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Physostigmine (escrine) t3 the principal alkaloid of the 
Calabarbean,wassynthesWonly7Oyearsafterits 
discovery (MU). Today a number of syntheses has 
been reported: all of these start& from an indole type 
precursor to which rin8 C is attached. Despite its rela- 
tively simple structure, however, the construction of the 
basis skeleton presents some remarkable difliculties 
among which the dinitqen aminal structure is prom- 
inent. 

la: R = -o-co-NH-cHs 
b: R=H 
c: R-OH 
d: R=OEt 

Fii I. 

Aswasthecaseintbesyntbesesofdf-nksembrine 
and &epi)dihydromaritidine’ our interest in physo- 
stigminelraroseafter5tdin8thattheNaBH&I+reduc- 
tion of 0pdisubstiMed succinimi& proc4Ms in a 
hi8hly regiosekctive manner? Because of the presence 
of a &fused pyrrolidine ring in the skekton of physo- 
stigrnke la the abovementioned ptincipk could he ap 
@iedinanewtotalsynthesisofthisalkaloidacundiqto 
a simple pattern out&d below (Scheme 1). 

Thus regiosekctive NaBm reduction of the imide 
2. resulting in the cotrespondin8 ducarbinol-lactam 3 
should 8ive after ring-closure, methylation and reduction 
the physostigmine skekton lb. ‘I%e planned synthesis in 
which the B ring of 1 is con&ucM in a final step 
cmstitutcs a new procedure in the synthesis of this class 
of compounds. To test the latter approach the synthesis 
of dldesoxyeseroline lb was cbmen as our first target. 

As given in Scheme 1 tbe central compound in the 
proposed route is 1,3dimethyl-3-(2-aminophenyl>suc- 
cinimide2whichcouldpossiiybepreparedviacatalytic 
hydqtenation of the correspondin NG derivative 9. A 
similar transformation 647 was qorted by Askam and 
Deeks.pThesynthesisof9wasre&alinthefollowin8 
manner. A Knoevenagel cotuknsatkn of 2-nitroben- 
xaldehyde and diethyl malonate by means of TK!L,‘” 
followed by cyanide addition and hydrolysis led to the 
amidodkster 4.” However, acid hydrolysis and decar- 
boxylatkn of 4 8ave in contrast with the results of 
LoudonandWeUin8”amixtureofdicarboxylicacidS 
andimide6.Fm&emKue the preparationM the imide 8 
start@ from 5 did not proceed satisfactorily (yield: 
10-3696). Presumably because of the presence of the 
N& group decomposition and resinihcation was ob 
served at the temperature required for conversion. A more 
satisfactoryresultwasobtainedwhentheamidodkster4 
was heated in wet DMSO in the presence of NaCl. This 
adaption of a recently desc&ed method for deca&xyl- 
ation of malonates” provided the imide 6 in 61% yield. 

N-Methylatkn leading to 8, followed by C-methyktion 
ordirectdimethylationunderthelattercircumstancesof 
6affordedthedesiredimide9ingoodykld.Thecatalytic 
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7: R’ = Ii #=H RI=NHP FT=H 
8: R’=CHs w=H R’=NOz R4=H 
0: R’=CH. R’-CH, R’-NO, R.=H 

II: R’=CHs v=H 
22: R’-CH, W-H 
22: R’-CH. R=-CHs R=-NOI R’=OEt 

11: R = CO-NH-CHs 
14~ R=CHO 
16: R = CH(OEtb 

2: R’-H R’-NH* R’-Ii 15: R-H 15: R’ = H W=H 
12: R’-H PaNO, W=H 26: R=OEt 19: R’=CH, w=H 
17: R’=Et R==NO, R’=H 20: R’=CHO R’=H 
18: R’=Et ~=NH* R==H 26: R’-CHO p=OEt 
u: R’-H W-NO, R’=OEt 

Fii 2. 

hydrogenation of 9+ 2 however, coukl not be accom- 
plished.lnsteadofimideZamixtureof2compouadsiaa 
ratiol:4,towhichthestructuresHandllwereattri- 
buted, was obtakd. Its forma&m could probably result 
fromtheattackoftbeaewlyformedNH21gouponboth 
imideCOdtuingthehydrogenationprocess. 

ThereforetheNaBH./H+redu&nwasdirectlyap 
pliedtoimide9.AswasqortedearIiefthisredu&n 
method proceeded regiosekctively and the correspond- 
ingo&-lactaml2wasi&tedin72%yield.In 
comrastwithtlmcata@ichy~ofimide9,the 
analogousreactioltappBedto12showednotingopening 
andthedesireduGrbinol&ctam3wasobtaiXdin 
quantitativeyiekl.Atthi.stagethecrucialstepinthe 
synthesis of the physostigmine skeleton, the forma&m of 
theBring,wascxpectedtoproceedupon&umentwith 
acid of 3. Because of the possibility that protonation of 
theNH~groupinstrongacidwillretardtheBring 
forma&m a weakly acid silica&mina catalyst” was 
chosen However, upon treatment at rethtx of 3 in a 
dioxane/I&O mixture to which the catalyst was added 
thesokproductobtainedafterchromatographyin6596 
yield possessed a M+ peak at m/e = 199 in the MS 
indkat@thelossofmethylaminedur&thelatterreac- 
tion.Acandingto’HNMBarulIBthelattercompound 
proved to be the aldehyde 14. A slightly d&rent 
behaviourwasnoteduponR5uxiqJof3inc&/p- 

TsOH. Work-up and chromatography gave the aldehyde 
14 (42%) together with the desired tricychc B 15 
(39%). Upon treatment of 3 with HCl/BtOH at rethot the 
yield of 15 decreased (20%). the bulk of the remaining 
ma&al being a mixture of aldehyde 14 and its diethyl 
acetall6. Because of the rather disappointing yield of IS 
tbe pro&rue was somewhat mod&d. Instead of 3 the 
corresponding ethoxy derivative 18 @epared from I2 
viaHCl/EtOHtreatmentatO”,giving17andsubseq~ 
catalytichydqenationofthelattercompound)was 
usedintheringclosurereactionantkiitIlatthis 
change would suppress the forma&n of the aldehyde 14. 
Indeedupontreatmentof18withHCl/EtOHatre!lux 
the yield of 15 was cons&ably higher (63%) as 
compared with 3 as a reference material. 

The observed difference in behaviour of 3 and 18 upon 
treatment with acid is tentatively cxplamed by assuming 

tera&onbetweentheOHandNH~moietyof3 
:hi:h renders the ehmination of Ha and thus the 
formation of the a-acyhmmonmm interme&te more 
di&uJt. Some support for the possii OH-N& inter- 
action was derived from conversion experiments of OH 
into OEt. In case of 3 and other comparabk systems 
such as 1 - methyl - 4 - phenyl - 4. I (1 - morphol- 
&methyl) - 5 - hydroxy - 2 - pymMmone’ the am- 
version of OH into OEt did not proceed under stamhud 
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A similar interaction is not possibk in case of 18 so 
that formation of the B ting kadin8 to 15 is preferred. 

The synthesis of dldesoxyeseroline lb was compkted 
by N,,-methylatior~‘~ of 15, which afforded 19 in 63% 
yield, followed by LAH reduction of the latter 
compound. Ahhougb the followed route indeed kd to 
Idesoxyeseroline lb the approach was rather lengthy. 
Therefore a shorter reaction sequence was developed in 
which the cyclisation step and introduction of tbe Nr 
substituent occurred simultaneously. Thus upon treat- 
ment of 3 with acetic formic anhydride at 0” the cyclixed 
N,formyl compound a was formed in high yield. Ac- 
cording to ‘H NMR (CLXX) this compound consisted of 
amixtureoftworotamen~Aand~Binaratio3:l 
(Table 1). The signal of the downfield aromatic H (8 = 
8.02) integrated for about 25% of 1 proton indicating that 
28A was the predominant con8guration. The fonnyl pro. 
ton gave rise to signals at 8 8.70 for m and at 8 9.00 for 
HA. 

Tabk I. Chemical shifts (‘H in ppm) of compoond S and 26 

28~ R=H &B-16:24 
#: R=OEt &B=65:35 

2Mt 26Bt #A# SBt# 

C&-N(I) 2.%(s) 2.97(s) 2.9ns) 
W(3) 2.S3.03 2.54-2.95 
CI&C(3a) 1.51(s) I .52(s) 1.51(s) l.49Is) 
aromatic 8 7.067.40 6.72-7.17 
HO 8.02(m) 7.90(m) 
CIW-N(8) 9.00(s) 8.70(s) 8.88(s) 8.62(s) 
HC(8a) 5.75(s) 5.290) 5.75(s) 11.2&s) 

tMeasured in CDCI,. 
#IlKchemicashift!3oftbeprotonsoftheethoxy-8roupwcre 

foond at d 1.41(t) aod a 4.01(q). 

The observations are a consequence of hindered rota- 
tion about the N-C bond owing to its partial double bond 
character which leads to steric interaction. Simikr 
results were reporkd for the simpk I-formyl-ioddine 
mokcuk.” Further stereochemical proof of 28 was 

To 
n examination of the mtckar Overhauser effect 

gk). ’ kradktion of the G.-CH in ‘H NMR (CDCI,) 
increased the integrated area of G.-H (18.4%) Scat& 
the proximity of C,.-CHI amf G-H atni thus proving its 
cis relation. Finally LAH reduction of 28 afforded dl- 
desoxyeseroline lb in 7?% yield. 

The pra&urc 0uUinaJ above was also employed in 
the synthesis of dl-physostigmine 1~ However, contrary 
to the preparation of 8 the synthesis of the imide 88 
possessing the CS aroma& substitWnt was achieved 

according to standard methods. In order to avoid the 
di8kuhks encountered in the preparation of itnide 8 the 
introduction of the 2.NO2 group was performed in the 
final step. lhus accordin to standard methods 3- 
ethoxybenzaidehyde was transformed to 1 - methyl - 3 - 
(3 - ethoxyphenyl) - succinimide 21, which was nitrated 
with fuming HNG thereby affording a mixture of the 
required imide 22 and the corresponding 3 - ethoxy - 4 - 
nitrophenyl derivative in a ratio 65: 35, respectively. 
After chromatography and crystallization imide 28 was 
obtained in 48% yield. The synthesis of dl-physostigmine 
la was finally compkted by methods described pte- 
viously for the synthesis of dldesoxyeseroline lb. 

Thus methyktion of 22 followed by NaBHJH’ 
reduction of the so-formed imide 23 afforded accordmg 
to’HNMR(CDCI~)amixtureof24aaduinaratio3:1. 
After crystallization from EtOAc a 68% yield of pure 24 
was obtained. Conversion of 24 into the corresponding 
tricyclic N.,-formyl compound 26 was achieved in 74% 
yield after catalytic hydrogenation and subsequent 
treatment with acetic formic anhydride at 8”. Again the 
latter compound accordin8 to ‘H NMR (CDCl,) consis- 
tedofamixtureoftworotamers26Aand26Binaratio 
65:35 (Table 1). Completion of the synthesis of dl- 
physostigmine la required a conversion of 26 into dl- 
eserethde Id which was accomplished in 75% yield by 
reduction of 26 with LAH. Havin8 obtained dl- 
eserethole Id the total synthesis of lr was secured since 
conversion of Id into dLph~,yMigmine la (via dl-eserol- 
ine lc) has been described. 

-AL 

AU m.ps are rmcomcted. IR spectra were &terminal on 
Unicam SP-2tXl or Perkio-Ebner 2.57 inslnunents. The absorp- 
tions in located by theii wave numbers cm an-‘). ‘H NMR 
spectra were measured with a Varian MOD, HA-100 or XL-100 
spectrolneter usilt8 TMS bs internal reference. Ibe abbreviations 
used are as follows: s, sir&t; d. doublet; f trip&t; q, quartet: m, 
multipl~Mas.sspectrawerencordcdonanAEIMS-!XQor 
varian Mat-71 1 umss spectromaa. Analyses were performed by 
Mr.H.PietersoftheMicr~Departmentofaulabon+ 
tory.Cohlmachromf&gmphywascarriedoutwsiliLqel 
(activity 8rade II. Woebn). PrewaMTLCPlatessilic4gel60 
P254 Merck were used for TLC. the spots beii de&ted by 
exposure to iodiDe vapour. 

lXcthyfcr-carbamoyf-o-(2-nitrobeezyl)-ma&nate4was 
preparedaccudiqtothemethoddescrii”from&rJlyl2- 
nitrdWlzylideaem. The latter compound was prqared 
from 2aibobcllEsldebyde BccocdiDB to the method desaibed.” 

2-N&ropha1yf~ccbic acid 5. A &I of 4 (17.OOg,50.3 m&e) 
in~.HCI(U)Oml)rrndHOAc(U)ml)wssheatedatrrthufor 
3 hr and conc&rat& in uacuo. The &id separated showed on 
TLC (silicagel, CHCl&cetoae 411) 2 spots with I?1 0.30 and 0.01. 
cohmmchMWgqbyoa~withCHCl~acctooe4/1as 
anchlellta&dedt&fKStioowith&030whichcoasistedof6. 
CrysMizatkm from EtOAc yielded I.878 of pure 6 (17%). 
~e~naevethetrPctioawithR~O.Olasasolid.which 
was crystaUized&m Hfi aRordin8 7.19h of pure I, yield: 6096; 
m.p. 182-M (Ha) (lit. 17Y,” IW”). 

3 - (2 - Nit~~phnyl) - succinimi& 6. A mixture of 4 (5.826, 
1722mmok). NaCl (1.300s) sod Hz0 (1.256) in DMSO (25ml) 
washcatedatl4s-l48@for7hr.Tllemixturewaspourulinto 
Hz0 (2OOml) and extracted with CHCI, (4~5Oml). The 
combinaior8aniclayerswerewashedwithsatNaClq,driai 
overNaSO~amiflhned.EvPoorationdtbeIUtratealTadeda 
bmwnoIl,whichshowedoaemainspotonTLc(si8w8cJ. 
CHCl,/ac.&me 411) with Rr 0.30. CoIumn *v 011 
silica& with CHCi,/ace& 4/l as aa ehwnt afY& &e -tnc- 
tioatwitbR,030Maydlowsolkl(282g),which~to1H 
NMR (CDCM was oearly pure 6. Cry- from EtOAc 
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gave 2.320 of pure 6; yield: 61%; q .p. 146-1480 (JItOAc) (lit. 
142-143d9. 

l-Methyi-r(2-nitrvp~yl~~uccinim&fe g 
From 6. To a mixture of 6 (1.85g, 8.41 mm&) in C&Cl2 

(1oDml) was added an excess of a freshly prrpared soln of 
CH*N1inetber19at(P.Ibemixture~stimdatQfor3hrPad 
an addi&al period of l8hr at r.t. Evapomtkm of the solvent 
afforded a yellow solid (1.95g) which was uysta&d from 
EtOH to give 1.61g af pure I yield: 83%; m.p. 122lw (EtOH). 
IRcHa,): 1770 (WI, 1700 (vs) (hide-co), 1530 (s), 1350 (s) 
(NO& ‘H NMk g(CDCl,) 2.60-3.40 (2H, -C&-CO), 3.04 (s, 3H, 
-N-C&), 4.41 (1H. -CO-C&k), 7.20-7.70 (3H, aromatk H). 
8.05 (lH, aromatk H). (Four& C, 56.5: H, 4.4; N, 11.9. Calc. for 
C,,H,&rO,, M - 234.21: C, 56.41: H, 4.m; N, 1 l.%%). 

From 5. A mixture of 5 (7.18~ 30.17mmok) in SW (25ml) 
washeatcdatrc4uxfor1.5hr.Evapora&todryness~o&da 
yellow 3okl which was dissolved in 35% mcthylaminc soln in 
H20(25ml).Aftustirrissstr.tfor~Omin.tbcmixtunmu 
dilutal with H20 (Uml) aad acid&d with cone HCl. The 
f& solki was tilterai oR and drkl in oacuo (5.71 e) 2.76 g of 
thelattersotidwastakenupiuxylenc(25oml)aQdtbcmixture 
wasr&lxcdfor17hrusirigaDcanaod!3tarkapparau6kd 
withrnokdarsicvcs4A.Evspontioaofthcsolva1taR~a 
fhkbrownOilWhiChWlU ~oll~lwith 
CHCla as an ehtent ykldiug 1.33 g of crude 1. Cry&all&ion 
fromEtOH~vel.O78dpurcb 

I,3 - l&ethyl - 3 - (2 - nitrophenpl) - succin&nih 9. To a soln 
of 6 (2.7Og, 12.27 mmok) iu DMF @ml) was added KXO, 
(5.0g)at~.After45minof~at00asdnofMeI(5ml)ia 
DMF(1Oml)wasddeddropwisc.ThcmixturewasstirredatU’ 
for 9Ohr, m into H20 (25Oml) and extracted with EtOAc 
(3X5Oml).Tbccombkdofganiclaycrswcrcwashedwithsat 
NaCl ml, drkd over N&SO, aad &red. Evaporatioa of the 
tUtrate a&dcd a yelloti solid. Cryaanintinn from EtOH ~DBVC 
2.588 of pure 9, yield: 85%; q .p.-l3>132 (EtOH). lR(CH?l,): 
1770(w), 17oo(vs) (imideCO), 153&), 1350(s) (NO& ‘H NMR: 
g(CDCl,) 1.78 (s. 3H. -C-C&). 238 (AR system. J - 17.5 Hz, 2H, 
-C&-CO), 3.05 (s, 3H, -N-C&), 7.20-7.99 (IH, aroma& H). 
(Found: C. 58.1; H. 5.0: N. 11.4. Cak. for C,,H,~N& M - 
248.23: C, 58.06, H, 4&N, il.B%). With a &&iii&i, 8 
athkd9inaboutcqu8lyiL?kl. 

Cat&tic hydrogmation of 9. fkmpomd 9 (0.78 g, 3.15 mm&) 
was hym io EtOH (15Oml) OVQ 10% Pd/C (O.lOn) for 

@~~amixtureoftwo&pokdsiaaratio~4.Attempts 
tosepamtcthcmixturcviachromrtoLnphywereuMlmxssful. 
clystalk&mfromacetoncaRoNluloocofthccompolmdsin 
pure form; IlLp. 21>216 (acctoac). IR(KBr): 3300(s) (NH), 
1700&s), 165O(vs), 15X&3) @ideCO); ‘H NMlk g(DMSCh&) 
1.U (s,3H. -C-C&), 242 (d, J - 5 Hz. 3H, -NH-C&). 2.60 (AB 
system, J - 14.5 Hz, 2H. -C&CO), 6.70-7.30 (4H. aroma& H), 
7.62 (brad s, lH, -m, 10.20 (hod s, lH, -m. (Foundz C, 
66.1; H, 6.5; N. 12.7. Cak. for CIZHI,N& M - 2M.25: C, 66.03; 
H, 6.47; N, 12.84%). 

1,4 - LXmethj - 4 - (2 - nihophnyf) - 5 - h@my - 2 - 
pymhru 11Compound9(3.10a1250mmok)wasraiwxd 

1.3s - Dimethyl - 3Ja,8,8a - tetmhydropymdo[2,3+ in&d - 2 
-01~ 15.Toasolnof3(0.19g,0.86rnmole)inEtOH(50ml)4N 
HatOH (lml) was added after which the mixture was 
retluxal for 2hr. Evaporatioa of the solvent atkded an oil 
which was dissolved in CHC~J (5oml). lbe latter solo was 
washai with sat NaHCOl a~, dried over N&O4 and Mtcral. 
Evapora&ofthc6ltratcgaveanoilwhichshowed2spotaon 
TLC (silksgel, EtOAc) with RI 0.45 and 0.13. Columa &room- 
togmphyoasitia@withEtOAcasaneluentatkdcdthc 
fractionwithR~0.45asawhitcsohd(0.11g)whkheccor&to 
‘H NM&m,) was a mixture of 14 a& 16 in a raGo i:4. 
CrysUizakm from EtOAc gave pure 16 fO.05211): yield: 23%: 
q .b. 14&151e @tOAc). IiiCHti&: 345ti(w) (iii). 167O(v#j 
-CO); ‘H NMR: 8(CDchh 096 (t, J = 7 Hz, 3H. -O-CHr 
CM. 1.04 (1, J = 7 Hz, 3H, -0-CHz-CH3. 1.29 (a. 3H. -C!ZH,). 
2.w (A part AB system, J = 16.5 I&, lfi~-C@O), 2&l (B s 
AB system. J - 16.5 Hz IH. XI&CO). 2.92-3.82 (m. J - 7 Hz 
4HH, ix-O&-C&), i.21 (s, Iii, -C&(OEth). 667-7.53 (4H; 
aroma& II), 9.20 (lx& s. 1H. AN&. (Foundz C, 685; H, 8.0. 
Cak. for C,sHz,N@, M-263.33: C. 68.41; H, 8.04%). Fur&r 
e&n gave the frxtkm with Rf 0.13 as a pink solid (0.035 0) 
whichacc&ingto’HNMR(CDCl,)waspurc15;ykkl:20%; 
m.p. 123-126’ (ether). IR(KBr): 33Oqm) (NH). l66O(vs) (ktam- 
CO); ‘H NMR: I(CDCl& 1.46 (s, 3H, -C-C&). 2.70 (AB system, 
J - 17 Hz, 2H, -C&-CO), 2.85 (s. 3H, -N-C&), 4.65 (koad s. 
lH, -m, 4.88 (s, lH, -N-C&N-), 6.58-7.20 (4H. aromatic H). 
(Fourd: C, 71.3; H. 7.0. Cak. for C,jH,,N& M-m.25: C. 
71.26; H, 6.9846). 

12 and 13 in a ratiu 5: 1. Pu&xtka d cry- atkuded In a similar experiment start& from 17 (0.23 & 0.83 rmnok) 
uin72%ykld. hydroEeu&m over 10% Pd/C (0.11 R). as &ac&cd for K 

1.4 - IHmethyl - 4 - (2 - rkophenyf) - 5 - &oxy - 2 - 
PY- 17. To an iceamkd sobs of 12 (0.22 g, 0.88 mmok) 
~EtOH(7On@4NHCl./EtOH(1ml)wasa&kd.’fbcmixturc 
wasstiIredat~for2hrafterwhkht&solventwasevapora&d. 
Accudiugto’HNMK(CDCl,)tkr&dual~(02411g)was 
pure 17; ykld: 100%; m.p. 113-116 (dikpropyktk). 
IR(cHCU: l69O@s) (Ldamco), 15300). 1360(s) (NO&; ‘H 
NMR: g(CDCb) 0.98 (5 J - 7 Hz, 3H. -O-CH&tT,). 1.51 (I, 3H, 
-C-C&), 2.Q (A part AR system. J = 16 Hz, 1H. -C&CO), 299 
(B part AR system, J - 16 Hz, lH, -C&CO), 3.04 (s, 3H, -N- 
C&), 332 (m, J = 7 Hz, W, -O-C&CH3.4.85 (s. IH, -N-C& 
OEt), 7.U-7.83 (IH, aroma& H). (Found: C. 603; H, 6.4. Cak. 
far CuHwNzO~ M - 278X C, 60.42; H, 6.52%). 

(1 ml) at rdlux for 2hr. &rkGp as kcribcd above- bve a 
mixture d 14, 15 and 16. After cdunm cbromrtoonphy oo 
sitic@withEtOAcasanehwnt0&60gofamixtureof14and 
16inaratiol:4~~.Furtbaehrtioa~~O.l01gd 
pore u; yield: 65%. 

Remufssdasolnd3inC&towhicbl.lcqp-TsOHwas 
~for2hraodcdumo ~yafforded14and15iu 
42and3O%ykldrcapehety. 

l&8 - nhcthyf - 33a&aa - tetmhYdmPYmfo[2$ idol - 
2 - one 19. To a solo d U (0.2241,1.11 mmok) in &CN (5ml) 
wan &al a so& d 3796 formrldcbyde in Ha (lad). ‘Ibe 

I,4 - LXmethyl - 4 - (2 - aminophenyl) - 5 - hydmxy - 2 - 
pyrrdidinonc 3. compound l2 (023 g, 0.92 mmok) was hydre 
gumted in EtOH (1OOml) OVCT 1096 Pd/C (O.lOg) for 1 hr. ‘lhe 
catalyst was IWDOVUI by Blbatioa aad tk tIltmte evsponted. 
Iberesidualsolid(O.2Og)wasacuxd@to’HNMRmrtypurc 
3, yield >95%; m.p. MO-loT (tobene). IR(KBr): 354lO(m), 
uoo(m), 3300(m) (NH and OH), 16lkXvs) @cbm-CO); ‘H NMR: 
d@MS@&h 1.22 (s, 3H, -C-C&), 264 (AR system, J - 16 Hz, 
-C&-CO), 2.66 (s, 3H. -N-C&), 5.12 (3H, -NJ& aad -N-C& 
OH; baxnm a s with DzO d&d). 6.37-7.13 (5H. aroamtk H 
and -04; 1H disappears with w added). MS: mje -7&5596), 
l6lU1oO). 161(55L 2V2U). 22U9) M+. Ipound: C. 65.6: H. 75. 
Cak. fd; C,&I,&~,‘M~?20& C. ti.43, H. 7.3246).~V ~~’ 

4-Fonnyl-4-mdhyl-lJJ,4-~~-q~~-2-onc 
14. Compcund 12 (0.3291 L28mamk) was hyw over 
1046Pd/c(0.170)~described.Tbcmidudoilwrrdissolvedin 
a mixtun of dioxaac (1Oml) and H20 (4 ml). !$fb&nh 
catalyst” (0.15 g) w85 added after which tbe mixture was beated 
atrcfhufor1hr.Tbemixturewasdih&dwithH20(25ml)and 
extracted with CHCll(3 x 25 ml). Ibc comb&d orgardc layers 
werewashedwithsatNacloq,~oveTN~,pnd~. 
EvaporationoftbetUtratca&&dabrownoil(0270)which 
showed one main spot on TLC (sit&e& EtOAc) with R, 0.45. 
Cohunn chromatography on sikagcl with EtOAc as an elucnt 
gave0.16gofthefractioawithRf0.45whichcoas&dofpac 
11: yield: 65%; q .p. 154X@ (EtOAc). IR(CHCl& 1720(n) 
(aldchydeCO), 1660 (vs) @&n-CO); ‘H NMJk g(CDC&). 1.48 
(s. 3H, -C-CIj,), 2.49 (A part AR syttem, J - 16.5H.2, IH, 
-CUXO), 2.95 (I3 part AR system, J = 16.5 Hz, lH. -C&CO), 
6.9tk7.37 (4H, aromatic H), 9.40 (s, IH, <IjO), 9.74 (breed s, 
IH, -N& (Folmd: C. 69.9; H, 5.9; N, 7.4. Cak. for C,,H,,Na, 
M = 189.21: C. 69.82; H, 5.86; N, 7.40%). 



New total synthcak of buys 2403 

mixture was stimii at r.t for 3Omia after ~,N~~~ 
(O.Mp) and HOAC n2mQ was added. AftK stirriag at f‘t. for 
2hr~H0Ac(0*2ml)waseddedond%~wascoatiauafnt 
r.t. for an add&mi l.Shr. The mixtum was diluted with ether 
(75ml). washed with 5% NaOH soIn (UralI sod sat NaCl aq, 
~~~N~,~~E~~~~ 
afforded a pak yellow oil (0.24 a) whkh was chnnnrtqpapbad oa 
~lwitbEH)Acasaaetueat~~o.l52~6fpunb;yieM: 
63%.IbeaMlyti&datawcrcinallMpcctsidcnticalwiththose 
nportcdp 

&3a - Dime&~ - 8 - fomryl - 3$aMa - tctnrhydn, - pyr- 
rvlo[23-b]kd01- 2 - one St Comjmnd I2 (O.d%g, 1.98 mmokf 
was hydlog!cnatul over lO% PdlC (0.22g) as &scribed before. 
Tbc r&dual oil (O.Ug) was dissolved ia CHC& (2S ml) aml 
codtdto00afterwhich5mlcfaceticformicanhydrideaDwas 
~~~*~~~S~~~f~3~.BV~ 
ofuwsdventatlordedanoilwhichwacr~v~iacHcI3 
(~ml),nK:sdawaswash#1with5%Na~(2xl5mi)~sat 
NaCl aq. drkd over NM, aad tiRered. Evaporatioa of the 
f&ate adtordcd a pak brown oil (0.45& Cobnao chromat0- 
graphy on silica@ with EtOAc as an ebx& gave 0.35 g of pare 
1); ykldz 76%; m.p. 127-1290 fCHzCl?flight pctrokum @*$. SO- 
10. IRfCHcl,): rfBofvs) @ctamco); ‘H NMR: iwDa3) 

(Tabk 1). (Mod: C, 67.7; H, 6.2; N, 12.1. Calc. for C,$i&Oz, 
M = 230.26: C, 67.81; H, 6.13; N, 12.17%). 

di-&soxyese&ni? lb 
(a) F~m1).Toasolnof2)(0.156&0.68~)iaQycther 

(Uall) LAH (0.2Og) was added. IlIe mixtom was r&lxed for 
2~.~~~ex~ofL~~~~by~ 
H~~l~),~~~~~~v~by~. 
The fiRrate was drkd over Na&&, filtered aml cvapomted 
Bivipoaye~w~~O.l3og).C~~yon~~l 
with CHCl3/rtcetoae l/l as aa &cot a&m&d 0.1&g of pun lb 
a3 an oil; yield: 779th iR(CHCl3): 1600(m), 1YMs) (aroma&); ‘Ii 
NMR: &CDCl,), 1.45 ((I, 3H. -C-C&). 1.98 (at, W, -C-C&C-), 
257 (a. 3H. -N-CH& 2.69 (m. 2H. -N-CH&. 2% (a, 3H, 
-N-C&, 4.12 (3, lti, -N-C&N-), 6.35-7.18-(&i, arom& Hf. 
A ~icrate 0f m.o. 17ai81* i~t0~) slit. 179: 179-180? WBS 
a&lyxcd. (Fouaci: C, 53.1; H;S.O; ti, i6.3. Cak. for C,&iy&, 
M=431.10: C, 52.90; H, 491; N, 16.24%). 

(b) From 19. Compound lb was prepared from 19 (O.l24g, 
0.57mmok) as dcscri&edP ykM: 63%. The anaiylical data were 
identical to those mentioned above. 

@rep&d in rizsb ykld frdm ~x~~~~* and ethyi 
c~acco&gtothe~ocedaredcac&d?amJKCN 
(10.72 & 165.0 mmok) ia MeoH (75 ml) was IeRlued for M mia. 
?bemixturewaspcurediatoH~(IOOml),sl0wiyacid&dwith 
1096 HCI aod extracted with etbcr (3x loOmI). The combiaed 
extracts were washed with sat Nail aq, dried over Na2soI sod 
fEtered. Evapomtkn of the f&rate aff0rded a yellow oil width 
wosdissoht#iiacoacHcI(1oOml)andnmUedfa4ht.The 
m.ixturcwascGokdtooraodthepptwasflltercdoff,washL?d 
willt.icc-wateraaddriedkwcvrat~,yiekliaglS.5gda 
wfiitesdidwhichwasdi~lvadinAcCl(60ml)aatnmu#ffor 
2hr: Evepontion to drywzss afforded a ye&w did (12.39~). 
rnfCHcl3): 1860(w), 176qvs) (aahydrideCO); yield: 76%). 
~h~~~w~~~CH~r 
accord&totbcpr0cedareducrib&yiddippll.47gofpure 
II; m.p. 97-99’ @tOHI. ~CHC~): lTM(w), lnra(vs) (ii- 
CO& ‘H NMRz a(CDCU, 1.35 tt, J- 7H+ 3H, -O-C&C&), 
217-3.41 @H. -C&CO), 3.00 (8, 3H, -NX&), 3.SO-4.20 (q, 
J = 7 Hz, W‘ -o-C&-CHs aod iii, -Co-C&Ar), 6.63-7.42 
(4& ammatk H). (popod: C, 67.0; H, 6.5. Calc. for C,&N~ 
M - 233% c, 6693; H, MM). 

l-x~h~-3-~-rritro-s-rtkoxyphcnyi)-succinimidcts. 
To a soIa d 21 (4.72g, 2O.27mmok) ia HOAc @ml) fumiag 

HNOj (d co. 1.5) (IO ml) was sdd#1 dmpwisc quidtly, The m. 
ros@to7V.Aftersti&l&f0rlhrthcmixtumwaspourediato 
~w~~e~~CH~~~k~~ 
washedwitb lO%KOHaqandsatNaClaq,drkdovaN~~ 
~~.Ev~~~~~~a~~w~ 
(4.%e)whichafcordtapto’HN~(~)wrrsamixhneof12 
and the c~mspoadbro 3ctboxy&itrc#mnyl derivative ia a 
ratioof6s:3s.cohlmncbroma&gmphyoosiik@withetheras 
aacluentofiorded2.76gofpunZLuopakyeOowoilwhicb 
&i&d upoa stat&g, CrysMi&on from EtOH gave 2.3Og of 
crys@nc 22, ykld: 4095 m.p. 127-lw @OH). IR(cHCf3): 

1770(w), 17Ows) 6raiddO), Imars). 134O@I (I’@& ‘H NMR: 
a(CDCl3). 1.45 (t, J=7Hx, 3H. -O-CH~,), 2.62-3.41 (2H, 
-CH&O). 3.m fs. 3H. -N-CH3h 4.11 (9, f - 7 Hs w, -oc&- 
CH;), 4.4i-(IH, ~&C&A& 6.77 @,i=2-S& lH, aromatk 
it_ 6.91 &ubk d. J -2.5 aad 9Hz 1H. ar0matk H). 8.18 fd, __‘_ _ ,---- -, 
J==IIHx, fH, Blldmstic IQ. (Foundz-C, &.f& H, X-&k. iOr 
C,3H,,N&, M-278.26: C, 56.11; H, S&7%)). 

1$3 - Dim&y1 - 3 - (2 - nim - 5 - cthaxypkcfiy&) - svccinimide 
23 was rrpami from 22 (1.9S& 7Omm0k) Bccondipo to the 
procedure &s&cd for the synthesis of ); ykld: 8S* m.p. 
lO?-IOP (&OH). ER(CHCIJ): 177O(w), 17O&s) @aidfi~O~, 
1530(s), 135O(s) (NO& ‘H NMR: 1I(CfX23). 1.41 (t, 3 - 7 Hz, 3H. 
-U-CHz-C~3), 1.73 (s, 3H, -C-C&), 2.69 (A part AB system, 
J = 17.5 Hz, IH, C&CO), 3.M (s, 3H, -N-CI,1). 3.13 fB rsert 
AB system, J = 17.5 Hz, lH, -C&CO), 4.11 (qp J = 7 Hz, 2H, 
-@C&CH3), 6.86 (doubk d, J - 2.5 aod 9 Hz IR ammatic xf, 
7.11 (d, J-2.fHz. 1H, aromatic IQ 8.03 (d. J-9Hz lH, 
aroma& H). MS: m/e = 246(lO@?6), 292(18) M+. (Pound: C, 57.5; 
H, 5.5. Cak. for t&H,&& M = 292.28: C, 57.53; H, 5.52%). 

I,4-~h~-4-(2-nitn,-S-dhoxyplrtnyt)-5-h~~xy- 
2 - pyrndidbronc 24. CompouDd 23 (0.79 g, 2.71 mm0k) was 
reduced ia a mixture of EtOH (ISOud) and THF (25&l with 
1.47g NaBH, at tp for 4br accord& to the procedwe 
descnbad.” The crude product (0.760) was acco&g to ‘H 
NMR (CDCM a mixture of 24 aad 25 ia a ratk 3:l. After . . 

sta&a&mfromEtOAcpurcM(O.48g)waso&aior&yi&: 
& m-p. 176-181* @&AC). IR(KBr): 31O&m) (OH), 16SO(vs) 
--CO); ‘H NMR: a@MSO&), 1.39 (1, J = 7 Hz, 3H, -O- 
CH&&), 1.14 (s, 3H, -C-C&). 2.42 (AR system, J - 16.5 Hz, 
W, X&-CO), 2.71 (s. 3H, -N-C&), 4.15 (q, J= 7Hz, ZH, 
-O-Cl&CH& 5.25 (d, J = 7 Hz, !H, -N-Cl-$-OH; beunncs a s 
withf)IOaWed),6.88(63=7Hz,iH,-OH);disaDcuuswith 
ho addad), 6.%-7.m (3H, aromatic H). (Fo&l: C, fi.2; H, 6.1; 
N. 9.6, Calc. for C&+N& M-294.30: C. 57.13: H. 6.17: N. 
9.5246). 

. _ _ ._.. . 

1 Ja - l?intcfhyl - 5 - ctkoxy - 8 - fonyl - 3,3a,8,8a. t~~~~ 
- pyrr~io[2~]indol- 2 - OIU 26 Gas pnpu#f from 24 (O.l%& 
0.67~) accord& to the procedun described f0r the 
syatbcsis 0f W; yield: 74%; m-p. 149-151° ~CHzClz/cttM 
&CHCf>): 167O(vsj (kctao&O); ‘ir NMR: &DCl3) (T’abk 1). 
(Foundz C. 65.8: H. 6.7: N. 10.3. C&c. for C,&,fMh. M= 
ti4.31: c, (55.67;~. &l;‘N, i0.2196). 

_ ._ _ _ 

dM%mtko/r ld was prcpami from 26 (O.l36g, 0.5Ommok) 
acco&ag to the procedure dcscrii for the syathesis of &lb; 
ykid 7ir46, m.p. 34-V (lit. 3k25. fR~CHCl3): laoa( lsoo(m~ 
(aroma&z); ‘H NMR: d(CDC@, 1.36 (1, J=7Hz, 3H, qr 
C&), 1.44 (s, 3B. -C-C&I, 1.95 (m, ZH, -C-C&C-~, 2.55 d 
3H, -N-C&I, 2.70 (m, 2H. -N-C&-l. 2.9O is, 3H, -NC&I, 3.95 
(q, J-7&., ZH, -M&CH3), 4.0s fs. lH, -N-C&N-), 6.34 
(lH, aromatic If), 6.66 (2H, aromatic H). A picrate of m.p, 
1~~f~~~H) (lit. tSO-13l*P” lSpu, was a&y&. (Pour& C, 
52% H, 5.3; N, 14.8. Cak. for Cr&NpI, M - 475.45: C. 53.05: 
H, 5.30; N, 14.73%). 
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