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Abstract - Cyanation of trimethylammonium salt 8 with potasslum 

cyanide afforded 3-cyano derivatives and @ accompanied by a signi- 

ficant amount of unexpected rearrangement product 10. The structure 

of 10 was established by single X-ray crystallographic analysis. 

Quebrachamine and related alkaloids which have unique nine-membered ring system 

in the molecule were biogenetically close to aspidosperma alkaloids. Recently, 

we had established usefulness of the nine-membered lactam 3 which had been 

readily available by the photoisomerization.' Application of this reactlon to 

the natural product syntheses had been performed by us to synthesize strychnas, 

aspidosperma, eburnamine,' and schizozygane  alkaloid^.^ Especially, aspido- 

sperma alkaloids and quebrachamine (1)3 had been synthesized from lg-oxoquebra- 

chamine ( 4 ) .  To extend this method to the syntheses of vincadine (214 and re- 



lated alkaloids, introduction of methoxycarbonyl group to the C(3)-position of 

quebrachamine skeleton has been investigated. 

In our knowledge, Buchi's chloroindolenine method5 is only one practical method 

to introduce cyan0 function to the a-carbon of C(2) of indoles. Oxoquebracha- 

mine 4 reacted with tert-butyl hypochlorite to give the unstable chloroindole- 

nine i. Treatment of crude 5 with potassium cyanide afforded 6 (mp 197-199'C) in 

59% yield and none of the 3-cyano compounds were detected. Similar structure was 

6 suggested in the reaction of quebrachamine (1) with cyanogen bromide in reflux- 

ing chloroform. Ultraviolet spectrum of 6 indicated typical indolenine absorp- 

tion (Amax264 nm, A . 240 nm) and on infrared spectrum, nitrile absorption was 
mln 

observed at 2260 cm-l. 

Isamerization of 5 to 9 (KCN, CH3CN, reflux, 1 h l  was unsuccessful under these 

conditions merely to give 4 in 60% yield. Alternatively, Wilson's modification 7 

to the 2-ethylindole derivative was applied to our system. Indolenine 2 reacted 

with dimethylamine to give 3-dimethylamino-19-oxoquebrachamine (1) in 91% yield. 

Althrough, stereochemistry of this compound is not determined yet, 2 was homoge- 

neous on high resolution NMR spectrum. Treatment of 1 with excess methyl iodide 

afforded ammonium salt 8 in 76% yield. Compound 4 was refluxed for 24 h in 

acetonitrile with potassium cyanide in the presence of 16-crown-6 gave stereo- 

isomers of 3-cyano-19-oxoquebrachamine %, s, and unexpected product 10 in 17%. 
17%. and 19% yield, respectively. Structures of a and & were consistent with 

desired 3-cyano-19-oxoquebrachamine (9). Structure of 10 was tentatively 
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Table 1. Reaction of 8 with potassium cyanide 

Products(%) 

Entry Temperature("C) Time(h) % 10 Total yield(%) 

1 8 2 2 4 17 17 19 5 3 

2 5 0 1 0 45 38 8 3 

3 5 0 3 7 14 27 30 71 

4 r t 13.5 5 52 31 88 

5 r t 2 4 6 48 31 8 5 

Table 2 Final fractional coordinates of the "on-H atoms for 10 

Atom x Y z Atom x Y z 

C(1) 0.55787 0.13254 0.23449 C(12) 0.92704 0.32840 0.26964 



assigned by spectral data, namely, characteristic absorptions of ultraviolet 

spectrum (imax240, 273 nm) of N-acylindole were observed. On NMR spectrum, broad 

singlet proton was observed at 4.36 ppm, which could be methine proton neighbor 

to nitrogen. This conclusion was finally established by X-ray analysis. 8 

CN 
NCOC 

Reaction mechanism of this unusual rearrangement shown in the Scheme could be 

conceivable. The strained amide bond of the nine-membered lactam 8 was cleaved 

by cyanide anion to give twelve membered intermediate 11, followed by trans- 

annular cyclization afforded 12, and finally, reactive a-oxonitrlle 12 cyclized 

to provlde 10. This reaction was performed under various conditions summarized 

in Table 2. The best yield was obtained at room temperature for 13.5 h (entry 

4) and longer reaction time (entry 51 or hlgher temperature (entry 1 ,  31 is not 

required. The formation ratio of 9 and 10 seems not to be related to the reac- 

tion conditions. Kinetically major isomer is taken to be isornerized to % at 

5O0C (entry 2, 31. Confirmation of the stereochemistry of %, and b and appll- 

cation of the present result to the synthesis of vincadine (21 are in progress. 

EXPERIMENTAL 

Melting points were determined on a Yamato M-P melting polnt apparatus and are 

uncorrected. Infrared spectra were recorded on JASCO IRA-2 diffraction grating 

spectrometer and ultraviolet spectra were measured on Shimazu UV-240 spectro- 

meter. Mass spectra were taken on JEOL-D300 spectrometer. Nuclear magnetic 

resonance spectra were determined on JEOL FX-100 (100 MHz1 or FX-ZOO (200MHz) 

spectrometers. Chemical shifts were reported in ppm down field from internal 

tetrarnethyl~ilane on &scale. Coupling constants (J) were recorded in Hertz, and 

abbreviations used were as follows: s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet, br = broad. Column chromatographic separations were 

performed on Merck silica gel (70-325 mesh ASTMI. Preparative TLC were carried 
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out on Merck silica gel GF254(Type 60) or Merck alumina GF254(Type 601. All 

reactions were carried out under argon atmosphere. 

Cvanoindolenine 6 

To a solution of 19-oroquebrachamine (4) (50 mg, 0.169 mmol) and trietylamine 

(26 ul) in methylene chloride (10 ml) was added dropwise a solution of tert- 

butylhypchlorite (20 ~ 1 ,  0.177 mmol) in carbon tetrachloride (0.7 mll at -78'C. 

The mixture was stirred at the same temperature for 10 mi" and then warmed to 

room temperature. After removal of solvent, the crude chloroindolenine 5 re- 

acted with potassium cyanide (110 mg, 1.69 mmoll in acetonitrile (10 ml) in the 

presence of catalytic amount of 18-crown-6 (1,4,7,10,13,16-hexa~y~Ioo~tade~anel 

at room temperature for 24 h. To complete the reaction the mixture was heated at 

60-C for 2 h. After being cooled, the mixture was diluted with methylene chlo- 

ride, washed wlth water, and dried aver sodium sulfate. After removal of the 

solvent, the residue was purified by preparative TLC (silica gel, ethyl acetate 

: hexane = 1 : 2) gave 6 (32 mg, 59%), accompanied by 4 (7 mg, 14%). Compound 

6: mp 197-199 'C (from ethyl acetate); IR (nujol) 2260, 1650 cm-l; Mass spectrum - 

m/z 321 (M+) (base peak); NMR (CDCl3) 60.88 (t, J=7.0 Hz, 3H), 1.24-2.24 ( m ,  

7H), 2.38-3.36 (m, 7H). 3.50-3.90 (m, 2HI. 7.20-7.75(m, 3Hl, 7.60-7.76 (m, 1H). 

Anal. calcd for C20H23N30 : C, 74.74; H, 7.21; N, 13.07%. Found: C, 74.91; H, 

7.36; N, 12.83%. 

Reaction of 6 with Potassium Cyanlde 

A mixture of 6 (11 mg, 0.034 mmol) and potassium cyanide (5 mg, 0.077 mmol) in 

acetonitrile (3 ml) was refluxed in the presence of catalytic amount of 18- 

crown-6. The reaction was monitored by TLC (silica gel, ethyl acetate : hexane 

= 1 : 1 After being reflured for 1 h, the reaction was quenched as described 

above to give 4 (8 mg, 80%). 

3-(N,N-Dimethvlamino)-19-oxoquebrachamin 7 

To a solution of chloroindolenine 5 (started from 30 mq of 4) in methylene 

chloride was diluted with methanol (1 ml). Dry dimethylamine was bubbled slowly 

at -15°C for 15 min. The reaction mixture was allowed to stand at room tempera- 

ture overnight. After removal of the low boiling compounds, the residue was 

purified by preparative TLC ( a l u m i r r a ,  ethyl acetate : hexane = 2 : 1) to give 1 



(31 mg, 91%) as a white powder; IR (nujol) 3450, 1620 cm-'; NMR (CDC13) 60.82 

(t, 5.7.0 Hz, 3H), 1.08-1.41 (m, lH), 1.6-2.1 (m, 7H). 2.21 ( s ,  6H), 2.58-3.0 

(m, 3H), 3.02-3.43 (m, 2H), 3.66-3.96 (m, lH), 4.14-4.56 (m, lH), 6.98-7.40 (m, 

3H), 7.40-7.60 (m, lH), 8.05 (dr s, 1H); high resolution mass spectrum, Anal. 

calcd for C21H29N3D 339.2305; Found 339.2310. 

Ammonium Salt 8 

A sample of Z (111 mg. 0.327 mmol) was treated with methyl iodide (0.22 ml, 3.60 

mmol) in 30 ml of ethyl acetate at room temperature for 20 h. The precipitated 

salt was collected by filtration to give 8 (119 mg, 76%) as a yellowish powder; 

IR (nujol) 3200, 2370, 1630 cm-l; mass spectrum m/z 422 [M+-(CH ) ~ 1 ,  339 (M+- 
3 3 

CH31), 58 (base peak). 

Cyanation of 8 

To a solution of 8 (55 mg, 0.114 mmol) in acetonitrile (4 ml) was added potas- 

sium cyanide (74 mg, 1.14 mmol) and 18-crown-6 (65 mg, 0.246 mmol). The mixture 

was stirred at room temperature for 24 h. After removal of the solvent, water 

(10 ml) and methylene chloride (20 ml) were added to the residue. The organic 

layer was seperated and aqueous layer was extracted with methylene chloride (10 

ml x 3). The extracts were combined and washed, dried, and concentrated. The 

residue was purified by preparative TLC (silica gel, ethyl acetate : hexane = 1 

: 2) to obtain a (2 mg, 6%); Rf.0.25; mp 243-244-C (colorless prisms from ethyl 

acetate); IR ( c H c ~ ~ )  3440, 2240, 1620 cm-l; NMR ( c D c ~ ~ )  6 0.91 (t, ~ ~ 7 . 0  HZ, 

3H), 1.20-1.52 (m, 2H), 1.55-1.94 (m, 5H), 2.13 (dd, 5.13.6, 12.0 Hz, lH), 2.48 

(dd, 5.13.6, 5.2 Hz, lH), 2.67 (ddd, 5=13.0, 12.0, 6.0 Hz, lH), 2.7-2.9 (m, lH), 

2.94 (dd, 5.14.2, 6.0, lH), 3.49 (ddd, 5.14.2, 12.0, 7.6 Hz, lH), 4.25 (dd, 

5.13.0, 7.6 Hz, 1H). 4.55 (dd, J=12.0, 5.2 Hz, ?HI, 7.1-7.35 (m, 3H), 7.41 (d, 

5.7.0 Hz, lH), 7.60 (d, 5.7.0 Hz, lH), 8.36 (br s, 1H); high resolution mass 

spectrum; Anal. calcd for C20H23N30 321.1840; Found 321.1836; and (17 mg, 

48%); Rf=0.12; mp 254-255 'C (white powder from ethyl acetate); IR (CHC13) 3440, 

2240, 1618 cm-l; NMR (CDC13) 60.80 (t, 5.7.0 Hz, 3H), 1 .15-2.15 (m, 6H), 2.25 

Id, 5.13.0 Hz, 1H) 2.50 (dd, J=13.0, 10.0 Hz, lH), 2.78 (br t, J=15.0 Hz, ZH), 

3.06 (br t, J=13.0 Hz, lH), 3.36 (br d, 13.0 Hz, lH), 3.78 (br t, J=13.0 Hz, 

1H), 4.02 (d, J=10.0 Hz, lH), 4.43 (t, 5.13.0 Hz, lH), 7.07-7.40 (m, 3H). 7.53 

(d, J=7.0 Hz, 1H). 8.03 (br s ,  1H); high resolution mass spectrum; Anal. calcd 
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for C H N 0 321.1840; Found 321.1835. The most polar band was eluted with 
20 23 3 

chloroform - methanol (4 : 1 1  gave 10 (10 mg, 31%); mp 117-118 'C (colorless 

prisms from ethyl acetate]; IR ICHCl31 1680, 1610 cm-l; UV (EtOHl Amax240, 273 

nm (N-acylindolel; NMR (CDC13) 61.03 It, J=7.0 Hz, 3H1, 1.2-3.70 (m, 14H1, 4.36 

(br s ,  1H). 7.1-7.6 (m, 3H). 8.25-8.34 (m, 1Hl. Anal. calcd for ClgH22N20 C, 

77.52; H, 7.53; N, 9.52%. Found: C, 77.17; 8 ,  7.65; N, 9.29%. 
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