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Since the pioneering work by Baekeland,r in 1907, ~ol-fo~~~y~ resins haye become me of the 
most versatile synthetic polymers with a large range of commerc ial applications. Many of the physical and 
mechanical properties that enable tlqe msins to be widely milked can be directly related to the curing process. 
Hence, over the years phenol-forma&by& rosins have been extensively studied in an effort to identity the 
reaction mechanisms and rcacti~e intermediates that occur during curing. However, due to the complexity of 
these sysa them still exists a great deal of uncerMnty with regard to the overall proo5ss. In an attempt to 
un&sta& these complicated systems we, along with several other group+t t have examined the chemistry of 
curing of simple no~olac model compounds such es the xylenols arnj cresols with hexamethyleuetetramiue 
(HM’I’A). ThesestudieshaveshownthrttthecuSingprocessprooec&9througha~of~which 
include benxoxaxineg, ~tribenzylamines and axomethines. Our investigations, ou these monomeric model 
systems, in&ate that the various patbyays are determmed by whether the curing agent, HMTA, reacts hritially 
~a~tionu~~~~ to~hy~x~l~~ti~t~~~~~. ~~~~w~e~ 
to include higher model systems consisting of novolac resins of between 2-8 units. This micron 
describes the methodology developed for the strategic synthesis of model novolac resins, consisting of 4 or 8 
phenolic units, which contain tbe maximum mnnher of free orrho positions. 
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Schenle 1 

The synthetic scheme for the pmpamtion of the model reslus is based en tbe reported ion as&ted p&e- 
specific phenol-formaldehyde oligomeqtioa developed by Caaimgbi and co-workers12 for tbe selective 
synthesis of the phenolic systems l-4, which contain the maximum number of tke para positions. It was 
anticipated that the synthesii of the series of model oligomers comaining the maximum number of tkee orrho 
positions would be somewhat mom complex than the all or&o-linked homologues (14). The synthesis starts 
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WithtlECO mmercially available para-linked dimer 5. Coupling of this system with paraf olmakhyde would 
result in the formation of the desired tetramer 9, however further coupling is complicated due to the fact that 
there am two different types of oTtho sites in 9, which both have the poteutiat to react, resulting in a complex 
non-selective mixture of produ$&. Themfotl$ p pN!&luW had to be developed in order 
tocontroltht~~~~~tyofthecouplingrtactiontogtneratcoligomn,highcrthen4units. 

p$q$$$ 
OTB!3 OTBS OTBS OH OH 

5 6R=H 
Tii 8 

9 
7R=TBS 

scheme 2. Reagents ad Conditions: i, TEKXI (1.2 q.), imidazole. DMP, 25 T. 5 h (6 47 %, 7 42 %); ii, TBAF, ‘n#$O 0~. 

30 min (40 %I; iii. Mg (1 q.), EtBr (1 q.), Et20.25 “C, 30 min; iv, 6, Et20,25 T, 30 min. then bcnzcm, 25 ‘T. to 8~; v, 

peraformaldehyde (0.5 q.), WC, 20 h (72 96); vi, TBAF. THE? 0 T, 30 mia (70 %). 

Treatment of the pam-linked dimer 5 with ter&utyldimethylsilyl chloride (TBSCI) and imidazole in 
anhydrous DMF13 at room tempem gave a mixture of products. F’reparative chromatography afforded the 
desireamoM,tcrt-butylsilylptotectedcfimrr6in47%yield. Tbemmainderofthemkturewaaidentifiedasthe 
bis feAnttyldimethylsilyl product 7 which could be converted by sektive deprot~tion to afford 6, as well as 
the dihydroxy starting material 5 (Scheme 2). The mono silylated dimer 6 was found to be susceptible to silyl 
m@ation at room temperature xesulting in formation of three products rekubling the original teaction mixhue 
prior to chromatography. Therefore the dimer 6 was only stored at -18°C. for short period8 of time. Tk metal 
phenoxide of the mono-silylated dimer 6 was generated by treatment with ethyl magnesium bromide and 
subsequent coupling using paraformaldehyde iu refluxing benzene for 20 h selectively gave the orrho-ckzho 
linked bis-silylated tetramer g in 72% yield. The site selectivity of the coupling ~tion was evident by the 
apptaranct of a signal at 6 30.9 in the 13C NMR spechum which is char~&stic of a ortho-0~ methylene 
bridge.“*15 ThisisdistinctErofnthepa~-paMIlnethylenebridge(S40.1)prestnt’inthestartiagdimea5. 

OTBS inRs OR OR 
8 10 R=TRs 

11 R=H 
J iv 

SC- 3. Re~,~mts ad Co&it&m: i, Mg (2 q.). EtBr (2 q.), RtzO. 25 T. 30 tin; ii, 8. et20. 25 Oc, 30 rain, then 

bcazene,2s~toto;iii, ~&(0.5q.),BO”C.~h(92s~r*.~~~~,OOClomin(B3%). 
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Tbes~~ofthebrtnchedsysbmwascarriedoutintwoshcpsfromottramr8(sc~3). Coupling 
of the magnesium bromide salt of bissilylated tetmmer 8. usiq the standard condi~, afforded the carbon 
skeleton fo nqired for the branched octauEr in an excellent yield (92 %). The branched model resin 11 was 
obtaimdaftcrrcmov8lofthcrerr-*ldimcthy~I~g groupusingTBAFintetr&ydro~atroom 

temperaaue. 

?TSDPS TTEIDPS ?TSDPS ?TEtDPS 

OQ QQ @Q 
ems OTBS OH OH 

8 12 13 

s*mC 4. Rea&Vnts and Cmdirions: i, TBDFSCl (43 e+), imidazole (6 e+), DMF, 60 T, 10 h (67 %); fi, ~_pyridine, 

PYfiane, m. 0 "C. 10 min. then 25 T. 4.5 h (80 %); iii, BF3Et20, CHCl3,O “CT. 10 min. then 25 T, 3 h ($16 %). 

The pqamt.ion of the analogous linear system was mote complex as it requind a further protection step 
followed by a selective deprotection to unmask the termhal hydroxy group of the tetmmer, v to direct 
the or?ho-specific coupling reaction. Masking of the remainin g hydroxy -ups required the use of a more 
robust protecting group so as to facilitate the selective deprotection later in the synthek (Scheme 4). The=fox 
the tctramer 8 was treated with reti-butyldiphenylsilyl chloridet6 (T3DpSCI) at 60 “C to afford the fully 
protected compound 12. The selective deprotkction of tetramer 12 was unsuccessful using T&W under a 
variety of conditions with one or both of the TBDPS groups also being cleaved. However, use of either HF- 
pyridinc*~ or boron trifluoride etherate** afforded the his fen-butyldipbenylsilyl protected system 13 in good 
yield in both cases. 

“9 Q” Q” OH QH OH 

13 14 P=TBDm 
IS R=E 

J iv 

- 5. Re~scnrs und Conditions: i, MS (2 cq.), EtBr (2 cq.). Et24 2!5 T, 30 min; ii, 13, ~t20, 25 -C, 30 mix h 

-I& 25 w to 80°C; iii. &w& (0.5 UJ.). WC. u) h (45 %); iv, ‘IBM. ‘IMF. (97 %). 
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ch~~0f13underthe~Qooditionsaffordedth8ocrtpmr 14 which was fully depm@&d bytmatment 
with TBAF to give the desimd linear octamer 1s (Scheme 5). The o&O-specific coupling reaction of 13 
procatdedin4s%,WhichG~~~the~~~V~~forthepnl#nrtionOf~s~~ 

tctmmer 2 and octatner 4 (32 a& 24 % respectivtly). However, the yield for the coup&g nacdna’of li3 was 
di~~consideringtha.goodyitIdsobtaincdearlierinthe~l~seriestoprtpsn~8rrnd 
octamer 10 (72 and 92 % rqectively). 

Modelresins9,11~~5~~~~~~o~~~w~b~~ tbe+ouae~is#Iur?Ao- 
specific phenol-formaldehyde pnroadun. 19 The synthesis of these three systems provides the opptxx@ty to 
investigate the role the stluct&m of the novolac resin plays in d&xmin@ the pqerries of t@ c&d system. 
The protectioxl/depmt&ion Iwtho&logy developed for the pqmr&oa of these cor@xm& wiulw!x!x&ridedto 
the synthesis of other model resins differing in the ortho:para ratio and degree of branching which would 
increase the variety of componnds that could be included in the curing studies. 
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