
A TOTAL SYNTHESIS OF CORYDALINE 
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corydaliBc1isanalkdoidwhichwasdisc0veredin1626 
byWachroderduringhisinvesti&onoftbetubersof 
Co@& tubema’ a herb which is native to Cwtrpl 
Europe.’ Corydahe has since been isolated from many 
speck?% of co@& in yields nndg from 0.01 to 
20%.s” Afta a century of intensive study by many 
workaxsA’~‘6 a UMrect sbuctual formula was pro- 
posed”“’ and confirmed by total syntbcses of (*)-tory- 
daline’9 and oxydehydrocorydalkm The total synthesis 
of (+zorydaline by Sp6tb and IMII’~ involved a 
complicated isolation procedure and proceeded from 
papavaine in only c(L 0.04% yield. Duriug our work on 
the total synthesii of (*korydidine it was reported tbat 
the pbotocyclizatioa of enamides- had been mod&J 
to allow another synthesis of tbc alkabiiP and several 
partial syntkses from palmatk- aod thlhkhavine= 
have been devised. One ditkulty posed by total 
synthesisof(*)-cuydalinebasbeentoestabutbec& 
relationship of the metbioc protons at C-13 and C-14.na 
Also the 9,lOdimethoxy substitution pattern of rim D 
presents a clmlkn~e since it is not readily accessibie by 
Mannicb cyclkation of an appqnhly substhtal 
benxyhoquinoline. 
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CHsO 

OCH, 

OCH, 

ourapprof&tot&totalsynthesisof(+corydaliacis 
bascdontbcrcccnUydiscovcralfcactionofhome 
pbtbalk anbydride3 with 3,4-&hydroiiuindiatrP” 
8dHllhO~dol.bVCdSOpOiOtC4iOUttbepO8Sii.~ 

oftbisnXctiontoprepareproM&akaRabidssocb 
as corydaline and ‘&dine.= we therefore iuitiany . 
ra@cd lup quantih of 3&dim’?hxyhmpuk 
anh~9.Altbuqhrsyutbcdaof9wasnportsdby 
Haworth ICoe@i and Perkin in Ia)’ the expehenul 
prochEiscunhsomeaodeithulowyieIdsor00 
yieidswererqXntedforiodivklualsteps.weattanptad 
torepattbcirworkandfolmdtbattkreactkmswllicb 

tbeyreportedwitboutyieldseitberproceedpoorlyorfail 
completely. our sylltbhs of 9 (Chart 1) closely parallels 
tIleworkofPerkineraL”butitsbollldknotedtbattbc 
following mod&has were made in order to improve 
ontbepocryieldsresulti~fromtbeirmetbods.Substi- 
totion of hot polyphphic & for concentrated 
sulfurkacidraisaltheyie#from27%to72%intbc 
convasion of 2 to the ioda~ne 3. A solution of the 
indanonc 3, concentrated hydrochbric acid, and 
irormyhitlhilletburd~tknrrtPntedwitllHCl~ 
thedesiiiso*tone4wasobtainedin74%yi&l. 
webrvealsofolnldtrihnX&aahydrkkinsca 
tonitrik to be superior to either p-tohhcnesulfonyl 
chloride in sodium hydroxide or phpbonu pcntacb- 
bride (t&k infm) in eflecti~~ the Beckmann fragmen- 
tation of 4 to the nit& 6. Tbc pnvious workers” also 
indkated that the bydm!ysis product of tbc nitrik 6 (i.e. 
7) most be converted to the comspondisg aabydrkk. 
presumably in order to facilitate isobhn of a crystalline 
product. We bave found tbat this unnecessarily adds two 
stcpstothesequaKx,shce7c8nbc~dinctly 
fromamixtureofbenzencandbcxancin92%yield. 
Filmily. Perkin et a/. reported that tbcy were unabk to 

e4banoticpotauhmhydroxi&.Insummary,webavebeen 
abktoisohteandc OvC#YiOtamedLteillChut 
lioykklsfar ulrpakgtbaaeobtkdbytbepreviowly 
rqmrtedmethod8.)’ 

Trertraeat of the oxime 4 with 3.6 equivalents of 
m pentacbbride in chloroform for 3Omin at 
roomteslpaPturraffo&da41%yktdoftbeBeckmann 
~lMOllpfO&Ct6.WhGlltkCrrrCtiOllwaSalk8W~ 

toproceedfor 16hrinanattempttoincreautbeyieldof 
6,ahi&meltingsolidwaskolataiiastabdin76%ykld. 
Tbc intensities of the isotope peaks at M+ +4(Z) and 
M’+ 2(100) relative to the ‘llokUhkMlM’(79)illtbe 
massspecbumclearlyindim&dthepreseoceofone 
cbbriacandoncbromkatom,whiktheNMRspec- 
trllmoftbccompauldissohdiob&omac& * 
diaphycd two bw hid s@bb at 8 8.24 sod ;.m? 
addith to the signab for tbe aMhoxy1 protons at 4.45 
and4.2o.TllesedataaswellastkIRspectNmare 
consistent with the isoquhline S. Compound 5 coukl 
cooceivablyarisefmmacbssicalBeckmannrear- 
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raagemcnt.- However, datively fccentiy it has bum I-isoquinolones in the ptescnce of HCF kad us to . 
~~~~~~~~~~ ~t~~~y~ia~2~~~t 
~~t~~y~f~bys~~ ~ly~~.~~~~t~~s~~rn 
fccombinationrcactioooftbccationandthenitdein- istheobsxWiontbatrcsub~nofthc~y 
Sally formed by a fragmentation process.- These idatcd oxafboxypba~yl-acctonitrk 6 to the reaction 
arguments in conjunction with the ob8crvation that o- conditiona for 16hr kd ckanly to the isoquinolonc 5. 
cyanomcthylbcnzoyi chbrkks arc converted to 3-chlotxh Thus the low yield of the Bedmann fragmentation 
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pMductobtaindwith~pen-is 
exphinal by a novel -tat&recomb rcsc- 
tian. 

c- of 3A - dihydro - 67 - dimeboxy- 
isoquiaoline 1P with anbydIilk 9 proceded exotk- 
mdlyiachbrofofmtoa3:1 diutaeomericmixturcof 
Imns- and &23$,1htramdo xy-8-ox~lharboxy- 
ktrabydroptotaberberiner. mpectivdy. wbicb oo bcat- 
inginadcacidwa!scowYtcdtotbcthemlodywnic- 
ally mote stable cis isomer 11 (Jm = 4 Hz Chart 3).= 
T?Kecaswellasaarpfeviuasresnlts~onthestaeo- 
ckmicaioutcomeoftheumdcnsrtiwarchcontrsstto 
tboseofHaimovadd,wboreporttbxtt&conden- 
aation of 10 with 4$dimdox~ anhydride 
indidomdwandonccquivakotofErietbylxmiluat 
room temperature proceeds directly to cis - 2$,10,11 - 
tceamcthoxy - 8 - 0x0 - 13 - carboxytetrahydroproto- 
bcrbcrinc, alth@ tbcir asstint of tbc dxtive 
co&wationwasactudlymsdeootkcomspoadmo 
methyl cstcr.m Tbc driving force for the cpimhation k 
probablynliefoftbclnnlboa&dio~bctwu!nthe 
paeudocquxtorid carboxyl gnnlp and C-l of aromatk 
riI&Awhicbisprcscntint&rmrudiastaeomer.Tbe 
NMRspccbumoftbeuwcapo~mcthylertaU, 
prepad with diuomcttmnc, dillplayed the an_” 
high 5&i G&t (8 3.33) axsigllal to tbc pselhxxial 
mctboxycarbonyl protons which arc ahiekd by the 
afomatkriltgs.Rahcthofl2whhlithiumaluminum 
hydGdC8iTo&dtbCaminoakddl3,Wfli&~treot- 
meat with mtimnesuKonyl chloride in i@inc under 

cardully controlkd amdiths gave a crystaliiw mzayl- 
atel4inhlqbyidd.(*)-Cotyddincwastbmobtaindby 
sodiumbomhydridcductionof 14induxiqdkmol. 
TbeNMJtspeumofoursyntbctic(+coryddincdia- 
played tk c-13 methyl doublet at 8 0.97, the c-8 methy- 
klw AB quxrtet with daub&ts at 4.19 and 3.49 (J= 
MHZ). sod the c-14 mcthiuc daub&t at 3.68 (J=3Hx) 
w&ich hpve been reported for the natural productmm 
TheBohlmxnnbandswhicbappwalintkIRspcctnun 
at2785and2735cms’afealsocou&cotwithtbcrmns 
quidkidine conform&n of atrydnhe. 
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feuthl aktWe vu powed onto ice water (1511 lad tbc q 
phe SxbWtal with CHC& (2x3oold. then 2Xl5OOrsl). Tbc 
combiaedorguticcxtractxwemwubulwitbHP(3OOatl).lO% 
qN~C4(~ml).596oiqN31C4(300lal).~Bnr(lyHP 
(alOld). The CHCI, xohtion wes tbea dried (h@od Md 
cvapaed.Tbebtwt.oilyruiduewext&untedwitl~CH,OH 
xndthewyst@acpoduct(26.OU@2%)ixohtedbylhtioa 
ap. ~1&12t-? (lit. ’ m.p. 120-1213. IR (KBr) 29611. 17OS. 
1245 ce-‘: NMR 8 7.37 (s. IH). 4.a (s. 3Hl. 3.93 (s. 3H), 2.65 (III, 
4H). 

2-lidtmo-4.bnnno-6,7-dim~~-l-~4. 
Tbeind8ncae3(63.61&0.235mol)wax&torrdutiond 
frerbly dixdkd iumowl nitrite (4OmL 0.297moll in EtOH 

turewastbat&ratedwitbHClwbikmai~thctemp. 
bebwlt.P.After3olthracxotkmkreutionoccWTedaDdthc 

(6llOmlL Rccryrtruitrtpa from 95% EtOH (31) yielded tbc 
oroduct u 8 Wow oowder (S2-@h 74%): m.D. 2S2.W kc 
itit.” mg. WV: IR ~KBO 3ti. 2%~. iti. ik0, 1260~m-~; 
NMR DCh-pyridi~~-&. 1: 118 15.10 (bs, IH). 7.38 (1. IH). 4.07 
(1.3H). 3.63 (x, 3Hl. 3.71 (s. W). 

3-~-5-b~o-78-~~~-l-(~~~~ 
(S).(A)Torrolutiolldcbc~4(OJ~l.66mmd) 
in CHCl, (2.5 ml) wms xddcd PCI, (1.25 g, 6.01 mmol). Tbc nr- 
tionmixturewasstirraletroomteatp.forl6b.dhqwhicl1r 

kas xolid (O&f. 76%): m-p. 2SS257? IR (KBr) 3330.3160,1670, 
lStlD.l28Dcm- : NMR (CF,COOH) I 8.25 (s. 18). 7.W (L IH). 
4.45 (s. 3Hl. 420 (s. 3Hk nmxs xpecbum at/c (rel intea&) 321 
(24, M++41. 319 (100. M’+2)* 317 0,366 (211.304 (761. 3u2 
(69). 292 (211.290 (81,. 286 (701.240 (30). 238 (29). 197 (161. 195 
(461. 

AM/. Cak. for C,,HJJO,CIBr: C. 41.0; H. 2.83: N. 4.Jo: CL 
11.13: Br, 25.08. pound: C, 41.57; H. 3.06: N. 4.6lk Cl, 10.91; Br. 
2528%. 

(BlTorrurpcariwd6(#)0ay.0.666~)inCHCb(2all 
wuddcdpC~(O.7~~3.6nrmd).Aftathemixamwusdmd 
Itroomteap.for16b.wrtcr(2ml)wuddedmdtkCHCll 
WUSCV~.TbrpdUCtwUBl&d,wubcdWithW8tW 

(Jmllraddricd.yie~tbccndrptodoct(Mlml.9fJbl.Tk 
Malythl smnple was teiryad from CHCI, (ltiml,. yicldiq 
rcok&nxolid(169u89%km.~.250-232’.TbeNMRmd 
IR~tnWUCi&&iWitb~tbo;dthepnVillWlYiSdUCd 
muerhl. 

2-Cathxy-3.4-dimuhoxy-6-bmm@a~~~6. 
(A) To x sohhi~ of the ihhuoh~ 4 (1.001.3.32 mmdl in 
CHCI, (5 ml) was added PCl, (2.5 &I202 ma& An exofbemic 
reactionprace&dandt&mixturew8xstirredetroomtemp.for 
#)min.Thereacthmixturewuderomporedbyulditkof 
wxter (IOml). The apaic layer vu sepuaed. dried (u6BW. 
aodevapaad.ykldingenoilwbicbcryalhdfromwateru 
rcob&ss.wlidbydmte.TbesolidwubatedatW@.lmm~ 
over Pa, for 12 b. -&h&q the debydnted product (0.416.41%): 
m.o. 132-W (lit. =D. of umohYdm@ 96laYk fR (KBrl 
so. k60, Ina. 1220-cm-‘: NMR -8 7.18 (s. IH). jh5 (s; SHi 
3.88 (s. PHI; maxs spcct~m de rel. inteoxity 301 (98. M’ + 2). 
299 (M’. 1001,286 (781.284 (931.282 (73,. 28lcN). 272 (28). 270 

pb&phicecid(261)frJrabetroomtemp.b&lreddltdabt 
ice(1or).nlcmixmevmsatimdfar3Ondumlltk4lcatmai 
~CHC~,QXA~T~~CHC~,~~MB~~~+~~~ 
ongartedlavalrdrr,(039&hCryrtrlliEdoa 
yieldDdtk*pmdnct(O.Os&lO%),whictlwuideatialtitbe 

p$$*a 
awmoroLtoae 4 (‘9.01.0.03 WI) in CH,CN (108 ml) 

vu treated with tlawac& tiy&ide (19& 0.09moll. The 
mixturewasallowaltostirfor4Latmamtemp.Evxpolhm 
dtbcrolventkitrbrowaoa~diuolvediaCH4(100mll. 

‘lbewhtionwexexartsdwitblS%NxOH.Tltequeoacx- 
mawaxu+lilkdby&itionofamc.HClendeUowedtosmnd 
8troomtemp.oven@t.Tbep&it8tewrr6lteredamlrrcryr- 
tallWfm4lwxterasondltoyieldthepfa&ct(6.l&~Llt 
wUidWhlwitbtbcptWkSlyi&tedSdid. 

3,4-LhwIhoxy-6-b- d7.Tbenitlik6 
(18.Wg. 0.06mol) vu bated in 15% q KOH (216mll at t&x 
for4b.TbesohahwxxatokdeadacidWwitbcoacdHClto 
pH’l.TbcsoluthwxstbmxuuntedwitltNaClendextr~ed 
wkllEtP(2Xl00ml).TbeUlmbhdE&Ohyaw4!#Wdhd 
(MgBO4l8lXlevrpontcdtoykldMoil(18.&&.Tkoil~ 
diWlWdiabslucar(lSOfllllradlKlUrwUUkkdUIltileryr- 
tallhth of cob&n nwdka (17.661. 92%) ken: I&p. 17l- 
172’ (lit.” mp. 16&16f); IR (KBr) 3300-m. 1710,12Mcm-‘; 
NMR (CDClrpyridk-d~, 5: I) 8 IS.75 (x, W. oxchqabk with 
40,. 7.20 (L ih. 4.06 (s. Wl. 3.95 (s. 3H)D. 3.80 (s. %H). 

3.4-~~wht&d& ecu 8. Tk diKid 7 (16.OOl. 
0.05 mol) wax d&&d in a sdution of KOH (J.69,0.1-mall i;l 
EtOH(4OOntl),and5%Pd/C(3.26)wastba1added.Tbemixtu1e 
wntbeabybogar(sdetSOpnlafar4kH~(l00mi)wntbw 
midedxndtbemixture6lteredtlKo@ccRkTbcahtew8s 
rktiBcdwkl~amc.HCLrrtvttsdwitbNaCLendextractedwitl~ 
l&O (2xzQomll. llte combined EtP exatx VQC dried 
Wa!alandevWWaltodverwkite~.TberPrMkrl .-. 
Matpk (11.27&Q4%, wax l&ryxhllixuJ-from bmzeoekuae: 
lap. 114-11~ IR (KBr) 33Mt-2-W. 1700, 126Ocm-‘: NMR 8 
10.90 (s. 2H. excbaqmbk with D&l. 7m (x, WI. 3.95 (s, 3Hl. 

2lLTbcsol&nwn coacW&dtoe&of5dMd~~ 
(6Wl wax added. Tbc cobrkn plates (5.13& 96%) Iwlc 
Blter& m.p. 116-117 (lit.” m.p. 104-IW): IR (KBrl2!&0~1790, 
1750. 1255cm-‘; NMR d 7.27 (6 IH. I =PHxl. 7.92 (6 IH. 
J = 9Ht). 4.00 (s. 2H). 3.97 (x, 3H). 3.92 (x, 3H). 

cis-23$.lO-T&amethoxy-8-aw-l3-cahx#Um- 
hy&vptvta&r6ai~ 11. A w&ion d 3&dhtl1orybocao- 
oklmlic aah~&idc 0. 2.001. 9.ODmmoll in CHCh (8 ml1 was 
kded to i S&I wl&n of 3,4&h~i&tkxy- 
isbquhh (1.72~ 9. mmol) in CHCb (3 ml). A v&trous exo- 
tbcnnicrehonoccMedutbemixmmwxxthd8troom 
tempentwefor3Omio.Evrpartiondtbesoiventkftayellow 
powder (3.726, ap. 202-2103 which ayhllkd from CH,CN 
(28Oml)incoMexxpl8tex.Tbe3olidaMaiaedmspuivJcatof 
CH,CN wbii wxa temoved by hatiq at 100’ (0.1 mm) over- 
ni&t. The xolii (3.34341, #)96. m.p. 217-220’) wm l 3: 1 mixtut of 
f&:rt~U~byNMRintqntionr.TbC 
xolidwaabmtedxtreBuxiaAcOH(5Omllfor24bandtk 
AcOHtlmeapontd.Tludlymiducwudiadvedin 
CH,CN~mn.Tbeprod~t(3.019,81+)uyaWked&ceh- 
kxs p&x: m-p. 23U3Y dec: IR (KBr) 3300-2100.2920,1725. 
16UL lw)cm-‘: NMR (CDCl,-pwidhtMl 6 10.20 (b, IH. ex- 
~witbDP).7.22(d.J-8Hr.iH).l.aZ(61-8Hz. 
IHl. 6.65 ts. IHI 6.65 (s. IHl. 5.12 (d. J = 4 Hx. IHl. 4.90 (m. IHl. 
4.10 (x. 3Ih. 3.92 (s. 3ii). 38 (s. 3H). 3.85 (~.a,. 3.00 (ma4H): 
mau spectrom m/c (rel inteoxity1413 (M’. 10). 369 (121.236 (61. 
222 (121. 192 (loo). 178 (181. 

AaaL Calc. for t&H,,NO,: C. 63.92: H. 5.61: N. 3.39. Follad: 
C. 63.M H. 5.w; N. 3.13%. 

cis - 239.10 - Tetmythoxy - 8 - om - 13 - ntdho~donyf- 
rumhyhfmpm It. Tk c& acid II (291& 7.04 nlllWl) 
wax slowly aided to 8 lduth of dhuwctbur (ca 31) in 
Et@-EtOHatQ.After2bet(rtbeexcexxdiuomctbxaewex 
~byadditkmdAcOH.~xolvn(~eD~ 
xadtbeoilyre&hlecryxmnixedoabmuumn 
¶olid(2.9lglwuthea~fromEtoAc-hexenc’(l:ll 
to yield w pure IlmteIa (242s aO%): q .p. 152-1% 
IR (KBr) 2910.173S. 1645.125Scm-‘: NMR (CDC&-pyridimc-&. 
10:1)87.03(r.~~.n(r,1~64J(r.1H).~~(~1=4~ 
IH), 5.00 (m, IH). 4.03 (s. 3H). 3.67 (x, 9H). 333 (s. 3H). 2.93 (m. 
4HhmxxoWatrumrrd8(rslmtsadtr)427W.16),237(13),236 
(100). #)8 (16). 193 (16,. 

Aql. Cak. for t&&N&: C. 64.W; A. S.#); N. 3.28. Famdz 
C, 64% H. 6.05; N. 3.1s. 

cix - 239.10 - Tttmm~ - 13 - h~mhyhdro- 
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prufokrkrinr 13. m (0.6931. 117mmd) wxx ddcd to a 
solutioa of the cis extcr I2 (2.00&4.68mmol) ill THP llsOml) 
uwlE1P(U)ml).Tbe~mr~Itreduxforl6b.Tbe 
mixturevmscookdxadtheexcexxby&idedccompowdby 
$it$ off@ (0.7 ml). 15% xq NIOH (0.7 ml). xnd h+v HP 

xlumm&xwcretUeredxndwxxlwdwthTHF 
llooml~. ti combined tlltntex were drkd lM&) xnd 
cvxponkd to yield I solid ll.70& 94%). m.p. w?-w. Tbt 
a&ticxl xxmpk wxx recwxtxl&d fratn 50% au EtGIi: m.p. 
261&G. dse; iR (Kltr) 340& 2920,27& 1230 cm-‘;, NMR 8 7.iO 
Id. J = 8 HL IH). 6.93 Id. J = 8 HL IH). 6.63 1s. W). 5.70 lb. IH. 
exchxuge& w-ith ti). 4s (d J = i4Ht. -Ii). j.93 1s; l2H). 
3.80-240 (m. 9H); n&x spectrum m/r (rel inter&y) 385 (M’. 
1001.368 tll). 354 (24). 220 (16). l!U (22). 192 08). 190 1111. I79 
(llj,.lni,.i~(Ij)..- . .- I. 1 .- 

Auxl. Cxk. for CnHnNO,: C. 68.55: H. 7.06; N. 3.63. Found: 
C. 66.48; H. 7.13: N. 3.35%. 

cb - 239.10 - Tummuhoxy - 13 - muhanadjonyfmdhyl- 
tttmh~lw~ 14. Methwudfonyl clllwi& (2oOpl) 
wxxuidaito8wlntionoftheciJxko&ll3@50&130ntmd) 
inpyridiae(5ml).Tberolution~stimdrt35’for4hudtbm 
~intoHP(~mml).Tbcupwourpbuewrrextnct~witb 
CHCI, (3x Xtml). Tk CHCI, wxx cvnporuai xnd tbc lxxt 
~dpyridincnrrlwovediromtbcail&xttr 
(0.1mm).Tritw&ooftheoilwitsEtGHtbea~vercwxUiw 
d-(0.52& 95%): m.p. 114-11~ ti; IR cirBf) 192s. 2740. 
lmcm-‘: NMR 8 7.15 16 J=9Ht. IH): 6.85 Id. Jm9Hx. lH). 
6.80 1s. Ii), 6.63 lx, IH),i% C. 2Hj. 3.6 (x. 1%). 3XL2.h Cm. 
8H). 265 1s. 3H). 

(*X0* 1. NxBH, (350 n# 9.7 mmol) was added to a 
StiIld swoe& Of the mesYhtC 14 (052L 1.12mmol) in !B% 

pouralintoH~(U)ml).ll1e4wu~spba1etiextractedwitb 
CHCI, l3xu)ml). The combined ornnic extrwtx were drkd 
ck68sb.j end ~Iponted t0 yield tk -Ate product (0.431) u 8 
did, m.p. 13S136’. Recrystdlizatioa from B aq MeGH 
l4Oml) PVC put wsorydxlinx (0.311. 75%): q .p. 133-w 
UiL” m.p. 133% IR (KBr) 2955.2785.2735. 1245cm-‘: NMR d 
6.92 (8, W). 6.73 (s, IH). 6.65 (s, IH). 4.27 (d. J = 16 Ht. 1H). 3.93 
1s. l2H). 3.68 (d. J = 3 Hx. IH). 3.49 (d, J = 16Hx. IH). 3.4>230 
(m. SH. 0.97) (6 J * 7 Ht. 3H): mxxx xpcchum m/e (rel intemity) 
369 (M’. 74). 344 (12).‘179 (16). 178 (100). 163 (19). 

Anxl. Cxlc. for CnHnNO,: C. 7152: H. 7.37: N. 3.79. Found: 
C. 71.74: H. 7.63: N. 3.76%. 

Abw-Thk invatiptioa was supported by Grxnt I 
ROI CAIQLDC2. xwx&d by. tbc Nxtkaxl Cumr Inuitute. 
D&w. 
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