2°-GlcC), 35.56 (6°B-GlcC), 20.74 (CH3), 20.65 (CH3), 20.58 (CHs), 20.53 (CH3). 'F NMR
(CDCl3, 470.34 MHz, CF3CO2H = —76.05 ppm): 6 (ppm) = —133.77 (2F, dd, Jr.r = 24.8 Hz, Jr.r
= 12.4 Hz, 3,5-PhFGlc), —137.29 (6F, dd, Jrr = 23.8 Hz, Jrr = 11.5 Hz, 3,5-PhF), —138.02 (2F,
dd, Jr.r = 25.8 Hz, Jr.r = 12.5 Hz, 2,6-PhFGlc), —152.00 (3F, dd, Jr.r = 33.3 Hz, Jr.r = 21.0 Hz, 4-
PhF), —162.05 (6F, dd, Jrr = 17.2 Hz, Jrr = 6.9 Hz, 2,6-PhF). UV-Vis (c = 5.00 uM, DMSO, path
length = 1 cm, 25°C): A/nm (& x 10*/M™! cm™) = 412 (36.67), 505 (2.60), 532 (0.33), 580 (0.83),
631 (0.10).
5-[4-(D-Glucopyranosylthio)-1,3,5,6-tetrafluorophenyl)]-10,15,20-tris(2,3,4,5,6-penta-
fluorophenyl)porphyrin (20H). TFPP-Glucose conjugate 2Ac¢ (48.7mg, 37 umol) was dissolved
in CH2CL (20 mL) and MeOH (20 mL). NaOMe was added to adjust the pH to 9. This mixture
was heated for 5 min at 40°C, then neutralized with acetic acid. The solvent was removed and the
crude product was washed with distilled water (15 mL x 5). The crude product was purified by
column chromatography (silica gel, CH2Cl,/MeOH = 9/1) and washed with distilled water to give
TFPP-glucose conjugate 20H (28.3 mg, yield 66.6%) as a deep brownish purple solids. Purity
(HPLC): >99%. MALDI-TOF high resolution mass spectrometry (HRMS): m/z for
Cs0H19N4O4F19S ([M — H,0]") cacld 1132.08085, found 1132.08181 (error -0.97 mmu, -0.85 ppm).
Purity ("°F QNMR, 3,5-bis(trifluoromethyl)benzoic Acid): 84.1 wt%. 'H NMR (CDsOD, 499.91
MHz, CHD>OD = 3.30 ppm): 0 (ppm) = 9.32, 9.06 (8H, s,B-pyrroleH), 5.70 (1H, d, J = 2.0 Hz,

1’a-GlcH), 5.60 (1H, d, J=4.0 Hz, 1’B-GlcH), 4.82 (1H, m, 3°a-GlcH), 4.72 (1H, m, 4’a-GIcH),
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4.68 (1H, m, 6’a-GlcH), 4.48 (1H, m, 6”a-GlcH), 4.16 (3H, m, 3’B,5’ap-GlcH), 3.54 (4H, m,
2’ap-,6’B-,6"B-GlcH), 3.34 (1H, m, 4’B-GlcH). *C NMR (CD;0D, 125.72 MHz,CDsOD = 49.0
ppm): ¢ (ppm) = 149.06-129.57 (o, B-pyrroleC, 2,6-PhC and 3,5-PhC), 122.15 (4-PhC), 116.65 (1-
PhC), 105.90, 105.50 (mesoC), 104.97 (1’B-GlcC), 101.23 (1’a-GlcC), 90.95 (3’a-GlcC), 83.89
(6°,6”a-GlcC), 81.66 (4’a-GlcC), 72.96 (3’B-GlcC), 72.49 (5’ap-GlcC), 72.31 (2°a-GlcC), 72.30
(4’B-GlcC), 59.10 (2°B-GlcC), 58.90 (6°,6”B-GlcC). F NMR (CD;0D, 470.34 MHz, CF5CO,H
=—76.05 ppm): 0 (ppm) = —134.41 (2F, dd, Jr.r = 24.8 Hz, Jr.r = 12.4 Hz, 3,5-PhFGlc), —139.23
(2F, dd, Jrr = 24.8 Hz, Jrr = 11.4 Hz, 2,6-PhFGlc), —139.67 (6F, m, Jrr = 21.9 Hz, 3,5-PhF),
—154.86 (3F, t, Jr.r = 35.3 Hz, Jr.r = 18.1 Hz, 4-PhF), —164.47 (6F, dd, Jrr = 36.2 Hz, Jrr = 21.0
Hz, 2,6-PhF). UV-Vis (¢ = 4.44 uM, DMSO, path length = 1 cm, 25°C): A /nm (¢ x 10*/M™! cm™)
=412.5 (28.94), 506.0 (1.93), 537.5 (0.03), 582 (0.55). FL (¢ = 4.44uM in DMSO, path length =
1 cm, Aex =412.5 nm, 25°C): A/nm = 637.5, 702.5.
5-[4-(D-glucopyranosylthio)-1,2,5,6-tetrafluorophenyl)]-10,15,20-tris(2,3,4,5,6-penta-
fluorophenyl)porphyrin (30H). A procedure similar to that described for glucosylated TFPP
20H was applied to TFPP-glucose conjugate 3Ac (30.9 mg, 23 umol) to give TFPP-glucose
conjugate 30H (10.0 mg, yield 36.7%) as a deep brownish purple solids. Purity (HPLC): >99%.
MALDI-TOF high resolution mass spectrometry (HRMS): m/z for CsoH21N4OsF19S ([M]") cacld
1150.09196, found 1150.09238 (error -0.42 mmu, -0.36 ppm). Purity (°F qNMR, 3,5-
bis(trifluoromethyl)benzoic Acid): 88.1 wt%. '"H NMR (CD;OD, 499.91 MHz, CHD,OD = 3.30
ppm): 6 (ppm) = 9.32, 9.06 (8H, s,B-pyrroleH), 5.20 (1H, d, J=4.0 Hz, 1’a-GlcH), 4.63 (1H, d, J
= 8.0 Hz, 1’B-GlcH), 4.00-3.93 (2H, m, 4’B-,6’a-GlcH), 3.86-3.70 (5H, m, 2’a-,3’a-,4’o-,5 o f3-
GlcH), 3.60 (1H, dd, J = 10.0 Hz, 3’B-GlcH), 3.50-3.46 (2H, m, 2’B-,6’B-GlcH). *C NMR

(CDs;0D, 125.72 MHz, CD3;0D = 49.0 ppm): 6 (ppm) = 148.95-129.60 (c,B-pyrroleC, 2,6-PhC

63



and 3,5-PhC), 121.02 (4-PhC), 116.70 (1-PhC), 106.34, 104.87 (mesoC), 99.45 (1’a-GlcC), 93.72
(1’B-GlcC), 80.51 (2’B-GlcC), 76.26 (6’B-GlcC), 73.94 (3’a-GlcC), 73.87 (4’B-GlcC), 71.62
(2°a-Glc(), 62.85 (4’a-GlcC), 62.70 (5’ ap-GlcC), 59.37 (3°B-GlcC), 56.79 (6’a-GlcC). 'F NMR
(CDs0D, 470.34 MHz, CF3CO;H = —76.05 ppm): 6 (ppm) = —133.72 (2F, dd, Jr.r = 25.8 Hz, Jr.r
=12.4 Hz, 3,5-PhFGlc), —139.67 (6F, m, Jrr = 15.2 Hz, Jrr = 6.6 Hz, 3,5-PhF), —140.65 (2F, dd,
Jrr = 24.8 Hz, Jrr = 11.4 Hz, 2,6-PhFGlc), —154.88 (3F, t, Jror = 20.0 Hz, Jr.r = 8.6 Hz, 4-PhF),
—164.49 (6F, dd, Jr.r =22.9 Hz, Jr.r = 6.7 Hz, 2,6-PhF). UV-Vis (¢ = 4.48 uM, DMSO, path length
=1 cm, 25 °C): 2 /nm (¢ x 10%M! em™) = 413.0 (30.39), 505.5 (2.13), 537.5 (0.06), 581.0 (0.63).
FL (¢ = 4.48 uM in DMSO, path length = 1 cm, Aex = 413.0 nm, 25°C): A//nm = 637.5, 703.0.
5-[4-(D-glucopyranosylthio)-1,2,3,6-tetrafluorophenyl)|-10,15,20-tris(2,3,4,5,6-penta-
fluorophenyl)porphyrin (4OH). A procedure similar to that described for TFPP-glucose
conjugate 20H was_applied to TFPP-glucose conjugate 4Ac¢ (21.4 mg, 16 umol) to give TFPP-
glucose conjugate 4OH (14.7 mg, yield 78.7%) as a deep brownish purple solids. Purity (HPLC):
>99%. MALDI-TOF high resolution mass spectrometry (HRMS): m/z for CsoH21N4OsF19S ([M]")
cacld 1150.09283, found 1150.09238 (error 0.45 mmu, 0.39 ppm). Purity ('°F qNMR, 3,5-
bis(trifluoromethyl)benzoic Acid): 80.1 wt%. 'H NMR (CD;OD, 499.91 MHz, CHD,OD = 3.30
ppm): J (ppm) = 9.32, 9.07 (8H, s,B-pyrroleH), 5.27 (1H, d, J=4.0 Hz, 1’a-GlcH), 4.62 (1H, d, J
= 8.0 Hz, 1’B-GlcH), 4.22-4.16 (2H, m, 6”’B-,5’a-GlcH), 4.13-4.10 (2H, m, 6°,6”a-GlcH), 3.98-
4.07 (2H, m, 6’B-,4’a-GlcH), 3.73-3.69 (2H, m, 3’B-,3’a-GlcH), 3.52-3.60 (3H, m, 4°B3-,5’B-,2’a-
GlcH), 3.33 (1H, d, 2°B-GlcH). *C NMR (CDs0D, 125.72 MHz, CD30D = 49.0 ppm): 6 (ppm) =
149.07-129.79 (o,B-pyrroleC, 2,6-PhC and 3,5-PhC), 121.954-PhC), 116.71(1-PhC), 106.03,
104.93 (meso(), 98.12 (1’a-GlcC), 94.17 (1’B-GlcC), 77.96 (3’a-GlcC), 77.88 (3’B-GlcC), 77.50

(2°B-GIcC), 75.34 (2°a-GIcC), 73.51 (4°0-GlcC), 72.71 (6”B-GlcC), 63.50 (5°a-GIcC), 63.496
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(6”a-GlcC), 63.40 (6’a-GlcC), 63.399 (6’B-GlcC), 52.76 (4’B-GlcC), 52.70 (5°B-GlcC). F
NMR (CD;OD, 470.34 MHz, CF5CO>H = —76.05 ppm): § (ppm) = —133.03 (2F, dd, *Jrr = 24.8
Hz, °Jrr = 11.4 Hz, 3,5-PhFGlc), —139.68 (6F, m, *Jr.r = 24.8 Hz, 3,5-PhF), —139.90 (2F, dd, *Je.
F = 24.8 Hz, °Jrr = 11.5 Hz, 2,6-PhFGlc), —154.87 (3F, t, *Jr.r = 21.0 Hz, 4-PhF), —164.48 (6F,
dd, *Jrr = 20.0 Hz, 2,6-PhF). UV-Vis (c = 4.05 uM, DMSO, path length = 1 cm, 25 °C): / /nm (&
x 10%M" em™) = 413.0 (30.15), 506.0 (2.01), 537.5 (0.02), 582.0 (0.57). FL (¢ = 4.05uM in
DMSO, path length = 1 cm, Aex = 413.0 nm, 25°C): A/nm = 637.5, 703.0.
5-[4-(D-glucopyranosylthio)-1,2,3,4-tetrafluorophenyl)|-10,15,20-tris(2,3,4,5,6-penta-
fluorophenyl)porphyrin (60H). A procedure similar to that described for TFPP-glucose
conjugate 20H was applied to TFPP-glucose conjugate 6Ac (8.5 mg, 6 pmol) to give TFPP-
glucose conjugate 60H (6.0 mg, yield 80.9%) as a deep brownish purple solid. Purity (HPLC):
>99%. MALDI-TOF high resolution mass spectrometry (HRMS): m/z for CsoH21N4OsF19S ([M]")
cacld 1150.09181, found 1150.09238 (error -0.57 mmu, -0.49 ppm). Purity (*°F qNMR, 3,5-
bis(trifluoromethyl)benzoic Acid): 83.7 wt%. 'H NMR (CDsOD, 499.91 MHz, CHD,OD = 3.30
ppm): 0 (ppm) =9.32, 9.07 (8H, s,B-pyrroleH), 5.27 (1H, d, /=4.0 Hz, I’a-GlcH), 4.62 (1H, d, J
= 8.0 Hz, 1’B-GlcH), 4.22-4.16 (2H, m, 6”’B-,5’a-GIcH), 4.13-4.10 (2H, m, 6°,6”a-GlcH), 3.98-
4.07 (2H, m, 6’B-,4’a-GlcH), 3.73-3.69 (2H, m, 3’B-,3’a-GlcH), 3.52-3.60 (3H, m, 4°B-,5’B-,2’a-
GlcH), 3.33 (1H, d, 2°B-GlcH). *C NMR (CDs;0D, 125.72 MHz, CD;0D = 49.0 ppm): J (ppm) =
149.07-129.79 (o,B-pyrroleC, 2,6-PhC and 3,5-PhC), 121.954-PhC), 116.71(1-PhC), 106.03,
104.93 (meso(), 98.12 (1’a-GlcC), 94.17 (1’B-GlcC), 77.96 (3’a-GlcC), 77.88 (3’B-GlcC), 77.50
(2’B-GlcC), 75.34 (2’a-GlcC), 73.51 (4’a-GlcC), 72.71 (6”B-GlcC), 63.50 (5’a-GlcC), 63.496
(6”a-GlcC), 63.40 (6’a-GlcC), 63.399 (6’B-GlcC), 52.76 (4’B-GlcC), 52.70 (5°B-GlcC). F

NMR (CDs0D, 470.34 MHz, CF5CO,H = —76.05 ppm): J (ppm) = —133.03 (2F, dd, *Jr.r = 24.8
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Hz, °Jrr = 11.4 Hz, 3,5-PhFGlc), —139.68 (6F, m, *Jr.r = 24.8 Hz, 3,5-PhF), —139.90 (2F, dd, Je.

F = 24.8 Hz, °Jr.r = 11.5 Hz, 2,6-PhFGIc), —154.87 (3F, t, *Jr.r = 21.0 Hz, 4-PhF), —164.48 (6F,

dd, 3Jer = 20.0 Hz, 2,6-PhF). UV-Vis (c = 4.19 uM, DMSO, path length = 1 cm, 25°C): 1 /nm (&

x 104/M em) =412.5 (35.11), 505.5 (2.52), 536.5 (0.06), 581 (0.71). FL (¢ = 4.19uM in DMSO,

path length = 1 cm, Aex =412.5 nm, 25°C): A/nm = 637.5, 702.5.
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CHAPTER 4 In Vitro Study of Mono-Glycoconjugated Porphyrins

4.1 Introduction

The disadvantages of current PSs should be responded by developing PSs and their PDT
characteristics including hydrophilicity-hydrophobicity, reactive oxygen species (ROS) generation,
cellular uptake, and selectivity [1-9]. In the previous chapter, the conjugation of 5,10,15,20-
tetrakis(pentafluorophenyl)porphyrin (TFPP) with peracetylated thioglucopyranoses have been
described to yield acetylated TFPP-glucose conjugates and TFPP-glucose conjugates, along with
their characterization. This chapter informs the evaluation of hydrophobicity, ROS generation,
cellular uptake, and photocytotoxicity of the resulted TFPP-glucoconjugates 2-4OH and 60H.
Next, their cellular uptake test of the TFPP-glucose conjugates was performed on RGK gastric
carcinoma mucosal cell line (RGK cells). And finally, the photocytotoxicity TFPP-glucose

conjugates were studied along with the results of 1OH [22].

4.2 Results and Discussion
4.2.1 Hydrophobicity Parameters
Lipophilicity-hydrophobicity is one of the most important intrinsic properties of a compound. This
character which is usually associated with polarity and molecular size determines various
properties such as solubility and permeability-affinity for biological membranes and, therefore,
controls the absorption, distribution, and transport. In PDT application, it is the key factor for
transporting the photosensitizers into the cells [10,11].

The hydrophobicity parameter (Log P), the logarithmic scale of the partition coefficient between

n-octanol and water, is closely correlated to the penetration and uptake behavior of drugs through
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the cellular membrane [12-15]. Chromatographic method such as reversed-phase thin layer
chromatography is an alternative technique for this purpose because the retention indices (Ry) relate
with LogP value [16-18]. The Rt value is inversely proportional to the capacity factor k’ in reverse-
phase (i.e., partition) chromatography and is in a good-association with the LogP. In this
experiment, m-hydroxybenzaldehyde [19], p-fluorobenzaldehyde [19], m-fluorobenzaldehyde [19],
5,15-bis-(4-(2-hydroxyethoxy)-2,3,5,6-tetrafluoro-phenyl)-10,20-bis(pentafluorophenyl)-

porphyrin [20,21], 5,10-bis(4-(2-hydroxy-ethoxy)-2,3,5,6-tetrafluorophenyl)-15,20-
bis(pentafluorophenyl)porphyrin ~ [20,21], and  5,10,15-tris(4-(2-hydroxyethoxy)-2,3,5,6-
tetrafluorophenyl)-20-pentafluorophenylporphyrin [20,21] were used as standards to calibrate the
RP-TLC system. A good linearity of Log P values against Log 4’ values was resulted [20] and
their values are tabulated in Table 4.1. The Log P values of the synthesized TFPP-glucose
conjugates 5-[4-(D-Glucopyranosylthio)-1,3,5,6-tetrafluorophenyl)]-10,15,20-tris(2,3,4,5,6-
pentafluorophenyl)porphyrin  (20H), 5-[4-(D-glucopyranosylthio)-1,2,5,6-tetrafluorophenyl)]-
10,15,20-tris(2,3,4,5,6-penta-fluorophenyl)porphyrin -~ (30H),  5-[4-(D-glucopyranosylthio)-
1,2,3,6-tetrafluorophenyl)]-10,15,20-tris(2,3,4,5,6-penta-fluorophenyl)porphyrin (40H), and 5-
[4-(D-glucopyranosylthio)-1,2,3,4-tetrafluorophenyl)]-10,15,20-tris(2,3,4,5,6-pentafluoro-

phenyl)porphyrin (60H) (60H) were determined on the basis of this calibration and were
compared to previously synthesized 5-[4-(D-Glucopyranosylthio)-2,3,5,6-tetrafluorophenyl)]-
10,15,20-tris(2,3,4,5,6-penta-fluorophenyl)porphyrin (10OH) [22]. The hydrophobicity increased
in the order of 10H < 30H < 40H < 60H < 20H. This results indicating 20H is most
hydrophobic and 10H is the least hydrophobic in these series mean 30OH and 40H presumably
have good amphiphilic properties. 10H as the least hydrophobic mono-glycoconjugate among

other possesses more hydrophilic character while 20H and 60H have more hydrophobic tendency.
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This hydrophobicity parameter supposedly affects the biological activity of these mono-
glycoconjugated porphyrins eventhough the correlation between this parameter with aggregation

behavior as explained in Chapter 3 unclear.

Table 4.1 Capacity Factor (k") in RP-TLC (MeOH : H2O =9 : 1 v/v) and Hydrophobicity Parameter
(Log P) of TFPP-glucose conjugates 1-4OH, and 60H.

Ry Log k™ Log P
10H 0.19 0.72 6.05
20H 0.11 0.96 6.87
30H 0.17 0.77 6.21
40H 0.16 0.80 6.30
60H 0.14 0.85 6.50

“k’=1/R;."Log P=3.46 x Log k’ + 3.55.

4.2.2 Cellular Uptake

A stomach cancer cell lines, i.e. RGK, gastric carcinoma mucosal cell line (RGK cells) was used
as a model cancer cells for the cellular uptake examination. After incubation of this cell lines with
1-40H, and 60H in the concentration 2.5 uM for 8 and 24 h, the relative cellular uptake can be
deduced as shown in the Figure 4.1. The increasing incubation time from 8 to 24 h increased the
quantity of the conjugates taken up by the RGK cells, after normalization of the value to that of
10H for an 8h incubation. A considerable cellular uptake of 4OH was shown by the RGK cells
among other conjugates. There is correlation between cellular uptake after 8 h incubation with
hydrophobicity parameter (Log P) values. 30H and 4OH having intermediate Log P values
showed higher uptake than other mono-glycoconjugated porphyrins. The cellular uptake after 8 h

incubation increased in the order of 40OH < 30H < 10H < 20H = 60H.
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Figure 4.1 Relative uptake amount of TFPP-glucose conjugates 1-4OH, and 60H in RGK-1 cells
for 8h (gray stick bars) and 24h (blue stick bars) co-incubation. The concentration of the conjugates
was 2.5 uM. Values are the mean =+ standard deviation of three replicate experiments.
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Figure 4.2 Relative uptake amount of TFPP-glucose conjugates 1-4OH, and 60H in RGK cells
in the absence (gray stick bars) and presence (red stick bars) of cytochalasin B (¢ = 50 uM), which
is a GLUT]1 inhibitor, for 8h (a) and 24h (b) co-incubation. The concentration of the conjugates
was 2.5 uM. Values are the mean + standard deviation of three replicate experiments.

Further investigation on the cellular uptake in RGK cells was carried out in the presence of
cytochalasin B, an inhibitor of the membrane-bound glucose transporter (GLUT1) which is usually
overexpressed in brain tumors and stomach cancer [23,24], after an 8 and 24 h co-incubation
(Figure 4.2). Previous report by Lippard et al. stated that a platinum complex Glc-Pt C2 displayed

a high anticancer activity reflected from its high uptake in cancer cells that overexpressed GLUT1

[24]. Study was performed on the cellular uptake of D-glucose with different positions of platinum
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complexes (Cla, C1p, C2, C3, C4, and C6) (Scheme 4.1) using A2780, A549, and DU 145 cells
with 7.5 ~ 72h co-incubation. Figure 4.2 informs that with the occurrence of cytochalasin B the
uptake of 2-40OH by RGK cells was slightly inhibited. This finding implies that GLUT1 partially
drives the cellular uptake of these conjugates. A non-specific interaction with cellular membrane
probably will be enhanced due to this fact which reflect the small effect of cytochalasin B on the

cells. The strong hydrophobic nature of 2-4OH possibly affects this small influence.
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Figure 4.3 Luminescence spectra of 'O, generated by photosensitization using TFPP-glucose
conjugates 1-40H and 60H in MeOH under O; saturated condition. Excitation wavelength was
399.4 nm (10H), 397.6 nm (20H), 395.4 nm (30H), 397.6 nm (4OH) and 389.8 nm (6OH) (Abs.
=0.2).

4.2.3 Relative Quantum Yield of Singlet Oxygen Generation (®102)

One of the most important factors for the successful PDT application is ROS generation due to the
fact that ROS are the key cytotoxic intermediates of PDT [22,26-28]. Photochemical reaction

generates ROS during photoabsorption of 2-40OH, and 60H by means of 1) electron transfer

generating superoxide anion, hydroxyl radical, etc. (type | reaction) and 2) energy transfer
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producing singlet oxygen (*Oz) (type Il reaction). Both type of reaction are important for the
successful of PDT application [22,29] though it is well known that type Il reaction mainly occur

during photoabsorption process because of the relatively long lifetime of *O..
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Figure 4.4 The plots of HPF fluorescence intensity of the O»-saturated PBS solution containing
1% DMSO in the presence of TFPP-glucose conjugates 1-40OH and 60H and HP as a function of
the photoirradiation time.

The 'O, luminescence measurements at 1270 nm in O»-saturated MeOH for 2-4OH, and 60H
was used to measure the relative quantum yield of 'O, generation (@x) (Figure 4.3). This @, was
normalized to the values for 10H. Type I reaction (the relative quantum yields of *OH (®.on)) was
evaluated by the rate constant for the increment of the initial rate of hydroxyphenyl fluoresein
(HPF)-fluorescence intensity [30] (Figure 4.4) and this value was normalized to the value for
hematoporphyrin (HP). Table 4.2 lists the relative @a and ®.on values for the TFPP-glucose
conjugates. It clearly indicates that there is no differences for all TFPP-glucose conjugates in the

@, values in methanol. On the other hand, 2—-4OH, and 60H generated a higher *OH compared

to HP, similar to 10H [29]. The order of @.on values is 20H < 10H < 40H < 30H << 60H.
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This result implies that the @.on values were dependent, not only on the S-glycosylation pattern,
but also the specific of D-glucose. It is presumably can be correlated with the different reactivity
of thioglucopyranose groups in the mono-glycoconjugated porphyrins. It is known that anomeric
position (C1) is the most reactive and C6 is the least reactive among other position (C2, C3, C4).
The relative quantum yield of singlet oxygen (@A) and hydroxyl radical (®.on) of mono-
glycoconjugated porphyrins 1-40H, and 60H also can be evaluated more precisely by using
sodium azide and D-mannitol as 'O> quencer for type II reaction and *OH scavenger for type I
reaction, respectively.

Table 4.2 Relative Quantum Yield of Singlet Oxygen (®4) and Hydroxyl Radical (®.on) of TFPP-
glucose conjugates 1-4OH, and 60H.

Dp? P.on”
10H 1.0 25.0
20H 1.0 20.5
30H 1.0 36.9
40H 1.0 28.4
60H 1.0 61.2
HP - 1.0

¢ In Oz-saturated methanol and normalized to the values for 1OH. The excitation wavelength was
399.4 nm (10H), 397.6 nm (20H), 395.4 nm (30H), 397.6 nm (4OH), and 389.8 nm (6OH) (Abs
=0.2). » The @.on value in O»-saturated PBS containing 1 vol% DMSO and normalized to the
values for HP.

4.2.4 In vitro Study of Photocytotoxicity

The next study is the photocytotoxicity. This experiment was conducted by using a Human cervical

cell line (HeLa cells) in the dark and by irradiation together with 1-4OH, and 60H at a

concentration of 1.0 uM. A 100 W halogen lamp (4 > 500 nm) at a light dose of 0 J cm 2 (dark) or
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16 J cm™? was operated as a light source for this photocytotoxicity evaluation of these conjugates
which were incubated with the cells for 24h [31]. The percentage of cell survival (%) was evaluated
in terms of the mitochondrial activity of NADH dehydrogenase using the WST-8® reagent from
Cell Counting Kit-8 at 24h post-photoirradiation. The value was normalized to the survival rate in
the absence of photosensitizer, namely vehicle. These TFPP-glucose conjugates 1-4OH, and 60H

showed no cytotoxicity in the dark (Figure 4.5a). Contrastingly, potent photocytotoxicity was
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Figure 4.5 Dark (a) and photocytotoxicity (b) of TFPP-glucose conjugates 1-4OH, and 60H in
HeLa cells. The concentration of the conjugate was 1.0 uM. The light dose was 0 J cm ™2 (dark)

and 16 J cm 2 from a 100 W halogen lamp (A > 500 nm). Values are the mean + standard deviation
of six replicate experiments.
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Figure 4.6 Plot of the cell survival rate (%) of HeLa cells treated with TFPP-glucose conjugates
1-40H, and 60H as a function of the concentration. The light dose was 16 J cm™2 from a 100 W
halogen lamp (A > 500 nm). Incubation time with the conjugates was 24 h. Values are the mean +
standard deviation of six replicate experiments.
displayed by all of these conjugates, except for 20H, under photoirradiation (Figure 4.5b). These
results indicate that the light dose 16 J cm ™2 was suitable for this photocytotoxicity evaluation. The
light dose 16 J cm 2 was determined by evaluation of light dependency on the effect of
photocytotoxicity of glysocylated porphyrins as previously reported [31]. Briefly, the appropriate
light dose was examined by evaluation of HeLa cell survival on irradiation using a halogen lamp
(100 W, A > 500 nm). The results indicated the cell survival decreased from 100.5% to 17.9% as
the light dose increased and a lethal dose to 50% of the cell population was found to be 16 J cm 2.
Further photocytotoxicity evaluation was performed in HeLa cells for 1-40OH, and 60H in the
concentration range from 0.1 to 1.0 uM (Figure 4.6). A slight higher photocytotoxicity result was
shown by 10H, 30H, and 40OH with lower concentration needed to induce 50% cell death (ECso)

values to some degree compared to the values for 20H and 60H. The ECso values for 10H, 30H,

and 40H are less than 0.5 uM, whereas the ECso values for 20H and 60H are more than 0.5uM.
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It is clear from this result that the cellular uptake after 8 h incubation and photocytotoxicity was
parallel for these mono-glycoconjugated porphyrins. The average hydrophobicity of mono-
glycoconjugated porphyrins possibly responsible for these results. Besides, under the same

conditions as for HeLa cells, the human glioblastoma cell line (U251) and RGK cells were also
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Figure 4.7 Plot of the cell survival rate (%) of U251 cells (a) and RGK cells (b) treated with TFPP-
glucose conjugates 1-4OH, and 60H as a function of the concentration. The light dose was 16 J
cm 2 from a 100 W halogen lamp (A > 500 nm). Incubation time with the conjugates was 24 h.
Values are the mean * standard deviation of six replicate experiments.
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used for the photocytotoxicity test of 1-4OH and 60H. This additional evaluation was carried out
due to the fact that PDT has been applied to the treatment of many types of cancer including brain
cancer and early gastric cancer [32,33]. A similar outcome to that in HeLa cells for the positional
isomers effect in both cells was found for this experiment as illustrated in Figure 4.7. The
photocytotoxicity evaluated in U251 cells indicates ECso values for 10H, 30H, and 4OH are less
than 1.0 uM and the ECs values for 20H and 60H are more than 1.0 uM. The ECs values resulted
from photocytotoxicity evaluation with RGK cells for 10H, 30H, and 4OH are less than 0.5 uM

and the ECs values for 20H and 60H are more than 0.5 uM and 0.5 pM, respectively.

4.3 Summary

The hydrophobicity parameter (Log P) of TFPP-glucose conjugates was determined by RP-TLC
and increased in the order of IOH <30H <40H <60H < 20H. The cellular uptake examination
by RGK cells revealed that the quantity of TFPP-glucose conjugates taken up by the RGK cells
linearly correlates with the increasing incubation time. Among them, 4OH shows a significant
cellular uptake. The relative quantum yield of 'O generation (®4) of 2-4OH, and 60H illustrates
that no contrast displayed by all TFPP-glucose conjugates in methanol. 2-4OH, and 60H
generated a higher *OH compared to HP, similar to 10H. The order of ®.on values is 20H <10H
<40H < 30H << 60H. The photocytotoxicity studied in HeLa cells indicates that none of these
TFPP-glucose conjugates showed cytotoxicity in the dark, but potent photocytotoxicity was
displayed by all of these conjugates, except for 20H, under photoirradiation. With detailed
photocytotoxicity evaluation in HeLa cells, 10H, 30H, and 40OH showed a slight higher
photocytotoxicity with lower concentration needed to induce 50% cell death (ECso) values

compared to the values for 20H and 60H. Further photocytotoxicity test using U251 cells and
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RGK cells displayed identical results to those in HeLa cells.

4.4 Experiments
Materials and Measurements

Reverse-phase thin layer chromatography (RP-TLC) was carried out using R-18F2s4s (Merck
Japan Ltd., Tokyo, Japan). Luminescence spectra of singlet oxygen sensitized by each compound's
solution was recorded using a spectrometer (Jobin Yvon SPEX fluorolog3, HORIBA, Ltd., Kyoto,
Japan) equipped with a photomultiplier (NIR-PMT R5509-72, Hamamatsu Photonics K.K.,
Shizuoka, Japan) cooled to 193 K. The absorbance and the fluorescence intensity of each well
were determined using plate readers (Multiscan JX and Fluoroskan Ascent, Thermo Fisher
Scientific Co., Yokohama, Japan).

Hydrophobicity Parameters Determined by RP-TLC. The hydrophobicity parameter
(logarithm of the partition coefficient between n-octanol and water; Log P) is well-correlated with
the capacity factor &' in reverse-phase (i.e., partition) chromatography as follows:

LogP=alogk'+b (1)
Where a and b are constants for a given chromatographic system. The capacity factor k' was
determined by the Ry value in RP-TLC and a mixture of MeOH and H>O (9/1, v/v) as the eluent,
and calculated as follows:

k'=1/Ry (2)
m-Hydroxybenzaldehyde (Log P = 1.70) [19], p-fluorobenzaldehyde (Log P = 1.39) [19], m-
fluorobenzaldehyde (Log P = 1.89) [19], 5,15-bis(4-(2-hydroxyethoxy)-2,3,5,6-tetrafluoro-
phenyl)-10,20-bis(pentafluorophenyl)porphyrin (Log P = 6.5) [20,21], 5,10-bis(4-(2-hydroxy-

ethoxy)-2,3,5,6-tetrafluorophenyl)-15,20-bis(pentafluorophenyl)porphyrin (Log P = 6.5) [20,21],
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and 5,10,15-  tris(4-(2-hydroxyethoxy)-2,3,5,6-tetrafluorophenyl)-20-pentafluorophenylpor-

phyrin (Log P =5.4) [20,21] were used as standards to calibrate our RP-TLC system.

ROS Measurements.

Relative quantum yield of singlet oxygen generation (®102).
Singlet oxygen (®102). TFPP-glucose conjugates 10H, 20H, 30H, 40H, and 60H under study
was dissolved in MeOH. The absorbance of the solution was adjusted to be 0.2 at an appropriate
excitation wavelength (vide infra) and purged with oxygen gas for 1 min. Luminescence spectra
of singlet oxygen generated by the photoirradiation of the solution were recorded on a
spectrophotometer equipped with a photomultiplier cooled at 193 K.
Hydroxyl radical (®.on). 1-40H, and 60H (c = 1.00 mM), HP (c = 1.00 uM), and HPF (c = 225
nM) were dissolved in PBS containing 0.2% DMSO and placed into a cell. Oxygen gas was
introduced to the solution for approximately 1 min prior to photoirradiation. Then, the solution
was exposed to light from a 100 W halogen lamp through a Y-50 cutoff filter (A > 500 nm) at 25°C.
The initial rate of fluorescence intensity increments at 510 nm was monitored under the excitation
at 490 nm. The rate constant was estimated from the first-order plot of fluorescence intensity
increments against photoirradiation time. The relative quantum yield (®.on) was evaluated by the
rate constant and was normalized to the value of HP.

In vitro studies.

Cell culture. Human cervical cell line, HeLa (ATCC CCL-2), was obtained from Riken cell bank.
Cells were grown in DMEM supplemented with 10% FCS. Human glioblastoma cell lines, U251,
were obtained from the American Type Culture Collection. U251 cells were grown in DMEM

supplemented with 10% FCS. An N-methyl-N'-nitro-N-nitroso guanidine (MNNG)-induced
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mutant of a rat murine RGM gastric carcinoma mucosal cell line, RGK, was kindly provided by
Dr. Matsui (Faculty of Medicine, University of Tsukuba). Cells were grown in a 1:1 mixture of
DMEM and F12 supplemented with 10% FCS and Antibiotic-Antimycotic.

Cellular uptake inhibition by cytochalasin B. The cellular uptake of 1-40H, and 60H by RGK
cells was examined as follows: Cells (2.5 x 10° cells/well) in 1.5 mL of culture medium were
plated in a 6-well plate and incubated for 24 hours (37°C, 5% CO3). The medium was aspirated,
1.5 mL fresh culture medium with or without cytochalasin B (50 uM final concentration) was
added and the cells were incubated for 2h.2* The medium was aspirated, 1.5 mL of 2.5 uM
compound in culture medium containing 1% DMSO was added to each well and the plate was
incubated for 8 or 24h. Then, the cells were washed twice with PBS. The cells were lysed in 150
uL of DMSO. The fluorescence intensity of each extract was measured with a plate reader using
excitation and an emission wavelengths of 430 and 650 nm, respectively. The concentration of
compounds was calculated on the basis of the calibration obtained for each compounds in DMSO.
The cellular uptake is given as the means of three replicate experiments.

Photocytotoxicity Test. The photocytotoxicity of 1-40H, and 60H in these cell lines (HelLa,
U251, and RGK cells) was examined as follows: Cells (5 x 10° cells/well) in 100 pL of culture
medium were plated in a 96-well plate (Thermo Fisher Scientific Co.) and incubated for 24h (37°C,
5% CO2). One hundred microliters of a TFPP-glucose conjugates in culture medium containing
2% DMSO was added to each well. The plate was then incubated at 24h in the presence of these
compounds. The concentration of these compounds was varied from 0.1 mM to 1 mM in culture
medium (final DMSO content was 1% in all cases). The cells were washed twice with PBS and
100 pL of the fresh culture medium was added. The cells were exposed to light from a 100 W

halogen lamp equipped with a water jacket and Y-50 cutoff filter (1>500 nm). The light intensity
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was measured by using a UV-vis power meter. The irradiation time was adjusted to obtain the
desired light dose of 16 J-cm™2. The mitochondrial activity of NADH dehydrogenase of the cells
in each well was measured at 24h after photoirradiation using WST-8 reagent (10 pL) from Cell
Counting Kit-8 according to the manufacturer’s instructions. The absorbance at 450 nm was
measured using a plate reader. The percentage cell survival was calculated by normalization with

respect to the value for no drug treatment.
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CHAPTER 5 Synthesis of Multi-Glycoconjugated Porphyrins

5.1 Introduction

Carbohydrate modified porphyrins have been investigated as PSs in PDT [1]. Conjugation of
porphyrins to sugars produces mono-, bis- (cis- and trans-), tri-, and tetra-substituted
glycoconjugates. Previous study on tetraphenylporphyrin sulfonic acid (TPPS) reported that bis
cis-substituted conjugate has the highest uptake and photocytoxicity among other conjugates
(mono-, bis trans-, tri-, and tetra-sulfonic acids) [2]. Whereas, bis trans- glucose derivatives of
5,10,15,20-tetrakis(pentafluorophenyl)porphyrin ~ (TFPP) displayed the top one on
photocytotoxicity compared to other derivatives as described on other papers [3,4]. These findings
imply that the number of substituent and their pattern of substitution are important factors for the
development of photosensitizers. It was reported on chapter 4 that 30H and 4OH showed potent
photocytotoxicity and concentration inducing 50% cell death (ECso) values of gastric carcinoma
mucosal cell line (RGK cells), Human cervical cell line (HeLa cells), and human glioblastoma cell
line (U251). In line with this and in order to search more active PSs, this chapter accounts the
synthesis of bis cis-, bis trans-, tri-, and tetra-substituted conjugates TFPP with tetraacetyl 3-thio

glucose (3-Ac-S-AcGle) and tetraacetyl 4-thio glucose (4-Ac-S-AcGle).

5.2 Results and Discussion

In order to examine the influence of the number of thioglucoses and their pattern of substitution
on the properties of glycoconjugates for photosensitizers, acetylated TFPP-glucose conjugates
from conjugation of TFPP with 3-Ac-S-AcGlc and 4-Ac-S-AcGle were synthesized. aromatic
nucleophilic substitution reactions were employed to couple TFPP with 3-Ac-S-AcGlc and 4-Ac-

S-AcGle, and this reaction was performed in N,N-dimethylormamide (DMF) with the addition of
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3-Ac-S-AcGlc or
4-Ac-S-AcGlc,
R = S-AcGlc <«— EtNH, DMF. 29 °C.

SAcGlc SAcGlc

3- or 4-TFPP(SAcGIc)js.2 3- or 4-TFPP(SAcGIC) ¢ aps.2

SAcGlc SAcGlc

SAcGlc SAcGlc
3- or 4-TFPP(SAcGlc); 3- or 4-TFPP(SAcGlc),

AcO AcO
«—S AcO
e "aco OAc ol OAc

Scheme 5.1 Synthesis of acetylated TFPP-glucose conjugates

89



diethylamine (Scheme 5.1) [5]. The reaction was conducted at 29 °C for 48 h since this reaction
involved C3 and C4 position of thiosugars (3-Ac-S-AcGle and 4-Ac-S-AcGlc) which have
different reactivity compared to anomeric position [6]. The reaction was conducted by using more
TFPP and 3-Ac-S-AcGle and 4-Ac-S-AcGle ratio (TFPP : 3-Ac-S-AcGle = 1 : 4, TFPP :4-Ac-S-
AcGle =1 : 5) as compared to mono-glycoconjugated porphyrins synthesis. After several times of
purification using conventional column chromatography, the acetylated conjugates 3-
TFPP(SAcGIc)zmix, 3-TFPP(SAcGlc)s, 4-TFPP(SAcGlc)nans-2, 4-TFPP(SAcGIc)cis-2, 4-

TFPP(SAcGlc)s, and 4-TFPP(SAcGlc)s were isolated.

————
— e e

,J‘uuu,w JU! RV B s e

Lo

A\B—TFPP(SACGIC)zmix JIL

Figure 5.1 Selected °F NMR of 3-TFPP(SAcGlc)z2mix and 3-TFPP(SAcGlc);
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Identification of the isolated conjugates 3-TFPP(SAcGlc)imix, 3-TFPP(SAcGlc)s;, 4-
TFPP(SAcGIc)ians2, 4-TFPP(SAcGlc)cis2, 4-TFPP(SAcGle)s;, and 4-TFPP(SAcGlc)s were
roughly carried out by examining their TLC profile. 3-TFPP(SAcGlc)sans-2, 3-TFPP(SAcGlc).is-
2, and 3-TFPP(SAcGlc); have Rf value of 0.68, 0.60, and 0.54, respectively. The retention factor
(Rf) values for 4-TFPP(SAcGlc)mans2, 4-TFPP(SAcGlc)cis2, 4-TFPP(SAcGlc)s, and 4-
TFPP(SAcGlc)4 are 0.68, 0.60, 0.54, and 0.43. This Rf values order are consistent with the high-
performance liquid chromatography (HPLC) retention time values and sequence of mono-, di-, tri-,

and tetra-glucosylated fluorophenylporphyrins from 1-thioglucose [5].

| S _4-TFPP(SACGIO);

4-TFPP(SACGIc)s

4-TFPP(SACGIC)dis2 J

J 3-TFPP(SACG|C)trans-2
o JU "

-7 T[T
-130 -135 -140 -145 -150 -155 -160 -165

Figure 5.2 Selected °F NMR of 4-TFPP(SAcGIc)rans-2, 4-TFPP(SAcGle).is-2, 4-TFPP(SAcGle)s,
and 4-TFPP(SAcGlc)4
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The 'F NMR spectra supports this identification since '°F has similar abundance and spin
number [7] (Figure 5.1 and Figure 5.2). The integration value and multiplicity definitely
distinguish all conjugates. The '"F NMR spectra of all conjugates showed two double-doublet
peaks with a typical AA’ XX spin coupling (Jr.r = 24-27 Hz and Jr.r = 11-14 Hz), clearly indicating
para-substitution of the tetrafluorophenyl groups [8-11]. The '"F NMR spectra also showed two
sets of two peaks conforming the 2,6- and 3,5-F nucleus of glucose-conjugated perfluorophenyl
group. Detailed study on the '"F NMR spectra clearly indicates that the 4-F nucleus of the

pentafluorophenyl groups remains in the porphyrin ring.

5.3 Summary
The 3-TFPP(SAcGlc)2mix, 3-TFPP(SAcGlc)s, 4-TFPP(SAcGIc)nans2, 4-TFPP(SAcGIc)cis-2, 4-
TFPP(SAcGlc)s, and 4-TFPP(SAcGlc)s were synthesized and isolated. This research part of

doctoral thesis is in progress and will be completed soon.

5.4 Experiments

Materials and Measurements

The purities of peracetyrated TFPP-Glucose conjugates 3-TFPP(SAcGlc)amix, 3-TFPP(SAcGle)s,
4-TFPP(SAcGlc)irans-2, 4-TFPP(SAcGlc)cis2, 4-TFPP(SAcGle)s, and 4-TFPP(SAcGle)s were
determined on an HPLC system (Jasco PU-2086 Plus Intelligent pump, Jasco Co., Ltd., Tokyo,
Japan) equipped with a UV-vis detector (UV-2075 Plus, Jasco Co., Ltd.) and a silica gel column
(COSMOSIL 5SL-II packed column, 4.6 mmg¢ x 150 mm, Nacalai Tesque, Inc., Kyoto, Japan)
using a mixture of CH2Clz and ethyl acetate (9/1, v/v) at 30 °C. NMR spectra were recorded using

an AVANCE III HD (500 MHz; Bruker Biospin K.K., Yokohama, Japan) and a NMR-DD2 500PS
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(500 MHz; Agilent Technologies, CA, USA).

5,10-Bis[4-(1,2,4,6-tetra-O-acetyl-3-thio-D-glucopyranos-3-S-yl)-2,3,5,6-tetrafluorophenyl)|-
15,20-bis(2,3,4,5,6-pentafluorophenyl)porphyrin, 5,15-Bis[4-(1,2,4,6-tetra-O-acetyl-3-thio-
D-glucopyranos-3-S-yl)-2,3,5,6-tetrafluoro-phenyl)]-10,20-bis(2,3,4,5,6-pentafluorophenyl)-
porphyrin (3-TFPP(SAcGlc)zmix). TFPP (189.6 mg, 195 umol), 3-Ac-S-AcGle (330.6 mg, 813
umol), and diethylamine (DEA, 80.6 puL, 779 pmol) were dissolved in DMF (60 mL). The reaction
mixture was stirred at 29 °C for 48 h, diluted with CH2Cl,/ AcOEt (1/1, v/v, 100 mL) and washed
with distilled water (100 mL x 5). The extract was dried over Na2SO4 and the solvent was removed
under reduced pressure. The crude product was separated by column chromatography (silica gel,
CH2Cl to CH2CL/EtOAc = 100-70:30) to give 3-TFPP(SAcGlc)2mix (+ 3-Ac-S-AcGle) (219 mg)
as dark red solids. Ry value 0.68 (3-TFPP(SAcGlc)srans-2), 0.60 (3-TFPP(SAcGle)cis2) (CH2CL -
EtOAc =8 :2). YF NMR (CDCls, 470.34 MHz, CF3CO>H =—76.05 ppm): 6 (ppm) =—132.03 (4F,
dd, Jrr = 24.9 Hz, Jrr = 11.3 Hz, 3,5-PhFGlc), —136.92 (4F, dd, Jrr = 24.9 Hz, Jr.r = 11.8 Hz,
2,6-PhFGlc), —137.52 (4F, dd, Jrr = 21.2 Hz, Jrr = 15.5 Hz, 3,5-PhF), —152.15 (2F, m, 4-PhF),
—162.25 (4F, m, 2,6-PhF).
5,10,15-Tris[4-(1,2,4,6-tetra-0-acetyl-3-thio-D-glucopyranos-3-S-yl)-2,3,5,6-tetrafluoro-
phenyl)]-20-(2,3,4,5,6-pentafluorophenyl)porphyrin (3-TFPP(SAcGlc)s). TFPP (189.6 mg,
195 pmol), 3-Ac-S-AcGle (330.6 mg, 813 umol), and diethylamine (DEA, 80.6 pL, 779 pmol)
were dissolved in DMF (60 mL). The reaction mixture was stirred at 29 °C for 48 h, diluted with
CH:Cly/ AcOEt (1/1, v/v, 100 mL) and washed with distilled water (100 mL x 5). The extract was
dried over Na>;SO4 and the solvent was removed under reduced pressure. The crude product was

separated by column chromatography (silica gel, CH2Cl, to CH2CL/EtOAc = 100-70:30) to give
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3-TFPP(SAcGle); (62 mg) as dark red solids. Ry value 0.54 (CH,CL : EtOAc = 8 : 2). YF NMR
(CDCl3, 470.34 MHz, CF3CO2H = —76.05 ppm): ¢ (ppm) = —132.00 (6F, dd, Jr.r = 23.1 Hz, Jrr
= 13.6 Hz, 3,5-PhFGlc), —136.92 (6F, m, 2,6-PhFGlc), —137.53 (2F, dd, Jrr =22.6 Hz, Jrr = 7.5
Hz, 3,5-PhF), —152.12 (1F, m, 4-PhF), —162.24 (2F, m, 2,6-PhF).
5,15-Bis[4-(1,2,3,6-tetra-O-acetyl-4-thio-D-glucopyranos-4-S-yl)-2,3,5,6-tetrafluoro-
phenyl)]-10,20-bis(2,3,4,5,6-pentafluorophenyl)porphyrin  (4-TFPP(SAcGlc)sans2). TFPP
(300.9 mg, 309 umol), 4-Ac-S-AcGlc (618.2 mg, 1521 pmol), and diethylamine (DEA, 129 puL,
1247umol) were dissolved in DMF (60 mL). The reaction mixture was stirred at 29 °C for 48 h,
diluted with CH2CL/ AcOEt (1/1, v/v, 100 mL) and washed with distilled water (100 mL x 5). The
extract was dried over Na;SO4 and the solvent was removed under reduced pressure. The crude
product was separated by column chromatography (silica gel, CH>Cl> to CH>ClL/EtOAc = 100—
50:50) to give 4-TFPP(SAcGlc)sans-2 (+ 4-Ac-S-AcGle) (204 mg) as dark red solids. Ryvalue 0.68
(CH2ClL : EtOAc = 8 : 2). F NMR (CDCls, 470.34 MHz, CF3CO.H = —76.05 ppm): J (ppm) =
—132.53 (4F, dd, Jrr =24.9 Hz, Jrr = 13.9 Hz, 3,5-PhFGlc), —136.55 (4F, dd, Jr.r = 26.8 Hz, Jr.F
=13.6 Hz, 2,6-PhFGlc), —137.46 (4F, dd, Jrr = 24.5 Hz, Jrr = 7.5 Hz, 3,5-PhF), —152.31 (2F, dd,
Jrr=21.2 Hz, Jrr = 21.2 Hz, 4-PhF), —162.36 (4F, m, 2,6-PhF).
5,10-Bis[4-(1,2,3,6-tetra-O-acetyl-4-thio-D-glucopyranos-4-$-yl)-2,3,5,6-tetrafluoro-
phenyl)]-15,20-bis(2,3,4,5,6-pentafluorophenyl)porphyrin  (4-TFPP(SAcGlc)cis2).  TFPP
(300.9 mg, 309 umol), 4-Ac-S-AcGle (618.2 mg, 1521 umol), and diethylamine (DEA, 129 uL,
1247umol) were dissolved in DMF (60 mL). The reaction mixture was stirred at 29 °C for 48 h,
diluted with CH>ClL/ AcOEt (1/1, v/v, 100 mL) and washed with distilled water (100 mL x 5). The
extract was dried over Na;SO4 and the solvent was removed under reduced pressure. The crude

product was separated by column chromatography (silica gel, CH>Cl> to CH2ClL/EtOAc = 100—
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50:50) to give 4-TFPP(SAcGlc).is-2 (83 mg) as dark red solids. Ry value 0.60 (CH2Cl : EtOAc =
8 :2). ”F NMR (CDCls, 470.34 MHz, CF3CO,H = —76.05 ppm): 6 (ppm) = —132.56 (4F, dd, Jrr
= 249 Hz, Jrr = 11.8 Hz, 3,5-PhFGlc), —136.51 (4F, dd, Jrr = 24.9 Hz, Jrr = 11.8 Hz, 2,6-
PhFGlc), —137.46 (4F, m, 3,5-PhF), —152.26 (2F, dd, Jr.r = 20.7 Hz, 4-PhF), —162.32 (4F, m, 2,6-
PhF).
5,10,15-Tris[4-(1,2,3,6-tetra-0-acetyl-4-thio-D-glucopyranos-4-S-yl)-2,3,5,6-tetrafluoro-
phenyl)]-20-(2,3,4,5,6-pentafluorophenyl)porphyrin (4-TFPP(SAcGlc)s). TFPP (300.9 mg,
309 umol), 4-Ac-S-AcGle (618.2 mg, 1521 pmol), and diethylamine (DEA, 129 uL, 1247umol)
were dissolved in DMF (60 mL). The reaction mixture was stirred at 29 °C for 48 h, diluted with
CH>Cl/ AcOEt (1/1, v/v, 100 mL) and washed with distilled water (100 mL x 5). The extract was
dried over Na;SO4 and the solvent was removed under reduced pressure. The crude product was
separated by column chromatography (silica gel, CH>Cl> to CH2CL/EtOAc = 100-50:50) to give
4-TFPP(SAcGle); (128 mg) as dark red solids. Ry value 0.54 (CH,Cl, : EtOAc = 8 : 2). ’F NMR
(CDCls, 470.34 MHz, CF3CO2H = —76.05 ppm): 6 (ppm) = —132.57 (6F, dd, *Jr.r = 24.5 Hz, °J.
r = 11.2 Hz, 3,5-PhFGlc), —136.54 (6F, m, 2,6-PhFGlc), —137.45 (2F, dd, *Jrr = 22.6 Hz, *Jrr =
7.5 Hz, 3,5-PhF), —152.33 (1F, dd, *Jr-r = 20.7 Hz, >Jrr = 20.7 Hz, 4-PhF), —162.37 (2F, dd, *Jrr
=23.1 Hz, °Jrr = 8.0 Hz, 2,6-PhF).
5,10,15,20-Tetra[4-(1,2,3,6-tetra-O-acetyl-4-thio-D-glucopyranos-4-S-yl)-2,3,5,6-tetrafluoro-
phenyl)]-2,3,4,5,6-pentafluorophenylporphyrin (4-TFPP(SAcGlc)s). TFPP (300.9 mg, 309
umol), 4-Ac-S-AcGle (618.2 mg, 1521 umol), and diethylamine (DEA, 129 uL, 1247umol) were
dissolved in DMF (60 mL). The reaction mixture was stirred at 29 °C for 48 h, diluted with CH>Cl/
AcOEt (1/1, v/v, 100 mL) and washed with distilled water (100 mL x 5). The extract was dried

over Na;SO4 and the solvent was removed under reduced pressure. The crude product was
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separated by column chromatography (silica gel, CH2Cl, to CH2CL/EtOAc = 100-50:50) to give

4-TFPP(SAcGle)s (64 mg) as dark red solids. Ry value 0.43 (CH,CL : EtOAc = 8 : 2). YF NMR

(CDCl, 470.34 MHz, CF3CO,H = —76.05 ppm): J (ppm) = —132.61 (8F, dd, 3Jk.r = 24.9 Hz, 2Jr.

¢ = 11.3 Hz, 3,5-PhFGlc), —136.52 (8F, dd, 3Jer = 24.9 Hz, SJrs = 11.3 Hz, 2,6-PhFGlc).
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CHAPTER 6 Summary

Commenced with commercially available carbohydrates, deoxy 2-, 3-, 4-, and 6-thioglucoses with
acetyl group protection were synthesized. Starting with D-mannose, tetraacetyl 2-thio glucose as
a -anomer was obtained. 3-Thiolated derivative was synthesized from diacetone D-glucose as
o/B-anomeric mixture. The 4-thio glucose as a/fB-anomeric mixture was prepared from D-
galactose. The 6-thio glucose as -anomer was obtained from D-glucose. Introduction of acetylthio
groups were performed by Sn2 reaction with the appropriate surfonylated carbohydrates.

The SnAr reactions of TFPP with peracetylated thioglucopyranoses gave acetylated TFPP-
glucose conjugates. Deprotection of acetyl groups produces the TFPP-glucose conjugates with
>99% purities. While synthesized conjugates have phyllo-type UV-vis spectra with one intense
peak of Soret band and three Q bands in DMSO, they have a broad peak in the UV-vis spectra
recorded in PBS containing 1 vol% DMSO and displayed a red-shifted Soret band.

The hydrophobicity parameter (Log P) of TFPP-thioglucose conjugates was determined by RP-
TLC and increased in the order of 1-thio Glc < 3-thio Gle < 4-thio Glc < 6-thio Glc < 2-thio Gle.
The cellular uptake examination by RGK cells revealed that the quantity of TFPP-glucose
conjugates taken up by the RGK cells linearly correlates with the increasing incubation time.
Among them, 4-thio Glc conjugate shows a significant cellular uptake. The relative quantum yields
of 10, generation (®,) illustrate that no contrast displayed by all TFPP-glucose conjugates in
methanol. The prepared conjugates generated higher amount of *OH species compared to HP,
similar to previously synthesized 1-thio Glc conjugate. The order of @.on values is 2-thio Gle < 1-
thio Glc < 4-thio Glc < 3-thio Glc << 6-thio Glc. The photocytotoxicity studied in HeLa cells

indicates that none of these TFPP-glucose conjugates showed cytotoxicity in the dark, but potent
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photocytotoxicity was displayed by all of these conjugates, except for 2-thio Glc conjugate, under
photoirradiation. With detailed photocytotoxicity evaluation in HeLa cells, 1-, 3- and 4-thio Glc
conjugates showed a slight higher photocytotoxicity with lower concentration needed to induce
50% cell death (ECso) values compared to the values for 2- and 6-thio Glc materials. Further
photocytotoxicity test using U251 cells and RGK cells displayed an identical result to that in HeLa
cells.

The di- (including cis and trans substitution), tri-, and tetrasubstituted TFPP with
deoxythioglucoses were synthesized and isolated.

From the previous chapter results, mono-glycoconjugated porhyrins has a possibility to enhance
the photosensitizers activity as shown by mono-glycoconjugated porphyrins resulted from 3-thio
Glc and 4-thio Glc.

In the future, this research will be continued in order to find the effective PDT photosensitizers.
The future development includes metalation of the obtained mono-glycoconjugated porphyrins
followed by their photophysical properties and biological evaluation. The intermediate acetylated
multi-glycoconjugated porphyrins will be separated and purified to yield the multi-
glycoconjugated porphyrins. Their photophysical properties and biological activity then will be
evaluated. The multi-glycoconjugated porphyrins will also be metallated and their photophysical

properties and biological activity will be studied.
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Figure 'H NMR spectrum of 2Ac in CDCls. (499.91 MHz)
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Figure *C NMR spectrum of 2Ac in CDCls. (125.72 MHz)
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Figure °F NMR spectrum of 2Ac in CDCls. (470.34 MH)
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—~ % CALCULATION RESULT —-
WIMDOW = @ % SCALE FACTOR =  1.B965  PEAK AREN
PESKSE  RTmin ARER HEIGHT M AREA%
1 4,317 34554 1811 Ly 8, 9278
2 4592 12515 1248 LY B.4378
3 S.258 417P745  Z2ie4S8 LLL 927354
TOTAL 4231254 219957 16, 550

Figure Chromatogram of 2Ac¢ on NP-HPLC. The conditions of 2Ac was as follows: elution solvent, CH>Clo/ AcOEt (9/1, v/v), column,
4.6 mm [.D.x150 mm; temperature, 30°C; flow rate, 0.75 mL/ min; detector, 410 nm.
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msTormado Analysis 19,1, 2017-05-22T11.01:45+09.00

w0t 1(1) sp-.ms»oo-oogu- Description: 170398hirchara-No1 2-TFPP(SAcGIc)1 DCTB+PEG -
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Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
1318,13560 + 0.00659 50 ppm Odd/Even + -05 - 2000 100
Elements
c 0-80 H 0-20 N 0-4 0 0-9 F 0-19 S 0-1
Results:
] Formula Mass DBE  Ads. Error (u) Error (w) Error (ppm)
| CSBHZINAOIFISS 1318.13464 370 000097 000097 073

Figure Mass spectrum of 2Ac. (HRMS)
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Figure 'H NMR spectrum of 3Ac in CDCls. (499.91 MHz)
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Figure *C NMR spectrum of 3Ac in CDCls. (125.72 MHz)
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Figure Chromatogram of 3Ac¢ on NP-HPLC. The conditions of 3Ac was as follows: elution solvent, CH>Clo/ AcOEt (9/1, v/v), column,
4.6 mm [.D.x150 mm; temperature, 30°C; flow rate, 0.75 mL/ min; detector, 410 nm.
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msTornado Analysis 1.9.1. 2017-05-22T11:06:52+09.00

x10? 1 [2] SP-L05-00-003.tas  Description: 170399hirohara-No2.3-TFPP(SAcGIc)1 DCTB+PEG
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Elemental Composition Estimation
Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
1318.13569 + 0.00659 5.0 ppm 0dd/Even +1 -05 - 2000 100
Elements
c 0-60 H 0-30 N 0-4 O 0-9 F 0-19 S 0-1
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 C58 H29N4O9FI9S 131813464 370 000105 000105 0.80

Figure Mass spectrum of 3Ac. (HRMS)
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Figure Chromatogram of 4Ac on NP-HPLC. The conditions of 4Ac¢ was as follows: elution solvent, CH>Cl,/ AcOEt (9/1, v/v), column,
4.6 mm [.D.x150 mm; temperature, 30°C; flow rate, 0.75 mL/ min; detector, 410 nm.
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msTornado Analysis 1.9.1, 2017-05-22T11:09:50+09:00
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1318.13565 + 0.00659 50 ppm 0dd/Even +1 -05 - 200.0 100
Elements
c 0-60 H 0-30 N 0-4 0O 0-9 F 0-19 S 0-1
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 CS8H29N4O9FI9S 1318.13464 370 0.00101 000101 0.77

Figure Mass spectrum of 4Ac. (HRMS)
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Figure 'H NMR spectrum of 6Ac in CDCls. (499.91 MHz)
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Figure *C NMR spectrum of 6Ac in CDCls. (125.72 MHz)

133



£ 6.2299

b, 6826

13.0

71.928
1.8198
|

WWWMWMWWNWWWWWW\WWM

125 130 -138  -140  -145  -150 ' -160 165
8 / ppm

Figure °F NMR spectrum of 6Ac in CDCls. (470.34 MHz)
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Figure Chromatogram of 6Ac on NP-HPLC. The conditions of 6Ac¢ was as follows: elution solvent, CH>Clo/ AcOEt (9/1, v/v), column,
4.6 mm [.D.x150 mm; temperature, 30°C; flow rate, 0.75 mL/ min; detector, 410 nm.
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Figure Mass spectrum of 6Ac. (HRMS)
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Figure 'H NMR spectrum of 20H in CD3s0D. (499.91 MHz)

137



160 140 120 00 8% s 40 20

Figure *C NMR spectrum of 20H in CD3OD. (125.72 MHz)
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Figure Chromatogram of 20H on NP-HPLC. The conditions of 20H was as follows: elution solvent, CH>Cl,/ MeOH (9/1, v/v),
column, 4.6 mm [.D.x150 mm; temperature, 30°C; flow rate, 0.5 mL/ min; detector, 410 nm.
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OH OH
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# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)

1 CS0HI9IN4O4FI9S 1132,08181 340
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Figure Mass spectrum of 20H. (HRMS)
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Figure '"H NMR and 'H-'’F HOESY spectra of 20H in acetone-ds.
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Figure 'H NMR spectrum of 30H in CD3s0OD. (499.91 MHz)
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Figure *C NMR spectrum of 30H in CD3OD. (125.72 MHz)
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Figure °F NMR spectrum of 30H in CD30D. (470.34 MHz)
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Figure Chromatogram of 30H on NP-HPLC. The conditions of 30H was as follows: elution solvent, CH>Cl,/ MeOH (9/1, v/v),
column, 4.6 mm [.D.x150 mm; temperature, 30°C; flow rate, 0.5 mL/ min; detector, 410 nm.
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OH msTornado Analysis 1.9.1, 2017-05-22T11:21:08+09:00
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Figure Mass spectrum of 30OH. (HRMS)
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Figure 'H NMR spectrum of 40H in CD3sOD. (499.91 MHz)
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Figure *C NMR spectrum of 40H in CD3OD. (125.72 MHz)
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Figure Chromatogram of 40H on NP-HPLC. The conditions of 4OH was as follows: elution solvent, CH>Cl,/ MeOH (9/1, v/v),
column, 4.6 mm [.D.x150 mm; temperature, 30°C; flow rate, 0.5 mL/ min; detector, 410 nm.
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msTornado Analysis 1.9.1, 2017-05-22T11:23:46+09.00
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Figure Mass spectrum of 40H. (HRMS)
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Figure '"H NMR and 'H-'’F HOESY spectra of 4OH in acetone-ds.
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Figure 'H NMR spectrum of 60H in CDs0D. (499.91 MHz)
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Figure *C NMR spectrum of 60H in CDCls. (125.72 MHz)
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Figure Chromatogram of 60H on NP-HPLC. The conditions of 60H was as follows: elution solvent, CH>Cl,/ MeOH (9/1, v/v), column, 4.6 mm
[.D.x150 mm; temperature, 30°C; flow rate, 0.5 mL/ min; detector, 410 nm.
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Elemental Composition Estimation

Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
115009181 =+ 0.00575 5.0 ppm 0dd/Even +1 -05 - 2000 100
Elements
cC 0-50 H 0-30 N 0-4 0O 0-5 F 0-19 S 0-1
Results;
E Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 C50H2I NdO5FI19S 1150.09238 330 0.00057 -0.00057 ~0.49

Figure Mass spectrum of 60H. (HRMS)
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Figure '"H NMR and 'H-'’F HOESY spectra of 60H in acetone-ds.
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Quantitative °F NMR Analysis

The purities of TFPP-glucose conjugates were evaluated by quantitaive °F NMR. 3,5-Bis(trifluoromethyl)benzoic acid (certified reference materials
obtained from National Metrology Institute of Japan) was used as a standard material. A precisely weighted TFPP-glucose conjugates and the standard
material were dissolved in acetone-ds. The °F NMR spectrum of the mixture was recorded on AVANCE Il HD (500 MHz; Bruker Biospin K.K.,
Yokohama, Japan) using flip angle of 90° and relaxation time of 60 s. The transmittance frequency was adjusted the center of two peaks, which used in
the calculation to minimize the offset effect. The chamical shift was adjusted using trifluoromethylbenzene (—63.72 ppm) as an external standard.

The absolute weight of TFPP-glucose conjugates can be calculated from the following equation:

Arp _ Mg _ Ns

WS_WRXASXMSXNR
Ws and Wr are the absolute weight of sample (TFPP-glucose conjugates) and reference (standard material), respectively. As and Ar are the peak area of
fluorine at 2,6-position of pentafluorophenyl group (approximately —140 ppm) and fluorine of standard material (at —64.5 ppm). Ms and Mg are molar
mass of TFPP-glucose conjugates (1150.7602) and standard material (258.1165). Ns and Nr are the number of fluorine at 2,6-position of

pentafluorophenyl group (8) and fluorine of standard materials (6).
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Table Summary of Quantitative °F gNMR Analysis

20H 30H 40H 60H

W (mg) 1.079 1.281 1.307 1.460

Wr (mMg) 1.607 1.030 1.181 1.004

Ar 6.000 6.000 6.000 6.000

As 1.014 1.968 1.591 2.186

Ws (mg) 0.9081 1.1296 1.0471 1.2231
Purity (wt%) 84.1 88.1 80.1 83.7
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Figure °F gNMR spectra of 20H in acetone-ds. (470.54 MHz, 3,5-bis(trifluoromethyl)benzoic acid = -64.2 ppm)
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Figure °F gNMR spectra of 30H in acetone-ds. (470.54 MHz, 3,5-bis(trifluoromethyl)benzoic acid = -64.2 ppm)

164

Hz
Hz
sec

usec
usec

sec

F2 - Processing parameters

MHz

Hz



40H / acetone-dé

-64.494
-140.955
-141.421

-134.460
-134.489
-134.508
-140.908
-140.943
-141.445
-141.473
-141.492

-141.521

-141.546
-156.412
-156.455
-156.480
-156.49°
-156.515
-165.472
-165.489
-165.520
-165.532
-165.564

Current Data Parameters

NAME
EXPNO
PROCNQ

Oct22-2017
40
1

Co<)
BRUKER
(>

F2 - Rcquisition Parameters

Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

! DS
SWH
FIDRES
AQ
RG
DW

5s
SF
WDW
SSBE
LE
B
BC

-20 -40 -60 -80 -100 -120 -140

6.000
.591

-160 ppm

20171023
6.52

spect

5 mm PABBO BB/
zgflgn
131072
Acetone
1024

4

85227.273
0.650232
0.7689557
182,33
5.867

6.50

295.3
60.00000000

CHANNEL f1 ====
470.5443766
19F

12.30

55.00000000

131072
470.5928377
EM

0.30

1.00

Figure °F gNMR spectra of 40H in acetone-ds. (470.54 MHz, 3,5-bis(trifluoromethyl)benzoic acid = -64.2 ppm)
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Figure °F gNMR spectra of 60H in acetone-ds. (470.54 MHz, 3,5-bis(trifluoromethyl)benzoic acid = -64.2 ppm)
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Figure UV-vis spectra of TFPP-glucose conjugates 2Ac, 3Ac, 4Ac and 6Ac in DMSO at 25°C. [TFPP-Glucose conjugates]= 5.00 uM.
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Figure Steady-state luminescence spectra of TFPP-glucose conjugates 10H, 20H, 30H, 40H and 60H in DMSO at 25°C. [TFPP-Glucose

conjugates]=5.00 uM. The excitation wavelength was adjusted to the maximum absorption wavelength of the Soret band.
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Figure Steady-state luminescence spectra of TFPP-glucose conjugates 10H, 20H, 30H, 40H and 60H in PBS solution containing 1% DMSO at

25°C. [TFPP-Glucose conjugates]= 5.00 uM. The excitation wavelength was adjusted to the maximum absorption wavelength of the Soret band.
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Figure Dark (a) and photocytotoxicity (b) of TFPP-glucose conjugates 10H, 20H, 30H, 40H and 60H in U251 cells. [Glucosylated porphyrin]=1.0

uM. The light dose was 16 J cm from a 100 W halogen lamp (4 > 500 nm). Incubation time: 24h. Values are the mean + standard deviation of six

replicate experiments.
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Figure Dark (a) and photocytotoxicity (b) of TFPP-glucose conjugates 10H, 20H, 30H, 40H and 60H in RGK cells. [Glucosylated porphyrin]=1.0
uM. The light dose was 16 J cm from a 100 W halogen lamp (4 > 500 nm). Incubation time: 24h. Values are the mean + standard deviation of six

replicate experiments.
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Figure °F NMR spectrum of 3-TFPP(SACGIC)2mix in CDCls. (470.34 MH)
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Figure *F NMR spectrum of 3-TFPP(SAcGIc)s in CDCls. (470.34 MH)
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Figure °F NMR spectrum of 4-TFPP(SAcGIC)cis-2 in CDCls. (470.34 MH)
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Figure °F NMR spectrum of 4-TFPP(SACGIC)trans-2 in CDCls. (470.34 MH)
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Figure °F NMR spectrum of 4-TFPP(SAcGIc)s in CDCls. (470.34 MH)
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Figure °*F NMR spectrum of 4-TFPP(SAcGIc)4 in CDCls. (470.34 MH)
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