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Abstract—Straightforward syntheses of two tert-alkoxysilyl chloride functionalised resins 3 and 31 that allow facile attachment of 1°, 2°, 3°
alcohols and phenols to the solid-phase have been achieved. Resin 3 displayed useful loading levels (0.7 mmol/g), and it was stable to storage
in activated form. Siloxanes from reaction of 3 with alcohols and phenols were compatible with a variety of reaction conditions commonly

used in solid-phase synthesis.
© 2006 Published by Elsevier Ltd.

1. Introduction

In view of the importance of silicon protecting groups in or-
ganic chemistry,' the development of related silyl linkers for
solid-phase synthesis constitutes an important objective.?
Indeed, silicon-containing linkers have proved to be ex-
tremely valuable for the attachment of oxygen, carbon and
nitrogen functionalities to solid supports. Some relevant
applications of silylether linkers include the synthesis of
pheramones,* oligosaccharides,” glycopeptides,® prosta-
glandins,” polyketides,® carpanone-like molecules® and vita-
min D; analogues.'® Traceless cleavage strategies that rely
on protodesilylation of silicon—carbon bonds have been uti-
lised for the release of unsaturated small molecules and
cyclopeptides.!!*'? Other silicon-containing linkers that
can be cleaved to afford amines and carboxylic acids have
also been devised.!>!*

Various strategies have been described to achieve the attach-
ment of alcohols to a solid-support through a silicon—oxygen
linkage. Early reports described the synthesis of silyl chlo-
ride resins by metallation of polystyrene followed by trap-
ping with dichlorosilanes.*!>:1® Polymer supported silyl
chlorides have also been prepared by co-polymerisation of
silyl-containing monomers,'” or transition metal catalysed
hydrosilylation of resin-bound alkenes.'® In some cases the
resulting silyl resins require additional activating steps to
generate a reactive silylating agent.!’~2° Alternative routes
required more elaborate silylether—substrate conjugates to
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be prepared in solution prior to coupling with the solid-phase
through suitable functional groups.®!!a-b-12.14a-b

Siloxane linkers offer an attractive alternative to silylethers
because they can be synthesised directly from the reaction
of inexpensive commercially available dichlorosilanes
with alcohols. Indeed, the virtues of the di-iso-propylsilox-
ane linkage have been highlighted within the solid-phase
syntheses of carbohydrates, glycopeptides, oligonucleotides
and polyketides.?! In these syntheses the siloxane linkage
was formed by first reacting the alcohol with dichlorosilane
(or bis-triflate) in solution prior to attachment of the resultant
product to a resin-bound alcohol.

The stability of siloxane protecting groups towards acid,
base and fluoride has been investigated by Gillard et al.??
They showed that the fert-butoxydiphenylsilyl (DPTBOS)
group was suitable for protection of 1°, 2° and 3° alcohols,
giving siloxanes that exhibited improved acid stability
over the corresponding fert-butyldimethylsilyl (TBS) ethers
(Fig. 1). In addition, the fert-butyldiphenylsiloxane linkage
was shown to offer useful stability under basic conditions,
whilst undergoing rapid cleavage with fluoride.

The reactivity profile of fert-butoxydiphenylsiloxanes de-
scribed above prompted us to consider the use of related
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Figure 1. Structure of the tert-butoxydiphenylsilyl (DPTBOS) protecting
group and proposed siloxane linker.
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supported analogues as linkers for solid-phase synthesis
(Scheme 1).2* Moreover, these resins should be easy to ac-
cess from commercially available starting materials using
operationally simple chemistry. Herein, we describe a conve-
nient synthesis of diphenyl and dimethylchlorosiloxane
resins that are useful for the immobilisation of 1°, 2° and
3° alcohols, and discuss some applications of these siloxane

linkers in solid-phase synthesis.
O/\ 0/\4\OH
4

+ R,SiCl,
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Scheme 1. Proposed synthesis of diphenylchlorosiloxane resin.

2. Results and discussion

The objective of this research was to establish a solid-sup-
ported analogue of the DPTBOS protecting group for use
as a linker in solid-phase synthesis. It was important that
the resin should have a useful loading of chlorosiloxane
groups and be easy to prepare. The resin should ideally pos-
sess sufficient reactivity for the facile attachment of a range
of alcohols of different steric bulk, whilst possessing suffi-
cient stability to allow its storage. Furthermore, the resulting
siloxanes should be stable to a range of conditions that are
commonly encountered in solid-phase synthesis. With the
above requirements in mind, we envisaged a simple route
to an alkoxydiphenyl chlorosiloxane resin 3 starting from
Merrifield resin, a commercially available diol linking group
5 and dichlorodiphenylsilane (Scheme 1).

The reaction of dichlorodiphenylsilane with tert-butanol has
been reported to give the mono-adduct selectively in CH,Cl,
containing Et;N,%? so we were, therefore, confident that the
corresponding reaction of a resin-bound 3° alcohol would
provide chlorosiloxane resin 3 without significant cross-
linking of the hindered 3° hydroxyl groups. In order to
corroborate this prediction the synthesis of a solution model
chlorosiloxane 7 was undertaken (Scheme 2).
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13 X=Cl
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Scheme 2. (a) NaH, DMF, BnCl, 0 °C to rt; (b) Ph,SiCl,, Et;N, DMAP, rt;

(¢) Me,SiCl,, Et;N, DMAP, CH,CL, rt; (d) R'OH, Et;N, DMAP, tt; (e)
TBAF, THF, rt.

The reaction of dichlorodiphenylsilane and the mono-benzyl
ether 6 of diol 5 proceeded slowly in CH,Cl, using Et3N as

the base. Gratifyingly, the rate of reaction was greatly accel-
erated by the addition of DMAP, providing near quantitative
formation of the desired chlorosiloxane 7 in less than 2 h at
rt. Critically, even in the presence of DM AP further reaction
between the chlorosiloxane 7 and the 3° alcohol 6 was not
evident, suggesting that significant cross-linking between
3° alcohols should not be an issue of concern in the solid-
phase chemistry.

A spot believed to correspond to the chlorosiloxane model
compound 7 was visible by TLC analysis of the reaction
mixture,?* and the chlorosiloxane 7 could be isolated after
an aqueous work-up. However, 7 proved too sensitive to per-
mit purification by chromatography on SiO,. Therefore, in
order to establish the reactivity profile for 7, the crude reac-
tion mixture was directly exposed to a variety of 1° and 2°
alcohols 15-19 to afford siloxanes 8—12 in excellent overall
yields.

In contrast to the results reported for fert-butoxydiphenyl-
silyl chloride,??* we were not able to efficiently couple 3° al-
cohols with 7. Consequently, the less hindered dimethylsilyl
analogue 13 was prepared and found to react effectively with
menthol to give stable siloxane products (Scheme 2). A
small amount of double addition of 6 was observed during
the formation of chlorosiloxane 13, indicating that the corre-
sponding resin would be reactive towards 3° alcohols, but
might also undergo some cross-linking.

As expected, exposure of the diphenyl- and dimethylsilox-
anes 812 and 14 to fluoride resulted in a rapid and complete
cleavage of the siloxane moiety (Table 1).2? For example,

Table 1. Synthesis of siloxane model compounds

Entry fert- R'OH Siloxane Yield
BuOSiR,Cl (%)™°
OH Ph P
1 7 K/Aph (5 O*?ifo/\/\Ph 98
15 OBn Ph g
Ph
2 7 CH&?“ ()3 o—si—ocH, 90
OBn  Ph g
o oc
: H
3 7 /\Iro'\"e r)><o SI* ® 93
17 0 OBn
4 7 _ 90
HO" o— SI*
18 ipr OBn Ph 1
5 7 HO™ ( 2 O*?ifo\ 94
19 OBn  Ph 4,
6 13 18 90
O Sl

OBn Me 14 =1

* All yields refer to the isolated, purified compound.
® Overall yield starting from alcohol 6.
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action of TBAF on 8 afforded alcohol 5, along with Ph,SiF,
(20) and trans-cinnamyl alcohol (15) in quantitative yield.

After the excellent results obtained in solution, attention
turned to the solid-phase synthesis (Scheme 3). Attachment
of diol 5§ on Merrifield resin (1% cross-linked, 1.6 mmol/g)
was achieved in THF using fert-BuOK as the base in the
presence of a phase-transfer catalyst, leading to the success-
ful formation of a 3° alcohol resin 4.25-2¢ Alternatively, the
resin 4 could be prepared with a slightly improved loading
using microwave irradiation at a temperature of 120 °C
with reaction time of just 5-10 min. Subsequent exposure
of the 3° alcohol resin 4 to Ph,SiCl, and Et;N afforded
chlorosiloxane resin 3 (Scheme 3).

OR
K/*\OH

Q Ph
| [
O*§i*CI -

5R=H 3 Ph
"L 4r- O
Q,
r;‘h 1 1 i
0—Si—O0R R'OH + Ph,SiF, (20)
21-25 N 15,17-19,26

Scheme 3. (a) tert-BuOK, THF, 18-crown-6, Merrifield resin, microwave
120 °C, 10 min; (b) Ph,SiCl,, EzN, DMAP, CH,Cl,, 1t; (c) R'OH, E3N,
DMAP, CH,Cl,, rt; (d) TBAF, THF, rt.

Gratifyingly, both 1° and 2° alcohols reacted with resin 3
(Scheme 3 and Table 2) in less than 1 h, in the presence of
Et;N and DMAP. Successful couplings were confirmed by
gel phase '*C NMR and by cleavage of the starting alcohols
back from the siloxane resins. The loading of 3 (0.65—
0.70 mmol/g) was estimated by GC quantification of cleaved
trans-cinnamyl alcohol from 21, and this value was used as
a basis to calculate the loading efficiencies for other alcohols.

The chlorosiloxane resin 3 was suitable for the selective pro-
tection of 1° alcohols in the presence of 2° alcohols when
DMAP was omitted from the coupling reaction mixture
(Scheme 4).2%* For example, 1,5-hexanediol was reacted
with resin 3 to give alcohol resin 28. Benzoylation of the
2° alcohol followed by HF mediated cleavage gave exclu-
sively the mono-benzoate ester 30 in good yield. 1,2-Diols
also underwent selective protection, although the results
were less clear-cut due to some trans-esterification observed
under the cleavage conditions.

A limitation of the resin 3 was its low reactivity towards 3° al-
cohols, even after prolonged reaction times or by employing
DMF as solvent (entry 6, Table 2). To overcome this problem,
the less bulky dimethylchlorosiloxane resin 31 was obtained
from 4 (Scheme 5), and found to react effectively with 3° alco-
hols (entry 3, Table 3) as well as with less hindered ones. An
advantage of the dimethylsiloxane linker over diphenylsilox-
ane linker is that the silyl by-product Me,SiF,, generated
upon deprotection, is volatile and is readily removed from
the cleaved product. The loading estimated for resin 31
(0.32 mmol of Si—Cl/g) was found to be lower than that of resin
3. It is possible that the lower loading is due to cross-linking

Table 2. Attachment and cleavage of alcohols from resin 3

Entry R'OH Siloxane resin Yield of ROH
after cleavage
(%)
Co) b = o
1 15 . O*§i*0/\/\Ph 100
Ph 24
CH3(CH3)oOH Ph
2 26 O So—8i—o(CHy)cH, 7O
2 1
Ph 22
3 17

? Fh OCH
A 0—Si—0 s o4
Ph s O

i
Ph 54 Pr

7

6 OH Not observed 0

I 27

# Based on the loading of resin 3.

" Based on the assumption that quantitative yields were obtained to the
attachment of cinnamyl alcohol to resin 3, and for the cleavage of cin-
namy] alcohol from resin 21.
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Scheme 4. (a) 1,5-Hexanediol, EtzN, CH,Cl,, rt; (b) BzCl, pyridine,
CH,Cl,, rt; (c) HF-Py, rt.

between the resin-bound 3° alcohol groups, although we did
not observe any evidence for this on the basis of ?°Si NMR
analysis of resin 33. No further investigations of the dimethyl-
siloxane linker have been carried out at this time, but it is likely
to be a useful linker for 3° alcohols in solid-phase synthesis.

a Q% Ye b
4 —— o} 0—Si—Cl —
31 Me
@
0 0—Si—OR'
Me

32-34

R'OH + Me,SiF,

Scheme 5. (a) Me,SiCl,, E;N, DMAP, 1t; (b) R'OH, Et;N, DMAP, rt;
(c) TBAF, THF, rt.
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Table 3. Attachment and cleavage of 1°, 2° and 3° alcohols from resin 31

Q

Entry  Alcohol Siloxane Yield (%)*°

o} e = X
1 15 Of§i70/\/\Ph 100
2 Me 35
2 18 MX Q 9
o— Sl
3 27 95

? Based on the loading of resin 31.
® Based on the assumption that attachment and cleavage steps for cinnamyl
alcohol were quantitative.

Evaluation of the stability of the diphenylsiloxane resin as
a linker for alcohols in SPOS was investigated. The compar-
ative stability of tert-butoxydiphenylsilyl and tert-butyldi-
methylsilyl (TBS) ethers had been studied by Gillard
et al., who concluded that the former displayed greater
stability under acidic conditions but was more prone to nu-
cleophilic attack.?** We found that siloxane resin 21 was re-
sistant to strong hindered bases such as tert-BuOK and LDA
(2.5 equiv at 0 °C for 3 h). The addition of phenyl and allyl
magnesium reagents to an immobilised ester proceeded in
reasonable yields without significant cleavage of the linker

at rt (Scheme 6).
<)><o s| )\”/OCH3 o><o s| JYOH
35aR=Ph

35b R = Allyl
b OH

—_— HO

36aR=Ph (60%)
R R 36b R = Allyl (53%)

Scheme 6. (a) RMgBr, THE, —5 °C to rt; (b) TBAF, THF, rt.

Resin 21 was found to be quite stable to mild acidic condi-
tions (AcOH/CH,Cl,), but could be cleaved rapidly with
stronger acids such as TFA even in low concentrations
(1% in CH,Cl,). In this case 53% (GC analysis) of the
alcohol was detected in solution, after only 2 min.

One initial objective was to develop a silyl chloride resin that
would be suitable for storage, so the loading of a batch of
resin 3 was evaluated over time using the cinnamyl alcohol
attachment-cleavage procedure described above. It was
found that no observable decrease in the loading of the
chlorosiloxane resin 3 was observed when it was stored in
a screw-capped bottle for a period of up to 1 year.

Further studies aimed to establish compatibility of the diphe-
nylsiloxane linker with synthetic transformations that are
widely used in solid-phase synthesis, such as palladium me-
diated C—C bond formation,?” reductive amination®® and
peptide coupling reactions.?’ Thus, 3-iodobenzyl alcohol

was reacted with the resin 3, and Sonogashira couplings of
the resulting resin-bound aryl iodide 37 were performed
with different terminal alkynes 40a—d (Scheme 7). Exposure
of the product resins 38a—-d to TBAF and purification
afforded compounds 39a-d in excellent isolated yields
(>90%) over the three steps from resin 3.

Oxo o - Q%o

38ad ”
b HO R
— aR="Pr (93%)
39ad bR =C(Me),OH (96%)
I cR=CH,OH  (94%)
& d R = CH,NHBoc (97%)

Scheme 7. (a) RCCH (40a—d), trans-Pd(PPhs),Cl,, dioxane/Et;N (3:1), rt;
(b) TBAF, THE, rt.

Heck and Suzuki cross-coupling reactions were carried out
on resin 37 at 100 °C (Schemes 8 and 9), and a number of
products were obtained in good yields. The ferr-alkoxydi-
phenylsilane linker displayed excellent stability under the
Suzuki reaction conditions, and even after 15 h no cleavage
was observed. However, small quantities of the products
were observed in solution under the Heck coupling condi-
tions employed.

7 2 O><O s| /\©N
41a-d

OH aR=CO,"Bu (70%)
b R=CO,"Bu (71%)
R 2
_b. N ¢ R = CONMe, (70%)
dR=S0,Ph (67%)
42ad

Scheme 8. (a) RCH=CH, (43a—d), Pd(OAc),, Bus,NCl, NaOAc, DMA,
100 °C; (b) TBAF, THF, rt.

37— O><Os| w

44a,b
OMe
% ol
o
_ S
45a (70%) bR= /Q
45b (67%) =

Scheme 9. (a) RB(OH), (46a,b), K,CO; (satd aq), Pd(OAc),, dioxane,
100 °C; (b) TBAF, THEF, 1t.

Reductive amination of immobilised 4-hydroxybenzalde-
hyde was also carried out using the diphenylsiloxane linker,
affording the benzylamino derivative 49 in 70% yield
(Scheme 10).28-3°

To further demonstrate the potential of the diphenylsiloxane
linker, it was used as a supported side chain-protecting group
in SPPS (Scheme 11). Related side-chain linker strategies
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3 J@/ °
O- SI (70%

from 3)

47 R = CHO
bl 8R- CH,NHBn

/©/\NHBn
HO 49

Scheme 10. (a) 4-Hydroxybenzaldehyde, Et;N, DMAP, CH,Cl,, rt; (b)
BnNH,, (CH30)3;CH, rt; then Mey,NBH(OAc)3, AcOH/CH,Cl, (1:99), rt;
(d) TBAF, THE, rt.

o O.__OAllyl
Ph ;[
FmocHN
\:)I\OAIIyI O><O*S:i*0 NHFmoc

Son S0 51 Ph

OAIIyI

d
O><o s| NH-Phe-Fmoc

52
H
o o]
FmocHN\)I\N OAllyl
: H o5
53

o

Scheme 11. (a) 3, Et;N, DMAP, CH,Cl,, 1t; (b) 20% piperidine/DMF; (c)
Fmoc-L-PheOH, DIC, HOBt, CH,Cl,/DMF (9:1), rt; (d) 30% TFA in
CH,Cl,, rt.

have been utilised for the synthesis of glycopeptides® and for
on-resin macrocyclisation of cyclic peptides.!? Attachment
of N-Fmoc-L-Ser(OH)-(0O-All) (50) to 3 afforded the resin-
bound protected amino acid 51, as shown by FTIR and '*C
NMR analyses. Nitrogen deblocking with piperidine in
DMF and coupling with Fmoc-L-PheOH in the presence of
DIC and HOBt afforded resin 52, which when treated with
TFA, released the protected dipeptide 53 in 90% overall
yield over four steps based on the loading of 3. A protected
heptapeptide 54 was also synthesised using the side-chain
linker strategy in an overall yield of 60% (Fig. 2).

In conclusion, we have described a simple synthesis of a fert-
alkoxydiphenylsilyl chloride resin 3 that is suitable for the
direct immobilisation of 1° and 2° alcohols and phenols.
The resulting resin-bound siloxanes display good levels
of stability towards a variety of reaction conditions com-
monly encountered in solid-phase synthesis. An analogous

FmocNa
NH
o 0 Ph
(0] H (0] H (0]
j NJ\N N\)LN NJOAIIyI
: H z H z
(0] (6] ~oH
54 /ﬁ 0

Figure 2. Structure of heptapeptide prepared using the side-chain siloxane
linker.

tert-alkoxydimethylsilyl chloride resin was also prepared
and found to allow the facile attachment of 3° alcohols to
the solid-phase.

3. Experimental
3.1. General

Melting points were measured with a Gallenkamp apparatus
in open capillary tubes and are uncorrected. NMR spectra
were recorded using a Bruker AC 300 or DPX 400 FTNMR
spectrometer. Unless stated otherwise, signal assignments
are in parts per million referenced to TMS as external stan-
dard. 2°Si NMR spectra were recorded using hexamethyldi-
silane as external standard. Gel phase 2°Si NMR analyses
were performed at the University of Durham. Infrared spec-
tra were carried out with the following instruments: Nicolet
Impact 400 spectrometer (Spectra Tech Thunderdome ac-
cessory; Satellite Thermo Mattson (golden gate screw adap-
tor); Bio-Rad FTS 135 spectrometer (golden gate screw
adaptor); Perkin Elmer Autoimage FTIR spectrometer
equipped with an electronic microscope. Spectral assign-
ments were recorded in wavenumbers (cm™!) using the
following abbreviations: s, strong; w, weak; m, medium;
br, broad. UV measurements were performed with a Hewlett
Packard 8452A diode array spectrophotometer. GC mea-
surements were recorded using a Varian 3800 instrument
fitted with a 30 mx0.25 mm DB120 fused silica column.
HPLC analyses were performed with a Hewlett Packard
1100 system equipped with a Phenomenex Prodigy reverse
phase column (150x4.6 mmi.d.). LRMS data were recorded
using either a Fisons VG platform single quadrupole mass
spectrometer for ESMS, or a ThermoQuest Trace single
quadrupole GC mass spectrometer for EIMS and CIMS.
HRMS data were recorded with the following instruments:
a Bruker Apex III for ESMS, or a VG Analytical 70-250-
SE for EIMS and CIMS. Elemental analyses were obtained
from University College, London or MEDAC Ltd, Egham,
UK. Microwave-assisted chemistry was carried out using
a Personal Chemistry (now part of Biotage AB) Smith-
Synthesizer™, which produced controlled irradiation at
2450 MHz with a power of 0-300 W.

THF was distilled from sodium/benzophenone under Nj;
Et;N, Pyridine and CH,Cl, were distilled from CaH, prior
to use. Other anhydrous solvents were obtained from com-
mercial suppliers and used without any further purification.
Thin layer chromatography was carried out using Macherey
Nagel plates (model: ALUGRAM® SIL G/UV254
A=254 nm). Spots were visualised by UV and/or developed
with KMnO, (1.50 g in 150 mL of water), phosphomolybdic
acid (12.00 g in 250 mL of ethanol) or ninhydrin (0.50 g
in 250 mL of ethanol). Flash column chromatography was
performed using Merck 60 mesh silica. Merrifield resin
(100-200 mesh, loading 1.6 mmol/g) was purchased from
Novabiochem. Unless stated otherwise, reactions were con-
ducted in oven-dried glassware under N, atmosphere.

3.1.1. 4-(Benzyloxy)-2-methyl-2-butanol (6). To a rapidly
stirred solution of 3-methyl-1,3-butanediol § (5.33 mL,
0.05 mol) in dry DMF (25mL) at 0°C, NaH (2.00 g,
0.05 mol, 60% dispersion in mineral oil) was added
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portionwise [CAUTION: evolution of H, gas]. After 10 min
benzyl chloride (6.32 g, 0.05 mol) was added and the result-
ing solution was gradually warmed to rt. After 6 h, crushed
ice was added to the mixture followed by extraction with
Et;,0 (3x100 mL). The combined organic layers were
washed with water (3x200 mL), dried (MgSO,4) and con-
centrated under reduced pressure to give a yellow liquid.
Purification was achieved by distillation (87-90 °C at
0.02 mmHg) or by chromatography (hexane/EtOAc, 3:1)
to afford 6 (7.10 g, 36.50 mmol, 73%) as a colourless liquid.
'H NMR and bp data were consistent with the literature.>!
Ry 0.43 (hexane/EtOAc, 3:1); FTIR (neat) v,y 3417 (br,
O-H), 2969 (m), 2934 (m), 1453 (m), 1364 (s), 1152 (s,
C-0), 1095 (s, C-OH), 736 (s); 'H NMR (300 MHz,
CDCl;) o: 7.41-7.20 (m, 5H), 4.50 (s, 2H), 3.69 (t,
J=6.0 Hz, 2H), 3.44 (br s, 1H), 1.79 (t, /=6.0 Hz, 2H),
1.23 (s); '3C NMR (75 MHz, CDCl3) 6: 137.5 (s), 128.1
(d), 127.4 (d), 127.3 (d), 72.9 (1), 70.0 (s), 67.3 (t), 41.3
(), 29.0 (q).

3.1.2. [3-(Benzyloxy)-1,1-dimethylpropoxy](chloro)-di-
phenylsilane (7). To a rapidly stirred solution of 3° alcohol
6 (710 mg, 3.65 mmol) in CH,Cl, (15 mL) at 0 °C, EtzN
(1.52 mL, 10.96 mmol) was added, followed by dichlorodi-
phenylsilane (0.77 mL, 3.66 mmol) and DMAP (447 mg,
3.66 mmol). After the complete disappearance of the start-
ing material by TLC (5 min required, Rs 0.65, hexane/
EtOAc, 3:1) the chlorosiloxane formed was used in situ for
further transformations.

3.1.3. General method for the formation of siloxanes 8-
12: [3-(benzyloxy)-1,1-dimethylpropoxy]diphenyl-{[(E)-
3-phenyl-2-propenyl]oxy}silane (8). To a rapidly stirred
solution of 7 (3.65 mmol, theoretical) in CH,Cl, (15 mL)
prepared using the above procedure, further Et;N (1.52 mL,
10.96 mmol) was added followed by trans-cinnamyl alcohol
(15, 490 mg, 3.66 mmol) and DMAP (446 mg, 3.65 mmol)
under N,. After 20 min, the reaction mixture was partitioned
between water (100 mL) and Et,O (150 mL). The organic
phase was then washed with 10% aqueous KHSO, (2x
100 mL), saturated Na,CO; (2x100mL) and brine
(100 mL). Evaporation of the solvent under reduced pressure
and chromatography on silica afforded siloxane 8 as a clear
oil (1.80 g, 3.57 mmol, 98%). R;: 0.76 (hexane/EtOAc,
3:1); FTIR (neat) vpax: 3049 (w), 2978 (w), 1943 (w), 1450
(w), 1427 (w), 1365 (w), 1110 (s), 1058 (s), 963 (s), 736
(s,), 712 (s); '"H NMR (300 MHz, CDCl;) 6: 7.90-7.70 (dt,
J=5.8, 1.4 Hz, 4H), 7.40-7.10 (m, 16H), 6.54 (dt, J=154,
1.5 Hz, 1H), 6.20 (dt, J=15.4, 5.1 Hz, 1H), 4.40 (s, 2H),
4.34 (dd, J=5.1, 1.5 Hz, 2H), 3.62 (t, J/=7.2 Hz, 2H), 1.86
(t, J=7.2Hz, 2H), 1.24 (s, 6H); '3C NMR (75 MHz,
CDCl3) o: 138.5 (s), 137.0 (s), 135.0 (s), 134.7 (d), 130.0
(d), 129.9 (d), 128.5 (d), 128.4 (d), 128.3 (d), 127.7 (d),
127.6 (d), 127.5 (d), 127.4 (d), 126.4 (d), 75.0 (s), 73.3 (t),
67.1 (1), 63.6 (t), 44.0 (t), 30.7 (q, CH3); 2°Si NMR
(80 MHz, CDCl3) o: —45.9; CIMS m/z: 315 [Ph,Si=
OCH,CH=CHPh]* (2%), 177 [BnOCH,CH,(CHj3),C]*
(36%), 117 [PhCH=CH-CH,]* (28%), 91 [C¢HsCH,]*
(100%). Anal. Calcd for C53H3605Si: C77.91, H7.13; found:
C77.72,H7.16.

3.1.4. (3-Benzyloxy-1,1-dimethylpropoxy)methoxydi-
phenylsilane (9). Following the general method described

for siloxane 8, compound 9 was obtained as a colourless
oil (1.33 g, 3.28 mmol, 90%) by the reaction between silyl
chloride 7 and MeOH. R;: 0.44 (hexane/CH,Cl,, 1:1);
FTIR (neat) vy,a: 3068 (w), 2971 (w), 2937 (w), 1429 (m),
1366 (m), 1113 (s), 1078 (s), 1025 (s), 738 (s); 'H NMR
(300 MHz, CDCl3) 6: 7.70-7.50 (m, 4H), 7.45-7.20 (m,
11H), 4.46 (s, 2H), 3.67 (t, J=7.3 Hz, 2H), 3.51 (s, 3H),
1.89 (t, J=7.3 Hz, 2H), 1.27 (s, 6H); '*C NMR (75 MHz,
CDCl3) o0: 138.5 (s), 134.8 (d), 134.6 (s), 129.8 (d), 128.2
(d), 127.6 (d), 127.5 (d), 127.4 (d), 74.8 (s), 72.9 (1), 67.0
(t), 50.0 (q), 43.9 (t), 30.2 (q); ESMS: m/z: 429 [M+Na]*;
HR ESMS exact mass calculated for C,sH;703SiNa
[M+Na]: 429.1856; found 429.1851.

3.1.5. (25)-[(3-Benzyloxy-1,1-dimethylpropoxy)di-
methylsilanoxy]propionic acid methyl ester (10). Follow-
ing the general method described for siloxane 8, compound
10 was obtained as a colourless o0il (1.62 g, 3.39 mmol, 93%)
by the reaction between silyl chloride 7 and S-(—)-methyl
lactate (17). Ry 0.50 (hexane/EtOAc, 5:1); [a]p: —1.84 (¢
5.2, EtOAc); FTIR (neat) v,..: 3068 (w), 3035 (w), 2983
(w), 1748 (s), 1360 (w), 1124 (s), 1062 (s), 854 (s), 850
(s), 741 (s); '"H NMR (300 MHz, CDCls) 6: 7.65 (m, 4H),
7.25-7.50 (m, 11H), 4.46 (s, 2H), 4.44 (q, J=6.6 Hz, 1H),
3.66 (t, J=7.3 Hz, 2H), 3.59 (s, 3H), 1.88 (t, J/=7.3 Hz,
2H), 1.37 (d, J=6.6 Hz, 3H), 1.27 (s, 3H), 1.26 (s, 3H);
13C NMR (75 MHz, CDCl3) 6: 174.0 (s), 138.5 (s), 135.1
(d), 134.3 (d), 134.1 (d), 130.0 (d), 128.3 (d), 127.6 (d),
127.5 (s), 75.2 (s), 72.9 (1), 68.2 (d), 67.0 (1), 51.7 (q), 43.8
(t), 30.2 (q), 21.2 (q); ?°Si NMR (80 MHz, CDCl;) ¢:
—56.4; CIMS m/z: 285 [Ph,Si=0-CH(CH;)(C=0)OMe]*
(50%), 177 [BnOCH,CH,(CHj3),C]* (36%), 91 [C¢H5CH,]*
(100%); HR ESMS exact mass calculated for C,gH34,05SiNa
[M+Na]: 501.2068; found 501.2080. Anal. Calcd for
C,gH3405Si: C, 70.26 H, 7.16; found: C 70.30, H 7.07.

3.1.6. (1R,25,5R)-(3-Benzyloxy-1,1-dimethylpropoxy)-(2-
isopropyl-4-methylcyclohexyloxy)diphenylsilane (11).
Following the general method described for siloxane 8,
compound 11 was obtained as a colourless oil (1.74 g,
3.28 mmol, 90%) by the reaction between silyl chloride 7
and (I1R,2S,5R)-(—)-menthol (18). Ry 0.57 (hexane/
CH,Cl,, 1:1); [a]p: —0.25 (¢ 1, EtOAc); FTIR (neat) v.y:
3067 (w), 2953 (w), 2921 (w), 1156 (m), 1111 (s), 1049
(s), 740 (s); '"H NMR (300 MHz, CDCl3) é: 7.70-7.60 (m,
4H), 7.45-7.25 (m, 11H), 4.46 (s, 2H), 3.68 (t, /=7.0 Hz,
2H), 3.49 (td, J/=10.0, 4.0 Hz, 1H), 2.32 (m, 1H), 1.95 (m,
1H), 1.86 (t, /=7.0 Hz, 2H), 1.47-1.60 (m, 2H), 1.35-1.00
(m, 9H), 0.86 (d, J=7.3 Hz, 3H), 0.81 (d, J=6.0 Hz, 3H,
overlapped with 2H, m), 0.49 (d, J=6.0 Hz, 3H); '*C
NMR (75 MHz, CDCl3) §: 138.6 (s), 136.0 (s), 135.5 (d),
135.1 (d), 129.6 (d), 128.3 (d), 127.6 (d), 127.4 (d), 74.7
(s), 73.5 (d), 72.9 (t), 67.2 (v), 50.2 (d), 45.4 (t), 43.9 (v),
34.4 (v), 31.5 (d), 30.3 (q), 25.2 (d), 22.6 (1), 22.3 (q),
21.3 (q), 15.6 (q); 2°Si NMR (80 MHz, CDCls) 6: —49.3;
EIMS m/z: 395 [(CH3),C=0SiPh,OMenthyl]* (8%), 337
[Ph,Si=OMenthyl]* (10%), 199 [Ph,Si=OH]* (89%), 91
[C¢HsCH,L]* (100%); HR ESMS exact mass calculated for
C34H4603SiNa [M+Na]: 553.3108; found: 553.3104.

3.1.7. (15,2R)-(3-Benzyloxy-1,1-dimethylpropoxy)-di-
phenyl-(1,1,7-trimethylbicyclo[2.2.1]hept-2-yloxy)silane
(12). Following the general method described for siloxane 8,
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compound 12 was obtained as a colourless oil (1.81 g,
3.43 mmol, 94%) by the reaction between silyl chloride 7
and endo-(15)-(—)-borneol (19). Rz 0.57 (hexane/CH,Cl,,
1:1); [a]p: —0.18 (¢ 5.5, EtOAc); FTIR (neat) v..: 3067
(s), 2948 (m), 2871 (w), 1163 (m), 1113 (s), 1064 (s),
1037 (s), 739 (s); 'H NMR (300 MHz, CDCl3) 6: 7.58 (t,
J=5.8 Hz, 4H), 7.45-7.22 (m, 11H), 4.45 (s, 2H), 4.12
(ddd, J=9.5, 2.9, 1.4 Hz, 1H), 3.67 (t, J=7.0 Hz, 2H), 2.21
(m, 1H), 1.88 (t, J=7.0 Hz, 2H), 1.67 (m, 1H), 1.51 (m,
1H), 1.35-1.14 (m, 9H), 0.99 (dd, J=13.2, 3.7 Hz, 1H),
0.79 (s, 3H), 0.71 (s, 3H), 0.69 (s, 3H); '*C NMR
(75 MHz, CDCl3) 6: 138.5 (s), 135.8 (s), 135.6 (s), 135.0
(d), 129.6 (d), 128.3 (d), 127.6 (d), 127.5 (d), 127.4 (d),
78.0 (d), 74.6 (s), 72.9 (1), 67.2 (1), 50.0 (s), 47.2 (s), 45.1
(d), 44.0 (1), 39.0 (1), 30.0 (s), 28.3 (1), 26.5 (1), 20.2 (q),
18.7 (q), 13.7 (q); ESMS m/z: 551 [M+Na]*; HR ESMS ex-
act mass calculated for C34H4403SiNa [M+Na]: 551.2952;
found: 551.2953.

3.1.8. (3-Benzyloxy-1,1-dimethylpropoxy)chlorodi-
methylsilane (13). To a rapidly stirred solution of dichloro-
dimethylsilane (90 pL, 0.73 mmol) in CH,Cl, (15 mL),
Et;N (153 uL, 1.10 mmol) was added, followed by 3° alco-
hol 6 (142 mg, 0.73 mmol) and DMAP (90 mg, 0.73 mmol).
After the complete disappearance of the starting material
(5 min, TLC hexane/EtOAc, 3:1) the solution containing
(3-benzyloxy-1,1-dimethylpropoxy)chlorodimethylsilane
(13) was used directly for further transformations.

3.1.9. (1R,25,5R)-(3-Benzyloxy-1,1-dimethylpropoxy)-(2-
isopropyl-4-methylcyclohexyloxy)dimethylsilane (14). To
a solution containing the dimethylsiloxane 13 (0.73 mmol,
theoretical) in CH,Cl, (15 mL) prepared following the
above procedure, Et;N (153 pL, 1.10 mmol) was added fol-
lowed by (1R,2S,5R)-(—)-menthol (18, 103 mg, 0.66 mmol)
and DMAP (90 mg, 0.73 mmol). After the complete disap-
pearance of 13 that was observed by TLC (hexane/EtOAc,
6:1) the reaction mixture was partitioned between water
and Et,O (100 mL of each). The aqueous phase was ex-
tracted with Et,O (2x100 mL) and the combined organics
were washed with 10% KHSO, (100 mL), brine (100 mL),
saturated aqueous NaHCO; (100 mL), brine (100 mL) and
dried (MgSO,). Removal of the solvent under reduced pres-
sure and chromatography on silica (hexane/EtOAc, 6:1)
afforded pure 14 (268 mg, 0.66 mmol, 100% based on
menthol) as a colourless oil. R 0.70 (hexane/EtOAc, 6:1);
FTIR (neat) vpax: 2950 (w), 2916 (w), 1252 (m), 1110 (s),
1062 (s), 1048 (s), 788 (s); '"H NMR (300 MHz, CDCl3) 6:
7.35-7.22 (m, 5H), 4.48 (s, 2H), 3.60 (t, J=7.3 Hz, 2H),
3.50 (td, J/=10.3, 4.4 Hz, 1H), 2.17 (m, 1H), 1.98-1.87 (m,
1H), 1.83 (t, J=7.3 Hz, 2H), 1.70-1.50 (m, 2H), 1.45-1.22
(m, 1H, overlapped with a singlet at 1.27, 6H), 1.18-0.90
(m, 3H), 0.87 (d, /=7.3 Hz, 6H), 0.83-0.76 (m, 1H), 0.72
(d, J=6.6 Hz, 3H), 0.10 (s, 3H), 0.08 (s, 3H); '*C NMR
(75 MHz, CDCly) 6: 138.5 (s), 128.3 (d), 127.5 (d), 127.4
(d), 73.1 (s), 72.9 (), 72.2 (d), 67.2 (1), 49.8 (d), 45.3 (1),
43.9 (1), 34.5 (), 31.6 (d), 30.2 (q), 25.2 (d), 22.8 (1), 22.3
(q), 21.2 (q), 15.9 (), 1.0 (), 0.7 (q); 2°Si NMR (80 MHz,
CDCl;3) o: —15.9; CIMS m/z: 271 [Me,C=0SiMe,—
OMenthyl]* (37%), 251 [BnOC,H4C(CH;3),0=SiMe,]*
(80%), 91 [C¢H5sCH,]*, (100%), 75 [Me,Si=OH]* (34%).
Elemental analysis: anal. caled for C,4H4,05Si: C, 70.88;
H, 10.41; found: C, 70.45, H, 10.81.

3.1.10. 4-(Polystryloxy)-2-methyl-2-butanol (4).

3.1.10.1. Method 1. To a solution of 3-methyl-1,3-buta-
nediol (5, 512 pL, 4.80 mmol) in dry THF (12 mL) at 0 °C,
tert-BuOK (4.80 mmol, 1 M solution in THF) was added
followed by 18-crown-6 (1.20 g, 4.80 mmol). The reaction
was allowed to run for 1 h at 0°C and for 3 h at rt. The
yellow solution was then transferred via cannula to a flask
containing Merrifield resin (1.00 g, loading=1.6 mmol/g,
pre-swollen in dry THF for 2 h) under N,, and the resulting
suspension was shaken for 3.5 days. The resin was then
washed with THF (5x5mL, 2 min), DMF (5x5 mL,
2 min), 1:1 DMF/H,0 (5x5 mL, 2 min), DMF (5x5 mL,
2 min), THF (5x5 mL, 2 min), CH,Cl, (5x5 mL, 2 min)
and dried under high vacuum (40 °C at 10 mmHg) for 24 h.

3.1.10.2. Method 2: microwave-assisted formation of
resin 4. To a solution of 3-methyl-1,3-butanediol (5,
512 pL., 4.80 mmol) in dry THF (12 mL) at 0 °C, fert-
BuOK (4.80 mmol, 1 M solution in THF) was added fol-
lowed by 18-crown-6 (1.20 g, 4.80 mmol). The reaction
was allowed to run for 1 h at 0 °C and for 3 h at rt. The yel-
low solution was then transferred via cannula into a capped
vial containing Merrifield resin (1.00 g, loading=1.6 mmol/
g, pre-swollen in dry THF for 2 h) under N,. The resulting
suspension was then heated in a SmithSynthesizer™ micro-
wave reactor at 120 °C for 10 min; the resin was then washed
with THF (5x5 mL, 2 min), DMF (5x5 mL, 2 min), 1:1
DMEF/H»0 (5x5 mL, 2 min), DMF (5x5 mL, 2 min), THF
(5x5 mL, 2 min), CH,Cl, (5 x5 mL, 2 min) and dried under
high vacuum (40 °C at 10 mmHg) for 24 h. FTIR (on-bead)
Vmax: 3458 (s), 3059 (s), 2885 (s), 1153 (s), 1093 (s); gel
phase '3C NMR (75 MHz, CDCl;) 6: 73.0 (t), 70.3 (s),
67.4 (1), 41.4 (1), 29.2 ().

3.1.11. [3-(Polystyryloxy)-1,1-dimethylpropoxy]-(chloro)-
diphenylsilane (3). Resin 4 (200 mg) was briefly rinsed
with dry CH,Cl, (10 mL, 3 min). Then freshly dried
CH,Cl, (10 mL) was added followed by Et;N (0.27 mL,
1.92 mmol), diphenyldichlorosilane (0.27 mL, 1.30 mmol)
and DMAP (40 mg, 0.32 mmol). The resulting suspension
was then sealed and shaken at rt for 1 h. The resin was then
drained, rinsed with dry CH,Cl, (3x5 mL, 1 min) and dried
under high vacuum (40 °C at 10 mmHg) for 24 h. The load-
ing of resin 3 (0.65-0.70 mmol/g) was determined employ-
ing the method described below. FTIR (on-bead) v.x:
3058 (s), 2975 (s), 1601 (s), 1154 (s), 744 (s), 700 (s).

3.1.12. Siloxane resin 21. A typical procedure is as follows:
resin 3 (200 mg, loading=0.65 mmol/g) was suspended in
dry CH,Cl, (10 mL). Then EtN (0.27 mL, 1.92 mmol)
was added followed by trans-cinnamyl alcohol (15,
175 mg, 1.30 mmol) and DMAP (40 mg, 0.32 mmol). The
resulting suspension was shaken for 1 h. The resin was then
drained and washed with CH,Cl, (5x5 mL, 5 min), THF
(5x5 mL, 5 min), CH,Cl, (5 x5 mL, 5 min) and dried under
high vacuum (40 °C at 10 mmHg) for 24 h. In the same way
resins 22-25 and 47 were obtained. FTIR (on the bead) v,,,,:
3026 (s), 2924 (s), 1600 (s), 1156 (s), 740 (s); gel phase B¢
NMR (75 MHz, C¢Dyg) 6: 75.3 (s), 73.0 (1), 67.8 (t), 44.3 (1),
29.2 (q).

3.1.13. Loading calculation by GC measurement of the
cleaved cinnamyl alcohol from resin 21. Resin 21



306 M. M. Meloni et al. / Tetrahedron 63 (2007) 299-311

(100 mg) was suspended in THF (5 mL), then TBAF
(0.16 mmol, 2.5 equiv respect to the loading of the resin 3)
was added and the resulting suspension was vigorously
stirred at rt for 2 h. Then, the resin was drained and washed
with THF (2x3 mL, 5 min). The original solution and the
washings were collected and partitioned between water
(10 mL) and Et,O (15 mL). TLC analysis of the organic
phase showed the presence of the frans-cinnamyl alcohol
(15), and its amount was then quantified by GC by compar-
ison with standard solutions.

3.1.14. (3-Polystyryloxy-1,1-dimethylpropoxy)decanoxy-
diphenylsilane (22). Resin 22 was prepared following the
procedure described above for the synthesis of resin 21.
FTIR (on-bead) v, 3058 (w), 2918 (w), 1603 (m), 1153
(s), 1118 (s), 1050 (s), 913 (s).

3.1.15. (25)-2-[(3-Polystyryloxy-1,1-dimethylpropoxy)di-
phenylsilanoxy]propionic acid methyl ester (23). Resin 23
was prepared following the procedure described above for
the synthesis of resin 21. FTIR (on-bead) v.,: 3058 (s),
2852 (s), 1758 (s), 1601 (s), 1125 (s); gel phase '*C NMR
(75 MHz, CDCl3) 6: 173.8 (s), 75.2 (s), 72.7 (1), 68.1 (d),
51.6 (q), 30.2 (q), 21.1 (9).

3.1.16. (1R,2S5,5R)-(3-Polystryloxy-1,1-dimethyl-prop-
0xy)-(2-isopropyl-5-methylcyclohexyloxy)diphenylsilane
(24). Resin 24 was prepared following the procedure de-
scribed above for the synthesis of resin 21. FTIR (on the
bead) vmax: 3060 (s), 2917 (s), 3027 (s), 1600 (s), 1068 (s),
760 (8).

3.1.17. (15,2R)-(3-Polystryloxy-1,1-dimethylpropoxy)-
diphenyl-(1,1,7-trimethylbicyclo[2.2.1]hept-2-yloxy)sil-
ane (25). Resin 25 was prepared following the procedure
described above for the synthesis of resin 21. FTIR (on the
bead) vpax: 2926 (s), 1601 (m), 1604 (s), 907 (m), 860 (s).

3.1.18. 6-[(3-Polystyryloxy-1,1-dimethylpropoxy)diphe-
nylsilanoxy]hexan-2-ol (28). Resin 3 (200 mg, 0.65 mmol/
g) was suspended in freshly dried CH,Cl, (4 mL) and then
dry Et3N (1.92 mmol) was added followed by 1,5-hexanediol
(1.60 mmol). The system was purged with N, for 5 min and
then sealed. The resulting suspension was shaken at rt for
1.5 h. Then, the resin was drained, rinsed thoroughly with
CH,Cl, (5x 10 mL) and dried under high vacuum (40 °C at
10 mmHg) for 48 h to afford resin 28. FTIR (on-bead)
Vmax: 3392 (s), 3063 (s), 2971 (s), 1601 (s), 1157 (s), 1119
(s); gel phase 13C NMR (75 MHz, CDCL;) é: 74.0 (s), 67.8
(d), 62.7 (1), 38.8 (1), 32.2 (), 30.3 (s), 23.3 (1), 21.9 (q).

3.1.19. Benzoylation of polymer supported diol 28 to give
resin 29. Resin 28 (100 mg) was suspended in dry CH,Cl,
(3 mL) under N,. Then, freshly dried pyridine (1.12 mmol)
was added, followed by benzoyl chloride (0.80 mmol).
The resulting suspension was then sealed and shaken for
24 h at rt. Then, the resin was drained, washed thoroughly
with dry CH,Cl, (5 x5 mL, 5 min) and dried under high vac-
uum (40 °C at 10 mmHg) for 48 h to afford resin 29. FTIR
(on-bead) vax: 3062 (s), 2974 (s), 1715 (s), 1601 (s), 1275
(s), 1156 (s), 1120 (s); gel phase '*C NMR (75 MHz,
CDCl3) 6: 166.0 (s), 74.8 (s), 71.5 (d), 62.6 (t), 35.7 (v),
32.1 (1), 30.3 (s), 21.7 (1), 20.0 ().

3.1.20. 5-Benzyloxy-1-hexanol (30). Resin 29 (100 mg)
was suspended in THF (3 mL), then HF - pyridine was added
(1.00 mL) and the resulting suspension was vigorously
stirred at rt for 1 h. After this period the solution was col-
lected and the resin was washed thoroughly with THF
(5x5 mL, 5 min). The washings and the original solution
were combined and partitioned between saturated NaHCO;
(30 mL) and Et,O (30 mL). The aqueous phase was then fur-
ther extracted with Et,O (5x 10 mL) and the organics were
dried (MgSO,). Removal of the solvent under reduced pres-
sure and chromatography on silica afforded 30 as a colour-
less oil (12 mg, 0.05 mmol, 80% overall yield from the
loading of 3). Spectroscopic data were consistent with the
literature.3? Ry 0.23 (hexane/EtOAc, 7:3).

3.1.21. (3-Polystyryloxy-1,1-dimethylpropoxy)chloro-
dimethylsilane (31). Resin 4 (500 mg) was suspended in
a mixture of dichlorodimethylsilane (0.97 mL, 8.00 mmol)
and Et;N (1.67 mL, 12.00 mmol) in dry CH,Cl, (10 mL) un-
der N,. DMAP (0.97 g, 8.00 mmol) was added and the re-
sulting suspension was shaken at rt for 1 h. The resin was
then drained under N,, rinsed with CH,Cl, (2x5 mL,
1 min) and used immediately for the successive transforma-
tions. The loading of resin 31 was determined employing the
methods described above for resin 21, and it was found to be
0.37 mmol/g.

3.1.22. [3-(Polystyryloxy)-1,1-dimethylpropoxy]-di-
methyl-{[(E)-3-phenyl-2-propenyl]oxy}silane (32). Resin
32 was prepared following the procedure described below
for the synthesis of resin 33. FTIR (on-bead) v,.x: 3060
(s), 2853 (s), 1601 (s), 1186 (s), 1156 (s), 822 (s).

3.1.23. (1R,2S8,5R)-(3-Polystryloxy-1,1-dimethylprop-
oxy)-(2-isopropyl-5-methylcyclohexyloxy)dimethylsilane
(33). Resin 31 was suspended in dry CH,Cl, (10 mL) and
then Et;N (1.67 mL, 12.00 mmol) was added, followed
by (1R,2S,5R)-(—)-menthol (18, 1.07 g, 8.00 mmol) and
DMAP (0.97 g, 8.00 mmol). The suspension was sealed
and shaken at rt for 1 h. The resin was then drained and
washed with CH,Cl, (5x5mL, 5 min), THF (5x5 mL,
5 min), CH,Cl, (5x5 mL, 5 min) and dried under high vac-
uum (40 °C at 10 mmHg) for 24 h. FTIR (on the bead) v,,x:
3083 (s), 3060 (s), 1602 (s), 1161 (s), 1067 (s), 881 (s); gel
phase '*C NMR (75 MHz, CDCly) 6: 73.8 (s), 73.4 (1),
72.9 (d), 50.6 (d), 46.0 (t), 44.6 (1), 35.2 (d), 32.3 (d), 30.8
(q), 25.9 (d), 23.6 (1), 22.9 (q), 21.8 (q), 16.6 (q), 1.7 (),
1.4 (q); gel phase 2°Si NMR (60 MHz, CDCl;) 6: —12.7.

3.1.24. Resin 34. Resin 34 was prepared following the pro-
cedure described above for the synthesis of resin 33. FTIR
(on-bead) vyax: 3063 (s), 2924 (s), 1158 (s, C-0), 1116 (s,
C-0).

3.1.25. General procedure for the reactions of polymer-
bound ester (23) with Grignard reagents. Resin 23
(500 mg) was suspended in freshly dried THF (4 mL) under
N,. The resulting suspension was rapidly stirred and cooled
to —5 °C. PhMgBr (330 pL, 3 M in THF, 3 equiv based on
the loading of 3) or allyl magnesium bromide (980 pL,
1 M in THF, 3 equiv) was added dropwise. The system was
then gradually allowed to return to rt and every 20 min a sam-
ple of beads was analysed by FTIR spectroscopy. After the
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complete disappearance of the ester band (1 h required), the
resin was drained, washed extensively with THF/H,O/
acetone (1:1:1, 5x5 mL, 5 min), THF (5x5 mL, 5 min),
CH,Cl, (5x5mL, 5min) and dried under high vacuum
(40 °C at 10 mmHg) for 24 h.

3.1.26. Resin (35a). Prepared using the general procedure
described above. FTIR (on-bead) v,,,,: 3412 (br), 3026 (s),
2971 (s), 1602 (s), 1154 (s), 1116 (s).

3.1.27. Resin (35b). Prepared using the general procedure
described above. FTIR (on-bead) v, 3384 (br), 2961 (s),
2874 (m), 1608 (m), 1485 (m), 1116 (s), 1056 (s).

3.1.28. Fluoride-mediated cleavage of diols 36a and 36b
from resins 35a and 35b. Resins 35a and 35b (110 and
400 mg, respectively) were pre-swollen in THF (3 mL,
20 min). The resins were drained and fresh THF (7 mL)
was added, followed by a solution of TBAF in THF (0.18
and 0.65 mmol, respectively, 2.5 equiv with respect to the
loading of resin 3). The resulting suspensions were shaken
for 1h at rt. The solutions were then collected separately
and the resins were further washed with THF (3x5 mL,
5 min). The solutions and the washings were combined
and Et,O (25 mL) was added. The organic phases were
washed with brine (5x 10 mL) and dried (MgSQO,). Removal
of the solvent under reduced pressure and chromatography
afforded compounds 36a and 36b.

3.1.29. (25)-1,1-Diphenyl-1,2-propanediol (36a). Follow-
ing the general procedure described above, from resin 35a
(110 mg), compound 36a was obtained as a white solid
(9 mg, 0.04 mmol, 60% overall yield over three steps, based
on the loading of 3). Mp 89-90 °C (lit. 91.5-92 °C).>?

3.1.30. (25)-3-Allyl-hex-5-ene-2,3-diol (36b). Following
the general procedure described above, from resin 35b
(400 mg), compound 36b was obtained as a colourless oil
(21 mg, 0.13 mmol, 53% overall yield based on the loading
of 3). Spectroscopic data were consistent with those previ-
ously reported.*

3.1.31. (3-Polystyryloxy-1,1-dimethylpropoxy)-(3-iodo-
benzyloxy)diphenylsilane (37). The silyl chloride resin 3
(1.00 g, loading=0.65 mmol/g) was suspended in dry
CH,Cl, (9 mL). EtzN (1.33 mL, 9.60 mmol) was added fol-
lowed by 3-iodobenzyl alcohol (0.80 mL, 6.40 mmol) and
DMAP (400 mg, 3.20 mmol). The resulting suspension
was shaken at rt for 1 h. The resin 37 was drained, washed
with CH,Cl, (10x5mL, 5 min) and dried under high
vacuum (40 °C at 10 mmHg) for 24 h.

3.1.32. General protocol for the Sonogashira coupling
between polymer-bound aryl iodide 37 and terminal
alkynes.> Resin 37 (400 mg) was suspended in a mixture
of dry dioxane and Et;N (3:1) (6 mL) under N,, then Cul
(24 mg, 0.13 mmol) and the appropriate alkyne 40a, 40b,
40c or 40d (6.60 mmol of each) was added, followed by
trans-(PPh3),PdCl, (0.06 mmol). The system was purged
with N, for 5 min and sealed; the resulting suspension was
then wrapped with an aluminium foil and shaken at rt for
24 h. The resin was washed thoroughly with dioxane
(5x5 mL, 5 min), THF (5x5 mL, 5 min), water (5x5 mL,

5 min), THF (5x5 mL, 5 min), CH,Cl, (5x5 mL, 5 min)
and then dried under high vacuum (40 °C at 10 mmHg) for
24 h.

3.1.33. Resin 38a. Prepared using the general Sonogashira
procedure described above. FTIR (on-bead) vy, 3027
(m), 2918 (s), 1601 (s), 1015 (s), 753 (s).

3.1.34. Resin 38b. Prepared using the general Sonogashira
procedure described above. FTIR (on-bead) v,.x: 3414 (s),
3060 (s), 2977 (s), 1602 (s), 1163 (s).

3.1.35. Resin 38c. Prepared using the general Sonogashira
procedure described above. FTIR (on-bead) v.x: 3400
(br), 3025 (s), 2924 (s), 1601 (s), 1127 (s).

3.1.36. Resin 38d. Prepared using the general Sonogashira
procedure described above. FTIR (on-bead) v,,,.: 3423
and 3349 (s), 3060 (s), 2975 (s), 1722 (s), 1602 (s), 1247
(s), 1170 (s, C-0).

3.1.37. General protocol for the cleavage of Pd-coupling
products from the resin. Resins (300410 mg) were sus-
pended in THF (5 mL), then TBAF (0.60-0.66 mmol,
2.5 equiv with respect to the loading of silyl chloride resin
3) was added and the resulting suspension was stirred at rt
for 2 h. Then the solution was collected and the resin was
washed with THF (5x5 ml, 5 min); the original solution
and the washings were collected and partitioned between
brine (20 mL) and Et,O (60 mL). The aqueous phase was ex-
tracted again with Et;O (2x30 mL) and the combined or-
ganics were washed further with brine (30 mL) and dried
(MgS0,). Removal of the solvent under reduced pressure
and chromatography on silica afforded the pure products.

3.1.38. (3-Pent-1-ynylphenyl)methanol (39a). Following
the general cleavage protocol described above, starting
from resin 38a (371 mg), compound 39a was obtained as
a light yellow oil (39 mg, 0.22 mmol, 93% overall yield
based on the loading of silyl chloride resin 3). Ry 0.15 (hex-
ane/EtOAc, 6:1); FTIR (CHCI3) v.x: 3324 (br), 2962 (m),
2932 (m), 2871 (m), 1428 (s), 1126 (s), 1042 (s), 788 (s);
"H NMR (300 MHz, CDCl3) é: 7.60-7.00 (m, 4H), 4.57 (s,
2H), 2.36 (t, J/=7.3 Hz, 2H), 2.10 (br s, 1H), 1.60 (sx,
J=17.3Hz, 2H), 1.03 (t, /=73 Hz); >*C NMR (75 MHz,
CDCl3) o: 140.0 (s), 130.6 (d), 129.9 (d), 128.3 (d), 127.6
(d), 124.1 (s), 90.4 (s), 80.4 (s), 64.7 (1), 22.1 (1), 21.3 (1),
13.5 (q); CIMS m/z: 192 [M+NH4]* (22%), 174 [M]*
(57%), 145 [M—-CyHs]* (64%), 115 (100%), 91
[C¢HsCH,1* (33%); HR CIMS exact mass calculated for
C1,H 40: 174.1045; found: 174.1040.

3.1.39. 4-(3-Hydroxymethylphenyl)-2-methylbut-3-yn-2-
ol (39b). Starting from resin 38b (378 mg), compound 39b
was obtained as a pink oil (45 mg, 0.23 mmol, 96% overall
yield from the loading of silyl chloride resin 3). R;: 0.23
(hexane/EtOAc, 6:4); FTIR (CHCl3) v 3311 (s, O-H),
2981 (m), 2932 (w), 1362 (m), 1153 (s, C-OH); 'H NMR
(300 MHz, CDCl3) 6: 7.40 (br s, 1H), 7.36-7.25 (m, 3H),
4.60 (s, 2H), 2.65 (br s, 1H), 2.50 (br s, 1H), 1.60 (s, 6H);
13C NMR (75MHz, CDCl3) 6: 141.0 (s), 130.7 (d),
130.0 (d), 128.4 (d), 126.7 (d), 122.8 (s), 94.0 (s), 82.0 (s),
65.5 (s), 64.5 (1), 31.4 (q); CIMS m/z: 190 [M]* (7%),
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[M—OH]* (100%), 132 (97%); HR CIMS exact mass calcu-
lated for C,H405: 190.0994; found: 190.0996.

3.1.40. 3-(3-Hydroxymethylphenyl)propynol (39c). From
resin 38c (392 mg), compound 39¢ was obtained as a pink
oil (39 mg, 0.24 mmol, 94% overall yield from the loading
of silyl chloride resin 3). Ry: 0.21 (hexane/EtOAc, 6:4);
FTIR (CHCl3) vpax: 3305 (br), 2920 (w), 2870 (w), 1429
(m), 1026 (s), 790 (s); "H NMR (300 MHz, CDCl3) 6: 7.40
(br s, 1H), 7.37-7.25 (m, 3H), 4.63 (s, 2H), 4.45 (s, 2H),
2.14 (br s); 1*C NMR (75 MHz, CDCls) 6: 141.0 (s), 130.8
(d), 130.1 (d), 128.5 (d), 127.0 (d), 122.7 (s), 87.4 (s), 85.4
(s), 64.7 (t), 51.5 (t); CIMS m/z (abundance): 180
[M+NH4]* (8%), 162 [M]* (46%), 131 (100%); HR CIMS ex-
actmass calculated for C;oH;gO,: 162.0681; found: 162.0678.

3.1.41. [3-(3-Hydroxymethylphenyl)prop-2-ynyl]carba-
mic acid fert-butyl ester (39d). Starting from resin 38d
(410 mg), compound 39d was obtained as a yellow oil
(67 mg, 0.25 mmol, 97% overall yield from the loading of
silyl chloride resin 3). R;: 0.22 (hexane/EtOAc, 6:3); FTIR
(CHCl3) vpax: 3398 (s), 3306 (s), 2980 (w), 1685 (s), 1513
(s), 1291 (s), 1158 (s), 1024 (s); 'H NMR (300 MHz,
CDCl3) 6: 7.39 (br s, 1H), 7.35-7.25 (m, 3H), 4.80 (br s,
1H), 4.63 (s, 2H), 4.11 (br d, J=5.0 Hz, 2H), 1.97 (br s),
1.44 (s, 9H); >*C NMR (75 MHz, CDCls) 6: 155.3 (s),
141.1 (s), 130.8 (d), 130.1 (d), 128.5 (d), 126.9 (d), 122.8
(s), 85.5 (s), 83.0 (s), 80.0 (s), 64.7 (1), 31.1 (t), 28.4 (q);
ESMS m/z: 545 [2M+Na]* (90%); HR ESMS exact mass
calculated for C;sH;9NOs;Na [M+Na]: 284.1257; found:
284.1264.

3.1.42. General protocol for the Heck reaction between
polymer-bound aryl iodide 37 and terminal alkenes.>®
To a vigorously stirred suspension of resin 37 (400 mg) in
DMA (9 mL), NaOAc (106 mg, 0.78 mmol) was added, fol-
lowed by BuyNCl1 (144 mg, 0.52 mmol) and the appropriate
alkene 43a, 43b, 43c or 43d (2.73 mmol of each). Pd(OAc),
(20 mg, 0.08 mmol) was added and the system was purged
with N, for 10 min; the resulting suspension was stirred
and heated at 100 °C for 3 h. Then, the resin was washed
thoroughly with dioxane (5x5 mL, 5 min), THF (5x5 mL,
5 min), water (5x5 mL, 5 min), THF (5x5 mL, 5 min),
CH,Cl, (5 x5 mL, 5 min) and then dried under high vacuum
(40 °C at 10 mmHg) for 24 h.

3.1.43. Resin 41a. Prepared using the general Heck reaction
procedure described above. FTIR (on-bead) v,.x: 3060 (s),
2970 (s), 1712 (s), 1640 (s), 1601 (s), 1161 (s), 1118 (s),
820 (s).

3.1.44. Resin 41b. Prepared using the general Heck reaction
procedure described above. FTIR (on the bead) vp,.x: 3060
(s), 2973 (s), 1710 (s), 1638 (s), 1602 (s), 1232 (s), 1161 (s).

3.1.45. Resin 41c. Prepared using the general Heck reaction
procedure described above. FTIR (on-bead) v,.x: 3060 (s),
2972 (s), 1653 (s), 1602 (s), 1115 (s), 821 (s).

3.1.46. Alkene bound resin 41d. Prepared using the general
Heck reaction procedure described above. FTIR (on-bead)
Vmax: 3059 (s), 2923 (s), 1616 (s), 1603 (s), 1309 (s), 1152
(s), 1117 (s), 840 (s).

3.1.47. 3-(3-Hydroxymethylphenyl)acrylic acid butyl
ester (42a). From resin 41a (316 mg), compound 42a was
obtained as a colourless oil (33 mg, 0.14 mmol, 70% overall
yield from the loading of silyl chloride resin 3). R;: 0.20
(hexane/EtOAc, 6:2); FTIR (neat) v,,,.: 3420 (br), 2958
(m), 2872 (w), 1707 (s), 1636 (s), 1159 (s), 980 (s); 'H
NMR (300 MHz, CDCl5) 6: 7.60 (d, J=16.0 Hz, 1H), 7.48
(br s, 1H), 7.43-7.27 (m, 3H), 6.40 (d, /=16.0 Hz, 1H),
4.65 (s, 2H), 4.15 (t, J=6.6 Hz, 2H), 2.56 (br s, 1H), 1.65
(quin, J=8.0 Hz, 2H), 1.40 (sx, J=8.0 Hz, 2H), 0.93 (t,
J=7.3 Hz, 3H); '*C NMR (75 MHz, CDCls) 6: 167.2 (s),
144.4 (d), 141.7 (s), 134.6 (s), 129.0 (d), 128.7 (d), 127.2
(d), 126.3 (d), 118.3 (d), 64.6 (1), 64.5 (t), 30.7 (1), 19.2 (v),
13.7 (q); CIMS m/z: 235 [M+H]* (16%), 103 [CsH;,0,]*
(70%), 91 [C¢H5sCH,]* (32%); HR CIMS exact mass calcu-
lated for C;4H;305: 234.1256; found: 234.1260.

3.1.48. 3-(3-Hydroxymethylphenyl)acrylic acid tert-butyl
ester (42b). From resin 41b (355 mg), compound 42b was
obtained as a colourless oil (38 mg, 0.16 mmol, 71% overall
yield from the loading of silyl chloride resin 3). Ry: 0.20
(hexane/EtOAc, 6:2). Spectroscopic data were consistent
with the literature.3°

3.1.49. 3-(3-Hydroxymethylphenyl)-N,N-dimethylacryl-
amide (42c). From resin 41c¢ (312 mg), compound 42c¢
was obtained as a white solid (29 mg, 0.14 mmol, 70% over-
all yield from the loading of silyl chloride resin 3). R: 0.13
(CH,Clp/MeOH, 97:3); mp 78-80°C (hexane/EtOAc);
FTIR (CHCI3) vpax: 3254 (s), 2924 (w), 2852 (w), 1648
(s), 1588 (s), 1138 (s), 1054 (s), 786 (s); 'H NMR
(300 MHz, CDCl3) é: 7.50 (d, J/=15.0 Hz, 1H), 7.48 (br s,
1H), 7.40-7.20 (m, 3H), 6.80 (d, /=15.0 Hz, 1H), 4.66 (s,
2H), 3.10 (s, 3H), 3.00 (s, 3H), 1.89 (br s, 1H); '3C NMR
(75 MHz, CDCl3) 6: 166.8 (s), 142.3 (d), 141.8 (s), 1354
(s), 128.8 (d), 128.1 (d), 127.1 (d), 125.8 (d), 117.3 (d),
64.7 (1), 37.4 (q), 35.9 (q); ESMS m/z: 411 [2M+H]*; HR
ESMS exact mass calculated for C,,H;0N,O4Na
[2M+Na]*: 433.2098; found: 433.2100.

3.1.50. [3-(2-Benzenesulfonylvinyl)phenylJmethanol
(42d). From resin 41d (327 mg), compound 42d was ob-
tained as a white solid (39 mg, 0.14 mmol, 67% overall yield
from the loading of silyl chloride resin 3). R,: 0.21 (CH,Cl,/
MeOH, 97:3); mp 95-97 °C (hexane/EtOAc); FTIR (neat)
Vmax: 3336 (br), 3048 (w), 2918 (w), 1618 (m), 1296 (s),
1140 (s), 1083 (s), 757 (s); '"H NMR (300 MHz, CDCl5) 6:
791 (d, J=4.0Hz, 2H), 7.70-7.30 (m, 8H), 6.83 (d,
J=15.0 Hz, 1H), 4.60 (s, 2H), 2.34 (br s, 1H); '*C NMR
(75 MHz, CDCl3) 6: 142.0 (d), 141.9 (s), 140.4 (s), 133.4
(d), 132.4 (s), 129.5 (d), 129.3 (d), 129.1 (d), 127.8 (d),
127.5 (d), 127.2 (d), 126.5 (d), 64.3 (t); ESMS m/z: 845
[3M+Na]"; HR ESMS exact mass calculated for
C3oH2306S,Na [2M+Na]*: 571.1220; found: 571.1224.

3.1.51. General protocol for the Suzuki reaction between
polymer-bound aryl iodide 37 and boronic acids.>” To
a vigorously stirred suspension of resin 37 (500 mg) in dry
dioxane (7 mL), the boronic acid 46a or 46b (1.30 mmol
of each) was added, followed by K,CO; (180 mg,
1.30 mmol, previously dissolved in the minimal amount of
H,0). Pd(OAc), (10 mg, 0.03 mmol) was then added and
the resulting suspension was rapidly stirred at 100 °C for
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15 h. The resin was then drained and rinsed thoroughly with
dioxane (5x5 mL, 5 min), THF (5x5 mL, 5 min), THF/
water 1:1 (5x5mL, 5min), THF (5x5mL, 5 min),
CH,Cl, (55 mL, 5 min) and then dried under high vacuum
(40 °C at 10 mmHg) for 24 h.

3.1.52. Resin 44a. Prepared using the general Suzuki reac-
tion procedure described above. FTIR (on the bead) v,x:
3026 (s), 2972 (s), 1602 (s), 1156 (s), 1060 (s), 830 (s).

3.1.53. Resin 44b. Prepared using the general Suzuki reac-
tion procedure described above. FTIR (on the bead) v,x:
3026 (s), 2973 (s), 1600 (s), 1156 (s), 1116 (s), 822 (s).

3.1.54. (4'-Methoxybiphenyl-3-yl)methanol (45a). From
resin 44a (495 mg), compound 45a was obtained as a white
solid (48 mg, 0.22 mmol, 70% overall yield from the loading
of silyl chloride resin 3). R: 0.51 (hexane/EtOAc, 2:1); mp
92-93 °C (hexane/EtOAc) (literature: 94 °C).>¢ Spectro-
scopic data were consistent with the literature.>®

3.1.55. (3-Thiophen-3-yl-phenyl)methanol (45b). Starting
from resin 44b (476 mg), compound 45b was obtained as
a white solid (39 mg, 0.20 mmol, 67% overall yield from
the loading of silyl chloride resin 3). Ry: 0.34 (hexane/
EtOAc, 3:1); mp 88-90°C (hexane/EtOAc); FTIR
(CHCI3) vpax: 3319 (br s), 3102 (w), 2927 (w), 1016 (s),
770 (s); '"H NMR (300 MHz, CDCl5) 6: 7.60 (br s, 1H),
7.56-7.20 (m, 6H), 4.70 (d, J=5.8 Hz, 2H), 1.96 (t,
J=5.8 Hz, 1H); '*C NMR (75 MHz, CDCls) 6: 140.8 (s),
140.1 (s), 134.9 (s), 127.8 (d), 125.1 (d), 125.0 (d), 124.6
(d), 124.5 (d), 123.8 (d), 119.2 (d), 64.1 (t); CIMS m/z (abun-
dance): 190 [M]* (100%), 173 [M—OH]* (27%); HR EIMS
exact mass calculated for C;;H;¢,OS: 190.0452; found:
190.0453; elemental analysis: anal. calcd for C;{H;oOS:
C, 69.44; H, 5.30; S, 16.85; found: C, 69.39; H, 5.33; S,
16.97.

3.1.56. Resin 47. The silyl chloride resin 3 (246 mg, loa-
ding=0.65 mmol/g) was suspended in dry CH,Cl, (5 mL).
Et;N (0.13 mL, 0.96 mmol) was added followed by 4-hy-
droxybenzaldehyde (78 mg, 0.64 mmol) and DMAP
(40 mg, 0.32 mmol). The resulting suspension was shaken
for 1h. The resin was then drained and washed with
CH,Cl, (5x5 mL, 5 min), THF (5x5 mL, 5 min), CH,Cl,
(5x5 mL, 5 min), and dried under high vacuum (40 °C at
10 mmHg) for 24 h. FTIR (on-bead) v,,x: 3058 (s), 2923
(s), 2733 (m), 1699 (s), 1121 (s), 1059 (s), 838 (s).

3.1.57. Resin 48.

3.1.57.1. Imine formation. Resin 47 (245 mg,
0.16 mmol) was suspended in dry (MeO);CH (3 mL). Ben-
zylamine (90 pL, 0.80 mmol) was then added and the result-
ing suspension was shaken at rt for 9 h. After this period the
resin was drained, washed with (MeO);CH (3x3 mL,
5 min), dry CH,Cl, (3x3 mL, 5 min) and used immediately
in the next step.

3.1.57.2. Reduction. The resin was suspended in dry
CH,Cl, (3 mL). Me4,NB(OAc);H (168 mg, 0.64 mmol) was
then added, followed by CH;CO,H (27 puL, 0.48 mmol) and
the resulting suspension was shaken at rt for 30 h. After this
period the resin was drained, washed with CH,Cl, (5 x5 mL,

5 min) and dried under high vacuum (40 °C at 10 mmHg)
for 24 h.

3.1.58. 4-[(Benzylamino)methyl]phenol (49). Resin 48
(274 mg) was pre-swollen in THF (3 mL). The solvent was
drained and fresh THF was added (3 mL), followed by
a solution of TBAF in THF (0.48 mmol, 3 equiv with respect
to the loading of resin 3). The resulting suspension was
shaken for 1h at rt. The solution was then collected and
the resin was washed with THF (3 x5 mL, 5 min). The solu-
tion and the washings were combined and Et,O (20 mL) was
added. The organic phase was washed with brine (4x 15 mL)
and dried (MgSO,). Removal of the solvent under reduced
pressure and chromatography on silica afforded 49 as an
oil (23.4 mg, 0.11 mmol, 70% from resin 3). Spectroscopic
data were consistent with the literature.>®

3.1.59. Resin 51. The silyl chloride resin 3 (100 mg,
0.65 mmol/g Cl) was suspended in dry CH,Cl, (4 mL) and
then EtzN (133 puL, 0.96 mmol) was added, followed by
Fmoc-L-Ser-OAllyl (235 mg, 0.64 mmol) and DMAP
(40 mg, 0.32 mmol). The resulting suspension was shaken
for 1 h at rt. The resin was drained and washed thoroughly
with dry CH,Cl, (10x5 mL, 5 min) and dried under high
vacuum (40 °C at 10 mmHg) for 24 h. FTIR (on-bead)
Vmax: 3440 (s), 3063 (s), 2972 (s), 1727 (s), 1601 (s), 1196
(s), 1123 (s); gel phase '*C NMR (75 MHz, CDCl5) 6:
170.0 (s), 155.8 (s), 143.8 (s), 141.1 (s), 118.8 (1), 75.3 (s),
67.1 (1), 66.1 (t), 63.5 (), 55.7 (d), 47.0 (d), 30.3 (s).

3.1.60. General procedure for N-Fmoc deprotection of
resin-bound amino acids and peptides. The initial resin
51 (500 mg) was treated twice with a 20% solution of piper-
idine in DMF (5.00 mL each, 10 min). Positive ninhydrin
test®® on the resin indicated the presence of the free amino
group. Then, the N-deprotected amino-resin was washed
with DMF (3x5 mL, 5 min) and used immediately for the
coupling with the next Fmoc-AA-OH.

3.1.61. General procedure 1 for the solid-phase peptide
coupling reactions with Fmoc-AA-OH. To a stirred solu-
tion of the Fmoc-AA-OH (3.20 mmol) in a mixture of dry
CH,Cl, and DMF (9:1, 10mL), HOBt (432 mg,
3.20 mmol) was added and stirring was continued for
10 min. DIC (500 pL, 3.20 mmol) was added dropwise
and the reaction mixture was stirred for additional 10 min.
The resulting solution was then added to the previously
N-deprotected resin and the corresponding suspension
was shaken for 3 h. After this period the ninhydrin test®®
on the resin was negative, indicating substantially no free
amino group.

3.1.62. General procedure 2 for solid-phase peptide cou-
pling reactions with Fmoc-AA-OH. Coupling involving
the terminal nitrogen of the L-Proline*® residue was per-
formed with PyBrop (1.50g, 3.20 mmol) and DIPEA
(700 pL, 4.00 mmol) instead of the DIC/HOBt system,
employing the same mixture of solvents. The reaction
was allowed to run until chloranil test was negative.*!

3.1.63. Resin-bound dipeptide 52. Resin-bound dipeptide
52 was prepared from resin 51 using the general procedure
1 for peptide coupling described above. FTIR (on-bead)
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Vot 3302 (s), 3026 (s), 2926 (s), 1643 (br s), 1154 (s),
1118 (s).

3.1.64. N-Fmoc-L-Phe-L-Ser(OH)-(0-Alloc) (53). To resin
52 (524 mg) pre-swollen in CH,Cl, (5 mL) was added TFA
(30% in CH,Cl, containing 6% of triethylsilane). The result-
ing suspension was rapidly stirred for 2 h at rt. After this
period the solution was filtered through glass wool and the
resin was further washed with CH,Cl, (5x5 mL, 5 min).
The washings and the original solution were collected and
the excess of TFA was removed under reduced pressure to
give an oily residue. Chromatography on silica and precipi-
tation with cold Et,O afforded 53 as a white amorphous solid
(157 mg, 0.30 mmol, 90% overall yield based on the loading
of resin 3). R: 0.36 (hexane/EtOAc, 1:1); mp 188-190 °C
(hexane/EtOAc); [a]¥: —14.0 (¢ 0.25, MeOH); FTIR
(CHCl3) vmax: 3293 (br), 3065 (w), 1741 (s), 1726 (s),
1662 (s), 1545 (s), 1293 (s), 1046 (s); '"H NMR (400 MHz,
DMSO-dg) o: 8.45 (d, J=7.5 Hz, 1H), 7.86 (d, J=7.5 Hz),
7.67-7.56 (m, 3H), 7.43-7.05 (m, 9H), 5.95-5.81 (m, 1H),
5.33 (dd, J=17.0, 1.5 Hz, 1H), 5.18 (dd, J=10.5, 1.5 Hz,
1H), 5.12 (t, J=5.5 Hz, 1H), 4.58 (d, J=5.0 Hz, 2H), 4.50—
4.32 (m, 2H), 4.20-4.00 (m, 3H), 3.78 (m, 1H), 3.67 (m,
1H), 3.04 (dd, J=13.5, 3.0 Hz, 1H), 2.76 (dd, J=13.5,
11.5 Hz, 1H); '3*C NMR (100 MHz, DMSO-d,) 6: 172.1
(s), 170.3 (s), 155.9 (s), 143.8 (s), 140.7 (s), 138.3 (s),
132.5 (d), 129.4 (d), 128.1 (d), 127.7 (d), 127.2 (d), 126.3
(d), 125.4 (d), 120.2 (d), 117.6 (1), 65.8 (t), 65.0 (t), 61.3
(), 56.0 (d), 54.9 (d), 46.7 (d), 37.6 (t); ESMS m/z: 537
[M+Na]*; HR ESMS exact mass calculated for
C30H30N,06Na [M+Na]*: 537.1996; found: 537.1982.

3.1.65. Heptapeptide 54. Heptapeptide 54 was prepared
from resin 51 using the general deprotection, coupling and
cleavage procedures described above. The following amino
acids were used: (1) Fmoc-L-PheOH; (2) Fmoc-L-11eOH; (3)
Fmoc-L-LeuOH; (4) Fmoc-L-ProOH; (5) Fmoc-L-IleOH; (6)
Fmoc-L-ProOH. Following TFA cleavage, chromatography
on silica and final precipitation with cold Et,O afforded 54
as a white amorphous solid (230 mg, 0.22 mmol, 60% over-
all yield from the loading of 3). R: 0.50 (EtOAc/MeOH,
60:1); mp 150-153 °C (dec); FTIR (CHCl3) vpa: 3300
(br), 2964 (m), 2878 (m), 1642 (s), 1528 (s), 1188 (s),
1131 (s), 740 (s); NMR analysis was complicated by the
presence of different rotamers. 'H NMR (400 MHz,
DMSO-dg) o: 8.32 (d, J/=7.5 Hz, 1H), 8.05-7.92 (m, 2H),
7.86 (d, J=6.5Hz, 2H), 7.70-7.60 (m, 2H), 7.53 (d,
J=8.0 Hz, 1H), 7.40 (t, J= 7.5 Hz, 2H), 7.30 (d, J/=5.0 Hz,
2H), 7.26-7.08 (m, 6H), 5.85 (m, 1H), 5.32 (dd, J=17.0,
1.5Hz, 1H), 5.18 (dd, J=10.5, 1.5Hz, 1H), 5.12 (t,
J=5.0Hz, 1H), 4.65 (m, 1H), 4.57 (d, J=5.0 Hz, 2H),
4.42-4.15 (m, 7H), 4.13-3.95 (m, 2H), 3.79-3.60 (m, 3H),
3.58-3.40 (m, 3H), 3.05 (dd, J=14.0, 4.0 Hz, 1H), 2.76
(dd, J=14.0, 10.0 Hz, 1H), 2.10-0.91 (m, 17H), 0.89-0.69
(m, 15H), 0.67 (d, J=6.5 Hz, 3H); '*C NMR (100 MHz,
DMSO-dg) 0: 172.2 (s), 171.8 (s), 171.6 (s), 171.5 (s),
171.4 (s), 170.7 (s), 170.2 (s), 154.1 and 154.0 (s), 144.1,
143.9 and 143.6 (s), 140.9, 140.8 and 140.7 (s), 137.8 (s),
132.5 (d), 129.2 (d), 128.1 (d), 127.8 (d), 127.3 (d), 126.3
(d), 125.8 (d), 125.4 (d), 125.3 (d), 120.2 (d), 117.7 (v),
67.1 and 66.7 (t), 65.0 (t), 61.4 (t), 59.5 (d or q), 59.2 (d or
q), 56.9 (d or q), 55.0 (d or q), 54.8 (d or q), 53.4 (d or q),
51.3 (d or q), 47.4 (t), 47.3 (1), 46.8 (d or q), 46.6 (1), 40.0

(t), 37.7 (1), 36.9 (d or q), 36.4 (d or q), 31.6 (t), 30.8 (d or
qQ), 30.0 (t), 29.1 (t), 24.6 (t), 24.4 (1), 24.1 (t), 23.3 (d or
q), 21.8 (d or q), 15.3 (d or q), 15.1 (d or q), 15.0 (d or q),
11.0 (d or q), 10.8 (d or q); ESMS m/z: 1070 [M+Na].
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