
AN APPROACH TCl THE ~iO~I~ETIC SYNTHESIS OF 
ARYLTET~LI~ LIGNANS 

Two possibtc routes which can be envisaged for the 
biogenesis a~~r~~t~tr~~n lignans arc shown in Scheme 
1. t The first involves dirccf intramotcculsr cyclisation 
of a q~j~~nc-mefhjde 1 by n~ci~~ilic attack of an 
electron rich aromatic ring onto the conjugated 
dicnon+ system. The second invoIvcc the formation and 
r~~~~ng~rn~nt of a ~~r~j~non~ intc~i~t~ 1’ 
Jndirect evidence for the operation of the latter route is 
provided by the natural oceurrencc of lignans such BS 
~y~foo~~v~~ 8 and ~~onj~inof 9 having an OH group at 
C-7 and hgnans such as S- and &xAtatin 10 having an 
oxygen sllbatitu#!Bt at C-5.3 the fwlnation al which can 
be most reasonably accounted for by rhis route. 

In order tn inv~t~~~t~ the feasibility ofat host one of 
these rcruta we have prepared a series of model 
compounds 14 and sfudiad their cyclisation using 
Lewis acid catafysts.‘ 

The qu~no~c~rn~th~~ kctats I4 wcrc prepared from 
thtcorrcspanding4sryfbutanoic acids f I $” ‘as shown 

v 

in Scheme 2, The acids wcrc r&c-& using borant- 
dimethyl sulphidc’ to grvc the ~o~~nd~~g alcohols. 
Ncsyiation using rn~fh~~p~on~l ohforide and 
tr~~t~y~~inc followed by trcatmcnt with lithium 
bromide in accfont gave thc~~~ibut~~ bromictcs 112.~ 
~~f~~~tj~n with t~ph~~~ph~phjn~ gave the 
phosphon~~~~ Uwhich weresubjecfcd toa Wittig 
reaction with4~~imcthoxyryclobx-~~~c~oneL0.’ ’ 
to give the raquirad q~no~-mcfhid~ kctah 14. 

Trcatmcnt of I& with t~~~~r~tjc ~nh~d~d~ gavi: 
a product which was identified oft the basis of its ‘He 
NNR and ZEISS spccfra a!~ the iifkcnc Iti., Howcvcr, 
frcatmenf with BF+$hcrrrtt gave a new product which 
w~~~~~~outhc basisofits ‘H-and 13C-~~~~nd 
m~s~fraasthcaryttctralin ff$a.Thcmassspa?traof 
1% and 16 readily distinguish bctwcca the two 
isomerssincc while ik shows intcnsc ions corrcspond- 
ing to benzytic and ahyhc cieavagr: (Ar’CH; and 
Ar’CHXHCH~ ) corn~u~d ISI in contrast shows 

Y 
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an intense ion corresponding to loss of the pendant aryl 
group and an intcnsc motccular ion (Table 3). The 
identification of the aryltttralin was further aided by 
the close similarity of its ‘H- and 13C-NMR spectra 
with those of the known compounds 1% and 1% 
(Tables 1 and 2). However, the identification was 
confirmed beyond doubt by carrying out an 
ind~~dent unambiguous synthesis of 16s starting 
from the tetralont I7r (Scheme 2). 

Similarly, treatment of the quinone-methidc ketals 
14b and 14~ with RF,-ethcratc gave the aryltctralins 
16b and MC, while treatment of 14b with TFAA gave a 
mixture of the aryltetralin 16b and the elimination 
product 1% The structure of the aryltetralin 16b was 

OH 

Me0 

IOa R * H 

lob R = MC 

OM* 

19a R . CH, 

l!j,b R - CW,OM* 

again confumed by carrying out an independent 
synthesis starting from the corresponding tetralone 
l7b. 

Thcsc reactions constitute a new route to 
aryltetralins and demonstrate the feasibility of this 
approach to a biomimctic synthesis of these 
compounds. 

EXPERIMESTAL 

IR and UV spectra were rccordcd on Pye Unicam SPIOSO 
and Pcrkin Elma 402 spectrometers mpa?~ely. ‘H- and 
“C-KMR spectra were recorded on Vanan HAlOO and 
X1.100 instruments using tetramethylsilane as mlemal 
standard. Mass spectra were obtained on an A.E.I. MS9 
double focusing instrument opcratmg at 250” and 70 cV. 

4_(~MPfhoxyPhcnyl)hufclMicuCld 1 la. Preparedaccording 
IU rhc lit. procedure from mcthoxybcnzenc and succinic 
anhydride followed by Ckmmcnscn reduction’,” m.p. 60” 
(lit.‘.” 61-62”). 84:; overall yicki. 

Ech~l4-ox~-4f~3.4-rrimcrhox~phcny.Nnrcanrrrco. To a soln 
ofrtannicchIotidc(l3.4ml)indry~~H,C’l,(Xlml)s~i~ngat~ 
was added dropwisc a soln of I&3-trimethoxyb (10 B) 
andethyl sucsmoyl czloridc(5.1 ml)in C’H&l, (25 ml)over a 
pcricd of I hr. Cooling was continued for a further 4 hr and the 
mixture kft starring overnight and rhm poured into a mixture 
of ice and &I HCI. ‘Ihe organic phase was separated. washed 
with Nail<‘<>, aq and dried over MgSO.. The solvent was 
removed tn wwuo to leave a thick oil which solid&d on 
standing (I I g) and was used in the next step without further 
purifition. v’A: 1740, l&$0 cm &. m/e 2.96 (M ), 6Yd 251(3A 
223(2), 195(491,168(100). lS3(57f, 12562% lfO(34).6c~, 
I.231 (7). 2.67r (7). 3.271 (7). 3.82s (3H). 3.84s (3H), 3.95s 
(3H), 4.101~ (7). 6.W (8). 7.506 (8). 

40xc~r3,~rrint~rbxfphcny~~~ ucid. The crude 
product from the above reaction was rcfluxcd with lp/, 
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Table 1. ‘H-NMR data 

2935 

Proton Ma’1 19b’l 16 161 l&c 
_ -,- - -.- --- -. I-. - ..,_._---.--- 

:;3 
3.43d (10) 4.W (9X J.om 3.9m 3.7m 
1.61.7m 1.5-2&m 0.7~2.2m 0.7.llm 0.7~21m 

4 2”?Om 2..?, 3.un 2.7bbr t f6) 2.71 hi t (68 2.h 
R 6.f6s 6.25s 6.37d (2) b.lbS 
5 

ArH 1 

6.39s 
6.S 6.85m 6.55-6.85m 6.6?.lm 

6.6 ,7.lm 6.78AR 

i 

3.55s 3.2% 3.58s 3.59s 3.6% 
3.79s 3.35s 3.725 3.75s 3.&-B 

OMC ( 3.8125 3.5&G 3.83% 

! 

3.965 380s 3.86s 
3.835 
3.83s 

Tabk 2. ) “C-NMR data 

Carbon 
.- - 

: 
3 
4 
4a 
5 
6 
3 
R 
ua 

:: 
3 
4 
5 
6 

C.&it 
i 

1%” 
- -. 
54.37 
43.87 
35.62 
39.011 

129.16 
110.77 
147.16 
147.45 
113.01 
139.11 
132.54 
112.26 
548.98 
147.03 
1 iQ.86 
122.00 
55.92 
SS.84( x 3f 

191” = lb 
-. - -1 -- 

47‘29 45.06 
44.93 23.95 
MM 21.12 
33.ti 33.M 

f28.93 839.44 
111.1s 129.74 
147.22 114.82 
147.50 157.52 
1 i2.95 112.31 
138.09 140.7R 
132.14 129.74 
112.42 129.56 
198.96 113.68 
147.08 157.86 
110.98 tt3.68 
121.83 129.66 
55.85 f * 4) 55.11 
58.91 55.16 

10 
.- . 
44.77 
23.30 
2012 
33.08 

i24.14 
140.33 
135.18 
Ix).% 
109.05 
139.43 
129.32 
$29.65 
113.65 
157.88 
113.65 
129.65 
55.20 
55.87 
60.34 
60.17 

Table 3. Mass spectral data 

?on 1% 15) 16 f* fbr 
,- .- - - -, - I_ - _- -. .-_ - - .- _, 

M’ 268tll) 328 166) 2b8 (57) (49) 328 (255 (95) 328 (29) 
ArzCH==X’HCH; 147 (lrlt?] 147fll) 147 (3101 147 (3ff41 147 (3) 
Ar’CH; 121(65) 181 (71) 121 (16)(44) 181 (57) (5) lRl(48) 
M-At” 161 - 22f (5) 161 (lb) (22) 22f@ (29) 221 f3lf 
M __ AraW” 220 (91 I~{]~)~)~) 220(3)(lf) 220 (91 
A&H; 

1: 
(65) 12t t22j 121(16~f44) 121 (iI) I21 (24) 

Ar’Cff=CH1: lwltst f34$4f i~~~5~~~~ l~~t~tt~~ 134i2) 
M - Ar’(‘H=CHlt 1.34{153 1Qd (601 13405ff341 194(2~1lIf 19-4 (9) 

tiholic aIk&i for 3 hr. Excas Whoi was craporated, the 4-Q&4-Thndwxypbnyllbvrmroic acid 1 Il. To amalge- 
product diluted with water and extracted with ether. The mared 221 f25 @ was added water (16 ml), cone HQ 136 mlh 
aqueous alkaline soin was acidified with HCI, extracted with toluav (26 ml) and the above kcto-acid (11.8 a) Pad the 
ether and the orlylnic layer dried over MgSO, and evapnrrtcd mixtun:~uxedfor48hr,gddingwacHC1(5ml)every~8hr. 
to give sn oil which subd~tied on standing 15.6 & 3$0/, from The soln was ooolcd to room tcmp, the aqutws layer 
trimcthoxyhnzenc)m.p. 88-89”. bCDCl, 2.731(6)(2H). 3.3Ot Btplintbd and eftn dilution with water (50 ml) extmctcd with 
(~~~ZH~~.W~S(~H~~.RRS(~HI 3.96,(3Hf.b.?06(91OH),7.S2d ether (3 x zs ml). The organic cxtract~~ were combined and 
(9ffIHl9.73br s(lHXm/r 2b8(lU?, tP& 195(ltX& v_ 1714, added to 5Ye NaOH aq and the sdvcnts removed by stcarn 
1671 an. ‘. distillation. The residual alkaline soln WILL cooled to 3W md 
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treated with dimethyl sulphatc (15 ml) to ranethylate 
dcmethylatcd matcnal. After stirring for 3O min the aqueous 
win was treated with activated charcoal and filtered. The 
filtratewascooled IO 19’anda~idifiadwithconcHCLTheacid 
whichseparated wastxtractcdint0cthaandconczntrationof 
the eth& soln yielded the crude acid (9.4 & 86*/,). bJz 1716 
an’ I. d CDCI, 1.9Sm f2Hl. 2.27116l(WL 262t (ftl2Ht 3.82s 
13HA 3.84s (3ri). 3.864. (3ti). 6.586 i8) iiH), 6.8id (SC (1H). 
m:‘e2S4(MY,48Q. 181 (100). 167(13), l&(27), 136(18). 

Methyl y3.4.S-rrimerhoxyphcnvl)butonwlr. Prepared ac- 
cording to the procedure described by Evansrr Ot. 54”, overall 
yield from 3,4,5-t~cthoxy~nn~c aud. P!! 1740, 1590 
cm “.6CDCI, 1.93m~2H).2.3&n(2H),252m(ZH),3.6Qs(3H), 
3.82s (9H), 6.4Os (2H). 

e(3.4.f-TrimrzhoxyphPnyllbulanoic acid 1 lc. The methyl 
ester (2. I 8) and KOH (0.7 s) in EIOH (IO ml) containing water 
(1 ml) were refluxcd for 3 hr. Excess alcohol was cvaporarcd, 
~hc mixture diluted with water. and the aqueous extract 
andifial with HCl(2ml).Thcmirturcwascoolcd inictand the 
product extracted into ether, washed wtth brine, dried 
@&SO,) and evaporated to afford the and which was 
rccrystalliscd from ether. m.p. 77 ?8* (1.84 8,920/,). d&y I71 5, 
1595.1454, 1425, l24O. IlXtcm-‘.dCDCl, IR-2.8mf6H), 
3.85s 19Hl. 64Os (2H). Found: C 59.599; H, 6.86. C,,H,,O, 
requmzs:C.61.02:H,7.08.m.:~IM~.8X9.).195(10).181(100), 
179(w)), ISI (11). Act. Mass hi’ 254.1 IS2 (C,,H,,O,). 

~~M~~x~~~~y~~-i-ol. q~~~hox~h~yl~ 
butanoic acid (3.8 g, 20 mM) was diss0lvcd in dry erhcr and 
borancdimcthyl sulphide (2.4 ml, IO M soln, 23 mM) added 
dropwir under nitrogen. The mixture was reRuxcd gently for 
1 hr after whrch it wascooled to ro0m tcmpand treated slowly 
with McOH (I.5 ml) before being tinally poured into ice-cold 
YeOH (60 ml). Removal of the solrcnts in GQ(W gave the 
product alcohol as a thick otl(3.5 8. 96%). tiz 3100 3600 
an” ‘. 6 CDCI, i.rXtm (4H). 2.3Obr s (IH, OX0 exch.), 2.6Om 
(ZH),3.6Om(2H),3 ~(3H),6.~(9)(2H~7.1~(9)(2H).7.1~ 
(9)(2H). m/e i8O(M’. 43%). 134(2O). 121(1OO). 

4+-McrhoxyphenyQburyl me&vtesulphonate. ‘To the al- 
cohol (i.#g, 6mM) in dry ether(SO ml)at 0” was added wwlth 
stirring Et,N (4.2 ml, 30mM) followed by methancsufphonyl 
chloride( 1.4 ml. I II mM). The mixture was allowed IO warm IO 
room tunp and the stirring continued for 3 hr when the 
mtxture was poured into ether (200 ml). extracted with wafer 
(2 x 50 ml) and sat NaHCO, aq (2 x 20 ml) and dried over 
MgSO,. Evaporation of the solvent in vacua gave the crude 
mcsylate which was used without further purification (1.45 & 
iOOQ.6CDCl, 1.70m(4H1.2.60m(2H).2.P4s(3H),3.709l3H). 
4.Xkn(2Hf.6.8t)rl(8)(2Ii),?.l0s(8)(2H).~~li~,i360cm ‘. 

q~~ei~xyp~ny~iy~ bromide 121. To the crude 
mcsylatc( 1.45 8.6mM) wasaddcdacctone(5Oml)and hthium 
bromide (1.6 ~3. I8 mM). The mixture was rcfluxcd for 6 hr. 
evaporarcd in mcuo, taken up in ether (2OO ml), washed with 
brine12 x 50ml)anddrial(M~O3.Thtpolvmt wasremoved 
in c-0 10 give a pale yclloW oil-( 1.25 g, 864; based on the 
alcohol). 6 CDCI, f.78m 14tI). 2.541 (?I l2HI. 3.34t (6) (2H). 
3.72s (jH), 6.??i (8) (2H). 7.046 (8) i2H). m/r 242/244 
(M:, 6%). 121(lOO). 

6(2.3,6T~inurhoxfpkn~~~burun-l-ol. This compound was 
prepared by borantmcthylsulph~dc reduction of the acid I fb 
using the same proobdure as described above for the 
preparation of q~~thoxyphcnyl)butan-l-01. $2 32OO- 
36OOun-‘.6CDCI, 1.6Om(4H).2.6Om(2H),3.OObr(lH,D,O 
each.), 3.6om (2H), 3.82s OH), 3 84s IIH). 3 86s(3H). 6.5&l (8) 
(lH).m~e2~(M~. 38Q, I81 (IOO), 166(27), 136(13). 

4-(23.4-Trmerho~ypknyf)buIy~ merhunmdphonufe. This 
was prepared from the above alcohol using the same 
proaxfurc as dcsczbcd for q~m~thoxyph~yl)butyl 
methanaulphonate. ti_y 1180, 1360 cm ‘. d CDCI, 1.73m 
(4H), 2.6&n (2H). 3.00s (3H), 3.86s (9H). 4.22m (2H). 6.5Sd (8) 
(lH~6.~(8)llH). 

4-(2,3,4_7iimPrhoxyp~n~~~r~l bmnido 1% This was 
prcparcdfromthcabovemaylateusingfhcsamcproozdurcas 
described for the prcparatton of Ih. The bromide was 
obtained as a pale yellow oil (86%). 6 CDCI, 1.8h (4H). 2.571 

(7)(2H). 3.4O1(6)(2H). 3.8Os(3H), 3.83s (3HA 3.85s (3H), 6.5&l 
(9) (IHA 6.78d (9) (IHf. m/r 3O214 fM’. 22%). 181 (1001 
i&(21). Act. Mass M’ 30~0534(C,;H+&j. .- 

4_(3.4.5-Trimcrhoxyp:phmy~~-I~l. Ihis compound was 
prepared by boranc mcthylsulp~de reduction of the and I Ic 
usingthesameproccdurcasemploycdfor~beprcpantionof~ 
+mcthoxyphcnyl)butan- I-01. 92 32OO-3&O, 1595, 1465, 
124O,ll3Oan ‘.LCDCl, l.~m(4H~2.3S~(lH,D~Ocxch.~ 
2.57m(2HI 3.64m(2H), 3.?9s(3Hb 3.815(6H).6.405(2H). m.‘e 
24O(M?. IV;), 182(13). 181 (25), IM(l2). 121 (12), Ill (12). 
IO8(12), 107(15). 

Y3,4,5- Trimetbox y~ny~yl methwusdpho~e. This 

was prepared from the above alcohol using the same 
procedure as dcscnbcd for q~mcthox~h~yl)butyi 
mcthanaulphonate. tis 1595,1355,1245,1175,1130cm~‘.6 
CDCI, i.?Sm (4H). 2.6Om (ZH), 3.OQs (3H). 3.85s (9H). 4.25m 
(ZH), 6.405 (2H). 

Q(3.4.5-T~~thoxyp~ny~~yi bmnkie 1% This was 
preparedfrom theabovemaylateusinnthcsamcprocedurtas 
besnibcd for the prcparatr& of lt;(860/, yielb). d CDCI, 
l.~mf4H),2.S8tf7)(2H). 3.411(6)12HL 3.8lsf3H~3.83sf6H~ 
6.40s (2H). m/e 3O2/4 (M’, 25Y& 21’5 (IO),‘181 (loO).‘A<. 
Mass M’ 302.05lS(C,,H,,BrO,). 

q~.~er~xyp~ny~y~ f~~ny~p~s~~~ bromide 

13a. A mlxturc of the bromide lfr (1.22 & 5 mM). 
tnphcnylphosphinc(1.13g. SmM)anddry bcnztne(Sml) was 
heated under rellux for 2O hr. After cooling the upper benzene 
layer was decanted to Leave a heavy tmmparcn rglasswhichwas 
washed well with dry bcnzenc to remove the startmg materials 
and trituratcd wirh dry benzene and dry petroleum nbcr (b.p. 
60 80”)togivea hardgummymau which resisted ail attempts 
at rccrystallisation. After drying m a vacuum desiccator the 
product was obtained as an amorphous powder which was 
~x~rcmcly hygrourtpic (yield 8O?dj m.p. i60-161’. d CDCI, 
1.~2.1m(4H12.59brt(61~21lL3.6&n(2H),3.7Os(3HL6.7Od(8) 
(2H).?.Otd(8)(2H).?68m(i~H). .. 

q23.6Trimcchoxypknyl)buty~ mtiphenylpksp 

brmide 13b. This was prepared using the same procedure as 
for compound 1h The salt was obtained as an amorphous 
hygroscopic powder (90”/.). 6 CDCI, 1.8Sm (4H), 2.6&n (2H), 
3.8Om (2H). 3.8Os (9H). 6.SSd (8) (IH), 7.7&n (ISH). 

4+3,4,5- ~ri~f~xyp~n~~~yl rrip~~~p~s~~i~ 
bromide 13~. This was prepared using the same procedure as 
for 13a. The salt was obtamcd as an amorphous hygroscopic 
powdcr(8S%).dCDCI, i.~2.~(4H).267~(2HA~.~4m(2~). 
3.74s (3Hf. 3.78s (6H1.6.xk f2H’). 7.7Om I1 SHI. 

4.QDimcthox)T~~;ohcxn-iS-dicnorrP. ‘Prepared according 
to the lit procedure I’ from 4-mcthoxyphenol by oxtdation 
with thallium trinitrafc(98f; yield). v’,‘, 1643 and 1695cm-‘. 
6 CDCI, 3.35s (6H). 6.2Od (IO) (2HL 6.8Od (10) (2H). 

Prcporori*nolrlutnonr-mcthrdeke,al Ma.Toasuspcnsion of 
the ohosohonium salt t3a 10.976 IL 2 mM1 in THF ix) ml) 
und&Niat -25’wasaddedn-Bu~(3ml,l.j9Msoln,~mM), 
The tcmpcraturc was maintained at - 25. for 15 mm and the 
mixture then allowed to warm to room temp. To the resultin 
red soln was added a soln of 4.bdimcthoxycyclohexa-2.S 
d~cnonc(O.3O8~2mM)inTHS~(lml).Themixturewasstirrcd 
for 2 hr and then poured info CH,C12 (50 ml) and SO,‘SO 
saturarcd bnne~water(25ml).Theorganiclaycrwasscparatcd 
and dncd (MgSO.). Removal of the solvent in wcrw yielded a 

brown oil (0.8X, g). AttemptaJ purification of a small amount 
of this crude product on a column of neutral alumina (70-230 
mesh) elutcd with CH,Cl, gave a low ytdd (14X) of a 
compound tentatively identified as the alkcnc 1s d! 1615, 
1520. 1250. ll8O. 1035 cm-‘. 6CDCl, 1.2 l.Rm(4H). 3.74s 
(6H), 5.e6.4m (IH). 6.7-7.3m (9H). m/e 368 (M ?. I?%), 147 
(100). 134(M), 121(71). Act MassM’ 238.1466(C,,H100,). 

Prepurarion oj quinone-me&de ketal lib. Prepared by 
Witfig reaction of the phosphoniurn salt with 4.6 
dimethoxycy~o~xa-~~i~onc BS deacribaf for the prcpar- 
at~onof14a.Thecrudekctal wasobtaincdasbrownviscousoil 
and used without further punfmtion. 

Prepararion of @none-mcrhide kerd 14~. Prepared by 
Wilti reaction of [he phosphonium salt wifh 4.4 
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dimethoxycy~ohe~-sconce described for the prcpar- 
ation of IL. The crude kctal was obtained as a brown viscvus 
oil and uacd without further purification. 

Reaaion t$qulmumrNdc k”d IC wirk BFx+tie. To 
a~~~~~q~k~~~~~~t~~ 
(8 ml) was ad&d BF+thcratt (2.1 ml) and the mixtun kept 
stitting at room tcmp for 15 hr. The mixturc was then poural 
intoCX,Cl,f30ml)andwuh~orith~~tNnHCO,aq(MmlJ. 
The organic layer was dried (UgSO.) and cvnccntrtttcd in 
uceuo to give the crude product (550 ma) which rhowcd two 
distinct spots on TLC in addition to some basciinc material, 
Separation of the EtOAc xvlubk matcria1 by flash 
~hromato~a~y on silica gd f-230 mesh) cluting with 
EtOAc yicldcd two products : 

(i) f_fir-~~horyphcnyl~?-mclh4xytct~~ Ma (230 mg, 
dZ<) (‘L” 161s. 1518, 1250, lO4Ocu-‘. For ‘H- and i%- 
NMRsf~ctnrrcTa~landImr’c268(Mf,S~~240(13L, 
x19(12), 16OflOO). IS9fW. 134flSl. 121 (161. M: 268.1451 
(C,.H**O,). 

~~)T~p~enylPho~hincoxidc(~m~m,p. 156f%.5”.mic 
277fIriI:. 1QW.l. 149fPlt Inaddition l~~d~t~ which 
was insoluble in ethyl acctatc and having glow R, scparatcd 
whose NMR strongly rcscmbkd that of the starting 
phosphonium salt. 

Reocrion cfqtd~~~~hide kemf Mb with BF,-etherare+ To 
a~lnofthcc~dcqu~no~-mct~dckct~fI,2~inCH~~~fl~ 
ml) was added BF,-cthcratc (3.5 ml). The mixtun was stirred 
at r~x~rnt~p~r ~rnjn~ thmdilutrdwrthCW,C‘I,(sOmiX 
washed with sat NaHCO, aq f2 Y 25 ml) and dried (MgSO,t. 
Onconccntrationintvlcuoa brown viscousmars wasobtaincd 
f 1.11 s) which showed two major spots on TLC along with a 
small amount of baschnc matcriol.lhic ww further purifkd by 
flash chtomuto~aphy on srlica gel f2u1-400 mcshf ciuting 
with EIOAC to-dorh 2 produru fi) I+mcthoxyphcnyl~ 
5,6,?-t~m~hoxytctralin 16bfW84 g blp,). For ‘H- and ‘%- 
NMR spectra mc Tabks I and t *e 328 (M te 28%~ 181(57), 
166ft31, lS8flO). 143f20). 124flOOL 121 (12). 109(93). M’ 
328.1669 fC,,H,,O, rcuuircs 328.1672). (ii) Triohcnyl- 
phosphinc ox%c $.3?S 8, j67*), 

. . 

Reaction a/ quinone-e&i& keJd I*: wirk BF, etherate. To 
a soln of the crude quinonc-methidc kctal(O.72 8) in CH,Cl, 
(IO ml) was added Bl~,-cthcratc (2.5 ml) at room temp. The 
mixture was stirred for 30 mitt and tbcn poured into a I : I 
mixture of CHtCI, and brine (30 ml). The organic layer wrct 
scpatatcd and warhcd with water f25 ml), sat NaHCO, aq (25 
ml), dried and evaporated to 8ivc a brown pm f0.60 g.) which 
showed three spots on TLC. The crude product was thcrcforc 
purified by flaih chromatography on a column of silica gel 
(230-W mesh) clutcd with EtOAc which yicldcd as the main 
product Ii4-mtthoxyphcnylM,7,8-trimcthoxytctfalin I6c 
f228mg4~_).Fvr ‘H-and “C-NMRspcctresccTabksf and 
2. m/e 328 (MT, rso/,L 297 (Xl), 292 (13k 221 (31). 215 (1lL 
182140). 181 (48). 167(13t, 151 fit). 121 (24). liO(37) Act. 
Mm.. M f 328.1674 fC20HaI0.). 

Revcrion a$ quinmwnerhide keral Ma with TFAA. To the 
crude quinonc-methtdc kctaf il.5 g) in THF (7 mff was added 
t~~uora~~a~hyd~def~ ml)and the mixture kept r~irtingat 
room tcmp for 3 hr. Tbc rcsulttng red soln was poured into a 
mixture ord~hlorom~ha~c (108 ml) and water (tO0 mf) and 
the orgamc layer scparatcd and washcd succcasi~dy with 
water (100 ml) and sat NaHCO, aq (2 x RIO ml). The organic 
layer wasdrial(iCfgSO,)andconocnttatad int~~togivc tha 
crude product ( I .4 B) which showcd two distinct spotx on TLC 
tn addttivn IO some barcfine material. ration vfthc cthcr 
soluhk material yicldcd two products(i) the alkcnc I* (800 
mg, 55Q. $@,, ‘*“161? 1519.1250,11fS~“.ICDCI,1.2-1.8m 
(4Hk 3.70s (6X), 6.~7.8m flOfQ mip 268 (hi :, ll”/a 147 (loo), 
134 (1%. 121 165). Act. Mats Mt 268.t463 (C,,H,,Q2). (ii) 
‘~~ph~ylphosphjnc oxide (30 ma). 

Reacrton of ~~~#-~h~ kerol Mb with TFAA. The 
crudequinonc-mcthidckctal(4l.66g)inTHF(4ml)wastrcatcd 
with TFAA (3 ml) at room tcmp with stirring for 30 min. Tbc 
resulting red cvlourcd svln was poured into a 1 : 1 mixturc of 

CH,tlt and water ( 1 Wmlf Tbc organic phase wan scparotod, 
wolhcd with water (2 x 50 ml) and sat NaHCO, aq and driat 
(MgSOJ. Evaporation of the r~lvcnta in nncno yicldd a 
@mamy mass (0.6 gJ which shvwcd two distinct spvts by TLC 
in addition to a small amount of baa&m muript. Flash 
chromatography on silica gel ucinn EtOAc as ducttt gave the 
product (%5‘ mg 38’XJ Furthe; cxamitnttion by-HPLC 
fTcchxil l~/CH,Cl,l showed howcm that this material 
containad two~rn~n~t~ which wcrcthcrcforcsc~am~cd by 
preparative HPLC (Lichroprcp SMO/CHtCl,-pctrokum 
ether gradient system). The two new camponcnts wcrc 
idcntifGdas thea$tctralin l~m~e3~(M~,~~~?(i3~ 
X53(13), l~f~~l81(75), 167(10), f66(f7), lS~(23~147(13~ 
137 (IO), 121 (29 d CDCl, 0.7~21m f4H), 2.7lbr t 16) (2H), 
J.%f3Hj, 3.7h(3H), 3.83s(3H), 386c(3H), 3.9mflHf6.t6s 
fIHk6.8fM fP)f2H1?.006f9)fZHLand thcalkcnc 15). m!e 328 
fN?.660/,k29j(ilk 194(k). 181(71). 166(12X t51 f46k 147 
(1 I), 137 (i3k 121(U) 6 CDCY, 1.1-l% (4Hk 3.66.3.69.3.72s 
f12Hl. 6.5 f.3m f8H1. Act Mass MT 3~.1~7fC,~H,~O~). *” __ 

?-.IJet)roxy-1-&&e I?*. 4+Ncthoxypkttyl)bulanoic 
scid 15.2 8.27 mM) was added to ~I~h~pbo~c acid (16 s) 
and warmed IO 90” on s steam bath. The mixture was stirred at 
90‘ for 4 min when another portion of PPA f 14 g) was addcd 
and the mixture stirral for 4 min. The mixture was then covkd 
to60” and dccompvscd with iccand water. ~r~uitinR~lid 
was taken up in;thcr, washed with water. SYQ NaOk, 3TL 
AcOH fotlvwcd by 5”: NaHCO, aq and dncd (MgS0J. On 
~R~nt~tiono~t~~~ soln in WXWQ pak ydlow sviid wax 
obtatmdm.p.6t-62”.0srrystalli~tiv~from pctrolcumcthcr 
fb.p. tro 8tY f the product (4.5 g. 859;) had mp. 6i.S 62.5 ’ flit.’ 
61-625 ) Y_ 1688cm“.6CDCl, 2.llq(6)(2Hf,2.61t (6) 
f2Hj. 2.86t (6) (ZH), 3.80s (3HI. 699dd (8. 2) flH) 7.14d (8) 
flHltdlMf2)flWf.m!e176fM~. 1OfW. 148127l. 1471121 )34i181 Ix,(sa), . .r.. . . . . I. 

5,6,7-7imerhox~ I-retrdme I‘&. This wax prcparcd by 
cyclisation of k(23,6trimcthvxyphrnyl)butanoK: acid using 
PPAurthesamewayashsaribcdfortheprpansionoCfh 
Yield 949,. $A’: I684 cm* i. m.p. 76 77,. 6 CIXJ, 2.lOq f6) 
fZH),2.60rf6)f2H~3.86sf3HX3.RPs(3W),3.W~(3H),?.~(lHl. 
Found: C, 65.74; H.6.96. C,,H,,O. tcqutrcs: C65.67; H, 
6.7P0.me2.36(M:, 100”.),221f24). 193(11), 165(14). 

1 -ffydtnxp- I -fQ-mcrhox~p~)~~-~~xyrplrafintS. 
To ~8tumin~fO.l~~6mM)~~THF(2ml)wa~add~und~ 
Nt with stirring a sofn ~~bromomcthoxy~~c fO.9 g, 5 
ml@) in THF (2 ml). After the addition wax cvmpletc the 
mixtu~wa$k~t~ti~ngfvr t hrbywhich timcmosto~t~~g 
had rcactcd and the soln aquircd a light straw cvlvur. This 
soln warcthcn transferrod usingadctuhlc-cndcdneadktos sotn 
ofthctct~akmc iYa(O.45g 2 5 mM)inTHF(S ml)cookd toe. 
~cmixtu~was~ti~~for4hratr~mt~pandat~. for 1.5 
hr bcfortbctngtrcatod with ivc andcone HClf0.I rnI)~~~llt~w~ 
b~NH.~~faq.~cot~nicpha~w~t~kc~upincth~,was~ 
with b~ncf~“~)andd~~(M~O.).Con~trationofthc~ln 
in tamu gw a Emmy mass (0.72 gf which was puritkd by 
passing through a column ofsilica gei(flash chromatography) 
cluting first with CII,Cl, and then ethyl acctatc. The ethyl 
acctatefractton wascvnantratcd toafford the productf0.41 g. 
60”/0).v’~350;)fbr).1615,lSld1250,10409n-’.mit~fM~. 
1 m 266 M H,O* la%, 255 (21l.261129k 23s f2oL 225 12% 
I78ft(121,l?~tl4~~1~6f32~ 16Sfllt, lSRflO), 1Xl(t4), 137(12j, 
135f49L 12ff5flk 129f101. 115f14).6CXl, t.2 I.lmfQH). 
27Om (2H). 3.60s f3Hk3.?4s (3ri), ~.C%?tn ( IHj. 636d (3) (1 H), 
6.5-7.2m f6H). 

1 - iipimxy * 1. (4 - mettwxyplierJyf) - 5,6.7 - r~f~x~7~~~~ 
Mb. Repad using the same procedure as for l&I. Tkc crude 
product was purified by passing it through a short column of 
siiica~usingcthylacctatcsscturnt. Evaporationofthccthyl 
acetate &SW the product as a gum (WQ. 8-y 3500fbr). 1619, 
1515.149S.146S. 1410.1355,12X),11~.1120,1035cm *.mre 
344(M~.3~~326(M-H,0,90).324(11t,311f21),236(31), 
1.77(22). 165(10), 163(11), 135(3St, 121 (IS). 

t_(CMCJhoxyphcny~7-mcthnXpeJralfn 16~. ThC CWbinOk 

I& f0.4 8) wu hydrogcnolyscd using W-C ( IOg, $50 mg) in 
AcOH (50 ml) containing pcrchloric acid fl ml). When no 



further absorption of H, was observed (6 hr) the mixture was 
filtered and diluted with water (2OOml). Extraction wtth ether 
(2 x 100 ml) followed by washing with water (2 x iOO ml). sat 
NaHCO,au(Z Y 100ml).dryin~(MgSO,)aodevoporationin 
~1~~0&~Wa-gummy-(d.33-k90”/,).v, 1615.iS15.1465, 
1250,~t#.~0(0an“.m/c261((M’,490/,).240(141239~133 
209 (15). 165 (Ilk I60 (100X 1)s (34). 129 ($0). 121 (44). The 
NMR spectra were identical to those of the product obtained 
bv cvchsation of Ma (set TaMa 1 and 2). Arr. Mass M t 
268.i463 (C,,H,,O,). 

1.16Mffhoxyphny~5,6,?-trimcthoxyrnr~ilin Mb. Prc 
pared by hydrogcnolysis of 18L as d&bed for the 

preparation of 16. Tbc product was obtained as a gum (85% 
yie1d).~~1610,1515,1495.1465.1410,1350.1250.1180.11XI, 
1035 cm ‘.~c328(M~.9P/3,329(18),297(16~227(47),221 
(29),220(17), 197(18), 194(11), 193(11), 165(17),135(20). 134 
(tO~121(51).IheNMRspcctrawatidenticlltothovofthe 
product obtained by cydisation of 14h (see Tabks 1 and 2). 
Ace. Maas M’ 328.1674(C,,H,,O& 
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