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la mbergia specie5 IlcohvMoid quiMnca, e.g. c 
metboxydahrghc Ir and 4,)‘dimet!loxydarhgionc 
lb, coaccur with quinols 2a and cyclizcd derived 

b:R-H 

b:f?-tM, 

Pa : R-H 

b : R-OMn 

4 

mbiaynth&aifromrcommoapbc&cprccmrorby 
initial C-alkyhthl with ciuaMlylpyropbo5phte: 

Ahbou$I tc!chnd di5cuttic5 have 50 far pnxludcd 
attempts to tut this proposal by incorporatioa of radio- 
lab&d precurson, it5 validity is well sufpoftcd on 

nu.chisticU ad phytocbcmical groudr. However, 
1hi5 biogenetic scbtme does 5uggcat tbc mxd to consider 
two points which do not appear to have been ni5ed 
previously. viz (a) t& fact thu ncitbu 2&munyCS- 
metboxyqllino0a S&Sb,WhiCbUei5oIldCWithlUUlld 

ddbergiom. nor iddhbk derivatives, 5ucb as their 
cyclizah products, hve been detected in fhlbe&a or 

in My 0th plant spccic5, and (b) cionunylquiad5 6 
isotllh with tbc natural nc43hafloid quinols 2 have not 
been foulKl; DODC of tbc known rmtunl cinnamylpbcnol5’ 
contain an OH orho to tbc chunyl group, ahbougb 
ottho methyl etbca such as 4 arc kmvn. we have now 

5bown that wherea ncohanoid quinones of type 1 ue 
r&iveJy stabk, the isomuic chnamylquinones undergo 
facik cychtioa, t@r&oa, sod dimcrizhon reaction5. 
Sincctbcinitialpmduct.5ofthesereactionraretbcm- 
5CtVCS &hiy rC&VC, m to UnoQhS 5Clf Con- 
rkn5ath prodllct5, tbc rbrencc of rccog&M cin- 
namylquinones or duivativcs in h&&u species does 
not iovalidatc the OIlis-Gottlieb theory. In fact, this 

abilii to polymerize sllg#c5t5 thu tbc ilkkfinal poly- 
meric “taMilt5” which occur in mlbergiu bcxmvood5 

my be tk ~&I&C end product5 of aaasient, labile 
cimmmylqtine5 * inithlly from the alkyhtioo of 
bydroxyquinol. 

2-ciMunyc5-methoxy-1.M!eKoquinorle sr. prepucd 
ahost quantitatively by tier oxide oxidhoa of tbc 
quieol h, cyclizes readily in boiling bcnzeac sohttion5 to 
give, in addition to sm8ll unounts of rmorpbou.5 

(b) 
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lartahl,~kigh@dXOf8cobrkr,~~Pbd 

idtntakdu6-bydroxy-7-metboxydrv-3-ent7~Ia 
&CCdWiththiBttrPcmntbrpdUCtbtcomaydbWh 
HCl fwlu, form8 moaomwhyi ubd mcmobaoyl 
&XhtiWS,MditBNMRrpacbrua8bOWlthCpnccOCe 
of three AMX protoax (85.68, IH, dd, J -9, 3.5 Hz; 
85.82, lH, &I, J -3.5, MHz; 86.44, lH, dd, J-9, 
I.5Hz)whicbamybeau&d7tothepfotocuatpori- 
tioIlxZ3Md4rup&vdydrhv-3-eae.InuIditiDa, 
tbecoalpodfornnrax~&oa~hydro- 

n8vMuorohydr&rsductioqof9givua~ 
iccwer of 78. It b WeIl cstdldd that borohydrh 
ruhlcha of Qvytium UJb’ yiddl eW2catl, 8Dd in 
ageemcotwithruuctnre1OthcNMRrpecaumoftbc 
fkvyhmrcddoopodMxbowxrQPbletIt83SO 
(J=4Ht)fort&C,mcthykneprotaadatri+aI 
85.~(J-IHt)foctbeC,vinyiprotosSiacc.tbfcyC- 
liz.hodkqzoteayI+timWdtbedrptrmtloaof 
mctbyLquinona 8re believed to invdve in&I form&n 
of taatomchc 0rrhOquiwae methida:‘H tbc tbund 
~nbcfltof~to7~bpraamedtoproceedvi8la 

llnshbk orflroquinonc mthide illtdiue 11 or 12, 
ahbough direct evidence for this is lacking. When moni- 
tored at intend by TLC no intermediates in tbc change 
were dctectal. whik an rttcmpt to ‘W an orfho- 
quinonc methide as I 2ctboxychroamn by co- 
thCthC?drerctioaillbCaZe~CMltdIl&d!!ylviIlyl 
et&d’ g4ve only 7a Bcausc of ku extcodcd cob 
&p&m it would be mtkipxtul thxt t& orthq4honc 
aWhilk mutomer 13 of 18 sbodd be hs stab+& ad 
hence not xx easily formed xs that (11 or 12) from tbe 
ch8mylquinonc. In con6rmrtion of this, Cmcthoxy- 
ddbc+ac doer not thermally cyclixe in benzene. rad it 
wu recovered quMtitatively after prolonged ree in 
thix solvent 

Ahhougb cmetboxyddbergione does not isomerice in 
baiting benzene, it cyclizcs almost quxntihtivtly in N,N- 
dimet!lyIdnopyridid~ or pydirlc” to tbc MturaI c 
pba&luomene 3. In contraa to the dmeoce of reported 
aide-p- in tbc tmseatdyd cyclization of dal- 
be+aa, the ciMamyIquinone h rppidly decompoaa 
in weaMy t&c solutions to give 1. compkx mixture of 
ahonomcric xnd, evcntudly, ohgomtric compoandx. 
Thus. TLC on silkic acid indicates that in metbad 
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protom to 86.27 md 86.73. This triie, therefore. is 
l!itkslUa1JCAnattykOMe(aOH)poupcoIl- 
~Wit!ltrpopbeaylit@4Uill11)radlSU&d, 
dCOWXC,kCJXpCCtdtObCCX&~hbik,Xdthh 

was conftnned by reayrtrfliript the dimctboxy-diben- 
?.oue14bfromethxaoicaaain&rtnceofxcid.Tbc 
m moaowtboxyaroDoethoxy compound 
14c(orlsc)wasobbaJ. Purrbennon,tbcmrsrtpectn 
dt&bmuic6auKual4bmdlsbwercidcnticll. 
In&dithtotkM*ioaat494both8howedrpcom- 
intatioartmlr462(M*-~)iadiativeofinhhl~of 
mabrndAlCXpCCtCd,thC dibaumm Mb and l5b 
anmt be di&@baJ by koc dust reduction ia 
UWkdWbMd,riDccbothyidd~miXtlUC(iWpU- 
rMe)d~~loditcisomtr,S-mttboxy-Z-(3 
-~~~hl-o~~oyI) - 1.4 - beazme dial dihuaate. 

amIcumsoftbaebelwyldsliv8- 
tivisithckutb8ttheqtlieDhhithnyfonlledfromtbe 
cilummy4uimocsIinbasicmahucanylk&o4ols 
1~lodtiortbcirwthylet!hcnranlt&fromuJdition 
dnterolmethmltotbcquinmcmethide11or12. 

Extemivcdccompokti0nofS1kAngtothefor- 
miondincoluMesolidsoamevenintmm-buic 

W8:R-Rf-H 
b : R-coPtl, RpMD 
a : R-COPh; &-Et 
d : R-~~OFn 

Ba : R-q-H 

b i ~-corn; ~,-kk 

c : R-COPh;R,-Et 

d : R-R,-COW 

mIia.AhhoIt&t&8cnrctiw,hrveaotyetbeen~ 
kdindttxilbanaedt&ampkxmixturaformal. 
mu88pcctr8lmexxurementxhwthxttbe~ 
dimeric pfwhlm are formed iJl I number of solvent 
8yXtcm8.S1iaunatxbkin~4uaoure~xnd 
afta5otuitxmohltioadejwlPrduk,~inrduMe 
solid(moLw+bt3OSS3O).TILdtheaquaiusak+ 
holic lea&n 5tmte tbea sbowl complete coovanion of 
5aintoamixtm0ftbehveaemdatleut130tber 
cmpouds. CMethoxyd8bgiow L rchtivcly St&k in 
4wousetha&u&rtberuntcoaditiom;aftcrU)hrrt 
r&x NhIR mr)yrb of the raction mixture showed 
oaly 2 Ilwera, atart& m8!cra(80%) md the c 
ptbroykhromcnc 3 (20%). 

Inrfchtedinvati&onwehveobuxvaltbat2-(4- 
wtboxybcluyi) - 5 - metboxy - I.4 - benwquimoc I& 
rxpidly diwrizer in balk medim to give hi&l yields of 
novel produch wh smxtum hve not yet bee0 
atabhbed with cat&y. However. u prcviousiy 
repotin for mctbylbal7Dq~ MMI methyl- 
mpthaqllim~, tbc dimchth of 16@ nmy iovdve 
inithl at&k of its c&Mion 17a on the tautomeric 
orthoquinone methide l&. 

a-Alkyi-bcaxyi- 1.4-benmqhonurtrbudihy- 
dro - 4.4 - dimetboxydab&ooe l(b, bowever, do m 
diIlu+e under the W CoDditioru, eg. lcb is 
lumhtcdon~witbpyridioe.Mdinechnolic 
KOHithmerelyconvatedintodibydro-I-#boxy-1’ 
-methxydaIb&one.Ihtimbilitydl6btodhrixe 
indiam tha! th arkyi sob8titWot nmy rteriauy inhibit 
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l3 from 4-autpoxyddbagiont inlaits 
pc&awhm but favors its cycl- intiwto3.‘Ik0~ecwhidtI,or12fromsa 

Imy not only cyclix but also Iln&rgo competitive . . . -n and hydntion rcactiow. Furtbawm, 
kvaxa7dquina414.lswyfdfromcib 
nUn~UChbikcOmpwnb,whicbWdk 

expcc!ai to polymerize by nrctiortlrimilrrtotbore 
known to be invdval” in the formuioa of cuxlcd 
phnt tadns from catshim and &an-3,4-&h. e.g. 

lea :R-H 
b:R-Et 

likCsItheCitUWylqUiIhOOC~).iromaicWith~ 
4,~dimctbox~ae lb, is unstabk. It r8pidly 
cyclizcs in boiling benzene to tbc &vent n (an oil) 
wiicb on catalytic bydrogcn8tion ykkh tbc hvan 0. 
FM tbc ryntb& of sb, mctboxyquiIbd wu a3ndcId 
with (i) - 1 - (4 - mthoxypkayl) - dlyi akabd 19 to 
yield the ciMmytpbcd 0 and 3 - (4 - oEtboxyciD- 
nunyl) - 6 - bydroxy - Y.7 - dimethoxyhaa 28. Tbc 
form8tion of 3-chaun*w nhtal to 28 in sin&r 
dkyhth reacthu has been well eurbliabai.*” oxi&- 
tionofCbariths~eroxidtin~tmtbtopvetbc 
quiale s. 

pIpDwI*L 

Mmgcuc UOCO%lCd.NMRCpfldIlWWktCkWdis 
CDcI,witbrTMsiutmmlImndudoorDodabdVuira 
HA-100 kvumcat uv apectn Yen detamhd in Etofi. 

75.1; Ii. 5s. cak. for c$&o#: c. 75.6; H. SJS%); A_ 366 
f3.24), 2S7 (4.4s) am (bl r); NMR spednam: 6333,2H, dd, J - 7. 
I Hz; 1360, 3H. I; bs.94. IH. s; 86.1s. IH. k I-7, 16lizi 
&SO, IH, d. I - 16 Hz; MiSS, IH. t J - I Hz; 87.lbd7.X, SH, 
m. 



QLliKmuMdquinwe~Il 61 

NMR rpcctnrm: 83.81. 3H. a: dS.18. IH (OH). s; dJ.68. Hi. &I. 
J - 9.35 Sir; 85.82. IH. dd, J - 35, I.5 Hz; 86.40, IH. I; 66.44, 
IH. dd. J - 9. IJ Hz; 66.61. IH. I; 67.266752 SH. m. 

A l&l of h (ZOg) kl bcclzcflc (Y)ml) coailt& ubyl vioyl 
ctbcr (IOnI) bcaed uodcr rdhx for 24br anIl worked up as 
dcrribcd above gave the bvcac 7~ m.p. and q .m.p. W 
(1.21). 

A kxaue of 7a, dimctbyi sulfate (2.0 ml). K,CO, (5 I) IDIJ 
uciooc(3oml)wlsr&lxcdfor Ihrlkmixturcwuc.omxa 
InIai, dihd wilb water Md. after bydn+yi of cxcen 
dimcfbyi ullfac. CXMal wilb ctbcr. lte utlcr Iota vu dilaal 
with I hrp vdpw of S&fly wlve F. ccmcatruul aed am&d. 
Tbccryrtaltincprwhtctwasrwryukdfmm!&dlywkFto 
dvc 6.1-dimethxyjuo-+au aa co&rku. rthttnio plates. m.p. 
iI* (0.41 I). (F&i: C. 163: H, S.98. &k. for C,,H,,O,; c. 
16.1; H. 6.01%): NMR swctrum: 63.61. 3H. I: d3.M. 3H. 1: 
6S.68. IH, dd. i - 9.35 fir; dS.666. IH, dd. J ; 31s. I Hi; 666143, 
IH. s; 66.46. IH, &J. J - 9. I Hz; 665-l. IH. s: 67.3W7.54, SH. 
m. 

compound 7r (O.rnL), tle8tcd wilb bcazoyi chbhdc (03 ml) 
aDd pyTidinc (O.Sml) pvc 71 m om&aw8l~cdohDcedkr 
(from MeOH). q .p. 13&l31’ (0.156). (Found: C. 76.9; H. S.U. 
Cak. for &,H,,O,: C. 77.0; H. S.O6%): NMR spwtrum: 63.74. 
3H, s; 65.69, IH. dd. J-9.5. 35Hr: SS.92_ IH. &I. J-3.5. 
IS Hz; 66.16. IH. dd. J = 9.5. I.5 Hz; 66.50. IH. I; 66.63. IH. s; 
87.2&97.64, IIH. m; #.lbd8.27.2Ii. m. 

b&dnwy-1-mtahoxy#awn Ir 

CompouDdtr(OJ~)bbyQqtnrledioTHF(30ml)rnxw 
temp.and2OpsiwitbS%PdCcatdyrLTbcp&uctaysr&2ui 
fromSLdlyrdveto~ve&ucdorkuDccdkr,~p.ll~lll* 
(0.41 r). (Fwnd: C. 74.9; H. 6.37. Cak. for C,,Jf&,: C. 15.0; H. 
6.29%): NMR spectrum: 6216. W. m; 62.85.2Ji. m: d3.85.3H. 
I: 64.99. IH. dd. J - 9, JHr; bS.22, IH (OH), s; 6630. IH. a; 
86.65. IH. I; d-l.& SH, s. 

aH$nwy-7-melko9#80yhlm pwchbmre upuatod lI ydbw 
nccdks. q .p. 255-256’. (Found: C. 54.6; H. 3.92. Cak. for 
C&O,CI: C. 54.4; H. 3.99%). Tbt ctba wto from the reaction 
wnevapentcdunlrberaiduccryaUizcdftomSdlyrdveFco 
&e & (0.06 1), m.p. and m.m.p. I l&l I I’ (Fcad: C. lS.0; H. 
6.30%). 

bHydmxy-7-mahox+-2-ar IO 
NaRH, (0.4I, wu &cd to I rtupeti of bbydroxy-7- 

~xylh+rn pcrcbbnfc (LO& in McOH (2OmI) u 5.. 
After 10 ruin nrer (la)@ rod 5% NIHSO, q (S ml) were 
ddtd.lklotidprodPctcryahdfrom!WJyldveFtoyidd 
IO u colorh we&s. m.p. 112-l IY. (Found: C. 75.8; H. s.61. 
C&. for C&,0,: C, 75.6; H. S.SS%); A, 296 (4.16) 244 (2.70) 
MI Oar e); NYR spectrum: 63.50. W. d. J - 4 Hz: d3.69.3H. I: 
653. lH (OH). I; dS.47. IH. I. J - 4 Hz; 66.60, IH, ,; &&, jH; 
I; 67.2867.78. SH, m. 

(a) actboxydak+nc Ia (20&l, braled io puidinc ” 
hi.” pve 3. cobrku nredks from Selly solve F. m.p. 
W Ok" m.p. f9blOCP) (L&51); NMR -: 13.67. 3H. s: 
64.77. IH. d, J - 4Hr); 6X200. iH. I; dS.‘li, IH. I. J - 4 H;; wj,; 
lH. I; 66.64. IH. s; 673636. SH. s.1~ ma. 125.. was rccowsrd 
q~~vdywbtD~~~(l.O1)in~(20al)rubcrtcd 
under reuux for mlhr. conantnkd. d l.taltd with skclly 
wlve F. 

@) A win of Ia (0.1 r) in EtOH (IS cd) md wuer (1 n@ was 
kucdull&Yreauxfor48hr*dihJlcdlu+lblvllcr,arldcxtracd 
lv+Ibetbcr.TLCofcbccthcrcxtr8ctsbolvcdIbcprrrcnaoalyd 
Irti3(ntio4:1 byNMR~ysis).lkruiducobtrinedon 

mpontioadtbectbcrwudkrolwxlioSkdlywlveF.On 
umaa~lnrrwtsdlrayrtgitoduydbwncedltr,m.p. 
aad q .m.p. IZCIW. Fwtbu coowan& ~vc3ncobka 
0mJks. m.p. ud map. W. 

lkci~~1ytqhmch~O1)etrtbdwitbEtOH(1SOml)md 
nta(Srl)U&YlbCnat condihsdccompowd.Enpontioa 
oflkmixhKepver&rk@mwbicblvascxrnclcdwilbal!ler. 
lbeMclbcl~hblcprodDct(03st)~CTU:~) 
ofooc~bhlcandfivcred-4k~mdecrrhr~l~ 
palnds.TbrclbcrsotubhBfrxtioalzoh&dofrmixturcofthc 
hveDc10andrtk8st&kotbcrcompcu&wtiwcrew1 
idcnlifkd. 

ifydmrh oj L 
(1) comixwrd L (1.56) was warmed wkb pyridinc (3.Oml) 

wcle war (5 dropl) unlil1 ckar l&l mukcd (3&e). 
Bcnzoyicihidc(3.0ml)rutbc0~ladlfta5mialk 
mixturewuditutcdwitbwer.fWlo~bydrc+ofexcua 
bclKoyichbridctkoitypm&nc!wuco~lod~~ 
MeOH~rdmpofcooc.HCLIbctm&dvalsotid 
wuulcredudrecryst.akdfron ~MCOHtogivClk 
r~eIYoru(u~~r.p.lPCIPT(O.~~ 
(pound: C. 15.1; H. 4.85. Cak. for C-H&,: C. 76.0; H. 4.0%); _. - 
NMR spe&um: 6311,3H. I: 66.27, IH. dd. J - 155.6 Hz: 86.60. 
IH.d.J-6Hr:66.73.IH.d.J-IS.SHz:W.B7.IH.s:67.l667.76. 
ISH,rn; 67.90&.26;6H; i. 

TbcMc0HsohoftbchuoyIucdmixfufe,fr0mu&icbtbe 
aibeazoUehdkoPhnrd,dtporicsdrayr~mixmn 
(&30I)oftwodiioortradiq.F~Rayrtrl- 
thd from MeOH, 19, m.p. W-166’. wpuued tint u cdoh~ 
ncedks (0.546.) wu puhd by recryrtlnitrtaa from 
wxtoae-MeOH. (Found: C, lS.lti. 5.38. Cak. for C,,H,.O.: C. -. - _ 
75.3: H. 5.30%); NMR: 63.3s. 3H. s; 6382 3H. s; 64.96. IH. d, 
J - 6 Hz: 66.19. IH. dd. J - 16. 6 Hz: 86.52. IH. d. J - 16k 
86.86, Ii. s; b.2.3: SH. I: 87h; Ifi. s: 8?.4&Nk, 6H. mf 
68.IOdS.30. 4H. m; m/c (46): 494 (1.4). 462 (3.0). 389 (7.9). 373 
(4.5). 358 Q-3). 105 (100). 

ltcmorcMhbkdibcntoltcayrtr4itedw*~ 
rn!hdtbcMeOHsoh,mdwuwyadhdfrolDMcOfito 
Liw 1s u wbrku ncedks, rl!Lp. I34 (O.lS1). (FoulId: c. 75.0; 
H, 536. C&z. for C,,H,O.: C. 15.3; H, 5.X?%); NMR m: _. - _ 
63.30.3H. I; 63.82,3H, I; 64.73, IH, d. J - 7 Hz; W.li IH, dd. 
J - 16.7 Hz: 66.62. IH. d. J - I6 Hz: 66.86. IH. I: 87.26. SH. s: 
67.38, IH. s; 87.16-87.10.6H. m: ~.lW8~h. i. m; n& (4): 
)91(1.9). 462 (1.9). 389 (7.6). 373 (3.8). 358 (26). 105 (la). 

TbeMcOHfUrraccfromtbccru&mixturcofdibaauuwu 
enponkdtomoilwhicbayuaIhdfrom&flytdvcF 
(035 6). RaysUhd from McOH cbr bazoate of 7r wpuued 
u cobrias nccdks. m.p. aad m.m.p. 131’. 

Aaolnoftbcdibcnzualc(m.p. I6TjioEtOHcah&rdrop 
dHCIwubmtedtobo~aaddbwuJlocooLlt~~uyamh 
productwuroayrcrlliradfromSkeftyrdveFudfromEtOH 
lo give lbc moaouhox~-moaoa&o xrribavwrr Ilc or 1s as 
cdorku medks,m.p. m-m.(M~.~-5au903.w 
for C,&O, - ZU3.1UUT); NMJt rpccmun: 61.14,3H, I, J - 1 Hz; 
63.47. W. q. J - 7 Hz; dkll.3H. I; 64.83. IH. d. J - 6 Hz; 66.19. 
lH. dd. J - 16.6 Hz; 66.60. IH. d. J - 16 Hz; 66.85, IH. 1: 67.25, 
SH. I; 67.37, IH. I; 87.4ihd7.70.6H. m; 6U.l&au.z6,4HH. m. 

(b)Compouad1(2o1)au~edinrmixtltnofpyridiDc 
(6 ml) Md knzoyl chbridc (4ml) u room temp. After 15 br 
cxccuofvucrlvuuad.lbcoifyp&uctwuwaIbcdwitb 
dhqurausHClaodwatcrmddi&vcdie~kOH 
(6OId). oa coding WkKkn cryuah. m.p. 13&lSY. of M 
~limrtdy quimotu mixture (by NMR antyh) of Mb aad 
ls89uakd(33&).Tkilmixrltrewucoawrted WV= 
ti?aIivdyiatolbttbckub&,~~iwmcrbytrchg 
il.lsohhoo(2~a waoabMcOH (50%; 100 ml) with l drop of 
HCLOa~aadcook&tbcdibentoltc~h,m.p.aod 
m.m.p. 16Y ayuahed (1.6a. 

S-N~xy-(3-~~-2-p~~-I.4-batau~ 
dibaamlr 

(~)A~of6a(O.l~inpyridioe(l.Ord)aadbeuoylchhidc 
(l.Oml) uu warmed for smia and ditutcd wilb wucr. lk 




