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Abstract 

 

Synthesis of Isosteric Analogues of Rooperol 

 

Olaf Tobias Bjornstal Jr., MSPS 

The University of Texas at Austin, 2017 

 

Supervisors:  Christian P. Whitman, Walter L. Fast 

 

 Hypoxoside is a norlignan bisglycoside derived from Hypoxis hemerocallidae (African 

potato), a medicinal plant used in Africa to treat a variety of disorders, including cancer, 

cardiac diseases, immune disfunction, inflammation, and prostate hyperplasia.  Its 

aglycone form, (1,5-bis(3’,4’-dihydroxyphenyl)pent-1-en-4-yne (rooperol) is produced in 

the presence of b-glucosidase which is present in the GI lumen, leading investigators to 

evaluate hypososide as a potential oral prodrug.  Unfortunately, the presence of catechol 

moieties results in extensive phase II metabolism before therapeutic blood concentrations 

are achieved.  One approach to address this obstacle is to replace the catechols with 

isosteres which may be more metabolically stable and possess the same bioactivity.  This 

body of work is focused on the synthesis of rooperol and three analogues of rooperol of 

which the catechol moieties are replaced with a small set of isosteres.   
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CHAPTER 1: BACKGROUND 

1.1: African Potato, Hypoxis hemerocallidae 

The medicinal properties of plants have been employed in the treatment of myriad 

diseases and ailments from as far back as 5000 B.C., when the Sumerians used opium to 

induce a state of joyfulness.1 Ethanol was discovered 1500 years later by the Egyptians,2 

and the first use of salicylates as a pain remedy dates back to 4000 B.C., also by the 

Sumerians.  These are some of the more successful examples of medicinal compounds 

derived from natural sources that still have utility today.  As vastly diverse as nature is, so 

too are the potentially bioactive compounds it creates.  However, for these compounds to 

make their way from traditional healing agents to modern, characterized and scientifically 

sound medicines, a long process to build a scientific basis for their use must precede.  

The body of work presented in this document focuses on one such medicinal plant 

used in sub-Saharan Africa: the African potato (AP), or Hypoxis hemerocallidae. AP is 

used by traditional healers as an herbal medicine to treat a variety of diseases, including 

but not limited to prostate hyperplasia, inflammation, cardiac diseases, nervous disorders, 

immune dysfunction, urinary tract infections, and cancer.  For this reason, it is referred to 

among the Swazis as “zifozonke’, which means ‘the plant that can be used to treat many 

diseases’.4 The herb is prepared by chopping the tuberous corm (swollen root similar to a 

bulb) into pieces and/or grinding it, then either boiling it in water to create a decoction or 

tea which is imbibed.  More modern preparatory methods involve extraction into a non-

toxic solvent4 (eg ethanol, water).  Such extracts can be found online or other specialized 

herbal repositories.   

Extracts of AP have been shown to exhibit several interesting pharmacological 

properties, of which anti-inflammatory and antidiabetic effects have been demonstrated 

in rats and mice.  Administration of extract by intraperitoneal injection elicited dose-
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dependent antinociceptive effect in mice, and anti-inflammatory and antidiabetic effects 

in rats.9 In diabetic and normal rats, oral administration of the same dose level resulted in 

inhibition of acute inflammation as well as reduced blood glucose levels.9 The 

mechanism for anti-inflammatory effects are produced is as yet unclear.  It is known that 

corm extracts inhibit cyclooxygenase (COX) mediated prostaglandin synthesis.10,11  Other 

work in vitro has demonstrated African potato has the ability to scavenge free radicals.12  

It is therefore thought that one mechanism for AP’s anti-inflammatory property is owed 

to its antioxidant-mediated inhibition of COX enzymes and subsequent prostaglandin 

(and other components of the inflammatory response) synthesis (Figure 1.1.1). 

 

 

Copyright © 2008 John Wiley & Sons, Ltd. Phytother. Res. 23, 147–152 (2009)

DOI: 10.1002/ptr

148 P. M. O. OWIRA AND J. A. O. OJEWOLE

BIOLOGICAL ACTIVITY

Therapeutic and pharmacological considerations

In recent years, attempts have been made to investigate

the scientific basis of the therapeutic claims attributed

to ‘African potato’. Evidence-based laboratory investi-

gations indicate that aqueous and alcohol extracts of

‘African potato’ possess many interesting pharmaco-

logical properties, including antinociceptive (in mice),

antiinflammatory and antidiabetic properties (in rats)

in vivo (Ojewole, 2006). ‘Intraperitoneal injections of

50–800 mg/kg body weight of “African potato” extracts

produced significant and dose-dependent anti-nociceptive

effects against chemically- and thermally-induced noci-

ceptive pain in mice’ (Ojewole, 2006). At the same dose

level, oral administrations of H. hemerocallidea corm

extracts also ‘significantly inhibited egg albumin-induced

acute inflammation, and reduced blood glucose levels

in both normal and streptozotocin-induced diabetic rats

in a dose-dependent manner’ (Ojewole, 2006). These

observations, therefore, suggest that extracts of ‘African

potato’ could possess antiinflammatory and antidiabetic

(hypoglycaemic) properties, respectively. As suggested

by Ojewole (2006), the extracts of ‘African potato’ could

inhibit the synthesis, production and/or release of in-

flammatory cytokines and mediators such as prostaglandins.

Recent reports have indicated that lectin-like proteins

purified from aqueous extracts of ‘African potato’ can

inhibit cyclooxygenase (COX) enzyme that mediates

prostaglandin synthesis in vitro (Gaidamashivili and

Van Staden, 2006). However, other studies have shown

that ethanol extracts of H. hemerocallidea have higher

inhibitory effects on COX-1 catalysed prostaglandin

synthesis than aqueous extracts of the plant’s corms

(Steenkamp et al., 2006). Aqueous extracts of H.

hemerocallidea corms have previously been shown

to scavenge free radicals (hydroxyl ions) in vitro

(Mahomed and Ojewole, 2003), and it has been sug-

gested that the ability of the corm’s extracts (both

aqueous and ethanol) to suppress inflammation could

be mediated via its antioxidant activity which, in turn,

inhibits COX enzymes (Feng et al., 1995; Kumagai

et al., 2000; Mahomed and Ojewole, 2003; Steenkamp

et al., 2006). Taken together, these observations appear

to suggest that the reported antiinflammatory activity

of ‘African potato’ extracts could be due to their ability

to inhibit the synthesis of prostaglandins and other in-

flammatory mediators (see Fig. 1).

It has been reported that lectin-like proteins derived

from extracts of ‘African potato’ inhibited the growth

of Staphylococcus aureus, in vitro (Gaidamashivili and

Van Staden, 2002). Undoubtedly, agglutinins, found

in the storage parts (corms) of H. hemerocallidea, play

a critical role in the plant’s defensive mechanism against

pathogenic micro-organisms. This observation would,

therefore, support the age-old usage of ‘African potato’

in the treatment of microbial infective disorders (Hutchings

et al., 1996; Van Wyk et al., 2002). Laboratory reports

have further shown that both ethanol and aqueous

extracts of H. hemerocallidea corm inhibit the growth

of Escherichia coli, in vitro (Steenkamp et al., 2006),

an observation quite consistent with the previously

Figure 1. A summary of the putative pharmacological actions of ‘African potato’ extracts (rooperol and stigmasterol) on some cellular
pathways so far investigated. Antiinflammatory activity of ‘African potato’ extracts could be attributed to inhibition of lipoxygenase,
cyclooxygenase (COX) and cytokines production. Antioxidant activity of the extracts could be mediated via reduced reactive oxygen
species (ROS) production, either from diminished activity or expression of drug metabolizing enzymes, or from direct inhibition of
COX. Increased expression of pregnane X receptor (PXR) binds xenobiotics and triggers over-expression of P-glycoproteins and
some drug metabolizing enzymes, thus causing toxicity related to drug resistance or herbal drug reactions. Effects of ‘African potato’
extracts on organic cation transporters (OCT) are not known.    = inhibitory effects of ‘African potato’ extracts;    = xenobiotics; ↑ =
up-regulation/stimulation; ↓ = down-regulation/inhibition.

Figure 1.1.1. Pharmacological activities of African potato 
extracts on some cellular pathways characterized thus far.  
African potato-mediated inhibition of COX has anti-
inflammatory (inhibition of cytokines, prostaglandins) and 
anti-oxidant (radical scavenging capabilities) effects.  It may 
also inhibit the production and action of metabolism-related 
enzymes (a source of ROS) as well as cytokines.  (Owira & 
Ojeole, Phytother Res 2009)    
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By itself, inhibition of the inflammatory response is adequate for recognition, but 

moreover, there exists a clear connection between inflammation and cancer.  Cancers 

develop from “subthreshold neoplastic states” that arise from some kind viral, chemical, 

or other perturbation which create somatic changes that persist indefinitely in normal 

tissue-a process called initiation.  The second step, promotion, occurs when these altered 

cells are subjected to a chemical stressor, such as those involved in chronic 

inflammation.13  Chronic inflammation then further stresses hyperplasic tissues because 

the presence of the initial somatic alterations prevents recruitment of corrective measures 

to counter inflammatory processes.  Promotion results in recruitment of additional 

inflammatory cells and promote cell proliferation, ROS becomes increasingly elevated 

provoking additional DNA damage, and DNA repair systems fail.  Cells of chronically 

inflamed tissues lose the ability to regulate replication and cell death, creating a locus of 

uncontrolled replication and propagation of irregular cells.13 Once established, tumors 

propagate inflammation processes because tumor cells produce cytokines and 

chemokines that attract a variety of leukocytes, including macrophages and neutrophils.  

Tumor associated macrophages then produce a number of growth factors that ultimately 

promote neoplastic progression.14   

As described in Figure 1.1.1, several of the putative pharmacological actions of 

African potato extracts are related to inflammation.  As mentioned previously, African 

potato is also used as a remedy for infection, which is also related to inflammation - in a 

substantial number of cases, chronic inflammation is caused by some infectious agent.  

Observing overlaps in cellular targets could be useful in defining AP’s mechanism of 

action.       
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1.2: Hypoxoside 

The corms of AP are rich with norlignan glucosides, of which the most abundant 

is hypoxoside (approximately 3.7-4.5% based on species and season harvested)16,17.  

Hypoxoside is a bis-b-D-glucoside possessing a unique diphenyl-1-en-4-yne-pentane 

skeleton (Figure 1.2.1b).4,5,16  Hypoxoside was found to be the major constituent across all 

Hypoxis species, and it has similar functionalities to other compounds for which some of 

the same pharmacological indications exist.15  Taken together, researchers hypothesized 

that the plant’s therapeutic constituent is hypoxoside.   

 

 

Early work evaluating the therapeutic effects of hypoxoside found low to no 

toxicity on oral and intraperitoneal administration in mice and intravenous administration 

in rabbits.17  In evaluating hypoxoside’s anti-cancer properties18, Theron and associates 

determined that heat-labile b-glycosidases endogenous to fetal calf serum (FCS), which is 

used universally in cell studies and tissue culture to supplement media with nutrition and 

OH
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OH
OH

a.

b.

diphenyl-1-en-4-yne-pentane skeleton (rooperol)

hypoxoside

O O

OH
HO OH
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O
OH

O

HO
OH

OH

OH

OH

Figure 1.2.1: Chemical structures of rooperol and hypoxoside
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growth factors, could not be denatured by the standard protocol.19  While most other 

components of FCS that might negatively affect growth of cell cultures are effectively 

deactivated by the standard incubation for 30 minutes at 56° C, b-glycosidases required 

longer (subsequent work used an incubation time of 1 hour).  Consequently, most if not 

all previous in vitro studies evaluating the therapeutic properties of hypoxoside were 

most likely attributed to the aglycone.19,20 Drewes et al. named this aglycone rooperol 

(Figure 1.2.1a).17  Theron and associates supported this claim in a study comparing the 

cytotoxicity of hypoxoside and rooperol toward B16-F10-BL-6 mouse melanoma cells, 

as well as demonstrated the conversion of hypoxoside to rooperol in non-heat vs heat-

inactivated FCS.  They found that in heat-inactivated FCS conditions, hypoxoside was 

non-cytotoxic; however, treatment with non-heat activated FCS produced a cytotoxic 

effect.  Successive studies in cancer and other cell models support these data, 

demonstrating hypoxoside’s lack of biological activity versus rooperol’s substantial 

bioactivity.  

1.3: Rooperol  

 It is assumed that within the GI lumen, b-glucosidases rapidly deglucosylate 

hypoxis to release rooperol.  This transformation results in a considerable increase in 

lipophilicity relative to hypoxoside, allowing the aglycone rooperol to pass through 

intestinal epithelia and into portal circulation.  Rooperol is then readily transformed into 

phase II metabolites.  Consequently, neither rooperol nor hypoxoside appear in the 

serum; however, phase II metabolites (a mix of sulfates and glucuronides) can be 

detected in general circulation.   

 Rooperol has been evaluated for potential cancer cell cytotoxicity in several in 

vitro studies.  Anecdotal references to African potato as a traditional African herbal 

remedy for various cancers has led researchers to develop a scientific basis for this 
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indication.  In early studies, hypoxoside was found to inhibit growth of mouse BL-6 

melanoma cells in the presence of b-glucosidase in FCS.20 In vitro screening of 

hypoxoside against panels of 60 cancer cell lines and 5 tumor cell lines by the National 

Cancer Institute and the Huntingdon Research Centre, respectively, have also 

demonstrated growth inhibition in the presence of b-glucosidase in FCS.  Additionally, 

cytotoxicity against B16-F10-BL6 mouse melanoma cells was seen upon treatment with 

above 11 µM rooperol, with IC50 at around 20 µM.  In vivo work has so far been confined 

to pharmacokinetic analysis and toxicity.  A phase I study to evaluate the 

pharmacokinetics and safety of hypoxoside taken orally by patients with lung cancer 

determined it to be virtually non-toxic.  Efficacy was not studied, however of 24 patients, 

5 survived longer than expected and two showed significant arrest of tumor growth.  One 

patient experienced complete remission and later died not of cancer but from a heart 

condition.     

 As mentioned previously, very little is known about rooperol’s mechanism of 

action.  The data suggest its function is pleiotropic, as it has multiple cellular targets.  In 

one example, Boukes and associates investigated cell death and cell survival pathways in 

four cancer cell lines treated with rooperol, and found that multiple cellular markers 

including those for DNA fragmentation and degradation, membrane integrity, and 

survival/apoptosis were modulated.21 It was concluded that in HeLa, HT-29, and MCF-7 

cancer cell lines, rooperol treatment caused late G1/early S phase arrest resulting from 

increased levels of p21Waf1/Cip1, a cell survival strategy.  They also found that rooperol-

related anti-apoptotic signaling involves phosphorylation of Akt and Bcl-2.  Eventually 

endoreduplicative strategies are overcome and the cells apoptose.21  In summary, rooperol 

had the anti-apoptotic effect of stimulating p21Waf1/Cip1, but also promoted apoptosis by 

activating caspase 3/7 and related downstream effectors.21  Azouaou and associates 
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proposed in another study that rooperol activates the p53 and caspase-associated pathway 

in cancer stem-like cells and that this mechanism begins with cytoplasmic creation of 

ROS (Figure 1.2.2).22  Cellular pathways are exceedingly complex, and it would not be a 

surprise that rooperol may effect more than one.  

 

 

 

In work preliminary to the present study, Kerwin and associates developed a 

novel fluorescence-based assay to identify rooperol as a p38a recruitment site ligand, the 

first such small molecule p38a recruitment site inhibitor reported.23  This finding could 

be interesting, as activated p38 is then a transcriptional activator for p5325 , which was 

just discussed is a pro-apoptotic pathway.  Other preliminary work from Prof. Mooberry 

(UTHSCSA) aiming to further investigate the cellular effects of rooperol demonstrated 

growth inhibition in three cell lines (MDA-MB-435, HeLa, SK-ES-1) and observed 

explored. To address this point, we therefore studied the
effects of the hypoxoside derivative on a fibroblast cell line
which is known to have a restricted developmental potential
and enhanced reprogramming capacity [8, 19]; as hypothe-
sized, the results showed that high concentrations of rooperol
which were able to strongly decrease the proliferation rate of

cancer cells (HCT116) and cancer stem-like cells (NT2/D1),
had no observable toxic effect on these normal stem-like cells.
Indeed annexin Vassay, as well as other indirect indicators of
apoptosis, confirmed that the drug, even at high concentra-
tions, had no effect on BJ fibroblasts. Consequently, it is
expected that rooperol is also ineffective on other non-
pathological proliferative cells. It should however be noted
that there are some remaining unresolved issues with respect
to rooperol selectivity. For instance, it is unclear to what extent
the fibroblast could be used as a general model of negative
control for anticancer drug screening, although this is widely
accepted. We previously showed that the normalized pluripo-
tent CSC, i.e. the retinoic acid-treated teratocarcinomal cell,
like the fibroblast, is not affected by a treatment known to kill
the indifferentiated parental cell. We concluded that the dif-
ferentiation therapy has led to a loss of the tumorigenic prop-
erties [9]. In this point of view, it would be worth investigating
whether rooperol has no effect on retinoic acid-treated NT2/
D1 cells which are more closely related to their cancerous
counterparts than fibroblasts. Additional studies need there-
fore to be carried out to confirm the likely lack of response of
the drug on these normalized cells before drawing further
generalization about cell susceptibility to rooperol.

Fig. 8 Rescue effects of a treatment with different ROS scavengers on
rooperol-induced apoptosis of NT2/D1 cells. Cells were treated or not
with 100 μM of either SOD, MnTMPyP, Cat or PEG-Cat for 30 min and
then grown for either 1 h (A) or 24 h (B, C, D and E) in the presence or
absence of 25 μM of rooperol. a recapitulates in a bar graph form, as
explained in the legend of Fig. 3, the percentage of ethidium fluorescence
intensity obtained for each rooperol-treated sample and expressed in a
second step as percent relative to the corresponding absolute value
obtained for the untreated sample and set at 100. b recapitulates in a bar
graph form, as explained in the legend of Fig. 2, the percentage of

apoptotic cells obtained for each sample and expressed as percent relative
to the total cell number. c, d and e respectively show normalized densitom-
etry and representative immunoblotting results, obtained after the different
treatments, for p53, cleaved caspase-3 (C. Casp-3) and cleaved PARP1 (C.
PARP1), as explained in legend of Fig. 4. Values are means±S.E.M. of four
independent experiments. Statistical significance for “rooperol” variable
(treated versus untreated): **, p <0.01; ***, p <0.001; ns, not significant.
Statistical significance for “antioxidant” variable (treated versus untreated
and rooperol-exposed): †, p <0.05; †††, p <0.001; NS, not significant

Fig. 9 Hypothetical model of ROS-dependent p53-associated caspase-3-
associated pro-apoptotic activity of rooperol in cancer stem-like cells.
After its translocation in the cytoplasm, rooperol triggers the production
of ROS and consecutively induces an upregulation of the tumor suppresor
p53 in teratocarcinomal cells, leading to an activation of a caspase-3-
dependent proteolytic process which targets the stemness factors Oct4,
Nanog and Sox2. As a consequence, cells undergo an irreversible pro-
grammed cell death

72 Invest New Drugs (2015) 33:64–74

Figure 1.2.2: Theoretical model of rooperol-related ROS 
activation of p53 and pro-apoptotic pathway.  (Azouaou SA et 
al. Invest New Drugs, 2015; 33: 64-74)
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microtubule depolymerization after treatment.  Furthermore, microtubule polymerization 

was inhibited by rooperol in a concentration-dependent manner, suggesting it directly 

binds to tubulin monomers.   

In addition to having multiple cellular targets, rooperol possesses two catechols 

which allow it to participate in redox cycling to produce semiquinone and quinones, 

which can then directly interact with multiple cellular and extracellular systems.24  These 

are cancer chemopreventive properties it shares with other catechol or polyphenolic 

molecules.26  Semiquinones and quinones can then go on to interact with an assortment of 

protein, enzyme, membrane and nucleic acid constituents (Figure 1.2.2).  
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CHAPTER 2.0: EXPERIMENTAL 

2.1: Premise & Scheme 

 Catechol drugs are notoriously difficult to maintain relative blood concentrations 

due to extensive phase II metabolism that occurs at the exposed hydroxyl groups.  One 

approach to abrogate this effect is to replace one or both catechols with more 

metabolically stable isosteres which effectuate the same bioactivity (Figure 2.1.1).  

Altered bioactivities may also be useful in the future to delineate rooperol’s modes of 

action.  As discussed previously, the only known direct interactions for which there is any 

evidence with p38a and tubulin.  Considering the number of effectors rooperol seems to 

modulate, there may well be additional direct interactions that are as yet unknown which 

may be effected by catechol replacements.  There is precedent for this line of thought.  

For example, other phenolic molecules which form semiquinones and quinones 

intracellularly are resveratrol and stilbene analogues possessing one or more hydroxyls 

on the distal phenyl rings.26,29  Investigators found that the position of hydroxyls was not 

only essential for radical scavenging and super oxide dismutase modulating properties, 

but are also essential for binding estrogen receptor.   

 The tetramethoxy derivative of rooperol was synthesized by Drewes and 

associates in 1984.31  Potgieter  and associates followed in 1988 with synthesis of 

rooperol from 3,4-dimethoxybenzaldehyde and (E)-3-(3,4-dihydroxyphenyl)acrylic acid.  

While this synthesis was improved from that of Drewes, the final deprotection step was 

problematic and yield relatively low (35%).  In the present study, a scheme similar to the 

more concise and robust route Kerwin and associates published recently31 will be 

employed shown in the synthesis of analogues bearing the catechol replacements 

indicated in Figure 2.1.1.  The scheme is described below (Scheme 2.1.1). 
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Scheme 2.1.1 details the efficient strategy employed in making analogues, beginning with 

a single benzaldehyde starting material for each analogue.  
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2.2: Results 

1,2-Bis-((ter-butyldimethyl-silyl)oxy)benzene (2): To solution of 3,4-

dihydroxybenzaldehyde (1) in dichloromethane was added imidazole (4 equivalents) and 

tert-butyldimethyl-silyl chloride (3 equivalents) at room temperature.  Mixture allowed to 

stir overnight, then washed 3 times with 1 N HCl, 3 times with saturated aqueous 

NaHCO3 brine, then dried over Na2SO4.  Filtered solution was evaporated under vacuum 

and subjected to SiO2 purification with 10% EtOAc in hexanes to yield the product (91%) 

as a viscous golden oil which crystallized upon cooling.   

 

Methyl (E)-3-(3,4-bis((tert-butyldimethylsilyl)oxy)phenyl)acrylate (3): methyl 2-

(triphenyl-λ5-phosphaneylidene)acetate (Wittig reagent) (1.2 equivalents) and stirbar 

added to an oven-dried round bottom flask and placed under argon, then added 

dichloromethane (to make 0.3 M solution).  In a separate dried flask was added (2) under 

argon and dissolved in dichloromethane (to make 1-2 M solution).  Piperonal solution 

was then added dropwise to Wittig solution at room temperature over 10 minutes, then 

allowed to stir until TLC indicates disappearance of starting material.  When complete, 

the mixture was concentrated en vacuo and subjected to SiO2 purification with 20% 

EtOAc in hexanes; product was a bright white flaky solid.   

 

(E)-3-(3,4-Bis((tert-butyldimethylsilyl)oxy)phenyl)prop-2-en-1-ol (4): Ta solution of 

ester (3) in dry DCM at -78° C was added dropwise a solution of DIBAL-H (1 M in 

dichloromethane, 2.2 equivalents).  When addition is complete the reaction was allowed 

to stir while bath warmed to -50° C (approximately 2 hours).  When reaction is complete, 

it is then added carefully to a stirred mixture of 2 M HCl and ice (equal volume to solvent 

used) and allowed to stir for 30 minutes.  The aqueous layer was extracted with 
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dichloromethane (3 times 50 mL).  Combined organic layers washed with brine and dried 

over Na2SO4 and concentrated under reduced pressure to yield a colorless oil, which was 

subjected to SiO2 purification with 20-30% EtOAc in hexanes to yield a colorless oil 

(86%). 

 

(4-(2,2-Dibromovinyl)-1,2-phenylene)bis(oxy))bis(tert-butyldimethylsilane (5): PPh3 (4 

equivalents) was added in portions over 10 minutes to a solution of CBr4 (3 equivalents) 

in dry DCM in an oven dried flask with stirbar and cooled to 4° C in an ice bath.  A 

solution of aldehyde (2) in dry dichloromethane (5-10% of reaction volume) was added 

dropwise by syringe over 10-15 minutes, then allowed to stir for 20 minutes at 4° C, then 

allowed to warm to room temperature for 30 minutes or until reaction is complete.  

Reaction cooled to 4° C and saturated aqueous NaHCO3 added slowly to neutralize.  The 

aqueous layer was extracted 3 times with dichloromethane and the combined organic 

phases dried over Na2SO4, filtered, and concentrated under vacuum.  The resulting chalky 

solid was subjected to SiO2 purification with 0 to 10% EtOAc in hexanes and yielded a 

golden oil (98%). 

 

3-(3,4-Bis((tert-butyldimethylsilyl)oxy)phenyl)propiolic acid (6): Oven dried flask and 

stirbar charged with vinyl dibromide (5) and purged with argon.  Dry THF added to flask 

and brought to -78° C.  nBuLi (2.5 M in hexanes, 2.2 eq) added by syringe over 10 to 15 

minutes.  Reaction stirred for 1 hr at -78° C, then slowly warmed to room temperature for 

another 45 minutes.  The reaction was cooled again to -78° C and dry ice was added 

directly to the reaction and monitored by TLC.  When complete, 50 mL EtOAc and 50 

mL 3 N HCl were added to the reaction to quench.  The organic layer was dried over 

Na2SO4, filtered and concentrated under reduced pressure then subjected to SiO2 
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purification.  Produced a golden yellow oil, which recrystallized to fluffy white solid, 

78%.  

 

(E)-3-(3,4-Bis((tert-butyldimethylsilyl)oxy)phenyl)allyl-3-(3,4-bis((tert-

butyldimethylsilyl)oxy)phenyl)propiolate (7): To an oven-dried flask under argon with a 

septum and stir bar was added arylpropiolic acid (6; 1 equivalent), alcohol (4; 1.1 

equivalents), and 4-DMAP; this flask was purged and backfilled with argon 3 times, then 

dry dichloromethane added by syringe and brought to 0° C in an ice bath.  In a separate 

flask N,N’-dicyclohexylcarbodiimide was dissolved in a minimal amount of 

dichloromethane; this solution was then added dropwise to the reaction flask by syringe 

over 10 minutes.  The reaction was allowed to warm to room temperature and stirred for 

2 hours until complete per TLC.  Reaction was passed through a silica plug, washing 3 

times with 30% EtOAc in hexanes.  The organic filtrate was then concentrated under 

reduced pressure and subjected to SiO2 purification with 10-30% EtOAc in hexanes.  

Ester produced as a golden oil, 88%.   

 

1,5-Bis(3',4'-di(tert-butyldimethylsilyl)oxyphenyl)pent-4-en-1-yne (8): A solution of ester 

(7) dissolved in anhydrous THF was transferred to a sealed and argon purged pressure 

tube containing 8 mol% of Pd[P(Ph3)4].  Mixture was stirred at 70° C for 4 hours, then the 

contents of the tube were transferred to a round bottom flask for concentration en vacuo.  

The remaining residue was subjected to SiO2 purification (0 to 1% EtOAc in hexanes) to 

afford (8; 88%) as a yellow oil. 

 

1,5-Bis(3',4'-dihydroxyphenyl)pent-4-en-1-yne (9):  
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Procedure 1. A flask containing silyl ester (8) in a minimal amount of anhydrous DMF 

under argon was added KF (4 equivalents).  The flask was placed in an ice bath and a 

1:100 dilution of 33% HBr/AcOH in DMF (1 mL for every 3 mol silyl ester) added by 

syringe.  After stirring 1.5 hours at 0° C the mixture was diluted with EtOAc and washed 

with H2O and brine.  The organic layer was dried over Na2SO4, filtered, and concentrated 

en vacuo.  The remaining residue was subjected to SiO2 purification (25% EtOAc in 

hexanes + 1% MeOH).  No product was found after purification.  1H-NMR indicated the 

presence of silyl groups in all fractions containing UV active compound. 

Procedure 2: Silyl ether (8) was dissolved in anhydrous THF under argon, then placed in 

an ice bath to chill for 10 minutes.  TBAF (6 equivalents) was added to the solution by 

syringe over 10 minutes, then the mixture allowed to warm to room temperature for 1 

hour, or until disappearance of starting material.  0.5 equivalents of NaClO4 was 

dissolved in ice cold 0.2 M phosphate buffer to make 460 mM solution (half the initial 

reaction volume).  Reaction mixture was concentrated en vacuo, and dissolved in 

perchlorate solution.  Solids were removed by vacuum filtration; the remaining aqueous 

fraction was saturated with NaCl, extracted 3 times with EtOAc.  The combined organic 

layers were washed with brine and dried over Na2SO4, then filtered and evaporated to 

dryness under reduced pressure.  1H-NMR of the crude product showed no product 

present based on lack of peaks from 6-8 ppm.   

Procedure 3: Silyl ether (8) was dissolved in THF and chilled to 0° C in an ice bath.  

TBAF (1 M in THF) was added by syringe over 10 minutes, then warmed to room 

temperature for 1 hour or until disappearance of starting material per TLC.  Reaction was 

then diluted in water and extracted into EtOAc.  The organic layers were washed with 

brine and dried over Na2SO4, filtered and dried under vacuum.  The product was purified 
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by SiO2 first with 0 to 50% EtOAc in hexanes, then 0 to 10% MeOH in DCM.  No 

product was identified in any of the fractions, as determined from 1H-NMR.   

Procedure 4: Same procedure as above until workup: Excess DOWEX50WX4-200r resin 

and CaCO3 were added to the reaction and diluted with MeOH.  The mixture was allowed 

to stir for 1 hour at room temperature, then passed through a pad of celite, washing well 

with MeOH.  The filtrate was then evaporated to dryness and subjected to SiO2 

purification with 10 to 50% EtOAc in hexanes.  Again, no product found after 

purification, as determined by the 1H-NMR spectrum. 

 

The remaining pent-4-en-1-ynes were prepared by the same general method by 

substituting the indicated isostere in place of 3,4-dihydroxybenzene.  In the case of 9a 

and 9c, repeated attempts at deprotection were unsuccessful.  I used several methods 

which differed in reagents used and workup procedures (see procedures 1-4).  In these 

cases, I will describe the last product obtained in good yield, 8a and 8c.  The other two 

analogues were successfully completed, although yields were far better in the methylene 

dioxybenzene series (35.3% overall).  3,4-difluorobenzene proved to be quite sensitive; 

individual reaction yields were relatively low and 1.82% overall.  The parent silyl ether 

8a was obtained at 30.4% overall, and the 3-methoxy silyl ether (8c) yield was 35.7% 

overall. 

 

Methyl (E)-3-(3,4-bis((tert-butyldimethylsilyl)oxy)phenyl)acrylate (3a): from 3,4-

bis((tert-butyldimethylsilyl)oxy)benzaldehyde (2a); pale yellow/ivory solid (2.64 g, 6.25 

mmol, 74%); 1H NMR (400 MHz, CDCl3) d 7.57 (1H, d, J = 15.91), 7.02-7.00 (2H, m), 

6.82 (1H, d, J = 7.83), 6.24 (1H, d, J = 15.93), 3.82-3.79 (3H, m), 0.99 (18H, d, J = 3.55), 

0.25-0.20 (12H, m). 
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Methyl (E)-3-(3,4-difluorophenyl)acrylate (3b): from 3,4-difluorobenzaldehyde; yellow 

oil residue (3.1 g, 15.6 mmol, 91%) Rf 0.32 (15% EtOAc/hexane); 1H NMR (400 MHz, 

CDCl3): d 7.59 (1H, d, J = 16.0 Hz), 7.35 (1H, ddd, J = 11.01, 7.6, 2.1), 7.26 (1H, m), 

7.19 (1H, dd, J = 9.8, 7.9), 6.36 (3H, s); 13C NMR (400 MHz, CDCl3): d 166.88, 142.45 

(d, J = 2.19), 124.77 (dd, J = 6.56, 3.43), 117.82 (d, J = 17.83), 116.28 (d, J = 17.57), 

51.85.   

 

Methyl (E)-3-(4-((tert-butyldimethylsilyl)oxy)-3-methoxyphenyl)acrylate (3c): from 4-

((tert-butyldimethylsilyl)oxy)-3-methoxybenzaldehyde; gold oil residue (3.27 g, 11.3 

mmol, 90%); 1H NMR (500 MHz, CDCl3) d 7.62 (1H, d, J = 15.94), 7.03-7.01 (2H, m), 

6.84 (1H, d, J = 8.66), 6.30 (1H, d, J = 15.93), 3.83 (3H, d, J = 3.44), 3.80 (3H, s), 1.00 

(9H, dd, J = 7.25, 1.05), 0.163 (6H, s). 

 

Methyl (E)-3-(benzo[d][1,3]dioxol-5-yl)acrylate (3d): from benzo[d][1,3]dioxole-5-

carbaldehyde; flaky bright white solid (5.4 g, 26.2 mmol, >98%) Rf 0.52 (20% 

EtOAc/hexanes); 1H NMR (400 MHz, CDCl3) d 7.60 (1H, d, J = 15.9), 7.04-6.99 (2H, 

m), 6.82 (1H, d, J = 7.98), 6.27 (1H, d, J = 15.9), 6.01 (2H, s) 3.80 (3H, s); 13C d 167.59, 

149.59, 148.31, 144.54, 128.78, 124.41, 115.70, 108.53, 106.46, 101.53, 51.62. 

 

(E)-3-(3,4-Bis((tert-butyldimethylsilyl)oxy)phenyl)prop-2-en-1-ol (4a): from methyl (E)-

3-(3,4-bis((tert-butyldimethylsilyl)oxy)phenyl)acrylate (3a); colorless oil (1.53 g, 3.9 

mmol, 86%) Rf 0.38 (25% EtOAc/hexanes); 1H NMR (400 MHz, CDCl3) d 7.57 (1H, d, J 

= 15.9), 7.35 Z (1H, s) + 6.818 E (1H, m) 1:3, 6.818 (1H, d, J = 8.82), 6.236 (1H, d, J = 

15.9), 3.792 (2H, s), 1-0.98 (18H, m), 0.25-0.2 (12H, m). 
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(E)-3-(3,4-Difluorophenyl)prop-2-en-1-ol (4b): from methyl (E)-3-(3,4-

difluorophenyl)acrylate (3b); colorless oil (1.18 g, 6.93 mmol, 92%); 1H NMR (400 

MHz, CDCl3) d 7.21-7.16 (1H, m), 7.13-7.06 (2H, m), 6.532 (1H, d, J = 15.9), 6.276 (1H, 

dt, J = 15.9, 5.5), 4.32 (2H, dd, J = 5.5, 1.4); 13C NMR d 151.8 (d, J = 8.46), 149.05 (d, J 

= 52.39), 129.75, 128.97 (d, J = 1.46), 122.76 (dd, J = 6.06, 3.59), 117.45 (d, J = 17.85), 

114.89 (d, J = 17.60), 63.44. 

 

(E)-3-(4-((Tert-butyldimethylsilyl)oxy)-3-methoxyphenyl)prop-2-en-1-ol (4c): from 

methyl (E)-3-(4-((tert-butyldimethylsilyl)oxy)-3-methoxyphenyl)acrylate (3c); pale 

orange-yellow oil (1.81 g, 6.15 mmol, 79%); 1H NMR (400 MHz, CDCl3) d 6.91-6.83 

(2H, m), 6.79 (1H, d, J = 8.1), 6.53 (1H, d, J = 15.9), 6.23 (1H, dt, J = 15.8, 6.0), 4.29 

(2H, t, J = 4.61), 3.80 (3H, s), 0.98 (9H, d, J = 3.03), 0.15 (6H, t, J = 2.77); 13C NMR d 

151.44, 145.49, 131.82, 131.01, 126.94, 121.38, 120.08, 110.26, 64.32, 55.88, 26.16 

(3C), 18.92, 4.18.  

 

(E)-3-(Benzo[d][1,3]dioxol-5-yl)prop-2-en-1-ol (4d): from methyl (E)-3-

(benzo[d][1,3]dioxol-5-yl)acrylate (3d); chalky white solid (1.94 g, 10.9 mmol, 90%) Rf 

0.15 (20% EtOAc/hexanes); 1H NMR (400 MHz, CDCl3) d 6.93 (1H, d, J = 1.51), 6.83-

6.74 (2H, m), 6.52 (1H, dt, J = 15.82, 1.31), 6.20 (1H, dt, J = 15.81, 5.89), 5.96-5.95 (2H, 

m), 4.29 (2H, td, J = 5.86, 1.40); 13C NMR d 148.00, 131.08, 131.00, 126.64, 121.15, 

108.28, 105.73, 101.07, 63.76.  

 

((4-(2,2-Dibromovinyl)-1,2-phenylene)bis(oxy))bis(tert-butyldimethylsilane) (5a): from 

3,4-bis((tert-butyldimethylsilyl)oxy)benzaldehyde (2a); light yellow oil (4.35 g, 8.33 



 19 

mmol, 98%) Rf 0.3 (100% hexanes); 1H NMR (400 MHz, CDCl3) d 7.34 (1H, s), 7.21 

(1H, dd, J = 2.23, 0.24), 6.95 (1H, ddd, J= 8.35, 2.26, 0.59), 6.80 (1H, d, J = 8.34), 0.99 

(18H, d, J = 8.16), 0.22 (12H, d, J = 8.98). 

 

4-(2,2-Dibromovinyl)-1,2-difluorobenzene (5b): from 3,4-difluorobenzaldehyde (2b); 

yellow oil (10.13 g, 34.0 mmol, 97%) Rf 0.78 (20% EtOAc/hexane); 1H NMR d 7.48-

7.43 (1H, m), 7.39 (1H, d, J = 0.27), 7.22-7.20 (1H, m), 7.15 (1H, dt, J = 9.89, 8.26); 13C 

NMR d 151.69 (dd, J = 11.20, 7.89), 149.22 (dd, J = 11.38, 6.17), 135.07 (d, J = 1.64), 

132.51 (dd, J = 6.56, 4.34), 125.49 (dd, J = 6.48, 3.64), 117.62 (dd, J = 18.45, 15.51), 

91.41 (d, J = 2.52). 

 

Tert-butyl(4-(2,2-dibromovinyl)-2-methoxyphenoxy)dimethylsilane (5c): from 4-((tert-

butyldimethylsilyl)oxy)-3-methoxybenzaldehyde (2c); amber oil (1.94 g, 4.59 mmol, 

94%) Rf 0.67 (25% EtOAc/hexane); 1H NMR (400 MHz, CDCl3) d 7.40 (1H, s), 7.17 

(1H, d, J = 2.10), 7.00 (1H, t, J =  1.06), 6.82 (1H, d, J = 8.23), 3.81 (3H, d, J = 0.16), 

0.99 (9H, d, J = 6.11), 0.17 (6H, d, J = 6.36); 13C NMR d 150.62, 145.65, 136.59, 128.77, 

121.92, 120.67, 112.07, 87.10, 55.51, 25.70 (3C), 18.47, 4.56 (2C). 

 

5-(2,2-Dibromovinyl)benzo[d][1,3]dioxole (5d): from benzo[d][1,3]dioxole-5-

carbaldehyde (4d); waxy crystalline yellow solid (3.87 g, 12.6 mmol, 95%) Rf 0.8 (10% 

EtOAc/hexanes); 1H NMR (400 MHz, CDCl3) d 7.37 (1H, s), 7.18 (1H, dd, J = 1.74, 

0.44), 6.95 (1H, ddd, J = 8.11, 1.77, 0.70), 6.80 (1H, d, J = 8.11), 5.98 (2H, s); 13C NMR 

d 147.77, 147.62, 136.29, 129.19, 123.38, 108.27, 108.12, 101.37, 87.87. 
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3-(3,4-Bis((tert-butyldimethylsilyl)oxy)phenyl)propiolic acid (6a): from ((4-(2,2-

dibromovinyl)-1,2-phenylene)bis(oxy))bis(tert-butyldimethylsilane) (5a); bright white 

fine needles (1.52 g, 3.73 mmol, 78%); 1H NMR d 7.13 (1H, dd, J = 8.30, 2.06), 7.06 

(1H, d, J = 2.05), 6.81 (1H, d, J = 8.27), 0.98 (18H, q, J = 2.73), 0.23-0.20 (12H, m). 

 

3-(3,4-Difluorophenyl)propiolic acid (6b): from 4-(2,2-dibromovinyl)-1,2-

difluorobenzene (5b); bright white solid (0.21 g, 1.15 mmol, 22%); 1H NMR (400 MHz, 

CDCl3) d 7.436 (1H, ddd, J = 9.93, 7.68, 2.05), 7.387 (1H, dq, J = 6.37, 2.08), 7.203 (1H, 

q, J = 9.01); 13C NMR d 165.77, 154.51, 134.91, 1312.03 (dd, J = 7.27, 3.49), 125.84 (dd, 

J = 6.50, 3.40), 122.19 (d, J = 18.93), 119.03 (d, J = 18.06), 118.45-117.35 (m), 82.43 (d, 

J = 31.75). 

 

3-(4-((Tert-butyldimethylsilyl)oxy)-3-methoxyphenyl)propiolic acid (6c): from tert-

butyl(4-(2,2-dibromovinyl)-2-methoxyphenoxy)dimethylsilane (5c); non-crystalline dull 

white flakey solid (1.1 g, 3.69 mmol, 76%); 1H NMR (400 MHz, CDCl3) d 7.16 (1H, dd, 

J = 8.16, 1.96), 7.09 (1H, d, J = 1.94), 6.83 (1H, d, J = 8.18), 3.82 (3H, s), 1.00-0.98 (9H, 

m), 0.18 (6H, d, 6.37); 13C d 158.74, 150.91, 148.66, 127.56, 121.15, 116.62, 111.68, 

90.42, 79.35, 55.52, 25.6, 18.47, 4.59. 

 

3-(Benzo[d][1,3]dioxol-5-yl)propiolic acid (6d): from 5-(2,2-

dibromovinyl)benzo[d][1,3]dioxole 

 (5d); orange non-crystalline solid (1.9 g, 10.0 mmol, 81%); 1H NMR (400 MHz, 

CD3OD) d 7.15 (1H, dd, J = 8.06, 1.64), 7.01 (1H, dd, J = 1.61, 0.35), 6.86 (1H, dd, J = 

8.06, 0.36), 6.02 (2H, s); 13C (400 MHz, (CD3)2SO) d 154.78, 150.24, 148.03, 129.01, 

112.41, 112.25, 109.50, 102.44, 85.58, 81.00. 
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(E)-3-(3,4-Bis((tert-butyldimethylsilyl)oxy)phenyl)allyl-3-(3,4-bis((tert-

butyldimethylsilyl)oxy)phenyl)propiolate (7a): from 3-(3,4-bis((tert-

butyldimethylsilyl)oxy)phenyl)propiolic acid (6a) and (E)-3-(3,4-bis((tert-

butyldimethylsilyl)oxy)phenyl)prop-2-en-1-ol (4a); orange oil (1.10 g, 2.50 mmol, 88%); 
1H NMR (400 MHz, CDCl3) d 7.12-7.06 (2H, m), 6.92-6.87 (2H, m), 6.82-6.78 (2H, m), 

6.60 (1H, d, J = 15.76), 6.15 (1H, dt, J = 15.76, 6.79), 4.85 (2H, dd, J = 6.76, 0.83), 1.06-

0.88 (36H, m), 0.26-0.15 (24H, m); 13C NMR d 154.06, 150.22, 147.37, 146.96, 135.41, 

129.74, 127.45, 125.49, 121.13, 120.37, 120.00, 119.30, 112.11, 87.33, 79.71, 66.61, 

60.29, 20.98, 18.49, 14.23, 4.04. 

 

(E)-3-(3,4-Difluorophenyl)allyl 3-(3,4-difluorophenyl)propiolate (7b): from 3-(3,4-

difluorophenyl)propiolic acid (6b) and (E)-3-(3,4-difluorophenyl)prop-2-en-1-ol (4b); 

amber oil (0.187 g, 0.56 mmol, 37%); 1H NMR (400 MHz, CDCl3) d 7.42-7.33 (2H, m), 

7.23-7.09 (4H, m), 6.63 (1H, d, J = 15.87), 6.23 (1H, dt, J = 15.84, 6.46), 4.87 (2H, dd, J 

= 6.47, 1.23); 13C NMR d 153.2, 152.1 (dd, J = 256.0, 12.6 Hz), 150.4 (dd, J = 250.9, 

16.0 Hz), 150.2 (dd, J = 157.7, 22.7 Hz), 150.0 (dd, J = 251.4, 13.3 Hz), 133.2 (dd, J = 

6.2, 3.7 Hz), 133.1, 130.0 (dd, J = 6.8, 3.7 Hz), 123.1 (d, J = 2.2 Hz), 123.0 (dd, J = 6.6, 

3.8 Hz), 121.9 (d, J = 19.1 Hz), 118.0 (d, J = 17.4 Hz), 117.4 (d, J = 17.4 Hz), 116.2 (dd, 

J = 7.5, 4.2 Hz), 115.0 (d, J = 17.5 Hz), 84.1 (d, J = 2.3 Hz), 80.5, 66.1. 

 

(E)-3-(4-((Tert-butyldimethylsilyl)oxy)-3-methoxyphenyl)allyl 3-(4-((tert-

butyldimethylsilyl)oxy)-3-methoxyphenyl)propiolate (7c): from 3-(4-((tert-

butyldimethylsilyl)oxy)-3-methoxyphenyl)propiolic acid (6c) and (E)-3-(4-((tert-

butyldimethylsilyl)oxy)-3-methoxyphenyl)prop-2-en-1-ol (4c); amber oil (1.99 g, 3.41 
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mmol, 90%); 7.14-7.07 (2H, m), 6.93-6.86 (2H, m), 6.81 (2H, dd, J = 8.13, 5.17), 6.65 

(1H, d, J = 15.81), 6.20 (1H, d, 15.87), 4.86 (2H, dd, J = 6.75, 1.12), 3.82-3.79 (6H, m), 

1.01-0.98 (18H, m), 0.17-0.15 (12H, m); 13C NMR d 154.06, 151.04, 150.84, 148.13, 

145.55, 135.50, 130.00, 127.07, 121.07, 120.93, 120.18, 120.11, 116.59, 112.25, 109.99, 

87.59, 79.77, 66.60, 55.44, 25.73, 18.46, 4.62.  

 

(E)-3-(Benzo[d][1,3]dioxol-5-yl)allyl 3-(benzo[d][1,3]dioxol-5-yl)propiolate (7d): from 

3-(benzo[d][1,3]dioxol-5-yl)propiolic acid (6d) and (E)-3-(benzo[d][1,3]dioxol-5-

yl)prop-2-en-1-ol (4d); off-white chalky solid (1.58 g, 4.51 mmol, 86%); 1H NMR 

(400MHz, CDCl3) d 7.15 (1H, dd, J = 8.07, 1.61), 7.00-6.93 (2H, m), 6.84 (1H, dd, J = 

8.16, 1.59), 6.80-6.75 (2H, m), 6.62 (1H, d, J = 15.78), 6.15 (1H, d, J = 15.77), 5.98 (4H, 

dd, J = 19.23, 2.71), 4.83 (2H, dd, J = 6.72, 1.22); 13C NMR d 153.91, 150.05, 148.09, 

147.78, 147.63, 135.12, 130.45, 128.89, 121.70, 120.29, 112.53, 108.74, 108.30, 105.88, 

101.77, 101.19, 87.06, 79.50, 66.53. 

 

(E)-((Pent-1-en-4-yne-1,5-diylbis(benzene-4,1,2-triyl))tetrakis(oxy))tetrakis(tert-

butyldimethylsilane) (8a): from (E)-3-(3,4-bis((tert-butyldimethylsilyl)oxy)phenyl)allyl 

3-(3,4-bis((tert-butyldimethylsilyl)oxy)phenyl)propiolate (7a); clear oil (0.401 g, 0.541 

mmol, 71%); 1H NMR (400 MHz, CDCl3) d 7.08-7.01 (1H, m), 6.98-6.87 (4H, m), 6.82-

6.76 (2H, m), 6.59 (1H, d, J = 15.68), 6.11-6.05 (1H, m), 3.34 (2H, dd, J = 5.73, 1.58), 

1.11-0.96 (36H, m), 0.35-0.19 (24H, m); 13C NMR d 146.84, 133.84, 133.65, 132.07, 

130.93, 128.46, 125.32, 124.32, 122.42, 121.03, 199.67, 188.90, 116.59, 85.19, 82.50, 

25.99, 23.00, 18.51, 4.05. 
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(E)-4,4'-(Pent-1-en-4-yne-1,5-diyl)bis(1,2-difluorobenzene) (8b): from (E)-3-(3,4-

difluorophenyl)allyl 3-(3,4-difluorophenyl)propiolate (7b); clear yellow oil (50.4 mg, 

0.174 mmol, 27.6%); 1H NMR (400 MHz, CDCl3) d 7.3-7.06 (6H, m), 6.59 (1H, d, J = 

15.71), 6.15 (1H, dtd, J = 15.62, 5.68, 2.60), 3.34-3.33 (2H, m). 

 

(E)-(Pent-1-en-4-yne-1,5-diylbis(2-methoxy-4,1-phenylene))bis(oxy))bis(tert-

butyldimethylsilane (8c): from (E)-3-(4-((tert-butyldimethylsilyl)oxy)-3-

methoxyphenyl)allyl 3-(4-((tert-butyldimethylsilyl)oxy)-3-methoxyphenyl)propiolate 

(7c); yellow oil (210.7 mg, 0.391 mmol, 78%); 1H NMR (400 MHz, CDCl3) d 6.92-6.77 

(6H, m), 6.12 (1H, d, 15.66), 3.83-3.71 (6H, m), 1.02-0.99 (18H, m), 0.19-0.15 (12H, m); 
13C NMR d 150.934, 150.63, 145.37, 144.72, 131.22, 124.78, 122.53, 120.91, 119.29, 

116.78, 115.33, 109.82, 85.33, 82.68, 55.43, 25.75, 22.97, 22.67, 18.48, 14.13, 4.63. 

 

(E)-5,5'-(Pent-1-en-4-yne-1,5-diyl)bis(benzo[d][1,3]dioxole) (8d): from (E)-3-

(benzo[d][1,3]dioxol-5-yl)allyl 3-(benzo[d][1,3]dioxol-5-yl)propiolate (7d); thin yellow 

needles (350 mg, 1.14 mmol, 80%); 1H NMR (400 MHz, (CD3)2O) d 7.03-6.88 (4H, m), 

6.81 (2H, dd, J = 15.49, 8.00), 6.66 (1H, d, 15.70), 6.18 (1H, dt, J = 15.70, 5.67), 6.01 

(4H, d, J = 18.46), 3.33 (2H, dd, J = 5.67, 1.83); 13C NMR d 148.18, 147.69, 147.13, 

131.70, 130.71, 125.85, 122.66, 120.77, 117.02, 111.22, 108.29, 108.06, 105.41, 101.48, 

101.14, 85.03, 82.36, 22.20. 
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