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Abstract of the Thesis 
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Conjugates 

 

by 
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in 
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2013 

 

Cancer is a group of diseases characterized by uncontrolled growth and spread of 

abnormal cells, and it is the leading cause of death around the world. Despite of great advance 

made in the medical research, there is no universal treatment for cancer. Chemotherapy is 

advantageous and widely used because it is not invasive, and there are many different 

chemotherapeutic agents to different cancers. Chemotherapy relies on the premise that rapid 

dividing cells are more likely to be attacked by cytotoxic agents. 

Paclitaxel (Taxol) is a mitotic inhibitor used in cancer chemotherapy and is one of the 

most effective antitumor drugs available for various cancers, such as ovarian cancer, breast 

cancer, and AIDS-related Kaposi’s sarcoma. Its analogues docetaxel (Taxotere
®
) and cabazitaxel 

(Jevtana
®
) are also chemotherapeutic agents for breast cancer and prostate cancer respectively. 

Taxoids can be accessed through modified 10-DAB III intermediate coupled with enantiopure β-
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lactam via Ojima-Holton coupling to afford the taxoids. Using this coupling method, new 

generation of taxoids have been synthetized effectively.  

Lack of tumor specificity is the main challenges which cause undesired side effects of 

chemotherapy. In last few decades, various drug delivery protocol and systems have been 

explored. In general, tumor-targeting drug-delivery system consists of a cytotoxic agent and a 

tumor-targeting moiety which can be linked directly or bridged by a suitable linker to form a 

conjugate. The conjugate should be systemically non-toxic, stable in circulation, and delivered to 

tumor cells specifically. As the tumor-targeting moiety (TTM) is recognized by receptors of the 

tumor cells, the conjugate can be internalized into the cells and cleaved to regenerate the active 

cytotoxic agent. Ojima group has constructed many tumor-targeting drug-delivery systems; one 

of the examples is using biotin (vitamin B) as tumor targeting moiety, new-generation taxoid 

(SB-T-1214) as cytotoxic agent, and they are bound together by methyl-branch disulfide linker. 

The syntheses of these drug conjugates will be discussed.  
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§1.1 Introduction 

§1.1.1 Cancer 

Cancer is a group of diseases characterized by uncontrolled growth and spread of 

abnormal cells. If the spread is not controlled, the disease can invade vital organs, resulting in 

death.
 
Cancer begins with a mutation in the genetic code, which results in cellular changes. It 

makes the cells to undergo uncontrolled abnormal cell division, and form a malignant tissue. As 

the disease progresses, the cancer could spread through the body via circulatory and lymphatic 

systems, a process known as metastasis.
1
 Cancer was the leading cause of death in the developed 

countries and second leading cause of death in the developing countries.
2
 According to the 

statistics of the American Cancer Society, a total of 1.6 million new cancer cases and half a 

million cancer deaths are projected to occur in the United States in 2013.
3
 Since the risk of being 

diagnosed with cancer increase with age, most cases occur in adult who are middle age or older. 
 

Despite of great advance made in the medical research, there is no universal treatment for 

cancer. There are many established treatments which may be used individually or in combination. 

Cancer is currently treated by a combination of surgery, radiation therapy, immunotherapy and 

chemotherapy. Surgery is an invasive treatment, and surgeons use operative instruments to 

physically remove the malignant tissue from patients. Radiation therapy: high-energy beams, 

such as X-ray or gamma rays, were used to kill the malignant tissue or shrink the tumor. For 

example, gamma rays damage DNA, causing the tumor cells to die. Both surgery and radiation 

therapy are local treatments. On the other hand, chemotherapy and immunotherapy are systemic. 

Thus, they can be used to treat cancer after it has metastasized or spread. Immunotherapy is a 

treatment of stimulating patients’ own immune system to work harder or smarter to kill cancer 

cells.
4
 Chemotherapy is the used of specific chemical agents to kill cancer cells.  

Chemotherapy is advantageous and widely used because it is not invasive, and there are 

many different chemotherapeutic agents that work to control different cancers. Chemotherapy 

relies on the premise that rapid dividing cells are more likely to be affected by cytotoxic agents 

that act on the processes involved in cell division. Common mechanisms of actions for these 

chemotherapeutic agents are to disrupt the process of mitosis (e.g. paclitaxel and vincristine), 

inhibit DNA replication and transcription (e.g. camptothecin) (Figure 1-1).
5,6
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Figure 1-1: Examples of chemotherapeutic drugs. 

 

§1.1.2 Anticancer drug: Paclitaxel and its Developments 

Paclitaxel (Taxol
®
), isolated from the bark of the Pacific yew (Taxus brevifolia), is a 

mitotic inhibitor used in cancer chemotherapy and is one of the most widely used antitumor 

drugs available for various cancer through its unique anti-mitotic mechanism of action.
7-9

 

Paclitaxel has been approved by the FDA for the treatment of advanced ovarian cancer (1992), 

breast cancer (1994), and AIDS-related Kaposi’s sarcoma (1997), and nonsmall lung cancer 

(2006). 

 

Figure 1-2: Structure of Paclitaxel. 

 

Paclitaxel promotes and stabilizes microtubule assembly, which means it inhibits the 

disassembly of the mitotic spindle, stops chromosome segregation and suspends mitosis in the 

G2/M phase in cell cycle, ultimately resulting in cell death (Figure 1-3).
10,11

 The mechanism of 

action is by binding to tubulin heterodimers which stabilize microtubules formation and thus 

disrupt the dynamic process of cell division.
8
 The formation and dissociation of microtubules are 

http://en.wikipedia.org/wiki/Mitotic_inhibitor
http://en.wikipedia.org/wiki/Cancer
http://en.wikipedia.org/wiki/Chemotherapy


4 
 

highly dynamic, but once Taxol binds to them, they become extremely stable and static, making 

cell division impossible, which induces apoptosis.
8
  

 

Figure 1-3: Cell cycle diagram.
10,11

 

 

Docetaxel (Taxotere
®
) (Figure 1-4), a semi-synthetic analog of paclitaxel, was 

discovered by Potier et. al. and developed by the French pharmaceutical company Rhone-

Poulenc Rorer (currently Sanofi-Aventis).
12,13

 This analog of paclitaxel has an N-tert-

butoxycarbonyl moiety on C-3’ position and a hydroxyl group at C-10 position. Docetaxel has 

the same mechanism of action, and is as potent as paclitaxel against B16 melanoma, colon 

adenocarcinoma 38, and pancreatic ductal adenocarcinoma 03.
14

 The FDA approved docetaxel 

for the treatment of breast cancer, prostate cancer and non-small cell lung cancer.
15-17

 

 

 

Figure 1-4: Docetaxel(Taxotere
®

) and cabazitaxel (Jevtana
®

). 

 

Cabazitaxel (Jevtana
®
) (Figure 1-4) is another taxane compound for cancer treatment and 

approved by FDA in 2010.
18

 It is an analog of docetaxel, and has modification on C-7 and C-10 

of baccatin core. Cabazitaxel is a second-line treatment for patients with advanced castration-

resistant prostate cancer (CRPC) who are treated with docetaxel first but showed no significant 

improvement.
19,20
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§1.1.3 Synthesis of Paclitaxel 

Paclitaxel was a widely used chemotherapeutic agent for various cancers, but the source 

was really limited. The initial supply of paclitaxel was extraction from the bark of Pacific yew 

(Taxus brevifolia). It is a slowly growing tree and primarily localized in the coastal areas. The 

isolation procession is difficult and the isolated yield was low; 12 kg air-dry barks could only 

isolated 0.5 g of paclitaxel, 0.004% isolated yield.
9
 The limited source and supply tempted 

chemists to search useful synthetic route to paclitaxel.  

The complicated structure and 11 stereocenters made paclitaxel an extremely difficult 

molecule to construct. In 1994, two research teams Nicolaou’s and Holton’s group 

simultaneously published two different total syntheses of Taxol (Scheme 1-1).
21,22,23 

Nicolaou’s 

group reported a synthetic route with three pre-assembled synthons, including β-lactam. Holton’s 

group published a total synthesis of Taxol. It was a linear synthetic route starting from a bicyclic 

epoxy alcohol fragment, patchoulene oxide, and needed more than 35 steps to construct Taxol 

and the total yield was 4-5 %. Both synthetic routes are not acceptable for factory production. 

 

Scheme 1-1: Total syntheses of Taxol 

 

 

 

 

http://en.wikipedia.org/wiki/Linear_synthesis
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In late 1980’s Potier isolated a semisythetic precursor 10-deacetylbaccatin III (10-DAB 

III) from the leaves of European Yew (Taxus baccata).
24,25

 10-Deacetylbaccatin III (10-DAB III) 

has the same polycyclic core structure and correct stereochemistry as Paclitaxel. In addition, the 

leaves of European Yew are renewable source and isolation yield of 10-DAB III is higher than 

that of Paclitaxel, obtaining 10-DAB III in yield of 1 gram per kilogram of fresh leaves.
24

 Thus, 

10-DAB III is a good access point to Paclitaxel through a semi-synthetic process.  

 

Figure 1-5: 10-deacetylbaccatin III. 

 

 In 1988, research groups led by Greene and Potier published the first semi-synthesis of 

paclitaxel using modified 10-DAB III, but it required high temperature (73 
o
C) and long reaction 

time (100 h).
24

 In 1991, a research group led by Ojima found the β-lactam ring, the core structure 

of many antibiotics, could be used in the semisynthesis of Taxol without emperization.
26

 Taxoids 

can be accessed through modified 10-DAB III intermediate coupled with enantiopure β-lactam 

via the Ojiam-Holton coupling.
26,27

  

 

 

Scheme 1-2: General scheme for the Ojima-Holton coupling protocol.  
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§1.1.4 Multidrug Resistance 

Paclitaxel and docetaxel are useful anticancer drugs in chemotherapy; however, clinical 

treatment of both taxane agents has showed undesired side effects and multidrug resistance 

(MDR). The principle of multidrug resistance is cancer cells develop resistance to drugs. In 

clinical study, reduction in effectiveness of chemotherapeutic agents after patients treated with 

chemotherapy. The mechanism of MDR includes decreased drug permeability to the cells, 

increased drug efflux from cancer cells, insensitivity to drug-induced apoptosis, and altered drug-

targeted sites.
28-30

 

 

Figure 1-6: Proposed mechanisms of multidrug resistance (MDR).
28

 

Classical MDR was resulted from overexpression of ATP-binding cassette (ABC) 

transporter which accelerates efflux of anticancer drug.
31

 ABC transporters are transmembrane 

proteins which carries out various substances, and P-glycoprotein (Pgp) and multidrug 

resistance-associated proteins (MRP) are two molecular pumps from the ABC family that have 

been related with MDR.
28,30

 Taxane clinical treatment encountered MDR caused by 

overexpression of Pgp. The overexpressed proteins make the efflux of chemotherapeutic agents 

resulting in a loss of drug efficiency (Figure 1-7). Thus, new drugs have been developed with 

enhanced efficiency against MDR cell lines. 
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Figure 1-7: Efflux of chemotherapeutic agents.
32

 

 

§1.1.5 Structure Activity Relationships of Taxoids 

Using this Ojima-Holton coupling method, new generation of taxoids have been 

synthetized.
33-35

 Accordingly, extensive Structure–Activity Relationship (SAR) studies have 

been conducted on the taxane family. These finding are summarized in Figure 1-6.  

 

 
Figure 1-8: Summary of SAR studies of paclitaxel.

36,37  
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SAR studies have shown that the C-13 side chain is an essential component for the 

cytotoxicity and antitumor activity of paclitaxel.
38

 The stereochemistry of the ester group at C-13 

position is essential and replacement with amide bond results in loss of activity.
39

 The 

stereochemistry of C-2’ and C-3’ are important for activity; free hydroxyl group on C-2’ is 

essential to participate in hydrogen bonding with the Arg 359 of β-tubulin backbone.
40

 The C-3’ 

and C-3’-N positions are tolerable to other functionality.
41

 The substitution of C-3’ position has 

been studied systematically, second-generation taxoids with C-3’ alkyl, alkenyl, or fluorinated 

alkyl groups have been developed by our laboratory and were found to be potent, especially 

analogs with isobutenyl moiety.
27,35,42-45  

 

A, B, C and D rings are essential for optimal cytotoxicity.
46,47

 Modification of the C-7 

and C-10 positions is well-tolerated. Certain modifications of C-10 position showed similar 

potency to paclitaxel against cancer cell line (MCF-7, NCI/ADR-RES), but less interaction with 

Pgp.
48

 Taxoid with dimethylcarbamoyl substitution on C-10 showed better cytotoxicity than 

Taxol in HCT 116 human colon carcinoma cell line.
49

 The substitution of benzoyl group on C-2 

position has shown improvement of anticancer activity.
50,51

 The meta substitution at C-2 benzoyl 

group showed good activity (2-3 order of magnitude higher potency) than paclitaxel and 

docetaxel against drug-sensitive cancer cell lines (LCC6-MDR, MCF7, MCF7-R).
52,53

 Ojima et 

al. reported that the second-generation toxoids with modification at C-10, C-3’ showed better 

cytotoxicity than paclitaxel against human ovarian (A 121), colon (HT-29), and breast (MCF-7) 

cancer cell lines and effective inhibition of Pgp binding.
35

  

 

§1.1.6 β-Lactam Synthon Method  

The synthesis of taxoid (Scheme 1-2) could be approached via Ojima-Holton coupling, 

and it is required the synthesis of enantiopure β-lactam moiety.
54

 Using different substituents on 

the β-lactam, different taxoids with modifications on C’3 position or N-position can be 

synthesized. There are two common synthetic routes to these enantiopure β-lactams. The first 

synthetic route is Staudinger [2+2] cycloaddition. This reaction gave the racemic β-lactam, and 

the desired enantiomer was obtained by enzymatic resolution. The second synthetic route is 

chiral ester enolate-imine cyclocondensation. Using both of these methods, the β-lactam was 

obtained with excellent enantiomeric purity.  
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§1.1.6.1 Staudinger [2+2] Cycloaddition followed by Enzymatic Resolution 

The Staudinger [2+2] ketene-imine cycloaddition reaction has been considered a useful 

method for the synthesis of β-lactams. The mechanism of the cycloaddition includes the imine 

acting as a nucleophile to attack the ketene, which generates a zwitterionic intermediate that 

undergoes con-rotatory ring closure to yield the 4-membered β-lactam, shown in Figure 1-9. If 

the a substituted ketene and imine are used, the reaction produces two stereocenters in β-lactam, 

and cis and trans isomers can be obtained in any ratio, depending on the substituted group of 

imine and ketene and the reaction conditions.
55

 In general, the use of (E)-imines results in cis-β-

lactam and (Z)-imines results in trans-β-lactams. The imine prefers exo and con-rotatory ring 

closure to form the cis-β-lactam if the substituent group of the ketene is electron donating. The 

nonpolar solvent are prefer cis-β-lactam formation because the intermediate is not stable and 

speed up the ring closure. In polar solvent, the zwitterionic intermediate is stable, so 

isomerization of the double bond is prior to ring closure. 
56-58

  

 

Figure 1-9: Mechanism of Staudinger [2+2] ketene imine cycloaddition.
59
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§1.1.6.2 Chiral Ester Enolate- Imine Cyclocondensation 

The chiral ester and imine react via enolate-imine cyclocondensation to afford 

enantiopure β-lactam. The (E)-lithium enolate is formed dominantly in the presence of LDA at 

low temperature. The (E)-lithium enolate reacts with imine to form chair-like transition state to 

give β-amino ester intermediate that  undergoes cyclization to form the enantiopure β-lactam 

(Figure 1-10).
34

 

 

 

§ 1.2 Result and Discussion  

§ 1.2.1 Synthesis of β-Lactam via Enzymatic Resolution 

The Staudinger [2+2] ketene-imine cycloaddition results in the production of racemic β-

lactam,
60

 so it is followed by enzymatic kinetic resolution to give the enantiopure product.
61

 

 The imine was formed from 3-methyl-2-butenal treated with p-anisidine 1-1 via 

aldehyde-amine condensation in the presence of MgSO4. The free amine acted as a nucleophile 

to attack aldehyde, and elimination of water was followed. The presence of water could 

hydrolyze the product, therefore excess MgSO4 was used as drying reagents to prevent the revere 

reaction. The imine was sensitive to air and light, so the reaction was performed in the dark and 

under nitrogen.  

The acyl chloride was treated with triethylamine to form the ketene, and coupled with 

imine to form the racemic β-lactam. However, as the reaction was not symmetry-restricted, the 

 

Figure 1-10: Transition state of chiral ester enolate-imine cyclocondensation. 
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reaction temperature should remain very low to favor cis-isomer. The product was purified via 

column chromatography and recrystallization to afford white solid (+/-)1-5 (Scheme 1-3).
55

  

  

Scheme 1-3: Formation of β-lactam via Staudinger [2+2] cycloaddition, 

 

  The enzymatic resolution with PS Amino Lipase selectively hydrolyzed the acetyl group 

of the (-) enantiomer of compound (+/-)1-5 (Scheme1-4). The reactivity of the enzyme highly 

depended on the environment; therefore, the pH value of the reaction and temperature should 

remain constant. After 50% conversion observed by NMR, reaction was quenched and the 

enantiomeric purity was confirmed by chiral HPLC in order to obtain product with high ee. value.     

 

Scheme 1-4: Enzymatic resolution via PS Amano Lipase to afford enantiomer (+)1-5. 
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The ester group of (+)1-5 was hydrolyzed to the alcohol by KOH. The free alcohol was 

then protected by chlorotriisopropylsilane using triethylamine to afford TIPS- protected β-lactam 

(+)1-7 (Scheme 1-5). 

 

Scheme 1-5: Formation of TIPS-protection in β-lactam. 

 

 The PMP-group of β-lactam was deprotected by using cerium ammonium nitrate (CAN). 

The two cerium Ce (IV) atom were both reduced to Ce (III) through electron transfer.
34

 After 

depotection, the free lactam was protected using Boc anhydride. The DMAP served as a 

nucleophilic catalyst to activate the t-Boc group, forming an intermediate salt with electron-

donating group at para position for stabilization. The free amine underwent nuclecophilic 

substituent reaction to afford protected β-lactam 1-9 (Scheme 1-6). 

 

Scheme 1-6: Formation of Boc-protected β-lactam.
35  

 

§1.2.2 Synthesis of β-Lactam via Enolate-Imine Cyclocondensation 

In the methodology of chiral ester-enolate-imine cyclocondensation, Whitesell’s chiral 

auxiliary (WCA) is coupled to triisopropsilyoxyacetyl chloride to obtain the chiral ester. This 

ester undergoes a cyclocondensation with an imine to afford the desired β-lactam.  



14 
 

    In order to introduce the chiral center, 1-phenylcyclohexene 1-10 was treated with 

osmium-catalyzed Sharpless asymmetric dihydroxylation (AD) to obtain chiral diol 1-11. 

Reductive dehydroxylation of 1-11 was carried out to afford compound 1-12, using Raney nickel, 

a compound used as heterogeneous catalyst for hydrogenation. The reduction only specifically 

dehydroxylated on benzylic position because the phenyl group helped to stabilize the radical or 

cation transition state.  When setting up this reaction, the mechanical stirring equipment was 

required, and the Raney nickel is extremely pyrophoric when dry, so it had to be submerged in 

liquid in all times.
62,63

 

 
Scheme 1-7: Synthesis of Whitesell chiral auxiliary (WCA). 

 

The purity of the chiral ester is one of the key for success of enolate-imine 

cyclocondensation. If the chiral ester is not absolutely pure, the reaction will not proceed, and 

material will be lost. The 2-(triisopropylsilyloxy) acetic acid could be activated to acid chloride 

or succinimidyl ester for the coupling reaction. The acetic chloride 1-14 is an oil; on the other 

hand, the succinimidyl ester 1-13 is a solid. The succinimidyl ester was chosen because it could 

be recrystallization. Thus, the purity of the chiral ester was improved, leading to more 

reproducible results in the cyclization reaction. 

 

Figure 1-11: Structure of activated forms of TIPS acetic acid. 

  

http://en.wikipedia.org/wiki/Heterogeneous
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 The approach to the chiral ester started with commercial available glycolic acid 

undergoing selective benzyl protection of the acid, followed by TIPS protection on the hydroxyl 

group to afford the benzyl TIPS protected product 1-18.  The compound 1-18 underwent 

hydrogenolysis to remove the benzyl group and NHS activation to afford the activated ester via 

EDC coupling. The compound 1-13 was a white solid and purified via recrystallization from 

hexane. 

 
Scheme 1-8: Synthesis of activatived ester of compound 1-13. 

 

Chiral Auxiliary 1-12 coupled with activated ester 1-13, in the presence of DMAP and 

toluene as solvent to afford chiral ester 1-20. Toluene is used as solvent because NHS is not very 

soluble, and much of the NHS can be filtered off. Because of the purity of 1-20 greatly affects 

the success of the cyclocondensation, only very pure fractions were collected in column 

chromatography. Therefore, the isolated yield was low. The impurities was   

 

Scheme 1-9: Chiral ester formation. 
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The chiral ester 1-20 reacted with imine 1-3 via chiral ester enolate-imine 

cyclocondensation to afford β-lactam 1-7. This reaction is extremelysensitive to the purity of the 

materials and the presence of water. When assessing the purity of the starting material 1-20, the 

1
H NMR spectrum of this compound should be very clean without other undesired peaks, with 

special attention paid to the upfield 1-1.3 ppm region. The quality of the base is important, as 

lithium diisopropylamide (LDA) is a strong base and sensitive to moisture.  Using a new bottle 

of LDA or making it fresh from n-butyllithium and 1,2-diisoproylamine helps to ensure success 

in this reaction. Also, as THF was a water-miscible organic solvent, it must be freshly distilled 

from benzophenone and sodium to remove any moisture.  

 

Scheme 1-10: Chiral ester enolate-imine condensation to afford β-lactam. 

 

The compound 1-7 underwent PMP-deprotection by using cerium ammonium nitrate 

(CAN), and Boc protection to afford the β-lactam 1-9 through the same synthetic route shown in 

Scheme 1-6. 

 

 §1.2.3 Synthesis of SB-T-1214 

 The 10-deacetylbaccatin III contains four free hydroxyl groups at carbons 1, 7, 10, and 13. 

In the final structure of SB-T-1214, the C-10 is coupled with cyclopropanecarbonyl chloride, and 

the C-13 underwent the Ojima-Holton coupling. However, the hydroxyl group at C-7 was very 

active, so it needed to be protected in order to do the following reaction. The reactivity of 

hydroxyl groups in 10-deacetylbaccatin III in order of decreasing activity is C-7, C-10, and C-13. 

C-1 is very sterically hindered and cannot react with most electrophiles.
35

 

http://en.wikipedia.org/wiki/Lithium_diisopropylamide


17 
 

In 10-deacetylbaccatin III, C-7 hydroxyl group was treated with triethylsilyl chloride in 

the presence of imidazole to form TES-protected ether. The reaction was very fast, so the 

reaction temperature should maintained at 0 
o
C until the reaction completed. Even though the 

hydroxyl group at C-7 is more reactive, the other hydroxyl groups might also react. Therefore, 

the reaction progress was monitored via TLC carefully and it was stopped when no starting 

material remained. 

 

Scheme 1-11: TES-protection of the hydroxyl group at C-7 on 10-DAB III. 

  

 In the functionalization of the hydroxyl group at C-10, lithium bis(trimethylsilyl)amide is 

a non-nucleophilic base used to deprotonate the C-10 hydroxyl group to form an alkoxide, which 

underwent nucleophilic attack to cyclopropanecarbonyl chloride to afford the C-10 

functionalized baccatin as white solid.  

 

Scheme 1-12: Functionalization of the hydroxyl group at C-10. 
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The β-lactam was coupled to the C-13 position of compound 1-23 through the Ojima-

Holton coupling reaction. LiHMDS acted as a base to deprotonate the alcohol proton on C-13 

position, and the lithium-C13-alkoxide underwent nucleophilic attack to the carbonyl carbon on 

β-lactam to open the ring and maintained its stereocenters. 

 

Scheme 1-13: Ojima-Holton coupling reaction. 

 

The last step in the synthetic route was the removal of the silyl protection groups at C-2’ 

and C-7 position using hydrofluoric acid in pyridine. The conjugate base fluoride anion attacked 

the silyl protection group, resulting in a very stable silicon-fluorine bond. The reaction was 

exothermic, so the reaction temperature was kept at 0 
o
C and allowed to warm to room 

temperature and stirred for 20 hours. 

 

 Scheme 1-14: Silyl deprotection of C-2’ and C-7 position to afford SB-T-1214. 
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§1.2.4 Synthesis of SB-T-12301 

Cabazitaxel is an analog of docetaxel that has dimethoxyl groups on C-7 and C-10 

positions in 10-deacetylbaccatin III skeleton. The methoxyl groups on C-7 and C-10 positions 

combined with the isobutenyl group on the side chain might give a potent taxoid. The proposed 

synthetic route of this analog is shown at Scheme 1-15. The compound 1-21 (10-DAB III) 

underwent dimethylation to afford compound 1-27,
64

 which could be coupled with β-lactam 1-9 

and silyl group deprotection to afford the SB-T-12301 1-28. 

 

Scheme 1-15: Proposed synthetic route of SB-T-12301. 

 

Base on SAR, the reactivity of hydroxyl group on baccatin core are followed by C-7, C-

10, C-13 and C-1. Thus, dimethylation the C-7 and C-10 positions at the same might work. 

However, the direct dimethylation of 10-DAB-II was found to be problematic. 

The methylation of C-7 and C-10 position at the same time did not obtain the desired 

product. We followed the reference from Didier’s US patent in 1999, many methylating agents, 

and bases were discussed.
64

 The product was successfully obtained in many different reagents. 

Initially we chose dimethyl sulfate and sodium hydride as our reagents for dimethylation; 

however, there was no reaction at all. We screened different methylating agents (dimethyl sulfate, 

methyl iodide, and methyl triflate), bases (sodium hydride and potassium hydride) and solvents 

(THF and DMF), but none of the conditions gave good outcome. They resulted in no desired 

product, decomposition or 10-DAB III recovered. 
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In addition, if stronger base was applied, a retro-aldol reaction might occur at C-7 

position of 10-DAB III that could change the chirality of the compound. Therefore, we decided 

to protect the C-7 position first, methylate the C-10 position and methylate the C-7 position with 

less basic reagent.
65

  

10-DAB III was treated with TES-protection using imidazole as a base. Methylation on 

C-10 position was used sodium hydride as base and methyl iodide as methylating agent to afford 

the desired product 1-29. 

Table 1-1: Dimethylation of 10-deacetylbaccatin III 

 

Entry Methylating Agent Base Solvent Temp.
a
 Time Result 

1 Dimethyl sulfate NaH
b
 THF -20

o
C to r.t. 6 h SM recovered

c
 

2 Methyl iodide NaH THF -20
o
C to  r.t. 9 h No desired product

d
 

3 Methyl iodide KH THF -20
o
C to  r.t. 9 h No desired product

d
 

4 Methyl triflate NaH THF -20
o
C to  r.t. 3h Decomposed

c
 

5 Methyl triflate NaH THF -20
o
C 25 min SM recovered

e
 

6 Methyl iodide NaH DMF -20 
o
C to 0 

o
C 9 h SM recovered

e
 

a Temperature maintained at -20 oC for 2 h, 0 oC for 2 h, and move to r.t. gradually 
b sodium hydride (3.0 eq) 
c 10-DAB III recovered  
d The reaction did go, but the isolated product was not desired compound confirmed by proton NMR  

e  The mixture became sticky at 0 oC, and  remained the same as warmed to r.t. 
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Scheme 1-16: Synthesis of 10-methoxyl-7-(triethylsilyl)-10-Deacetylbaccatin III. 

 

Optimization for C-10 methylation is shown in Table 1-2. When less base was applied, 

the reaction did not progress to completion, and a greater excess of base was used, it resulted in 

lower yield due to formation of the dimethylated compound. It was found that using 1.8 

equivalents of base and THF as solvent gave a better result. The reaction in THF was faster than 

which in DMF because THF is less polar compared to DMF. The epoxide is more active to 

undergo the methylation.   

Table 1-2: Optimization for methylated condition of 1-29 

 

Entry Base Solvent Time Result 

1 NaH (1.3 eq) DMF 8 h Mixture of 1-22 & 1-29 

2 NaH (2.0 eq) DMF 8 h 58% isolated yield
 a
 

3 NaH (2.2 eq) DMF 7 h 51%  isolated yield 

4 NaH (2.0 eq) THF 5 h 62% isolated yield 

5 NaH (1.8 eq) THF 2 h 71% isolated yield 

a 
In column chromatography, starting material was observed on TLC. 
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Compound 1-29 underwent TES deprotection to afford compound 1-30 which had free 

hydroxyl group on C-7 position. The chosen base for C-7 positon is crucial because the retro-

aldol reaction should be avoided. Proton sponge (Figure 1-12) acts as a highly selective non-

nucleophilic base because of its sterically hindered structure, making it a weak nucleophile. Thus, 

proton sponge was applied as base in C-7 methylation and trimethyloxonium tetrafluoroborate as 

methylating agent.
65

  

 

Figure 1-12: Structure of Proton sponge 

 

 

 

Scheme 1-17: Synthesis of dimethylated 10-DAB III. 
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The solubility of the compound 1-30 and 1-27 were both poor in many solvents, such as 

dichloromethane (DCM), and THF. In order to dissolve all of the starting material, a large 

amount of solvent was used, but the reaction progress was slow and lots of starting material 

remained. The amount of the solvent was reduced, making the mixture more concentrated, and 

resulted in higher yield. However, the reaction still did not go to completion, and starting 

material 1-30 was recovered (34 %). The solubility of the product and starting material made 

completion of this reaction difficult.  

 

Table 1-3: Optimization for methylated condition of compound 1-27 

 

Entry Solvent Concentration (M) Isolated Yield (%) 

1 DCM 0.013
a
 12 

2 DCM 0.028
b
 49 

3 DCM 0.052
b
 56 

a All compound 1-30 was dissolved in solvent, homogeneous. 
b Suspension condition. 

 

The compound 1-27 was coupled with β-lactam 1-9 through the Ojima-Holton coupling 

to afford the product 1-31. The yield of this step was low because the reaction did not go to 

completion after three hours. The starting material 1-27 was recovered (27 %). The reaction 

could be improved by longer reaction time, more concentrated solution or higher reaction 

temperature (no higher than 0 
o
C). 
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Scheme 1-18: Ojima-Holton β-lactam coupling of SB-T-12301. 

 

The compound 1-31 underwent the deproteciton of the silyl group on the side chain by 

using hydrogen fluoride in pyridine to afford the final product 1-28, SB-T-12301.  

 

 

Scheme 1-19: TIP deprotection of SB-T-12301. 
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§1.3 Conclusion 

The enantionpure β-lactam is a key intermediate of taxoid synthesis and it was 

successfully synthesized using two synthetic routes. One was Staudinger [2+2] cycloaddition 

followed by enzymatic resolution, and the other was through a chiral ester enolate-imine 

cyclocondensation. For the Staudinger [2+2] cycloaddition method, the enzymatic resolution was 

the key in the synthetic route to produce the enantiopure product, but it took long time for 

enzyme to hydrolyze the undesired enantiomer at lower temperature (35- 38 
o
C). The reaction 

progress was faster at higher temperature, but at the higher temperature, the selectivity of the 

enzyme was reduced, and could result in lower yield. Most importantly, this route wasted half of 

the β-lactam because it produced a racemic mixture. On the other hand, the chiral ester enolate-

imine cyclocondensation gave β-lactam with excellent enantiomeric purity (98%). The reaction 

condition was very critical for many factors, such as purity of chiral ester, quality of base and 

solvent. This reaction might fail if any of the factors was not controlled well. However, it gave 

highly enantioenriched β-lactam and the chiral auxiliary could be recycled after the reaction. It 

was a better method to afford the desired β-lactam than the enzymatic resolution protocol.  

Many different taxoids could be synthesized from modified 10-DAB III coupling with 

different β-lactam structures via the Ojima-Holton coupling reaction. The structure of baccatin 

skeleton was fixed, but modifications could be made at the C-2, C-7 or, C-10 positions. The β-

lactam could be modified on N-position and its adjacent position, to give different analogues on 

the side chain of C-13. Therefore, the docetaxel, cabazitaxel, and their analogues could be 

obtained by the Ojima-Holton coupling reaction.  
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§1.4 Experimental Section 

 

General information 

All chemical were purchased from VWR International, Fisher Scientifi and Sigma-

Aldrich. All reactions were carried out under nitrogen in dried glassware which were dried in a 

110 
o
C oven and allowed to cool to room temperature in a desiccator over “Drierite” (calcium 

sulfate) and assembled under nitrogen gas. Dichloromethane was distilled prior to use under 

nitrogen from calcium hydride. Tetrahydrofuran was also freshly distilled from sodium metal 

and benzophenone.  Toluene was also distilled immediately prior to use under nitrogen from 

calcium hydride. Anhydrous dimethylformamide (DMF) was used commercially available from 

EMD chemical company, and used without further purification. Reactions were monitored by 

thin layer chromatography (TLC) using E. Merck 60F254 precoated silica gel plates and alumina 

plates, depending on the compounds.  Flash chromatography was performed with the indicated 

solvents using Fisher silica gel (particle size 170-400 Mesh). Yields refer to chromatographically 

or spectroscopically pure compounds. 
1
H, and 

13
C data were obtained using either 300 MHz 

Varian Gemni 2300 spectrometer, the 400 MHz Varian INOVA 400  spectrometer or the 500 

MHz Varian INOVA 500 (125 MHz 
13

C) in deuterated solvent. Chemical shifts (δ) are reported 

in ppm and standardized with solvent as internal standard based on literature reported values.
66

 

Melting points were measured on Thomas Hoover Capillary melting point apparatus and are 

uncorrected. Optical rotations were measured on Perkin-Elmer Model 241 polarimeter. 

 

N-(4-Methoxyphenyl)-3-methyl-2-butenaldimine (1-3)
27

 

To a solution of p-anisidine (400 mg, 3.25 mmol) and anhydrous Mg2SO4 (1.96 g, 16.3 mmol) in 

dichloromethane (8 mL), and 3-methyl-2-butenal (273 mg, 3.25 mmol) was added. The mixture 

was stirred at room temperature and monitored by TLC. After three hour, the reaction mixture 

was filtered and concentrated in vacou to afford compound 1-3: 
1
H NMR (300 MHz, CDCl3) δ 

2.11 (s, 3 H), 2.17 (s, 3 H), 3.97 (s, 3 H), 6.37 (td, J = 9.6, 2.7 Hz, 1 H), 7.03–7.07 (m, 2 H), 

7.26-7.30 (m, 2 H), 8.54 (d, J = 9.6 Hz, 1 H). All data are consistent with the reported values.
27

 

 

http://en.wikipedia.org/wiki/Deuterated_chloroform
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(+/-)-1-(4-Methoxyphenyl)-3-acetoxyl-4-(2-methyl-2-propenyl)azetidin-2-one (1-5)
67

  

To a solution of compound 1-3 (5.37 g, 0.028 mol) in dichloromethane (50 mL) was placed in 

inert atmosphere and cooled to -78 
o
C for 30 min. The mixture was added TEA (2.87 g, 0.045 

mol) and followed by slow addition of acetoxyacetyl chloride 1-4 (4.66 g, 0.034 mol). The 

reaction mixture was stirred at -78 
o
C over 2 hours, and was warmed to room temperature 

gradually. The reaction was monitored by TLC. After completion (18 h), it was quenched with 

satureated NH4Cl (30 mL), extracted with DCM (40 mL x 3) and washed with brine. The organic 

extract was dried with anhydrous MgSO4 and concentrated in vacou. The product was purified 

using silica gel column chromatography and trituration with hexanes to afford racemic product, 

compound (+/-)1-5 (3.83 g, 47 % over two steps): 
1
H NMR (300 MHz, CDCl3) δ 1.79 (s, 3 H), 

1.82 (s, 3 H), 2.11 (s, 3 H), 3.78 (s, 3 H), 4.97 (dd, J = 9.3, 4.8 Hz, 1 H), 5.13 (td, J = 9.3, 1.5 Hz, 

1 H), 5..80 (d, J = 5.1 Hz, 1 H), 6.84–6.87 (m, 2 H), 7.29–7.33 (m, 2 H). All data are consistent 

with the reported values.
67

  

 

Enzymatic resolution of compound 1-5
61

 

To a mixture of (+/–) compound 1-5 (4.48, 0.016 mol) in phosphate buffered saline (pH 7.5) 

(560 mL) with 10 volume % acetonitrile/water (28 mL/ 28 mL) and heated to 30-38 
o
C. The 

reaction mixture was added 20 weight % PS-Amano Lipase (0.90 g). The reaction was stirred 

vigorously and monitored by 
1
H NMR, looking for 50 % conversion of the acetate moiety to 

hydroxyl moiety. Upon 50 % conversion, the remaining Lipase was removed via vacuum 

filtration and extracted with DCM. The organic extract was washed with brine, dried with 

anhydrous MgSO4 and concentrated in vacou. The product was purified using silica gel column 

chromatography to afford compound (+)1-5 and compound (-)1-6. The enantiopurity of (+)1-5 

was confirmed via chiral HPLC analysis on normal phase with chiral OD-H column using 

hexanes: isopropanol (85:15, 0.6 mL/min). The enantiomeric excess value was 98 %.     
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(3R, 4S)-1-(4-Methoxyphenyl)-3-hydroxy-4-(2-methyl-2-propenyl)azetidin-2-one ((+)1-6)
68

  

To solution of compound (+)1-5 (2.01 g, 6.95 mmol) in THF (138 mL) was cooled to 0 
o
C. The 

reaction mixture was added 2 M KOH and monitored via TLC. After 4 hours, the reaction 

mixture was quenched with saturated NH4Cl (50 mL) and extracted with DCM (70 mL). The 

combined organic layers were washed with brine, dried with anhydrous MgSO4 and concentrated 

in vacou to afford compound (+)1-6 (1.74 g, crude) as white solid: 
1
H NMR (300 MHz, CDCl3) 

δ 1.86 (s, 6 H), 3.78 (s, 3 H), 4.89 (dd, J = 6.8, 5.1 Hz, 1 H), 5.02 (d, J = 5.4 Hz, 1 H), 5.26 (td, J 

= 8.7, 1.5 Hz, 1 H), 6.83–6.86 (m, 2 H), 7.30–7.33 (m, 2 H). All data are consistent with the 

reported values.
68

  

 

1-p-Methoxyphenyl-3-triisopropylsiloxy-4-(2-methylpropen-2-yl)azetidin-2-one (1-7)   

 

Method A (Enantiopure β-Lactam via Enzymatic Resolution): To a solution of compound 

(+/-)1-6 (1.74 g, 7.02 mmol), TEA (1.42 g, 14.0 mmol) and DMAP (257 mg, 2.11 mmol) in 

CH2Cl2 (77 mL) was under inert condition and cooled to 0 
o
C. The mixture was added 

chlorotriisopropylsilane (2.25 mL, 10.5 mmol), producing a yellow solution.  The mixture was 

allowed to warm to room temperature and the reaction was monitored via TLC.  After 18 hours, 

the reaction was quenched with saturated NH4Cl (80 mL) and extracted with ethyl ether (80 mL 

x 3). The combined organic layer was washed brine, dried over anhydrous MgSO4, and 

concentrated in vacuo.  The product was purified via flash silica gel column chromatography to 

yield the compound 1-7 (2.26 g, 80 % over two steps) as white solid: 
1
H NMR (300 MHz, 

CDCl3) δ 1.02–1.10 (m, 21 H), 1.80 (s, 3 H), 1.85 (s, 3 H), 3.78 (s, 3 H), 4.81 (dd, J = 4.8, 7.1 

Hz, 1 H), 5.04 (d, J = 6  Hz, 1 H), 5.33 (m, 1H), 6.82–6.86 (m, 2 H), 7.29–7.33 (m, 2 H). All data 

are consistent with the reported values.
68

  

 

Methaod B (chiral ester enolate- imine cyclocondensation): To a solution of dry THF (1.6 mL) 

placed under inert atmosphere and cooled to -78 
o
C. The reaction mixture was added 2.0 M LDA 

(0.41 mL, 0.819 mmol) dropwise and stirred at -78 
o
C for 30 min. The reaction mixture was 

added compound 1-20 (200 mg, 0.512 mmol) dissolved in THF (2 mL) and stirred over 1 hour. 
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The mixture was added compound 1-3 (126 mg, 0.666 mmol) in THF (1 mL) over a period of 3 

hour. After 2 hours, the reaction was added 1.0 M LiHMDS in THF (0.41 mL, 0.410 mmol). The 

reaction was allowed to warm to room temperature for 20 min. The reaction was quenched with 

saturated NH4Cl (5 mL), extracted with ethyl acetate (5 mL x 3), washed with brine, dried with 

MgSO4 and concentrated in vacou. The product was purified using silica gel column 

chromatography to afford compound 1-7 (126 mg, 61 %) as light yellow solid: mp 120–125 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 1.03–1.10 (m, 21 H), 1.80 (s, 3 H), 1.85 (s, 3 H), 3.77 (s, 3 H), 

4.81 (dd, J = 4.8, 7.1 Hz, 1 H), 5.05 (d, J = 6  Hz, 1 H), 5.34 (m, 1H), 6.82–6.85 (m, 2 H), 7.29–

7.33 (m, 2 H). All data are consistent with the reported values.
27

 

 

3-Triisopropylsilyoxy-4-(2-methyl-2-propenyl)azetidin-2-one (1-8)
27

  

To a solution of compound 1-7 (400 mg, 0.991 mmol) in acetonitrile (17 mL) at -10 
o
C, an 

aqueous solution of cerium ammonium nitrate (2.17 g, 3.95 mmol) in water (17 mL) was added 

dropwise via additional funnel. The reaction mixture was stirred at -10 
o
C and monitored by TLC. 

After completion (3 h), the reaction was quenched with saturated Na2SO4 (10 mL), extracted 

with DCM (15 mL x 3), washed with H2O, and brine. The organic extract was dried with MgSO4 

and concentrated in vacou. The product was purified using silica gel column chromatography to 

afford compound 1-8 (210 mg, 71 %) as white solid: 
1
H NMR (400 MHz, CDCl3) δ 1.04–1.12 

(m, 21 H), 1.68 (d,  J = 1.2 Hz, 3 H), 1.76 (d, J = 1.2 Hz, 3 H), 4.44 (dd, J = 7.5, 4.7 Hz, 1 H), 

5.00 (dd, J = 4.7, 2.2 Hz, 1 H), 5.32 (dt, J = 9.6, 1.4 Hz, 1 H). All data are consistent with the 

reported values.
27

  

 

1-(tert-Butoxycarbonyl)-3-triisopropylsilyoxy-4-(2-methyl-2-propenyl)azetidin-2-one (1-9)
27

 

To a solution of compound 1-8 (605 mg, 2.03 mmol), DMAP (68 mg, 0.61 mmol) and 

triethylamine (411 mg, 4.07 mmol) in dichloromethane (11.5 mL) was cooled to 0 
o
C under inert 

atmosphere. The reaction mixture was added di-tert-butyl dicarbonate (666 mg, 3.05 mmol) 

dissolved in dichloromethane dropwise, and stirred over 1 hour at room temperature. After 

completion, the reaction was quenched with saturated NH4Cl (7 mL) and extracted with ethyl 



30 
 

acetate (15 mL x 3). The organic extract was washed with brine, dried with MgSO4 and 

concentrated in vacou to afford crude oil. The product was purified via silica gel column 

chromatography to get compound 1-9 (750 mg, 93 %): 
1
H NMR (400 MHz, CDCl3) δ 1.01–1.10 

(m, 21 H), 1.47 (s, 9 H), 1.75 (s, 3 H), 1.77 (s, 3 H), 1.47 (s, 9 H), 4.74 (dd, J = 7.8, 5.8 Hz, 1 H), 

4.95 (d, J = 5.7 Hz, 1 H), 5.27 (d, J = 12.1 Hz, 1 H). 
13

C NMR (400 MHz, CDCl3) δ 11.8, 17.5, 

18.2, 26.0, 28.0, 56.8, 77.2, 82.9, 118.4, 139.6, 148.2, 166.4. All data are consistent with the 

reported values.
27

 

 

 (+)-(1R,2R)-1-Phenylcyclohexane-cis-1,2-diol (1-11)
62

  

To a vessel containing K3Fe(CN)6 (43.8 g, 0.133 mol), anhydrous K2CO3 (18.4 g, 0.133 mol) and 

methanesulfonamide (4.20 g, 0.044 mol) was added tert-butanol and distilled H2O (40 mL/60 

mL), the reaction  mixture was cooled to 0 
o
C, and K2OsO4∙2H2O (8.2 mg, 0.022 mmol) and 

(DHQD)PHAL (86.2 mg, 0.111 mmol) was added. After vigorously stirred 20 min, 1-

phenylcyclohexene (7.00 g, 0.044 mol) was added dropwise.  The reaction mixture was allowed 

to equilibrate to room temperature and stirred for two days. The appearance of the slurry 

gradually changed from a mixture containing red granules (ferricyanide) to yellow flakes, which 

were presumably a salt of iron (II). After completion (48 h), the product was exacted with ethyl 

acetate (50 mL x 3), filtered through medium-fritted glass and washed with ethyl acetate. The 

organic extract was washed vigorously with 2 M potassium hydroxide (40 mL x 2) to remove 

methanesulfonamide, dried over anhydrous MgSO4 and concentrated in vacou to afford the crude 

diol 1-11 (8.41 g, quant. yield): 
1
H NMR (300 MHz, CDCl3) δ 1.48 (m, 1 H), 1.64–1.76 (m, 3 H), 

1.80–1.92 (m, 3 H), 2.59 (d, J = 1.8 Hz, 1 H), 7.27 (m, 1 H), 7.35–7.41 (m, 2 H), 7.50–7.53 (m, 2 

H). All data are consistent with the reported values.
62

 

 

 (-)-(1R,2S)-trans-2-Phenyl-1-cyclohexanol (1-12)
63 

 

To a solution of diol 1-11 (8.00 g, 0.045 mol), added to slurry of W-2 Raney nickel in wet 

ethanol (70 % v/v) under inert atmosphere. The reaction mixture was heated to 100 
o
C for three 

hours and monitored by TLC. After completion, the reaction mixture was cooled to 40–50 
o
C, 

filtered through a layer of celite and washed with ethanol. The filtrate was concentrated in vacou 
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to remove most ethanol. The two-phase mixture was diluted with brine (10 mL) and extracted 

with ethyl acetate (50 mL x 3). The organic extract was dried over anhydrous MgSO4 and 

concentrated in vacou to obtain a white solid. The crude product was purified via 

recrystallization in pentane to afford compound 1-12 (3.62 g, 46 % over two steps) as a colorless 

crystal: 
1
H NMR (400 MHz, CDCl3) δ 1.31–1.54 (m, 4 H), 1.76 (m, 1 H), 1.84–1.88 (m, 2 H), 

2.11 (m, 1 H), 2.39–2.46 (m, 1 H), 3.65 (m, 1 H), 7.22–7.26 (m, 3 H), 7.33 (m, 2 H); 
13

C NMR 

(400 MHz, CDCl3) δ 25.0, 26.0, 33.3, 34.4, 53.2, 74.4, 126.8, 127.9, 128.8, 143.2. All data are 

consistent with the reported values.
63

      

 

2-(Triisopropylsilyloxy) acetic acid succinimidyl ester (1-13) 

To a solution of compound 1-19 (350mg,1.51 mmol), EDC∙HCl (433 mg, 2.56 mmol) in 

dichloromethane (8 mL), and a solution of N-hydroxysuccinimide  (208 mg, 1.81 mmol) in 

dichloromethane (4 mL). The reaction mixture was stir at room temperature and monitored via 

TLC. Upon completion (18 h), the reaction mixture was washed with brine, dried over anhydrous 

MgSO4, and concentrated in vacuo. The crude product was purified by recrystallization with 

hexanes to give compound 1-13 (360 mg, 73 %) as white solid: 
1
H NMR (400 MHz, CDCl3) δ 

1.08 (d, J = 6.2 Hz, 18 H), 1.11–1.18 (m, 3 H), 2.84 (s, 4 H), 4.67 (s, 2 H).
 13

C NMR (400 MHz, 

CDCl3) δ 11.8, 17.7, 25.6, 60.0, 167.1, 168.8.  

 

Benzyl 2-hydroxyacetate (1-17)
69

 

To a solution of glycolic acid 1-16 (3.00 g, 39.4 mmol) in acetone (37 mL), and triethylamine 

(4.38 g, 43.0 mmol) was added slowly and the reaction mixture was stir at room temperature for 

10 min. The benzyl bromide 1-15 (6.13 g, 35.8 mmol) was added dropwise within 20 min. The 

reaction was monitored via TLC plate. After completion (18 h), the mixture was added with 

water (15mL), and extracted with DCM (40 x 3 mL). The combined organic layer was washed 

with brine, dried over anhydrous MgSO4 , and concentrated in vacuo to give product 1-17 (5.73 

g, 84 %), as light yellow oil: 
1
H NMR (300 MHz, CDCl3) δ 4.20 (s, 2 H), 5.23 (s, 2 H), 7.35–

7.40 (m, 5 H). All data are in agreement with literature values.
69
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Benzyl 2-(triisopropylsiloxy)acetate (1-18)
70

 

To a solution of compound 1-17 (4.23 g, 25.4 mmol) in dichloromethane (55 mL), was added 4-

dimethylaminopyridine (311 mg, 2.54 mmol) and triethylamine (3.45 g, 33.1 mmol). The 

chlorotriisopropylsilane (5.40 g, 28.0 mmol) was then added dropwise. The reaction was 

monitored via TLC plate. After completion (5 h), the reaction mixture was quenched by NH4Cl 

(10 mL) and diluted with water (50 mL). The mixture was extracted with DCM (50 mL x 3). The 

combined organic layer was washed with brine, dried over anhydrous MgSO4, and concentrated 

in vacuo. The crude was purified by silica gel column chromatography to afford compound 1-18 

(6.70 g, 82 %) as colorless oil: 
1
H NMR (400 MHz, CDCl3) δ 1.06–1.14 (m, 21 H), 4.36 (s, 2 H), 

5.19 (s, 2 H), 7.32–7.37 (m, 5 H), 
13

C NMR (400 MHz, CDCl3) δ 11.9, 17.8, 62.0, 66.4, 128.4, 

135.6, 171.4. All data are consistent with the reported values.
70

 

 

2-(Triisopropylsilyloxy) acetic acid (1-19)
70

 

To a solution of compound 1-18 (509 mg, 1.55 mmol) and 10 wt % palladium on carbon (20 mg, 

1.2 mol %) in ethyl acetate (7 mL). The flask was vacuumed and purged with nitrogen gas three 

times. After that the flask was aspirated and purged with hydrogen gas three times, kept filled 

with hydrogen gas, and was allowed to stir at room temperature. The reaction was monitored by 

TLC plate. Upon completion (5 h), the reaction mixture was filtered with layer of celite to 

remove the catalyst. The filtrate was concentrated in vacuo to give crude compound 1-19 (357 

mg, quant. yield) as light yellow oil: 
1
H NMR (300 MHz, CDCl3) δ 1.04–1.12 (m, 21 H), 4.30 (s, 

2 H); 
13

C NMR (300 MHz, CDCl3) δ 11.7, 17.7, 61.7. All data are consistent with the reported 

values.
70

 

 

(1R, 2S)-trans-2-Phenylcyclohexyl-1-triisopropylsiloxyacetate (1-20)
34

 

To a solution of compound 1-12 (500 mg, 2.84 mmol) and DMAP (520 mg, 4.26 mmol) in 

toluene (8.3 mL) under inert conditions was added compound 1-13 (1.12 g, 3.41 mmol). The 

reaction was stirred at room temperature for 72 hours. Upon completion, the solvent was 

evaporated  and washed with brine, extracted with ethyl acetate. The combined organic layer was 

dried over anhydrous MgSO4, and concentrated in vacuo. The crude product was further purified 
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by column chromatography on silica gel to afford compound 1-20 (720 mg, 65 %) as colorless 

oil: 
1
H NMR (300 MHz, CDCl3) δ 1.00–1.02 (m, 21 H), 1.27–1.62 (m, 4 H), 1.75–2.00 (m, 3 H), 

2.14 (m, 1 H), 2.62–2.71 (dt, J = 13.5, 3.9 Hz, 1 H), 3.91 (d, J = 16.5 Hz, 1 H), 4.08 (d, J = 16.5 

Hz, 1 H), 5.05–5.13 (dt, J = 3.9, 6.5 Hz, 1 H), 7.13–7.19 (m, 3 H), 7.22–7.27 (m, 2 H). All data 

are consistent with the reported values.
34

   

 

7-Triethylsilyl-10-deacetylbaccatin III (1-22)
35

 

To solution of 10-deacetylbaccatin III 1-21 (500 mg, 0.918 mmol) and imidazole (250 mg, 3.67 

mmol) in DMF (9.2 mL) and cooled to 0 
o
C. The reaction mixture was added TESCl (415 mg, 

2.75 mmol) dropwise, and remained at low temperature. The reaction was monitored by TLC 

plate. After completion (30 min), the reaction mixture was quenched with saturated NH4Cl (10 

mL) and extracted with ethyl acetate (20 mL x 3). The organic extract was washed with brine, 

dried with anhydrous MgSO4 and concentrated in vacou. The product was purified using silica 

gel column chromatography to afford compound 1-22 (562 mg, 93 %) as white solid: 
1
H NMR 

(500 MHz, CDCl3) δ 0.49–0.62(m, 6 H), 0.93 (t, J = 8.0 Hz, 9 H), 1.08 (s, 6 H), 1.73 (s, 3 H), 

1.90 (m, 1 H), 2.01 (d, J = 4.7 Hz, 1 H), 2.08 (d, J = 1.1 Hz, 3H), 2.25–2.29 (m, 5 H), 2.48 (m, 1 

H), 3.95 (d, J = 6.9 Hz, 1 H), 4.16 (d, J = 8.5 Hz, 1 H), 4.26 (d, J = 2.1 Hz, 1 H), 4.31 (d, J = 8.3 

Hz, 1 H), 4.41 (dd, J = 10.7, 6.7 Hz, 1 H), 4.87 (m, 1 H), 4.95 (d, J = 7.8 Hz, 1 H), 5.17 (d, J = 

2.1 Hz, 1 H), 5.60 (d, J = 7.0 Hz, 1 H), 7.47 (t, J = 7.8 Hz, 2 H), 7.59 (t, J = 7.5 Hz, 1 H), 8.10 (d, 

J = 7.2 Hz, 2 H); 
13

C NMR (500 MHz, CDCl3) δ 5.1, 6.7, 9.9, 15.2, 19.5, 22.6, 26.9, 37.2, 38.6, 

42.7, 46.9, 58.0, 72.9, 74.7, 74.8, 78.8, 80.7, 84.2, 128.6, 129.4, 130.1, 133.6, 135.2, 141.7, 167.0, 

170.8, 210.3. All data are consistent with the reported values.
35

 

 

10-Cyclopropylcarbonyl-7-(triethylsilyl)-10-deacetylbaccatin III (1-24)
35

 

To a solution of compound 1-22 (446 mg, 0.677 mmol) in THF (5 mL) and cooled to -40 
o
C. The 

reaction mixture was added 1M LiHMDS in THF (0.71 mL, 0.71 mmol) dropwise and 

cyclopropanecarbonyl chloride 1-23 (74.3 mg, 0.711 mmol). The temperature of the reaction was 

maintained at -40 
o
C and the reaction was monitored by TLC plate. After completion (30 min), 

the reaction mixture was quenched with saturated NH4Cl (5 mL) and extracted with ethyl acetate 
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(15 mL x 3). The organic extract was washed with brine, dried with anhydrous MgSO4 and 

concentrated in vacou. The product was purified using silica gel column chromatography to 

afford compound 1-24 (492 mg, quant. yield) as white solid: 
1
H NMR (400 MHz, CDCl3) δ 

0.53–0.60 (m, 6 H), 0.90–0.94 (m, 10 H), 1.00–1.04 (m, 4 H), 1.15–1.28 (m, 4 H), 1.68 (s, 3 H), 

1.76 (m, 1 H), 1.85 (m, 1 H), 2.01 (m, 1 H), 2.20 (s, 3 H), 2.26–2.28 (m, 5 H), 2.52 (m, 1 H), 

3.88 (d, J = 7.0 Hz, 1 H), 4.15 (d, J = 8.4 Hz, 1 H), 4.30 (d, J = 8.2 Hz, 1 H), 4.48 (dd, J = 8.6, 

6.7 Hz, 1 H), 4.84 (m, 1 H), 4.96 (d, J = 8.0 Hz, 1 H), 5.64 (d, J = 7.0 Hz, 1 H), 6.46 (s, 1 H), 

7.48 (t, J = 15.4 Hz, 2 H), 7.60 (t, J = 14.8 Hz, 1 H), 8.11 (d, J = 8.5 Hz, 2 H). All data are 

consistent with the reported values.
35

  

 

2’-Triisoproylsily-3’-dephenyl-10-(cyclopropylcarbonyl)-3’-(2-methyl-2-propenyl)–

docetaxel (1-25)
35

  

To a solution of compound 1-24 (498 mg, 0.685 mmol) in anhydrous THF (10 mL) and cooled to 

-40 
o
C. The mixture was added 1.0 M LiHMDS in THF (0.89 mL, 0.891 mmol) and a solution of 

compound 1-9 (350 mg, 0.880 mmol) in THF (6 mL). The temperature of the reaction was 

maintained at -40 
o
C and the reaction was monitored by TLC. After completion (3 h), the 

reaction was quenched with saturated NH4Cl (10 mL) and extracted with ethyl acetate (20 mL x 

3). The combined organic layer was washed with brine, dried with anhydrous MgSO4 and 

concentrated in vacou. The product was purified using silica gel column chromatography to 

afford compound 1-25 (654 mg, 85%) as white solid: 
1
H NMR (400 MHz, CDCl3) δ 0.52–0.59 

(m, 6 H), 0.89–0.93 (m, 10 H), 1.10–1.11 (m, 21 H), 1.15–1.19 (m, 4 H), 1.25–1.29 (m, 4 H), 

1.34 (s, 9 H), 1.68 (s, 3 H), 1.72–1.75 (m, 5 H), 1.79 (s, 3 H), 1.88 (m, 1 H), 2.01 (s, 3 H), 2.35 (s, 

3 H), 2.45 (m, 2 H), 2.51 (m, 1 H), 3.84 (d, J = 7.0 Hz, 1 H), 4.19 (d, J = 8.4 Hz, 1 H), 4.30 (d, J 

= 8.4 Hz, 1 H), 4.43 (d, J = 2.8 Hz, 1 H), 4.46 (m, 1 H), 4.75–4.81 (m, 2 H), 4.93 (d, J = 8.2 Hz, 

1 H), 5.33 (d, J = 8.6 Hz, 1 H), 5.68 (d, J = 7.1 Hz, 1 H), 6.08 (t, J = 17.6 Hz, 1 H), 6.48 (s, 1 H), 

7.46 (t, J = 15.5 Hz, 2 H), 7.60 (t, J = 14.8 Hz, 1 H), 8.10 (d, J = 7.3 Hz, 2 H). All data are 

consistent with the reported values.
35
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3’-Dephenyl-10-(cyclopropylcarbonyl)-3’-(2-methyl-2-propenyl)docetaxel [SB-T-1214] (1-

26)
35

 

To a solution of compound 1-25 (505 mg, 0.499 mmol.) in acetonitrile (8 mL) and pyridine (8 

mL) and cooled to -0 
o
C. The reaction mixture was added 1M HF/pyridine (5 mL) dropwise at 0 

o
C, and allowed to warm to room temperature gradually. The reaction was monitored by TLC 

plate. After completion (20 h), the reaction was quenched with saturated NaHCO3 (10 mL) and 

extracted with ethyl acetate (15 mL x 3). The aqueous phase was treated with solid potassium 

hydroxide to adjust the pH value to 7-8 and extracted with ethyl acetate (15 mL x 3). The first 

and second organic phases were combined together and washed with saturated copper sulfate, 

brine, dried with anhydrous MgSO4 and concentrated in vacou. The product was purified using 

silica gel column chromatography to afford compound 1-26 (357mg, 93%) as white solid: mp 

178–179 
o
C; 

1
H NMR (400 MHz, CDCl3) δ 1.13–1.16 (m,5 H), 1.35 (s, 9 H), 1.67 (s, 3 H), 1.77 

(m, 8 H), 1.83–1.92 (m, 4 H), 2.04 (s, 1 H), 2.35–2.38 (m, 5 H), 2.50–2.58(m, 2 H), 3.39 (s, 1 H), 

3.81 (d, J = 6.8 Hz, 1 H), 4.19 (m, 2 H), 4.30 (d, J = 8.4 Hz, 1 H), 4.42 (m, 1 H), 4.74–4.80(m, 2 

H), 4.96 (d, J = 8.2 Hz, 1 H), 5.32 (d, J = 7.6 Hz, 1 H), 5.67 (d, J = 7.2 Hz, 1 H), 6.17 (t, J = 17.0 

Hz, 1 H), 6.30 (s, 1 H), 7.47 (t, J = 15.4 Hz, 2 H), 7.61 (t, J = 14.8 Hz, 1 H), 8.10 (d, J = 7.3 Hz, 

2 H); 
13

C NMR (400 MHz, CDCl3) δ 9.2, 9.4, 9.5, 13.0,, 14.2, 15.0, 18.6, 22.0, 22.4, 25.7, 26.7, 

28.2, 35.5, 35.6, 43.2, 45.6, 51.6, 58.6, 60.4, 72.2, 72.4, 79.2, 80.0, 81.0, 84.5, 120.6, 128.6, 

129.2, 130.1, 132.9, 133.7, 137.9, 142.7, 155.5, 166.9, 170.1, 175.1, 203.9. All data are 

consistent with the reported values.
35

 

 

10-Methoxyl-7-(methoxyl)-10-deacetylbaccatin III (1-27)
64,65

 

A mixture of compound 1-30 (82.3 mg, 0.147 mmol), 1,8-Bis(dimethylamino) naphthalene 

(proton sponge) (94.7 mg, 0.442 mmol), trimethyloxonium tetrafluoroborate (43.6 mg, 

0.295mmol) and molecular sieve (4 Å, 83mg) in (1.3 mL) was stirred for 24 hours at room 

temperature, and another portion of proton sponge (94.7 mg) and trimethyloxonium 

tetrafluoroborate (43.6 mg) was added. The mixture was stirred at room temperature for another 

24 hours. The mixture was extracted with ethyl acetate (5 mL x 3). The combined organic layers 

were washed brine, dried over anhydrous MgSO4 and concentrated in vacou. The product was 

purified using silica gel column chromatography to afford compound 1-27 (46.9 mg, 84%) as 
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white solid, and the compound 1-30 (28 mg, 34%) was recovered: 
1
H NMR (400 MHz, CDCl3) δ 

1.08 (s, 3 H), 1.09 (s, 3 H), 1.56 (s, 1 H), 1.71 (s, 3 H), 1.78 (m, 1 H), 2.02 (m, 1 H), 2.11 (d, J = 

1.3 Hz, 3 H), 2.25–2.29 (m, 4 H), 2.72 (m, 1 H), 3.32 (s, 3 H), 3.47 (s, 3 H), 3.89–3.95 (m, 2 H), 

4.15 (d, J = 8.4 Hz, 1 H), 4.30 (d, J = 8.3 Hz, 1 H), 4.84 (s, 1 H), 4.89 (m, 1 H), 5.00 (d, J = 8.7 

Hz, 1 H), 5.59 (d, J = 8.8 Hz, 1 H), 7.47 (d, J = 7.7 Hz, 2 H), 7.60 (tt, J = 9.1, 1.5 Hz, 1 H), 8.09–

8.11 (m,2 H). All data are consistent with the reported values.
64,65

 

 

3’-Dephenyl-3’-(2-methyl-2-propenyl)cabazitaxel [SB-T-12301] (1-28) 

To a solution of compound 1-31 (17.2 mg, 0.018 mmol) in acetonitrile (0.5 mL) and pyridine 

(0.5 mL) and cooled to -0 
o
C. The reaction mixture was added 1 M HF/pyridine (0.2 mL) 

dropwise at 0 
o
C, and allowed to warm to room temperature gradually. The reaction was 

monitored by TLC plate. After completion (18 h), the reaction was dilute with water (3 mL) and 

quenched with saturated NaHCO3 (10 mL) and extracted with ethyl acetate (15 mL x 3). The 

combined organic layers were washed with saturated copper sulfate, brine, dried with anhydrous 

MgSO4 and concentrated in vacou. The product was purified using silica gel column 

chromatography to afford compound 1-28 (12mg, 83%) as white solid: 
1
H NMR (500 MHz, 

CDCl3) δ 1.21 (s, 6 H), 1.37 (s, 9 H), 1.48 (s, 1 H), 1.63 (s, 1 H), 1.71 (s, 3H), 1.77 (s, 6 H), 1.81 

(m, 1 H), 2.00 (s, 3 H), 2.29 (m, 1 H), 2.36 (s, 3 H), 2.40 (m, 1 H), 2.70 (m, 1 H), 3.30 (s, 3 H), 

3.42 (d, J = 6.8 Hz, 1 H), 3.45 (s, 3 H), 3.83 (d, J = 6.9 Hz, 1 H), 3.87 (dd, J = 10.7, 6.6 Hz, 1 H), 

4.17 (d, J = 8.5 Hz, 1 H), 4.23 (dd, J = 6.7, 2.8 Hz, 1 H), 4.30 (d, J = 8.4 Hz, 1H), 4.76 (m, 1 H), 

4.81 (m, 2 H), 4.98 (d, J = 8.4, 1 H), 5.30 (d, J = 9.7 Hz, 1 H), 5.63 (d, J = 7.0 Hz, 1 H), 6.17 (t, J 

= 8.6 Hz, 1 H), 7.47 (t, J = 7.8, 2 H), 7.60 (t, J = 7.5 Hz, 1 H), 8.09 (d, J = 7.3 Hz, 2 H); 
13

C 

NMR (500 MHz, CDCl3) δ 10.3, 11.4, 14.1, 14.8, 18.6, 20.6, 22.5, 22.7, 25.3, 25.8, 26.2, 26.7, 

27.9, 28.2, 29.7, 31.6, 31.9, 32.1, 34.6, 35.3, 43.3, 47.4, 51.5, 56.9, 57.0, 57.3, 72.4, 73.7, 74.6, 

78.8, 79.9, 80.7, 81.7, 82.6, 84.1, 120.6, 128.6, 129.3, 130.1, 133.6, 135.4, 139.0, 155.4, 166.9, 

170.3, 205.0.  

 

10-Methoxyl-7-(triethylsilyl)-10-deacetylbaccatin III (1-29)
65

 

A solution of compound 1-22 (150 mg, 0.228 mmol) and 60 % sodium hydride (16.4 mg, 0.410 

mmol) in THF (6.6 mL) at 0 
o
C, and methyl iodide (0.94 mL) was added. The reaction mixture 
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was stirred at 0 
o
C and monitored via TLC. After completion (2 h), the mixture was quenched by 

saturated NH4Cl (3 mL), and extracted with ethyl acetate (10 mL x 3). The combined organic 

layer was washed with brine, dried over MgSO4 and concentrated in vacuo. The crude product 

was purified using silica gel column chromatography to afford compound 1-29 (108 mg, 71%) as 

white solid: 
1
H NMR (500 MHz, CDCl3) δ 053–0.62 (m, 6 H), 1.00 (t, J = 8.0 Hz, 9 H), 1.07 (s, 

3 H), 1.18 (s, 3 H), 1.58 (s, 1 H), 1.68 (s, 3 H), 1.86–1.91 (m, 1 H), 2.02 (m, 1 H), 2.11 (d, J = 

1.2 Hz, 3 H), 2.27 (m, 4 H), 2.46–2.52 (m, 1 H), 3.41 (s, 3 H), 3.88 (d, J = 7.0 Hz, 1 H), 4.15 (d, 

J = 8.3 Hz, 1 H), 4.30 (d, J = 8.4 Hz, 1 H), 4.43 (dd, J = 10.5, 6.7 Hz, 1 H), 4.90–5.00 (m, 3 H), 

5.60 (d, J = 7.0 Hz, 1 H), 7.47 (t, J = 7.8 Hz, 2 H), 7.60 (t, J = 7.5 Hz, 1 H), 8.08–8.11 (m, 2 H); 

13
C NMR (500 MHz, CDCl3) δ5.4, 6.8, 9.9, 14.1,15.2, 19.5, 22.6, 22.7, 25.3, 26.8, 31.6, 34.6, 

37.3, 38.3, 42.8, 47.3, 55.8, 58.2, 68.0, 72.9, 74.8, 78.8, 81.0, 82.7, 84.3, 128.5, 129.4, 130.1, 

133.5, 142.9, 167.1, 170.8, 204.4. All data are consistent with the reported values.
65

 

 

10-Methoxyl-10-deacetylbaccatin III (1-30)
65

 

To a solution of compound 1-29 (102 mg, 0.152 mmol) in acetonitrile (1.4 mL) and pyridine (1 

mL) and cooled to -0 
o
C. The reaction mixture was added 1 M HF/pyridine (0.7 mL) dropwise at 

0 
o
C, and allowed to warm to room temperature gradually. The reaction was monitored by TLC 

plate. After completion (18 h), the reaction was dilute with water (3 mL) and quenched with 

saturated NaHCO3 (10 mL) and extracted with ethyl acetate (15 mL x 3). The combined organic 

layers were washed with saturated copper sulfate, brine, dried with anhydrous MgSO4 and 

concentrated in vacou to afford  compound 1-30 (78 mg, 92%) as white solid: 
1
H NMR (500 

MHz, CDCl3) δ 1.08 (s, 3H), 1.17 (s, 3H), 1.39 (d, J = 8.8 Hz, 1 H), 1.57 (s, 1 H), 1.68 (s, 3 H), 

1.77–1.82 (m, 1 H), 2.03 (d, J = 4.9 Hz, 1 H), 2.88 (d, J = 0.9 Hz, 3 H), 2.29 (m, 5 H), 2.57–2.63 

(m, 1 H), 3.46 (s, 3 H), 3.95 (d, J = 7.1 Hz, 1 H), 4.15 (d, J = 8.4 Hz, 1 H), 4.26–4.32 (m, 2 H), 

4.91 (m, 1 H), 4.97 (m, 2 H), 5.64 (d, J = 7.2 Hz, 1 H), 7.48 (t, J = 7.8 Hz, 2 H), 7.61 (t, J = 7.4 

Hz, 1 H), 8.11 (d, J = 7.2 Hz, 2 H). All data are consistent with the reported values.
65
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2’-Triisoproylsily-3’-dephenyl-3’-(2-methyl-2-propenyl)cabazitaxel (1-31) 

To a solution of compound 1-27 (22.5 mg, 0.039 mmol) in anhydrous THF (0.5 mL) was cooled 

to -40 
o
C. The mixture was added 1.0 M LiHMDS in THF (0.06 mL, 0.059 mmol) and a solution 

of 1-9 (20 mg, 0.050 mmol) in THF (0.5 mL). The temperature of the reaction was maintained at 

-40 
o
C and the reaction was monitored by TLC plate. After 3 hours, the reaction was quenched 

with saturated NH4Cl (2 mL) and extracted with ethyl acetate (10 mL x 3). The combined 

organic layer was washed with brine, dried with anhydrous MgSO4 and concentrated in vacou. 

The product was purified using silica gel column chromatography to afford compound 1-31 (21 

mg, 76 %) as white solid and starting material 1-27 (6.1 mg, 27 %) was recovered: 
1
H NMR (500 

MHz, CDCl3) δ 1.06–1.14(m, 21 H), 1.19 (s, 3 H), 1.21 (s, 3 H), 1.34 (s, 9 H), 1.42 (m, 1 H), 

1.59 (s, 1 H), 1,71 (m, 4 H), 1.76 (s, 3 H), 1.80 (m, 4 H), 1.95 (s, 3 H), 2.36 (m, 4 H), 2.69 (m, 1 

H), 3.30 (s, 3 H), 3.45 (s, 3 H), 3.86–3.90 (m, 2 H), 4.19 (d, J = 8.5 Hz, 1 H), 4.30 (d, J = 8.4 Hz, 

1 H), 4.44 (d, J = 2.7 Hz, 1 H), 4.80 (m, 3 H), 4.98 (d, J = 8.3 Hz, 1 H), 5.33 (d, J = 8.8 Hz, 1 H), 

5.64 (d, J = 7.1 Hz, 1 H), 6.13 (t, J = 8.8 Hz, 1 H), 7.45 (t, J = 7.8 Hz, 2 H), 7.60 (t, J = 7.4 Hz, 1 

H), 8.09 (d, J = 7.3 Hz, 1 H); 
13

C NMR (500 MHz, CDCl3) δ 10.4, 12.5, 14.1, 14.6, 18.0, 18.6, 

21.1, 22.6, 25.3, 25.7, 26.4, 28.2, 30.0, 31.6, 31.9, 35.4, 43.3, 47.3, 52.1, 56.7, 57.1, 57.2, 72.2, 

74.8, 75.2, 76.5, 78.9, 80.6, 81.6, 82.5, 84.2, 122.3, 128.5, 129.4, 130.1, 133.5, 134.8, 139.8, 

155.2, 166.8, 169.9, 172.0, 205.0. 
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§2.1 Introduction 

Except MDR leads to drug ineffectiveness (Chapter 1), lack of tumor specificity was 

another challenge for chemotherapy which would result in severe side effects. The premise of 

chemotherapy is that rapidly proliferating cancer cells would be killed by the cytotoxic agents. 

However, the cytotoxic agents have little or no specificity which means that the 

chemotherapeutic agent could harm some normal cells which also proliferated fast, such as hair 

cells and immune cells, resulting in severe side effects, such as hair loss, anemia, damage to 

kidney and bone marrow. Therefore, targeted cancer therapy and tumor specific drug delivery 

system (DDS) have been developed to solve the problem. 

 

§2.1.1 Targeted Cancer Therapy 

Targeted cancer therapy is using drugs which specially target cancer cells to disrupt their 

growth, and result in apoptosis.
1
 These drugs only target to cancer cells because they recognize 

some biomarkers of cancer cells which normal cells do not have any. For instance, imatinib 

mesylate (Gleevec
®

)
2
 was approved by FDA for the treatment of chronic myeloid leukemia 

(CML) in 2001, and malignant gastrointestinal stromal tumors (GISTs).
3
 Imatinib mesylate is a 

tyrosine kinase inhibitor, which inhibit the Bcr-Abl tyrosine kinase that overexpressed in CML 

cells.
4
 Since this enzyme only exists in cancer cells and not in the normal healthy cells, imatinib 

mesylate only affects the growth of cancer cells and leading to apoptosis. Furthermore, gefitinib 

(Iressa
®
) is an inhibitor of epidermal growth factor receptor (EGFR), and shows good response 

in treatment of non-small cell lung cancer (NSCLC). It has been proven that mutant EGFR in 

NSCLCs would activate anti-apoptotic pathways and induce proliferation.
5,6

 Thus, gefitnib 

targets to ECFR, inhibits its kinase activity, and stops cell proliferation. Both Gleevec and Iressa 

are good examples for targeted cancer therapy.      
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Imatinib Mesylate (Gleevec
®

)                        Gefitinib (Iressa
®
) 

Figure 2-1: Targeted cancer therapeutic agents. 

 

§2.1.2 Tumor-Targeting Drug Delivery System 

Whereas targeted cancer therapy, the development of new and effective tumor-targeting 

drug delivery system is urgently necessary. Thus, chemotherapeutic agents only target to cancer 

cells and reduce the side effects. In last few decades, various drug delivery protocol and systems 

have been explored.
7
 In general, tumor-targeting drug-delivery system consists of a cytotoxic 

agent and a tumor-targeting moiety which can be combined directly or be bridged by a suitable 

linker to form a conjugate. The conjugate, regarded as “prodrug”, should be systemically non-

toxic, stable in circulation, and delivered to tumor cells specifically.
8
 As the tumor-targeting 

moiety (TTM) is recognized by receptors of the tumor cells, the conjugate can be internalized 

into the cells and cleaved to regenerate the active cytotoxic agent. 

Cancer cells overexpress many tumor-specific receptors, which could be used as 

biomarker to deliver chemotherapeutic agents into cancer cells. It could be introduced to target 

the cancer cells and delivered the cytotoxic agent specifically. In other words, these drug 

conjugates identify and utilize the innate morphological and physiological difference between 

the normal and cancer cells.
9
 For instance, tumor cells overexpress particular receptors to 

increase the absorption of nutrients and vitamins for fast proliferation. These TTMs could be 

targeted to delivery chemotherapeutic agents into cancer cells through receptor-mediated 

endocytosis (RME), such as monoclonal antibodie,
10,11

 polyunsaturated fatty acid,
12,13

 folic acid
14

 

and vitamin.
15

 Those tumor-targeting molecules should have high tumor specificity and high 

affinity for tumor-specific receptor, and could be linked to cytotoxic drug by a linker.  
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                                            Monoclonal antibody (mAb)                             Folic acid 

 

Figure 2-2: Example of tumor-targeting molecules.
15

 

 

§2.1.3 Cleavable Linker: Disulfide Linker 

The suitable linker of for tumor-targeted drug-delivered system should be able to connect 

drug to TTM efficiently. The drug conjugate “prodrug” must be stable and non-toxic in the 

circulation, but can be cleaved effectively by certain intracellular condition, such as acidic 

condition or the presence of some specific substances. For instance, hydrazone linker is cleaved 

under acidic condition (pH 4.5 – 6.5) to release the cytotoxic drug.
16,17

 The hydrazone linker are 

relatively stable at neutral environment (pH 7.3 – 7.5), but it undergoes hydrolysis in lysosome 

(~pH 5.0) and release the drug in active form. It was used in gemtuzumab ozogamicin 

(Mylotarg
®
), a prodrug conjugate with antibody and cytotoxic drug. However, it was proven that 

prematul cleavage of hydrazone under physiological pH, suggesting the instability of the linker 

in circulation.
17

 Thus, peptide linker is better alternative for lysosomal hydrolysis. Monopeptide 

Lys,
18 

and dipepride Phe-Lys
19

 have been applied in DDS, and both of them are much more 

stable than hydrazone linker. For example, immunoconjugate of doxorubicin (Adriamycin
®
) and 

TTM monoclonal antibody contained peptide linker (Figure 2-3).
18
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Figure 2-3: Antibody conjugates of doxorubicin prepared with branched peptide linkers.
19

 

 

Disulfide linker is another good option for tumor-targeting drug delivery system, and it is 

cleavable inside the tumor cells via disulfide exchange with an intracellular thiol substance, such 

as glutathione (GSH).
20

 It has been proved that the concentration of glutathione in tumor cells is 

much higher (> 100times) than it in blood plasma.
15,21-23

 Thus, it is stable in circulation and no 

premature cleavage.   

The disulfide linker is combined with tumor-target moiety and cytotoxic agent. Once, the 

conjugate is internalized by the targeted cell, the GSH level inside cancer cell is high enough to 

trigger the self-immolative thiolactonization. The thiol group undergoes intramolecular 

nucleophile substitution to form a five-member thiolactone and releases the free active cytotoxic 

agents (Figure 2-4).
15 

 

 

Figure 2-4: Second-generation self-immolative disulfide linkers.
15
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§2.1.4 Receptor-Mediated Endocytosis 

Vitamin-linker-drug conjugate could be internalized into cancer cells through receptor-

mediated endocytosis (RME) (Figure 2-5).
8,15

 As the vitamin moiety binds to the receptor on the 

surface of targeted cells, it initiates a signal which induces the membrane to form a membrane 

invagination, and leads to a coated vesicle. The vesicle fuses with endosome to form the early 

endosome, and the prodrug is released from the receptor and is the receptors are recycled to the 

cell surface. In endosome, the linkage of the conjugates is cleaved by reducing substance, low 

pH or endogenous enzymes to release the active cytotoxic agent, and it binds to its targeted 

protein.  

 

Figure 2-5: Illustration of receptor-mediated endocytosis (RME).
15

  

 

Ojima group has constructed many tumor-targeting drug-delivery systems; one of the 

examples is using biotin (vitamin B) as tumor targeting moiety, new-generation taxoid (SB-T-

1214) as cytotoxic agent, and they are bound together by methyl-branch disulfide linker (Figure 

2-6).
15
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Figure 2-6: Biotin-Me-linker-taxoid conjugate. 
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§2.2 Results and Discussions: Tumor-Targeting Drug Conjugates 
In general, the tumor-targeting drug delivery system contains three parts. First, tumor 

targeting modules could be antibody or vitamin. Second, cleavable linker could be peptide linker 

or disulfide linker. Third, cytotoxic agent could be taxoid, such as SB-T-1214. 

 

Figure 2-7: Tumor-targeting drug conjugate. 

 

§2.2.1 Synthesis of Disulfide Linker Intermediate 

The synthesis of the methyl-branched disulfide linker started with two key intermediate 

syntheses. These intermediates were required for the two following thiol-disulfide exchange 

reactions. 

The first intermediate was obtained from pyridine-2-thiol 2-1 underwent oxidation of 

sulfhydryl group to afford 2-2. The reaction was completed in two and a half hours and afforded 

the desired compound 2-2 in excellent yield.  

 

Scheme 2-1: Synthesis of 2,2'-Dithiodipyridine. 

  

http://en.wikipedia.org/wiki/Thiol
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The second intermediate, compound 2-5 was prepared from the oxidation of 2-

benzothienylboronic acid 2-3 in the presence of hydrogen peroxide to afford desired thiolactone 

2-4. The thiolactone 2-4 was treated with lithium hydroxide to produce sulfhydryphenylacetic 

acid 2-5. It was base-mediated ring opening of the thiolactone followed by acidic work-up via 

addition of 1 N HCl to yield the free sulfhydryl group and the free carboxylic acid. The 

compound 2-5 should be store under nitrogen and at low temperature in case of dimerization.  

 
Scheme 2-2: Sulfhydryphenylacetic acid synthesis. 

 

Starting the drug-linker synthesis, γ-valerolactone 2-6 is stirred under reflux condition 

with HBr, activating the lactone for nucleophilic attack by thiourea, which was added after reflux 

condition established. Then, the salt 2-7 was hydrolyzed under extremely harsh condition, 

potassium hydroxide, to afford color-less oil compound 2-8. It’s been observed that the ration of 

HBr to thiourea should be one to one, and the five equivalent of each gave higher yield in 

comparison to other amounts. Increasing the amount of both reagents might increase the overall 

yield, but recovery of unreacted starting materials could become a problem. Furthermore, instead 

of intermolecular nucleophilic addition, intramolecular ring closure might occur by carboxylate 

anion. Thus, any lactone or excess thiourea were removed from aqueous layer including 2-7. 

 

Scheme 2-3: Synthesis of 4-sufhydrylpentanoic acid. 
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     The 4-sufhydrylpentanoic acid 2-8 was treated with 2,2'-Dithiodipyridine 2-2 in reflux 

condition to carry out the first thiol-disulfide exchange reaction. The slow addition of 2-8 to 

disulfide compound 2-2 ensured minimal dimer formation and formation of desired product 2-9 

in excellent yield.  

 

Scheme 2-4: Thiol disulfide exchange. 

 

After the first thiol-disulfide exchange, TIPS protection of the desired carboxylic acid 

was followed to afford 2-10 which was stable under nitrogen and stored in the refrigerator. 

However, the second thiol-disulfide exchange is problematic. The reaction was done under 

slightly acidic condition, but it has been experimentally observed that as the reaction time goes 

longer, the TIPS moiety might be cleaved. The reaction rate is slowed because of steric 

hindrance generated by the methyl group. Therefore, the reaction should be stopped after the 

initial signs of TIPS deprotection. The compound 2-11 was put under nitrogen gas and low 

temperature in case of silyl deprotection. Therefore, it should be coupled with taxoid, SB-T-1214, 

right away. 

 

Scheme 2-5: Final steps towards synthesis of methyl-branched disulfide linker. 
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§2.2.2 Synthesis of Coupling-Ready Drug-Linker Construct 

The disulfide linker 2-11 was coupled with SB-T-1214 via EDC coupling to afford 

compound 2-12. This reaction was carried out at low temperature (0 
o
C) and was allowed to 

warm to room temperature for longer time if the starting material did not consume yet. The yield 

of this reaction was low because some of the starting material (SB-T-1214) was recovered and 

some other product was collected in the column chromatography. Based on proton NMR, it was 

desired product without TIPS protecting group. 

The compound 2-12 underwent silyl-group deprotection by HF in pyridine to afford the 

carboxylic acid 2-13. Activation of carboxylic acid in the presence of NHS and EDC∙HCl gave 

the coupling-ready warhead-linker construct 2-14. It could be coupled to any kind of tumor-

targeting moiety or other construct intermediate with free amine. 

 

Scheme 2-6: Synthesis of coupling-ready drug-linker construct. 
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§2.2.3 Synthesis of Biotin-Linker-Taxoid Drug Conjugate  

The TTM biotin conjugate started from commercially available biotin, which was treated 

with thionyl chloride and methanol to give biotin methyl ester 2-16. Conversion of biotin methyl 

ester was treated with hydrazine in methanol under reflux condition to afford biotin-hydrazide 

conjugate 2-17.
24

  

 

 

Scheme 2-7: Synthesis of biotin-hydrazide conjugate. 

 

The biotin-linker-drug conjugate was obtained by coupling 2-14 and 2-17 in the present 

of DMSO and pyridine at room temperature for seven days. The activity of hydrazide was not 

fast as normal amine for coupling reaction, so the rate of the reaction was slow which took long 

time for completion. 

 

 

Scheme 2-8: Synthesis of biotin-Me-linker-SB-T-1214 drug conjugate. 
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§2.2.4 Synthesis of Folate- Linker-Taxoid Drug Conjugate  

Folic acid was introduced as tumor-targeted moiety in tumor-targeting delivery. The 

drug-linker-folate conjugate contained two parts, one was alkyne-linker-drug conjugate, the other 

was peptide-folate-azide conjugate, two of they could be coupled together via click chemistry 

reaction.  

To start the synthesis of PEG-alkyne conjugate, the polyethylene glycol (PEG) 

conjugates was introduced. Tetraethylene glycol was treated with methanesulfonyl chloride and 

sodium azide to form the diazido compound 2-20. The diazido compound was carefully mono-

reduced to form desired amino azide compound 2-21. The idea of mono-reduction was to use the 

different solubilities of diazide and amine in organic solvent. The mixture contained organic 

layer and aqueous layer. Once one of the diazide was reduced to amine, it would be carried to the 

dilute aqueous layer (phosphoric acid), preventing overreduction. Therefore, the mono-reduced 

amino azide was favored than diamino compound.
25

  

 

Scheme 2-9: Synthesis of asymmetric polyethylene glycol conjugate. 

 

Activation of 4-pentynoic acid to activated ester via EDC coupling with N-

hydroxysuccinimide (NHS) to afford succinimidyl ester 2-23, which coupled with 2-21 to afford 

azido alkyne intermediate 2-24. The compound 2-24 was reduced to amine to afford the amino-

alkyne compound 2-25 and ready to couple with coupling-ready construct 2-14. 
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Scheme 2-10: Synthesis of PEG-alkyne conjugate. 

 

The amino-alkyne compound 2-25 was coupled with coupling-ready drug-linker 

construct to form the desired alkyne-linker-drug conjugate 2-26, which would be coupled with 

peptide-folic acid-azide conjugates via click chemistry.  

 
Scheme 2-11: Synthesis of alkyne-linker-drug conjugate. 

 

The synthesis of peptide-folic acid-azide conjugates started with commercial available 

Fmoc-Glu-OtBu which coupled with asymmetric azido amino 2-21 to introduce the PEG chain. 

Later, TFA deprotection of t-Boc group on the amino acid conjugates to form the Fmoc-Glu 

(PEG)-COOH conjugates 2-29. 
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   Scheme 2-12: Synthesis of Fmoc-Glu-PEG-azide conjugate. 

 

§2.2.5 Synthesis of Drug-Conjugates bearing One Dummy Molecule 

To further evaluate the activity of the cytotoxic agent, the dummy molecule was 

introduced for comparison in biological tests. With the structure of coupling-ready drug-linker 

construct, the drug was replaced by dummy molecule.  

For linker intermediate compound 2-11, instead of coupling with drug, phenol was 

introduced as dummy molecule for comparison the biological evaluation, such as IC50 in cell line. 

As the same synthetic route with drug-linker conjugate, the phenyl-linker conjugates was 

prepared via EDC coupling with disulfide linker intermediate 2-11 to give product 2-30. The 

compound 2-31 underwent deprotection of silyl group by HF in pyridine, and NHS activation to 

afford the coupling-ready dummy-linker construct, compound 2-32.   

 

Scheme 2-13: Synthesis of dummy-molecule conjugate. 
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§ 2.3 Conclusions 

Vitamin-drug conjugates have potency in tumor-targeting drug delivery system. Once the 

coupling-ready drug-linker construct was synthesized, it could couple to different tumor 

targeting moieties. Biotin and folic acid are both good options for tumor-targeting modules. They 

are not endogenously produced in mammals. Fast proliferate cancer cells eagerly uptake 

nutrients through external supplies. Thus, biotin and folic acid are great options for tumor-

targeting drug conjugates. The synthesis of biotin moiety for TTM was straightforward. 

Commercially available biotin was converted to biotin hydrazide conjugate in two steps and 

coupled with coupling-ready drug-linker construct to yield the biotin-linker-drug conjugate. For 

folate conjugate, it involved more steps to construct. The solubility of folic acid was poor, so 

PEG chains and amino acids were introduced in the construct to increase its solubility.  

The Ojima group has conducted second-generation taxoids and methyl-branched 

disulfide linker in tumor-targeting drug delivery system. For instance, SB-T-1214 drug-linker 

construct coupled with biotin moiety to form biotin-linker-taxoid drug conjugate. It is ready for 

further biological evaluation. In conclusion, vitamins as tumor-targeting modules in tumor-

targeting drug conjugates should be explored for further study. 
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§2.4 Experimental Section 

General information 

All chemical were purchased from VWR International, Fisher Scientifi and Sigma-Aldrich. All 

reactions were carried out under nitrogen in dried glassware which were dried in a 110 
o
C oven 

and allowed to cool to room temperature in a desiccator over “Drierite” (calcium sulfate) and 

assembled under nitrogen gas. Dichloromethane was distilled prior to use under nitrogen from 

calcium hydride. Tetrahydrofuran was also freshly distilled from sodium metal and 

benzophenone.  Toluene was also distilled immediately prior to use under nitrogen from calcium 

hydride. Anhydrous dimethylformamide (DMF) was used commercially available from EMD 

chemical company, and used without further purification. Reactions were monitored by thin 

layer chromatography (TLC) using E. Merck 60F254 precoated silica gel plates and alumina 

plate depending on the compounds.  Flash chromatography was performed with the indicated 

solvents using Fisher silica gel (particle size 170-400 Mesh). Yields refer to chromatographically 

or spectroscopically pure compounds. 
1
H, and 

13
C data were obtained using either 300 MHz 

Varian Gemni 2300 spectrometer, the 400 MHz Varian INOVA 400  spectrometer or the 500 

MHz Varian INOVA 500 (125 MHz 13C) in deuterated solvent. Chemical shifts (δ) are reported 

in ppm and standardized with solvent as internal standard based on literature reported values. 

Melting points were measured on Thomas Hoover Capillary melting point apparatus and are 

uncorrected. Optical rotations were measured on Perkin-Elmer Model 241 polarimeter. 

 

2,2'-Dithiodipyridine (2-2)
26

 

A solution of pyridine-2-thiol (1.00 g, 9.01 mmol) in 90 mL DCM, and KMnO4 (4.27 g, 27.0 

mmol) was added slowly over a period of fifteen minutes. The reaction mixture was stirred 

vigorously and monitored by TLC. Upon completion (2.5 h), the solution was filtered over celite 

and concentrated in vacou. The residue crude was purified via silica gel column chromatography 

to afford compound 2-2 (0.97 g, 98 %) as dark purple solid: 
1
H NMR (400 HMz, CDCl3) δ 7.09 

(m, 2 H), 7.59 (m, 4 H), 8.44 (m, 2 H); 
13

C NMR (400 HMz, CDCl3) δ 119.6, 121.1, 137.3, 149.5, 

158.8. All data are consistent with the reported values.
26

 

http://en.wikipedia.org/wiki/Deuterated_chloroform
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3H-Benzo[b]thiophen-2-one (2-4)
27,28

 

A solution of the 2-Benzothienylboronic acid (2.00 g, 11.2 mmol) in EtOH (40 mL) was added 

30 % hydrogen peroxide (16 mL) dropwise. The reaction mixture was stirred at room 

temperature for 16 hours. Upon completion, the reaction mixture was diluted with water and 

extracted with dichloromethane (50 mL x 3). The combined organic layers was dried over 

MgSO4 and concentrated in vacou. The product was purified using silica gel column 

chromatography to afford compound 2-4 (1.50 g, 89 %) as brown solid: 
1
H NMR (400 HMz, 

CDCl3) δ 3.93 (s, 2 H), 7.20 (m, 1 H), 7.29 (m, 3 H); 
13

C NMR (400 HMz, CDCl3) δ 47.2, 122.9, 

124.7, 126.0, 128.2, 132.1, 136.9, 202.8. All data are consistent with the reported values.
27,28

 

 

2-Sulfhydryphenyl acetic acid (2-5)
15

 

A solution of compound 2-4 (1.40 g, 9.32 mmol) in THF (20 mL) and heated to 60 
o
C

 
under inert 

condition. The reaction mixture was added a solution of LiOH (2.35 g, 55.9 mmol) in water (20 

mL) dropwise. The mixture was stirred at 60 
o
C for 17 hours. Upon completion, the reaction 

mixture was cooled down to room temperature and diluted with water. The pH value of the 

mixture was adjusted to pH 2 using 1 M HCl. The acidified solution was extract with ethyl ether 

(20 mL x 3). The combined organic layer was dried with MgSO4 and concentrated in vacou. The 

product was purified using silica gel column chromatography to afford compound 2-5 (1.20 g, 77 

%) as dark purple solid: 
1
H NMR (400 HMz, CDCl3) δ 3.49 (s, 1 H), 3.82 (s, 2 H), 7.19 (m, 2 H), 

7.24 (m, 1 H), 7.41 (m, 1 H); 
13

C NMR (400 HMz, CDCl3) δ 40.0, 126.9, 128.2, 130.7, 131.0, 

132.4, 133.3, 177.1. All data are consistent with the reported values.
15

 

 

4-Sulfhydrypentanoic acid (2-8)
29

  

A solution of γ-valerolactone (4.20 g, 42.0 mmol) and 48 % HBr (23 mL, 210 mmol) was heated 

to 100 
o
C, and followed by slow addition of thiourea (16.0 g, 210 mmol). The reaction mixture 

was stirred under reflux condition for 42 hours. Then, the mixture was allowed to cool down to 
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room temperature and extracted with DCM (30 mL x 3) to remove excess thiourea. The pH value 

of the aqueous phase was adjusted to 13-14 using KOH. The aqueous phase was stirred 

vigorously under reflux condition for 24 hours. Upon completion, the reaction mixture was 

allowed to cool to room temperature and diluted with water. The pH value of the mixture was 

adjusted to 2 using 1N HCl, and extract with DCM (30 mL x 3). The combined organic layer was 

washed with brine, dried with MgSO4 and concentrated in vacou. The product was purified using 

silica gel column chromatography to afford compound 2-8 (3.00 g, 53 %) as light-yellow oil:  
1
H 

NMR (500 HMz, CDCl3) δ 1.37 (d, J = 6.8 Hz, 3 H), 1.45 (d, J = 7.1 Hz, 1 H), 1.76 (m, 1 H), 

2.00 (m, 1 H), 2.47–2.59 (m, 2 H), 2.95 (m, 1 H); 
13

C NMR (500 HMz, CDCl3) δ 25.6, 31.8, 34.9, 

35.4, 179.7. All data are consistent with the reported values.
29

  

 

4-(Pyridin-2-yldisulfanyl)pentanoic acid (2-9)
29

 

A solution of compound 2-2 (5.89 g, 26.7 mmol) in EtOH(132 mL) under inert condition was 

added a solution of compound 2-8 (600 mg, 4.46 mmol) in EtOH (22.3 mL) slowly. The reaction 

mixture was stirred at reflux condition and monitored via TLC. Upon completion (2 h), the 

solvent was evaporated and the residual was purified via silica gel column chromatography to 

afford compound 2-9 (1.01 g, 94 %): 
1
H NMR (500 HMz, CDCl3) δ 1.34 (d, J = 6.8 Hz, 3 H), 

1.91 (m, 1 H), 2.00 (m, 1 H), 2.54 (m, 2 H), 3.03 (m, 1 H), 7.10 (dt, J = 1.6, 13.0 Hz, 1 H), 7.65 

(dt, J = 1.8, 17.4 Hz, 1 H), 7.73(d, J = 8.1 Hz,1 H), 8.46 (d, J = 4.3 Hz, 1 H); 
13

C NMR (500 

HMz, CDCl3) δ 20.5, 30.5, 31.3, 46.1, 120.2, 120.8, 137.2, 149.2, 160.5, 177.9. All data are 

consistent with the reported values.
29,30

 

 

Triisopropylsilyl 4-(pyridine-2-yldisufany)pentanoate (2-10)
30

 

A solution of compound 2-9 (1.01 g, 4.17 mmol) and TEA (1.16 mL, 8.34 mmol) in DCM (23 

mL) was cooled to 0 
o
C under inert condition and TIPSCl (0.88 g, 4.59 mmol) was added 

dropwise. The reaction mixture was allowed to warm to room temperature gradually and stirred 

for 22 hour. After completion, the reaction was quenched with saturated NH4Cl (5 mL) and 

extracted with DCM (20 mL x 3). The combined organic extract was washed with brine, dried 
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with MgSO4 and concentrated in vacou. The product was purified via silica gel column 

chromatography to afford compound 2-10 (1.53 g, 92 %) as light-yellow oil:
 1

H NMR (500 HMz, 

CDCl3) δ1.04–1.05 (m, 21 H), 1.33(d, J = 6.8 Hz, 3 H), 1.87 (m, 1 H), 1.98 (m, 1 H), 2.51 (m, 2 

H), 3.02 (q, J = 6.8 Hz, 1 H), 7.06 (m, 1 H), 7.62 (m, 1 H),7.72 (m, 1 H), 8.43(m,1 H); 
13

C NMR 

(500 HMz, CDCl3) δ11.8, 17.7, 20.5, 31.1, 33.2, 46.2, 119.8, 120.5, 136.9, 149.3, 160.8, 172.9. 

All data are consistent with the reported values.
30

 

 

 2(2-5-Oxo-5-(triisopropylsilyloxy)pentan-2-yldisulfanylphenyl) acetic acid (2-11)
30

 

A solution of compound 2-10 (300 mg, 0.751 mmol) in THF (7.5 mL) and cool to -10 
o
C under 

inert condition. The reaction mixture was slowly added a solution of compound 2-5 (126 mg, 

0.751 mmol) in THF (7.5 mL). The reaction mixture was stirred at -10 
o
C for 3 hours. Upon 

completion, the solvent was evaporated and the residual was purified via silica gel column 

chromatography to afford compound 2-11 (280 mg, 82 %) as light-yellow oil: 
1
H NMR (500 

HMz, CDCl3): δ 1.01–1.05 (m, 18 H), 1.24–1.29 (m, 6 H), 1.80 (m, 1 H), 1.97 (m, 1 H), 2.41 (m, 

2 H), 2.89 (q, J = 6.8 Hz, 1 H), 3.89 (d, J = 4.2 Hz, 2 H), 7.21 (m, 2 H), 7.29 (m, 1 H), 7.79 (d, J 

= 7.7 Hz, 1 H);
 13

C NMR (500 HMz, CDCl3): δ 11.8, 17.7, 20.2, 31.0, 33.1, 38.9, 45.8, 127.5, 

128.3, 130.1, 130.8, 133.1, 137.8, 173.5, 176.0. All data are consistent with the reported values.
30

  

 

Drug-linker-TIPS (2-12)
31

 

A solution of compound 2-11 (100 mg, 0.219 mmol), SB-T-1214 1-26 (206 mg, 0.241 mmol) 

and DMAP (6.69 mg, 0.055 mmol) in DCM (4.4 mL), and cooled to 0 
o
C under inert condition.  

The reaction mixture was added EDC (62.9 mg, 0.328 mmol). The reaction mixture was stirred 

at 0 
o
C first and warm to room temperature gradually and it was monitored via TLC. Upon 

completion (24 h), the mixture was washed with water and extract with DCM (5 mL x 3). The 

combined organic extract was washed with brine, dried with MgSO4 and concentrated in vacou. 

The product was purified via silica gel column chromatography to afford compound 2-12 (171 

mg, 60 %) as white solid: 
1
H NMR (500 HMz, CDCl3, ppm) δ 1.01–1.05 (m, 18 H), 1.08 (m, 2 

H), 1.15 (m, 3 H), 1.26 (m, 8 H), 1.36 (s, 6 H), 1.66 (s, 2 H), 1.72 (s, 2 H), 1.78 (m, 3 H), 1.90 (m, 
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2 H), 2.04 (s, 3 H), 2.38 (m, 4 H), 2.54 (m, 1 H), 3.78 (s, 1 H), 4.13 (s, 2 H), 4.18 (m, 1 H), 4.31 

(m, 1 H), 4.41 (m, 1 H), 4.98 (m, 2 H), 5.14 (m, 1 H), 5.68 (d, J = 7 Hz, 1 H), 6.22 (m, 1 H), 6.30 

(d, J = 7 Hz, 1 H), 7.30 (m, 1 H), 7.60 (t, J = 5 Hz, 1 H), 7.80 (t, J = 11 Hz, 1 H), 8.10 (d, J = 6.4 

Hz, 1 H). All data are consistent with the reported values.
31

 

 

Drug-linker-COOH (2-13)
31

 

A solution of compound 2-12 (147 mg, 0.114 mmol) in acetonitrile (5 mL) and pyridine (5 mL) 

and cooled to 0 
o
C under inert condition. The reaction mixture was added HF/pyridine(1.5 mL) 

dropwise. The mixture was allowed to warm to room temperature and monitored via TLC. Upon 

completion (24 h), the reaction mixture was quenched with 0.2 M citric acid (3 mL) and 

extracted with ethyl acetate (10 mL x 3). The combined organic phase was washed with CuSO4, 

brine, dried over MgSO4 and concentrated in vacou. The product was purified via silica gel 

column chromatography to afford compound 2-13 (110 mg, 85%): 1H NMR (500 MHz, CDCl3, 

ppm) δ 1.00 (m, 2 H), 1.08 (m, 2 H), 1.15 (m, 3 H), 1.26 (m, 9 H), 1.36 (s, 6 H), 1.66 (s, 2 H), 

1.72 (s, 2 H), 1.78 (m, 3 H), 1.90 (m, 2 H), 2.04 (s, 3 H), 2.38 (m, 4 H), 2.54 (m, 1 H), 3.78 (s, 1 

H), 4.13 (s, 2 H), 4.18 (m, 1 H), 4.31 (m, 1 H), 4.41 (m, 1 H), 4.98 (m, 2 H), 5.14 (m, 1 H), 5.68 

(d, J = 7 Hz, 1 H), 6.22 (m, 1 H), 6.30 (d, J = 7 Hz, 1 H), 7.30 (m, 1 H), 7.59 (t, J = 5 Hz, 1 H), 

7.80 (t, J = 11 Hz, 1 H), 8.10 (d, J = 6.4 Hz, 1 H). All data are consistent with the reported 

values.
31

 

 

Coupling-ready drug-linker construct (2-14)
31

 

A solution of compound 1-13 (110 mg, 0.097 mmol) and EDC (22.3 mg, 0.116mmol) in THF 

(4.84 mL) was added NHS (13.4mg, 0.116 mmol). The reaction mixture was stirred at room 

temperature and monitored via TLC. Upon completion (18 h), the mixture was washed with 

brine, dried over MgSO4 and concentrated in vacou. The product was purified via silica gel 

column chromatography to afford compound 2-14 (104 mg, 87 %) as white solid: 
1
H NMR (400 

HMz, CDCl3) δ 0.93–1.00 (m, 3 H), 1.11–1.14 (m, 5 H), 1.23–1.27 (m, 5 H), 1.31 (m, 3H), 1.34 

(s, 9H), 1.66 (m, 5H), 1.71 (s, 3H), 1.73 (s, 3H), 1.90 (s, 3H), 1.98 (q, J = 7.2 Hz, 1H), 2.04 (s, 
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3H), 2.29–2.39 (m, 5 H), 2.53 (m, 1H), 2.66 (t, J = 7.5 Hz, 2 H), 2.82 (s, 4H), 3.00 (m, 1H), 3.80 

(d, J = 7.0 Hz, 1 H), 3.97 (m, 1 H), 4.07 (m, 1 H), 4.10 (d, J = 7.2 Hz, 1 H), 4.18 (d, J = 8.4 Hz, 1 

H), 4.30 (d, J = 8.4 Hz, 1 H), 4.42 (q, J = 5.8 Hz, 1 H), 4.80 (m, 1 H), 4.92–4.97 (m, 3 H), 5.09 

(m, 1 H), 5.67 (d, J = 7.1 Hz, 1 H), 6.18 (t, J = 8.9 Hz, 1 H), 6.28 (s, 1 H), 7.26–7.33 (m, 3 H), 

7.47 (t, J = 7.7 Hz, 2 H), 7.60 (t, J = 7.5 Hz, 1 H), 7.79 (d, J = 7.5 Hz, 1 H), 8.11 (d, J = 7.3 Hz, 1 

H); 
13

C NMR (400 HMz, CDCl3) δ 9.5, 13.0, 14.8, 18.5, 20.4, 21.0, 22.4, 25.6, 25.7, 26.7, 28.2. 

43.2, 45.6, 58.5, 60.4, 75.2, 75.4, 81.0, 84.5, 128.0, 128.4, 128.6, 129.3, 130.2, 130.6, 130.8, 

131.0, 133.6, 137.2, 137.7, 143.5, 167.0, 168.0, 169.0, 169.6, 170.1, 171.1, 175.1, 177.9, 204.1. 

All data are consistent with the reported values.
31

 

 

Biotin methyl ester (2-16)
15,24

 

An emulsion of biotin (100 mg, 0.409 mmol) in CH3OH (4.1 mL) was cooled to 0 °C.  To the 

emulsion was added thionyl chloride (195 mg, 1.64 mmol) dropwise.  As the addition was 

complete, the reaction solution became clear, and the mixture was stirred at room temperature 

and monitored via TLC.  After 20 h, the reaction solvent was evaporated, and the product was 

purified via flash silica gel column chromatography to afford compound 2-16 (104 mg, quant. 

yield) as white solid: 
1
H NMR (400 MHz, CD3OD) δ 1.44 (quin, J = 6.5 Hz, 2 H), 1.53–1.76 (m, 

4H), 2.34 (t, J = 7.4 Hz, 2 H), 2.70 (d, J = 12.8 Hz, 1H), 2.92 (dd, J = 5.0, 12.8 Hz, 1H), 3.20 

(quin, J = 4.8 Hz, 1 H), 3.65 (s, 3 H), 4.30 (m, 1 H), 4.49 (m, 1 H); 
13

C NMR (400 MHz, 

CD3OD) δ 24.0, 27.6, 27.8, 32.7, 39.2, 50.2, 55.1, 59.8, 61.5, 164.3,174.2. All data are consistent 

with the reported values.
15,24

 

 

Biotin hydrazide (2-17)
15,24

 

To a solution of 2-16 (104 mg, 0.403 mmol) in CH3OH (4.1 mL) was added anhydrous 

hydrazine (80.6 mg, 1.61 mmol).  The mixture was stirred at room temperature for 24 hour and 

reflux for another 16 hours. After completion, the reaction solvent was evaporated.  The resulting 

crude was diluted with water and washed with CHCl3 (20 mL x 5).  The aqueous layer was 

collected and concentrated in vacuo to yield compound 2-16 (110 mg, quant. yield), as a white 

solid: 
1
H NMR (400 MHz, H2D) δ 1.41 (qui, J = 6.0 Hz, 2 H), 1.55–1.77 (m, 4 H), 2.24 (t, J = 

5.9 Hz, 2 H), 2.79 (d, J = 10.4 Hz, 1 H),  3.01 (dd, J = 5.0, 13 Hz, 1 H), 3.45 (m, 1 H), 4.44 (m, 1 



68 
 

H), 4.61 (m,1 H); 
13

C NMR (400 MHz, H2D) δ 24.8, 27.6, 33.4, 55.3, 60.2, 62.0, 165.4, 175.6. 

All data are consistent with the reported values.
15,24

  

 

Biotin-Me-linker-SB-T-1214 drug conjugate (2-18)
15

 

To a solution of 11 (140 mg, 0.1 mmol) dissolved in DMSO [0.2 M] was added 13 (30 mg, 0.1 

mmol) dissolved in DMSO [0.2 M], dropwise. The mixture was stirred at room temperature and 

the reaction was monitored via TLC.  After 8 h, the reaction was diluted with water resulting in a 

white precipitate.  The precipitate was collected and purified using flash column chromatography 

on silica gel (10% CH3OH in CH2Cl2) to yield 5-18 (10 mg, 56 % yield), as a white solid: 
1
H 

NMR (400 MHz, CDCl3) δ 0.83–0.87 (m, 2 H), 1.09–1.13 (m, 9 H), 1.23–1.34 (m, 6 H), 1.64–

1.69 (m, 21 H), 1.89 (s, 4 H), 2.02 (s, 3 H), 2.14–2.45 (m, 10 H), 2.64 (m, 3 H), 2.95 (m, 3 H), 

3.61 (t, J = 8.5 Hz, 1 H), 3.77 (d, J = 7.2 Hz, 1 H), 3.97 (br s, 2 H), 4.13 (d, J = 8.8 Hz, 1 H), 

4.26 (d, J = 8.8 Hz, 1 H), 4.35–4.39  (m, 1 H), 4.92–5.12 (m, 4 H), 5.64 (d, J = 8.5 Hz, 1 H), 6.14 

(m, 1 H), 6.30 (s, 1 H), 7.42–7.49 (m, 2 H), 7.56–7.58 (m, 1 H), 7.77 (m, 1 H), 8.07 (d, J = 7.2 

Hz, 2 H), 8.93 (br  s, 1 H), 9.34 (s, 1 H); 
13

C NMR (500 MHz, CDCl3) δ 1.21, 9.38, 9.50, 9.9, 

13.3, 13.7, 15.0, 18.7, 22.2, 22.7, 25.3, 26.0, 26.8, 27.9, 28.5, 28.6, 29.9, 33.2, 33.5, 35.7, 36.0, 

38.9, 40.2, 43.4, 46.2, 55.5, 58.6, 61.4, 62.8, 72.0, 75.2, 75.7, 79.3, 81.3, 84.6, 128.1, 128.8, 

129.5, 130.3, 130.5, 131.4, 132.9, 133.4, 133.8, 137.0, 142.8, 164.4, 167.1, 168.6, 170.0, 170.8, 

172.2, 175.0, 204.0. All data are consistent with the reported values.
15

 

  

1,11-Diazido-3,6,9-trioxaundecane (2-20)
25

  

A solution of tetraethylene glycol (6.00 g, 30.9 mmol) and methanesulfonyl chloride (6.00 mL, 

77.2 mmol) in THF (60 mL) was cooled to 0 
o
C via ice bath. The mixture was added a solution 

of Et3N (10.8 mL, 77.2 mmol) in THF (6 mL) to form a yellow-white precipitate. After one hour, 

the ice bath was removed, and the mixture was stirred for another 3.5 hours. Addition of H2O 

dissolved the solid, forming two liquid phases, and pH value of the mixture was adjusted to pH 8 

via addition of saturated NaHCO3 in a cold water bath. The mixture was added followed by 

NaN3 (5.02 g, 77.2 mmol), and reflux for 24 hours. The aqueous layer was extracted Et2O (20 mL 

x 5), and each Et2O layer was backwashed with the same 15-mL aliquot of saturated NaCl. The 

organic layers were combined, dried over magnesium sulfate, filtered, and concentrated in vacou 
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to afford compound 2-20 (4.59g , 60.8 % ) as light yellow oil: 
1
H NMR (500 MHz, CDCl3) δ 

3.38 (t, J = 5.1 Hz, 4 H), 3.67 (m, 12 H); 
13

C NMR (500 MHz, CDCl3) δ 50.6, 70.0, 70.7. All 

data are consistent with the reported values.
25

 

 

1-Amino-11-azido-3,6,9-trioxaundecane (2-21)
25

 

A solution of Diazide compound 2-20 (3.46 g, 14.1 mmol) 0.65 M aqueous H3PO4 (33 mL) was 

stirred at room temperature while Ph3P (3.23 g, 12.3 mmol) in Et2O (24.3 mL) was added 

dropwise over 30 min followed by 3 mL of ether to rinse the addition funnel. After stirring under 

nitrogen gas for 24 h, the aqueous layer was washed with Et2O (30 mL x 3), and 2.6 g of KOH 

was added. After traces of ether had evaporated, the mixture was cooled to 4 °C for 16 h, and 

Ph3PO was removed by filtration. Addition of 14 g of KOH to the aqueous solution, and it 

extracted with CH2Cl2 (20 mLx 7), dried over MgSO4 and concentrated in vacou. The product 

was purified via flash aluminium oxide column chromatography compound 2-21 (3.15 g, 75%) 

as clear oil: 
1
H NMR (400 MHz, CDCl3) δ1.84 (br s, 2 H), 2.81 (t, J = 5.0 Hz, 2 H), 3.33 (t, J = 

5.1 Hz, 2 H), 3.46 (t, J = 5.2 Hz, 2 H), 3.57–3.62 (m, 10 H); 
13

C NMR (400 MHz, CDCl3) δ 41.6, 

50.5, 69.9, 70.1, 70.5, 73.1. All data are consistent with the reported values.
25

 

 

4-Pentynoic acid succinimidyl ester (2-23)
32

 

A solution of 4-pentynoic acid (43 mg, 0.438 mmol), EDC∙HCl (168 mg, 0.877 mmol) and 

DMAP (13.4 mg, 0.110 mmol) in dichloromethane (1 mL) was stirred at room temperature for 

10 minutes, and a solution of NHS (115 mg, 0.526 mmol) in DCM (1 mL) was added. The 

reaction was monitored via TLC plate. After 4 hours, the mixture was washed with water (5 mL 

x 2). The combined organic layer was washed with brine, dried with MgSO4 and concentrated in 

vacou. The product was purified via silica gel column chromatography to afford compound 2-23 

(78 mg, 91 %) as white solid:
 1
H NMR (500 HMz, CDCl3) δ 2.04 (t, J = 2.7 Hz, 1 H), 2.62 (m, 2 

H), 2.84 (br s, 4 H), 2.88 (m, 2 H); 
13

C NMR (500 HMz, CDCl3) δ 14.1, 25.5, 30.3, 70.0, 80.8, 

167.0, 168.9. All data are consistent with the reported values.
32
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N-(11-Azido-3,6,9-trioxaundecyl)pent-4-ynamide (2-24) 

A solution of compound 2-23 (100 mg, 0.512 mmol) and compound 2-21 (183 mg, 0. 615 mmol) 

in dichloromethane (3 mL) was stirred at room temperature and monitored via TLC plate. After 

28 hours, the solvent was evaporated, and the residual was purified by column chromatography 

to give compound 2-24 (116 mg, 76%) as clear oil:  
1
H NMR (400 MHz, CDCl3) δ 2.02 (t, J = 

2.6 Hz, 1 H), 2.41 (t, J = 7.3 Hz, 2 H), 2.38 (m, 2 H), 3.39 (t, J = 5.01 Hz, 2 H), 3.47 (m, 2H), 

3.57 (t, J = 5.0 Hz, 2 H), 3.62–3.66 (m, 10 H), 6.18 (br s, 1 H); 
13

C NMR (400 MHz, CDCl3) δ 

14.8, 35.2, 39.2, 50.6, 69.2, 69.7, 70.0, 70.1, 70.5, 70.6, 82.9, 170.9.  

 

N-(11-Amino-3,6,9-trioxaundecyl)pent-4-ynamide (2-25) 

A solution of compound 2-24 (50 mg, 0.168 mmol) in THF (1.3 mL) was added a solution of 

triphenylphosphine (132 mg, 0.503 mmol) in water (0.37 mL). The mixture was stirred at room 

temperature and monitored via TLC. After 22 hours, the solvent was evaporated and the residual 

was extracted with benzene (5 mL x3) and collect the aqueous layers. The product was 

concentrated in vacou to afford the compound 2-25 (42 mg, 92 %) as clear oil: 1H NMR (500 

MHz, CDCl3) δ 1.91 (br s, 2 H), 2.00 (t, J = 2.6 Hz, 1 H), 2.41 (t, J = 7.3 Hz, 2H), 2.52 (m, 2 H), 

2.86 (t, J = 5.2 Hz, 2 H), 3.45 (m, 2 H), 3.51–3.56 (m, 4 H), 3.61–3.64 (m, 8 H), 6.96 (br s, 1 H); 

13C NMR (500 MHz, CDCl3) δ 14.9, 35.2, 39.2, 41.6, 69.1, 70.0, 70.1, 70.2, 70.5, 70.6, 73.2, 

83.2, 171.0.  

 

PEG-Azide-Me-linker-SB-T-1214 drug conjugate (2-26) 

A solution of compound 2-14 (20 mg, 0.016 mmol) and amine-PEG-azide 2-25 (9.0 mg, 0.033 

mmol) in dichloromethane (1 mL) was stirred at room temperature and the reaction was 

monitored via TLC. After 3 hours, the mixture was washed with water. The organic phase was 

collected, dried over MgSO4 and concentrated in vacou to give the compound 2-26 (20 mg, 89 %) 

as white solid: 
1
H NMR (400 MHz, CDCl3) δ 1.14 (s, 3 H), 1.25 (s, 3 H), 1.29(d, J = 6.8 Hz, 3 
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H), 1.34 (s, 9 H), 1.66 (s, 3 H), 1.71 (s, 3 H), 1.73 (s, 3 H), 1.86–1.91 (m, 6 H), 2.03 (t, J = 2.6 

Hz, 1H), 2.05 (t, J = 2.7 Hz, 1H), 2.12 (m, 2 H), 2.39 (m, 4 H), 2.52 (m, 3 H), 2.62 (m, 2 H), 2.68 

(m, 1 H), 2.84 (s, 3H), 2.89 (m, 3 H), 3.39 (m, 2 H), 3.44–3.49 (m, 2 H), 3.51–3.58 (m, 4 H), 

3.64 (br s, 8 H), 3.73 (m, 1 H), 3.80(d, J = 3.7 Hz, 1 H), 3.99 (s, 1 H), 4.08 (d, J = 1.0 Hz, 1 H), 

4.18 (d, J = 4.2, 1 H), 4.30 (d, J = 4.2, 1 H), 4.40 (m, 1 H), 4.95–4.98(m, 4 H), 5.10 (br s, 1 H), 

5.68 (d, J = 7.2 Hz, 1 H), 6.01 (br s, 1 H), 6.19 (t, J = 8.7 Hz, 1 H), 6.29 (m, 2 H), 7.31–7.33 (m, 

3 H), 7.47 (t, J = 7.2, 2 H), 7.60 (t, J = 7.4 Hz, 1 H), 7.80 (m, 1 H), 8.11 (d, J = 3.9 Hz, 1 H).  

 

Nγ-((((Azidoethoxy)ethoxy)ethoxy)ethyl)-α-(tertbutyl)-Nα-fmoc-L-glutamin (2-28) 

To a solution of Fmoc-Glu-OtBu (250 mg, 0.588 mmol), EDC∙HCl (169 mg, 0.883 mmol) and 

azide-PEG-amine  2-24 (154 mg, 0.706 mmol) in DCM [0.058M]. The reaction mixture was 

stirred at room temperature for one and a half hour. Upon completion, the mixture was 

concentrated in vacou, and the product was purified using silica gel column chromatography to 

afford compound 2-28 (228 mg, 62 %), as yellow oil: 
1
H NMR (400 MHz, CDCl3) δ 1.47(s, 9 H), 

1.96 (m, 1 H), 2.23 (m, 2 H), 3.36 (t, J = 5.0 Hz, 2 H), 3.45 (t, J = 5.1 Hz, 2 H), 3.55 (t, J = 5.3 

Hz, 2 H), 3.63–3.65 (m, 10 H), 4.22 (m, 2 H), 4.39 (quin, J = 5.1 Hz, 2 H), 5.65 (d, J = 8.0 Hz, 1 

H), 6.25 (br s, 1 H), 7.32 (tt, J = 7.4, 1.2 Hz, 2 H), 7.40 (t, J = 7.5 Hz, 2 H), 7.61 (m, 2 H), 7.77 

(d, J = 7.3 Hz, 2 H). All data are consistent with the reported values.
33

 

 

Nγ-((((Azidoethoxy)ethoxy)ethoxy)ethyl)-α-(tertbutyl)-L-glutamin (2-29) 

A solution of compound 2-28 (327 mg, 0.523 mmol) in DCM [0.03M] was cooled to 0 
o
C, and 

TFA (3.27 mL, 0.04 mol) was added. The reaction mixture was stirred at 0 
o
C for two hours and 

the reaction temperature move to room temperature gradually and stirred for another 7 hours. 

Upon completion, the reaction mixture was washed with water (15 mL x 4) and concentrated in 

vacou to afford the compound 2-29 (263 mg, 88 %), as white-yellow solid: 
1
H NMR (400 MHz, 

CDCl3) δ 2.15 (m, 2 H), 2.47 (m, 2 H), 3.37 (t, J = 4.9 Hz, 2 H), 3.47 (m, 2 H), 3.57 (t, J = 4.5 

Hz, 2 H), 3.63–3.65 (m, 10 H), 4.21(t, J = 7.0 Hz, 1 H), 4.37 (quin, J = 8.68 Hz, 3 H), 6.01 (d, J 

= 6.4 Hz, 1 H), 6.60 (br s, 1 H), 7.31 (t, J = 7.4 Hz, 2 H), 7.40 (t, J = 7.4 Hz, 2 H), 7.59 (t, J = 5.8 
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Hz, 2 H), 7.76 (d, J = 7.6 Hz, 2 H); 
13

C NMR (500 MHz, CDCl3) δ 22.6, 28.7, 31.5, 32.2, 39.6, 

47.0, 50.6, 53.3, 67.0, 69.3, 69.9, 70.1, 70.4, 119.9, 125.1, 127.1, 127.7, 141.2, 143.7, 143.9, 

156.2, 173.4, 173.5. All data are consistent with the reported values.
33

 

 

Phenol-Me-linker-TIPS (2-30)
31

 

A solution of compound 2-11 (370 mg, 0.810 mmol), EDC∙HCl (186 mg, 0.972 mmol), and 

DMAP (30mg, 0.243 mmol) in DCM [0.1 M] was under inert condition at 0 
o
C, and a solution of 

phenol (91.5 mg, 0.972 mmol) in 4 mL DCM was added into the flask. The temperature of 

reaction mixture was warm to room temperature gradually and it was monitored via TLC. After 4 

hours, the reaction was washed with brine. The organic layers were dried over MgSO4 and 

concentrated in vacuo. The residue crude was purified via silica gel column chromatography to 

afford the compound 2-30 (280 mg, 65%), as light-yellow oil: 
1
H NMR (400 HMz, CDCl3) δ 

1.06–1.09 (m, 18H), 1.24–1.28(m, 3H), 1.31 (d, J = 6.8 Hz, 3H), 1.86 (m, 1H), 1.96 (m, 1H), 

2.36–2.49 (m, 2H), 2.96 (sext, J = 6.8 Hz, 1H), 4.12 (s, 2H), 7.11 (m, 2H), 7.21 (tt, J = 7.4, 1.1 

Hz, 1H), 7.26 (m, 1H), 7.29–7.38 (m, 4H), 7.82 (m, 1H); 
13

C NMR (400 HMz, CDCl3) δ11.8, 

17.8, 20.5, 31.0, 33.0, 39.4, 46.1, 121.4, 125.8, 127.6, 128.2, 129.3, 130.2, 130.8, 133.3, 137.6, 

150.8, 173.0. All data are consistent with the reported values.
31

 

 

Phenol-Me-linker-CO2H (2-31)
31

 

A solution of compound 2-30 (274 mg, 0.514 mmol) in a 1:1 mixture of CH3CN:py [0.05 M] 

was cooled to 0 
o
C and HF:py (2.7 mL) was added. The mixture was warmed to room 

temperature gradually and the reaction was monitored via TLC. After 20 h, the reaction was 

quenched with 0.2 M citric acid and extracted with EA (2 x 20 mL). The organic layer was 

washed with aqueous CuSO4 (2 x 20 mL), brine (3 x 20 mL), and dried over MgSO4 and 

concentrated in vacuo. The crude product was purified using silica gel column chromatography 

to yield compound 2-31 (188 mg, 96% yield), as a clear oil:
 1

H NMR (400 MHz, CDCl3) δ 1.29 

(d, J = 6.8 Hz, 3H), 1.86 (sext, J = 1.86 Hz, 1H), 1.97 (sex, J = 7.5 Hz, 1H), 2.42 (m, 2H), 2.95 

(q, J = 6.7 Hz, 1H), 4.12 (s, 2H), 7.11 (d, J = 7.8 Hz, 2H), 7.19–7.28 (m, 2H), 7.30–7.38 (m, 4H), 

7.81 (d, J = 7.8 Hz, 1H); 
13

C NMR (400 MHz, CDCl3) δ 20.4, 30.3, 31.1, 39.4, 45.8, 121.4, 
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125.8, 127.8, 128.3, 129.3, 130.4, 130.9, 133.5, 137.5, 150.7, 169.4, 178.7. All data are 

consistent with the reported values.
31

 

 

Phenol-Me-linker-OSu (2-32)
31

 

A solution of compound 2-31 (176 mg, 0.467 mmol), EDC∙HCl (179 mg, 0.934 mmol), and 

DMAP (17 mg, 0.14 mmol) in DCM [0.1 M] was added a solution of NHS (64.5 mg, 0.560 

mmol) in 2 mL DCM. The mixture was stirred at room temperature and the reaction was 

monitored via TLC.  After 2 h, the mixture was washed with water (2 x 15 mL), dried over 

MgSO4 and concentrated in vacuo. The crude product was purified using silica gel column 

chromatography to yield compound 2-32 (189 mg, 86% yield), as a clear oil:
 1

H NMR (400 

MHz, CDCl3) δ 1.31 (d, J = 6.8, 3H), 1.96 (m, 1H), 2.06 (m, 1H), 2.66 (t, J = 7.5 Hz, 2 H), 2.82 

(br s, 4 H), 3.00 (sex, J = 6.2 Hz, 1 H), 4.13 (s, 2 H), 7.11 (m, 2 H), 7.21 (tt, J = 7.4, 2.3 Hz, 1 H), 

7.25–7.28 (m, 1H), 7.31–7.38 (m, 4 H), 7.81 (m, 1 H); 
13

C NMR (400 MHz, CDCl3) δ 20.4, 25.6, 

28.3, 30.3, 39.4, 45.6, 121.5, 125.8,127.9, 128.4, 129.4, 130.5, 130.9, 133.6, 168.1, 169.0, 169.4. 

All data are consistent with the reported values.
31
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