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Private Bag. morua. liaw Zeal& 

and 

Richard n. We. Wicholas P. pobinson. and Lyndsay -in 
Chwlstry Dapartmnt. University of Vaikato. 

Private Bag, Hai1ton. New Zealand 

Quinane methides prepared in situ frar phenyl-an and 
B-C-1 lignln models whlch did not contain a 8-hydrorylsthyl 
group. readily formed addition products with anthranol but not 
with anthrahydroquina#. For B--1 lignln lodeli containing 
the hydroryrsthyl group, the retro-aldol reaction (llberatlng 
formaldehyde) was so facile under the conditions used that 
rtilbene fomatiar f r a  the quimne methide took precedence over 
adduct formation. 

A great deal of activity has been directed t-rd the study 
of the reactions of anthrahydroquinone (AHQ) and anthrarrol 
(reduction products of anthraquFnona, AQ) with quFnonc mthidcs 
of the B-aryl ether type. 
lignln unit which are responsible for the accelerated cleavage 
of the Lignln macrmlecule in alkaline-additive pulping. 

It is primarily the reactions of this 
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134 RALPH ET AL. 

Although there is considerable speculation’ as to whether 
adducts between AHQ (or anthranol) and B-ether quinone methides 
are intermediates in the catalytic cleavage of B-ether bonds 

under soda-A0 pulping conditions. there I s  no doubt that such 
adducts are readily formed. 

4 

B-Aryl ether quLnona rathides are not the only quinone 
methides which can Corn under pulping conditions: any free- 
phenolic unit with an a-leaving group (OH. mr, or oa) can Cora 

quinone methides.’ Indeed. anthrvrol. 13C labelled at 
the 9 and 10 positions. was reacted In base with acctylated 
milled-wood 1ignin (conditions which generate lignin quinone 
methides readily at r o a  temperature), anthraml-lignin adducts 
uere ~btained.~” 
C-10 region oC the 13C 
adducts with B-aryl ether units. 

AHp or anthranol. If so. it i s  00 interest to deternine. 
firstly, ha the presence of AHQ Md other species affects the 
reaction pathways oC the 8-aryl units ad. s e l y ,  &ether 
reactions hvolvbg B-awl qu- methides ray help account for 
the considerable loss of ‘AQ. f r a  the pulping cycle. 

Only two of a multiplicity of peaks in the 
spectrm could be attributed to 

7 

We wished to know if other quinone methides could also trap 

8 

The rain objective of the work described in this paper was 
to deteralne if qulnom methides f r a  B-C linked structures 
react with AHQ and anthranol and to characterbe any adducts 
€ o m .  Only phenylcornaran (B-C-5) and B-C-1 structures are 
considered here, although studies on other B-C linked models are 
also in progress in our laboratories. 

Hode 1s 

“he nost readily available phenylcocoaran d e l s  are 

dehydrodiisoeugenol 1,’ and its reduction product dihydro- 
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B-ARYL LIGNIN MODELS 135 

R' 

FIGURE 1 - Wcls and Derivatives used 

FIGURS 2 - Quinarc methides 
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136 RALPH El' AL. 

dehydrodiisocugenol 2 (Figure 1). 
the caplication of further reactions of the vinyl side chain 

which are not characteristic of the phenylcoumaran roiety of 

Use of 2 rather than 1 removes 

lignin. 
Although the use of these easily synthesisad models is 

valuable in developing methods for the study of adduct 
formation, it is preferable to use a lore representative model 
such as 2 (Figure 1) which possesses the hydroryrathyl group 
present in aost lignin side chains. The presence of this group 
markedly influences the course of important reactions. 

A mdel representing a 'ring-opned' 0-C-5 unit (which 
could not cycllse to a phenylcorraaran) was also required in our 

studies. The ervthro isoaer of model 5 (Figure 1). In which the 
B-ring phenolic group is aethylated, was prepared using 

essentially the method of Brunaw and Lundquist. LO 

A baststable t-butyldimthylsilyl protecting group in 
capamds 2. 9, and 0. Increased the stability of the qulnone 
methides with respect to polyrerFsation and removed the 
possibility of retro-aldol reactions. 

node1 U was  syntheslsed to represent free phmolic 0-C-1 

units in lignin in which the B-ring phenol is etherifled. 

Anthranol and Nm Mducts with (kinare mthides of *awl Models 

Alpha-aryl ethers such as coIoounds L-2 (Figure 1) are 
5 knam to (reversibly) generate winone methides at a 

significant rate even at 10°C In 1M NaOH (%hem 1). Therefore, 
attempts to form adducts f r a  quinone mthides 14-17 (Figure 2) 

were made by addition of models 1 to 2 directly to solutions of 
anthranol or AHQ in base. 
sumarised In  Table 1. 

These reactions gave products as 

The anthranol adduct frocn dehydrodiisosugenol 1 
polymerised slowly on standing to give the polystyryl derivative 
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B - A R n  LIGNIN MODELS 13 7 

TABLE 1 

Rpproxieate yleld (%I data for adduct react1ons.a 

70(97 :  3 )  

70 
0 

50(90:10) 

SO(80 : 20) 

90 ( 75 : 25 

9 W O  :SO) 
d 

33(95 :s )e 

30 

30 

0 

50 

50 

0 

0 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 
100 

- 
- 

- 
- 

Condltlons: 2 eq mthranol or AHQ; lM NaOH (except 0.3 H 
for 4 to rinlmlze hydrolysis of the Y-OAc group); 50.C; 
1 hr (15 .in for E l .  

Ratio of erythro:threo lscmers ( In  brackets) determined 
E r a  H-1 blwl after acetylatlon. 

75% yield after flash chropatography. 

80% after flash chr-tography. Isolated ervthro 41% and - threo 39% M pure fractions. 

Single reaction only; yield not optlmised; other products 
not characterbed. of crude material indicated 
poeslbllity of threo 1-r. approxlmately 9O:lO 
0rvthro:threo. 

Product not observed. 
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138 RALPH ET AL. 

- 37. 

quantities of butylated hydroxytoluene. 
Polymerisation could be prevented by addition of trace 

Generation of the quinane methide f r a  the ring-opened 
phenylcararan model 9 at a e r a t e  temperatures required the 
wXI to k replaced with a better leaving group. Attempts to 

form 1, the a-bromide, from 5 using brmtrlmethylsilanell were 
unsuccessful due to spontaneous loss of formaldehyde, and 
formation of 4-hydrory-3,2',3'-trl~ethoxystilbene froa the 
braide. Harsver. quinOna methide 2 could be generated in sltu 
f r a  the free phenolic diacetylated rode1 4 in base. 

was no possibility of quincme methide 9 reverting to a 
phenylcouraran by an Internal cyclisation. the yield (Table 1) 
of anthranol adduct uas substantially higher E r a  model 4 than 
E r a  the true phenylcwmarans I-2. 

As there 

Analogously. the 8%-1 quinone methide 22, generated E r a  
the free phenolic diacetylated m e 1  13, was used for adduct 
reactions. 

silane" in chloroform. 
aqusow potusirn carbonate gave relatively stable solutions of 
quinone methide a. Alternatively. quimXre methide a was 

generated fraa the free-phcno~ica-acetate lo in base. 
of anthranol with winone methide gave adduct (after 
acetylation) in very high yield as a 50:50 mixture OE ervthro 
and thrco isomers. 
these were readily separated by tlc. 

Sllylated rodel 9 could be bralnated using brmtrimethyl- 
Treatrant of this solution with 

Reaction 

unlike the parent acetylated adducts 2, 

A further point is apparent fr- Table 1. Vhereas 

anthranol adducts form readily f r a  these qulrwne methides, 
attempts to EON the corresponding AHp adducts (8.g.. R'roH of 
m. Figure 3) using both aqueous and organic solvents. at 
temperatures ranging froa O°C to 80.C. were unsuccessful, 
prestmably for a cabination of steric and electronic reasons. 
It has been noted previously ''12 that AliQ adds less readily 
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PIGURe 3 - Adduct structures 

Abt A m ~ a  

I 0 
i 
I 
r 

[ ,n, 
PIGURR 4 - Partial 200 ?Wz H-1 spactrm of B-C-5 udducts 2 

t = thrw, e = ervthro 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



140 RALPH ET A L .  

than anthranol to 8-aryl ether quinone methides and it has also 

been sharn '"* that. in colpetition studies. anthranol adducts 
are formd In weruhelring preference. 

Stereochemistrv and SDcctra of Adducts 
4,13 Despite the high kinetic steraoselectivity observed 

for' threo adducts f r a  0-ether quinone methides (e.g.. 23-24). 

both adduct i-rs can be detected f r a  attack of anthranol on 
most of the B-aryl qulnone arathides (Figure 4 and Table 1). 

4.14,15 
The B-aryl adducts 27-36 (Figure 3). like the B-aryl ether 

adduc t s , have fascinating N?lR characteristics due to 
their conformations in solution. For example. in the ervthro 

lsoaar of j z  (which is analogous to the threo lsosar in B-ether 
adducts because of the convention of group assignments) the 
A-ring is clearly situated over the anthracenyl ring systea. as 
is evidenced by the highly shielded ring A mthoxyl and the ring 

A protons (figure 4). Hmever. the minor threo d r  is quite 
unlike the ervthro isarerll of 0-ether adducts in that ring A 
protons are more intensely shielded. The thrco I-acetate methyl 

chemical shift is also anomalous. appearing at6 2.0 compared 

with a normal shift of 61.8. This -thy1 group is presumably in 
a deshielding region of the anthracenyl ring system and/or the 
other aromatic rings. In addition, the 8-ring rethoxyl protons 
experience substantial shielding, indicating their positions 

within the shleldlng regions of the anthracenyl ring system 

and/or ring A. Conformations of ervthro- and threo-32. 
postulated froa the information In their spectra. are shown in 

Figure 5. 

Slmilar features apwar in the spectra of B-C-1 adducts 
(e.g., Figure 6) indicating that -11 changes in the 
substitution on ring B do not significantly alter the adduct 
conformations. Selected m data for these adducts are given In 
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B-ARYL LIGNIN MODELS 141 

OAc OAc 

H 

OAc OAc OCH3 

CH3 - \ c 

OAc 
H 

erythro threo 

FIGURE 5 - Postulated conformations of enthro and threo 
isoaers of compound 32 

h. . . , . . . .  .... .... .... .... .... .... .... .... ._ . .  .... .... .... 
89 7.0 6-0 5.0 4.0 3.0 1'0 

FIGURE 6 - Partial 200 ?U+z If-1 NHR spectrrn of crude B-C-1 
adducts a In acetone-d6,(t) indicates peaks E r a  

the threo isomer 
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144 RALPH ET AL. 

Tables 2 and 3. Full spectral details and assigments may be 
given in a separate publication. 

The 13C WaZ C-10 cheaical shifts of these adducts in 
acetone4 allaw a lore complete analysis of the C-10 region 
of the 13C NlQt of the anthranol-lignin adduct reported 

pre~ioruly.~ 
region of the anthranol-lignin adduct on which is shown the 
positions of B-aryl ether, phenylcolraran, and 8-C-1 adducts. 

There Is little doubt that adducts between these three unit 
types account for m t  OE the resonances in this region. 

p h e m n a  ‘‘I5 in thelr proton and l 3 C  WU? spectra. 

temperature on the spectra of these adducts was far lore cocllplex 
than that observed for certain B-aryl ether adducts.” and 
indicated that the behaviour w a s  not slmply due to rotation about 

a single bond. One compound. threo-34, was fully resolved at 
ambient probe temperature into two rotamxs (60:40 ratio) on the 
I3C llBl timescale (Figure 8 ) .  

the major rotamer indicate that either the T2 relaxation tbes 
are shorter or that further fluxional behaviour is occurring in 
the major rot-r that is not significant in the minor rotamer. 

6 

Figure 7 is a highly expanded plot of the C-10 

Several of the adducts exhibited hindered rotation 
The effect of 

The broader resonances E r a  

The observed stereoselectivity of anthranol attack can 
reasonably be attrlbuted to the qulncme wthide conforrations. 

Figure 9 shows the two mjor conformers expected16 for 8-aryl 
qu5.ntme wthides. If the confomation docs not significantly 

alter the charge density at the alpha carbon and R is sterically 
less demanding than Ar (as expected for El - He, CM20€i. CH,aAc), 

w w l d  be the major canformer. Attack E r a  the less hindered 

side would lead to the enthro adduct. As El becoaas larger 
(e.g., QI OSiLBuM2), rotamer B becornes significant, 
resulting in =re threo product. 

2 

For reasons that are not clear, these B-aryl CpIFnone 
mthides are markedly less stable toward polymerisation than 
8-aryl ether quinone wthldes and, at modest concentrations. are 

observed only transiently at rocm temperature. Attempts to 
characterise them by techniques’‘ are in progress. 
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48 47 46 45 4 4 6  

Pxme 7 - 1% NHR (in acetone-dg) of the C-LO region of an 
anthranol-lignin adduct7 and chemical shifts of model adducts 

(E = ervthro, T threo. B = B-aryl ether, PIC = phenylcouraran) 

FIGURE 8 - Partial 13C Mut of adduct threo-34 shawing 
hindered rotation 
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146 RALPH ET AL. 

The Phenvlcara ran Quinrm e Rethide: 
Anthranol Mdu ct FotMtion and the Reversal Reaction to the 
phew 1- an 

Cacet ition Between 

Formation of quintme methides Era phenylcomarans 1-2 in 
base is clearly reversible ( S C h m  1). The assumad steady state 
quinone wthide concentration is too low to be detectable by 
cawentiara1 W-vlsible or HI¶R spectroscopy. The reverse 
reaction to the phenylcornraran m s t  therefore be very rapid. 
Nevertheless. nucleophiles such as anthranol, obviously compete 
for the q u h e  methide. 

In order to ascertain haw eEEectively anthranol can capeta 
with the qulnone methide reversal reaction, the a-iodide 38 was 

prepared I r a  dihydrodehydrodihoeugenol. 2. by treatment with 
iodotriwthylsilane In chloroform. It IW assmad that, on 
treatment with base. the phenolic TWS group would rapidly 
hydrolyse and that the quimme methide wwld rapidly form by 
eliaination of iodide. 
high yield f r a  such a reaction. Addition of the iodide 38 to a 
solution of anthranol in base and workup within 5 minutes gave a 
ratio of adduct 27b to phenylccnmaran 1 of approxirately 10:90. 
Since only traces of adduct 
3. is reacted with anthranol under the same conditions for 5 

minutes, it is ccmcluded that anthranol attack is about 10% as 
rapid as the recyclisation reaction. 

The phenylcorrnraran 2 was isolated i n  

were detected uhen phenylc-ran 

! 

I OTMS 

HO 
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B-ARRn LIGNIN MODELS 

b"" 

R 

OCH3 
0 

Ar 

A - 

R 

PIGURB 9 - najor conEorm8rs of 0-aryl quinone methides 

The Phenvlc-ran Quinana mthide: Coppetition Between Adduct 
Porntion and the Retro-Aldol Reaction 

During much OE this work. quinone aethides were W t  

conveniently generated f r a  free-phenolic acetates or 
t-butyldlPathylsilylated COlPOUndS. but the use of these 
derivatives precludes one very Important reaction - the 
retro-aldol elimination of formaldehyde. 
oE rode1 studies to reactions involving 1lgnin itself, it is 
essential that the mod01 contains the hydroxymethyl group. 

methides.12 not even anthranol could coclpate against the 
retro-aldol elimination of fonwldehyde E r a  qulnone mthides s, 

To relate the results 

Despite its surprising otf.ctiveness at trapping quinone 

or ZJ to give stilbenes. 

17 

The reaction therefore Collw the 
s m  course as in the absence of the additive (Schemes 1 and 

2). 

This point illustrates the pitfalls of using inappropriately 
4,18 or substituted or derivattsad wdels. Acetylated wdels, - 

acetvlated lion in its el^,^'^ are f r m n  tlv uaed to allow 
in-sltu qeneration of auinar e methides at r o o  tawerature. But 
the motaction afforded to the hydroxvmthvl q r w  by acetYlat1m 
m e w  tMt formaldeWde loss by a retrealdol reaction cannot 
c a w t e  in  sub- t auinaw rthido  reactlam. This 1s not so 
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I I I 

m 2 - Reactions of B-C-1 mdels 
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B-ARYL LICNIN MODELS 149 

critical In the case of B-aryl ether quinone methides since 
anthranol and AHQ can add to q u h e  methide a efficiently 
before the retro-rldol reaction (to give the styryl ether) can 
occur.12 However, in phenylcoumaran and &c-1 models, the 
retro-aldol reaction entirely dominated the reaction of 
representative qulnone methides u, a, or 2J (with the 
B-CH OH substitwnt) whereas adducts readily €0- froP the 
acetylated quinone methides 16, 19, or 22, or the silylated 
derivatives 17 or a. Thus. reactiw on acetylated rilled-srood 

lignin with anthranol. where adducts other than 8-ether adducts 
appear to be observed In the C-13 NKR spe~tra,~’’ may not be 
representative of reactions of the underivatlsed quintme 

aethidw. 

2 

coucLusrows 

Mduct formation betmen 8-dry1 quinone methldes and 

anthranol. but not AHQ, occurs readily. but only when the 
possibility of formaldehyde ellmlnation f r a  the quinone methide 
is removed. Consequently. the reactivity of lignin 
phenylcoraaran and B-C-1 units in soda-AQ pulplng is not expected 
to be altered by the presence of AQ species. 
not expected that KQ losses can be attributed to reactions of 
its reduction products with &dry1 quinorrc mthides. 

Conversely. it is 

Q [ p m ? ~  

’H N!¶R spectra were determined in CDC13 or acetone-d6 
on a CU Varlan T-60. a JBOL Rt30Q. or a Bruker ACMQ R spcctro- 
meter using tetr-thylsilane rn an internal reLerence. 13c 
tat? spectra were determined in CDC13 or acetone-d6 on a JWL 

FX9OQ (22.5 IQfz) or Bruker AC200 (50 rocZ) FT spactrarster Using 

tetran#thylsilane as an internal reference. 
were determined in mL3 on a Brukar AC200 (39.8 #Iz) spectro- 

29 
sl bRB spectra 
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1% RALPH ET AL. 

19.20 meter ushg a broadbartd protm-decoupled 29Si DlPT 

pulse m e  with 1/25 delays of 72 m s ,  and a 0 pulso of 

approxhtely 17. (ogthiscd). Si- H couplFng canstants 
( J - 6.53, 3J = 6.96 Hr) m r o  determtnad f r a  the =Si 
satellites in H "R spectra. Mass spectra uoro determined on 
an HP 5985 quadrupole ccflcs wder electron Impact conditions 

wing 70 ev imizing energy (direct insert probe). 

29 1 

2 
1 

General Hothods 

PreDaratlm of TBm derlvat~ves21 

The pripary alcohol (1.0 eq). t-butyLdiisthylsllylchlorlde 
(1.5 eq). and diazabicyclo[5,4,O]undec-7-cne (DEW, 1.4 eq) I n  

QI C1 
€or 40 minutes at 4O.C. 
QI Cl and washed threo times with saturated aqueous 2 2  
WH4C1. The organic phase was dried over tYgS04 and the 
rolvont ramovod to give the sllyl ethers in ca. 95% yield after 

(10 ml/mole 1.2-diarylpropane-1.3-diol) were stirred 
2 2  

The products were extracted Into 

purification. 

puinare Uethides 

QuiroM pathides &a wore generated in  sltu either f r a  
the €roo phenolic PhanYlCOrraranS (1-2). or f r a  the free 
phenolic a-acetylated derivatives (8.  u, 13). 

Anthrahvdroauinon e (m and AHQZ-1 
2- Solutions of AHQ 

containing. or free fra. sodim dithicmite were proparod as 
doxrihd in reference 4. 

i n  aqueous 1 1 or 0.3 n b l a o ~  

Solutions of the anion of anthranol were prepared by 
refluxing a mixture of anthrone In  1 n or 0.3 n WaO€I  (20-50 1111 
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g - u n  LICNIN MODELS 151 

under nitrogen until dissolution was colplete (.bout 1 hour). 
The solutiau were then cooled to the requlred temperature. 

Am) or Anthrurol lldduc tS 

To a solution of AHQ or anthranol (2  eq) in base (at the 

tampstature given In Table 1) was added the qulnone methide 

precursor in solid form or as a solution In a -11 volume of 
Q12C12. 

phenylcolvrans and 15 minutes €or Y-acetate qulnone methide 
precursors). the mixture was neutralbed with 5% H so and 
extracted with aC13 ( 2  X I .  

over rrrJso4 and the solvent raPDved. 

After the appropriate t b e  (usually 1 hour for 

2 4  
The chloroform extract was dried 

SwcIfIc -theses 

pehvdtodiisoeuqenol (1). Dehydrodiisoeugenol was prepared 
9 in 50% yield from boeugenol. 

Dihvdrodehvdrodi boeuueno 1 ( 21. fmhydroditsoeugenol (&, 
1.0 g. 3.07 m l e )  in 9S% ethanol was hydrogenated at atnrwpheric 
pressure over 5% W/c (2.5 mg) for 2 hours (yield quantitative). 

Crystalllsation Pra petroleu ether (100-120.C fractioa) gave 
white needles m.p. 89-91.~. 

method or Bruey3v and -quist.1° me major by-product of the 
BP3.Rt 0 rearrangeaent of the chalcone epoxide was identified 
as fluorohydrin a (yield 42W.  

m d  3 was prepared in 30% overall yield uslng the 
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152 RALPH ET AL. 

casaund 39 was a white crystallh solid: r.p. 120-122.C: 

'H (200 CW. CDcl3) 6 :  

J - 0.9 Hz, 8-oH). 2.24 (lH, dd, J 
= 1.5 Hz. a-oH). 3.81 (3H. s. OCH 1, 3.89 (.3H. s, O C H J ) ,  
4.06 (1H. dddd. J = 25.6 Hz. J 

J - 2.4 Hz, HB). 4.74 (1H. dd. J = 6.8 Hz. J = 4.9 Hz, 

2.09 (1H. dd. Jm-s 9 5.4 Hz. 
4-9 HZ, J 

OH-P olf-P OH-a 

3 
BF %a 

- 6.8 Hz. J- = 5.4 Hz. 

01 a0 a-cu 
Ha), 4.97 (1H. d. J = 10.9 Hz. B ring benzyl CH). 5.04 (lH, d. 

J 
5.98 (LH, dd, JW = 45.9 Hz, J 

'Is 
(6H. m, Ar-H). 7.30-7.50 (10H. a. bemy1 Ar-HI. HdSS SWCtfm 

10.9 Hz, B ring bemy1 M), 5.12 (a, S,  A ring benZy1 C H Z ) ,  

= 2.4 Hz, HY), 6.70-7.20 

d z :  518 (PI'. O.l), 256 (51, 242 (31, 238 ( 3 ) .  227 (3). 165 
(3). 137 (4). 92 ( 8 ) .  91 (100). 65 (10). 
(22.49 m. CDCl,) 6: 20.1 ( v 3 ) ,  20.8 (m3). 
55.7, 55.8 (3.3' O C H , ) .  70.8 (4-benzyloxy CH2). 72.5 (d. 

3Ja P 
(2'-benzyloxy Qf2), 86.7 (d,'J 
112.8 (4'), 113.4 (5).  118.8 (d, 
(61, 123.1 ( 5 ' ) .  127.2 (benzyl 3,5) .  127.7 (benzyl 4). 128.4 

(benzyl 2.6). 129.5 (11, 129.6 (d, 2Jl,p ; 20 Hz. 1'). 136.9 
(benzyl 1). 137.8 (benzyl 1'1, 144.0 (d, 
148.1 ( 3 1 ,  149.2 (4). 152.0 ( 3 ' 1 ,  168.7 (a-ogxx3), 169.7 

"c - MlR of dlacetate 

7 Hz, a ) .  73.6 (d, 'J 18 Hz, B). 74.3 

= 178 Hz, 7 1, 111.3 (2). 
J6,p = 9 HI. 6.1, 120.3 w3 

J2,P - 9 Hz. 2 ' 1 ,  

(B-ogYa3) .  

carpaatd 4. acetylation of coqmmd 3 to give the 
dlacetate. tollawed by r-a1 of the phenolic with 
pyrrolidlne (1.2 eq) in CHC13 for 30 minutes. gave 3 as a 
clear oil in 90% overall yield. 
2.00 (JH, 5 .  Y 

'H (200 mfz ,  cDC13 6: 

3 
-ocoQ13) 3.30 (1H. I, HB).  3.78 (3H. S ,  OCH 

3.88 (3Hv S r  OCH 1, 4-36 (1H. dd. JByl 7.6 HZ, JYly2 I 
11.1 Hz, Y 1, 4-47 (1H. dd, Jsa 5.5 Hz, Jylrz = 11.1 

3 

1 
Hz, Y 1, 5.72 (1H. d, Jd * 6.9 Hz, Ha), 5.80 (1H. S. 

U-OH). 6.8-7.2 (6H. I, --HI. 
2 

C c m m m d  5. t-Butyldimethylsilylation prior to 
debenzylation in the synthesis of caapound a gave 2 (88% overall 
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B-ARYL LICNIN MODELS 153 

yield). 'H (200 m, CDcl3) 6: 0.04. 0.06 3H, (2 X 3H, 
t 2S, SUa,). 0.89 (9H. S, SiBU 1, 3.65 (1H. m. HB), 3.84 (3H. 

s. OQI 1, 3-90 (3H. S. OCH3), 3.80-4.00 (2H. m, HY's),  5.55 

(lH, d, Jcg = 5.8 Hz, Ha). 5.60 (1H. S ,  -+XI). 6.80-7.00 (6H, 

m, Ar-H). 13C NHR (50 co(t. CDC13) 6: -5.31, -5.28 
(Sl.He2), 18.3 ( r r C 3 e i ) .  25.9 ( % a i l v  54.2 (B), 56.0 
(aYe's). 65.5 ( Y ) .  87.9 (a), 108.7 (-1. 112.1 (841, 114.3 ( A 5 ) .  

117.1 (861, 119.1 (A6), 121.2 (8s ) .  128.0 (All, 133.7 (el), 
144.5 (82). 14S.7 (A4), 146.7 ( A 3 ) .  148.3 (83). 

3 

Carpoun d 6 yiw prepared by modifying the procedure for 

synthesis of c-d 2.'' Condensation OE 

2,3-di~ethoxybenzaldehyde g with the benzyl ether of 
acetovanillone following the method of reference 10 gave the 

chalcone l-(4-ben~yloxy-3-methoxypheny1)-3-(2,3-dlmethoxypheny1) 

2-propan-1-one fi as a yellow oil. Crystallisation f r a  hot 
ethanol gave 11 as yellow crystals m.p. 94-95.C (yield 76%). 

'H WU (60 co(t. CDC13) 6: 3.80 (6H. s, OCH3), 3.90 (3H. 
s. OM 1,  5.18 (M. 5 .  CH2Ph). 6.70-7.80 (11H. 1. Ar-HI, 
7.40 (1H. d J = 16 Hz. HB). 8 - 0 8  (1H. d, J = 16 Hz, m ) .  
13C - W s  (22.5 W .  CDC13) 6: 55.8, 55.9 (3.3'-OCH3). 61.6 

(2'-0cx3), 70.7 (benzyl CH2), 111.3 (CZ), 112.2, (c4'1, 

114.0 (a), 119.6 (C6'). 122.8, (C6) 123.2 ((5'). 124.1 (CB), 

127.2 (benzyl C3, a). 128.0 (benzyl C4). 128.6 (benzyl C2, C6). 
129.2 (Cl), 131.6 (Cl'), 136.2 (bentyl Cl), 138.7 (CY). 148.8 

(C2'). 149.6 (a). 152.3 (C3'). 153.1 (CI), 188.7 (a-C-0). 

s m t r m  d z :  

3 

404 (?It, 12). 373(13). 254(19), 91(100). 
Bpoxidation w a s  more slmply carried out by stirring 

chalcone a (0.05 pole) In pyridlne (160 rl) with aqueous NaOCl 
(5.4b. 160 ml) for 3 Vorkup gave a white solid which 
was recrystallisad f r a  hot ethanol to give the chalcone epoxide 
1-(4-benzyloxy 3-rathorypheny1)-3-(2.3diratho.ypheny1)-2.3- 
epoxypropan-1- 12. as white needles m.p. 123-124.C (76% 

yield). 
1 H YBI (60 IMZ. CDCl,) 6: 3.79 (3H. S ,  O Q S ) ,  
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1% RALPH ET AL. 

3-88 (3H. S, aQt,), 3-94 (3He Se OCH ) I  4-20 (1H. d, J = 2 3 
ttz, HB), 4.32 (1H. d. J = 2 W Z .  HI). 5.21 (a, s. CH2Ph). 
6.70-7.m (iin. I. ~ r - 8 ) .  13c mu (22.5 m z ,  mi3) 6 :  

54.9 (a). 55.3. 55.4 (3-, 3'-ocH3), 59.5 (CY), 60.5 

2 (2'-oQ(3). 70.2 (kntyl CH 1, 110.1 (C2). 111.8 (C4'1, 112.3 
(0). 116.5 (€%'I.  122.7 (Cb), 124.0 (a'), 126.8 (benzyl C3. 

CS). 127.6 (betuyl C4). 128.1 (benryl C2. C6). 128.4. 129.1 (Cl, 
Cl'), 135.6 (benzylcl). 147.6 (C2'). 149.6 (C3), 152.0 (C3'). 

Rearrangechnt of a with BP3.Et20 in st20 followsd by 
reduction of the crude mirture with BiaBH4/OH- gave a colorless 
oil uhld crystallisad on standing. 
CH2ClZ/pet. other (4O-6O0C) gave 1-(4-benzyloxy-3-methoxyphenyl)- 
2-(2.3-dI~etho~enyl)-propan-l,3diol a, a . p .  122.5-123.5.C 

(yield 61%. c.f. 38% in synthesis of 2l0). 
IW detected ammg the by-products. 
CDCl,) 6: 

(3H. S. M3). 3.78 (3H. I, oQi3). 3.20-1.20 (3H, 
Hy's), 4.90 (1H. d, J = 6 Hz, Ha), 5.05 (2H, s, cH2P!l), 
6.60-7.60 (11H. '111. Ar-H). 

152.7 (C4)s 191.0 (CllO). 

RecrystallLsatIon f r a  

m fluorohydrin 
'H MRR (60 RHz, 

2.50 (pl, br s. OH), 3.55 ( 3 H ,  s, OC€13). 3.60 
HB, 

13C wqt (22.49 m, CDC13) 8 :  

47.8 (at). 55.6. 55.7 (3-0~1s~. 3 m ~ 3 ) ,  60.5 ( 2 i ~ 3 ) .  

63.8 (cY). 71.0 (knzyl 9). 74.8 (ca), 110.5 (~2). 111.0 
(C4'), 113.7 (a). 118.8 (Cb), 121.1 (Cb'), 123.7 ((3'). 127.3 

(bemy1 C3, C S ) ,  127.6 (benzyl C4). 128.4 (benzyl c2, C6). 132.7 
(Cl). 135.9 (Cl'le 137.1 ( m y 1  Cl), 147.3 (CZ'), 147.7 (a), 
149.3 (C41, 152.6 ((3.1. 

Deberuylation of in wet dloxane with a catalytic arwnt 
of 5% W/c under 1 a m  H2 for 2 haws gave 2 as a colorless 
011, yield 100%. 'H rrsl (60 !Qfz. CDCl,) 6: 2.60 (at. br 5 ,  

a). 3.62 ( 3 H e  S, Oar,), 3.66 ( 3 H e  Sv OQI,), 3.80 ( 3 H .  S I  

oQ( 1, 3.30-1.40 (3% I, HB, Kf's). 4.90 (lH, d, J 6 HZ, 

Ho), 6.60-7.00 (6H. m, Ar-H). 13C (50 W z .  CDC13)6 : 
48.2 (a). 55.6. 57.7 (3,3"O4I3), 60.7 (2"0CH3), 63.9 
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B - a n  LIGNIN MODELS 155 

(cY). 75.1 (ca), 109.4 (~2). 111.1 (c4'1, 114.1 (a), 119.5 

121.0 (C6'). 124.0 (Crr'). 132.8 (Cl), 134.3 (Cl'), 145.2 
(C4). 146.5 (C3). 147.8 (a'). 152.8 (a'). 

brmtrlwthylsilanell gave only 4-hydroxy-3.2' ,3'- 
trirathorystllbene. pres-bly via HBr and formaldehyde 

elF.Lnatlan frCm brorlde 7. 'H (60 m, CDCl,) 6 :  3.80 
(9H. S o  oQig). 6.40-7.20 ( 8 H .  I, ArH and vinyl H ) .  

above synthesis of collpoMd & gave 8 in 74% overall yield for 

the two stapl. 'H (200 ratz. CDCl,) 6: 
Y-OCOC?!-). 1.86 (3H. 3. oocOqr3), 3.68 (3H. s. OCH3). 

3.80 (3H, 5 .  oQi3), 3.85 (3H. s, ocH3). 4.05 (a, I HYl, 
0 ) .  4.25 (1H. dd. Jm2 = 5.8 lk, Jrly2 - 9.8 Hz, W2), 
5.60 (LH. sr U - C r r ) ,  6.05 (In, d, JOB - 5.8 Hz, HB). 6.70-7.05 
(6H. I, Ar-H). 

pmound 7. Attempted braination of 6 UsIng 

8. Acetylatioa prior to debmzylatim in the 

1.80 (m, s. 

13C MSt (22.5 IWz, CDC13) 6: 20.7 
21.0 (-3). 42.1 ( 0 ) .  55.6, 55.8 (A3. B3 

OCH 1, 60.6 (BZ-OCX 1, 64.7 (I), 75.5 (a), 110.0 (84). 111.2 
(A2). 114.2 (As), 120.3, 120.3 (A6. 8 6 ) .  123.6 (85). 130.6(AL). 
131.9 (el) .  145.6, 146.3, 147.8 (Us A4. 82). 152.5 (83). 169.8 

3 3 

(-1, 170.7 (7-1. 

9. t-Rutyldlmethylsilylation prior to 

debenzylation in the above synthesb of ampound 5 gave 9 In 9fi 

overall yield. 'm (200 q)c13) 6: -0.049. -0.043 
t (2 X 3Ht ZS, S m 2 ) ,  0.88 (9He S, BU SI) .  3-65 (38, SI 

OCX ), 3.65 (1H. I r  HB), 3.68-3.78 (me II, H ' Y S ) ,  3.76 ( 3 H e  S, 

OCH3)v 3.85 (3H. S, O R $ ) ,  5-14 (1H. d ,  J = 4.5 HZ, W), 
3 

5.55 (lH, S, W). 6.60-7.00 (6H. I. Ar-HI. 

10. t-Butyldiwthylsilylation, followad by 
acetylation prior to debenzylation In the above synthesis of 
compound 6 gave lo In 85% averall yield over the throe steps. 
1 

1.05 (9H. s, wltSi), 1.98 (3H. s , a Y ) ,  3.82 (3H. s. 
H y19 (200 I Q U r  coClj) 6: 0.15, 0.18 (2 X 3H, ZS, S m Z ) ,  
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1% RALPH ET AL. 

OCH3). 3.86 (Ute I, HB), 3.94 (3H. S,  OQi 1, 3.90-4.10 (2HI 

I, m's) ,  3.98 (3H. s, OCH 1, 6.00 (1H. 8 .  Ar-OH). 6.34 (1H. 

d *  Jas 

3 

3 
7.8 W ,  Ha). 6.80-7.40 (6H, I, AK-H). 

cagorad 11. 

synthetic schemes 
H i g u ~ h i . ~ ~  mu. 
haoveratric acid 
in ref. 24 In 90% 

colparnd 11 was prepared by a y l w t i n g  

e r a  mrndtsscm at .1.24  am^ mkatsubo and 
benzyl vanillin was condensed with 
to give an rid fi corresponding to CQpOund 6 
yield as a mixture of threo and enthro 

i s m rr in a 3:l catio. 
fractional cryatallisation f r a  acetone-hexane. 
a white crystalline solid; r .p .  175-182~c. 

Th. hro i s a o r s  #re separatad by 

'H tmt (90 mtz. 
Brvthro-44 was 

CDCl,) 6 :  3-67, 3.68, 3.73 (9H. 3s. IbthoILylS), 3.83 (We d, - 9 Ht. HB). 5.05 (M, s, CH2Ph), 5.32 (lH, d, J = 
Jh aB 
9 Hz. lh), 6.63-7.31 (LlH. I. armtics), 9.60 (lH, bs. Cocm). 

Threo-44 was a white crystallhe solid, r . p .  lU)-152*C: 'H 

(90 Wz.  CDC13)6: 

(unresolved. HB). 5.00 ( 2 H ,  S,  CH Ph), 5.14 (1H. d. Jas = 9 
Ht. H 4 .  6.63-7.31 (11H. I, uaraticr), 9.60 (1H. bs. Cocm). 

3.67. 3.68. 3.73 (9H. 3s. methoxyls). 3.83 

2 

As the diboram reductton of acids did not proceed well, 

each -r of the acid a was methylated with diazmthane to 
give the ester 
quantitative yield (approximately 70% yield after 1 recrystal- 

lisation). 
145.5-147.C: 'H mwt (60 lOfz, CDcl3) 6 :  3.55 (3H. s, acetate 
methyl) 3.80 (1H. d, Js, = 7, HB), 3.83, 3.86, 3.86 (9H. 3s. 

6.65-7.37 (11H. I, armtics): 13C yQ1 (22 .5  lOfz, Q>c13) 4 :  

S i . 9  (ester aahthyl), 55.9 (acthoryls), 59.2 (a), 71.0 (Qf2ph). 

74.9 (Ca), 172.9 (ester carhyl): mass sDectrIP m/z 434 ti¶* - 
H20, 0 . 5 ) .  242 (13). 210 (321, 151 (41). 91 (100). 
was a light yellaw crystalline solid (a acetane-hexam): r .p .  

corresponding to ccrparnd 2 of ref. 25 In 

Rnthro-a was a white crystalline solid: r . p .  

mthoxyls) 5.12 (Mv S ,  QI Ph), 5.18 (1H. d, JOB 7. Ed* 
2 

-a 
1 131.5-132.5*C: H ~ D B  (60 ?rffz, ml,) 6 :  3.72 ( 3 H .  s. acetate 

mthyl), 3.75 (U~UasOlVed. HB), 3-70. 3-70. 3.77 (9H. 39, 
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B-ARYL LICNIN MODELS 157 

methoxyls), 5.03 (2H, s, Q12Ph), 5-18 (1H. d, JOB - 8 Hz, 
m),  6.57-7.33 ( 1 1 ~ .  m, aroratics); 13c (22.~ lliz, m1,) 
6t52.2 (ester methyl). 55.8 (methoxyls). S9.S ((3). 71.0 
(g2pfi), 76.4 (-1. 174.0 (ester carbonyl); mass spectnm. d z  

434 (C¶' - H20, 0 . 5 ) ,  242 (11). 210 ( 4 4 ) .  151 (43) .  91 (100). 

described in ref. 25, gave the required B-C-1 model 11. me 

triacetate or thrao-11 was a colourless oil; 'H wm (60 mz, 
CDC13) 6: 
(LH, m. HB); 3.73. 3.80, 3.88 (9H. 3s. rsthoxyls), 4.49 (2H.  m. 

ms), 6.10 (1H.  d, J - 9, € P I ,  6.58-6.95 (6H. m, arcmatla): 
"C MQt (22.S Iw. CDcl3) 6: 20.5, 20.8, 21.1 (acetate 
methyls), 49.5 (CB), S5.7 (methoxyls). 64.3 (Cl), 75.9 (0x1,  
168.6 (phogai3) ,  169.7 (a- 1, 170.8 h-ogxx3: ld~s 

sWCtrlP d z  460 (?I?, 9). 400 (6). 358 (51 ,  237 (14). 223 
(100). 195 (501, 181 (37). 164 (96). 153 (64). 43 (561. 

Dabenzylation. acetylation and reduction. essentially as 

2.05, 2.14. 2.31 (9H. 3s. acetate methyls). 3.35 

3 

The free phenol diacetate 13 was prepared by acetylation oE 

the ester follarsd by LAH reductions. rtacetylation and 
catalytic rclrrrval of the benzyl group. Three-13 was a 

c0lourle88 oil; 'H Hat (60 W ,  CDC13) 6: 2.03, 2.10 (6H. 
2s. acetate rthyls), 3.49 (Uf, m. HB). 3.70. 3.75. 3.83 (9H, 

3s. mthoxyls). 4.43 (2H. 1. H l ' S ) .  5.98 (1H. d. JOB 

6.53-6.75 (6H. m. araurtics). 
8.4.  H 4 ) .  

Anthranol Mduc ts 

Conditions, yields and ervthro:threo ratios are given in 
Table 1: selected Ls1161 data are given In Table 2 and 13C tua? 
data In Table 3. 

Mduct 27q: Prepared f r a  rode1 L. The ervthro i sa isr  was 

isolated by flash Chraiatography wing  ChlOrOfON a eluant. 
Acetylation gave adduct a. 
spontaneously polymerbed. presrnably to the styrene polymer 21 
as indicated by the line broadening, the loss of the allylic 

On standing. campound 27a 
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158 RALPH ET AL. 

methyl resonance. and the appearance of a new (broad) aliphatic 
methyl resmance ( bca. 1). 

Mduct 27b: Prepared e r a  model 1. The enthrQ Wt was 

isolated by prep. tlc ushg Etc3Ac:hexane as eluant. Acetylation 
gave addrsct a. 

Mduct 29: Prepared E r a  model 4. Acetylation gave 31. 
Attempts to separate threo and ervthro isaaars were unsuccessful. 

Adduct 3Q: Prepared E r a  mdel 5. Acetylation gave 2. 
Small scale separation on analytical tlc plates using lultiple 
elution with gtOAc-hexme gave 300 pg pure ewthro adduct. 

Mduct 33: Prepared f r a  rodel 5 ,  follarad by acetylation. 
Adduct 34: Prepared f r a  mdal lo. followed by acetylation. 

The 29si y16L spectra also sharad hindered rotation features. 
Threo-21: 6 19.96. 19.99; ervthrQ-5i 6 19.39 (broad). 

cavetition for th e Ouinare Mothide Between Ant hranol Mduct 
FONtiUl and ReVetSal to the Ph envlcararan 

W e 1  2 (160 mg. 1.0 eq) in CDcl3 was treated with 

triwthylsllyl iodide (117 mg. 1.2 eq) for 3 minutes to give the 
1 a-iodide a (as evidenced by H Nl¶R, 

T h i s  solution was rapidly added to a solution of anthranol 
(190 mg) in aquews base (1 I WaCm). stirred for 5 minutes. then 
neutralised and extracted with CW13. etc.. as h the general 
rsthod for adduct formation. The resultant product mixture was 

approximately 10% anthranol adduct 27b to 90% phenyloaruran 2 

6 5.5, JaS ca. 10 Hr). 

by 1n wut. 
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