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Ab#traat- l!he siatlt&neaua pnrrnncs of 2Mqdroxg and Il)_keto 
groupa in hotidias (I) gives rim to a facile converrrion to a 

stmcture (24) of ti;o atisine-tjpe @imply by heating in 
alkaline media, the tramient formation of the kx.&srmediats 
(2) aa the result of C(l4)-C(20) cleavage being captured 

intramoleaul8rly br the ;?a-hjdro*~ group. Rewrsion of 2 to 

1 can be sLmplf sSfeated by treatment with acid. Included z 
herewith am also aomo miscarried prior probings leading to 
the rorpImi0n of other products. 

Hetidine (r) belong to one of the most rigidly fused polycycllc sy6tsms of 
the C20-diterpsnoid alkaloida. One of the pivotal problem tow6xd the total eyn- 
thesis (yet to be aacompliahed) is the conetruction of the C(14)-C(Z)) bond2. This 

83s _- P H 
I, R1=R2=H , 

2, R1=Ac, R2= PhCO 

0 

paper is aonasmed with a ntasber of crhemiaal trm8fomations of our reaently 
iSalatad epi8aopalidine (2)' , an l uterified form of hetldinn ava.ilablo to UII in 
gru qwetitie~, and the rain theme ia aentond upon tbo aleatcqb, and rwganomtion 
of tai C(S4)4(iB) bond. To thir and, f&r di.fforest Xixw~ of attaok ham tmen 

undortakti as fo~lous. 
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I. CatalYtic Erdroumnml~mlm~ Literatura praoedent4 cmn be found in the aan of 

2, where the faclla~ cloavm of the C(S)-U(l7) bond wmm l moribul to the promnoo of 

the E-amino ketone Bnctioaalitiei'almo embodied In g. But the cornmpondent C(l4)- 

C(20) bond in 2 proved to be nualaitrant and hydrogoaatlon gave oompoundm z,-kg 

and 2 inmtoad. The ot-hrdrolo group on C-6 of 2 mud thr C,6-rl-methjl in 2 - 2 m c - 

assigned on mteric grounds. oM%nfiguration of the C,6-mettV1 vu ilm0 muPPort@d W 

the absence of 7-effoat on the f-valaem of C-II in the "C m 8pactra5 ofA md 6. 

2. Trimethylrilyl Iodide (!lUSI) method! lW16 wa8 found to initiator e.g., tre 
cleavmge of the oc,S-bond of the kato group in 5 However, similar tnatment(Me SiCl- 

3 
lVmI/HeCIi) of p gwe only 2, g md II, the latter two pom8e88ing the i8oaorised 

!? QTHS 

endocyclic unsaturation. !lbim 8x0 to endo lmonerisatiou warn found to k a facile 

procefim, exemplified by the formation of 2 upon treatment of 2 with EF3/HOAo/@l.y- 

co1 or 8aEi4/DMF at room temperature. Similarly, l cetylation of hetldina (2) with 

p-toluenomulfonia aaid a8 catmlymt gave 80~ g am-the by-product. 

3. IWgmOntatiOXI of 7-uino tomjlate'r The mimamrrimd melactive reduction of 

the C-13 keto group of 2 warn intended to be followed br tomjlatlon and reduatlve 

11 Cf 



thaml~rtoglvo~ lipprmfl3tho~k~ofC-6inIfvuaot~~~~ 

form 6.. protootian 8nd rmpid oonrmptlon of the protoativ8 acid (El) br n-4 v8ry 

8oon 18id bare the cd keto group which ir more vulnerable to nduation th8n the 

nlatitolj hindoxvd C-15 koto gxvup. A8 a OOMOquenae, 2 - obtbd dq dth 

morn0 10. = 
Ketalisation of p with glycol wa8 only aursorilj exploited and under the 

8tranglj aaidic aonditlon8 used IO, 3 md E were formed. Hare hydrationled tothe - 

+ Jg 

formation of the C-16 hydroq group8 in 3 and 16 which were aumigned cbaonficplre- 

Mona according to the work of Pelletier l t al. B= -- 
Ime IR absorption of the C-6 keto group occur8 at about 169C cm-' which can be 

readily differentiated from the O-13 keto group at about 1720 am". me low frequen- 

cy shown by the fomr ia a con8.quence of the trmn8aEnular interaction with the 

electron pair on the amino nitrogen. Quatemication by HoI bring8 the C-6 ketonio 

abrorption to a normal vmluo of ?724 cm-'. 

4. Acid or bw aatalyrir: Thir approach wa8 fa8hloned after the NccO88ful 

frwentation of cu8aohygrino (IJ) with l queoom alaoholic hue under reflux9 or 

with aald under much moxw dra8tia condition8'". mdentlj the B-amino ketonia funa- 

tionaliti@r per U ban alnady 8ot the stage for bond ruptu~ whiah, however, 

Q/ii&l OE’(or Ii+ 

dH3 
&3 

a 

CH3 

+ Lg 
H3 

1? 18 = m 

would tend to k thwart.6 by a goometrioallj favored intrwolmoular reaombination 

in the aan of hotidine end it8 malog8. In order to tmp the bond rupture at it8 

onset, 8omo appropri8to trapping mgont i8 noedod mithor to ramat with the enolato 

(like 48) or pxwfw8b1y with the morm rmmotim llaonium (like 2) moiatf. At first 

W@ UplOti thX'.O *im m&hod8 ti ei8oOpilidin8 (2): (i), &/RCAo, (ii), w 

II&M, mnd (iii), EW#/AC20". All thrbo method8 tamed auf to be ineffeativa amd 

the la8t-mentiondn~hod m rintotho i8omOl'i8@d oompoumdl& 

Trmpping of th& inonium by oruolidim forration vu then l ttamptul. tir thi8 
p~,fheIl~~~~phUtokrrpl~bya~~fbyl~p.~e~~o 

aaetmte'2 In aqueou9 &tio aeid failed to bring abomt W-dUothylmtion. Iho de- 

matlyl&kiah wa8 l oorrplitiod by fmtmmt Of 2 w&h l thyl ah10rOfOX&te13 in the 

pI'O8OIl~ Oflq tit8 Of -8 pdtU8iU OUbolmtO undarrl@wm.l~mahy- 

droW ~oa##ltion8. %e'domthylatiem produet a) ha8 IR,~#rpXioa mt 1725 md 1750 

cm-', the lmtkr to W l xpootti of a c#rbaarrte aarbcnyl ; 8n altommt~va Ltrpcture 

with m-10 ropl- toft?u~ir~ribbll-00~o~k~oly~rea~bf 

it8 .a80 Of hjbra1Jd8 ti the dwlee a? the 1690 am-' bhd of thm C-6 oarbtmyl. 

a@ yie1& of s ru lo& md ~88 not natiombl~ irprovmd by tba edditioa of lIU mud 
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ob.loridjphrrw-trmn8fer oat8ly8t). IB&ioquate qumtiti*~ of 

g and much lee8 of H therefrom Ied to a 

of 22, further prarptrd by the moceee of 

belOW. 

halt of our l Bdeamr toward the obtaimment 

8 moh 8impler approach to be dO8orlbed 

It oooarred to ue that the C-2 axial hyaroq group of hetidine @ it8elfi8 a 

21 22 = = 

built-in tr8p for th8 imOB.im iOn. Ilhi8 ~88 8OtUd17 fon8hadOwd by the faot th8t 

eaponiflcatlon of 2 ema at room temperaton would gim aloa@de of the expeoted I = 
an additional faint 8pot with hi@er Rf value. lhir 8pot wu later ehoun to be &, 

who80 dih@ro oounterpart m> *a8 more fully oharaoterieed. 

diacetate 

& 

monoacetate 

2a 

9!+lU8 IrnUXiSig of s with fw meth8nolio H#n led to a pU'ti@ OOBVer8iOB to 

s= In the 'II lllta speotrua ofz, a dOubl8t at d3.93 (J-5.7 HI) 8tul a 8i.I@Ot rf 

63.22 w uoribod to the C-2 end C-3 protonr, m8peotiVely. to be oompared with tb 

OOITMQOB~~B~ pr0t0~8 OS 15 l td3.94 @) md 5.56(& J-4.5). 'IhO Oh8nge Of 8plittN 

pattern8 i8 in l ooord uith the oonformationil differeno88. Aeetjlation gaye a di- 

acetate (%) fm a and a 8onoaoetate @) from 2& and the latter acetate dim- 

plwed the expeoted dounfleld 8bift for the C-5 proton (to 64..%). 

me '5 C BlIB data for 3 aud g are 8houn in Fable 1. A8 l xpeoted, there (I, 

0nlJ 8bOr diffemBOe8 m.i~lj re8triOted to the ri0init7 OS the O-3 fUUotiOIL 
Con8pioaou8 8Bd definitive differeBoe8 in the '3C liar data b&won 2 end= 

are concerned with C-14 and C-20. For 3 we have the nepeotive value8 of 57.8 u) 

end 45.6 ($5 and Sor g, 53.2 (4) end 93.7 @). Wnu then i8 a O- OS milti- 

plioity for C-14 md a marked oh8nge of 8hift for C-20. 

me 13C BRlR mpeotra OS 1, f, 2, 2, 4, 2, E, Z& and a for other hetidinct7pe 



compannd8 inai&nt to thi6 n~areh will be repart. eleowb&. 

!P6ble 1. 13C lndi data of 2J and 2 (in CDC13) 
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carbon 1 2 3 4 5 6 7 8 9 10 +I 12 
a 44.9 76.5 78.0 

E %I 40.9 74.5 80.4 
38.9 57.4 204.5 52.4 40.7 44.7 43.5 26.6 49.9 
39.4 57.4 203.9 52.7 40.0 44.9 43.7 27.1 50.3 

-_-----_ -- _- -II) 

carbon 13 14 15 16 17 18 19 20 
zz 214.7 53.2 29.7 30.4 22.6 22.9 40.9 93.7 

XCg3 @+a3 
42.0 

28 214.8 53.6 30.2 30.8 21.6 23.1 45.4 93.9 42.4 171.3 21.6 

"At 22.63 Miis(FX+OQ). bAt 25.1 H&(FX-100). 

m&t;loent of 2J with l&RI4 gave 2. l'hPhe c-13 k9tOmiC ClrboWl llOW bsc6me le86 
hindered and henao rdlner6blo to reduction in contrast to the aa8e of 2. l!ho 'Ii W2 

data revealed thrrt the C-16 aeth# and the C-20 proton of s were shifted down-field 
by 0.28 and 0.2 ppm, rorpeutivolj, UJ aompared with Z?'J, indiaatior of the shielding 

6ffeat of the impliaated C-13 ketonic carbony and tbUa corroborating furthor the 
ti-aonfignration of the C-16 methyl group. 

Treatment of 2 and g (atisine-tjpe) with h@rachloric acid cau8ea facile con- 
version to 2 and 2& (hetidine-type), respectively. 

The cleavage mnd regeneration of the C(14)-C(20) bond might have same signifi- 
a8ncs in connection with the biogenesis of diterpenoid alkaloids as we1115. 

Finally, the aucaoBrful participation of the a-h;ldroxy group to trap the immo- 

nium ion invalver a 5-exo-trigonal procaas favored by the Baldwin rule of ring clo- 
-16. lhe diafavared Fando-trigoxtal proaesa of z-+-g in thus worth7 of ftzrttir 
examination, 'It should bs noted, hawever, that the "disfavored" oxasolidine ring 

cloaare ie (1 commonplace proaese in diterpenoid alkaloida, presumably beaanme of the 

less stringent requirement of the immonium ion to ring closure and the absenae of 
other competitive reaatiane (far example, conarsion of 2 to g might well be de- 
feated bj a preponderant recombination of the enalate with the immonium). 

T$pa W~M taken on a Kofler hot stage, uncorrmatted. IB weotra were rcraorded on 
a Perkin-Elmer 399B instrument. M8 were taken withVG WP qat.romoter.'MIR speatn 
were measnredinCWld with ILM8intoraal standmrdo&gOLPX- 
Tic silica G and prep&ratim tla 6flica GF 254 wore manually p 9op 

ana 81-1OOin8tx%ments. 
6ted using water or 

0.5% aq. HaOH. 'Ihe solvent ej&om8 u6ed were s-l (cBCl~/MeOH 911) and 8-2 (CHC&/ 
MOFI 9515). with iodine or modified Dragendorff's reagent for mpot allocation. 

Hsdromnation of ~iaaapalid.ine 
5 
). 

presa*rated with hydrogen, was a ded 
bnaion of PtOz(10 mg) in HOAc(2 ml), 

formed for 2.5 h. Evaporation of the 
in HOAc(3 ml), Hydrogenation waB per- 
soln gmvm a residue which was taken to 

dryneee again after addition of water. Treatment with a . 

? 
ave a white #olid howing one 
ww reqs 505.2464) aadotb 

#pot (solvent eystea s-l ? 
ammonia and evaporation 
on tic. ERM8 2 505.2477 

l r apeatral data'showed the product to e 2. d 
Hydrogenation nnder 4.5 atm of Ha wae pbrfowed on z(l45 mg) in FfOha(30 ml)with 

PtOr (100 IQ> for 29 Lt. Evaporation of the filtrate gave a colorless residuo(280 mg) 
T&otigy two main #pat! on tlo (a-1). Prepar6tivv1 tla (a-l) gaw g(60 mg) and 2 

a. 

, and the who10 3 
(?o r&) in MZ(3 ml) wore mddod Me3SiCl(l ml) mnd I.56 

8t rred 6t r.t. for 4 h. E*clpOrmtiOn gave a residue whioh 
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bj preparative tlc(E-1). There we+hue obtained a(187 mg> 

Monoacetate a. Compound 
q 

(60 mg) WUI allowed to stand overnight in AcsO(2 ml) and 
yridine(l.5 ml). Preperat ve tlo(s-2) gave 

&qs 401.2202). NS m s 401(48) 372(27) 
256(6), 250(10), 1 fl4) 96(d), 43(1& d 

#U4 358 2 
mg), HRMS m 

d 
B 401.2196(GH,,NOs 

a 'CCH,), 2.12/3H 
'H NI&?$(~:j 0 94& 

1712) 312(12j 284(8) 
d J-7' 16-C&j 

OAc) 2.3& B N-CEa) &8+, ir-;-:, 79&t), 
2: J-5, 2-H), 4.28@: 2, 2&H), 4$&, 2, 3-i). 

wae dissolved in MeOH(l0 ml) and treated with 
*O was added and the reaction mixture allowed to atand 

overnight, whereupon tic indicated the complete consumption of 
spote, the one with the highest Rf bein ieolated(ca. 7 mg) and 
MS dz 361(M+ 24) 344(5) 332(16) 28672) 258(2),'H NNR(lOC 
J= 
Hz I 

, ;Ts-CFI,): 1.3&, 8,'~C3,), i.Y((ja,*e, N-J-CHI), 2.50, 2. 
, 3.22(1H, s, 3-H). 3.92(1H, d, J-5, 2-HJ, 4.OC(lH, m, 13-H 

Reversion 
1 

of a to 
H l-2 ana- as! 

A soln of 

idt&f?ed 
iwed to etan $ 

(5 mg) in acetone(2 ml) was acidified with cont. 
for 5 h. The usual work-up gave a colorle44 gum 

as 2 by tlc(e-1 & e-2), MS and IR. 
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