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Zachary D. Urdang 

1. Introduction 

 The class of synthetic polymers known as dendrimers (Greek combination of 

“dendron” meaning tree or branch, and “meros” meaning part) are monodisperse 

macromolecular species [1-2]. Dendrimer materials may be designed to solve problems 

in a broad spectrum of chemical fields. These fields include:  analytical chemical 

sensors (e.g. Co2+) sensor, encapsulation or isolation of an insoluble molecule within a 

soluble dendrimeric structure, energy harvesting, selective and chiral catalysis, 

scaffolds for self assembling macromolecular structures, along with numerous bio-

applications [1-3]. Dendrimers derive their potential as promising materials in many 

fields primarily due to their layered architecture which consists of three main regions 

and may be tailored to express precise molecular properties. First, the core may be any 

molecule of interest. Often, core molecules are chromophores, energy harvesters, or 

molecule which would otherwise be insoluble. Encapsulating the core within the 

dendritic architecture can be taken advantage of to engineer specific properties into the 

material. Second, layers of regularly branched repeating subunits emanate from the 

core. Examples of ways to tailor this region would be the incorporation of alkyl chains of 

varying length to modulate the flexibility, or the incorporation of chiral subunits to evoke 

an overall chiral dendritic architecture. Third is the periphery,  the properties of which 

generally dictate the dendrimer’s macroscopic molecular properties (Figure 1) [4]. 
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Figure 1: Dendritic architecture consists of three main regions. a: the insulated core region. b: layers of regularly branched 
linkers. c: the unique periphery region. 

 

One particularly interesting type of dendrimer is the Frechet type disassembling 

dendrimer originally described by McGrath et. al. [4].  This disassembly system is based 

upon benzyl ether depolymerization disassembly vectors at the ortho and para positions 

of the polymers’ aromatic subunits (Figure 2) [5]. Shabat et. al. also reported 

disassembling dendrimers concurrently with McGrath; this group named the class of 

molecules “self- immolative dendrimers” referring to depolymerization from 

intramoleculer events, and the name has since engrained itself into the literature [6]. A 

common and important feature of these dendrititc structures is that they can be 

engineered to be structurally or chemically labile to a variety of different stimuli [7]. 

 

Figure 2: Adapted from [8]. a: Some arbitrary trigger event cleaves “R.” b: The resulting anion undergoes 1-4 elimination. c: 
Next, the quinone methide (QM) intermediate is nucleophilically attacked. d: The second intermediate then undergoes 1-2 
elimination. e: Another nucleophile then adds yielding f. 
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 Benzyl aryl depolymerization has been called “ingenious” by pioneers in the field 

[1], and a “paradigm for dendritic structure [7].” The advantages of this disassembly 

system in biologically relevant problems is threefold. First, non-selective drugs may be 

easily inactivated as pro-drugs by encapsulating them within dendritic architecture. 

Furthermore, this encapsulation may be modulated to affect solubility  [7]. Second, the 

triggering event may be designed to respond to many stimuli. Examples being 

enzymatic cleavage, activation by catalytic antibodies, or ultraviolet light  [6, 9-10]. 

Third, dendrimer disassembly generates high local concentrations of the dendrimeric 

subunit provided that the triggering event is rate limiting [8, 11]. Rapid disassembly 

generates a high local concentration of dendrimeric subunits and has been shown to 

synergistically enhance the activity of the chemotherapeutic drug Doxorubici [9]. 

 The quinone methide (QM) intermediates liberated by the McGrath disassembly 

system (Figure 2) are biologically interesting species. Rokita et. al. have cross-alkylated  

DNA with QMs [12]. Furthermore, they have alkylated DNA with QMs in a sequence 

specific manner [13]. Thus, the intermediate QMs generated by dendrimer disassembly 

may act as anti-cancer agents. Specifically, alkylation of the DNA in a cancer cell may 

hinder the molecular machinery necessary for DNA replication and subsequent cellular 

replication.  

 My research efforts with the McGrath group aimed to synthesize a disassembling 

dendrimer which liberates QMs in the direct vicinity of DNA molecules (Figure 3). This 

molecule is theorized to first bind the major groove of DNA. Upon subjecting the system 
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to fluoride, the triggering group is cleaved which initiates a cascade of electrons causing 

dendrimer disassembly as described in Figure 1. These liberated QMs are then 

postulated to selectively and efficiently cross-alkylate DNA in an efficient and selective 

manner. The speculated efficiency and selectivity of the cross-linking process should 

occur due to two theorized aspects of the molecule: 1) If the dendrimer does have a 

high affinity for DNA, then in an ideal in-vitro system nearly all of the molecule will 

hydrophobically bind to DNA; 2) If the kinetics of the depolymerization process is 

sufficiently fast to maintain close spatial proximity to the DNA molecule then efficient 

cross-linking is more likely to occur. This assumption is questionable given the altered 

reaction environment when this McGrath-type disassembling dendrimer is bound to 

DNA. Given that these two assumptions are true then high localized concentration of 

QMs induced by the tert-butyldiphenylsilane cleavage depolymerization event (Figure 

2) should quickly and efficiently cross-alkylate the bound DNA molecule (Figure 5). 

 

Figure 3: Structure of the target QM based dendrimer. a: The trigger group, or tert-butyldiphenyl silyl ether (TBDPS) protecting 
group can be selectively cleaved by fluoride. b: The branched region releases three QMs upon triggering event in the same 
manner as presented in Figure 1. c: An acridine side chain hydrophobically intercalates the major groove of DNA. 

 



Urdang 6 
 

 In order to synthesize the desired dendrimer (Figure 3) an initial divergent 

synthetic scheme was developed and attempted (Figure 4). A divergent strategy was 

primarily chosen to lower the risk of reaction failure during a final convergent step [4]. 

This being said, a divergent strategy runs the risk of incomplete reactions at multiple 

sites. For the targeted dendrimer the riskiest step is the final acylation capping using 

acetic anhydride. This step simultaneously adds four acetyl groups to four separate 

benzyl (Figure 4). Incomplete acylation of all of the alcohols is likely and is one of the 

synthetic challenges in using a divergent synthetic strategy. 
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Figure 4: Initial divergent scheme developed by Teresa Palmeri: see [14] for commonly used abbreviations. 
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Figure 5: Dendrimer disassembly scheme. This scheme represents hypothetical cross-alkylation of an A-T DNA base pair. a: The 
dendrimer hydrophobically binds to the major groove of a double stranded DNA molecule via hydrophobic interaction with the 
flexible acridine side group. b: Catalytic HF cleaves the tert-butyl-diphenyl silyl ether generating an ortho-benzyl ether anion still 
bound to DNA. c: Dendrimer disassembly ensues via benzyl ether depolymerization [5] as described in figure 1 and quickly 
liberates three QM subunits. d: The QM subunits then cross-alkylate DNA base pairs as described by Rokita et. al. (only one 
possible dross-alkylation scheme is presented here [12]. Theoretically, three base pairs of DNA would be locally cross-alkylated 
per dendrimer. 
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2. Results and Discussion 

 The first five synthetic steps (Figure4) yielded Roger’s orthogonally protected 

progenitor molecule  [11] with an overall yield of 41%. This yield probably differed from 

the literature yield of 59% [11] due to an additional recrystallization step to taken to 

purify 5 (Figure 5). This molecule is “orthogonally protected” because it has three 

protecting groups masking the reactivity of 1 which are labile to different chemical 

stimuli. Di-hydropyran (DHP) protects the benzylic alcohol and is acid labile, 

tertbutyldiphenyl silane (TBDPS) protects the phenolic oxygen and the silyl ether is 

cleaved by F- ions, and allylcarbamate (Alloc) protects the aniline group ortho to the 

phenol and meta to the benzylic ether and is removed with catalytic Pd. 

 

Figure 6: Synthesis of Roger’s orthogonally protected dendrimer progenitor 5. a: BH3/B(OCH3)3, THF,  99.7%. b: DHP/DCM, 
pTsOH, 96.6%. c: TBDPS/imidizole, DMF, 67.8%. d: H2, PdC/1:1 EtOAc:EtOH, 83.6%. e: ClAlloc/pyridine, Et2O , 75.5%. 

  

With Roger’s orthogonal progenitor in hand, the next step was to try to 

divergently build up the dendrimer by benzyl ether formation. First, 5 was subjected to 

THP deprotection conditions quantitatively yielding 6 (Figure 7-a). Next, 7 was 
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synthesized (Figure 8).  In attempts to add the first QM monomer, 6 was chlorinated to 

yield 8 and reacted with 7 under SN2 reaction conditions (Figure 7-b-c).  

Conventional basic SN2 conditions failed yield the desired benzyl ether (Figure 

7-c). To try and get these conditions to work 4 equivalents KI was added to promote the 

reaction. Theoretically, iodide presence would displace the chlorine atom of 8 in situ 

thus generating the same molecule with a better SN2 leaving group. Next, 7 could come 

in and nucleophilically displace the iodide atom making 9. Experimentally, addition of KI 

did not force the reaction to completion. One hypothesis why Willamson ether coupling 

was not successful (Figure 7c) is that 7 was not a strong enough nucleophile for a 

successful SN2 reaction. 

 

Figure 7: Initial divergent synthetic strategy. a: AcOH:H2O:THF, 2:1:3/55C˚, 93.0%. b: SOCl2 /DCM c: K2CO3/DMF, 50C°, 18-C-6 

 

 

Figure 8: Synthesis of isopthaldehyde (7), for benzyl ether polymerization. 
 

 In order to circumvent the problem of direct SN2 displacement for benzyl ether 

formation, Mitsunobu coupling conditions were investigated. Roger’s [11] found that 

Mitsunobu coupling on progenitor molecules similar to 6 between a benzyl alcohol and a 
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phenol are most effective when the nucleophilic phenol has ortho and para electron 

withdrawing groups. Therefore, Mitsunobu coupling with 7 seemed particularly 

amenable considering the ortho and para aldehdyes. Rogers investigated Mitsunobu 

reaction conditions and found that the maximum yield was obtained when PPh3 was 

added first, followed by the DIAD, and the reaction carried out at -78°C. Even when the 

reaction was carried out under Roger’s ideal conditions the desired coupling reaction 

would not proceed (Figure 9). Mitsunobu coupling was attempted again using the 

methyl ester of 7 [ZDU-II-63] which also failed. 

 

Figure 9: Mitsunobu coupling conditions [11] for benzyl ether formation. a: PPh3, DIAC/THF. DIAD = diisopropyl 
azodicarboxylate. 

 

Neither SN2, nor the Mitsunobu reactions resulted in successful benzyl ether 

formation. It was hypothesized that the unsuccessful reactions were due to the weak 

nucleophilic character of the phenolic anion (Figure 10). This weak nucleophilic 

character may have been due to the resonance stabilization induced by the ortho and 

para electron withdrawing aldehyde groups. Additionally, the partial negative charges on 

all three oxygen atoms makes SN2 side reactions a possibility. To try an increase the 

nucleophilic character of 7 attempts to protect the two benzylic aldehydes was made. 

Protecting these groups would eliminate two of the three Lewis resonance structures 
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(Figure 10). Physically this reduction in resonance structures means increased charge 

density on the phenolic oxygen anion making the molecule a stronger nucleophile. If 

successfully protected the molecule could be used for SN2 ether formation to 

divergently build up the target dendrimer. 

 

Figure 10:  Resonance forms for the isopthaldehyde anion nucleophile. The resonance stabilization leads to  delocalized 
negative charge. The delocalized charge corresponds to low electron density on the nucleophilic phenolic oxygen and overall 
reaction failure. 

 

 Two different strategies were investigated to protect the bezylic aldehydes of 7. 

The first of the two strategies was protection with glycol under acidic conditions to yield 

cyclic acetals (Figure 11). 7 was dissolved in glycol and catalytic HCl. TLC analysis of 

the (Figure 11-a) revealed streaky and inconclusive data. After aqueous workup and 

organic extraction TLC analysis showed un-reacted 7 and an unknown spot with a 

smaller Rf than 7. Attempted purification by column chromatography resulted in 

recovery of a yellow compound with an unidentifiable structure and recovered 7. A 

subsequent reaction used benzene as the solvent in the presence of excess glycol 

(Figure 11-b). After aqueous workup, TLC analysis revealed the same two spots as 

before. Column chromatography was again used to try and purify the products. This 

attempt yielded the same results as before: recovery of 7 and an unidentifiable yellow 

impurity. 
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Figure 11: Protection of 7 with cyclic acetals. a: [HCl]/HO(CH2)2OH. b: HO(CH2)2OH+[HCl]/benzene 85°C.  
 

  After unsuccessful synthesis of 10 a second protection strategy was investigated. 

Protection with THP (Figure 12) theoretically would increase the nucleophilic character 

of the phenoxide ion making it a better SN2 nucleophile (Figure 10). First, 7 was subject 

to a variety of different reducing conditions in order to produce 11. After reduction of 7 

attempted recrystallization of 11 using hexanes and minimal EtOAc failed. Subsequent 

attempts to make 11 included recrystallization from a variety of solvent systems. In all 

cases 11 would not recrystallize from mostly hexane solvent systems as previously 

reported [MLS-VI-155]. Failure to successfully purify 11 squelched any attempts to 

make 12. 

 

Figure 12: Protection of 7 with DHP: a: KBH4/THF. b: LAH/THF. 

 

3. Experimental 

General Methods. NMR spectra were obtained using commercially available 

instrumentation, NMR spectra were collected in commercially supplied deuterated 

solvents with the solvent peaks as internal standards. All reactions were carried out 

using oven dried glassware under an argon atmosphere.  All solvents were dried over 
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molecular sieves, or freshly distilled.  Flash Chromatography was performed by the 

method of Still et. al. [15] using silica gel (40-63 μm, Merck, Darmstadt, Germany). 

(1); 4-(hydroxymethyl)-2-nitrophenol [ZDU-I-143]. 4-hydroxy-3-nitrobenzoic acid 

(20g, 109.2mmol) (Aldrich) was dissolved in freshly stilled THF (200mL) in a clean oven 

dried 1L round bottom flask equipped with a stir bar. The flask was sealed under argon. 

Next B(OCH3)3 (38.0mL, 327.6mmol) was added followed by drop wise addition of 1M 

BH3-THF/THF (208.5mL, 218.4mmol) over 30 minutes and allowed to react for 5 hours 

at room temperature. The reaction was quenched by adding 1M HCl drop wise until the 

solution turned yellow. Water was added to the solution (800ml) and the aqueous phase 

was extracted 4 times with Et2O. The combined organic phase was washed 2 times with 

brine, dried over MgSO4, and the solvent was removed under reduced pressure to yield 

1 (18.65g, 99.7% yield) a yellow solid which may form crystals: 1H NMR (250 MHz, 

CDCl3)δ 8.10(d, J = 2.5 Hz, 1H), 7.59 (dd, J = 10 and 2.5 Hz, 1H), 7.15 (d, J = 10 Hz, 

1H), 4.69 (s, 2H), 1.89 (s, 1H). 

(2); 2-nitro-4-((tetrahydro-2H-pyran-2-yloxy)methyl)phenol [ZDU-I-103]. In a clean, 

oven dried 1L flask equipped with a stir bar 1 (13.50g, 79.80mmol) was dissolved in 

250mL freshly still DCM. Next about 50mg of pTsOH was added, and the reaction was 

sealed under argon and the 2,4-dihydropyran was added drop wise (9.40g, 111.7mmol) 

while stirring. The reaction was monitored via TLC, 3:1 hexanes:EtOAc. After 24 hours 

the reaction was complete and was washed 2 times with saturated NH4Cl(aq) dried over 

MgSO4 and concentrated under reduced pressure to yield 2 (13.43g, 96.6% yield) an 

orange oil: 1HNMR (200 MHz, CDCl3) δ 10.48 (s, 1H), 8.04 (s, 1H), 7.54 (dd, J = 10 and 
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2.5 Hz, 1H), 7.79 (d, J = 10, 1H), 4.71 (s, 1H), 4.66 (t, J = 4, 1H), 4.40 (d, J = 12, 1H), 

3.90-3.76 (m, 1H), 3.56-3.44 (m, 1H), 1.93-1.42 (m, 6H). 

(3); tert-butyl(2-nitro-4-((tetrahydro-2H-pyran-2-yloxy)methyl)phenoxy)diphenyl 

silane [ZDU-I-079]. 2 (20.0g, 78.8mmol) and imidizole (Aldrich, 8.04g, 118.2mmol) 

were sealed under argon in a 500mL round bottom flask equipped with a stir bar. 300 

mL of dry DMF was cannulated into the reaction vessel, and the chemicals were 

allowed to dissolve. Next chlorotert-butyldiphenylsilane (20.50mL, 78.8mmol) was 

slowly added via a syringe. The reaction was monitored by TLC, 4:1 hexanes:EtOAc. 

After 24 hours of stirring 10mL of Et2O was added, and the ether was washed 2 times 

with saturated NH4Cl(aq) , 2X with brine. The combined aqueous phases were combined 

and extracted 3 times with ether. The combined organic phases were then dried over 

MgSO4 and concentrated under reduced pressure to yield viscous orange oil. 

Recrystallized oil from hexanes to obtain three crops of a light yellow crystal 3 (15.30g, 

41.4% yield): 1H NMR (500 MHz, CDCl3) δ 7.786 (s, 1H), 7.713 (d, J = 7.5Hz, 2H), 

7.435 (t, J = 7.5, 2H), 7.374 (t, J = 7.5Hz, 4H), 7.057 (d, J = 8.5Hz, 1H), 6.511 (d, J = 

8.5Hz, 1H), 4.653 (s, 1H), 4.629 (s, 1H), 3.437 (d, J = 12Hz, 1H), 3.817 (t, J = 10.5Hz, 

1H), 3.728 (t, J = 5.5Hz, 1H), 3.528-3.451 (m, 1H), 1.872-1.470 (m, 6H), 1.081 (s, 9H). 

(4); 2-(tert-butyldiphenylsilyloxy)-5-((tetrahydro-2H-pyran-2-yloxy)methyl)aniline 

[ZDU-I-099]. In a Parr hydrogenation vessel, 3 (5.0, 10.2mmol) was dissolved in 50mL 

of 1:1 EtOAc:EtOH. Pd/C (Aldrich, 0.25g) was then added and the mixture was placed 

on a Parr hydrogenation apparatus under an atmosphere of H2(g) (40 PSI) for 24 hours. 

Next, 50mL of DCM was added to the mixture, and the mixture was filtered over celite. 

The product was then purified via flash chromatography 5:4:1 DCM:hexanes: Et2O 
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which yielded 4 (3.90g, 83.6% yield) a yellow oil: 1H NMR (250 MHz, CDCl3) δ 7.03 (d, J 

= 10Hz, 4H), 6.67 (m, 7H), 6.08 (s, 1H), 5.61 (s, 1H), 3.93 (m, 1H), 3.89 (d, 1H), 3.54 (d, 

1H), 3.31 (m, 2H), 3.04 (t, J = 10 Hz, 1H), 2.70 (m, 1H), 1.00 (m, 6H), 0.40 (s, 9H). 

(5); N-(2-(tert-butyldiphenylsilyloxy)-5-((tetrahydro-2H-pyran-2-

yloxy)methyl)phenyl)-O-(vinyloxycarbonyl)hydroxylamine [ZDU-I-133]. In a 500ml 

RB flask equipped with a stir bar, 4 (12.82g, 27.76mmol) was dissolved in 200ml Et2O. 

Next, pyridine (Aldrich, 5.1ml) was added to the solution, and the flask was sealed 

under argon. Allylchloroformate (Aldrich, 3.50ml, 38.88mmol) was added drop-wise to 

the solution. The reaction was complete after 24 hr evident by TLC 3:2 hexanes:EtOAc. 

The reaction was diluted to about 500ml by adding additional Et2O.The combined 

organic was washed 2X with brine, dried over MgSO4filtered and concentrated to an oil. 

The oil was recrystallized using hexanes yielding 5 (12.05g, 75.5% yield) a colorless 

solid which was washed with cold hexanes and collected using vacuum filtration. 1H 

NMR (300 MHz,CDCl3) δ 8.30 (s, 1H), 8.08 (s, 1H), 7.63 (d, J = 12 Hz, 4H), 7.39 (m, 

6H), 6.59 (d, J = 9 Hz, 1H), 6.37 (d, J = 9 Hz, 1H), 5.96 (m, 1H), 5.29 (dd, J = 18 and 18 

Hz, 2H), 4.65 (m, 2H), 4.32 (d, J = 6Hz, 1H), 3.85 (m, 1H), 3.59 (m, 1H), 1.62 (m, 6H), 

1.05 (s, 9H). 

(6); 4-(tert-butyldiphenylsilyloxy)-3-(vinyloxycarbonyloxyamino)phenyl)methanol 

[ZDU-I-183]. In a clean dry 500ml RB flask equipped with a stir bar 5 (4.64g, 7.34mmol) 

was dissolved in 200ml of 2:1:3 AcOH:H2O:THF, sealed under argon, placed in a C°55 

oil bath, and stirred for 12 hours. After 10 hours, 6 drops of [C] HCl was added to the 

reaction mixture and it was stirred for an additional 2 hours. TLC, 3:1 hexanes:EtOAc 

and UV detection indicated reaction completion. Next, 100ml of saturated NaHCO3 was 
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added via dropping funnel and stirred for 20 minutes. The aqueous mixture was then 

extracted 3X with ~250ml of Et2O. The combined organic layers were then washed 2X 

with saturated NaHCO3, 2X with distilled water, dried over MgSO4. The ether solution 

was then concentrated via rotovap to crude oil and purified via flash chromatography 

3:1 hexanes:EtOAc to yield 6 a yellow oil (3.53g, 90.0% yield). 1HNMR (300 

MHz,CDCl3) δ 8.06 (s, 1H), 7.67 (dd, J = 6 and 3 Hz, 4H), 7.39 (m, 7H), 6.57 (d, J = 12, 

1H) 6.40 (d, J = 12 Hz, 1H), 5.97 (octet, J = 6Hz, 1H) 5.37 (d, J = 15 Hz, 2H), 5.35 (d, J 

=15 Hz, 1H), 4.70 (d, J = 12 Hz, 2H), 4.51 (s, 2H), 1.10 (s, 9H). 

(7); 4-hydroxyisophthalaldehyde [ZDU-II-089]. Hexamethylenetetramine (11.59g, 

82.7mmol) was placed in a 250ml RB flask equipped with a reflux condenser. Next a 

solution of 4-hydroxybenzaldehyde (10.08g, 82.6mmol) in 70ml of triflouroacetic acid 

was added to the HMTA via a dropping funnel and refluxed in a hot oil bath for 24 

hours. Next 100ml of 3M HCl(aq) as added and the reaction was stirred at C°40 for 3 

hours. The aqueous mixture was extracted 3X wit h125ml of DCM and the DCM was 

concentrated via rotovap. 18ml of 200 proof EtOH was added to the crude product 

which caused it to crystallize. The crystals were vacuum fulted and then dissolved in 

DCM. The product was purified by running it through at short silica column using DCM 

as the eluent. UV active column fractions were combined and concentrated via rotovap 

to yield a colorless solid (2.94g, 22% yield). 1H NMR (300 MHz,CDCl3) δ 11.54 (s, 1H), 

9.99 (s, 1H), 9.93 (s, 1H), 8.13 (d, J = 2 Hz, 1H), 8.05 (dd, J = 9 and 2Hz, 1H), 7.12 (d, J 

= 9 Hz, 1H).  

(8); N-(2-(tert-butyldiphenylsilyloxy)-5-(chloromethyl)phenyl)-O-

(vinyloxycarbonyl)hydroxylamine [ZDU-II-023]. In a clean , dry 25ml pear flask 
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equipped with a stir bar, 6 (0.048g, 100mmol) was dissolved 1ml of freshly distilled dry 

DCM. The flask was sealed and purged with Ar. Next, SOCl2 (0.01ml, 120mmol) was 

added drop wise to the reaction while stirring followed by an addition 1.0ml of fresh 

DCM. After one hour the reaction was complete evident TLC 1:3 EtOAc:hexanes. 20ml 

of saturated NaHCO3 was added via an addition funnel and stirred for 30 minutes. Next 

50ml of DCM was added and the organic layer was washed 2X with 50ml saturated 

NaHCO3 and one time with distilled water. The organic layer was then dried over 

MgSO4, filtered and concentrated via rotovap to yield a crude oil. The oil was purified 

using flash chromatography 1:3 EtOAc:hexanes as the eluent  to yield 8 (0.045g, 90.1% 

yield) a clear oil: 1HNMR (300 MHz,CDCl3) δ 8.18 (s, 1H), 7.65 (d, 4H), 7.40 (m, 6H, 

and, s, 1H), 6.61 (dd, J = 12 and 6 Hz, 1H), 6.39 (d, J = 12 Hz, 1H), 5.97 (octet, J = 

6Hz, 1H), 5.31 (m, 2H), 4.51 (d, J =15 Hz, 2H), 4.43 (s, 2H), 4.51 (s, 2H), 1.10 (s, 9H). 

(9); 4-(4-(tert-butyldiphenylsilyloxy)-3-

(vinyloxycarbonyloxyamino)benzyloxy)isophthalaldehyde [ZDU-II-017], [ZDU-II-

025]. In a clean, dry 50ml RB flask 8 (0.067g, 0.139mmol), 7 (0.021g, 0.139mmol), 

K2CO3 (0.023g, 0.17mmol), and 18-crown-6 ether (a few crystals) was dissolved in 

2.0ml of dry DMF and sealed under argon. Next the mixture was placed in a C°50 oil 

bath and stirred for 12 hours. After this time period the reaction turned green and TLC 

analysis, 1:2 EtOAc:hexanes, found a baseline spot (Rf=0) and a spot corresponding to 

8 (Rf=0.32). The reaction flask was again sealed under argon and stirred in the hot oil 

bath for an additional 12 hours. The reaction turned dark green and/or black; TLC 

analysis, 1:2 EtOAc:hexanes, revealed a single streaking blob. Next, with 50ml of 

distilled water was added, and the aqueous fraction was extracted 3X with DCM (50ml). 
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The combined DCM layers were combined and washed 2X with sat. NaHCO3, 2X brine, 

1X DI water (50ml each wash), dried over MgSO4, filtered and concentrated via rotovap 

to yield a crude oil (0.016g). During the washing and extraction process the solutions 

tended to be green in color and emulsify with the aqueous layers. TLC analysis of the oil 

(1:1:3, DCM:Et2O:hexanes) revealed fluorescent activity and an Rf=0.1. NMR analysis 

of the crude oil [ZDU-II-019] determined that the oil was not the desired product. 

(10a); 2,4-di(1,3-dioxolan-2-yl)phenol  [ZDU-II-031]. In a new disposable 50ml vial 

equipped with a stir bar 7 (100mg, 0.066mmol) was dissolved in ~20ml of ethylene 

glycol, and stirred until it dissolved (appx. 15min). Next 2 drop of [HCl] was added and 

the reaction was stirred for one hour. TLC analysis (1:1:3 DCM:Et2O:DCM) revealed SM 

and a streak with low Rf. Next, the reaction was diluted with 50ml of H2O and extracted 

with 3X with Et2O. The combined organic layer was washed 2X with sat. NaHCO3 

(100ml), and 2X with DI H2O, dried over MgSO4, filtered and concentrated via rotovap to 

yield a white solid (120mg). The solid was purified by column chromatography and 

100% Et2O as the eluent which resulted in a white solid (590mg). The solid was 

dissolved in Et2O, washed 4X with DI H2O, dried over MgSO4, filtered and concentrated 

to yield a white solid (2.8mg). 1H NMR analysis revealed that the solid was un-reacted 7 

(0% yield). 

(10b); 2,4-di(1,3-dioxolan-2-yl)phenol  [ZDU-II-041]. In a Jene-Stark apparatus 

equipped with a stir bar 7 (0.15g, 0.99mmol) was dissolved in 20ml of benzene. Next, 

diethylene glycol (0.37g, 6.0mmol) and 3 drops of [HCl] was added. The reaction was 

placed  in an 85°C oil bath and stirred over night. A bi-phasic liquid mixture resulted the 

next day. The reaction was then concentrated via rotovap, diluted with DCM (200ml) 
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and washed with DI H2O (3X, 200ml). The combined DI H2O was then extracted with 

DCM (3X, 200ml) and all organic phases were combined and concentrated via rotovap 

to a 500ml solution, dried over MgSO4, filtered, and concentrated via rotovap. TLC 1:1:3 

DCM:Et2O:hexanes revealed two UV active spots: one spot with the same Rf as 7 and a 

second with a smaller Rf. The concentrated reaction mixture was run on a column (1:1:3 

DCM:Et2O:hexanes), and the desired TLC spot could not be obtained.  

(11a); (4-hydroxy-1,3-phenylene)dimethanol [ZDU-II-079] [ZDU-II-083] [ZDU-II-105]. 

Procedure based on [MLS-VI-155]. KBH4 (1.5g, 100mmol) was suspended in 30ml of 

freshly stilled THF in a 150ml RB flask and sealed under Argon. Next, a 30ml THF 

solution of MLS-VI-193 was added drop wise. The solution was stirred for 5hr. Next, 

30ml of sat. NH4Cl(aq) was added with a dropping funnel, and the solution was stirred for 

a half an hour. The solution was concentrated via rotovap. Next the aqueous portion 

was vacuum filtered, extracted with Et2O (3x, 150ml). The combined organic phase was 

dried over MgSO4, filtered and concentrated. The resulting solid was recrystallized from 

hexanes and minimalEt2O. 

(11b); (4-hydroxy-1,3-phenylene)dimethanol [ZDU-II-093]. To a slurry of freshly 

stilled THF (50.0ml) and LAH (3.41g, 90.00mmol) 7 (2.25g, 15.00mmol) was added at a 

moderate rate while vigorously stirring. A large exotherm occurred. The reaction was 

sealed under Ar and stirred over night. The THF was removed via rotovap and the 

residue was dissolved in DCM, EtOH was then added until all of the LAH had been 

killed evident gas evolution. Tried to filter the reaction through a filter paper, and the rate 

was very slow. The slurry was transferred to a vacuum flask equipped with a filter 

paper. Again the filter clogged. The solution was transferred to a glass fritz vacuum filter 
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full of celite; again the filter clogged. The solution was transferred to a glass fritz filter 

with 1cm of silica 1cm of celite equipped to a vacuum source. Filtering was slow but 

eventually a yellow solution was collected. All filters were washed with sufficient EtOH 

and DCM in order to minimize losses. The solution was concentrated to a yellow and 

white solid (5.7442, 250% yield).NMR spectra were not collected for this compound. 
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