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AbaDct-Acyloxy-kctoM rrPrrongement,ptoceediPpbythcrctionofbase,~ban~edintbe~of 
ketone 2. By tbc reduction of kctomx 2 and 3 with aodium boron bydrkk, llcw 10,11diawthoxy(depyr- 
rolo)raune8cinc rtaeo~wrs (k7r) have been lwqwcd. PrCvioaaly blown akobols with i3uoberball Sk&o0 
(12.U) have beto simihrly c4mvcrtcd into tctracyclk falwack stercoiaomcra (49) by tbc oxkkuktive 
method. The stcrcockmistrv of these comwmds h been iuvcshgatcd by physkal (‘H NMR, IR) and by c&&l 
methods. 

Rauwcinez iaolatcd from the plant Raunwfjia 
canucens, has a sedative and blood pressure lowering 
actionsimilartothatofnserpine.ThestluctWeofthe 
substance has been elucidated by Huebner and Schlitt- 
le? but it has not yet been synthesized. 

After the successful synthesis of l@methoxy(depyr- 
rolo)+esefpine’ we set ourself the aim of synthesizing 
10,l ldimethoxy@epyrrolo)muoescine and its 
stenGsomers ut%zing the principle of linear ap 
proximation. This method permits the preparation of 
derivatives with d&rent steric positions in the Drin& 
the investigation of their physical and chemical proper- 
ties and their phlumacological action. 

A. Pmpamtbn of kcrones with epi-alkkban skeleton 
(2,Ja) and proof of their stnlctnrc 

Following the method developed by us6 when the 
bromo-ketoester” 1 in abs dimethyl formamide was 
treated with the potassium salt of 3,4J-trimetboxy bcn- 
zoic acid, the mixture of the tautomeric forms ZA-B has 
beenobt&edinagoodyield.OnrecrysMiza&nofthe 
substance obtained from methanol the 2A keto-form 
sqmmtes from the solution at room temperature, so that 
theequilibriumcangmdnaUybeshiftcdinthedirection 
ofthisform,afterlhtoabout5046,andafterZhto 
about 80%. 

The IR spectrum of the solid ketone 2A, (1750, 
1730,1710cm-‘) indicates a non-em& structure and 
a strong Bohlmaon band system,’ @XKJ-27SOcm-‘) 
indicative of the tmns junction of rings B/C, can be 
observedinthespectNm.TheIRspectnlmof2BB,pre-~ 
cipitated after methanolic recrysMization with water 
from the mother liquor (1730,1660,1620 cm-‘), indicates 
anenolizaistructue.The’HNMRspectraofthecrys- 
talline ketone 2A and of the mw enolic form 2B are 
identical. 

l%e coupling constants of IS-H (Table 1) show the 
presence of equatorial lS-acyloxy group. From the 
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stntweofalcohols1and7a,obtainedbythereduc- 
tion of ketone 2& conchmions can be drawn on the steric 
position of the 13-methoxy carbonyl group (see Section 
0. 
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Williamsonh found in the exchange of the halogen 
atom of a-bromo ketone with a steroid skeleton for 
potassium acetate in hot acetone in the presence of 
tetramethyl ammonium acetate that the acyloxy and the 
keto functions may be exchanged. Other authors- 
report on the acyloxy-ketone rearraagem ent of Q- 
acetoxy ketones witb the steroid SkelCto~ occurhg on 
active ahlmhm oxide. 

Asimilarreactionhasbeenobservedbyusinthecase 
ofketone2A.Whencompolmd2Awasbeatedin 
dimethyl formamide in the presence of potassium 3&J- 
trimethoxy benzoate and dietilyl amine to IOUT, tJle 
3.43~trimetboxybenz.oyl group migated from 15-C to 
14-c while a ketone function was formed at 15-c (h). 

Ketone3aisalsoobtainedwbenbromoketoesterlis 
reacted in dimethyl formamide with potassium 3,45- 
trimethoxy beluoate in the presence of diethylamine. In 
contrast to ketone a compound 3e does not give an 
enol reaction with Fern chloride. In the ‘H NMR spec- 
trumofJatbel-Hsignalappeanatavaluelowarthand 
3.9ppm and its IR qectrum contains a stronpa 
Bohlmann band system. All this data proves the cpi- 
allo-rrans (R) conformation of the w system. In the 
‘H NMR spectrum of ketone 3a the coupling constant of 
14-H (Table 1) makes the yti position of subs& 
toeats 13 and 14 very similar.’ ” TIE stereochemistry of 
ketone 3a is also proved by the stractu~ of alcohols ca, 
7bobtainedfromitbyrcducth(!hcthC). 

For tbc v&cation of tbc position of the 3,4$tri- 

metIwxybeluoyloxy group in moltxuks 2A and * the 
method of Brh@man12 has been used involving the 
reductionofketone2Awithacthtalzincdnstinhot 
acetic acid to give 7$dimethoxy-M-oxo-epi-allobaban- 
~~~cacidmetbylester’ofltnowns~.Ketone 
k gave n&r similar conditions compound 3b. The two 
isolated carbonyl bands appeahg at 1710 and 173Ocm-’ 
intheIRspectNmofketone3b,snpportthemass 
spectmmandthe’HNMRspe&umofthesubstance 
and mEqlivocany prove the stracture of the compoond. 

Thestructureofketone2Ahasalsobeenprovedby 
boiling 7~xy-15~3’.4’J’y~xy~ 
14-oxo-&berban-13- acid methyl este? of 
knownstmcture,in&cialaceticacidwithHg=acetate, 
and subQequently convating it into the immonium salt 4 
byaatmentwithperchbricacid.Theimmoniumsalt4, 
on reduch with zinc/hydrochloric acid in acetom gave, 
inadditiontotheinitialke&neofoUob&anskeleton,a 
substancebavingfromeveryaspcc&thesameproperh 
as ketone 2 of epi-&bcrtmn skeleton.“” The subati- 
tuent at position 15 of the ketone witb &hrban 
skeleton6isintbe/3cquatorialpositio~amlinLetons2 
of cpi-&b&an skeleton, obtained from it by oxide- 
hEt,io&tbiSSubstitnentiSiDtllCUtqnatorial~, 
thus, doring the reaction 15-C is simultaneously epi- 
me&d. The conversion of the axial 15-acyloxy group 
into the &ermodynamhIly more stable isomer of equa- 
tohlpositionhasatreadybecnob8uved.6 

Ihring the development of the enoiic form. the 11 
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Table 1. Ihta of ‘H-NMR’, tx&mth ad conformrtI011 of compomda 2A. L. S-d. &a. 7a-d. W. %I. ad 16 
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methoxycarbonyl group adjacent to the 0x0 group moves 
without any dil3culty into the most stable ocquatorial 
steric position. 

B. Red&on of kuonw 2 and 38 occompaniai by ocyl 
migmion 

Byreductionofketone2&carriedoutinmethanol 
suspension, akoholS8 is obtained as the main product 
(7096) in addition to epimer 78 (16%) and structuml 
isomer Sh (1096). These could be isolated partly by 
crystaUi&on and partly by thin-layer chromatogmphy. 

Reducedof38atoocinmeumnol,ykldedprimarily,as 
expected,” two isomeric alcohols Lb and 7b which wm 
in equilibrium with two furthez 8kohols (r and 78. 
Star@ from any of the pure alcohols, this quiliium 
(58G=!!b, 68Sb. 78Sb) is est8blished again in the 
presence of catalytic quantities of acid or base. To 
determine the stru&ual relationship between the p8irs of 
isomeric akohols, compo&s 58+b, (a+b and 78+b 
were dacylatcd by boiling iu metlmol contain@ 
hydrochloric acid and from the compounds 58, b the 
dialcohol SC wm obtaiaed, from akohols 68, b the dial- 
cohol (c, and from the pair of compounds 78, b the 
dialahol7c. AU this proves that substances which yield 
identical dialwhols differ only with respect to the posi- 
tion of the 3,49rimethoxybenxoyloxy group. 

sinceintberedu&oofketone2,s8isformedasa 
primary product, it is to be assumed that this alcohol 
coot8ins the 3,45-trimethoxybenxoyl group in the same 
position (C-15) as the initial ketone whik Sb, formed 
from it by acyl migration, contains the group on the 
nei&oUing carbon atom (C-14). 

In ketone 38 the 3,4J-trimethoxybenxoybxy group is 
in position 14. thus, alcohols formed primarily from it 
(cb,7b) contain the 3,4S-trimethoxybenxoyloxy group 
similarly in position 14 while tbe compounds formed by 
acyl migation (68,78) contain the group in position 15. 

C. Znvtdigation of the smwchanhtry of alcohols Sa, b, 
(a,b and 78.b 

The stcrcacbcmishy of the alcohols formed by the 
reductiooofketone2andLandoftheirderivativeshas 
becoverifkdbyIRand%NMRspectroscopyandby 
chemical methods. spectral dat8 of Sa,b, 68.b. 78.b 
aktobol.9 of theii o-ace@ derivatives, and of the dials 
(5~6~7~) obtained by tbe deacylation of the alcohols, 
indicate E, conforma&. ‘I& coupling constant 14-H in 
alcohol 58 and of its ecylated derivative !!d (Table 1) 
indkate an axial subst&nt at C-14. 

The coup& constants Jw- yield further in- 
formation 00 the steric position of the OH groups.- It 
is well known that these depend on the preferential 
orientation of rotation of the OH-group, retkcting on the 
otherhandthestericintera&nsoftheOHgroupand 
the neighbouring groups. In vkinal di- and t&substituted 
six-membered ring systems, equatorial OH groups 
gencraUyrevealakrger(6-7Hz)andaxialOHgroups 
systematically a smaller (MHz) JH~” coupI@ 
constant. (Rekvant dat8 are contained in the experimen- 
tal part.) The 15-H coupling constants of Sa and Sd 
*ate quatorial position of the 1543,4J-tlimethoxy- 
benzoyloxY) group. 

The steric position of 13-H can be generally deduced 
.from the coupling constants Jlzl, and L,.,. of 13-H. If 
theaigdof 13_Hiaov&ppedbyothanmmcu,tbc 
J,r,. value of 14-H #ves information on its steric posi- 
tion. It follows from the co@ing constants of the 13-H 

(J,a,r 13 Hz), 14-H and 15-H of alcohol Sh, obtai& by 
acyl migmtion from alcohol Sa (Table 1). that the sub& 
tuents have 13aqUorial. l4ucquatolial and lk- 
equatorial position. 

This stereochemistry of the compounds is also 
supported by their chemical behaviour. It has been 
shown in our earlier investigations that Vilsmeier’s reac- 
tion is suitable for the elucidation of the steric position 
of 13-metboxycarbooyl and of tbe M-OH group.’ Alco- 
hol L gave with Vilsmekr’s reagent (!XXX/DhIF) the 
un&urated ester 14 in good yield. Tbe formation of 
compound 14 proceeds smoothly only if the 14-a OH 
group and 13-H are in mudkid position, ie. if 
substituent 13-H occupies steric position 130. Vilsmekr’s 
reaction permits also the replacement of tbe hydroxyl 
group by a chlorine atom which proceeds according to an 
sN1 mechanism. This reaction gave by inversion a 
byproduct-the chloro compound 76. In tbe ‘H NMR 
spectrum of 7d, the couph constants of 14-H and 15-H 
(Table 1) indAte in a compound of I$ conformation 
triequatorial 13a-, 14/J- and ISa substituents. The 
formation of these compounds simikrly supports the 
stnMure established above for the alcohol 58. 

The steric structure of alcohols, formed in the reduction 
of compound 38, containing a ketone group in position 
15, has been elucidated by ‘H NMR spectroscopy. 

The coupI@ constants of 14-H and 15-H of alcohols 
&e (Tabk 1) also indkate the presence of equatorial 
lk-, equatorial 14/J- and axial 15@-sub&lent.% 

Tbe coupling constants of 14-H and 15-H of UR other 
stereoisomeric alcohols 78 and 7b Crabk l), indicate 
equatorial 11.14 and 15-substituents. IO view of the & 
cunformationofthecompounds,thismeansthatthesaid 
substituents are respectively cl,@ and a conl@ation. 
This orientation of the sutmtituents on ring D of 
compounds 7~ is fully supported by the fact that M) 
water elimination could be produced from compound 78 

under the conditioo of Vilsmekr’s re&ion. 
f%0h0l78iStheJameaJtbealcobo~fOnnedin~ 

quantities by the reduction of ketone 2. This substance 
willbeformedfromketone2iftbeattacLoftbeboron 
hydride anion occurs from the generally prefered convex 
a-side.’ However, in the case of compound 2, this side is 
strongly shielded by the a-substituents of high space 
regdremeot in positions 13 and 15. If the boron hydride 
anion attacks from the concave &&le, then alcohol 58, 
isolated as the main product, will be formed. 

D. Conomion of he alcohols of utablisheri aUobehn 
skdtton, 118, b. lO,l2,W, lo anulog~cs of epi-allobdan 
skdaon,(Cb,fr,8a.9 

We wished to establish a correlation between the 
ailoberban skekton alc&ols 118 and llb of known 
structu~‘andthecompoundsQandbwithcpi- 
&oberban skekton. When boiling alcohols ll8 amI b 
with w acetate in glacial acetic acid, subsequent 
treatment with perchloric acid yielded the immo&n 
salts 1% and c. On reducing the latter in acetone medium 
with zinc/hydrochloric acid in tirsence of catalytic 

uontities of H$ &l&de and Fe chloride, alcoM 68 
Zan be isolated from compound 118 and alcohol (b from 
llb (fdoq with the starting subst8ncea 118 and b). It 
&odd also be mentioned that the reaction mixture al- 
ways contains the pair of 8kohols obtained by acyl 
mi#atioo,6=Cb.Thefactthatalcobol1couIdbe 
pnpared by the above methods from alcohol 10 witb 
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dloherlmn skeleton; supports the structure of compound 
!!a 

with the aim to make the series of 9,10- 
dimethoxy@lepyrrolo)raurauaescine ster~izomers more 
complete, hydroxy compounds l2 and 13 of known 
structure with all&&an skekton’ have been oxidized 
with IQ” acetate into compouttds 1Sd and 15e. On 
reducinS the product with zinclhydrochloric acid, ah+ 
hols & and 9 with epi-alloberban skeleton were obtained 
in addition to the initial substances. 

Chemical shift of 1-H in alcohol (la and in its O-acetyl 
derivative Sh and the fact that in the IB spectrum of 
these compounds, recorded in chloroform, only weak 
Bohhnann bands appear, indicate that these compounds 
exist only in epi-do-cis (fL) conformation.‘6 On the 
basis of the 14 and 15-H 8 values of these compounds 
(&,b) and the coupling constants measured (Table 1) 
they contain 13/3cquatorial, 14&axial and 15j3+qua- 
torial sub&rents. 

In the spectrum of the hydroxyl compound 9, the I-H 
s&nal indicates the presence of epi-allo-cis confor- 
mation. ‘Ibe IB spectra of the compound both in the solid 
state and in solution, exhibited extremely weak 
Bohlmann bands. The coupling constants of 14-H and 
15-H (Tabk 1) proved equatorial l36-, axial 14& and 
axial 15oaubstituents. 

The n-conversion of compounds Sa and 7a with epi- 
olfobcrban skeleton into compounds with &&rban 
skeleton revealed interesting stereochemical properties 
of these compounds. If the hydroxy compound 7a of E, 
conformation is oxidixed with Pb”’ acetate, and the 
immonium salt 151 which is obtained, is reduced with 
sodium boron hydride,” hydroxyl compound 16 with 
&berban skeleton is formed. In the ‘H NbfB spectrum 
of 16 the band characteristic of B/C rrans rink junction 
appears below 6 3.9ppm, strong Bohlmann bands are 
nvealedintbeIBspectrumindicatingthattberinS 
system is of all0 rmru (AA conformation. The coupling 
constants of 14-H and 15-H (Table 1) indkate hiaxial 
l3a-, l4/3- and 15a-substituents. 

Based on data in the literature,‘“*‘2 it was expected 
that the large substituents of rink D, since they attempt 
to attain quatorial position, force the tiqt system which 
has in principle a &xii conformation, to take up the 
kss stable allo cir (A& conformation where the aroma- 
tic riag prefers the axial position. In this case, the 
substituents of rink D woukl be in tlm triuquannial 
position. Actually this does not happen since the A, 
conformation of the rink system, prov@ very stable, is 
maintained and ring D contains all three substituents in 
axial position. 

Wedescriiinourearliercommunkation’thatinthe 
case of hydroxy compound 10 [which has also been 
prepared by the oxidation of 9a (Ma) and subsequent 
reduction] the established conformational equihbrium 
(AGk2) can & shifted under tlm conditions of 
Vilsmeierdehydn in the k2 direction. In the ‘H 
NMB spectrum of product 10, takco in C&DM!IO 
solvent, the 1-H s&gal can not be observed, and couplinS 
constants of 14-H and 15-H (Table 1) indicate the 
compound 10 contains &-axial, 14/3+pratorial and 
1%x-axial substituents. This is supported also by the 
“C-NMB spe&um of the compound. All this proves 
that compounds with aIloberban skeleton wbetlmr 
pnsentinthesolidstattorinsolntionaremainlyinthe 
A, conformation, even if the substituents on rink D are 
intheaxialposition. 

AcuAnS to data in the literature’**’ compounds 
with be&an skekton and ci.r C/D ring junction, contain- 
irut l-2 double bonds, yield on reduction with sodium 
boron hydride exclusively compounds with alloberban 
skeleton. In the two cases discussed above, in tbe reduc- 
tion kaditg to alcohols 10 ad 16 in contrast to data in 
the literature, compounds with cpi-dloberban skeleton 
(*7a) are also always formed; the all0 : epi-all0 ratio 
beingabout l:l. 

The possible explanation of this finding is that besides 
he compounds with cllloberban skeleton of A, confor- 
mation, containing triaxhl or axial, equatorial, axial 
substituents (16.10). the energetidly more favourable 
compounds with epi-&berban skeleton of E 
co&uation, containing triequatorial or equatorial, 
axial, equatorial substhents (7a,Sa) are also formed. 
This assumption seems to be supported by the fact that 
inthecasewhenalcobol(rhasbeenoxidizedwithPb~ 
acetate, then reduced with sodium boron hydride, no 
substance with cpi-f&be&an skeleton has been formed 
but only substances with olloberban skeleton (llr and 
lib). 

The “C NMR analysis of the new compounds dis- 
cussed above has also been performed. These results will 
form the subject of a later publication. 
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IR spectra were recanted io KBr witb Spectromom 2COO 
ape&opbotoater.Tbc’HNMB~pectrawereobmineduriaga 
varian XL-lakl5 Pourkr transform instNmellt, chemical abifts 
pnnported~ppm(d)&~dfromTMS.~sapectn(MS) 
weren?cordedwitbanAEIMS902iostNment(70eV,ionWllrce 
temp.1WC,din?ctimaioo).Tbesourceoftberrrtion~ 
ckked by qu&tative TLC for which DC-Alufolicn Kk&el60 
F 254 (Beaxene:McOH 14:3) and abnnioa PF- (CH~l~:MeOH 
26:05) indkanve absorbcats were used. For the quantitative 
sepsra& Kiesel8elPF~~ layer 1.5 mm@enxeae:MeOH 14: 3 
with CHar) [System A); slumins PFm Type E, layer l.Omm 
(CH$12:MeOH 2tkO.5 ehmtin8 witb CHZCI~ [System Bl: or 
aluminaPFzuTypeE,laya1.0mm(CH~l~:MeOH2O:0.2eluat& 
witb CHflz) [System c]; indicative hKhlltSWerr&.The 

fmtms were carrid out under argon; Mps were m. 

76 - Dlmcthoxy - 14 - ox0 - 15 - (Y,4’J’ - trimcthoxybmtogloxy) - 
ep&Uobwfmn - 13 - ca&oxylk acid methylester 2 

Amixturcofbomokto C3ter 1 Hh (1.008, 1.87lMbdU) 
and potsssium-3,4$bime&oxy benxc& (1.20#, 4.7s mmoles) in 
absDMF(lOml)wasstimdatl00r:forlh.TberePctioamix- 
turc was poured into ice water (15 ml) sod slkallxed (pH8) 
with 54tNaBC0,. The pr&pit& wss lUtered od (1.008) and 
an add&n crude product (0.060) was obkted by ctbcral cx- 
@action of the motha liquor. Crode product 2B 1.06 g, (97%). IB 
(KBr): 2aL2750 (BOtlllMdC abaOmtion), 1730 
(OCOCJi&CH,),), 16M1 (con&sterl COOCB,), 1620cm- 
(Cd). &ryatalhxstion from MeOH gave 2h Tk precipii 

.zA was after lh 0-0 (46%). aftcr 24h 0.851(78%) m.p. 
210-21X. CJ~H~NO~~ (S83.6) Calc.: C. 63.79; H, 6.R N, 2.40. 
Found: C. 63.70; H, 6.40; N, 2.51%. IR (KBr): -2750 
(BObbImne’s ab~rption), 1750. 1730, 1710 cm-’ [COOCHr C-O. 
OCDCJI#CH,),]. ‘H NMR (Cd&): 3.41,3.48,3.80.3.51(18 H. 
s, OCH,, COOCH,) 5.58 (1 H. dd, 1, = 11 Hz, J.. = 8 Hz, 15-H). 
6.51 6.66 (2 H. s. CH, 9-H). 7.63 (2 H, s, 2-H. 6-H) MS m/e (96): 
583(9, M+). 58202). -3). 552(I), 52500). S24(24). 510(4). 3%8(6), 
372(123. 37WO). 37OU2). 3560). 33OGW. 328(B), 31Y25-J. 31300). 
312(25).232(4~.226(10),212(100),2os(~). 197(50), 195(40), 191(30), 
19W.V. 

7b - huhox~ - 1s - ow - 148 - (3’,4’Y - trimahoxy~rloxy) 
-rpiQl&bUk-lk-~ocidmdhy&Sl~~ 

h A mixture of ketone 2A (50% O.O97mmoka), dktbyl- 
amine (2 drops) and potassium-3,4$trimetboxy beaoate (Ire Ill& 
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0.2mmoles)inabsDMF(lml)wlrsstimdatlOOOCforlb.Tbe 
cold reaction mixa was poured ioto ice water (Jml) and 
extracted witb c&or. The solvent was evapoW& the. residue 
after rcuystalliAo0 (MeOH) gave 3a 3Omg, (60%). m.p. 1% 
2OlT. 

B. A mixture of bromo-keto ester 1 (0.5 g, 0.94mmoks) 
porassium-3.45-trimethoxy bauoak (0.50 g. 2.00 mmoks) and 
dkthylamii (IO drops) in abs DMF (8 ml) was stirred at 100°C 
forlh.Thccoldnoctioomixtwwlupoundintoicewclter 
(50 ml), extxactcd with ether. The solvent was evaporated and tbc 
residue after rccrysta&ation (&OH) gave 3a 0.31 g, (56.6%), 
m.p. 197-2Ol’T. C,,HnNOlo (583.6). Cal;.: C, 63.79; H, 6.39; N. 
240. Fcur& C. 63.81: H. 6.39~ N. 254%. IR IKBr): 2800-2750 
(Boblmann’s aboorpl0fi 17&J-i730cm-’ [C&H,. GO, 
oUXdiACEH,hl. ‘H NMR (CDcl,+ DMSO): 3.78, 3.79, 3.83, 
3.88 (18 H, s, OCH,. CODCH,), 5.72 (1 H, d, J, = 12 Hz, 14-H). 
6566.65 (2 H, S, 6-H. 9-H). 7.26 (2 H. I, 2’-H, 4-H). MS m/c (96): 

58YM+.40). 582(45). 568U2). 552(3), 525(l). 524(3). 388(25), 
m(U), 37WO). 37OWJ), 35600). 330(l), 32W, 313W. 312(50), 
232(m), 22a0, 212(45), 2’05(100), 19700). 195(75). 191(40). 
19q35). 

78 - JXmethoxy - 14 - oxo - QiaWetfun - 13 - carboxylic acid 
muhykwa 

Ketone 2A (O.#)g, 0.34 mmoler) was rc8uxod in acetic add 
(10 ml) with 20 powder (l.oOg) for 2 b. The cokl solution was 
nltered, evaporated In wcuo, tbc residue was dissolve.d ill water 
Oml),madeallrPline(pH9)with#)96N)40H~cxtractcdwith 
CH#h. After drying @&SO,) the solveot was e-ted and 
the residue crystal&d io MeOH. Yield: 30mg (23.6%). m.p. 
137-WC. 

7% - Dimethoxy - 15 - 0x0 - cjiaUoberban - 13 - carboxylic acid 
methylester Jb 

with the rcductioo method dcscribul above, ketone 3a (0.12 & 
0.21 mmoks) gave ketow 3b (5Omg, 65%). m.p. 1&161T 
(matband). &,HaNO, (373.3) Cak.: C, 67.54; H, 7.29; N, 3.75. 
Fcund: C, 67.55; H, 7.35: N, 3.88%. IR (KBr): -2750 
(BoWann’s absorptioo), 1735, 1715cm-’ (CDDCH,, C-O). ‘H 
NMR (CD&): 3.79, 3.86 (9H, I, COOCH,, DCH,). 634. 6.58 
(2 H, s. CH, 9-H). MS m/e (46): 373 (M’, 75). 372(100), 358(20). 
3420). 33tX2), 31405). 286(3), m(l), m(1). 258(17), 244(4), 
242(3). 232(40), 205(50), 191(25l, 190(20), 177(3). 17q6). 

Ilo - Hydroxy - 7.8 - dimahoxy - 15~ - (3l.4’5 - trimcrlrargben- 
wyloxy) -. cpialloberbon - 130 - ca&oxyUc acid mahyluter k, 

lrg - hydrvxy - 7.8 - dimahoxy - 150 - (3’,4’5’ - trfmethoxybea- 
Wfl0x.Y) - QB - 130 - carboxyti acid mahyluter 72 
and 15a - bydtvxy - 78 - dimahoxy - l(a - (3’,4’J’ - In’- 

mah0xybenz0yhry) - cpiahbdan - 13~ - cutwxyk acid 
mahylyttr 5b 

Kctooc 2A (l.Wg, 1.72mmoks) was stirrod in abs MeDH 
(35ml)ot(PC~N~H,(030g,bllSmmoks)~Pddedtothc 
roactioa mixture in portions. After 0.5 b stining the precipitate 
was 8ltcrcd off @a, O&5& 64.7%). Tbc lwtbar liquor was neu- 
tral&d witb a&c acid. the solveot was CvapoWed ia wcno, 
tbc residue treated witb 25%NaHCD, and extracted with 
CH#z. Aftex drying (MgSD,) the solvent was evaporated and 
the residue sqamtcd by system A: RI 52 7a > RI Sb, ad then 
tbcuppcrlaycrbysystcmB:&7a>R,ga, 

8a 0.708 (69.8%). m.p. 2Ol-20X (metha&). C,,H,,NO,, 
W5.6) Cak. C, 63.57: H. 6.71: N, 239. FoPad: C, 63.55; H, 6.72; 
N, 2.39%. LR (KBr): 3520 (OH), 2@J8-2750 (Bobbum’s ab- 
sorption), 1720.1695 cm-’ [CODCH,, DCDC&I@CH,h]. ‘H NMR 
(C& + DMSO): 7.73 (2 H, s, 2’-H, 6’-II), 6.77, 6.52 (2 H. s, bH, 
PH), 5.31 (1 H. 6 J,m - 4 Hz, OH), 5.34 (1 H, q , J, = 12 Hz, 
J, = 5 Hz, 15-H). 4.74 (I H, m, J, = 2 Hz, I, = U Hz, 14-H), 
3.82, 3.62, 3.58. 3.52 (1gH. s, CDDCH,, OCH,). MS m/r (96): 
5g5W+, 50). 5sYSn. 57000). 568(4), Ju(6). 5530-h 5520.526(5), 
390(m)* 37300). m(80), 35800). 35600). 342W. 3400.314W), 
232(45-l, 212(70), 2WOO). 19WO). 195W 191(70). 19OW). 
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s) 0.095g (9.5%). m.p. 212-214T (methanol). C,,HaO,,, 
(585.6) UC.: C, 63.57; H, 6.71; N, 239; Foond: C, 63.63: H. 6.73: 
N, 3.47%. IR (KBr): 3400 (OH), 2XKt-2750 (BoMmann’s ab- 
sorptioo), 1745, 173Ocm-’ [CDOCH,, DCOC&@CH~l. ‘H 
NMR (C&+ DMSD): 7.65 (2 H, s, 2’-H, 6’8). 6.76,6.52 (2 H, s. 
6-H. 9-H). 5.% (lH, m, J,=WHz, J,=2.5Hz. M-H), 3.75 
(lH, q , J,=llHz, J,=4Hz, 15-H), 4.46 (IH, brs. OH). 3.16 
(1 H. dd, J,= 13Hz, 13-H). 3.84. 352. 3.50. 3.48 (18H. s. 
COOCH,. DCH,). MS m/r (96): 585 (M*,70), 584(100), 570(18), 
553(23), 552(28). 39OW 37Y45), 373W). 37200). 35gu4). 
35600). 34zcm, 34004). 31406). 23z(27), 21200). 205(57), 
195@0), 191(53). 

7a 0.16 g (15.9%), m.p. 178°C (metbaaol). CllHaOlo (585.6). 
Cak.: C, 63.57; H. 6.71; N, 239. Found: C, 63.61; H, 6.74; N, 
242%. IR (KBr): 3550 (OH), 2800-2750 (Bobbnann’s absorption), 
1750-1730 cm-’ [COOCH,, DCDC&(OCH~]. ‘H NMR (C&+ 
DMSO): 7.66 (2 H, s. T-H, 6’-H), 6.62, 6.51 (2 H. s, 6-H. SH), 
5.48 (1 H, brs, OH), 5.45 (1 H, m, J, = 11.5 Hz. J, = 4.5 Hz, 
15-H). 4.32 (I H, dd, J, = lOHz, J,=9.5 Hz, M-H), 3.82, 3.64, 
3.60,3.54 (18 H, s, CDDCH,, OCH,). MS mlc (96): 585 (M+.b), 
58y60), 57009, sac(4). 5540, 55X4). 552(6). 5243). 3Wgh 
3’WW. 372W3, 35WOh 356031, 342(g), 3lYZeh 232(20), 
2lY30), 2a5(45), 197(12), 195(30), 191(30), 190(15). 

158 - nydroxy - 78 - dimethoxy - 10 - (3’A’J’ - ttiahoxybea- 
wyioxy) - cpidobedm - 13~ - ctuhylic acid methylester 6b. 
15~ - h&v - 78 - dhethoxy - 10 - (J’.J’J - trhwthxrbm- 
wyloxy) - QkWerihu - 13P - cw6oxylic add methyleater m. 
~d 14fl - h&m - 7.8 - dhtahon - 156 - W.4’3’ - tri- 
methoxjbeJu&~) - 9iaWel6ar : lk .- c&u& a&i 
mahykstcr 6a 

Ketone 3a (2.0 g, 3.4 mmdes) was stimd in abs McOH (70 ml) 
at OT lad NaBH, (0.8 g, 21.2 mmoks) was added to the raactioo 
mixture. After 0.5 h stining acetic acid (10 drops) was added 
ami tbc solvent evaporated k wcao. The r&W was trcatod 
with 2.546NaHCO3. extra&d with CHaz. The CH& was 
evaporated after drying (Meso,) and the residue qarated by 
synemA:%~>R,4,TLoadtbeotbebottomlayabysystem 
c: Rfn>rqn. 

(L- 0.73 g .(36.7%). m.p. 170-17lT (metbaad). C,,H,+NOlo 
(585.6). Cak.: C. 63-57: H. 6.71: N. 239. Fouad: C. 63.71: H. 
6.75; N. 245%. -IR (KBr):. 3485. (Oil), 2ll30-2760 (Bohlmpn~‘~ 

absorption), 173~17OOcm-’ [CDOCH,, OCDCJ&(DCH&]. ‘H 
NMR (a + DMSO): 7.65 (2 H, I, Y-H, 6’-H), 6.80.6.53 (2 H. s, 
6-H, PH), 5.60 (1 H, dd, J, = 11 Hz, J, = 2.5 Hz, 14-H). 4.63 
(1 H. m. J, = 3 Hz, J, = 3 Hz, 15-H), 4.3 (1 H. brs, OH), 3.80. 
3.56.3.53,3.52.3.51(18H, s, CDDCH,. OCH& MS m/e (96): 565 
(M+,w* sww, 570(18). 568(3), 544(J), 553(2). 552(3), 5260). 
39OU6). 373W), n(rO). 358@L 356(10), 342(5), 31400), 2X(18), 
2!206), 2WO). 19X8). 19500), 19100). lW(lo). 

7b 0355g (17.8%) m.p. 150-15X (methanol) GIH&OIO 
(585.6)Calc.:C.63.57;H.6.71;N,239.Fouad:C,63.57;H,6.R;N, 
244%. IR (KBr) 3545 (OH), -2740 (Boblmano’r absorption). 
1730-1695 cm-’ ICDDCHI. OCOC&(DCH~hl. ‘H NMR (CA t 
DMSD): 7.60 (ti, I, 2’-H;.B-H) 6.-a; ii.49 ciii; s, t&H. 9-i); 5.71 
(HI, dd. J..= 9.5 Hz, J, = 10 Hz. M-H), 4.10 (IH, m, J.. = 12H. 
J, = 4Hz, 15-H). 3.78,3.55,3.52,3.51 (18H. I, DCH, CDDCH,). 
MS m/e (96): 585 (M+, 70), 584WL 570(33). 5680.544(4), 526(4). 
39OW). 373W), 372W. 358W), 35605). 3$2(4), 3lY14), 23200). 
212(u), #H(SO), 197(10), lM(45). 191(40), 190(20). 

(r 0.155g (7.7%) q .p. 178~181T (metbaool) C,,H,,NOlo 
(585.6). Cak.: C, 63.57; H. 6.71; N, 239. Found: C. 63.59; H, 
6.73: N. 243%. IR (KBr): 3470 (OH). m2770 (BoblmanG 
abso&on), 1725, 17OOcm-’ WDCti,, OCoGHt 
(OCH,h]. ‘H NMR (C&t DMSD): 7.67 (ZH, s, T-H, B-H), 
6.83 (1 H, s, 9-H). 6.51 (1 H, I, bH). 5.79 (1 H, m, Jr- 
3H2, J,=3Hz, 15-H), 5.17 (1H. d, J,,.o~=tiHx, OH), 
4.25 (1 H. dd. J, - 11 Hz, I, = 3 Hq 14-H-), 3.81,3.62,354,3.49, 
3.48 (18 H, 1. DCHh COOCH~. MS m/e (96): 58J (M+.gO), 
ssr(sn, 57tW), sas(2). 5sY6). 5za(3), 3900). 373WJO). 372@); 
3580.356(14)* 342W, 3lYl3), 23201). 212m. 2woL 197(10), 
195(40). 191(40), 190(25-l. 





lnvcstigntjon on the chemktry of bcrbw-VII’ 2121 

T&k 3. D@ of oati of compouads 7,8-d&th0Xy-14-OXO-15-(3.4,5-t+lK&OXy-b*uo~oXy)-fl@Obaban-13-~Xy~ d 
metbyk8tcf, k, (I, 7& I., 1fa-b. D Md f3 

l$tarting Reaction Yield Isp. 
Xe thud 

cOOcx3, c-0 IR (KBrj am-' 

msterial produot 42 Oc 
ox 

ococ6E2(m3~3 C-I! lrorti0 Pa-chlorate 

A. 1 t 94 168-72 1730 1690,1675 1610.1595 1110-1090 

A. 161 ii%! 65 
165-69 3400 1720 1640,15?0 1606.1590 1110-1090 

B. ?? A& 6O 

A. A&u L;rsI 76 187-89 3400 1720 1640,1565 1605.1690 lllo-1090 
B. h !z!i 75 

A. 1u fir! 64 168-74 m&" 1720 1640,X560 %00,1590 1110-1090 

A. a2 as 90 170-n zgg 1705 
1715 

1640.1570 1590,1605 1110-1090 

A. u u 74 So-62 34(x, %Z 1640,1565 1597,1595 1110-1090 

B. ZI ix 80 201-09 3400 %!i l640,1565 1600,1590 1lXMcSO 

~~~~~~harg-~~~o-15-~3~4~5-t~~tho~~~glo~~-ai~o~~l3-c~~~~io auid s*ttylester 

wktion0f4,~lwIhinm$~hlomtca, 14#-hydwy- 7$ 
-dimethoxy - lSj3 -(3',4'$- tlinwthaxy~~)-eptrlloba- 
bcur-138-~~~aEidmcrh~~Ib,1SB-h~-7b- 
~~~ - ISix-(3',4'5'- t~u~~~~)-9~- 
ban-138.curboxyikacidmethyie.+tm~, Mu- hydmxy- 7$- 
&ethoXy - 15a - (3’.4’J’ - ttimtthoxybuuu~) - allhbaborr - 
130 - ~arh$ic acid nethylatct 10. and 14@ - hydrvxy - 7.8 - 
dfnwthoxy - 150 - (3’.4’$ - ttfmUbo&atwYIoXy) - ullob&m - 
13, - c&oXY& acid mtthylester f& 

A. A~~of~~~~4~~tl.o~). 
accto~ (3 tnn water (4ml). 10% HCl (0.7ml). Hgck (lOm&, 
FcCI, OOmg) and Zn powder (0.30300) was stbwd at room temp. 
for 3 Il. Tbc residue WXa treed witb Wats (2ml) mid made 
a&&e (pH8) with 5% N&G tbcn extra&d with CH&. 
After dry@ (Meso*] us solvent was evaporXtcd and the residue 
sqwa&d by system A: 4 78 - din-&boxy - 15(3,45 - tri- 
mctboxYbeoXoyloxy) - 14 - 0x0 - alla&an - 13 - carboxylk acid 
metbYkstcr. 10, lb-b, 12, 13>RI 2, SC, M, & 9. Data of 
expnimemts me sag in T&k 4. 

B. A mixture of berbenium pcrcbiomtc 1S-b or fS 
(LOmmok) abs MeOH (loml) m stirred at Ooc and N&H., 
(5.0 mmoks) was u&d to the mi~tum by portions. After 0.5 b 
stirrim& @ solvent WM acid&d (PH 6) with occ&r &II, 
evaporatal in oacuo and the residue was treated w&b 
2.5% N+C& tbcn extracted witb CH&&. Aha drybtg (Mo_so, 
the so1vent was evaporptad and tbc crude product -ted by 
system A: Rj se, lib, 7r< & 10. llr. 16. Dntn of eXpetimcntX 
are shown in T&k 5. 

Table 4. Reduction of be&&m percblomtes 4, $5~ with 
ZIl/HCI 

10 % u&g 5 % 

2s 16 % 

‘set Tabk 3. 

T&k 5. Rcdwtion of bcrbcniwn pcrchkrates 1%-b, 191 with 
NaBWcOH 

'hsB 
&& (18 %I 
&& (25 %) 

& m.p. 202% @#hoi). C,,H,,N0,&85.6). C&z.: C. 6357; 
H, 6.71; N. 2.39. Fouad: C. 63.a; H, 6.73; N, 245%. IR (ILBr): 
3Sso(OH& 1735, 1720 (COOCH,, OCOC&(OCH,hl, 1615- 
SOOcm-’ (aromXtic). ‘H NMR (C&+DMSOj: 7.77 (ZH, s, 
2’-H, 6’.H), 7.20,6.55 (2 H, s, &H. P-H), 5.19 (I H, d. J = 4 Hz, 
OH), 5.10 (1 H, m, J ,.= 11 H, 1,=4Hz, 15-H). 4.83 (1 H, m, 
J, = 25 HZ J, - 3.5 Hz, M-H), 4.16 (1 If, m. I, = 3 Hz, J, = 
3Ht. 1-H). 3.86,3.82,3.60.3.59,3.54 (lSH, a, COOCH,, WH,). 
f&s rrJc 6): 585 @f+, 20). sru(so). s70@& 5680, SW4). SSY3), 
ss2QI. 526(?f, 390(4), 373000). m(75), W6li. 3W8f. WlOt, 
34wI. 31400). 3lzn,, 232@& 22@4), 212(60), 205@0~* 19?(ut, 
19509), 191(30), 190(18). 

9 m.p. 17(K: (metbaimi). C,&N0,&85.6) MC.: C, 63-57; H, 
6.71; N, 2.39. Found: C, 63n H, 6.73; N, 244%. IR QBr): 3400 
(OH), 1723 [COOCH~, OCOC&@CHti, MO, lSBScm-’ 
(aromatic). ‘H NMR (C&+ D&SO): 7.53 (2 H, s, 2’-H, 6’-H), 
7.20,6-V (2 H. s, 6-H. 9-H). 5.88 (1 H. m. J, = 3 H. J, = 3 Hz, 
15-H), 5.46 (1 H, d, J = 4HX, OH), 4.73 (1 H, m, J, = 2.5 Hz, 
Jw = 4 Hz, 14-H), 4.14 (1 H, m, I, = 3 Hz, J, = 3 Hz, I-H), 3.87, 
3.80,3.58,3.52,3.47 (18 H, s, OCH,, COOCH& MS m/e (46): 585 
CM+, W, M70). SOGO), 568(2), 554Ws ~SO), 552(l), 526(2), 
39000), 373WM, 372@,, 358(45), 356(13),342(8), 340(2), 3M(2). 
3280. 31401), 312(2), Uz(zO), 22a(4), 2120, 2WO), 197(U), 
195(19), 191(30), 190(18). 

10’ ‘H NMR (c& + DMW): 7.58 (2 H. 8, Z-H, 6’-H), 6.67, 
6.51 (2H. s. 6-H, !&H), 5.72 (1 H. m. J,-3Ht. J,-Z.SHz, 
15-H). 4.0s (1 H, bra. OH), 3.77 (1 H. dd, J, - 5.5 Hz, J, - 3 Hz, 
14-H). 3.86,3.70,3.64,3.53,3.27 (I8 H. s. COOCH,, OCH,). 

16 m.p. I87-lIEB”c (mctbanol). C,,H&O,#85.6). WC.: C, 
63s7; H. 6.71; N, 239. Found: C. 63.61; H, 6.7i; N. 2.36%. IR 
(KBr): 3450 (OH), 1740 ICOOCHs OC!OC&@CH&~, 162& 
l@lOcm- (aromatic). ‘H NMR (C&+ DMSO): 7.60 (‘LX, s, 
2’.A, 6’-H), 6.80.652 (2 H, 8, dH, PHI, 5.75 (1 H, q , J, = 3 Hz, 
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Table 6. Acet~htioa of alcohols Sa. W, & 

Btmtlq Reaotlm xlald up. 
=tOrbl D-t I Oo 

J,=3Hx, IS-H), 5.60 (1 II. d. MHZ. OH), 4.83 (1If. q , J,= 
2.5 Hz, J,= 4Hz. 14-H). 3.82. 3.69. 3.59. 3.56. 3.26 (18H. s. 
COOCH,-OCH3. MS t& (%): ti (M+;19). h4(55),.‘583(&~ 
s68w 373wJ), 2own. 1950.191(32). 

Ma - Acstoxy - 74 - dhdhoxy - 15a - (3’,4’5’ - himuhoxyh- 
20ybSy) - 9iaM&an - 130 - Cahwylk acid m&l&a 51, 
148 - acetoxy - 78 - tfimtthy - 15s - (3’,4@J’ - fticrho*- 
zoy/oxy)-9iauob -13a -Cahxylicl?cidmethgster6e_ 150 - 
acstoxy - 78 - dimethoxy - I4j3 - (3’A’J’ - tdm&oxybauoyfoxy) - 
tpiahbdar - 13a - ca~60xylic acid methyksfa 6d and M/3 - 
acrtoxy - 72 - dimethoxy - I5p - (3’A’J’ - ttimethoxybenxoyloxy) - 
epiaUobedm~~ - 130 - cariwxylic acid mtthylcster 8b 

A mixnlrc of &obol sa or w, & (1.0s 0.17 mmol), pYrid& 
(1.0 ml) aod acetic allhydride (1.0 ml) was &owed to stalui for 2 
day,. The Solvcot wa8 evaponted in wcuo, and fbe naidw 
wated with 25% Na&O, (5.0 ml). Tbc precipii was tUtwed off 
andrccrYstalhedfromMeOH.lhtaofe~aresum- 
marizedmTabk6. 

5d &,&NO,, (627.67). Calc.: C, 63.14 H. 6.58: N, 2.23. 
Found: C. 63.14; H, 6.59; N. 2.24%. IB (KBr): -2750 
(Bohlmann’s Ilbsotptio~), 1750 - 17Xl [COOCHh 
OCOCdI2(OC!H& OCOCHs], 16OOcm-’ (aroma&). ‘H NMB 
(CDCI,): 7.29 (2H. (I, 2’-H. 6’-H). 6.64 (2 H, II, 6-H. PH). 5.85 
(1 H, q , J, = U Hz, J, - 25 Hz, 14-H). 5.35 (1 H. m. J,= 
11 Hz. J, =4Hz, IS-H), 3.93, 3.86, 3.76 (18H, a, COOCH,, 
OCH& 2.15 (3 H, s, OCOCH,). 

6e C&l,,NO,, (627.67). Calc.: C. 63.14; H, 658; N. 2.23. 
PowA C. 63.21: H, 6.62; N. 2.3096. IB (KEr): 28%-2750 
(Bohhann’s absorption). 1755, 1730 [COOCH,, OC(X& 
(M!H&, OCOCH,), 16Wcm-’ (aromatic). ‘H NMB (ccR,+ 
DMSO):,7.63 (2H. s. 2’-H, 6’-H), 6.90. 6.67 (ZH, s. 6-H. 9-H), 
6.07 (1 H. m. J, = 3 Hz. 15-H). 5.60 (1 H. dd. J, = 11.5 Hz. I, = - - 
3 HL, 14-k. 3.92,3-n, j.70, j.& (18 H, S; cooca oahj. i-92 
(3 H. I, OCOCH&. 

(dC,~~,NO,,(627.67).Cak.:C,63.l);H.~~:N,Z.U.Fouod:C, 
63.14; H, 6.59; N. 2.29%. IB (KBr): 285&2800 (Boldowts 
horpth), 1740 ICOOCB, OCOC&OCHh OCOCHJ. 
mman-’ (aromatic). ‘H NMR (C&+ DMSO): 7.61 (W, s. T-H, 
6’-H).6.92(1H,s.9-H),6.65(1H,s,bH),5.%(1H,m,Jr=JCC= 
3 Hx.1~H-).5.69(1 H.dd.J,= II.S~Jr-3HzICH),3.91.3.7o. 
3.64, 3.57 (18 H. s. COOCH,. OC&), 1.88 (3 H. s, OCOCH,). 

6bC&,N0,,(627.67).Cak.:C.63.14;H,6.58;N,2.23.FowJ:C, 
63.14: H. 6.59; N. 2.299h IR (KBr): 1750. I725 UMX!H~. 

OCOCJUOCH,)z. OCOCH,), 1605cm-’ (aroma&). ‘H NMR 
(C&)7.52(2H,s,Y-H.6’-H),7.06.6.53(2H.s.bH.PHM.M(1 H. 
m, J,.-2.5,Hx, J,-3.5Hx, 14-H). i.95 (IH, m, j-0IiHz, 
J, = 4.5 Hz U-H). 4.21 11 H. q . J.. - 3 Hz. J.. * 3 Hz 1-H). 3.85. 
3.82, 3.58, 3.55, 3.39 (18H: s;C-tOCH,;C?H,). 1.h (?H, s; 
OCOCH,). 
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