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PHASE SYNTHESIS 

By Marco Massimiliano Meloni 

A number of novel silicon linkers were synthesized starting 6om commercially 

available Merrifield resin. After validation of the chemistry with a successful solution 

phase model, the optimized protocol was transferred to the solid phase, affording a 

range of silyloxy chloride linkers in good and consistent values of loading. These 

linkers displayed excellent reactivity with primary, secondary and even tertiary alcohols 

and selective silylations of primary alcohols were also achieved. As part of the study a 

useful colorimetric test for the detection of polymer supported tertiary alcohols was 

developed and the utility of the linkers as supported protecting groups for alcohols was 

demonstrated under a range of experimental conditions, including strong bases, 

Grignard reagents, Suzuki, Heck, Sonogashira, RCM reactions and SPPS. The synthesis 

of the cyclopeptide Stylopeptide 1 was attempted, employing the silyl linker as a 

supported side chain protecting group. 
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CHAPTER 1. INTRODUCTION AND BACKGROUND 

1.1 Solid phase synthesis 

Since Bruce Merrifield's pioneering work in 1963, ^ solid phase synthesis has become a 

very popular technique in organic chemistry. The reason of this success is simple; after 

its immobilization on a polymeric support, the substrate is subjected to a variety of 

chemical reactions with the advantage that at the end of each step, the product is still 

linked to the polymer, and removal of impurities and/or byproducts can be 

accomplished simply by washing the support. Consequently, the time needed for 

intermediate purifications is dramatically reduced. Furthermore, the reactions can be 

driven to completion using an excess of reagents, which can be simply washed away at 

the end of each step. 

This brilliant strategy was first adopted for the synthesis of the peptides, such as 

Bradykinin, ^ a nonapeptide hormone, which was obtained in a 51% overall yield and in 

short reaction times. 

Over the last few decades there has been a rapidly growing interest to extend solid 

phase synthesis technique to the synthesis of other biological active compounds, like 

oligosaccarides, ^ heterocycles and peptidomimetics. 

Despite successes encountered, one drawback of solid phase synthesis has been the lack 

of methods for the reaction monitoring. Some standard analytical techniques used in 

solution, like TLC or GC analysis, cannot be used, as the product is linked to the 

polymer. A solution has been to cleave the product from the support and perform 

subsequent analysis in solution. However, this method is tiresome, and sometimes 

required large amounts of material. In addition, the samples of resin analysed cannot be 

employed anymore for the next transformations. 

For these reasons there has been huge interest to develop novel methods to monitor the 

reaction progress, and nowadays techniques like gel phase NMR, FTIR, mass 

spectrometry and the colorimetric assays are quite common. The first two of these 

are advantageous, as the resin can be recovered after the analysis and used for further 

transformations. In addition, NMR is useful to check the extent of reaction. However, 

both NMR and IR are time-consuming, as they require the resin to be dried for almost 



24 hours prior the analysis. This problem may be overcome by using mass 

spectrometry, which is still is a quantitative method, and recently it has been applied to 

the single resin beads. 

Finally, colorimetric assays have the advantage of speed of analysis, despite providing 

qualitative data. 

1.2 Linkers and general considerations 

To avoid confusions, a clear distinction between resins and linkers has to be done: they 

can be defined as follows: 

1. The resin can be considered as an inert matrix, insoluble in all the solvents and 

passive to chemistry. 

2. The linker can be simply considered as a polymer supported protecting group. 

As a general rule, the attachment point of the linker to the polymer has to be chemically 

stable during all the synthesis and cleavage. In addition, yields for the loading of the 

linker to the solid support should be as quantitative as possible. A huge number of 

different linkers have been synthesized over the last 20 years to allow solid phase 

multistep syntheses to be performed, allowing cleavage of the final compound in a very 

selective manner. 

As a consequence, several different linkers are currently available for solid phase 

synthesis; they allow attachment of a broad variety of compoimds, such as amines, 

alcohols, aldehydes, ketones and carboxylic acids. The choice of the best linker depends 

on the type of the substrate to attach and on its compatibility under the conditions 

required for the solid phase transformations. Furthermore, the substrate has to be stable 

under the conditions required for its final cleavage. 



1.3 Linkers for immobilization of alcohols 

Nowadays alcohol immobilization can be accomplished using a wide variety of linkers; 

the choice of the best one depends on the alcohol reactivity and on the compatibility of 

other functional groups eventually present in the molecule, as they have to be 

compatible under the conditions required for the attachment. In this section, some of the 

commonly used linkers for the alcohol attachment will be briefly described, along with 

their advantages and drawbacks. 

1.3.1 Merrifield resin 

c r CI 

1.1 

Figure 1.1 Merrifield resin 

Merrifield resin (1.1), which has been used for over 30 years, is the simplest polystyrene 

resin to which an alcohol can be linked. Couplings are usually performed via the 

corresponding alkoxides, previously formed by reaction of the alcohol with a metal, 

or strong bases, like hydride or ^gy^-butoxide salts. Phenols can be attached as well, 

in presence of sodium or cesium carbonates. Studies have shown that the reaction 

rate can be increased either by phase transfer catalysis with crown ethers, or by halogen 

exchange of the chloromethyl groups with KI. Once formed, the resulting benzyl ether 

linkage is very stable under the conditions required to cany out a variety of chemical 

transformations. A further advantage of Merrifield resin is the low price. 

However, alcohol attachment is sometimes low yielding, as the reactions are often slow 

and fail to reach completion; moreover the strong basic conditions required for the 

immobilization make the resin not suitable for molecules bearing base sensitive groups, 

like Fmoc protected amines. In addition, quantitative cleavage of the compound from 

the support requires harsh conditions, such as TFA or gaseous HF in high 

concentrations. 



U . 2 Wang and related resins 

Q P O 

X 1 .2X = 0 H 
1 . 3 X = Br 

1 . 4 X = -C(=NH)CCl3 

Figure 1.2 Wang, brominated and trichloroacetimidate Wang resins. 

Phenols can be coupled to Wang resin via a Mitsunobu reaction in good yields. In 

addition some variants of this resin have been synthesized, like brominated and 

trichloroacetimidate Wang resin ( U and 1.4 respectively) which allow attachment of 

aliphatic alcohols. 

Trichloroacetimidate Wang resin 1.4 offers the added advantage of high reactivity: in 

contrast to Merrifield resin and brominated Wang resin, alcohol and phenol linkage 

occurs under acidic conditions, employing a catalytic amount of BFg Et20. The mild 

Lewis-acidic conditions make this resin extremely useful, especially when base 

sensitive substrates have to be immobilized. Differently from Merrifield resin, linkage 

of alcohols to the polymeric matrix occurs via formation of a paramethoxybenzyl ether 

linker, which displays good stability with organometallic reagents Alcohols release is 

usually carried out using a similar approach previously described for the Merrifield 

resin. However, less harsh conditions are required for the cleavage; the reason of this 

higher acid sensitivity relies on the electron donating effect of the oxygen in the para 

position of the aromatic ring. 

1.3.3 Trityl, DHP, and carboxyl resin 

O 

OH 

0 

1.8 1.9 

1.5X=Y=H 
1.6X=CI Y=H 
1.7 X=H Y=CI 

Figure 1.3 Structures of trityl, DHP and carboxyl resins. 
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Since their introduction, the apphcation of trityl chloride resins (1.5, 1.6 and 1.7) has 

become widespread in SPOS, and they represent a valuable alternative to the 

previously cited resins. Alcohol attachment is usually performed with weak bases, like 

EtgN, DMAP, pyridine or DIPEA, and occurs via formation of a trityl ether linker. 

Differently 6om Merrifield and Wang resins, alcohols cleavage occurs rapidly upon 

exposure to 1-5% of TFA in CH2CI2, with PTSA, or HFIP. The high acid 

sensitivity of the trityl ether linkage is mainly due to the formation of a highly stabilised 

trityl cation, which occurs upon alcohol release. The mild cleavage conditions reported 

above are tolerated by many functional groups, and this feature has added to the 

attraction of these linkers for SPOS applications. However, one drawback is their high 

moisture sensitivity, which makes them unsuitable for long-term storage. 

Elhnann's DHP linker 1.8 has been employed quite successfully for alcohol attachment. 

The utility of the linker has been demonstrated by the solid phase synthesis of 2-

pyrrolidine methanol ligands, protease inhibitors, tropane derivatives, 

pyrrolidines, and ketones. Immobilization of alcohols occurs via an acetal 

fimctional group, and is performed under reflux in presence of PPTS. The resulting 

THP ether is stable to strong bases such as organolithiums and Grignard reagents. 

The cleavage of the product can be usually achieved upon treatment with 95% of TFA 

inCHzCli.^^ 

Carboxyl resin 1.9 has also been employed. Prior to alcohol attachment the resin is 

usually converted in the corresponding acid chloride, employing oxalyl or thionyl 

chloride. In contrast to the resins discussed above, linkage of the alcohol occurs via 

formation of an ester bond. Subsequent release can be accomplished by saponiScation, 

transesterification, or reduction. 

1.4 Silicon linkers in solid phase organic synthesis 

The advent of silicon linkers in the SPOS overcame many of the problems previously 

encountered. In this case alcohol attachment occurs easily with the corresponding silyl 

chlorides or triflates, and is usually f ^ t and high yielding at room temperature 

in presence of weak bases, such as DIPEA or EtgN. For less reactive alcohols, imidazole 

or DMAP can be employed to enhance the reaction rate. Once formed, the resulting 

silyl ethers are stable to strong organic and inorganic bases, Grignard reagents and 

mildly acidic conditions, depending on the choice of the silyl linker. Cleavage of the 



products from the support can be normally accomphshed with TBAF, HF pyridine 

complex or with acids, such as AcOH or TFA. 

All of these reasons make the silicon linkers a valuable alternative to the other 

commercially available linkers, leading to a significant number of applications in SPOS. 

After a brief introduction about to the silylation of alcohols in solution, the principal 

aim of the next sections is to demonstrate, with selected examples, the importance of 

silyl linkers in SPOS. 

1.4.1 Silyl ether formation 

1.4.1.1 Silylation of alcohols, a brief overview 

Silylation of alcohols, in order to decrease their reactivity, is a common process in 

organic chemistry. The reaction usually occur between the alcohol and the silyl 

chloride, in presence of a weak base (EtgN or DIPEA) (Scheme 1.1). Solvents typically 

employed are CH2CI2 or DMF. 

R 

R-Si -OR' + BH^ X" 
I 

R 

R Yi-X HOR 

Scheme 1.1 Mechanism of the silylation of alcohols 

Nowadays, many silylating reagents are employed, like TMS, TES, TIPS, TBDMS 

and the TBDPS chloride. The choice relies upon the reactivity of the alcohol (steric 

hindrance and electronic effects) and on the degree of protection desired. As a general 

rule, the bulkier the substituents on the silicon, the less reactive the corresponding silyl 

chloride. TIPS, TBDMS and the TBDPS chlorides react relatively slowly with primary 

and secondary alcohols. However, catalysts like imidazole or DMAP, can be used to 

enhance the reaction rate. In this case silylation occurs via the highly reactive 

intermediates 1.10 and 1.11 (Schemes 1.2 and 1.3). 



R 
R - S i - X ^:N, ^ R-SiHQ" " ^ N I 

/ / G 
u; R-RI—N M" V"̂  

R ^ ^ ^ ^ W X 

1.10 

R'OH R - S i - N ^ N : + HX R-Si -OR' + 
p @ \ = / \ 

Scheme 1.2 Mechanism of the DMAP catalyzed silylation of alcohols 

R 

R - S i ^ N ^ ^ R - S i - N I X I -

R ^ '"^NH R ^ 

1.11 

R M 
I /;—N 

R-Si -OR' + /% \\ + HX 
R N 

H 

R'OH R - S i - R 

Scheme 1.3 Mechanism of the imidazole catalyzed silylation of alcohols 

When even greater reactivity is required, silyl triflates can be used in place of silyl 

chlorides. Under these conditions both primary and secondary alcohols react, but the 

tertiary ones are still relatively inert. The influence of the solvent on the rate of 

silylation process has also been demonstrated: the use of polar aprotic solvents like 

DMF enhance the silylation rate, compared to CH2CI2 

In compounds bearing different hydroxyl functions, the high steric hindrance of TIPS, 

TBDMS and TBDPS chloride have been used to allow selective silylations of primary 

alcohols over secondaiy ones. Once formed, the resulting silyl ethers offer a broad 

range of stability under diGerent conditions, including organometallic, reducing and 

oxidizing reagents, depending on the bulkiness of the substituents on the silicon. 
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Silyl ether cleavage can be accomplished in acidic media, with aqueous acetic acid, 

TFA, or alternatively with a source of fluoride anion, like HF pyridine complex, HF in 

acetonitrile, TBAF in THF, KF and 18-crown-6, or employing NH4F in refluxing 

methanol. The fluoride-mediated cleavage relies upon its high afSnity for the 

silicon (AHf =594 KJmol ' for Si-F bond strenght). 

The choice of the cleavage reagent depends on the compatibility of the substrate in the 

deprotection conditions; as an example, the use of TBAF is not suitable in presence of 

other base sensitive protecting groups, like the Fmoc. Furthermore, selective 

deprotection of different silyl ethers in the same molecule can be achieved, depending 

on the type and concentration of the reagents employed. 

1.4.1.2 Alcohol immobilization via silyl ether linker 

Fr6chet gf aZ reported the first synthesis of a silyl chloride resin to 1976. According 

to their approach, bromination of unfimctionalized polystyrene 1.12 followed by 

reaction with "BuLi in THF afforded intermediate resin 1.13, which was quenched with 

dimethyldichlorosilane to afford 1.14a (Scheme 1.4). 

1.12 1.13 1.14a X=CI 
1.14b X=OH 

( 2 ^ — Polystyrene copolymer 

Scheme 1.4 (a) i. Brz, FeCI], CCI4, rt ii. '^uLi, TMEDA, A. (b) MezSiCL CgHg 

To check its formation, resin 1.14a was hydrolyzed to the more stable silanol 1.14b, 

which was analysed by IR, showing good results; the presence of the silicon was also 

conGrmed by elemental analysis of 1.14b. However, the authors limited their 

investigation only on the synthesis of the linker, and they did not pursue its employment 

intheSPOS. 

The first relevant application was clearly demonstrated by Chan gf a/ in 1985. In a 

similar approach, the authors firstly synthesized silyl resins 1.14a and 1.15, and 

demonstrated the utility of 1.15 as a supported protecting group for alcohols in the 

synthesis of a pheromone 1.19. According to Scheme 1.5, attachment of 1,9-nonane diol 



to 1.15 followed by its oxidation gave polymer bound aldeyde 1.17. Wittig reaction 

afforded alkene 1.18, which was then cleaved from the support with TBAf and reacted 

with Ac^O to afford the final compound 1.19 in a 12:88 E-Z ratio and ia 43% overall 

yield from the loading of resin 1.15. 

s -c 

o 

Si-O^^HTOH — -
Ph Ph 

1.15 1.16 1.17 

o 

^ ^ Ph 

1.18 1.19 

Scheme 1.5 (a) 1,9-nonane diol, pyridine, rt (b) Oxalyl chloride, EtgN, DMSO (c) Ph3P^(CH2)4MeBr' 
"BuLi, THF (d) TBAF, CH2CI2 (e) AcgO 

They also demonstrated that silyl chloride resin 1.15 is stable to long term storage and 

preferentially silylates primary alcohols. As a proof^ reaction of 1.15 with a 1:1 mixture 

of octan-l-ol and octan-2-ol in pyridine, followed by TBAF exposure afforded the 90% 

and 10% of the primary and the secondary alcohol, respectively. 

In 1991 Frdchet a/ introduced a different route for the synthesis of silicon resins. In 

the work the author described the preparation of a silicon containing monomer 1.23, 

which was subjected to radical copolymerization with styrene and divinylbenzene, in 

the presence of AIBN, to afford resin 1.24 (Scheme 1.6). 
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1.20 

o 
1.21 

Br 

b, c 

1.22 

1.23 

/ Ph 

Si-Ph 

1.24 

Scheme 1.6 (a) AcCl, AICI3 (b) NaBH^ (c) KHSO* (d) i. Mg ii. PhMezSiCl (e) Styrene, DVB, AIBN 

Action of TFA on resin 1.24 gave the corresponding silyl trifluoroacetate 1.25a. 

Subsequent coupling of primary alcohols 1.28, 1.29 and 1.30 afforded the 

corresponding silyl ethers in yields typically between 52% and 84%. Release of 

alcohols from the support occurred with acetic acid in methanol. Polymer 1.27 can also 

be conveniently regenerated, and minimal loss of activity was observed, even after four 

cycles. Alternatively, silyl resin 1.24 can be converted into the chloride 1.25b by action 

ofSOClz. 

Si -X 

1.24 X=Ph Q 

1.25a X = | - o ^ c F 3 

1.24 X=Ph 

1.25b X=CI 

Si -OR 
I 

1.26 

S i -OCHs +ROH 

1.27 

1.25a 

b r 
L — 1 . 2 5 b 

ROM = 0 , N -
OH 

"C12H25OH 

1.28 1.29 1.30 

Scheme 1.7 (a) TFA and TFAA (b) SOCI2 (c) ROH, EtgN, DMAP (d) AcOH, MeOH 

54 A silyl anchoring group for alcohols was synthesized by Darling gf a/ in 1997. 

Following their approach, vinylpolystyrene resin 1.31 underwent regioselective p-
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hydrosilylation with a variety of dialkyhnonochlorosilanes in presence of 

dicobaltoctacarbonyl as catalyst, to aHbrd silyl chloride resins 1.32 and 1.33 (Scheme 

1.8). 

1.31 1.32 R= Me 

1.33 R='Pr 

Si-OR 

1.34a R= Me 

1.34b R='Pr 

R̂ OH 
1.35 R= IVIe 

1.36 R='Pr 

R OH = Primary or secondary alcohol 

Scheme 1.8 (a) HSiR2Cl, Co2(CO)g cat., toluene, 60 °C, 5 days (b) ROH, pyridine, CHzCl̂  (c) TBAF, 
THForHF, CHgCN 

Resin 1.33 successfully reacted with both primary and secondary alcohols; in addition it 

silylates preferentially primary alcohols over secondary ones. As proof, exposure of 

1.33 to a mixture of 1:1:1 EtOH, 'PrOH and ^BuOH, resulted only in the protection of 

EtOH. 

The authors investigated also the stability of silyl ethers 1.34a and 1.34b under acidic 

and basic media, finding that in both cases desilylation of menthol occurs in less than 1 

hour in presence of IN HCl and 0.22 M HF. Between them, however, a better stability 

was encountered for 1^4b Silyl chloride resins 1.32 and 1.33 were also quantitatively 

regenerated from 1.35 and U 6 with BCI3. The authors hypothesized that this 

transformation is facilitated from the formation of gaseous BF3 as byproduct. 

Hu gf a/ also employed the hydrosilylation approach in 1998. Action of an excess of 

allyl magnesium bromide on Merrifleld resin afforded 1-butenyl polystyrene 1.37, 

which then underwent regioselective p-hydrosilylation with a variety of dialkylsilanes 

to afford resins 1.38, 1.39 and 1.40. Generation of the corresponding chlorides 1.41, 
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1.42 and 1.43 was accomplished with l,3-dichloro-5,5-dimethylhydantoin, as confhmed 

by IR analysis (Scheme 1.9). 

9 R ( I R 
I 

Si-H c r Si-CI 

R R 

1.1 1.37 1.38 R=Et 1.41 R=Et 

1.39 R = P h 1.42 R = P h 

1 .40R='Pr 1 .43R='Pr 

Scheme 1.9 (a) Allylmagnesium chloride, toluene, 60 °C (b) R ^ S ^ , toluene, RhCl(PPh3)3 cat. (c) 1,3-
dichloro-5,5-dimetbylhydantom, CH2CI2, rt 

Linker 1.41 silylated primary and hindered secondary alcohols, such as steroids, and the 

resulting cleavage occurred in acidic media, employing HF or aqueous AcOH, or 

alternatively in basic conditions, employing TBAF. 

Et 

1.41 C v ct ^ ROH + 

1 .45aX = F 
1.44 1.45b X = OH 

ROM = Primary or secondary alcohol 

Scheme 1.10 ROH, imidazole, CH2CI2, rt (b) TBAF/THF or AcOH/THF/HzO 6:6:1, 80 °C 

Resin 1.41 was also successfully employed for attachment of carbon nucleophiles and 

the authors found that alcohols can be directly loaded to silane resin 138 in presence of 

Rh2(Pfb)4 in high yield. 

1.4.1.3 Synthesis of biologically active compounds 

Oligosaccarides and related compounds represent an important class of biologically 

active molecules, as they are involved in many processes, like methastasis, and they 

play an important role at level of cell-cell interactions. ^ As a consequence, a lot of 

attention has been exerted to search for different synthetic methods for their synthesis. 
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Unfortunately many of the synthetic approaches to complex carbohydrates are quite 

long, especially if performed in solution. Furthermore the purification of the key 

intermediates may sometimes be problematic, due to the high polarity of such 

molecules. 

In 1995 Danishefsky gf a/ showed that many of these drawbacks can be elegantly 

overcome by solid phase synthesis. In their work they described the synthesis of 

oligosaccarides employing silyl linkers 1.15 and 1.46 as a supported side chain 

protecting group. The glycal unit 1.56 was immobilized on linkers 1.15 and 1.46. 

Treatment of 1.47 and 1.48 with DMDO afforded epoxide resins 1.49 and 1.50, which 

reacted with another molecule 1.56 in a regioselective ring opening, to afford polymer 

bound disaccharides 1.51 and 1.52. Reiteration of the last two steps afforded resins 

1.53 or 1.54, which released the final tetrasaccharide 1.55 upon treatment with a 

mixture of TBAF and acetic acid (Scheme 1.11). 

1.15 R= Ph 
1.46 R = 'Pr 

-l-c, 
R 

O. y q 
o. 

1.47 R = Ph 
1.48 R = 'Pr 

O - S i - O 
R 

p-i'-Q 

"O 
1.49 R = Ph 
1.50 R = 'Pr 

O 

Q 
R-Si-R 

O 

OH 
n 

O 

1.51 R = Ph 
1.52R = 'Pr 

O 

O 
o 

o 
OH 

o 
o 

OH 

O 
O 

o 
o 

OH 

BnO 
BnO 

BnO 

1.57 

1.53R=Q-siPh24 
1.54R=Q-8i(̂ D2 4 
1.55 R = H 

Scheme 1.11 (a) 56, DIPEA, CH2CI2, DMA? (b) DMDO, CHzCkW 1.56, ZnClz, THF (d) Repeat steps 
b and c (e) TBAF, AcOH, THF 



14 

To demonstrate further the potential of the method, linker 1.46 was employed for the 

synthesis of the Lewis b blood group determinant 1.60. Resin 1.48 (prepared as shown 

in Scheme 1.11) underwent ring opening upon reaction with 1.61. The resulting 

immobilized disaccharide 1.58 was then reacted with 1.62 to afford, after cleavage, final 

compound 1.60 in 40% overall yield (Scheme 1.12). 

1.48 0 

Q 
o 

Si('Pr)2 
0 

O 
0 

HO. 

0 

OH 

1.58 

0 -

BnO 

OR̂  
0 

OBn 
OBn 

1.62 

0 

BrK) 

OR 

OBn 
OBn 

OR' 

BrK) 

OBn 

1.59R=(2)-S'('Pr)2-^ 

R^ = TIPS 

1 . 6 0 R = R^ = H 

Scheme 1.12 (a) i. DMDO, CHzCl; ii. 1.61, ZnClz (b) 1.62, Sn(0Tf)2, THF, 2-6-di-'Au-pyndme (e) 
TBAF, AcOH, THF 

Further investigations in the field were reported by Danishefsky's team in 1999. The 

authors described the synthesis of a glycopeptide employing a diisopropylsiloxane 

linker. After a preliminary reaction of the glycal unit 1.56 with 

diisopropyldichlorosilane in solution, subsequent coupling with Wang resin afforded the 

immobilized siloxane 1.63. The oligosaccaride synthesis was then performed as shown 

in Scheme 1.13 and 1.68 was finally cleaved 6om the support with either HF in 

pyridine or TBAF. Desilylation occurred rapidly, due to the high sensitivity of the 

siloxane linker towards fluoride; subsequent removal of the TIPS group from 1.68 

afforded 1.69. 
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1.56 
''<Y'0 

|Pr 

.0-Si-0-(2) 
O 'Pr 

1.63 

G K D s . 
o 

Q AcO 

OAc 

1.64 

OTIPS 
Q 

cm OTIPS 

AcO AcO 

OAc NAc 
SOoAnthr 

OAc NHS02Anthr 

1.65 1.66 

CbzAlaLeu 

OTIPS 
OR OH 

AcO' 
AcO 

NH 
OAc NHAc 

1.67 

OTPS 

CBzAlaLeuAspLeuThrOAIIy 

OAc NHAc 

1.68 R = TIPS 

1.69 R = H 

/ \ 

(JJ = *-o-M 

Scheme 1.13 (a) "PriSiClz, imidazole, then Wang resin, imidazole (b) i. DMDO, CH2CI2, 0 °C ii. 1.57, 
ZnCli, followed by AC2O, pyridine, DMAP (c) Anthracene sulphonamide, I (Coll) 2CIO4 (d) "BU4NN3, 

AczO (e) 1,3-propanedithiol, DIPEA, THF (f) 1.70, UDQ, CH^CL DMF, then HFPyr, anisole, THF. (g) 
HF Pyr 24h 

In a series of papers Nakamura gf a/ synthesized a linker based on TBDMS 

chloride for the synthesis of glycopeptides. Hydrolysis of silyl chloride 1.71 afkrded 

silanol 1.72, which was converted in the /)-nitroderivative 1.73 by nitration. Conversion 

to the silyl chloride followed by silylation of Fmoc L-SerOAllyl and action of Zn in 

acetic acid gave amine 1.74. Subsequent reaction with succinic anhydride and final 

attachment to H-Gly-HMP resin afforded linker 1.75 (Scheme 1.14), 
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Ph 
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O 
-SI-0" 

FmocHN. 

-SI-0" 

1.75 

O 

OAllyl 

Scheme 1.14 (a) KOH, EtzO/MeOH/H^O (b) i NHtNOs, TFAA, CH3CN ii COCI2, CHzCL DMF cat 
(c) Fmoc SerOAlIyl, Nal, NMM, DMF, rt (d) Zn, AcOH (e) Succinic anhydride, NMM, CH2CI2 (f) Wang 

Gly-NHz resin, HBTU, HOBT, DIPEA, NMP, rt 

Linker 1.75 was used for the synthesis of glycopeptides, employing the Fmoc 

chemistry, and using 1.79 as a building block. Final cleavage with CsF and AcOH in 

THF afforded 1.76 in 73% overall yield. Alternatively, in a reversed approach, 

deblocking of the ester group in 1.75 followed by coupling with 1.80 and final cleavage 

afforded glycopeptide 1.78 in 76% yield (Scheme 1.15). 

1.75 

a,b 

c,b 

FmocHN. 

FmocHN 

AcO 
OAllyl 1.76 

G'b , FmocHN 

HO 

O OR 

O 

1 ^ 0 
AcO-\_— 

AcNH ? 

OBn 1.77 

OAllyl j 78 
AcNH 

AcO 
AcO-

pAc 
-O 

OH 
NHFmoc 

OBn AC-NH 

OAllyl 

Scheme 1.15 (a) i. 50% piperidine in DMF ii. 1.79, HBTU, HOBT, DIPEA, 2 cycles (b) CsF, 18-Crown-
6, AcOH (c) i. Pd(PPh3)4, dimedone ii. H-Gly-Val-Ala-OBn, HBTU, HOBT. DIPEA (e) i. PdCPPhs) ,̂ 

dimedone ii. 1.80, HBTU, HOBT, DIPEA 
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Importantly, NMR analysis of the purified cleaved products showed that no 

racemization had occurred during the coupling processes. 

Ellmann gf a/ elegantly employed the silicon linkers for the solid phase synthesis of a 

library of prostaglandins. They used dibutylsilyl chloride resin 1.81, prepared by the 

procedure of Farrall and Frechet. After immobilization of the cyclic bromoalcohol 

1.82 with imidazole in CH2CI2, the remaining hydroxyl was unblocked with formic 

acid. The first diversity element was then introduced via Suzuki coupling with a variety 

of 9-BBN derivatives to give intermediate resin 1.85; subsequent oxidation of the 

secondary alcohol was accomplished with DMP. In this context the authors reported 

that the use of other oxidants resulted either in an incomplete reaction or in a partial 

cleavage of the product from resin. The second diversity element was introduced using 

vinyl cuprates, employing the chemistry previously optimized by Babiak ef a/. 

Diastereoselective reduction of ketone 1.87 and final cleavage of 1.88 from the support 

was performed with 17% HF in pyridine and THF (Scheme 1.16). 

pu 
-Si-CI 

"Bu 

OX 

o-"Bu y 
S i — c f ' 

"Bu 

OH 

"Bu 
ri-si—d 

"Bu 

R' 

1.81 I— 1.83X=TIVIT 
° 1.84 X=H 

1.85 

S i — d 

"Bu 

O 
R' 

B̂u 
^ 

"Bu 

O 

R'' 

OTES 

f.g 

HO" 

OH 

OH 

1.86 1.87 1.88 

OTMT R = AlkyI 
AlkoxyalkyI 

R̂ = -(CH2)4CH3 

Scheme 1.16 (a) 1.82, imidazole, CH2CI2 (b) IM HCOOH, CH2CI2 (c) alkyl-9BBN derivative, Pd 
(PPhs) ,̂ 2MNa2C03,THF, 65 °C (d) DMP, CH2CI2, 45 °C (e) alkyne, CpZrHCl, CuCN, MeLi, THF, -78 

to 20 °C (f) L-Selectride, THF, -78 °C (g) 17.5% HF Pyr, THF, rt 
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Notably, the authors observed minimal (less than 5%) cleavage of the substrate 1.84 

&om the support during the deprotection of the TMT ether. 

In 2002 Paterson a/ ^ showed that silicon linkers can be employed for the 

combinatorial synthesis of poyketide libraries. These compounds are very important as 

they are the constituents of biologically relevant molecules, like discodermolide and 6-

deoxyerhyhronolide B. Reaction between alcohol 1.89 and diisopropyldichlorosilane 

afforded silyl chloride 1.90, which was reacted with Wang resin to afford siloxane 

linker 1.91. After deprotection of the PMB ether and oxidation with DMP, the aldol 

condensation with ketone 1.92 in presence of Lewis acid aSbrded the immobilized 

adduct 1.93 in an a/zTz-a/zf/ diastereoselective fashion. Comparison of the gel phase 

NMR of resin 1.93 with the solution phase model analogue 1.94 indicated essentially 

complete conversion and high level of diastereoselectivity. Reduction of the 

hydroxyketone 1.93 in a modified Evans-Tishchenko protocol afforded resin 1.95; 

subsequent 0-deacetylation, ketalization, HF exposure and oxidation with DMP 

afforded final compound 1.98 (Scheme 1.17). 

e O 

OPMB 

1.89 

OPMB 

1.90 

OR OH O OPMB 

1.91 

1 . 9 3 R = Q - o - s y 
"PTz 

1.94 R = BnOS/Prz 

OR OAc OH 

1.95R = (j/-o-8i-| 

1.98 

OPMB 
gh 

OPMB 

OPMB 

OR O O 
/ \ 

I— 1.96 R = ^ 
' L— 1.97 R = H 'P': 

OPMB 

1.92 

Scheme 1.17 (a) ^iSiClz, DMF, imidazole (b) Wang resin (c) DDQ, CH2CI2 (d) DMP, CH2CI2, pyridine 
(e) 1.92, "HexzBCl, EtgN, EtzO (f) Sml ,̂ MeCHO, THF (g) LiBH4, THF (h) (MeO^zCMez, CSA, CH2CI2 

(i) HF Pyr Q) DMP, CH^Clz, pyr 
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Silicon linkers were also employed by Shair gf a/ in ± e elegant solid phase 

biomimetic synthesis of Carpanone-like molecules. Here, the key step is the highly 

diastereoselective Diels-Alder reaction between substrate 1.100 and the electron rich 

phenol 1.99, previously immobilized on the solid support via silyl ether linkage 

(Scheme 1.18). HF Pyr exposure and purification afforded final compound 1.101 in 

good yield, along with small amounts of 1.102 coming from dimerization of 1.99. 

Et Et 
Si ._ ,R 

H3CO 

1.99 

H O 

o -
^ 0CH3 

1.101 

H3C0 

1.102 

X = 'Bu, Et, -(CH2)20Bn, Me 

0 

Y= 

Br 

Br 

A. 
o 

0CH3 

Scheme 1.18 (a) 1.100, PhI(0Ac)2, CH2CI2/THF, 25 °C, 2h (b) HF Pyr, THF, TMSOMe, rt 

Further investigations on silicon linkers were carried out by Liao <2/. ̂  Starting from 

resin 1.103, conversion in the silyl triflate and attachment of 7V-Fmoc glycinol afforded 

resin 1.104. A^deprotection followed by coupling with 1.105 and acetylation afforded 

iodide resin 1.106, which underwent to Sonogashira reaction with a variety of terminal 

acetylenes. After cleavage with HF in pyridine, the internal alkynes 1.107 were obtained 

in a conversion and purity greater than 95% for all the cases examined, as illustrated in 

Scheme 1.19 
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Si—^^"^OCHs , ,NHFmoc 

1.103 1.104 

1.106 

OCH3 OCH3 

1.107 

1.105 

R = (̂CHjsCN ^ 

ŷ OAc 

Scheme 1.19 (a) TfOH, CHzClz (b) #-Fmoc Glycmol, 2,6-lutidme, rt (c) i. Piperidine, DMF ii. 
1.105, PyBop, NMM, DMF/THF, rt. (d) Ac^O, pyridine, LiCl, CH2CI2, rt (e) H-C^C-R, Cul, frwM-

Pd°(PPh3)2Cl2, DIPEA, CH3CN (f) HF Pyr, THF, TMSOMe, rt 

1.4.2 Silyl enol ethers 

1.4.2.1 Enolate immobilization 

In 1999 Smith showed that enolates can be linked to silyl resins. Activation of 1.38 

with triflic acid afforded silyl triflate resin 1.108 (Scheme 1.20). Subsequent reaction 

with a variety of enolizable ketones and aldehydes gave the supported dienes 1.109, as 

shown by spectroscopy. Diels-Alder type cycloaddition with a range of dienophiles 

and TFA acidolysis afforded compounds 1.110 in good overall yield, demonstrating the 

potential of the method. 
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Et 

r y s i - H 
Et 

Et 

O - f o T f 
Et 

1.38 1.108 1.109 1.110 

X = Alk, Ph 
Y = Alk 
Z = 0 , NH 

Scheme 1.20 (a) TfOH, CH2CI2 (b) Aldehyde or ketone, DIPEA, CH2CI2 (c) Dienophile, rt, 14h. (d) 
TFA, CH2CI2 

In the same period, Porco ef a/ demonstrated that enolate of esters, once loaded on a 

silyl resin, can undergo to Ireland Claisen rearrangment, using a catch and release 

strategy. Starting from silyl resin 1.108 (prepared in the same way as Scheme 1.20), 

attachment of esters in EtgN afforded immobilized enolates 1.111. Thermal 

rearrangement and H2SO4 acidolysis gave the esters 1.112 in good overall yields. 

Si-H 
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a 
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Si-OTf 
I 
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1.111 

.OCH3 

R̂  R'' 6 

1.112 

R̂  R^ R^ R'* = Alk, Ar 

Scheme 1.21 (a) TfOH, CH2CI2 (b) Ester, EtsN, CH^CL rt, 2h (c) i. THF, 50 °C ii. 5%H2S04, MeOH 
DCE, 55 °C, 2h 
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1.4.3 Arykilane linkers 

Silicon linkers have also been used for the traceless release of unsaturated compounds 

in solid phase organic synthesis. Following this strategy, the linkage of the substrate 

occurs through a functionality that can be cleaved at the end of the process, leaving 

behind no trace or "memory of the solid phase". 

Ellman a/ reported a silyl linker for the traceless release of aryl containing 

compounds. 69. 70 In their approach, 4-bromoaniline 1.113 was converted in the silyl 

derivative 1.114, subsequent ortho-lithiation followed by quenching with trimethyltin 

chloride to give arylstannane 1.115. Hydroboration with 9-BBN and Mitsunobu 

condensation with cyanomethyl-4-hydroxyphenoxyacetate gave the final linker 1.117, 

which was then loaded on aminomethyl polystyrene to afford resin 1.118 (Scheme 

1.22). 
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Si 
/ \ 

1.114 

NHBpoc 

Si 
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1.115 

NHBpoc 
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SnMê  

NHBpoc 
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1.116 1.117 

NHBpoc 

SnMe 

a ' ' 

NHBpoc 

SnMeg 

1.118 

Scheme 1.22 (a) BpocOPh, KH (b) i. KH ii. ^uLi iii. S-Butenyl-MezSiCl (c) i. "^uLi H. 'BuLi iii. 
MegSnCl (d) 9-BBN, H2O2 (e) Cyanomethyl 4-hydroxyphenoxyacetate, PPhg, DEAD (f) Aminomethyl 

polystyrene, DMAP, DIPEA. 

The applicability of the linker was demonstrated in the synthesis of a series of 

benzodiazepines, a well know class of pharmaceutically important compounds. After 
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A/^deprotection, ±e 6ee amino group was reacted wi± an amino acid fluoride, affording 

1.120. Nitrogen deblocking with piperidine and cyclodehydration gave the immobilized 

benzodiazepines, which were then v V - a l k y l a t e d and finally cleaved 6om the support 

upon protodesilylation with dry HF, to afford final compound 1.122 (Scheme 1.23). 

1,118 
a,b 

1.119 

O NHFmoc 

M 
NH R 

1.120 

d,e 

1.121 1.122 

R^=Ph, S-MeOCgH^ 

R^AIkyl, -CH2C6H4OH 

R^=Et, Bn, H 

Scheme 1.23 (a) R'COCl, Pd2(dba)3 CHCI3 (b) 3% CF3COOH (c) Fmoc aminoacid fluoride (d) 20% 
piperidine in DMF (e) i. 5% AcOH, 65 °C ii. Lithiated oxazolidinone, then R^X, DMF (f) Any&ous HF 

In 1997 the same author extended this strategy with the SPOS of pyridine based 

tricyclic compounds. Lithiation of pyridine 1.123 and immobilization onto 

polystyrene dimethylsilyl chloride derivative 1.25b (see page 9) afforded resin 1.124. 

Boc group removal followed by coupling with a variety of azidobenzoyl chlorides gave 

resin bound precursors 1.125, which then cyclized to the corresponding tricyclic 

compounds 1.128 or 1.129. Traceless release from the support was accomplished with 

TBAF in THF, to afford final compounds 1.130 (Scheme 1.24). 



24 

Br. NHBoc 

N CI 

a,b Si NHBoc Q j 

N "CI 

/ 
-A 

1.123 1.124 1,125 

CTf 

1.126 

/> 

,0 Ns 

I—1.128R = H 
L_^1.129R=R^orCOR^ 

or 
o r "N' 

J 

cr-f 

1.127 

1.130 

R = R ,̂ COR^ or 

: Alk, OAlk, Br 
R = Alk, Bn 

R^= Alk 

O < "N' 

Scheme 1.24 (a) KH, THF, then 'BuLi (b) 1.25b (c) 85% TFA in CH2CI2 (d) 2-azidobenzoyl chloride, 
CHzClz/Pyndine 9:1 (e) Lithiated acetanilide, THF, then R^X (f) SnCk/PbSH/EtsN (1:4:5) (g) 

DMF/TFA/H2O (7:2:1) (h) Lithiated 'Butylbenzamide, THF, then R3X or R3(C0)20 (i) i. Chloroacetyl 
chloride, EtgN, dioxane ii. A/^Methylpyrazine CH^Clz Q) TBAf, THF 

In 1997 Armstrong employed the traceless release during the construction of a 

Tamoxifen analogues library. The approach adopted the use of monoboryl alkenes as 

a key fragments. This was accomplished by reaction between bisboryl alkenes 1.133 

and a variety of aryl halides. However, considerable amounts of byproducts were also 

detected, along with the key 6agments 1.134 and 1.136. To avoid a tiresome 

purification, the crude reaction mixture was reacted with silyl resin 1.135 via a Suzuki 

coupling. Only the key fragments 1.134 and 1.136 were immobilized, whereas the 

byproducts were simple washed away. Final traceless release followed by passage 

through a plug of basic alumina afforded final compounds 1.137a and 1.137b in purity 

greater than 90% (Scheme 1.25). 
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1.132 

1.133 

1.135 

1.134 
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1.137b 

R^ = Alk, OAlk 

Scheme 1.25 (a) 1.132, Pd (PPh3)4, DMF, 80 °C (b) R^-ArX, Pd (dppQClz, 3,5-dimethoxyphenol, KOH 
6M, DME, rt (c) i. 1.135, KOH 6M, rt ii. 30% TFA in CHzCl; 

In 1996 H. D. Showalter a/ used silicon linkers for the traceless release of 

benzofurans. According to their approach, lithiation of 1.138 followed by exposure 

with diisopropyldichlorosilane and coupling with Wang resin 1.2 (see page 3) afforded 

silyl resin 1.139. Formylation followed by reduction of the resulting aldehyde with a 

Grignard reagent gave resin 1.141. Subsequent alcohol oxidation with DMP and MOM 

group cleavage afforded phenol 1.143, which was then alkylated to give resin bound 

acyclic precursor 1.144. Ring closure of this latter was carried out in DBU at 80 °C to 

afford resin bound benzofurans 1.145, which released the final compounds 1.146 upon 

treatment with TBAF in THF (Scheme 1.26). 
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Scheme 1.26 (a) i. '^uLi, THF, -78 °C ii. 'PriSiCl;, -78 °C to rt iii. Wang resin, imidazole, DMF, rt (b) i. 
"BuLi, TMEDA, Et̂ O, 0 °C ii. DMF, 0 °C (c) i. 4-bromoanisole, "^uLi, THF, -78 °C ii. 1.140 (d) DMP, 

DMSO/THF, rt (e) 5% TFA in CĤ Clz, 0 °C (f) BiCH^COY, DIPEA, NMP, 80 °C (g) DBU, NMP, 80 °C 
(b) TBAF, THF, 65 °C 

In 2000 P. Baiierle a/ employed the silicon linkers for the synthesis and the traceless 

release of oligo-3-aiylthiophenes. After validation of the chemistry with an extensive 

solution phase model, bromothiophene 1.147 was lithiated and the resulting anion 

quenched with diisopropyldichlorosilane, affording silyl chloride 1.148 (Scheme 1.27). 

1.147 

Ĥ C 

a, b 

1.148 

Scheme 1.27 (a) "^uLi, Et̂ O (b) "Pr̂ SiCl;, Et̂ O 
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Compound 1.148 was then reacted with Wang resin 1.2 to afford polymer bound silyl 

ether 1.149. 0-lithiation with LDA and iodine quench gave 1.150 which underwent a 

Suzuki coupling with 1.151 to afford resin 1.152. Reiteration of the last two steps on the 

resin gave the immobilized tetrathiophene resin 1.153, which released the final 

compound 1.154 upon TBAF exposure and purification (Scheme 1.28). 

1.148 

R' 

bore 1.149 R = H 
1.160 R = I 1.152 

0 — S i 

S S S S 

1.153 1.154 

R̂  = -CHq 

Scheme 1.28 (a) Wang resin, imidazole, DMF (b) i. LDA, THF ii. 1% (c) i. Hg(0C0C3Hii)2, CH2CI2 ii. I2 
(d) 1.151, Pd(PPh3)4 cat., NaHCO], THF (e) Repeat steps c and d (f) TBAF, THF 

The traceless release strategy was also employed by Silverman a/. Preliminary 

monolithiation of 1,4-dibromobenzene 1.155 with "BuLi followed by quench with 

allyldimethylsilyl chloride afforded intermediate 1.156. Different elaborations of 1.156 

(Scheme 1.29) gave building blocks 1.157, 1.158 and 1.159, which were loaded on 

bromopolystyrene resin in one pot two step procedure, involving hydroboration and m 

Suzuki coupling, to afford resins 1.160,1.161 and 1.162. 
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B r ^ ^ B r 

1.155 

B r — f ^ Li® 
Si 
/ \ 

1.156 

Br 

1.156 
1.157 

1.159 

1.158 

NHBoc 

(V-Boc Ethyl oxamate 

1.157 
1.158 

or 1.159 

1.160 X = -CH20H 
1.161 X = -CHgNHBoc 

1.162 X = -CH2CH20H 

Bromopolystyrene 
resin 

Scheme 1.29 (a) 'TBuLi (b) (allyOSiMezCl (c) i. Mg, THF ii. (CHO). (d) i. TV^Boc ethyl oxamate, PPhg, 
DEAD ii. LiOH, THF/HzO (4:1) (e) i. '^uLi, THF, -78 °C ii. Ethylene oxide (f) i. 9-BBN, THF ii. 

bromopolystyrene, Pd(PPh3)4, K2CO3, 60 °C, DMF, 24h 

Treatment of resin 1.160 with PPhs and CBr4 afforded the corresponding bromide 

1.163; subsequent immobilization of glycine ethyl ester followed by jV-tosylation, 

hydrolysis of the ethyl ester and coupling with 0-ethyl hydroxylamine gave resin 1.164. 

Final release of the product 1.165 was accomplished with Bri (Scheme 1.30). 

AAer JV^deblocking with TFA (Scheme 1.31), resin 1.161 was coupled with P-Fmoc-

alanine and butyric acid to give resin 1.166, which released the tmal compounds 1.167 

and 1.168 upon treatment with TFA or Bri respectively. 

In a last example (Scheme 1.32) resin 1.162 was converted in the jV-Boc derivative 

1.169 after Mitsunobu reaction with JV-Boc-Ethyl oxamate and hydrolysis. Couplings 
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with Fmoc leucine and butyric acid gave resin 1.170 which released the product 1.171 

after TFA exposure. 

1.160 0 0 - 4 - w ^ 

Br b,c "OEt 

1.163 1.164 

0 
EtO. 

Ts 
N 

Br 

1.165 

Scheme 1.30 (a) PPh;, CBr4, CH2CI2 (b) H-Gly-OEt, DMF (c) TsCL EtgN, DMA? cat (d) i LiOH, 
THF/H2O (8:1) ii. NHzOEt, EDC, HOBt, EtsN, DMF (e) Br ,̂ CH2CI2 

a,b 
1.161 

S i 
/ \ 

o o o o 

R 

1.166 

d C 
1.166 R = SXMek-̂  
1.167 R = H 

1.166 R= Si(Me)2-(^ 
1.168 R= Br 

Scheme 1.31 (a) 50% TFA in CH^Clz 5 min (b) P-Fmoc-Ala-OH, EDC, HOBt, EtsN, DMF (c) i. 20% 
Piperidine, DMF ii. Butyric acid, EDC, HOBt, EtsN (d) 50% TFA in CH2CI2, 24h, rt (e) Br ,̂ CH2CI2 

1.162 X I—Si-
NHBoc b,c 

C X Z K s i ' 

H 

O 

O 

1.169 1.170 

H O 

O 

1.171 

Scheme 1.32 (a) i. A/-Boc ethyl oxamate, PPha, DEAD ii. LiOH, THF/H^O (8:1) (b) i. TFA, CHzClzii. 
Fmoc-Leu-OH, EDC, HOBt, EtgN, DMF (c) 20% Piperidine, DMF (d) Butyric acid, EDC, HOBt, EtgN, 

DMF (e) 50% TFA in CH^CL 24h, rt 
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In a similar fashion, the authors showed that also heteroaromatic substrates can be 

attached and cleaved using the same approach. As an example, monolithiation of 

thiophene 1.172 followed by quenching with allyldimethylsilyl chloride afforded 1.173; 

further lithiation and treatment with DMF gave 1.174. Reduction of the aldehyde 

afforded 1.175, which was then coupled to bromopolystyrene resin using the same 

method previously reported (see Scheme 1.29, step f̂  page 28). Chlorination of alcohol 

1.176 followed by Brz mediated cleavage afforded the 1,5-difimctionalized thiophene 

1.178 (Scheme 1.33). 

1.172 

/ \ 

1.173 

' / \ 

1.174 

F A 

OH 
7 \ 

1.175 

OH CI 
Br 

CI 

1.176 1.177 1.178 

Br 

Bromopolygtyrene 
resin 

Scheme 1.33 (a) i. %uLi, THF, -78 °C ii. (allyOSiMezCl (b) i. %uLi, THF, -78 °C, ii. DMF (c) NaBRk 
EtOH (d) i. 9.BBN, THF ii. bromopolystyrene, Pd(PPh3)4, K2CO3, 75 °C, DMF, 24h. (e) CI3CCI3, PPh3 

CH2Cl2(f)Br2,CH2Cl2 

In a series of papers, Silverman showed that the traceless release can also be employed 

for the synthesis of natural products. As a proofs his team synthesized the antitumor 

antibiotic cyclopeptide Sansalvamide A using a silicon side-chain-tethered 

phenylalanine building block. After obtainment of 1.156 (see Scheme 1.29, steps a 

and b, page 28), subsequent lithiation and quench with DMF gave substrate 1.179. TMG 

mediated Homer Emmons reaction aSbrded exclusively the Z^enamide ester 1.180, 

which was subjected to an asymmetric hydrogenation to give compound 1.181. The 

authors observed a high regioselectivity for this last step, as no reduction of the terminal 
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double bond was detected. Compound 1.181 was ±en hydroborated and coupled 

with resin 1.182 to afford the silyl linker 1.183. The loading level of this latter was 

determined by its exposure to Br] and quantification of the released 

bromophenylalanine derivative 1.184 (Scheme 1.34). 

1.179 

AcHN. 
OCH, 

1.180 

b,c OCH3 
NHBoc 

1.181 

CHEk, 
OCH? 

NHBoc 

1.183 

OCH3 
NHBoc 

1.184 

1.182 

(CH2)34 

Scheme 1.34 (a) Methyl 2 acetamido-2-(dimethoxyposphmyl)acetate, TMG, THF, -78 °C to rt (b) [((.Si 
6).Et-DuPH0S)-Rh]+ (1 mol%), % (1 atm), CH2CI2, 23h. (c) i. BoczO, DMA? cat., THF, reQux ii. 

Hydrazine MeOH, 4h (d) i. 9-BBN, THF, rt ii. 1.182, Pd(PPh3)4, K2CO3, 75 °C, DMF, 24h. 

The solid phase synthesis began with the deprotection of the ester in 1.183, followed by 

coupling with O-All-Leu-O-Leu-NHz, which gave resin 1.185. After Boc removal, 

chain elongation on the other side was performed with the Fmoc chemistry, to give the 

linear precursor 1.186. After deprotection of the 7/ and C termini, the cyclization was 

accomplished with HTBU. TFA mediated cleavage afforded Sansalvamide A (1.187) in 

67% yield and excellent purity (Scheme 1.35). 
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1.183 

BocHN 
Fmoc 

1.185 1.186 

c,d,e 
SANSALVAMIDE A 

1.187 

Scheme 1 3 5 (a) i. LiOH THF/H^O (7:1) rt, 16h. ii. O-All-Leu-O-LeuNHz, HBTU, DIPEA, NMP, 16h 
(b) i. 50% TFA, 2% thioanisole, CH2CI2, 15 min. ii. 20% piperidine, DMF, then Fmoc-AA-OH, HBTU, 
DIPEA, NMP, 16h (c) Pd(PPh3)4, CHCVAcOH/NMM (37:2:1) (d) i. 20% piperidine, DMF ii. HBTU, 

DIPEA, NMP, 16h (e) 50% TFA, 2% thioanisole, CHzClz, 36h. 

In another paper, the same authors reported the solid phase synthesis of an analogue 

of Sansalvamide A, namely the Sansalvamide A peptide. In this case the phenylalanine 

linker was more conveniently prepared by palladium mediated coupling between a j9-

iodophenylalanine derivative and the commercially available PSDES resin. The loading 

of resin 1.188 was kept low (0.1 mmol/g) to minimize oligomerization problems during 

the cyclizatioiL The immobilized ester 1.188 was then used for the peptide chain 

elongation employing the Boc chemistry, which gave resin bound acyclic precursor 

1.189. Cyclization with PyBop and final protodesilylation with neat TFA afforded 

peptide 1.190 in 66% yield and 95% purity, as judged fi-om HPLC analysis (Scheme 

1.36). The analogue 1.190 was found to be 10 times more potent than the Sansalvamide 

A against the HCT-116 colon cancer cells. 
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SANSALVAMIDE A PEPTIDE 

1.190 

Scheme 1^6 (a) A'^Boc-4-iodophenyIalanme methyl ester, Pd2(dba)3 CHCI3, P(0-tol)3, DIPEA, NMP, rt 
or 105 °C (b) i. 50% TFA in CH2CI2, 15 min. ii. Boc-AA-OH, HATU, DIPEA, 1<IMP, 6h (c) i. LiOH, 
THF/HzO (7.1) ii. 50% TFA in CH2CI2, 15 min (d) PyBop, DIPEA, NMP, 24h (e) Neat TFA, rt, 24h 

The authors further used the same approach for the synthesis of another cyclopeptide, 

the Scytalidamide A. Always starting from resin 1.188, chain elongation was 

performed with the Boc chemistry (Scheme 1.37). Final cyclization and cleavage 

afforded the cycloheptapeptide 1.192 in 20% overall yield. 
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1.191 
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,NH H 
... .Ph 
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-Ph 

\/ 
HN-

O 

o 
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o N-

SCYTALIDAMIDE A 

1.192 

Scheme 1.37 (a) i. 50% TFA in CH^Clz, 30 min u. Boc-AA-OH, HATU, DIPEA, 6h (b) LiOH/HzO (7:1) 
rt, 12h (c) 50% TFA in CH2CI2, 30 min (d) i. PyBOP, DIPEA, m C , 24 ii. Neat TFA, rt 24h 
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Silicon linkers were also employed by Takahashi gf a/ during ± e solid phase synthesis 

of a library of Vitamin D3 analogues. According to their approach compound 1.193 

was loaded on PSDES chloride resin to give 1.194. Coupling with 1.195 afforded resin 

1.196, which underwent Homer Wadsworth Emmons reaction with lithiated 1.197 to 

afford the immobilized triene 1.198. Release &om the sulphonate linker was 

accomplished via a Cû  catalyzed reaction with 1.199. The cleaved product was treated 

with a CSA solution in methanol and water to give final compound 1.200 in 47% yield 

60m resin U 8 . Originally the authors decided to carry out the synthesis employing a 

resin where the sulphonyl chloride moiety was linked directly to the polymeric core, but 

attempts to perform the corresponding Homer Emmons reaction proved to be 

unsuccessful; the authors hypothesized that this failure was due to the proximity of the 

substrate to the polymeric matrix. The use of a long spacer, employing a silicon linker, 

overcame this problem, simultaneously allowing attachment of alcohol 1.193 without 

affecting the sulphonyl chloride moiety (Scheme 1.38). 
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Scheme 1.38 (a) i. l,3-DicWoro-5,5-dimethylhydantoin, CH2CI2, rt Ih ii. 1.193, imidazole, CH2CI2, rt, 6h 
(b) 1.195, DMAP, CH2CI2, rt 2h (c) 1.197, TBuLi, THF, -40 to -10 °C, 3h (d) 1.199, CuBr SMez, 

THF, rt (e) CSA, MeOH/H^O, 30 °C, 6h 



35 

Silyl linkers were also used by Blechert gf a/. Lithiated polystyrene (prepared in the 

way depicted in Scheme 1.4, page 8) was quenched with allyldimethylsilyl chloride to 

afford resin 1.201. Cross metathesis of this latter with a range of alkynes and traceless 

electrophilic cleavage gave the 1,3-dienes 1.203 (Scheme 1.39). 

1.12 1.201 1.202 

R 

1.203 

R = Alk 

CHgCOOIVIe 

AcO 
AcO 

AcO 
OAo 

Scheme 1.39 (a) i. '^uLi, TMEDA ii. (Allyl)SiMe2Cl (b) Alkyne, Cl2(PCy3)2Ru=CHPh cat., CH2CI2, 
reflux (c) 1.5% TFA in CH2CI2 

In a similar fashion, the authors also demonstrated that alkenes can be immobilized on 

the same resin 1.201. In this case the electrophilic release &om 1.204 with TFA 

afforded the homologized olefins (Scheme 1.40). 

1.201 

O 

a . 

1.204 
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,R 
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R = Alk 
CH2COOMe 

AcO—^ 

AcO-
OAc 

Scheme 1.40 (a) Alkene, Cl2(PCy3)2Ru=CHPh cat., CH2CI2, reflux (b) 3% TFA in CH^Cl; 
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Haan and Coworkers also employed silicon linkers quite successfully. Here, 

monolithiation of 1,4-dibromobenzene 1.155 (see page 28) followed by quenching with 

silyl chloride 1.206 afforded 1.207. Acetate displacement and reduction gave 1.209 

which was reacted with trioxane in HCl, affording substrate 1.210. This latter was 

loaded on Wang resin to give silyl linker 1.211 (Scheme 1.41). 
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CI' "Si ^ 
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1.208 R = Ac 
1.209 R = H 

"0" Si' 
/ \ 
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.Br 

O 
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"0 0 Si' 
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1.206 

Scheme 1.41 (a) i. '^uLi, THF, -78 °C H. 1.206, -78 °C (b) NaOAc, DMF, 80 °C, 24h (c) DIBAL-
H, toluene, -78 to 0 °C, 2h (d) Trioxane, HCl (e) Wang resin, DIPEA, DMF, 40-50 °C, o n. 

To demonstrate the utility of the linker 1.211, it was subjected to a series of Suzuki 

couplings, giving a variety of differently fimctionalized biphenyls 1.213, v^diich were 

released &om the support with ICl, Br: or TFA in yields typically higher than 80% 

(Scheme 1.42). 

1.211 

b ore 
ord 

up to 80% 

1.212 

1.213 

R^ = H, Alk. OAlk, NOg, OAc 

X = I, Br, H 

Scheme 1.42 (a) ArB(0H)2 EtsN/DMF (1:1), 80-90 °C, 24h (b) ICl, CH2CI2 (c) Br;, CH2CI2 (d) TFA, 
CH2CI2 



1.4.4 Miscellaneous 

Lipshutz and coworkers developed a linker based on the Tsoc as a supported protecting 

group for the nitrogen in the reversed SPPS. In their approach, silyl chloride resin 

1.46 was reacted with a range of aminoacids derivatives, including proline, in presence 

of CO2 and EtsN, to give the immobilized silyl carbamate 1.214. Carboxyl unblocking 

and coupling with the A/-free amino acids afforded resin bound dipeptide 1.215, which 

was then treated with HF in acetonitrile to aHbrd 1.217, along with resin 1.216 and CO2. 

Boc protection of 1.217 gave compound 1.218 in good overall yield. Analysis of the 

optical rotatory powers showed minimal epimerization during the peptide coupling. In a 

similar f^hion compounds 1.219 and 1.220 were prepared. Desiderable features 

included the formation of gaseous byproducts and the possibility to recycle resin 1.216 

into the corresponding chloride 1.46 (Scheme 1.43). 
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OAlly, II r b _ p ' - f X ,N 
O s i - O - ^ N - ^ ^ T ^ O A I I y l 

" o "k. 
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(2)-Si-F + CO2 + ^ BocHN^''^^'^'Y^OAIIyl 
'P' ° ^Ph ° ^Ph 

1.216 1.217 1.218 

O Ph 
.OMe 

Boc 

1.219 1.220 

Scheme 1.43 (a) H-PheOAUyl, CO2, EtgN, -78 °C to rt (b) i. Pd(PPh3)4, MezNHBHs ii. 'Bu-
chlorofbrmate NMM, 0 °C to rt iii. H-PheOAUyl (c) HF (aq), CH3CN (d) (Boc^zO, EtgN (e) BCI3, CH2CI2 

The silyl resins have also been employed as a supported reducing agent; for example 

Porco a/ reported the reduction of carbonyl compounds. ^ In this approach. 
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aldehydes and ketones were hydrosilylated with the commercially available PSDES 

resin, to afford resin bound silyl ethers 1.221. TBAf exposure gave the alcohols 1.222 

in good yields (Scheme 1.44). 

Et 

Et 

1.38 

Et 

O s i - o 
Et 

1.221 

OH 

1.222 

R^ = CH3, H 

R^ = Alk, CycioAlk, Ph 

Scheme 1.44 (a) Aldehyde or ketone, RhCICPPha), NMP, 60 °C 0.5-3h (b) i. HF Pyr THF ii. MeOSiMeg 

In a paper Chao a/ described a linker based on the TMSE ester as a supported 

protecting group for the carboxylic acids. /)-Bromobenzaldehyde 1.223 was reacted 

with ((trimethylsilyl)methyl)magnesium chloride to give alcohol 1.224 in quantitative 

yield. Lithiation of this and quench with CO2 afforded acid 1.225 which was 

esterificated with 2,4-dichlorophenol to afford 1.226. Final esterification with a variety 

of amino acids afforded linkers 1.227, 1.228, 1.229 and 1.230 The resulting linkers 

were then attached to amino methyl resin 1.231 to afford resins 1.232,1.233,1.234 and 

1.235 (Scheme 1.45). 

1.223 1.224 

SiMer, 

AA Fmoc 

SiMe, 
Fmoc AA—O, 

1.225 X = OH 
1.226 X = 2-4 dichlorophenyl 

1.232 AA= Pro 
1.233 AA = Trp 
1.234 AA = Gly 
1.235 AA = Phe 

SiMes 

1.227 AA = Pro 
1.228 AA = Trp 
1.229 AA = Gly 
1.230 AA= Phe 
X = 2-4 dichlorophenyl 

Scheme 1.45 (a) MesSiCHzMgCl, Et^O, 0 °C (b) i. %uLi, -78 °C u. CO2 (c) 2,4-dichlorophenol, DCC, 
THF (d) Fmoc-AA-OH, DCC, DMAP, THF (e) Ammomethyl resin, HOST, DIPEA, DMF, rt 
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To show the potential of the application, the linkers were employed in the solid phase 

synthesis of a range of peptides, employing the Fmoc chemistry, as illustrated in 

Scheme 1.46. Final cleavage of the products occurred by acidolysis with 1% TFA in 

CH2CI2 or alternatively with TBAF. However, when TBAF was employed, side 

reactions were also observed, like the formation of succinimide 1.238. 

AA Fmoc 

NHBoc 

1.235 1.236 

b or c 

O'Bu 

1.237 

NHBoc 

O 

HO 

Ph 

• N - V - n 

0 / ^ 0 

1.238 

NHBoc 

Scheme 1.46 (a) i. 20% Piperidine, DMF ij. Fmoc-AA-OH, HOBt, DIPEA, rt, 5h (b) TBAF, THF (c) 1% 
TFA, CH2CI2 

A different silyl linker was synthesized by Turner and coworkers. ^ Here, Merrifleld 

resin 1.1 was reacted with jp-hydroxybenzaldehyde 1.239 to give 1.240. Subsequent 

action of the Grignard reagent 1.241 afforded silyl resin 1.242. Once formed, the utility 

of 1.242 was demonstrated as supported protecting group for alcohols, carboxylic acids 

and amines, as depicted in Scheme 1.47 
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.-1.243 X 

1.242 X = OH 
-1.244 X = < ^ n ^ 
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NH 
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Scheme 1.47 (a) i. jT-hydroxybenzaldehyde, NaH, DMF ii. MerriGeld resin, 18h, rt (b) 1.241 (c) i. CDI, 
pyridine, CHzCl;, Ih, rt ii. m-nitrobenzyl alcool, DBU, CHgClz, rt, 15 min (d) i. GDI, pyridine, CH2CI2, 

Ih, rWi. tryptamine, pyridine, DMF, rt, 18h (e) i. p-Bromobenzoic acid, DIG, pyridine, DMAP cat., 
HOBT cat., DMF, rt, 18h 

Exposure of resins 1.243, 1.244 and 1.245 either with TBAF, CsF or TFA in CH2CI2 

released the 7M-nitrobenzyl alcohol, the tryptanine and p-bromobenzoic acid, 

respectively. 

A silicon linker for the protection of carboxylic acids was also synthesized by Barany 

and coworkers. According to their approach, nitration of silanol 1.246 with 

ammonium nitrate in TFAA afforded 1.247, which was converted in the chloride 1.248 

with oxalyl chloride and DMAP. Coupling with /T-hydroxybenzaldehyde afforded 

1.249, which was then reduced to 1.250. Subsequent alcohol protection as a THP ether, 

followed by reduction of the nitrogroup and ring opening with glutaric anhydride 

afforded 1.253. Carboxyl activation with 2,4,5-trichlorophenol, THP ether deprotection 

and esterification with the first amino acid afforded final linker 1.255 (Scheme 1.48). 
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Scheme 1.48 (a) NH4NO3, TFAA (b) (CICO):, DMAP (c) ;,-hydroxybenzaldehyde, DIPEA, CH2CI2 (d) 
BH3 THF (e) Dihydropyran, pyridinium tosylate, CH2CI2 (f) Pd/C, ammonium formate, MeOH (g) 

Glutaric anhydride, CH2CI2 (b) 2,4,5-trichlorophenol, DCC, CH2CI2 (i) Pyridinium tosylate, EtOH, 50 °C 
(j) Fmoc-AA-OH, #-dimethylfbrmamide dineopenthylacetal, 3 days. 

Attachment of linker 1.255 on the polymer was performed with amino methyl resin 

1.231, and the Fmoc amino acid was used to construct a range of different peptides, like 

1.258, which were finally cleaved with TBAF in DMF or with a mixture of TFA and 

CH2CI2, employing dimethylsulphide as scavenger (Scheme 1.49). Importantly, the 

linker was found to be totally stable during all of the conditions required for the SPPS. 

The proposed mechanism for the fluoride assisted cleavage of peptides from resin 1.256 

is illustrated in Scheme 1.50. 
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Scheme 1.50 Fluoride mediated cleavage of peptides G-om linker 1.256 
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1.5 Conclusion and aims of the project 

In summaiy, this overview demonstrated the importance of silicon linkers in solid phase 

organic synthesis. They have found diverse applications for the synthesis of a large 

variety of compounds such as oligosaccarides, peptides, poliketides and 

benzodiazepines. In addition silicon linkers proved to be successful as polymer bound 

reducing reagents for aldehydes and ketones, and they have been successfully employed 

for the synthesis of y-6 unsaturated esters using a catch and release strategy. 

Despite their success, silicon linkers in solid phase synthesis remain a relatively 

unexplored field. One possible reason could lie in the lack of convenient methods for 

their synthesis: as previously shown, some authors (see section 1.4.3, page 22) 

synthesized the whole linkers in solution prior to attachment to the solid support. This 

strategy proved to be tedious, both in the number of the steps involved and in terms of 

the purification of intermediate compoimds. In addition, the overall yields of the linkers 

obtained were sometimes low and required the use of reagents that are not readily 

available. 

However, some of these problems were partially solved by Darling and Hu. By 

performing the whole synthesis of the linkers directly on the polymer, all the analogous 

solution phase intermediate purification steps were avoided. In addition, the simplicity 

of the syntheses and the variety of the reagents involved made this approach suitable for 

the rapid generation of differently functionalised silyl linkers. However, this approach 

also presented some drawbacks in that some reactions were found to be low yielding or 

extremely time-consuming, even when high temperatures or a large excess of reagents 

were employed. 

After consideration of these drawbacks observed from the literature, it was decided to 

extend the repertoire of the available silyl resins and to develop a synthesis of novel 

silicon linkers for use in solid phase synthesis. For this purpose, the new linkers to be 

developed must represent a valuable alternative to those already available and thus this 

feature has two important consequences: 

1. They have to be easily and rapidly synthesized, using high-yielding procedures &om 

cheap starting materials. 
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2. They should present excellent stability under a broad variety of reaction conditions. 

Wi± these ideas in mind the general structures depicted in Figure 1.4 were chosen as 

potential candidates. 

" 4 > 

Polymeric matrbi 

Figure 1.4 General structures of the silyl linkers investigated 

The structures depicted also ofkred the possibility of performing the synthesis of the 

whole linker on the solid phase, avoiding its preparation in solution. It was felt that 

these linkers would fulfil all the requirements cited above and would offer the 

possibility to be employed for a wide variety of solid phase reactions. As an example, 

the silyl chlorides or triflates could be used as supported protecting groups for hydroxyl 

containing compounds, whereas the corresponding silanes could be conveniently 

employed as polymer bound reducing agents. 

For each of the linkers reported, a high-yielding synthetic methodology was required. 

Hence it was proposed to conduct the initial validation and optimization of the 

chemistry in solution before being applied to the solid phase. All of these investigations 

will be the subject of the next chapter. 
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CHAPTER 2. RESm PREPARATION AND LOADING 

2.1 Synthesis of linkers 2.1a and 2.1b 

2.1.1 General considerations and retrosynthetic analysis 

The first generation of linkers investigated is presented by the general structure 2.1 as 

shown in Figure 2.1 

"O 0 - S i - X 

= Alk 
X = H or CI 

R 

2.1 

CM Merrifield resin 

Figure 2.1 General structures of the linkers investigated 

The retrosynthetic analysis for its synthesis is shown in Scheme 2.1 

OR 
R̂  

O—Si—X 

R̂  

2.1a R = G 4 2.1b R = 0 4 

R^=Ph R^=Me 

2.2a R = Bn 2.2b R = Bn 

R^=Ph R^=Me 

OR 

OH + Rz^SiXCI 

OH 

^ "OH +RCI 

2.4 
2.3a R = Bn 

2.3b R = 0 4 
X = H or CI 

C H -= Merrifield Resin 

Scheme 2.1 Retrosynthetic analysis for the linkers investigated 

According to Scheme 2.1, the proposed targets can be obtained from a dialkyl 

monochloro or dichloro silane and the tertiay alcohol resin 2.3b. This latter could be 



obtained via a reaction between 3-methyl-l,3-butanediol 2.4 and Merrifield resin. It was 

felt this provided a convenient route for the preparation of the proposed targets 

employing very cheap starting materials. The great attraction of this strategy relies upon 

the selective attachment of the primary alcohol of 2.4 to afford resin 2.3b, which would 

therefore afford a rapid access to variety of differently fimctionalised silyl resins of 

general structure 2.1, simply by reaction with appropriate dialkyl monochloro or 

dichloro silanes. 

Differently from the trialkylsilyl chloride linkers already reported (see introduction, 

section 1.4.1.2, page 8), a novel feature of 2.1a and 2.1b is the presence of a silyloxy 

chloride moiety. This latter could be advantageous, as it should result in an enhanced 

reactivity of 2.1a and 2.1b with alcohols. 

2.1.2 Solution phase model for linker 2.1a 

0 - S i - C I 

Figure 2.2 Structure of the 6rst siiyl linker investigated 

Our initial investigations involved the synthesis of linker 2.1a, which is closely related 

to fgrf-butoxydiphenylsilyl chloride 2.5 (for its structure see Scheme 2.2), which is 

known undergo reaction with alcohols in excellent yields. Therefore, the analogous 

resin 2.1a should display similar reactivity with alcohols, and the resulting siloxanes 

should have good stability to a range of reactions commonly employed in SPOS. 

Initial investigations commenced with the preparation of a solution phase version of 

2.1a as a model. Before attempting the synthesis of a model, siloxane 2.7 was 

synthesized following a literature procedure, to verify that the literature chemistry 

proceeded as reported. According to Scheme 2.2, rerf-butanol 2.6 was reacted with 

diphenyldichlorosilane employing CH2CI2 as solvent and EtaN as base. DMA? was also 

included in the reaction mixture to enhance the silylation rate of 2.6. In the literature 

work, DMA? had not been employed, resulting in very slow reaction times, such as 36 

hours in refluxing CH2CI2, for the reaction to reach completion. In our case, 2.6 
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disappeared completely aAer 10 minutes and to confirm that formation of silyl chloride 

2.5 had occurred the crude reaction mixture was treated with menthol, an excess of EtgN 

and one equivalent of DMAP, aHbrding 2.7 in excellent purity, as judged by NMR. 

Chromatography afforded pure 2.7 in near quantitative yield. 

a y b y 
OH • ' ' ^ 0 - S i - C i • -"'^O-Si-O' 

Ph (95%) 

2 6 2.5 2.7 

Scheme 2.2 (a) PhzSiClz, EtgN, DMAP, rt (b) Menthol, EtsN, DMAP, rt 

Having established adequate high yielding conditions for the formation of a simple 

siloxane 2.7, the synthesis of 2.2a v^as attempted (Scheme 2.3). Using benzyl chloride 

as a surrogate for Merrifield resin, the Williamson reaction vyith the sodium salt of 3-

methyl-l,3-butanediol in dry DMF at 0 °C gave 2.3a in 73% yield, along with some 

unreacted diol. This important result suggested that no cross-linking problems should 

arise in the corresponding step of the solid phase synthesis, as no reaction at the tertiary 

alcohol was observed. 

a y b y 
HO" ^ "OH ' B n O ^ ^ ^ O H " B n 0 " ^ ^ ^ 0 — S i - C I 

2.4 2.3a 2.2a 

BnO 
(98%) 

0—Si -0 

2.10 

Scheme 2.3 (a) NaH, DMF, 0 °C, then BnCl, 0 °C to rt (b) Ph^SiClz, EtgN, DMAP, rt (c) A-ow-cinnamyl 
alcohol, EtaN, DMAP, rt 

In order to obtain the presumed silyloxy chloride 2.2a, 2.3a was reacted with 

diphenyldichlorosilane in presence of EtgN with either DMAP or imidazole (Scheme 

2.3); in both cases TLC analysis showed the total disappearance of substrate 2.3a within 

10 minutes at room temperature, along with the formation of a new m^or compound. 



As was encountered previously, very slow reaction times were observed in absence of 

DMA? or imidazole, requiring up to 24 hours for the consumption of the starting 

material. In all the three cases examined, the TLC analysis showed the formation of the 

same compound, suggesting also that the formation of intermediates 2.8 and 2.9 is 

unlikely (Figure 2.3). 

Ph ^ \ Ah 

2.8 2.9 

Figure 2.3 Possible intermediates of silyl chloride 2.2a 

In addition, compound 2.2a was found to be reasonably stable under acidic and basic 

aqueous workup conditions, TLC analysis showing only slight decomposition. 

To further ensure the formation of 2.2a, the crude reaction mixture was reacted with 

rran^y-cinnamyl alcohol, affording siloxane 2.10 in 98% overall yield from 2.3a 

(Scheme 2.3, page 47). 

Interestingly, no further reaction between silyl chloride 2.2a and the 3° alcohol 2.3a was 

observed using the experimental conditions employed. 

Ph V Ph 
BnO" ^O—Si—CI 4/^- ^ S i - O ^ ^ ' ^ ^ O B n 

2.2a 

PI" EtjN Ptl 
DMAP or Imidazole 

CH2CI2 

Scheme 2.4 Possible further silyladon of alcohol 2.3a 

It was encouraging to discover that silyl chloride 2.2a was effectively unreactive 

towards 3° alcohol 2.3a (even if DMF was employed as solvent), as this suggested that 

no cross-linking problems should arise during the corresponding step of the solid phase 

synthesis. 



Having established an effective access to 2.2a, several aspects of its formation had been 

elucidated. Firstly, the influence of the solvent in the rate formation of 2.2a had been 

analysed. The solvents of choice were CH2CI2 and DMF, as they are commonly 

employed in the silylation of alcohols; whenever CH2CI2 or DMF were used no 

substantial difference was observed in the formation of 2.2a, the reaction being 

complete in less than 30 minutes in both the cases. However it was decided to carry out 

all the reactions in CH2CI2; this choice lies on its easier removal than DMF and, 

importantly, it is also less hygroscopic, as silylations of alcohols are usually performed 

under dry conditions. 

Finally, the role of the catalyst was investigated. DMAP and imidazole were employed 

in two different experiments, and a faster reaction rate was observed with DMAP. 

Having optimized the conditions for the formation of silyl chloride 2.2a, its reactivity 

with alcohols was investigated. Thus 2.2a was reacted with a number of different 

alcohols in CH2CI2 in the presence of DMAP at room temperature. In all cases excellent 

reactivity was observed with primary, secondary and bulky secondary alcohols, the 

silylations being complete in less than one hour, as examined by TLC analysis. After 

aqueous workup and chromatography, pure siloxanes 2.10-2.14 were obtained in 

excellent yield over two steps, starting from tertiaiy alcohol 2.3a. For convenience, the 

silyl chloride 2.2a was not isolated, and the crude reaction mixture was directly exposed 

to alcohols 2.15-2.19, with EtgN and DMAP. The results are summarized in Table 2.1 

Ph a V 
B n O ^ ^ ^ ^ O - S i - C I " B n O ^ ^ - ^ O - S i - O R 

Ph Ph 

2.2a 2.10-2.14 

Scheme 2.5 (a) ROH, EtsN, DMAP, CH^Cl̂  rt 
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TABLE 2.1 Siloxanes obtained between reaction of silyl chloride 2.2a and various 
alcohols 

Alcohol employed Siloxane Yield"' * 

Ph 
HÔ  BnO" O—Si— 

U \ J 
2.15 

2.10 

Ph 
CH3OH BnÔ  —Si—OCH3 

2.16 Ph 

2.11 

90 

^ BnO ^ "O-Si-0' 
O Ph O 93 

2.17 2.12 

Ph 
BnÔ  ^O-Si-C" 90 

l=h 

2.13 

Ph 
Bn0^"^^^0-Si-0^^ 

Ph 

2.14 

94 

' All yields refer to the isolated compound (purified by column chromatography) 
' Overall yield starting from alcohol 2.3a 

In addition, all the siloxanes 2.10-2.14 were found to be extremely stable to TLC 

analysis, and no decomposition was observed thus allowing their purification by column 

chromatography. 

The next route of investigation was the reactivity dependence on the presence of a 

phenyl group in the chain, as this could interact with the two aromatic substituents on 

the silicon, with the result of a decreased reactivity. 

To evaluate this second possibility, silyl chloride 2.21 was prepared using the same 

protocol employed to prepare 2.2a. Thus 2.20 (obtained via a Williamson reaction 

between 2.4 and methyl iodide) was reacted with diphenyldichlorosilane to afford 

intermediate 2.21, which was then exposed to menthol in the presence of EtsN and 



DMAP to give siloxane 2.22 in good yield in less than 1 hour (Scheme 2.6). This result 

suggested that the rate of silylation of the alcohols is unaffected by the presence of 

diGerent substituents on the alkyl chain. 

MeO OH ^ MeO 

2.20 

0—Si—CI 0—Si-0 

Scheme 2.6 (a) Ph^SiCL EtsN, DMAP, rt (b) Menthol EtsN, DMAP, rt 

The second aspect investigated was the reactivity dependence of sUyl chloride 2.2a on 

the presence of oxygen in the aliphatic chain. More precisely, it was postulated that the 

presence of the oxygen in the benzyl ether moiety could somewhat decrease the reaction 

rate of silylation via formation of an Lewis acid-Lewis base interaction between the 

oxygen of the linker model and the silicon, with the formation of a six membered 

structure, as illustrated in Figure 2.4 

^"SiPhzCI 
OBn 

Figure 2.4 Possible Lewis acid-Lewis base interaction between the ether oxygen and the silicon atom 

To evaluate this, an "all carbon chain" silyl chloride 2.24 was prepared by reacting 2.23 

with diphenyldichlorosilane, and subsequently reacting with a variety of alcohols under 

the same experimental conditions previously reported (see Scheme 2.7), affording 

siloxanes 2.25-2.27 in excellent yields over 2 steps. This demonstrated that the 

reactivity of the original silyl chloride 2.2a is not significantly affected by the presence 

of the heteroatom in the chain. 

a V b V 
OH ^ ^ ^ ^ ^ 0 - S i - C I ^ ^ ^ ^ ^ ^ O - S i - O R 

Ph Ph 

2.23 2.24 2.25-2.27 

Scheme 2.7 (a) PhzSiClg, EtsN, DMAP, rt (b) ROH, EtgN, DMAP, rt 
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TABLE 2.2 Siloxanes obtained from reaction of silyl chloride 2.24 and various 
alcohols 

Alcohol employed Siloxane Yield"'* 

HO 

2.15 

O—S I—O 

98 

2.25 

O 

2.17 

Ph o 8 8 

2.26 

O-Si-0*^ 90 

2.18 

Ph 
I 

-S i -
I 

Ph 

2.27 

All yields refer to the isolated compound (purified by column chromatography) 
^ Overall yield starting from alcohol 2.23 

Once a procedure for the silylation of alcohols had been determined and optimized, 

stability studies of the siloxane moiety were performed. In particular, the reactivity with 

the fluoride anion was investigated, as silyl ethers are known to be sensitive under these 

conditions. 

Substrates 2.10 and 2.13 were chosen as a models and TBAF was employed as the 

fluoride source as it displays good solubility in THF, which will become important later 

in the development of the related solid phase chemistry. Siloxanes 2.10 and 2.13 were 

dissolved in THF and reacted with 2 equivalents of TBAF at room temperature. TLC 

analysis showed that complete decomposition of the substrates occurred within 10 

minutes, along with the formation of the two alcohols 2.15 and 2.18 and the tertiary 

alcohol 2.3a. Purification furnished alcohols 2.15, 2.18 and 2.3a in quantitative yield, 

along with the diphenyldifluorosilane 2.28. The formation of this latter demonstrated 

that the fluoride anion cleaved both the Si-0 bonds of the siloxane, showing at the same 

time that both primary and secondary hindered alcohols can be deprotected very rapidly. 



+ PhoSiFz 2.3a + 

2.13 ^ 2.3a + _ + Ph2SiF2 

2.28 

2.18 

Scheme 2.8 (a) TBAF, THF, rt 

To summarize, an extensive investigation was carried out iising a solution phase model 

of linker 2.1a. An excellent protocol for the synthesis of silyl chloride 2.2a was 

developed firom cheap and readily available starting materials. It was discovered that 

alcohol 2.3a is silylated rapidly only once and the resulting silyl chloride readily 

silylates a broad variety of alcohols, including some secondary hindered ones, but does 

not react readily with tertiary alcohols. 

The following part of the chapter will describe the synthesis of the 

diphenylsilyloxychloride resin 2.1a, by adaptation of the experimental procedures 

successfully employed in the solution phase model. 

2.1.3 Solid phase synthesis of linker 2.1a 

Once the solution phase model was successfully completed, attention was focused to the 

solid phase synthesis of 2.1a. A Williamson reaction between the sodium salt of 2.4 and 

Merrifield resin afforded 2.3b, as shown in Scheme 2.9 

^ r y "o" "OH 

2.4 23b 

Scheme 2.9 (a) NaH, DMF, 0 °C, then MerriGeld resin, 0 °C to rt 
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The formation of 2.3b was supported by the FT IR of one dried sample of beads and 

from the gel phase NMR. 

5 5 
1 2 

O ^ O ^ Y ^ O H 

twit 

Figure 2.5 Gel phase '^C NMR of inteimediate resin 2.3b 

In order to obtain the silyl chloride resin, 23b was treated with Ph2SiCl2 in dry CH2CI2 

as solvent, in the presence of EtgN and DMAP (Scheme 2.10). 

0 OH 0 
Ph 

O — S i - C I 

Ph 

2.3b 2.1a 

Scheme 2.10 (a) PhzSiCl ,̂ EtgN, DMAP, rt 

The resulting intermediate resin 2.1a was rinsed with dry CH2CI2, and reacted with 

^aw-cinnamyl alcohol in presence of EtsN and DMAP (Scheme 2.11). We were 

pleased to observe that subsequent exposure of 2.30 to TBAF in THF at room 

temperature led to the recovery of the /raw-cinnamyl alcohol 2.15, along with 2.28, as 
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shown by the TLC analysis. This inferred the formation of the silyl chloride resin 2.1a 

and its successful reaction with the alcohol. 

2.1a 0 
Ph 

0 — S i - 0 

Ph 

2.30 

23b + PhzSiFz + 

2.28 

2.15 

Scheme 2.11 (a) (roRy-cmnaniyl alcohol, EtsN, DMAP, rt (b) TBAF, THF, rt 

Importantly, this last result demonstrated also the absence of any crosslinking problems 

that could have arisen after reaction between Ph^SiClz and and two neighbouring 

alcohols onto the resin to form 2.29, as illustrated in Scheme 2.12. The possible absence 

of this problem was also anticipated from the extensive solution phase investigation 

(Section 2.2.2, page 47). 

2.3b 

OH 

OH 

0 

0 

0 
Ph-S i -Ph 

0 

2.29 

Scheme 2.12 Possible crosslinking of resin 2.3b with diphenyldichlorosilane 

In order to check the complete deprotection of the alcohol 2.15, the resin recovered 

6om the cleavage reaction was re-exposed to the same amount of TBAF under the same 

experimental conditions. No further alcohol cleaved was detected, demonstrating that 

the deprotection occurred completely with the first TBAF treatment. 



2.1.4 Loading determination of linker 2.1a 

Having established the synthesis of 2.1a, a m^or priority was the determination of the 

loading of silyl resin 2.1a. This goal was achieved in two difkrent ways. 

2.1.4.1 GC quantification of cleaved material 

In this method the resin bound silyl chloride 2.1a was reacted with /raMf-cinnamyl 

alcohol to afford siloxane resin 2.30 following the sequence previously described (see 

Scheme 2.11). Then a known amount of dried resin 2.30 was taken and treated with 

TBAF. The reaction was allowed to run for 2 hours and aAer workup the organic 

solution was analysed by GC and the released ^ra/w^-cinnamyl alcohol was quantified 

with standard solutions. 

2.1.4.2 Quantification by Fmoc Assay 

In this method an A/-Fmoc amino alcohol was attached to the silyl chloride resin 2.1a 

under the usual conditions to afford siloxane 231. It is important to underline that under 

these coupling conditions no cleavage of the Fmoc was detected. A known amount of 

the dried resin 2.31 was then treated with a 20% solution of piperidine in DMF and the 

piperidine fulvene adduct released 2.32 was quantified by UV absorbance at 302 nm 

(Scheme 2.13). The simplest available amino alcohol, 7V-Fmoc amhioethanol, was 

chosen for this study. 

2.1a 0 - S i — 0 Fmoc 

2.32 

Scheme 2.13 (a) ^Fmoc glycinol, EtgN, CHzClz, DMAP, rt (b) 20% piperidine, DMF 

Both methods were applied to the loading determination of the silyl chloride resin 2.1a 

and a value of 0.2 mmol/g was initially found. This value was found to be quite low 

with respect to the theoretical loading (1.1 mmol/g, starting from the commercially 



available Merrifield resin of 1.6 mmol/g). Therefore the resin loading was the subject of 

further investigation. 

2.1.5 Preparation of silyl chloride resin 2.1a with an improved loading 

The solution phase model had shown clearly that Ph2SiCl2 rapidly silylates alcohol 2.3a 

only once, to afford 2.2a, suggesting that cross linking problems during the silylation of 

resin 2.3b in the second step of the solid phase synthesis would be unlikely. In addition, 

it has been observed that the formation of alcohol 23a in solution did not reach the 

completion as some unreacted starting material was recovered (see Section 2.1.2, page 

47). Combining these pieces of experimental evidence, it was proposed that the low 

loading of 2.1a could be due to an inefficiency of the first step, possibly increased by 

the low solubility of the sodium salt of 2.4 in DMF at room temperature. The overall 

synthesis of resin 2.1a was therefore repeated, performing the 6rst step at 60 °C; the 

other steps were performed in the same way as previously described (see Section 2.1.3, 

Schemes 2.10 and 2.11, pages 54 and 55). However no substantial increase in the final 

resin loading was observed (still 0.2 mmol/g). 

It was then decided to change the experimental conditions for the ether formation. 

Following a hterature procedure,^^ diol 2.4 was reacted with Merrifield resin in the 

presence of potassium fer^-butoxide in dry THF at room temperature for 3.5 days. All 

the subsequent reactions were carried out in the usual way. It was encouraging to 

observe that the modified ether bond formation was more efficient; after the two steps, a 

loading of 0.6 mmol/g was found, demonstrating the inefficiency of the original ether 

forming conditions. In a third experiment, the Grst step was performed with 18-crown-6 

(2.33) (see Figure 2.6) as phase transfer catalyst, resulting in a final loading of 0.65 

mmol/g for resin 2.1a which corresponded to 60%, with respect to the theoretical 

loading. 

Figure 2.6 Structure of 18-Crown-6 
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In a second instance attention was turned to enhance the reaction rate. Originally, 

immobilization of the diol 2.4 on Merrifield resin was performed over 3.5 days at room 

temperature, resulting in a very time consuming reaction. However, this long period was 

necessary to obtain the loading previously reported. This was realized by performing the 

attachment of diol 2.4 on Merrifield resin over 1 or 2 days, and using 2.3b for the 

preparation of the silyl chloride (see Section 2.1.3, Schemes 2.9 and 2.10, pages 53 and 

54): in both cases a lower loading of 2.1a was found. With this in mind, attention was 

paid to enhance the reaction rate. In particular the use of microwave irradiation was 

investigated. ^ Attachment of diol 2.4 was carried out at 120 °C employing two 

different reaction times. The other steps were performed as usual (see Section 2.1.3, 

Scheme 2.11, page 55). This further modification proved to be successful, as the loading 

of the corresponding silyl chloride resin was found to be 0.7 mmol/g in both the cases, 

now corresponding to a 65% of the theoretical loading. 

To summarize, the results for the loading of 2.1a prepared under various reaction 

conditions on the first step of the synthesis are illustrated in Table 2.3 

TABLE 2.3 Improvements in the loading of 2.1a after modification of the first step of 
the synthesis (Scheme 2.9, page 51). 

Base Solvent Temp (°C), Time PTC Loading (mmol/g) 

NaH DMF rt, 24h No &20 

NaH DMF 60,24h No &23 

'BuOK THF rt, 3.5 days No 0.60 

'BuOK THF rt, 3.5 days Yes 0 65 

'BuOK THF pm, 120, 5 min Yes &70 

'BuOK THF 120, 10 min Yes 0.70 

2.1.6 Investigation of the reactivity of resin 2.1a with different alcohols 

As discussed previously (see Introduction, Section 1.4.1.2), one of the principal roles of 

silyl linkers is their ability to act as a supported protecting group for the immobilization 

of alcohols. With this in mind a detailed study of the reactivity of linker 2.1a with a 

range of hydroxyl containing compounds was carried out. To demonstrate its versatility, 

silyl chloride resin 2.1a was reacted with primary, hindered secondary and tertiary 
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alcohols (Scheme 2.14). The reactions were performed under the previously described 

conditions (see Section 2.1.3, Scheme 2.11, page 55) and afforded the corresponding 

siloxanes resins 2.30 and 2.34-2.38, as determined by FT IR and gel phase NMR 

studies of some of the resins. 

2.1a 0 
Ph 

O - S i - O R 

Ph 

b or c 
2 . 3 b + PhzSiFg + ROM 

2.28 

2.30, 2.34-2.38 

2 3 0 R= 2.34 R= Y ' 2 3 5 R= 

2.36 R= 
OCĤ  

2.37 R= 

0 

o 
2.38 R= "CioH 10̂ 21 

Scheme 2.14 (a) ROH, EtsN, DMAP, CH^Ck rt (b) TBAF, THF (c) KF, 18-Crown-6, THF 

Ph O 

77̂  

/ V I M M 
/PO /go 770 760 /JO /VO /JO 7̂0 770 700 PO SO 70 60 jO YO JO 20 70 0 

Figure 2.7 Gel phase NMR. of ester bound resin 2.36 



In order to quantify the yield of the coupling, resins were treated with TBAF and the 

cleaved solutions were analysed by GC analysis. In most of the cases an aqueous 

workup was required to eliminate the TBAF &om the reaction mixture. However, in the 

case of water-soluble compounds, such as 5'-methyl lactate, this procedure was avoided. 

In this case the cleavage mixture was concentrated under reduced pressure and the 

compound purified by passage through a short silica gel column. Alternatively, to avoid 

workup, the release of the alcohol can be effectively accomplished using potassium 

fluoride in THF, using a catalytic amount of 18-Crown-6 as a phase transfer catalyst. In 

this way the solution can be collected and analysed directly by GC analysis. 

Under the conditions reported, primary and hindered secondary alcohols such as 

menthol, were found to react readily with the silyl chloride resin 2.1a in high yields 

within one hour (Table 2.4). A different result was found with tertiary alcohols. In this 

case immobilization did not occur at all, even after running the coupling reaction in 

DMF for 24 hours at room temperature. This result suggested that tertiary alcohols are 

unreactive towards 2.1a. 
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TABLE 2.4 Alcohols attached to resin 2.1a and quantified after exposure of siloxanes 
2.30 and 2.34-2.38 to TBAF 

Alcohol Cleavage reagent Yield 

TBAF or 
U KF Quant. " 

2.15 18-Crown-6 

o 

2.17 

TBAF 95 

HO' 

2.18 

TBAF 96 

TBAF 95 

2.19 

"CioHziOH 
2.39 

TBAF 70 

TBAF 0 
2.40 

TBAF 0 
2.41 

TBAF 96 
2.42 

" Based on the assumption that tram-cmmmyl alcohol reacted completely with 2.1a 

2.1.7 Silylation of diols 

One important application of silicon linkers is their ability to preferentially protect 

primary alcohols over the secondary alcohols. This mainly lies in the difference in 

reactivity between primary and secondary alcohols and on the steric hindrance of the 

groups on the silicon; as a rule, the greater the bulkiness of the substituents, the greater 

is the selectivity. For example, as previously stated (see Introduction, Section 1.4.1.2, 
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page 8) polystyrene diphenylsilyl chloride is reported to silylate primary alcohols in 

good yields and selectivity. 

As already mentioned, linker 2.1a closely resembles ^g/f-butoxydiphenylsilyl chloride 

2.5, which, in the absence of DMAP, readily silylates primary alcohols in good yields 

and selectivity due to the presence of the two bulky phenyl groups on the sUicon. ^ On 

the basis of this information it was felt that resin 2.1a could be employed for the 

selective protection of primary alcohols under 'T)MAP-free" silylation conditions. 

For our purpose a range of fimctionalised diols 2.53-2.55 was chosen (Scheme 2.16). 

We chose to carry out reactions in CH2CI2 because previous studies showed that 

silylating agents can react with the DMF to afford intermediate 2.43 (Scheme 2.15), 

which is more reactive than the silyl chloride and can react with both primary and 

secondary alcohols at a comparable rate. ^ 

R ^ - S i - X 

H 

ROH 

R 

X 

R̂  0 

R ' - S i - O R + HX + H N 

R^ = Alk 

ROH = primary or secondary alcohol 

R^-S i -O^N^ X 
R1 1 

2.43 

X = CI, OTf 

Scheme 2.15 Silylation of primary and secondary alcohols via formation of postulated intermediate 2.43 

After generation of resin 2.1a and repeated washing with dry CH2CI2 to remove any 

trace of DMAP, the attachment of the diols was then performed in CH2CI2 and EtgN. 

The reactions were monitored by FT IR spectroscopy and in all the cases the dried 

resins showed a broad band tentatively assigned to the presence of a hydroxyl group. At 

this point a method to test the selectivity of resin 2.1a was required. It was felt that the 

acylation of the free remaining OH followed by cleavage and quantification of the 

corresponding secondary monoesters would provide a useful means to achieve this 

(Scheme 2.16). However, attention had to be paid to the stability of the corresponding 
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products under the cleavage conditions, as ± e fluoride anion has been observed to 

promote transesterification of monoesters of diols, which would make the selectivity 

study meaningless. Treatment of resin 2.47 with either TBAF and KF/18-crown-6 

afforded a mixture of the primary and secondary monobenzoylated esters (See Table 

2.6, page 62) and the absence of 1,5-hexanediol 2.53, suggesting that transesterification 

had occurred. 

In order to overcome to this problem the cleavage conditions were modified. The 

adapted cleavage protocol involved the use of HF Pyr, as monoesters of diols are less 

prone to transesterification under acidic conditions. Resins 2.47-2.49 were treated with 

HF Pyr and the crude products purified, afkrding compounds 2.50-2.52 in 80, 81 and 

75% yield, respectively, based on the loading of the silyl chloride resin 2.1a (Scheme 

2.16 and Table 2.5). 

2.1a 

Q 
o" 

Ph 

" O - S i - O " 

Ph R 
"O-Si-O^Y^ 

Ph R 

2.44 R = H 

2.45 R = OH 

2.46 R = OH 

R' =-C2H4-CH(0H)CH3 

R^ ="Bu 

R^ = Ph 

2.47 R = H R' = -C2H4-CH(OBz)CH3 

2.48 R = OBz R^ ="Bu 

2.49 R = OBz R^ = Ph 

HO" 
,R' 

R 

2.50 R = H R^ = -C2H4-CH(OBz)CH3 

2.51 R = OBz R^ ="Bu 

2.52 R = OBz R^ = Ph 

HO"" f 
R 

2.53 R = H 

2.54 R = OH 

2.55 R = OH 

R' = -C2H4-CH(OH)CH3 
R^ ="Bu 

R^ = Ph 

Scheme 2.16 (a) 2.53 2.54, or 2.55, EtgN, CH2CI2. rt (b) BzCl, pyridine, CH2CI2, rt (c) HF Pyr, rt 
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TABLE 2.5 Selective silylation of resin 2.1a with a variety of diols 

D i d Products" 

OBz 
5 

OH OH 

2.53 

2.50 80% none 2.53 none 

2.54 OBz OH OH 

2.51 81% 2.56 8% 2.54 9%^ 

2.55 OBz OH OH 

2.52 75% 2.57 13% 2.55 10%'' 

"All yields refer to the isolated purified compound 
' Recovered after cleavage with HF'Pyr 

In the case of resin 2.47, only 2.50 was obtained after column chromatography, with no 

other products detected. Further confirmation was obtained from gel phase NMR 

analysis of resin 2.44 (Figure 2.8). 

O-Si-O 

^ yw ym ^ ^ wo jw # /O # jw # JO JO JO 0 

Figure 2.8 Gel phase NMR of intermediate resin 2.44 
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In the case of 1,2-diols slightly different results were found: cleavage from 2.48 and 

2.49 gave 2.51 and 2.52, respectively, as main compounds, along with a small 

percentage of the other regioisomers 2.56 and 2.57 and the original 1,2-diol. However 

the only signal in the gel phase ^̂ Si NMR of resin 2.49 suggested that a lack of 

selectivity was unlikely. It was then postulated that compounds 2.51 and 2.52 can 

undergo transesterification even during these cleavage conditions. This behavior is quite 

common for monoesters of 1,2-diols, as the isomerization occurs via the 5-member ring 

intermediate 2.58. 

2 5 1 2.58 2.56 

Figure 2.9 Five-membered intermediate involved in the transesteriGcation of mobenzoyl esters of the 1,2-
hexanediol 

This behavior has not been encountered for the monoester of the 1,5-hexanediol: 

isomerization in this case is much slower as it does not occur via the same transition 

state. In summary in this section it has been elucidated that silyl resin 2.1a may be 

employed for the selective silylation of primary alcohols. 

2.1.8 Long term stability studies of resin 2.1a 

To date, little was known about the long term stability of silyl chloride resin 2.1a. As a 

consequence, it was generated immediately before the alcohol attachment step. This 

was found to be an extremely reliable method, though quite time consuming, especially 

when resin 2.1a was required for the protection of several different alcohols. 

Consequently, a study into the long term stability of 2.1a is extremely attractive as it 

opens up the possibility of preparing 2.1a in larger quantities. Therefore a batch of 

resin 2.1a was prepared and, after removal of the impurities, the resin was dried for 24 

hours and stored in the freezer. In order to check the long term stability, the loading of 

2.1a was calculated on the same batch every month using the methods reported above 

(see Sections 2.1.4.1 and 2.1.4.2, page 56). The results are summarized in Table 2.6 
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TABLE 2.6 Loading values of resin 2.1a after fixed amounts of time 

Time 
Loading found 

(mmol/g) 

After 1 month &65 

After 2 months 0.65 

After 3 months 0 65 

After 4 months &65 

After 5 months &64 

The experimental data displayed in Table 2.6 inferred the long term stability of silyl 

chloride resin 2.1a. The consequence of this last result means a more simplified 

procedure for the alcohol attachments, as the need to generate 2.1a immediately before 

the alcohol protection can be avoided. 

2.1.9 Stability studies of the siloxane moiety 

The next priority was to evaluate the degree of stability of the siloxane linker under 

conditions usually employed for the SPOS. The stability of the linker with acids, such 

as acetic acid and TFA, and strong bases, such as LDA and 'BuOK was investigated. 

This choice lies on their extensive employment in the field of solid phase chemistry: as 

an example, LDA has been successfully used for the formation of supported enolates, 

whereas TFA has been used to remove trityl ethers in presence of a Tentagel type 

linker. ^ rra^-s-cinnamyl alcohol bound resin 2.30 was chosen as substrate, and in a 

first reaction was treated with a known amount of TBAF; the alcohol released was then 

quantified by GC analysis. As the deprotection was shown to be quantitative under 

these conditions (see Section 2.1.3, page 55), the amount of alcohol coming off from the 

resin was taken as standard for the successive measurements. Resin 2.30 was 

subsequently treated with various acids and bases in different concentrations, and after 
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fixed amounts of time the solution was collected and analysed by GC in comparison 

with the standard solution. All the results obtained are summarized in Table 2.7 

TABLE 2.7 Results obtained from the kinetic studies of the diphenylsiloxane linker 
with different acids and bases 

Reagent Solvent Quantity Time T(°C) Alcohol cleaved 

LDA THF 1 eq 25h 0 0 

LDA THF 2.5 eq 2.5h 0 0 

'BuOK THF 1 eq 25h 0 0 

'BuOK THF 2.5 eq 2.5h 0 0 

HCOOH CH2CI2 1% v/v 24h rt 0 

TFA CH2CI2 1% v/v 2 min rt 53% 

The results obtained were quite good. In fact in all the cases investigated an excellent 

stability of the linker was observed, apart from the last case, in which the TFA cleaved 

the linker considerably, only after 2 minutes. 

To confirm further, the resin coming from the treatment with 2.5 equivalents of LDA 

was thoroughly washed, dried and treated with TBAF, affording exactly the theoretical 

amount of alcohol expected, and definitely demonstrating that no cleavage at all 

occurred during LDA exposure. 

2.1.10 Conclusions 

In conclusion, in this part of the work a novel silyl chloride resin 2.1a was successfully 

synthesized. The key step is the regioselective attachment of the diol 2.4 to the 

Merrifield resin, to afford tertiary alcohol resin 2.1a The resulting supported tertiary 

alcohol can be easily employed to obtain a silyl chloride resin in a concise and 

straightforward way. The optimized conditions initially developed in solution were 

readily transferred to the solid phase, with excellent and consistent results. In addition, 

considerable improvements in the loading and on the reaction times were achieved. The 

resulting resin 2.1a proved stable to prolonged storage and showed excellent reactivity 

with primary and secondary alcohols. ^ The resulting siloxane moiety was shown to be 


