
Terrrrhedron Vol. 43. ho IX. pp. 4235 10 4239. 1987 

Pnntcd m Greal Britain 
004O4020:87 53.00 + .oO 

Pergamon Journals Ltd. 

YYN'CHYTIC YHTtiY Iii% YOHIMBINOID ALKALQIDS AND NOVA 

SYNTHISSIS OF (&)-17-MBTHOXY-HBULUHYDROYOHIMBANE 

UPTAI~ KUhlAd PANDIT, BISWANATH DAM and 

Department of Chemistry, University College of soienoet 
92, A. P. C. Hoad, Calcutta-700 009. India. 

(Receivedin UK20 July 1987) 

Abetract - A novel method haa been developed for the eYntheeie 
of (t)-17-nethow-hexadehydroyonimbane (11) which could be 
converted to yohimbinoid alkaloids throuz a sequence of 
reactiona. 'The approach for the deeired eyntheeie was baeed 
on the choice of 6-methow-'J-ieochromanone (9) ae a suitable 
wnthon for tho conetruotion of non-n.itmgeGoua moiety.Tho 
nitrogeneoue portion wae developed from tryptamine. An appm- 
priate condensation of 9 and tryptamine yielded (* -17-methow- 
hexadehydroyohimbane. 6=Methow-'J-ieoohromanone (2 1 which ie 
a b-la&one was prepared from 5-methow-P-indanone (2) by 
Baeyer-Villiger oxidation. A eimple prooodure for the eynthe- 
eis of ,3 hae been developed by a unique aoid oatalysed diaeo- 
ketone oyclieation. It deservxi mention in thie connection 
that the acid oatalyaed cyolieation wae facile with 3-methow- 
bensyl diaaomethyl ketone (a) but 4-methowbelxwl diaoomethyl 
ketone (2) wae reluotant to ayaliee. All attempt8 in this 
direction resulted in the formation of e hydrow ketone (4) 
oe a major product. 

17-Methow-hexadehydroyohimbane (u) a kw eynthon in the eynthesie of (f)-allo- 

yohimbine' and (+,)-rauwoleoine' hae been ayntheeiaed by a novel procedure. 

6-Methoxy-3-ieochromanone (2) vae used as an intermediate epeoiee for the 

Jeeired eyntheeie. It wae obtained from 5-methow-2-indanone (2) by Baeyer- 

'Iilliger oxidation with pp-chlomperbenrsoio aoid (Soheme 1). 
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2. C2HsOH/ NaOH/A ~H~CK312:::*~H 

3.HCI 
8 

I 

1 

l.(COCl),/C,H, 
2. CH2N2/ether 

CkH3 

E 
* Or its mirror image 

Scheme 1 
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The indcmone derivative 3 Rae prepared via a unique diaeoketone oycliaation 

tirocedure. Par thie puwoee 4-methow-phenylocetio acid (1) vae converted into 

ite diaeoketone (2) in good yield. The diasoketone ,2 on treatment with trifluoro- 

acetic aoid at -20" afforded the hydrow ketone 2 aa a major produot, the desired 

indanone (1) being'obtained in very poor yield. Thue tne oonventional mechaniem 

OX diaooketone cyclieation through the spire intermedi-te ae observed by Mander 

et el *, oould not operate to the desired extent in thie eyetem (Scheme 2). 

Scheme 2 

In order to improve the yield of the indnnone derivative (2). Fmethow-phenyl- 

acetic acid (1) and the intermediate diaaoketone 2 were used. The latter on 

cyclization vith TFA resulted in the syntheeie of 3 in good yield. The oyclira- 

tlon prooeeded through Priedel-Crafts type mechaniem with the direct participa- 

tion of methowl group which increase8 the electron deneity at the para poaition 
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aa a reenlt of wnich oyclieation vae facile with good yield (scheme 3). 

Scheme 3 

3-Methoqy-phenylacetic acid (1) vas prepared from 3-hydrow-acetophencne (2) 

by Willgerodt reaction followed by tie methylaticn o- * the correeponding 3-hydrox; 

-phenylacetic acid (7) with dimethyl aulphate. Indanone derivative 2 on Daeyer- 

Villiger oxidation vith JQ-CPU ia dry dichloromethane at 0’ afforded 6-methow- 
3-ieochzomanone (2) [dma, (KBr) 1740 cm-'] as only ieolable product in 43% yield 

out of two theoretically poeeible ieochromanonee. The structure of the lactone 

(9) use confirmed from ite epectral data and aleo by compariecn with the authen- 

tic *ample'. Por the eyntheeie of ll, the intermediate eubetituted hydm4 amide 

10 use obtained by condensing tryptamine with lactone (2) in refluxiW3 adolute - 
ethanol in 83% yield. The structure was proved by maea [m/e 338 (M+), 320 

(M+-H,o)] . Id [3,,, (KBr) 3280 (OH), 3200 and 3060 (NH) and 1610 cm-' ('=J)], 

UV Ix m_(HtOH) 290, 2~32 and 224 nm] and 80 MHs 'H-NIti epectra [s(d6-Dim) 3.64 

(3Hi, e, OMe), 4.38 (U, d, J= 5 H5,-Q2(JH, collapeee to a Ringlet on ehaking 

irith D,b) , 5.03 (1H, t, J= 5 HO. -CH,Og), 10.71 (lH, e, for indole -w)]. With 

"2O 
-HH proton ie found to be miaeing in the pmr spectra. 

(f)-17-Methoy-hexadahydroyohimbane (H) was eyntheeieed from the hydm4 

amide (lo) by DiechlerNapiereleki cycliaation with polyphoaphate ester followed 

cy sodium borohydride reduction. 'The double cyclieation of* with the formation 

of C and D rings occurred poeeibly via the imide intermediate. The latter use 

not isolated. The reaction mixture Wae directly reduced with eodium borohydride 

which afforded a gummy maae. Prom the reduction product only " could be obtained. 

Yuch polyphoaphate eeter cyclioation to an imine is known in the literature 4.5. 

Bauble cyclization ae obeerved in our caee hee eleo been reported with yDC136. 

In our case we presume that prior to tne cyclization of ring C (through Bischle- 

Napiereleki reaction) cycliaation of D ring occurred followed by the ring cloeure 

of c. The IH spectrum of the compound (2) ahowed the characteristic abeorption 

band of indole NH at 3440 cm -' while the UV [h,,(DtOH) 290, 284 and 225 nm and 

mace epectra m/a 304 (M+), 169, 144 and 1341 indicated the presence of hexadehy- 

droyohimbane syetem'l. The structure wae further eupported by its 200 MHs 'H-NMH 

SpeCtNm [S(CpC13) 3.62-3.77 (lH, m, C3-& 3.71 (lH, d, J-15.0 He, c,,+), 

5.79 (3H, 8, OMe), 4.05 (lH, d. J= 15.0 He, C,,-2). 7.85 (lHi, e, dieappeare with 

D2U, indole iti)]. The came conclueion wae arrived by compariecn with an authentic 

eample provided by Pmfeeeor 1. Kametani 
7 
. 

1LXPYHIMYNTA.L 

‘4.90 were recorded in a Yoffler block and are uncorrected. 1.H. spectra were 
measured with a Perkin-Ylmer IH 782 and UV npeotra with a Varian-634 epectro- 
photometer. lo-NM.,~ spectra were meaeurod on 80 MHs. 100 MHe and on 200 MIis 
epeatrometere reepectively ueing TM9 ee an internal standard. Petroleum ether 
ueed ham the boiling range 60-80°. 

4-Methowbensyl dioeometh.vl kotodQ (2) 

To a mixture of (1) (4.98g) and dry bensene (60 ml) a soln of oxalyl ohloride 
(10 ml) in dry bezaene (40 ml) uaa added dropwiee at mom temp. The mixture Yam 
stirred vigo=ualY during addition and stirring VBB continued for another 1 h. 
The eolvent and l xceea reagenta were removed in v~mo. me oily aoid chloride 
thus obtained maa diesolved in dry benaene (30 ml) and added dropwise uith 
etirring to an ice-cold eoln of ethereal diaaomethane (large exceee). After 2 h 
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ine solvent was removed by distillation. The residue so obtained was subjected 
to chromatography over neutral alumina eluted by petroleum ether : et$e_r (v/v 
60140) to afford 2 (4.00, 7OjL) as a yellow oil. 31.k. (neat) 2100 (CH=N=N), 1630 
cm-l (GO); 'h-NME (CDCl 
I, .16 (lli, s, -C&=N2), 

100 MHz)63.56 (2H, s, ArCu2-), 3.84 (3h. 8, OMe), 
6.8; (2H, d. Jo= 10 KP, C3-8 and C -&&), 7.12 (2H, d, Jo = 

10 He, C2-d and L'6-a). (C&Lo. for ClOHlON&, :C, 63.15; 2, 5.26; N, 14.73. 
'ound s C, 63.09; ii, 5.45; N, 34.545). 

.;-Irlefhoxy 2 - -i nd anow (2). 

To a well stirred and cooled (-X0) soln of trifluoroacetic acid (40 ml) in dry 
::Ii Cl2 

a 
(30 ml), a soln of 2 (3.8g) in dry CH2C12 (30 ml) was added dropwise 

un er N2 atm during a period of lh. The whole eoin was stirred subsequently for 
another 10 mins, the excess reagent and solvents were removed under vacua. The 
reeidue on chromatography over eilioa gel. afforded the desired indanone 2 (lOOmg, 
t.96) an a gumm~r mass with benzene as sluent 
= 4r1); 

Hf 0.51 (benzene : ethyl acetste 
1.d. (neat) 1740 cm-1 (C*); 'h-Mi% [CWl3; 80 dfz)E3.66 (2H, s. Cl<+), 

3.71 (2d, s, C,<$), 3.79 (3h, e, Utile), 6.75 (lW, d, J,=81iz, C6-8. m-couplini? 

ill reeoived), 6.80 (lli, m-ooupling ill resolved, C4-2), 7.15 (lh, d, Jo = &3Hz, 
S7-&). (C&c. for Cl0Hl&2 : C, 74.07; ii, 6.17. Pound i C, 73.c3; H, 6.29). 
-?urther elution with the same solvent furnished 4-methoxybenzyl hydroxymethyl 
ketone (4) (2.3g; 64s) ae a crystalilliae solid, ~e.p.75~; tlf 0.19 (benzene I 
ethylacatate = 4rl) 1.d. (ur) 3360-3440 (br, OX), 1720 cm-1 (Cd); 'ii-NMa (cDc13, 
100 I%iz)&3.00 (tlf. t, J x 5 ho, -08, disappears with D$), 3.52 (2K, 6, Arc&,-1, 

H, tolls see 

P 

to a singlet on 
and C5-51 , 7.16 (2H, d, Jo= t0Hz. 
H, 6.66. Pound : C, 66.43; 

A mixture of 3-hydroxy-ooetopilenone (fi) (19.04g), sulphur (6.75g) and morpholine 
Al8 ml, lu.25g) was refluxed for 5 h. The reaction mixture was cooled and poured 
in$o ice-cold water. .J!he semisolid mass appeared. It was aeparuted and diesolved 
in 1Oh ethanolic i?e@H soln (200 mI) and refluxed for 8 h. &thanoI was distilled 
aff and the residue was poured into water (100 ml.), oooled in an ice-bath and 
acidified with 6N iiC1. It was extraated with YtDAc. The extract was washed with 
Little ice-cold water, dried (iJa2SO4) and evaporated. The residue was poured 
slowly into saturated sofn r e IJaiiW 
ted with ether to remove unreacted 

ISwith constant stirring. It was then extrao- 
!he aqueous pa--t containing eodio salt of 

5 was acidified with 6N HC1, extracted with ether, washed with little water and 
dried (Ns2SO4). Svaporstion of the solvent afforded a aemisoiid mass which eoli- 
dified on cooling. It was cryatallieed from petmleum ether I ether mixture to 
give& (7.6 g, 36J6i0, m.p.124-126O (Iit.8 129"); I+:i. (KBr) 30000-3400 (br. OH), 
1690 cm-1 (C=(J). (C&Lo. for cghigti3 : C, 63.15; H, 5.26. $ound : C, 63.29; H.5.04) 

j-Wet:loar-Dhe#lacetic acid (2). 

Wiydroxjr-phenylaoetic acid (8) (7.58) wao diseolved in IO;: aqueous N&h ecln 
r50 ml) and stirred at room tanp. To this eoln (Clij3)#4 (15.66, 12m.l) was added 
dropwise. After addition it wus heated at 50-600 for 10 mine and then further 
109 aqueous I?a[lH soln (50 ml,) was added with constant stirring. The mixture WPB 

further heated for lh at the above temp. It was cooled end poured into lOOmI of 
ice-cold water and acidified with 6N AiCl and kept at 0 a for lh when i: wae preci- 
pitated out. It was filtered, washed with ice-cold water and dried in vacua. Then 
it was ahromatographed over silica gel. The fraction eluted with petroleum ether: 
,rthar (v/v 3~1) afforded crystalline 51 (6g, 7X;), m.p.67-68“ (lit.8 68-69“); 1.m. 

pc<odufi)d ?0%:-?$:$2%)16t$~~. 
cm-1 ((24). (Ctic. for 09hlOO3 : C, 65.06; H, 6.02. 

j-Sethoxypgpsz_vl &a;om&hxl ketone ig) 

3-Iilethoxy-phenylncetic acid (2) (3.86) was converted to g by the same procedure 
applied for the syntheeie of 2. The reaction product6 on chromatography over 
neutral alumina afforded 8 as a yellqw oil on elution with pe$q_lam ether : 
ether (v/v 60;40), YieLd s 3.98g (69;o). 1.d. (nest) 2100 (Cti=N=b), 1640 cm*l(C=Of; 
ln-NMk (CX13, 
-Q=N2), 

80 Mhz)63.59 (211, 8, nrG2-1, 3.80 (li, sr Oble), 5.13 (lH, 6, 
6.76-6.85 (3ii. m. C,-&, C4-4 and Q-g). 7.15-7.24 (lh, m, C5-&. (CaLc. 

for Cloiflo'J2U2 L C, 63.15; if, 5.26: h, 14.73. Found i C, 63.33; H,5.04; Y,t4.91). 

5-Piethoxu-2-indanone (21.. 

&S (3.8g) was converted to 3 following the procedure for the synthesis of 3 faxam 
2. The reaction product was chromatodrapned over silica gel and &uted by benzene 
to yield 2 (1.75g, 54& as a eemi-solid mass. 

.j-lrlet~rv-Fieocnromanonp (2). 

A eoln of 3 (1.62 g) in dry CIf Cl2 (15 ml) was oooled in an ice-bath. To it an 
ice-cold soln of ~-CP3A (2.59~ f in dry Cii2C12 (7Oml) was added dropwise and the 
mixture was etirred vigorously at O" for th. It was kept at thir temp for todays. 

dxoess pea-acid was decomposed by 2+ aq. Na2S03 soln and the precipitated p-chloro- 
oenzoic acid wae filtered off and washed with a little C112Cl2. The combined 
organic Layers were washed with 2$ aq HaHo eoln, water and dried (Na2=4). The 

s %%%g pb",~81dr~fe~~fere~~eifr~f el.uate furniehed 1 {0,76!?g, .:3~) which was 
the solvent was chromate raphed over silica U& 
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crystsllieed from ethanol, m.p.74-76c (lit.3 74-78c), klf 0.41 (beneene I ethyl 
acetate = 4:l) I.H. (KBr) 1740 cm-l (Cd)); 'H-NMk (CDQ.3, 80 MHa) 63.64 (2H, e, 

C4<+), 3.78 (pi, s, OMe), 5.22 (2H, a, Cl<!), 6.71 (lH, m-coupling Ill resolved, 

C5-& 6.76 (la, d, Jo =6Ho, C -&), 7.11 (IH, d, Jo= 6He, C,-g). (Csla. for 
CloHlo03 I C, 67.41; H, 5.61. Jound I C, 67.59; H, 5.52). 

P-[2-(3-Indolyl)-ethyl]-5-meti~ory-2-(hydroxymethyl)-phenylncetamide (1Q). 

A mixture of tryptsmine (0.8g) and 9 (0.89s) wss refluxed in absolute ethanol 
(8OmI) under N2 atm for 20h. The re%idue thus obtained after removal of etheml 
was chmmstographed over silica gel. and the fraction eluted with benzene i 
acetate (v/v 1~1) afforded 10 (1.4g. 83b). m.p.120-124°; Hf 0.35 (ethyl scet'%?. 
It was crystallioed from beGene : ethyl acetate mixture; I.&t. (KBr) 3280 (OH), 
3200 (NH), 3060 (NH), 1610 am-l (cd); UVh,, (&OH) 290, 282, 224 nm; m/e 338 
(I~+), 320 (M+-H U), 143, 130; lH-NMH ( 
-NHCd2Q2-), 3.$0 (2d, e, ArCd2CO-) 

-DHSO, 80 MHs)62.42-2.52 (4H1, m, 
4 (Pi, s, OMe), 4.39 (2H. d, J = 5 Hs, 

aollspses to P singlet on shaking with "20, -C3$H). 5.03 (lH, t, J = 5Ho, dis- 
sppeers with D#, -CH$g), 6.63-7.50 (8H, m, aramstia), 8.10 (lli, t, Jt 5H5, 
D$-eexcnangeable. -I%(%-), 10.71 (1H. e, disappears with D$, indole w) (CeIc. 
for C20ii22N203 I C, 71.00; H, 6.50; N, 8.28. Found:C. 71.17; H, 6.63: N, 8.12). 

(?)-17-Methoxy-hexadehydroyohimbene (u). 

rIydroxy amideIq (1.014g) was heated with polyphoephate ester 5 (PPN) (8g) at 80° 
under N2 atm for 1.5h. 'The reaction mixture was oooled and poured into lOOmI of 
water end the mixture wss stirred st room temp for 0.5h and use extracted with 
ether. The aqueous part wss made basic with smmonia and was extracted with CHC13, 
washed (H&) and dried (Ns2SO4). Hemoval of solvent afforded a yellow eemisolid 
which was subjeated to chromatography over silica geI.The fraction eluted by 
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