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Abstract - Treatment of _$ with MCPBA gave g* The pentacyclic 
amide 1 on exposure to cyanogen chloride gave the cis-chloro- 
hydrin 20, and the gemfnal dichloride 2. When 21 was treated 
with HC~MeOH it rapidly rearranged to eb~rnamon~e lactem 22. 

Dedicated to Profeesor Ratph Rapkaet, F.R.S., on tke occasion 
of his 6Stk birthday. 

During the last four years we have developed the ~ndole-2,3-~uinod~~thane 

strategy for the synthesis of indole alkaloids.' A8 depicted in SCXENE 1, this 

route enables the central etructural core of the Aspidosperma type indole alka- 

loidrr to be assembled in an efficient and highly convergent manner. The penta- 

cyclic en&de 2 is available as shown, and a ~o~~li~e~~a~y route provides the 
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isomeric pentacyclic amide 3.2 Since the more highly functionalized Aspidosperma 

alkaloids such as vindorosine 5 have oxygen and carbon substituents at C-3/4, we 

were concerned with investigating the reactivity of the N-arylsulfonylenamine 

group in 2, 2, and 2, towards a range of oxygen and carbon electrophiles. In this 

paper some of the results of this study are described. 

1 Y-H. x.0 

1 Y-Ii, X-H,H 

6 Y-SPh, x-o 

7 Y-SPh, X-S 

s 
Ar - C6H,on*-p 
AI’ - C6H,C1-n 

The previously described a-thiophenylamide 2,' was converted into the 

thioamide 1 using Lawesson's reagent' in toluene, and desulfurized with Raney 

Nickel to give the t-amine $ in overall 728 yield from 5. Treatment of 4 with 

MCPBA/CH2C12/200C gave g, which was directly reduced with PPh3 to give 2 (548). 

The axial H atom at C-3 gave rise to double doublets at 5.19 6 (J's -12.6 and 

4.OHz). Mechanistic considerations predict the &-configuration 11, formed 

through the o-epoxide 10 (maintains a cis-AB ring fusion), followed by trans- - 
diaxial opening of the strained epoxide 10 with ArlC02H to give the a-benzoate - 

11, SCHEME 2. This, of course, assumes that there is no participation by the El- 

lone pair. The stereochemical assignment at C-3 and the complete structure of 2 

was established by single crystal X-ray crystallography. (See FIGURE 1 for ORTEP 

representation of 9).' The 3-benzoate has the more stable g-equatorial configur- 

ation. This implies that the yl- lone pair has indeed participated, SCHEME 2, to 

give the iminium ion g, which adds the m-chlorobenzoic acid nucleophile to give 

11, that now enters into ortho-ester type equilibration with 14 to give 2. An 

alternative explanation is that the kinetic product 11 (diaxial opening of 2) 

can equilibrate the 3a-benzoate oia iminium ion 15 formation, proton loss to give - - 

16, and reprotonation from the a-face (axial) to give l&, followed by hydration 

to the observed 38-bcnzoate 2. - 
Other oxidizing agents such as ozone, and osmium tetroxide gave the oie- 

diol 17 -. Illustrating once again, the marked preference for 4 to add electo- 

philes from the i-face. 

We were unable to convert 2 or 16 using a variety of conditions (TFA;TFAA/ - 
pyridine/DMAP; MeOH/HCl) into the vincamine/eburnamine skeleton, thus indicating 

that the N1-arylsulfonamide must be removed to allow this rearrangement to take 

place.s 

The alkaloids of the Eburna species have been the objective of a number of 

total syntheses and partial syntheses.‘ Vincamine 18 is available by oxidative - 

rearrangement of vincadifformine 19 using a peracid or halogen as the oxidant.' - 
Clearly, electron withdrawing groups on the indole nitrogen atom prevent the 

above rearrangement, and it is known that electron withdrawing substituents (Cl, 
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Br, NO2) on the benzenoid ring also prevent the above rearrangement.' A similar 

rearrangement has been used to convert 1,2-dehydroaspidospermidine into eburn- 

amine. More recently, ozone has been used to convert vincadifformine 19 into - 
vincamine 18 ' -* 

The pentacyclic amide 2 was treated with cyanogen chloride' in dioxane at 

25'C to give the cis-chlorohydrin 20 (439), the gem-dichloroimine 21 (5691, a 

trace of eburnamonine lactam 22 (>l%), - and p-methoxyphenylsulfonyl cyanide (40%). 

The structures of 20 and the unusual gem-dichloroimine 21 were unambiguously - - 
established by single crystal X-ray crystallography, (see FIGURES 2 and 3 respec- 

tively for ORTEP representation)." 

The dichloroimine 21 proved to be a rather labile compound that rapidly re- - 
arranged to eburnamonine lactam 22 (901) when treated with MeOH/HC1/20°C. - 
Reduction of 22 with LiA1H4/ether/250C gave (f)-eburnamine 23, which on oxidation - 
with Cr03/pyridine gave (t)-eburnamonine fi.6 

The formation of the geminal dichloride 21 by treatment of 2 with cyanogen - 

chloride is unexpected, since this reagent normally functions as a cyanating 

agent. Treatment of 2, in separate experiments, with C12/dioxane; C12/CC14; NCS/ 

dioxane, gave in each case the cis-chlorohydrin 20 (ZO-60%). Whereas, when 2 was 

exposed to NCS/KCN/dioxane at reflux, a low yield ca.lO% of 21 was isolated. - 

Also, treatment of the cis-chlorohydrin 20 with SOC12/pyridine gave the geminal - 

dichloride 21 (25%). The propensity of 2 towards chlorination is further illus- 

trated by the formation of the cis-chlorohydrin 2J, when 2 is treated with NC13; 
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NOCl or ButOCl. 

Evidently, the conversion of 2 into 21 requires cyanide ion to remove the - 
El-arylsulfonyl group, SCHEME 3. The acid-catalyzed rearrangement of 21 into (t)- - 
eburnamonine lactam 22 presumably involves an acyliminium species such as 25, 

which is subsequently trapped at the 2-position of the indole to give 25a, which - 
can hydrolyze and regain the indole aromaticity to give 22 -. The extensive studies 

of L&y parallel these observations for 3-carbomethoxy-3-chloro systems.* 

Finally, treatment of 2 or 2 with a wide range of carbon electrophfles, 

such as the Vilsmeier reagent; C12CHOMe/SnC14; sulfonium ions: oxonium ions, and 

acylating agents/Lewis acids, unfortunately resulted in no reaction. In sunxnary, 

vicinal oxidation of the 2,3-double bond of 2 and 3 results in cia-addition on the 

g-face. When the El-arylsulfonyl group is cleaved by Cl-CN to give 21, the 

rearrangement of the Aspidospenna skeleton into the Eburna skeleton under acid 

catalyzed conditions becomes possible." 

Acknowledgements: The National Institute of Health (GM 29801) is thanked for 

financial support. 

EXPERIMENTAL 

The general details of the various experimental protocols associated with 
this work have been described in detail.' 

(f)-2,3-Didehydro-l-j(p-methoxyphenyl)sulfonyl]-aepidospennidine 4. 
To a solution of the amide 5 (137.2mg. 0.24mmol.) in dry toluene (3.5ml.) was 
treated with Lawesson's reagent (50.3mg.) and heated to 80°C under argon. After 
lh. the solution was cooled to 2S°C, diluted with benzene (30ml.), washed with 
water (20ml.) and dried (Na S04). Evaporation of the filtered solution gave the 
a-thiophenylamide 7 (140mg.?as an off-white foam, 
Ehe next step. 

that was sufficiently pure for 
The thioamide ? (140mg.) was dissolved in hot ethanol/THF (Eml. 

5:3) and treated with Raney Nickel (2g.). After 45min. the mixture was filtered 
through a celite pad and washed with EtOH/CH2Cl . 
gave i (77.5mg. 729 from g), m.p. 176-177.5“C ( rom hexane-benzene). t 

Evaporation of the filtrate 
lH NMR 

(CDCl 9OMHz) 6 l.l7(3H,t,J= 7Hz), 1.53(2H,m), 1.70(2H,q,J= 7Hz), 2.13(4H,m), 
2.60(aH,m), 2.90(2H,m) 3.70(1H,s), 3.72(311,s), 
(ZH,d,J=lOHz), 7.06(2i,m), 

5.95(1H,q,J's=9 and ZHz), 6.76 
7.24(2H,m), 7.77(2H,d,J=lOHz). Anal. Calcd. for 

C26H30N203S: C,69.30; H,6.71; N,6.22. Found: C,69.19; H,6.77; N,5.95. 

(f)-l-((p-Methoxyphenyl)sulfony1]-26-hydroxy-36-(3-chlorobenzoyloxy)-aspidospe~a- 
2. dine 

To a solution of 4 (0.3689. 0.8211mol.) in benzene (10ml.) was added MCPBA (387mg.) 
and the mixture scirred at 20°C for 22h. The solution was diluted with EtOAc 
(100ml.) and washed with aqueous NaHSO 
(ZOml.), and dried (Na2SO4). The drie a 

(ZOml.), aqueous NaHC03 (2 x 20ml.), brine 
extract was filtered and evaporated in 

vacua; the residue was dissolved in AcOH/H20 (9:1, ZOml.), Ph3P(264mg.) added in 
small portions, and the mixture stirred at 2O“C for 72h. The solution was diluted 
with water (lOOml.), barified with 10% aqueous Na2C03 (300ml.), and extracted with 
dichloromethane (2 x 50ml.). The dried (Na2S04) extract was evaporated, and the 
residue chromatographed over silica gel eluting with 40% CHCl /hexane to give 2 
(185.6mg., 36]5%), m.p. 201-203'1~ (from EtOH). IR (Nujol mull.) 3400, 1730, 1600, 
1250, 1154cm: Xmax. 230 and 254nm (c, 17,200 and 8,600) (in acetonitrile). 1~ 
NMR (360MHz) 6 0.81(3H,t,J= 7.2Hz), 0.90-l.O8(2H,m), 1.46(lH,dd,J's=6 and llHz), 
1.53-2.08(8H,m), 2.29(1H,s), 2.40(lH,d,J=l2.6Hz), 2.92(1H,m), 3.10(1H,bd,J=l2Hz) 
3.79(3H,s), 5.21-5.17(1H,dd,J's=4.0 and 12.6Hz), 6.79(2H,d,J= 9Hz), 7.09(2H,m), 
7.42(1H,t,J=lOHz), 7.20(2H.m), 7.55(1H.d.J= 10Hz). 7.68(3H.m). E.lO(lH.d.J=lO.5 
Hz), 8.16(lH,bs). Anal. Calcd; 
Found: C,63.85; H,5.67; N,4.69. 

for C33H35N206SCl: .C,63.60;.H,5.66; N,4:50. 

3,3-Dichloro-1,2-dehydroaspidospennidin-E-one 31, and 36-Chloro-26-hydroxy-l- 
I (P -methoxyphenyl)sulfonyl]aspidospermidin-E-one 3Q. 
To a solution of the amide 2 (25mq.. 0.054mmol.) in dioxane (2ml.) at O'C was 
added cyanogen chloride (2mi.) as-a-neat, colourless liquid.. The-reaction was 
sealed and left for 20h. at 25OC. The resulting mixture was evaporated in vacua, 
and the residue chromatographed on a 0.5mm. silica preparative layer plate eluting 
with EtOAc/CHCl3 (35/65)(x4) to give the dichloroimine 21 (lO.Emg., 568), m.P. 
164“C (d) (EtOAc-hexane). IR (CHC13) 1660, 1650, 1640, m60, 1410, 1125, 1095cmfl 
1~ NHR (360MHz) 6 0.86(3H,t,J=7.2Hz), 1.22(2H,q,J=7.2Hz), 1.43(1H,m), l-89(28, 
dd,J's= 5.9 and 13.5Ht). 2.32(2H,m), 2.79(1H,m), 2.99(1H,dd,J's= 1.7 and 15.9Hz), 
3.09(1H,d,J=15.9Hz), 3.56(1H,m), 3.66(1H,d,J=1.3Hz), 4.44(lH,dd,J's=7.9 and 
ll.EHz), 7.39(3H,m), 7.81(1H,d,J=7.7Hz). MS, m/e Calcd. for C19H20N2C120, 
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362.098. Pound: 362.097. 
The tie-chlorohydrin 20 (12.lmg., 43%) was also isolated. 

259OC (d) (EtOAc-hexane). IF(CHCl3) 3480, 
It has m.p. 

3475, 1625, 1590cmS1 lH NMR (360I4Hz) 
6 0.76(3H,t,J=7.4Hz), l.oS(ZH,q,J=7.4Hz), l.ZO(ZA,m), 1.35(lH,dd,J's=7.4 and 
14.4Hz), 1.64(1~,m), l.EO(lH,m), 2.13(1H,t,J=l3.4Hz), 2.38(2H,m), 3.17(lH,bt), 
3.63(1H,dd,J=6.5 and 10.7Hz), 3.81(3H,s), 3.82(lH,s), I.lS(lH,dd,J's= 3.5 and 
13.OHz), 6.84(2H,d,J=9.OHz), 7.03(1H,d,J= 7.OHz), 7.10(lH,trJ=7.6Ht), 7.3O(lH,m) 
7.68(2H,d,J=SHz), 7.78(1H,d,J=EHz). MS, m/e Calcd. 
Found: 

for C26H2gN205SC1, 480.1720. 
480.1718. 

19-Oxoeburnamonine 22.' 
The dichloroimine 21 (3.5mq.) in methanolic HCl (Zml.) at O“C was warmed to 25OC. 
After 22h. the mix=re was-quenched with 20% aqueous haHCO3 (Sml.), and extracted 
with EtOAc (2 x 15ml.). The dried (NaJS04) extract was concentrated in vacito, and 
the residue purified by PLC eluting with EtOAc/CHCl3 (35/36) to give 22 (3.3mg., 
*95%), m.p. 215-216“C (EtOAc-hexane). IR (CHC13) 1705, 1650, 1635, lnScm:l 
1H NMR (360MHz) 6 1.02(3H,t,J=7.6Hz), 1.62(2H.m). 1.72(lH.m). 2.07(1H.m). 2.29 
(lH,m), 2.45(1H,m), 2.64(iH;d.J=13.&), 2;80i2h;d,J=l.E5Hzj, 3.0+(2H,d;J= 8.5&) 
4.05(1H,d,J=l.SHz), 4.98(1H,m), 7.33(2H,m), 7.43(1H,d.J= 6.5Hz), 8.34(lH,d,J = 
7.2Hz). 

19-Eburnamonine 24 6 

To a solution of 2; (5.3mg.) in ether (3ml.) at 2S°C was added LiAlH4 (Zlmg.), 
and the mixture heated at reflux for lh. Water (lml.) was added to the mixture, 
and the resulting slurry filtered. The filtrate was evaporated and the residue 
dissolved in dry pyridine (2ml.), and Cr03 (Smg.) added. The reaction mixture 
was passed through an alumina packed column, eluting with dichloromethane (20ml.) 
and the residue purified by PLC to give 24 (lmg., 20%), identical (1~ NMR; LR; MS; 
TLC) with an authentic sample purchase from Aldrich Chemical Company. 
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Because of the reluctance of the g-Arylsulfonylenamine functional group to 
undergo electrophilic substitution by carbon electrophiles, and their general 
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resistance to allylic oxidation (oxygenation at C-4), we have investigated 
the use of N-carbomethoxy indolcs in the indole-2,3_quinodimethane strategy: 
see P. Magnus and P. M. Cairns, J. Am. Chem. Soo., in press (1986); and 
P. H. Cairns, unpublished results from this laboratory. 

X-ray Structure determinations were carried out by Dr. John Huffman, Molecular 
Structure Center, Indiana University, Bloomington, Indiana 47485. 


