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Abstract - A simple method for the stereoselective synthesis of yohimbane 
f 7) and alloyohimbane (5) via the diazoketone (21 from the anhydride (8). 
a symmetrical starting material, was examined. The preparation of penta- 
cyclic ring systems contained in yohimbine and reserpine would be possible 
for the synthesis of such alkaloids by this method. 

In the field of the indole alkaloid chemistry 

the basic pentacyclic skeleton of the yohimbane 

family is a familiar structure (1). Changes in the 

geometry of the hydrogen atoms nttached to certain 

vital centers at 3,15. and 20 positions completely 

alter the properties of the individual members of 

this family. In addition to this, one can introduce 

various functional group on the structure ( 1) and 

many compounds of medicinal interest such as 

yohimbine3 and reserpinc4 having the propcxt 

stereochemicul form would be obtained. 

1 

In our continuous efforts5 towards the total 

synthesis of yohimbine and reserpine. we have 

required a synthesis of dehydrcoxoyohimbane 

(6) and dehydrooxoalloyohimbane ( 141 which could 

be potential intermediates for yohimbine and 

reserpine. Our proposed synthetic scheme 

involved Wolff rearrangement of the diazoketonc 

(21 with tryptnminc to give the amide (3). Sub- 

sequent cyclization and reduction should produce 

4 and, after formation of D ring. catalytic hydro- 

genetion followed by lithium aluminum hydride 

reduction would give alloyohimbane (5). In this 

case alkaline treatment of 3 afforded the imide ( 101. 

On the other hand, epimerization of the methyl 

ester group in 4 followed by formation of the 

luctam would afford 6. leading to yohimbane (7). 

Wolff’ rearrangement of the diazoketone (217, 

derived via the !:alf ester (91 from the anhydride - 

(81, with tryptamine in the presence of freshly 

made silver oxide at room temperature for 20 min 

furnished the amide (31 in 80.6 “, yield [ \_ 
(CHCl,$3460, 1720 and 1650 cm -‘I. Ring c?basxure 

of the amide (31 was effected by refluxing with 

phosphorous oxychloride, and subsequent metha- 

nolic sodium borohydride reduction afforded the 

unexpected trans fused D/E lactam (61. m.p. 200. 

202O [ ‘.’ “,ax (CHC131 3460 and 1620 cm- ‘I by wa) 

of 4 in 39.2 & yield. together with ;-carboline 

derivative (4), m.p. 205. 206O [ \I max (KBr) 3450 

and 1700 cm-‘] in 46.3 % yield. The lactam (6) 

was hydrogenated over 5 9 Pd-C in methanol to 

afford oxoyohimbane ( 1218. This unexpected com- 

pound (6) presumably resulted from partial epi- 

merization of the methyl ester group followed by 

cyclization of the resultant trans methyl ester 
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during sodium borohydride reduction and aque- 

ous treatment. On the other hand lithium alumi- 

num hydride reduction of the lactam (6) to give 

12 whose IR spectrum showed Bohlmann bands’. 

respectively, by comparison of their IR and NMR 

spectra with those of authentic samples kindly 

donated by Professor Ninomiya. Since compound 12 

2 

The synthesis of alloyohimbane (5) *‘lo was 

also carried out as follows. Thus, treatment of 

11 with excess potassium carbonate in dry metha- 

nol brought about cyclization without epimeriza- 

tion of the methyl ester group to form the cis - 

fused D/E lactam ( 13). m.p. 200 202” [ \.I mHX 

(CHC13) 3460 and 1620 cm-‘] in 60.5 Z yield. On 

the other hand, treatment of 4 hytlrochloridc with 

0.4 ?, methanolic potassium carbonate gave ex- 

clusively the trans fused D/E lnctam (6). Under 

this condition none of the cis fused DIE lactam -- 

( 13) was detected. The cis fused D/E lactam (13) - 

was not epimerized under such conditions. the 

result of which suggests that epimerization would 

occur first and then cyclization would proceed. 

Catalytic hydrogenation of the lactam (13) in the 

presence of 5 ?, Pd-C gave oxoalloyohimbane ( 14) 

in almost quantitative yield. m.p. 222 224’ [ 1.1 

n,ilx (CHC13) 3460 and 1625 cm 
-1 I. The lactnm 

( 14) was reduced by lithium aluminum hydri& to 

afford the amine (5). Compounds ( 11) and (5) 

were shown to bc oxoyohimbnne and nlloyohimbane. 

7 

has already been converted into yohimbane (7) by 

Ninomiya and his co-workers, we have achieved an 

alternative formal total synthesis of 7. 

Thus we have succeeded in a stereoselective 

synthesis of yohimbane nnd alloyohimbane start - 

ing from the same diazoketone. 

Thus synthetic route has been proven to be 

useful for the synthesis of yohimbane-type such 

as yohimbine, reherpine. and also corynanthe- 

type alkaloids because of the formation of com- 

pounds containing a double bond between Cl7 

and C 16 positions. This double bond could be 

manipulated to attach desired functional groups 

or could be used to bring about cleavage of the 

E ring after scme modification. 

EXPERIMENTAL 

X1.p.s are uncorrected and were determined on 

Ynzawa microapparatus. IR spectra were recor 

cd with S’himazu IR 400 spectrophotometer, K;a 
spectra with JEOL JNM-PhlX-60 spectrometer 

using TRlS as an internal standard. and mas 
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a 

Co2Me 

11 I 
N 0 T z H ,,\“ 

,,\\\H 

Hv“ / 
13 

spectra were taken with JEOL-klJS-OISG spectro- 

meter. 

Arndt-Eistert Reaction of Diazoketone (2) with 

Tryptaminc. A mixture of the diazoketone (2) 

(4 g), tryptamine (3.7 g), freshly prepared silver 

oxide (2 g) and dioxane (50 ml) was stirred for 

20 min at room temperature under nitrogen and 

the mixture was filtered through short silica gel 

pad. The filtrate was condensed to leave a 

residue which was subjected to chromatography 

on silica gel ( 100 8). The elution with CHC13 

afforded the amide (3) (5.27 g) as a pale brown 

syrup; IK (CIlCl3) 3460 (NH), 1720 (CO) and 

1650 cm -t (CO); NMR (CDC13) 3.57 (3H. s, 

OCH3), 5.53 (2H. br s, olefinic H), 6.82 7.67 

(5H, m, ArIl), 8.50 8.83 (lH, br s, NH, ex- 

changed with D20); mass (nl/e) 340 (M+). 

Dihydrooxoyohimbane (6) and l-( 1.2.3,6-Tetrn- - 

hydro-2-methoxycarbonylbenzyl)-1,2,3,4-tetra- .- 

hydro- “, carboline (4) Hydrochloride. A mixture 

of the amide (3) (2 g) and freshly distilled phos- 

phorous oxychloride (4 ml) in dry benzene (20 ml) 

1 I \ z N ‘“;:I-:. H ,\\” 
H 

H ,\“‘ 

/ 

12 

14 

was refluxed for 3 h ur.der nitrogen. The solvent 

and XI excess of phophorous oxychloride were 

evaporated completely in vacua to leave a residue -- 

which was washed with ether to give the 3.4. 

dihydro-6-carboline hydrochloride. This hydro- 

chloride was used in the following reaction without 

further purification. 

The crude hydrochloride was dissolved in 

MeOH (20 ml) whose solution was treated with 

sodium borohydride ( 1 g) and the resulting mix 

ture was stirred for 10 min at room temperature. 

An excess of sodium borohydride was decomposed 

by an addition of AcOil (5 drops) and the solvent 

was evaporated to leave a residue which was 

extracted with CHC13. The extract was washed 

with brine. dried over MgSO4 and then evaporated 

to leave a yellowish brown syrup (2.2 g) which 

was subjectied to chromatography on silica gel 

(30 g). Elution with CHC13 and evaporation of 

the eluate left a pale brown syrup (674 mg) 

which was tritllr<ated with MeOH to give dehydrt 

oxoyohimbane ( 6) as colorless needles, m .p. 2’ 

202Yfrom MeOH) (Cnlc. for CloH20N20 : C, 

78.05; H, 6.90: N, 9.58. Found : C, 76.15; 
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H, 6.87: N, 9.57 %): IR (CHC13) 3460 (NH) and 

1620 cm-’ (CO); NMR (CDCl3) :.4.57 4.93 (IH. 

m. Czo-H), 5.07 (111. dd, J = 8 and 2 11~. C3-H), 

5.50 (ZH, br s, olefinic H), 6.90 7.70 (4i1. m, 

Arflf, 8.57 8.90 (IH, br s, NH. exchanged 

with D20); mass (m/e) 292 (M*). Elution with - 

McOH-CHCl3 (V/V 98 : 2) gave tctrahydro ;. 

carboline (4), whose hydrochloride (880 mg) 

afforded colorless prisms, m.p. 205 206” f from 

MeOH) (Calc. for C20H25N20~Ci : C. 66.56: Ii, 

6.98: N, 7.76. Found : C, 66.15; H, 7.05; N, 

7.68 %); IR (C11C13) 3450 (NH) and 1700 cm -1 

(CO); KMR (CDC13 + CD30D) :3.63 (311. s, 0Cl13) 

5.63 f2H. br s, olcfinic H). 6.83 7.58 (4H, m, 

Arfll: n~nss (m/c) 324 (X+1. -- 

Oxoyohimbane ( 11). -__ -_ _ Dehydrooxoyohimbanc (6) 

(50 mg) was hydrogenated over 5 % Pd C ( 100 mg) 

in RleOH (15 ml) at room temperature. Catalyst 

was filtered and washed with Et20. Evaporation 

of the solvent gave oxoyohiInb~ne ( 11) f 46 mgf , 

m.p. 200 202’: m2tss fm!c)294 (al+:. IR (CHCl3) 

and NMR (CDC13 f CD30D) spcctrn were identical 

with those of an authentic samples. 

17.18.Dehydr~lbane (I?). To an ice covled ___.-._ - --_ 

suspension of lithium aluminum hydride f 20 mg) 

in dry THE‘ ( 1 ml) was added a solution of 

dehydrooxoyohimbanc (29 mg) in dry TIIF (1 ml) 

under nitrogen. The mixture was refluxcd with 

stirring for 3 h and quenched with Et20 saturated 

with H20. Ethereal layer was separated and the 

aqueous layer was extracted with Et20. The 

combined organic layer was washed with birne, 

dried over MgS04 and then evaporated to leave 

a residue which was purified by preparative thin 

layer chromatography fCitCl3-MeOH 9.5 : 0.5 v/v) 

to give 17,18-dehydroyohimban~ ( 12) f 27 mg) as 

a pale yellow syrup: IR (C11C13) 3460 (NH) and 

2850 2725 cm-1 (Bohlmann bands) : NMR (CDC13) 

~ 5.45 (2H, br s, olefinic H). 6.82 7.45 (41~. rn, 

ArHf, 7.53 7.77 f1H. br s, NH, exchunged with 

D20): mass (ne) 278 (?II+). 

17. 18.Dehydrooxoulloyohimbanc (13). To R stirr- ---- --- 

ed solution of tetrahydro-V-corboline (4) hydro- 

chloride (33 mg) in absolute McOtlf 1 ml) was added 

K2C03 (25 mg) at room temperature and the mix- 

ture was stirred for 1.5 h at room temperautre 

under nitrogen. The mixture was poured into 

kX20. The ethereal layer was washed with brine, 

dried over MgS04 and then evaporated to leave 

a residue which was purified by preparative thin 

layer chromatography (CHC13-MeOH 9.5 : 0.5 

v/v) to give 17,18-dehydrooxoyohimbane (18 mgf , 

m.p. 200 202O (from McOH) (011~. for 

c1gH20N20 : C, 78.05: H, 6.90; N, 9.58. 

Found : C. 78.04: H. 7.02: N, 9.52 %): IR (CHCl3) 

3460 (NH) and 1620 cm-’ (CO); NMR (CDC13) i’ 

4.70 5.25 (2I1, m, C3-H and C20-1i), 5.65 (2H, 

br s, olefinie Ht. 6.93 7.57 (4H, m, Arfi), 7.87. 

8.10 (IH, br s. NH, exchanged with D20): mass 

(m/e) 292 (M’). - 

Oxoalloyohimbnne (14). The toctam (13) (130 mg) 

was hydrogenated over 5 ‘% Pd-C (130 mg) in 

MeOH (25 ml) at room temperature. Catalyst was 

filtered and washed with Me011 and Et20. Evapo- 

ration of the solvent gave oxoalloyohimbane (14) 

(129 mg), m.p. 222 224’ (from McOH) (Calc. 

for IZ,~H~~N~O; C, 77.52: H, 7.53: N, 9.52. 

Found : C, 77.57, H, 7.56; N, 9.42 %); IR 

(CHC13) 3460 {NH) and 1625 cm 
-1 

(CO): NMR 

(CDC13 + CU30D) 4.63 5.00 (1H. m, C20-H). 

5.03 (111, dd, J = 8 and 2 Hz, C3-H), 6.87. 

7.50 (4H. m, ArH), 9.50 9.77 (IH. br s, NH): 

mass (m/e) 294 (Sl+). - 

Aaohimbanc (5). To an ice-cooled suspension ~-- 

of lithium aluminum hydride (50 mg) in dry THF 

(2 ml) was added dropwise with stirring a solution 

of oxoyohimbane (34 mg) in dry THF (2 ml) under 

nitrogen. The mixture was refluxed for 3 h and 

then quenched with Et20 saturated with H20. 

The ethereal layer was separated and the aque- 

ous layer was extracted with Et20. The combined 

organic layer was washed with brine, dried over 

K2C03 and then evaporated to leave a crystalline 

residue which was purified by preparative thin 

layer chromatography (CHCl3-MeOH 9.5 : 0.5 v/v) 

to give alloyohimbanc (5) (17 mg) : IR (CHC13) 

3470 (NH) and 2950 2750 cm-’ (Bohlmann bends) : 

mass (m/e)280 CM+). 1RfCHC13) and NMR 

fCDCl3) spectra were identical with those of an 

authentic sample*. 

17,18-Dehydrooxoyohimbane (6) from 4. A mix- 

ture of 4 (65 mg), K2C03(8 mg) and absolute 

MeOH (2 ml) was stirred for 4 h at room temper- 

ature under nitrogen. The mixture was poured 

into Et20 and the solvent was washed with a small 

amount of brine, dried over MgS04 and then eva- 
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porated to give a residue, which was subjected 

to chromatography on silica gel (5 g) . The elu- 

tion with CHCl3 afforded 6 t 45 mg). whose IR 

(CHCl3) and KMR (CDCl3) spectra were identi- 

cal with those of an authentic sample*. 

N-(lncfoTyIcthyl)-homo~httl;rlinlidc (IO). To a -. 

solution of 3 (500 mg) in absolute RleOH (5 ml) 

was ad&d K2C03 (400 mg) at room temperature 

under nitrogen. The mixture was stirred for 

25 h at room temperature and then diluted with 

ClIC13. The mtxture was washed with brine. 

dried over 11gS04 and then cvaporatcd to leave 

a crystalline residue which was filtered and wash 

eti with Et20 to give the imidc f IO) (248 mg) as 

colorless needles, m.p. 235 236“( from hIcOlf) 

(Calc. for C,9ff20N202 : C, 74.00: H, 6.54: N, 

9.09. Found : C. 74.12: H, 6.29; .u, 9.00%): 

IR (KBr) 3340 (NII) and 1665 cm ’ (CO): KMR 

tCDCl3 + CD30D) ‘4.08 (111, d, J = 10 Hz, 

NCOCflt, 5.67 (211, br s, olefinic H). 6.93 

7.08 (5fi. m, ArH), mass (m/e) 308 (>I+). 
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