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Abstract-Lignification in all plant species is assumed to occur exclusively via the dchydrogenative polymerization of 
the trans (E) monolignols, pcoumaryl, coniferyl and sinapyl alcohols. This assumption may have to be revised 
somewhat due to the presence of both E @runs) and Z (cis) isomers of phydroxy substituted chmamic acidsingrasse& 
and clsconiferyl and cf.+sinapyl alcohols in beech bark (Fm ~rutufifil&@. This suggests that lignilication of these 
tissues may use either cis- or truns-monolignols. By means of HIOl /peroxidase induction, we have prepared synthetic 
dchydrogenativc polymer&d @HP) lignin from both cis- and tr~nifcryl alcohols. Under the teats employed, the 
degradation products from both DHPs were identical suggesting that either cis- or trans-monolignols are suitable 
substrates for this enzyme and, therefore, lignilication. An alternative hypothesis is that the cis-monolignols aocumulatc 
in beech bark because they are not suitabk substrates. Therefore, it would follow that the enzymes involved in 
lignifkation in viva are highly specific. 

IN’TRODUCIION 

Cd wall-bound hydroxycinnamic acids in grasses 
(Poaaae) grown under normal dark/light cycles, exist as 
mixtures of trolls (E) (l-3) and cis (Z) (4-6) isomers [ 141. 
This is in contrast to dark-grown plants, where only the 
trmrr-isomers are evident [ 1.41. These findings have been 
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1 s R,,R2= H, X= C02H 
2. Rl=OCH3,R2=H.X=C02H 
2. Rj,R2=OCH3, XtC02H 

explained by results from In uitro studies, i.e. when 
hydroxychmamk acids l-3 were exposed to UV ir- 
radiation [J-7], sunlight or laboratory lighting [8], a 
photochemkally induced c&/rrutu-isomerization oozur- 
red to give mixtures of acids l-6. At equilibrium, these 
solutions contain cu 20-30% of the cis-isomers. 

Cell wall-bound acids in graminacxous plants are 
predominantly feruloyl and p-coumaroyl esters attached 
to the hemicellulose matrix. The linkage of ferulk acid to 
hemkellulose has recently been reported in wheat bran 
[3], sugar cane bagasse [9] and maize [lo]. Bound esters 
ofthistypehavcbeenpostulatedasp recursors 
lignin [l l-133. 

of grass 

1 

OH 

1. Rl,Rz=H. X=COzH 
1. Rl=OCH3,R2=H, X=C02H 
9, Rl,R2= 0CH3, X=C02H - - -. _ 

Z. h.R2=H, X=CHzOH 1Q, Rl,Rp= H, X=CH20H 
8. R1=OCH3, R2=H, X=CHzOH Q, R1=OCH3, RpH, X=CH20H 
0. RI. R2=OCH3, X=CH20H 12. RI. R2= 0CH3, X=CH20H 

2. Rl=OCH3 R2 =H, X=CH20 Glu- 
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According to current dogma, lignins arise exclusiruly 
via oxidative coupling of the tfcau-monolignols 7-9. It 
was therefore important to note that both the cis (Z) form 
of coaiferyl alcohol (ll), and its glucoside, faguside (13), 
occur in beech bark (Fagus siltlultlco) [ 141. No mention 
was made of the preseng or the relative amounts, of the 
corresponding truns (E) isomer (8). 

extracted plant material was also treated with THF-water 
and the resulting soluble material analysed as before. 

To account for the formation of 11, either a 
photochemically- or enzymatiadly-induced isomerization 
must be occurring at some stage in the conversion of 
phenylalanine to coniferyl alcohol. The presence of this 
Z-isomer suggests that beech bark lignin may arise, at 
least in part, from cis-(Z)-coniferyl alcohol (11). On the 
other hand, monolignol 11 may simply be a mctabolite 
which is not involved in lignin biosynthesis. 

Extraction of beech wood with hexane and methanol 
afforded only minute quantities of the trmu-(a 
monolignois 8 and P, no cis-isomers were observed. In a 
similar manner, when either pr=xtracted or unextracted 
beech wood was treated with THF-water, only the trOlLS- 
(Gmonolignols were released. These findings are in 
agreement with our established understanding of lignin 
formation, i.e. it occurs via a dehydrogenative, free- 
radi& polymerization of the tranr-monolignols 7-9. 

In this study, monolignols were extracted and isolated 
from beech wood and bark, as well as from other plant 
species representative of grasses, angiosperms and gym- 
nosperms. In addition, synthetic dehydrogenative poly- 
merized (DHP) lignin was prepared, using either cis- or 
trans-coniferyl alcohol, and chemically degraded to d* 
terminc whether the stereochemistry of the monolignols 
produced had be-en a&ted. 

On the other hand, the hexane and methanol extracts 
of beech bark only contained ci.~~~niferyl (11) and cis- 
sinapyl (12) alcohols; no trans-isomers were detected. A 
minor constituent (< 3 Tg having the same HPLC reten- 
tion as transconiferyl alcohol (8) was detected, but was 
conclusively shown not to be this material (by NMR 
evidence). Subsequent treatment of this prczxtracted 
bark with THF-water (1: 1) only afforded small quantities 
of the corresponding trans-@)-isomers 8 and 9. When 
unextracted beech bark was heated with THF-water as 
before, mixtures of all four monolignols 49.11 and 12 
were obtained. 

RESULTS AND DISCUSION 

Most @in investigations arc carried out with bark- 
free wood which has been depleted of both organic and 
hot-water soluble materials by solvent extraction. 
Subsequent treatment of various pre-extracted woods 
with THF-water (1: 1) at 180” for SO min results in the 
release of small quantities of monolignok, presumably in 
the E (rrans)conliguration, i.e.compounds 7-9 [ 15-171. It 
is generally accepted that these alcohols, released during 
this hydrolytic treatment, are chemically bonded to the 
lignin macromolecule as ‘end groups’ [U-la; the most 
common bonding patterns suggested being phenolic 
linkagestoeithera[15-1~or/?[18]functionalitiesofthe 
lignin polymer (Fig. 1). 

In our study, each plant was freshly harvested and bark 
separated from wood at the cambium layer. In the case of 
bamboo (Bwnbusa tulda gramineae), greening stem tissue 
was separated from the vascular bundles. Each tissue 
sample was then air-dried, ground to a fine powder, and a 
portion sequentially extracted with hexane, methanol and 
water. The resulting extracted material was then treated 
with THF-water, all extracts were then anal@ for their 
monolignol contents. For purposes of comparison, un- 

Thus, since only cis-monoli ols are found in the 
hexane/methanol extracts, it can E postulated that ligni& 
cation in beech bark occurs via the dehydrogenative 
polymerization of &-alcohols 18-12. The resulting lignin 
should be more or less identical to that produced from the 
corresponding trans-isomers in wood. This is because the 
resonance stabilized radicals from both E/Z isomers are 
separated only by a small energy barrier, when delocaliz- 
ation is extended to the olefinic functionality (Scheme I). 
Consequently. THF-water treatment of a lignin built up 
from either cis- or trans-monolignols should give similar, 
if not identical, monolignol degradation products. TO 
verify this hypothesis, we synthesized arti6cial dehydro- 
genative polymerized (DHP) lignin from both [ct (11) 
and trans (S)] coniferyl alcohols. 

c&Alcohol 11 was synthesized from vanillin 
(Scheme 2) as follows. Treatment of the ethoxyethylidene 
[19,20] derivative 14 of vanillin with carbon tetra- 
bromide, triphenylphosphine and zinc dust [21] in meth- 
ylene chloride gave, after reprotection, the dibrom~kiin 
IS. Reaction of oleiin 15 with 2.5 equivalents of n-BuLi in 
THF, followed by quenching with methyl chloroformate, 
gave acetyknic ester 16. The required clr-olefinic ester 17 
was then cleanly prepared by catalytic hydrogenation 
using freshly prepared Lindlar catalyst [22]. Reduction of 

(Y-o-c p-o-c 

Fig. 1. Possibk conifcfyl alcohol end-group bonding patterns in coniferous lignin. 
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Schcmc 1. Concept of lignification using either tie or rrans-monolignols. 

16 

i 

PdlC 
(LINOLAR> 

Scheme 2 Synthesis of cisconiferyl alcohol (11). 

this eater with tbe ATE-complex [23] formed from di- 
isobutyl aluminium hydride and n-butyl lithium in 
toluene, followed by deprotection with acetic acid in 
methanol gave cisconiferyl alcohol (11). The synthetic 
product (overall yield 27 % from vanillin) was identical to 
the natural substance in every respect. 

DHP @in was synthesized, from alcohols 8 or 11, 
using an H102/peroxidase enzyme system [24’J. 
Suhaequent thermal treatment of eitber DHP Iignin with 
THF-water aIforded only truns-coniferyl alcohol (8) in 
agreement with our previous observations with pn- 
extracted hark. These results suggest that heecb hark 
l&in could arise via the dehydrogenative polymerization 
of the cis-monolignols l&12, and not from the car- 
responding fr6u&somers 7-9, assuming that the enzyme 
invoived in iignification is a peroxidase with a low 
speci6city for substrate. i.e. either c& or tr~monomers 
arc acceptable. 

An alternative explanation could he tbat the tip. 
mooolignols arise enzymatical@ or pbotocbemkally in 
hark, and, as they are not suitahk s&strata for lignin 
formation, they accumulate. It would follow therefore 

that the enzyme(s) involved in polymerization is (are) 
highly specific and that peroxidase is not tbe enzyme 
which functions In t&u. At the moment, it is not possible 
to determine which hypothesis is correct. 

Finaliy, other plant species, e.g. bamboo (&abuso 
tuldu grcpnincae), and hark from the angiosperms, poplar 
(Populus rremuloides Michx.) and maple (AM soc&rum 
mmsh),andtbegymnosperm,blackspruce(Pfceci~) 
were also anaiysed for their monotignol contents. 
Surprisingly, we were unable to detect either CL+ or rruas- 
monotignols in the hexane and methanol extracts from 
these plant species. Tbermolysis with THF-water as 
hefore, e.g. with bamboo and poplar, though, resulted in 
the formation of the trans-isomers as expected. Additional 
experiments are currently underway to verify whether cis 
monoti~o~s are involved in the biosynthesis of Ii&n in 
grasses and bark. 

EXPERIMENTAL 

Gnml. HPLC of extracts was carried out using a Waters 
novepnk C-18 column (Sjan panicle size) elutaf with 
MeCN-Hz0 (392) at a flow rate of O.SmI/min. D&al-H was 
obtain& from Aldrich Chemical Co. 

cisconifcrylalcdpd(ll)mdcis-sfnopylalcohol(l2)~0mbcscl, 
bark. Fresh beech bark, removed from a 20 year old tree, was 
immediately sliced into narrow strips. The strips wcrc then froxen 
(liquid N1) and dbintcgratcd in froxcn form by mc&nkal 
rupture (Waring blender). The powdered bark was the0 rcxnovcd, 
thawed and allowal to dry overnight under subdued light 
(moisture content, 6%). Soqucntial extraction of bark (117.4 g 
dry wt) in a Soxhkt afforded, after solvent rcmov4 hcxanc 
(27Ll g, 237 %), McOH (10.8 g, 9.2 %) and Ha0 (3.26 & 2.8 YJ 
solubles An aliquot (- 1OOmg) was then rcmovcd for HPLC 

+ 
The crude McOH extract (1 g) was taken and appticd 10 a silica 

gel column (9cm x 10 mm) and carefully etutat with 
pctrof-EtOAc (2: 1). Sckctcd fractions wcrccombmcd and evapd 
lo give as eok~kss oiLs. cis-conifcryl alcohol (11,8 mg, 0.8 “/,) 
and &&apyl alcohol (12, 13mg, 1.3%). Compound 11, 
raxydhd fern petrol-Et,O, mp 106106” (lit. mp [IS] 
l~l~~‘HNMR(CDCI,):b1.53(l~t. I ~~HGCHIO_H), 
3.89 (3y * OMe), 4.44 (2s i, J _ 7 Hr, C&OH), 5.66 (1 H, s, 
A&H), 5.77 (lH, cd, J, - 12 Hz, Jt - 7 H+ C=CIJ-CHzOH), 
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6.49 (IH, d, J w 12 Hz, CH=C), 6.72 (IH, hi, II 5 8 Hz., II 
-2HS~~6.75(1H,d.J~2HZ,AT~6.88(IH.d,I~8HZ. 
ArH);IRvzcm -‘:3450,3160,1620,1605;UV1~Hnm(loga): 
214 (4.11), 260(3.98), 292 (3.5% MS m/z: Isa, 162 [M -HIO]+, 
147 [hi-HzO, Me]*. Cak. for ClOHI,O,: 180.0786. Found: 
180.0724. Compound 12 ‘HNMR (CDCl,): 61.57 (IH. m, 
CHsOHJ, 3.89 (3H, s, OMe), 4.44 (2H. dd, Jt _ 8 Hz, Is _ 2 Hz, 
C&OH), 5.55 (1H. s, ArOH), 5.81 (HI, td, I, _ 14Hz, Is 
_ 8 Hz, C=Clj-CH,OH), 6.48 (ZH, s, ArH), 6.51 (1H. d, .I 
w 14 Hz, CH=Q MS m/z: 210 [Ml’, 182, 167, 149. Cak. for 
CIIHIIOI: 210.0892. Found: 210.0949. 

transConlferyl(8) and sinapyl(9) alcoholtfran pre-extrocted 
beech bark. Precxtractd beech bark (59.28 g) was suspended in a 
soln of THF-H,O (2OOmL 1: I) in a Teflon-lined stainless steel 
bomb under an atm of Ns. The bomb was then placed in an oil 
bath at 180” for 5Omin, cooled to 20”, l&red and tbe THF 
removed in t43cuo. The exulting aq. suxpcnsion was then 
extracted with Et,0 (10 x lOOmI). The Et,0 extracts were then 
combined. dried (Na,SO,) and evapd to dryness (1.66g). Flash 
chromatography on silica gel as before afforded rrans-conifayl 
(S, 15mg) and trpnr-sinapyl (9, 12mg) alcohols. 

cis/trans-coniferyl (11,8) and simpyl (1Z 9) akoho/.l from 
unex~ructed beech imrk. Unatracted bcccb bark (47g) was 
thcrmaBy trcatcd as above in a soln of THF-HI0 to afford Et,0 
solubles (25 g), The Et,0 extract (1 g) was applied to a silica gel 
column and clutcd as before with petrol-EtOAc (2: 1) to give 
trcnsconiferyl (& 10 mgL &coniferyl (11,35 mg). rranAnapyI 
(9, 10 mg) and &sinapy1(12,41 mg) alcohols. 

trans-Conlfcryl(8) and sfnapyl(9) clcohol from beech wood. 
Uncxtractcd beech wood (23.78 g) was suspended in a sobt of 
THF-HI0 as before to afford, after chromatography rrans- 
coniferyl(50 mg) and transAnapyl(25 mg) alcohols. 

tramXon@ryl okohoi (@from beta. Uncxtracted bamboo 
wood (15g dry wt) was treated with THF-HI0 as befon. 
Chromatography of the Et,0 soluble fraction (1.3 g) affordcd 
truns-conifcryl alcohol (l&6 mg) 

tram-Copliferyl alcohol (8)from poplar. Poplar wood (50 g dry 
wt) was cxtractcd with bcxane, MeOH and H1O. The resulting 
extracted material was immersed in THF-Hz0 as before. 
Chromatography of the Et20 soluble fraction (1.06 g) afforded 
rroas-conifetyl alcohol (R 30 mg). 

Dehydragmatiw polynw&ai lignin (DHP) from cis-coniferyl 
akcohol (11). Peroxidasc enzyme (4.1 mg, activity 860 units, 
Bcehringer Mannheim) was added to a soln of degas.& 0.025 M 
NasHPO.-NaOH buffer (150 ml) at pH 7.5 under an atm of N2. 
Solns of HIOl (1224 of a 11.8 M HIOl soln dissolved in 
0.025 M NalHPOI-NaOH buffer, 3OOml, 1.44 mm01 HsOs. 
pH 7.4) and cis-conifcryl alcohol (11, 259 mg_ 1.44 mm01 in 
0.025 M NasHPOd-NaOH, 300 ml) were tbcn added, at equal 
rates, to the pcroxidase soln over a period of 43 hr. The resulting 
cloudy, pinkish, orange suspension was then ccntrifugcd for 3 hr 
at 5500 rpm The ppt so obtained was rcsuspcndcd and ocntri- 
fugcd for an additional 2.5 hr at 8000 rpm. The solid material was 
then frazdGed to give the DHP polymer as a pink-grcy solid 

(133 mg SZY& 
trans-Co&ryl alcohol (8)from DHP polymer. DHP polymer 

(60mg) was suspended in a soln of THF-HI0 (5 ml) and 
autockved as dcscribai above. The Et,0 soluble were then 
removal by extraction. Analysis by HPLC showed only the 
presence of the rrens-isomer 8, which was subsaqucntly coUectcd 
by HPK (3 mg) 

3_Mnhoxy_Q(nhoxycthyIldmsxy~~~h~ (14). A 
mixture of vanillin (5 g, 3286 mmol). ethyl vinyl ether (4 ml, 
41.8 mmol) and pyridinium ptoluenautphonate (300 mg) in dry 
CH,C& (100 ml) was stirred for 6 hr at room temp. Aq. NaHCOs 
(20 ml, 5% soln) was added and the mixture stirral for 10 min. 

The CHG layer was separated, washed with brine (2Oml), 
dried (MgSO.) and the solvent removed fn WM. The crude 
product was applied to a silica gel column and then carefully 
eluted with petrol-EtOAc (4:l) by !lasb CC The tibxy- 

cthylidenc derivative 14 WLS obtained as a sotid (66 g, 907& mp 
3636”; ‘H NMR (CDCI,): 61.22 (3H, t. I = 7.0 Hz, Mel 1.58 
(3H.4 I = 6 Hz, Me), 3.63 (2H, q. J = 7.0 Hz, CHs), 3.92 (3H, s, 
OMe), 5.50 (IH, q, I = 6.0 Hz, CHMe), 7.15 (Hi, J = 9.0 Hz, 
ArHL7.37(1H.dd.l, -9.OHaJs -2OHr,Ar~7.38(1H,d,l 
-2O~ArH)and9.80(IH,s,CHOkMSm/r:224[~*,153, 
152 [M-aboxycthylidene group]+, 151. 137 [M-ethoxy- 
cthylidmc group, - Me] + . 

1.1 -Dibromo-2- (3-mrt~xy-4nlkoxynhyliyl~ 
ethylene (15). A soln of CBr, (21.4 g, 64.5 mmol) in dry CHsCls 
(5Oml) was added dropwisc, over a period of #)min, to a 
suspension of Zn dust (4.22 g, 64.5 mmol) and tripbcnyl pbos- 
phine (16.91 g, 64.5 mmol) in dry CHsCls (75 ml) at 2tP. The 
mixture was stirred for 2 hr, after which the protected vanilhn 
derivative 14 (6.24 g, 27.86 mmol) in CHsCls (60 ml) was than 
added. Following stirring overnight at room temp., the suspcn- 
sion was filtered and the filtrate coned in wcyo to co 3-5 mL Tbe 
crude reaction mixtwc conantratc was then applied to a column 
of silica gel Elution with pctroCEtOAc (4: 1) gave a mixttuc of 
the protcctcd dibromc-olctin 15 and its daprotectcd analoguc, 
free from triphcnylphoapbinc oxide. The ol&ic mixture WBS 

then dissolved in dry CHsCls (75 ml) containing ethyl vinyl ether 
(3.5 ml, 36.6 mmol) and pyridinium tosylate (100 mg), and stirred 
at room temp. for 30 min. In a manner analogous to 14, the pure 
dibromo-oletin 15 was obtained as a yellow oil (7.94 8, 75 y& 
*H NMR (aa,): d I.20 (3~ t, J = 7.0 it, MC), 1.50 (3~ 4 J 
= 6 Hz, Me), 3.60 (2H. dq, J, = 7 Hz, Ia = 2 Hz, C&MeA 3.82 
(3H,s, OMc), 5.33 (1H.q.I = 6 Hz, CljMe)and 6.97-7.3 (3H.m. 
hH). 

ICarbomthoxy_2-(~mct~x~~x~thyl~xy~y~ 
ocrtylene(16).n_BuLi(l23 ml, 1.6 Minbcxane, 19.68 mmo9was 
slowly added drcpwise to a soln of dibromo-olciin (IS, 3g. 
7.89 mmol) in dry THF (30 ml) at - 78” under Ns. Following 
stirring at this temp. for 30 min, a soht of methyl chloroformate 
(900 mg 9.52 mmol) in dry THF (2Oml) WBS added The 
suspension was then stirred for 1 hr. after which the temp. wax 
raised to Kp and stirring maintained for an additional 1 hr. 
H10(-3ml)wa9thencarcfullyaddsdandthtTHFrcmovcdh 
lnkzw. Ha0 (m ml) was added to the rcxidut, which was tbcn 
extracted with Et20 (2 x 75 ml) The organic sotubkx were then 
combined, washed with brine (20 ml), dried (MgSO.) and evapd. 
ThecrudeproduawrsappliedtoasilicaplcolumnondcanfLlly 
elutai with pctroCEtOAc (4: 1) by dash CC Fractions oontain- 
ingtheacetyknicestcr 16wcrecombincd togivctbccolourkssoil 
(I.l6g, 537& ‘HNMR (CDCI,k 61.18 (3H. t, J = 7 Hz, Me), 
1.52 (3H, d, J = 6 Hz, Me), 3.60 (ZH, q. I = 7 Hz, C&Me), 3.80 
(3H, s, OMe), 3.83 (3H. s. OMc), 5.38 (lH, q, I = 6 Hz, CIJMe), 
7.03(3H,m,ArH);IRv~cm-‘:2215.17l~MSm/z:278[M]+, 
206 [M -cthoxyethylidcne 8roup]+, 175 [M -ethoxy- 
ethylidenc group - OMe] + . Cakt for C,,HisO,: 278.1154. 
Found: 278.1175. 

Methyl r(rMcrhox~hoxycrh~~xyplunyl) prop2Z 
emuc (17). To a soln of acctylmic ester (16,239 g, 8.6 mm09 io 
95 % EtOH (8 ml) wax added freshly prqmrcd Lindlar catalyst 
(I g)[22]. Followingconsumptionof 1 qofHx.thea*t WPI 
removed by filtration and tbe resulting 5ltrate evapd to give the 
cis-olcfinic ester 17 as a colourlcss oil (231 g, WY& ‘H NMR 
(CDCI,): d1.20 (3H. t. J = 7 Hz. Me), 1.53 (3H. d, J = 6 Hz 
Me), 3.50 (2H. q. J = 7 Hz, CHJble). 3.60 (3K s. OMe), 3.75 (3Y 
s,OMc),5.23(1H,q,I=6Hz.CljMe~5.65(1H,d,~=l3Hr, 
CH-C). 6.58 (1H. d, I = 13 Hz, C=CH), 6.95 (2Y m, ArH& 7.45 
(IH, br d, ArHk IRvzcm -I: 1725. 1635. 1605; MS m/r: 280 
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[Ml+, 209, h#l [M -ethyl vinyl ether]*, 206, 193, 178, 177. 
3-(3-Merhoxy4hj&oJrjphrny~prop2z-en0l (11). ‘ATT 

compkx was prepared by mixing DIBALH (15 ml, 1.5 M in 
tolucnc. 225 mmol) and tolucnc (23.5 ml) at room temp. The xoln 
was cookd to 0” xnd n-BuLi (14.06n& 1.6 M in bcxane. 
225 mmol) wax then added. The mixture wax xtirrcd at 0” for 
30 min before use. ‘ATE’ compkx wax then added to cfsokfinic 
ester 17 (2 g, 7.14 mmol) in dry THF (25 ml) under Nx at - 78”. 
Following stirring at thix temp. for 30 min, the temp. WP(I mixed 
to 20” and stirring maintained for an additional I hr. McOH 
(2 ml) was then carcftdIy added and tbe xolvcnt removed In wcyo. 
The residue was taken up in ia-Hz0 (50 ml), acidified to pH 5 
with HCI (0.3 M) and cxtrsted with Et20 (3 x lOOmi). The 
cxtm were then combined, washed with 5 % NaHCO, soln (2 
x 20 ml), brine (2 x 20 ml), driai (MgSOl) and the solvent 

evaporated In mcuo to give a mixture of cisumiferyl akohol(l1) 
and its cthoxyethylidcnc derivative. The protecting group was 
then removed by dissolving the crude prodtrt in McOH (65 ml), 
adding HOAc (1 ml) and stirring at room temp. for 6 hr under 
N1. Solid NaHCO, (1 g) was added and the solvent removed in 
UOLW. To the residue was added Hz0 (20 ml) and the whok 
extracta! with Et,0 (2 x 75 ml). The Et,0 extracts were com- 
bined, washed with brine (20 ml) and dried (MgSO.). The crude 
product was applied to a silka gel c&mn and carefully eluta! 
with pctroCEtOAc (2:l). Fractions containing c&-conifcryl 
alcohol (11) were combined and cvapd. Recrystallization from 
petrol-EtOAc afforded 11 (l.Og, 78%). 
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