
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Wood Chemistry and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597282

Lignin and Related Compounds X. The Synthesis of Dimeric-Type
Compounds Derived from Lignin
M. D. Rahmana; G. D. Abramsa; J. M. Peppera

a Department of Chemistry, University of Saskatchewan, Saskatoon, Saskatchewan, Canada

To cite this Article Rahman, M. D. , Abrams, G. D. and Pepper, J. M.(1987) 'Lignin and Related Compounds X. The
Synthesis of Dimeric-Type Compounds Derived from Lignin', Journal of Wood Chemistry and Technology, 7: 2, 187 —
196
To link to this Article: DOI: 10.1080/02773818708085261
URL: http://dx.doi.org/10.1080/02773818708085261

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597282
http://dx.doi.org/10.1080/02773818708085261
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JWBNAL OF WOOD MEHISTRY AND TECHNOLOGY, 7 ( 2 ) ,  187-196 (1987) 

L I C "  AND RBLATgD COMPOUNDS x. 
RIB SYNrEXSIS OF DXHERIC-TYPB COHPOUNDS DKRIYKD PROM LI(;HIN 

H.D. Rah.on, G.D. Abrams and J.M. Pepper 
Department of Chemistry 

University of Saskatchevan 
Sashtoon, Saskatchevan 

Canada S7N OW0 

ABSTRACT 

Four dinric-type compounds (14, 15, 16, and 17) that had been 
isolated earlier from the catzytrc harogenoEsis products of 
upen poplar lignin have been synthesized for structural 
reri f icat ion. 

I N T R O r n I O N  
In a previous communication' evidence vas presented in the 

form of NlfR.and HS data for the characterization of the dimeric- 
type compounds, g ,  g, 2, and - 17, as products of the catalytic 
(ah-C) hydrogenolysis of aspen poplar lignin. This paper reports 
th* syntheses and characterization of these compounds as a final 
verification of their structure. The synthesis involves the 
base-catalyzed condensation of tvo appropriately substituted 
monomers, one a phenyhthyl chloride and the other an ethyl or 
methyl phenylethanoate. The appropriate starting materials, 1, 
- 2, 2, 4, and 2 were prepared as follovs and identified by 
comparison vith reported analytical data. Conversion of vanillin 
(Chydroxy-3-methoxykruoldehyde) or syringaldehyde (Chydroxy-3, 
S-diwthoxybenzaldehyde) into the corresponding benzyl ethers 2,3 
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188 RAHHAN, ABRAnS, AND PEPPER 

and reduction vith sodium borohydride gave the substituted benzyl 
alcohols 4'5. 
thionyl chloride in chloroform gave the required substituted 
benzyl chlorides, 1 and 25*6. Further treatment of the 
chlorides vith sodium cyanide gave the nit rile^^'^ vhich on 
hydrolysis yielded the ethanoic acids 'y7r8. 
the acids gave the required but previously unreported ethyl 
esters 2 and Overall yields 
starting froa vanillin and syringaldehyde vere 59 and 58 percent 
for 1 and 2, respectively, 26 percent for 3/2 and 25 percent for 
4. 

A n  alternative method for the preparation of the homoacids 
from acetoguaiacone (1-(4-hydroxy-3-methoxyphenyl)ethanone) and 
acetosyringone(l-(4-hydroxy-3,5-dimetho~phenyl)ethanone) using 
the Uillgerodt-Kindler reaction" was less satisfactory. 

The dimerization reaction, catalyzed by lithium N-isopropyl- 
cyclohexylamide", and the subsequent conversion to the required 
hydrogenolysis products vas effected 'as shovn in Scheme 1. 

Subsequent treatments of these alcohols vith 

6 

bterification of 

9 and the reported methyl ester 5 . 

- 

ExpERInENTAL - E nmr spectra were recorded on either a Varian T-60 and/or 
En-90 instrument vith TnS as internal standard. 

b s  spectra vere obtained using an HS-12 mass spectrometer. 
Columo chromatographic separations vere made using a column 

(60 u x 2.8 u) packed vith Bio-Si1 A (silica gel, 200 - 400 
mesh). Thin layer chromatographic separations vere made using 
Her& TLC aluminum sheets (20 x 20 cn) precoated with silica gel 

60p254* 
B. Synthesis of nonomeric Starting Materials 

Bthyl 4-bcnzgloxy-3-~ctho~yyphenylethanoate, 2, vas prepared 
as a ydlov oil by the estarification of the appropriately sub- 
stituted ethanoic acid according to the method of Kametani 
- a15. Calcd. for C18 H20 04: C, 71.98; H, 6.71%. Yield, 84%. 
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190 R A W N ,  A B W S ,  AND PEPPER 

Found: C, 71.75, 8, 6.86%. 'H nmr (CDCl,) 6 ppm 1.15 (t, 38, 
J = 6.5 Ez), 3.6 (9, 28, a,), 3.9 (s,  38, OCH3), 4.3 (4, 

28, ocB2CE3, J = 6.5 Hz), 5.2 (9, 28, PhCE20), 6.8-6.9 (B, 38, 
c83 

Ph), 7.2 - 7.6 (m, 58, A m 2 ) .  k iss spec. (70 ev) d z  u)o (H'; 
lX), 272 (31%), 227 (40%), 181 (10%) and 91 (100%). 

Ethyl 4-benzyloxy-3,5-diaethoxyphenylethanoate, 4, v a  pre- 
pared from the appropriate starting materials w above. Yield, 
82%. Calcd. for C1982205: C, 69.07; H, 6.71x. Found: C, 69.18; 
H, 6.60%. 'E rmr (acetone-d6) 6 ppm 1.2 (t, 38, CE.,, J = 6.5 Hz), 

E z ) ,  4.7 (s, 2H, PhcB20), 6.6 (s, 28, Ar-CE2), 7.1 - 7.5 (m, 5H, 
Ph). &us spec. (70 ev) d z  330 (H+*16%), 302 (30x1, 2S7 (45%), 
211 (12%) and 91 (100%). 
C. 

3.5 (s ,  28, a2), 3-9 (9, 6H, oCa3), 4.1 (q, 28, OCE2CH3, J - 6.5 

Synthesis of Dilrcric Eydrogenolysis Products 
The typical procedure used to effect the synthesis of the 

dimeric products is illustrated belov by the condensation of 1 
and 2 to produce 2 and its subsequent conversion through lo to 
the required 14. The other dimcrs vere prepared by similar 
procedures. 
Ethyl 2,3-di(4-be11~~10~~-3-~ethoxyph enyl) propanoate, 5. 

To a ragnetidly stirred solution of N-isopropylcyclohur- 
ylamide (0.75g - 5.5 -1) in dry TEF (7.5 a) contained in a 50 

BL pear-shaped flask and cooled in a dry ice-acetone bath, vas 
added, by syringe, 3.5 d. of 1.651 n-butyllithium (5.5 m l )  in 
hexane. To the stirred cold solution vas added, by syringe, 
ethyl 4-ben?yloxy-3-rethoxyphenyl ethanoate (1.5g - 5 -1) in 
dry THP (10 rL) and stirring continued for 15 minutes. After 
varming to room temperature this solution vas added, by syringe, 
over a period of several minutes, to a stirred solution of 
b-benzyloxy-3-~thoxyphanylmethyl chloride (l.6g - 6.1 -01) in 
dry MSO (5 nL) in a round-bottomed flask (100 IL). After 
stirring at room temperature under nitrogen overnight, the 
resulting light brovn solution vhich contained a sull amount of 
solid vas diluted vith vater (50 IL) and extracted vith ether 
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SYNTHESIS OF DINERIC-TYPE COMPOUNDS 191 

(4 x 25 It). 
(4 x 25 It), hydrochloric acid (lo%, 3 x 25 IL), saturated sodium 
bicarbonate solution (2 x 25 IL), saturated sodium chloride 
(2  x 25 It), vater (2 x 25 IL) and finally dried over anhydrous 
sodium sulfate. After filtration the solvent vas evaporated to 
leave a v ~ s c o w  ycllov-brovn oil (2.8g).  Purification by colum 
chrorPtography using as eluant increasingly polar mixtures of 
ethyl tthanoate-Skelly B of v/v 119, 2/8, 3/7 gave several 
fractions from vhich those vere d i n e d  that contained 2 aa 
monitored by thin-layer chromatography. Evaporation of the 
solvents gave a crude crystalline compound vhich vas r.crystd- 
lized from cyclohexane. field 1.34g, 51%, 8 . p .  lOS-l06*C. 
Calcd. for C3383406: C, 75.26; 8, 6.51%. 
6.44%. ' 8  n u  (CDC13), 6 ppm l.lZ(t, 38, CE3, J = 7.0 h), 
2.90(q, lE, a m ,  J I 6.8 Bt, J I 13.6 Hz), 3.33(q, 18, a Eb, J = 

Tbc combined ether extract vas vashed vith rater 

Found: C, 75.16; 8, 

8.6  82, J = 13.6 Ez) ,  3.68(q, 18, BE, J = 6.8 Ez, J = 8.6 Hz),  

3.76 (s, 38, a,), 3.84 (5, 3H, OCH3), 4.06 (q, 28, ocB2CE3, J = 

7 . 0  a), 5.09 (1, 28, OC82Ph)p 5.11 (9, 28, OCB2Ph), 6.56 - 6.84 

(& 63, k)+ 7.24 - 7-42 (8 ,  106, Pha2)-  -8 Spc. (70.*), d Z  

526 (H+f5%), W t  = 453 ( l . U ) ,  452 (0.55%), 299 ( 5 X ) ,  227 (62X), 
91 (100%), 65 ( la%),  107 (8%).  

2,3-Di (Cbanry loxy-3-1.athoxyphenyl)-l-propanol, lo 
To a ugnetiully-stirred solution of lithium aluminum 

hydride (0.130 - 3.43 -1) in diethyl ether (10 It) vas added, 
by syringe, a solution of 6 (0.4Og - 0.73 m l  in 25 mL dry 
ether). The resulting mixture vas heated under reflux vith 
stirring for 3 hours. After cooling, ether (I0 It) vas added 
folloved by vater (50 IL) and hydrochloric acid (lo%, 50 mL) and 
finally extracted vith ether (4 x 25 mL).  The combined ether 
extract vas vuhed vith vater (2 x 2S mL), saturated sodium 
bicarbonate solution ( 2  x 25 It), saturated sodium chloride 
solution ( 2  x 25 It) , vater (2 x 25 It) and dried over anhydrous 
magnesium sulfate. After filtration the solvent yw evaporated 
to give a sticky vhite solid (0.3g, yield 8U), m.p. 90 - 92OC 
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(fram benzene-cyclohexane). Calcd. for C31H3205: C, 76.84; €I, 

6.66%. 
1.48(s, broad, lE, 081, 2.67 - 2.89 (m, UI, a E  &BE) ,  3 . 9  - 
3.68 (28,yE overlapped vith 9 1 ,  3.65 (s, 38, m3), 3.73 (s, 

Pouad: C, 76.62; 8 ,  6.83%. 'H mu, (UC13), 6 p p ,  

38, oc83), 4.99 (s, 2B, oc82Ph), 5-02 (s, ZH, q P h ) ,  6.48 - 
6.70 (m, 68, Ar), 7.18 - 7.35 (m, 108, ma2). US S ~ C .  (70 
ev), ./I 484 (n': 9x1, 257 (32%), 227 (35%), 240 (629, 107 (lo%), 
91 (loo%), 65 (25%). 
2,3-Dl(4-hydroxy-3-methoxyphexy 1)-1-propol, 2 

2,3-Di(4-banzyloxy-3-rfboxyphcnyl)-l-propanol lo (0.12g) 
ve3 dissolved in dioxme:acetic 8cid:vrrter (2:2:1 v/v, 15 A), 
Pd-black (0.02g) vas added and the mixture stirred in the 
presence of hydrogen gas for 3 hours. After filtration the 
filtrate vas extracted vith chloroform (3 x 15 rL), the extract 
vas vuhed with vater (2 x 10 aL), dried over anhydrous sodlru 
sulphata and evaporated to leave M oily residue. The oily 1 w s  

vas purlflod by micro pipette column packed vith Bio-Sll silica 
gel. Pound: C, 67.29; 
8,  6.42%. 
BE), 3.60 - 3.69 (m, 28,yE oorrlapped vith m3), 3.70 (s, 38, 

(70 ev), m/z 304 16%), 150 (4U), 167 (loo%), 137 (88%). 

d i n  thyorypbemy 1) propaaate, 1 

4-bcnzyloxy-3-methoxyphenyl ethanoate (1.43g - 5 -1) and 
4-b.nayloxy-3,5-dirthoxyphenyl chloride (1.46g - 5 -1). 
1.27g - 47%, m.p. 106 - 108OC (Skelly B:ethyl ethanoate). 
for c3383407: C, 73.04; 8, 6.32%. 
m r  (CDC13), 6 ppm 2.85 (9, 18, a h ,  J = 7.0 Bz, J .. 
13.6 Hz), 3.25 (4, lE, a W, J = 8.4 Hz), 3.52 - 3.63 (m, 18, BE, 
overlapped vith m3), 3.52 (s, 3H, cooCa3), 3.62 (s, 68, Oca,), 

6.18 - 6.90 (I, 58, AT), 7.24 - 7.32 (a, 100, W 2 P h ) .  

Calcd. for C1782005: C, 67.10; 8,  6.57%. 
'8 nrr(cDc13, D20)6 p p  2.70 - 2.90 (m, 38, a E  a d  

oCa3), 3.75 (s, 38, W3), 6-50 - 7-40 (me 68, Ar). WS S ~ C .  

Methyl 2-(4-beazyloxy-3-wthoxyphany 1)-3-(4-h-l0~y-3,5- 

It yu prepared as described for colpourrd 6, wing methyl 

Yield 
Calcd. 

'Ji Found: C, 72.85; 8, 6.08. 

3-77 (9, 389 oc83), 4.87 (s, 2Hp OCH2Ph), 5.03 (9, 2E9 OC82Ph), 
Mass 
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SY'NTltEsIS OF DIHERIC-TYPE COHPOUNDS 19 3 

spec. (70 ev), 1 / z  542 (H': 5%), 483 (0.65%), 482 (0.4%), 285 
(62%), 257 (23%), 107 (EX), 91 (loo%), 65 (16%). 
Bthyl 2-(4-benlploxy-3,S-dimethoxyphenyl)-3-(4-bcnzyloxy-3-.atho- 
xyphuryl) propanoate, 

It v u  prepared as described for compound 6 ,  wing ethyl 
4-bcnzyloxy-3,5-dime thoxyphaayl thanoa te ( 1.6% - 5 -1) and 
4-bcnzyloxy-3-methoxybcnzylchloride (1.S7g - 5 -1). Yield 
1.32g - 4 8 X ,  m.p. 110 - 112OC (Skelly Bxethyl cthanoate). Cclcd. 
for C34E3607: C, 73.36; H, 6.52%. Found: C, 73.59; H, 6.18%. 'E 
m r ,  (CDC13), 6 ppm 1.10 (t, 38, CH3, J = 7.2 Ez),  2.91 (q, lE, 
a h ,  J - 6.8 Bz, J = 13.7 Ez), 3.32 (9, lH,aEb, J - 8.6 Bz, J - 
13.7 Ez, 3.66 (9, 18, B E ,  J = 6.8 Ez, J I 8.6 Ez), 3.65 (S, 3H, 
OCE3), 3.7s (9, 68, Oca,), 3.98 (9, 28, J m 7.2 E z ) ,  4.97 (9, 2H, 
OCaZph), 5.00 (s, 2H9 OCHZPh), 6.48 - 6.90 (m, SH, k) ,  7.22 - 
7.48 (n, 108, PhCa,). Masis spec. (70 ev), d z  556 (tI':4%), 483 
(0.7X), 482 (0.4%), 329 (X), 227 (35%), 257 (la%), 107 (a%), 91 
(100X)p 65 (16%). 
Ethyl 2,3-di(4-benyloxy-3,5-dimcthoxyphenyl) propanoate, 2 

It vas prrplraa as described for c e  6, tuiq etbl  
4-~loxy-3,5di#thoxypharylethenoate (1.6% - 5 ml) and 4- 
benzyloxy-3,S-dinthoxypheql chloride (1.46g - 5 ml). Yield 
0.880 - 30%. m.p. 96 - 98OC (cyc1ohexane:ethyl ethamate). 
Calcd. for C3gH3O8: C, 71.65; H, 6.53%. 
6.23%. 'E nmr, (CDC13),6ppm 1.11 (t, 38, CH3, J = 7.0 Bz), 3.32 
(4, 18,oBo, J - 6.8 EI, J = 13.7 Hz), 3.34 (q, l E , a H b ,  J - 8.6 

Found: C, 71.73; 8, 

Bz, J = 13.7 Ez), 3.67 (9, lE,8 8, J = 6.8, J = 8.6), 3.73 (9, 

6H, m3), 3.77 (3, 6H, oCa3), 4.10 (q, 2H, 0CE2CE3, J - 7.0 HI), 

Ar), 7.15 - 7.41 (D, 108, PhCE2). 
(H': 3.5%), 513 (O-EX), 329 (4%), 257 (61%), 107 (8%), 91 (100%), 
65 (16%). 

phenyl)-l-prop.nol, 11 

79%, n.p.- 94 - 96OC (Skelly B:ethyl ethanoate). Calcd. for 

5.00 (s ,  2H, ocH2-Ph), 5.09 (s, 2B, OCE2Ph), 6-57 - 6.82 (m, 4H9 
kiss spec. (70 ev), ./I 586 

2-(CBcnzy~oxy-3-wtho~hxyphcny1)-3-(4-bcnrJ 10~-3,5-di~tbo~- 

It vas prepared as described €or compound 2. Yield 0.370 - 
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C32H3406: C, 74.69; 8 ,  6.66X. Found: C, 74.58; H, 6.79%. 'H 
nmr, (CDcl3), 6ppm 1.45 (s, broad, 18, OH), 2.68 - 2.90 (8 ,  3H, 
a8 and B E ) ,  3.57 - 3.70 (m, =,YE, overlapped v i t h  oCa3), 3.67 
(s, 6Hp m3), 3-80 (s, 38, OCH3), 4.98 (s, 2E, T P h ) ,  5.11 (s, 

ZE, q P h ) ,  6.47 - 6.80 (m, 5E9 Ar), 7.16 - 7.41 (m, lOE, Ph 
proton). 
(56%), 240 (623, 149 (7x1, 107 (lo%), 91 (100%), 65 (25%). 
3-(4-banty loxy-3-methoxyphenyl-l-propano1, 12 

compound 2. 
eth.naeu). Calcd. for C32HU06: C, 74.69; H, 6.66%. Pound: C, 
74.78; 8, 6.50%. 'H n u ,  (CDC13), 6 ppm 1.50 (s, broad, lE, OH), 
2.69 - 2.91 (m, 3H, aH andBE), 3.57 - 3.70 (m, 28,yE overlapped 
v i th  Oca,), 3.66 (s, 38, 0CE3), 3.76 (s, 68, Oca,), 5.00 (s, 2E, 

7.50 (m, 108, wcB2). &ass spec. (70 ev), d z  514 (H'T 13%), 287 
(32%), 227 (33%), 270 (7%), 179 (5%), 107 (lo%), 91 (loo%), 65 
(25%). 
2,3-Di(C- loxy-3,5ai.athoxyphenyl)-l-propanol, 13 

78%. Calcd. for C3383607: C, 72.77; H, 6.66%. Found: C, 
72.50; 8, 6.27%. 
2.68 - 2.78 (I, 3H, aE and BE), 3.59 - 3.68 (m, 2E,y 8, 
overlapped vi th  OCEg), 3.65 ( 5 ,  68, OCE,) ,  3.71 (s, 68, oCa3), 

A r ) ,  7.15 - 7.34 (m, 108, PhCH2). Uass spec. (70 ev), d z  544 
(ff+: lU), 287 (3321, 257 (34Z), 270 (5X), 179 (6%), 107 (lo%), 
91 (loo%), 65 (25%). 
2-(4-Hydroxy-3-mthoxyphanyl)-~(4-hpdroxy-3,5~i~thoxpphanyl)- 
l-prownol, 

compound g. Calcd. f o r  C18H2206: C, 64.66; 8 ,  6.632. louadr 
C, 64.86; 8, 6.49%. '8 mr (CDCl,, DZO), d ppm 2.69 - 2.89 (m, 
3H, aH .ad BE),  3.60 - 3.69 (m, 2 8 , y E ,  orerl8pped v i t h  oCa3), 

thus spec. (70 ev),  d z  514 (M': 14%), 483 (0.6%), 257 

It vas prepared according to t he  method as described for 
Yield - 78%, m.p. 98 - l00OC (Skelly Bzathyl 

0CE2Ph), 5.03 (s, 28, m2Ph), 6-50 - 6.80 (a, SE, Ar), 7.20 - 

It v u  prepared as described f o r  the  compound 2. Yield - 
'8 n u ,  (CDC13),6 ppm 1.49 (s, broad, 18, a), 

4.98 (s,  2H, OCB2Ph), 5.00 (s, 28, OCEzW), 6.46 - 6.69 (m, 48, 

It w a s  prepared according t o  the method describad f o r  
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SYNTHESIS OF DMERIC-TYPE COIiPOUNDS 195 

3.66 (s, 68, oCa3), 3.75 (s, 3H, oCa,), 6.49 - 7.50 (m, 58, Ar). 
W s  spec. (70 cv), d z  334 (U': llX), 150 (37%), 167 (100%). 
2-(4-Eydroxy-3,5~i~thoxy)-3-(4-hydroxy-3-mtho~h~yl)-l- 
propurol, 6 

colpound 2. Cilcd. for C18H2206: C, 64.66; 8, 6.63%. Found: 
C, 64.91; E 6.62%. '8 nmr (CDC13, D20), 6 ppm 2.67 - 2.88 (m, 3H, 
3 8  and BE), 3.S9 - 3.68 (m, 28, y 8  overlapped vith Oca,), 3.70 

spec. (70 cv), m/z 334 (U': 13%), 180 (38%), 197 (loox), 137 
(85%). 
2,3-Di-(4-hydroxy-3,5-dinthoxyphenyl)-l-propanol, 2 

compound 2. Calcd. for C19E2407: C, 62.63; 8, 6.64%- Pound: 
C, 62.92; H, 6.29%. '8 nnr (CDcl3, D20), 6ppm 2.68 - 2.77 (m, 

38, a 8  and BE), 3.58 - 3.69 (m, 28, y8  overlapped vith Oca3), 
3.66 (s, 68, Oca,), 3.74 (s, 68, m3), 6.50 - 6.88 (d, 48, Ar). 
Mass spec. (70 ev), d z  364 lo%), 180 (3923, 197 (loo%), 167 
(67%). 

It vas prepared according to the rthod described for 

(s, 38, oCa3), 3.75 (s, 68, m g ) ,  6-50 - 7.46 (me 58, k) .  WS 

It vas prepared according to the method described for 

A(XW3-S 
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