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AbrbvC Synrhals of the mdolc (I). a key degradation product of ~hc alkaloid tubcrostemonmc. IS 

described. 

IWLATION of the indolc (I), a degradation product of the alkaloid tuberostemonine. 
has been reported in the preceding communication.’ The structure of tbc indok was 
rigorously established by comparison with an authentic synthetic sample. This was 
instrumental in defining clearly the structure of the alkaloid. 

We now wish to describe the synthesis of I. y-@isopropyIben.zoyl)butyric acid (II) 
was prepared by the reaction of cumene and glutaric anhydride, in the presence of 
aluminium chloride. The ktto acid (II) displayed characteristic IR, UV and NMR 
spectroscopic properties. Removal of the ketone function was effected by the 
Ckmmcnsen reduction,’ and gave rise to 6@isopropylphenyl)valeric acid (III), 
which again exhibited predictable spectroscopic behaviour. Quantitative conversion 
to the benzosuberone (IV) was brought about by cyclization of III with hydrogen 
fluoride. The product, a colourless oil, showed IR absorption at 1680 cm-‘, and 
UV maxima at 249 mp (E 9500) and 292 mp (e 2000). in excellent agreement with 
an aromatic ketone. IV was characterized as its 2&dinitrophenylhydrazone, 

CAIIAN.. 
Prolonged treatment of IV with methyl magnesium iodide in tetrahydrofuran 

yielded tbe alcohol (V), the resulting change in functionality being manifested in the 
IR spectrum. Dehydration of V with acetic anhydride and sodium acetate furnished 
a mixture of endocyclic and cxocyclic olefins. in a roughly 1: 1 ratio, as determined 
by NMR spectroscopy. On equilibration with ptoluenesulphooic acid in benzene a 
virtually quantitative conversion to the cndocyclic okfin (VI) was effected.’ The 
latter, a colourkss oil whose homogeneity was determined by VPC, displayed UV 
absorption at A__ 245 mp (E 10.800). IR and NMR spectra also support the assigned 
structure. 
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The acidic material obtained from ozonolysis of VI after oxidativc work-up 
(hydrogen peroxide) was a mixture of the ktto acid (VII), and a dibasic acid, tenta- 
tively assigned the structure VIII on the basis of its spectroscopic properties.’ 

Separation was effected by a countercurrent distribution between ether and a 
phosphate-citric acid buffer, with the latter as moving phase. VII was isolated as a 
pale yellow oil, showing IR absorption at 1710 and 1690 cm-‘, corresponding to 
carboxylic acid and aromatic ketone, respectively; W maxima were at 246 rnp 
(c 9100) and 288 mp (E 1900). In the NMR spectrum, a one-proton singlet at 2.55 7 
and a two-proton signal at 2.82 T correspond to the hydrogens orrho to the acetyl 
group, and the other two aromatic protons, respectively. The three bcnzylic hydrogens 
appear as a multiplet at 7.16 T. A singlet at 746 T represents the three hydrogcns of 
the methyl ketone, and the Me protons of the isopropyl group appear as supcr- 
imposed doublets centered at 8.74 z (J = 7.9 c/s). 

Reduction of the acetyl side chain of VII to an Et group’was best achieved in two 
steps: treatment with sodium borohydride afforded the corresponding alcohol (IX), 
which was hydrogenolizcd in acetic acid with a Pd< catalyst, furnishing X in good 
yield The spectroscopic properties of these intermediates confirmed that the reactions 
had proceeded as anticipated. 

Compound X was cyclizcd in excellent yield to the tetralone (XI), through the 
agency of hydrogen fluoride. The colourless oily product showed an IR band at 
1685 cm-‘, and UV absorption at L,_ 255 mp (E 11,900) and 303 mp (E 2500). in 
complete accord with the assigned structure. The NMR spectrum displays one- 
proton singlets at 2.35 and 2.91 T for the aromatic hydrogens ortho and pura, res- 
pectively, to the carbonyl. The seven dcshicldcd protons appear in a multiplet at 
7-04-7.58 1, and a multipltt with sharp peaks at 8.65 and 8.76 T represents the three 
Me groups. The tetralont (XI), on treatment with hydroxylaminc hydrochloride in 
the presence of sodium acetate, was converted to its oxime (XII), C, SHI,ON, further 
characterized by IR, W and NMR spectroscopy. 

l Tbc yield olVII was improved when rbc oxonrtion was lollowed by amlyac rc&ction.and subrapwnr 

mild permaa~tc oxidation OT the raultin8 kcto-aIdehyde. 
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When the oxime was heated with polyphosphoric acid at 125130”. Beckmann 
rearrangement occurred, affording the lactam (XIII), C,,HztON. IR absorption at 
3400 and 3200 cm-l can be attributed to N-H bond stretching, and a band at 
1675 cm- ’ is due to the lactam carbonyl ; the UV spectrum shows maxima at 240 mp 
(c 13,800) and 282 mp (sh. t 1200). In the NMR spectrum, the two aromatic hydrogens 
appear as a single peak at 3.27 T. The five bcnzylic protons give rise to a multipkt 
centered at 7.31 T, and the protons a to the amide carbonyl arc included in a multiplct 
at 7.75 T. A multipkt with sharp peaks at 8.70 and 8.81 T represents the thm Me 
groups. 

XI Xlll 

Reduction of XIII with LAH effected a smooth conversion to the oily amine XIV, 
whose IR spectrum showed N-H absorption a! 3400 cm-’ and the absence of a 
CO band. The W spectrum showed maxima at 238 mp (sh, E 8000) and 282 rnp 
(E 1600); in acidic medium maxima were at 265 m)c (E 1100) and 275 mp (E 1000). 

Oxalyl chloride was selected as the reagent for the introduction of the remaining 
two C atoms, since it was anticipated that its reaction with XIV would furnish an 
intermediate which could be cyclized with facility under the mildest possible con- 
ditions4* ’ XIV was treated with a large excess of oxalyl chloride, which afforded the 
amorphous oxanilic acid chloride (XV) showing IR bands at 1785 and 1680 cm- ‘. 

XIV xv XVI 

XV was not isolated, but was subjected immediately to Frkdel Crafts cyclization 
with aluminium chloride in carbon disulphidc. Trituration of the resulting red gum 
with pcntantcthcr gave blood red crystals of the isatin (XVI), C,,H1,OzN. XVI 
displayed IR absorption at 1735 cm-‘, and its W spectrum showed maxima at 
253 rnp (E 24.000) and 327 mp (E 7200). 

Reduction of XVI to the indole (I) was effected in two steps. Treatment of the isatin 
with sodium dithionite” converted it to the corresponding dioxindok (XVII), which 
displayed IR absorption at 3600 and 3360 cm-’ for the OH group, and a lactam 
band at 1720 cm- ‘. Finally, reduction of XVII to the indolc (I) was effected in about 
50 % yield by means of LAR’ and the pure product was isolated by chromatography 
on alumina The synthetic material was found to he compktely identical with the 
“natural” indole (1) by comparison of IR, W, NMR and mass spactra, and by 
mixed m.p. 



2648 G. M. STRUM 

Nuclror Mqmt~c Rotononco 

Sprctrum KU,, 

Synthrtlc lndolr I 

FIG. I NMR spectrum 

Moss Sorctrum "3cuc"3 

SHhtilc Indolr I 

II 
212 

d, 

60 80 loo 120 140 I60 I60 200 2 

m/r 

F~ti. 2 Mass spectrum. 

226 

1 
20 

241 

1 
240 

EXPERIMENTAL 

M.ps were determined on a her sup 4pp4ratw rsd arc unaxrected. IR spcstn were dcrcrmiood on a 

Perkin-Ehna lnfraoord Model 1378 rpectrophotomc~. UV spectra were obt4inu.i in 95% EtOH soln 

on a Bcckmnn DK-2 rpcctrophotomcta. NMR rpectn were musurcd in (3.3, soln with 1 V~riln Asso- 

tiles 564 MC/~ tpec!romcter. The mu, rpxtn were obtined on 1 Hituhi Perkin-Elmer RMU-6D 

nun ~pcctroan%~ Micrtiyscs were &ormaJ by Dr. F. Pucher. Mikrmalytirba L&oratorium. 

Bonn. West Gerrmny md by Sp~g Mxrouulytiul lAor4tory. Ann Arbor, Michlpn. 
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AlCl, (587 g. 45 moks) was added during 7 br under anhydrous conditions, witb mabaniul stirring and 

iacooling. to a soln ofglutaric anhydride (228 g. 20 moks) in cumene (24@4 g. 20 moka) and tetncbloro- 

ctbane (970 ml) The mixture was set aside at 25’ for 12 hr. and was then warmed at w)” for 3 hr. After 

the resulting compkx bad been dbcompoaed by addition of kz and coot HCL the tctracbloroetbane was 

removed by steam distilltion. Organic ma~etial was extractad with ether from the dixttllation residue. 

and the acidic product was separated by extraction of tbc etba soln witb saturated Na,CO,. The aqueous 

extractx were wasbal with ether until the washings were almost colowku, and then were tratal with 

decolourixing charcoal Acidification of the aqueous soln and subsequent extraction witb ether furnished 

I%6 g (42 ‘/3 of pale brown crystalline acid Recrystallixation from n-bexaac-ether afforded II as colourkss 

pnsmrmp.9>9Y; IR butds(KBr)at I705and l67Scm-‘.Tbe NMR spectrumsboma4-proton quartet 

wtth peaks at 2.11. 2.27. 2.74 and 291 r for the aromatic protons which compnse two equivaknt AB 

systems. The isopropyl methyls give rise to a bproton doubkt antcred at 893 t (I = 68 CA). 

L+-lsopopylphmyfju&ric acid (III) 

The keto acid II (73 g 031 moles) was reduced by the Ckmmensen method. using essentially the pro- 

cedure described in Organic Reactions’ for reduction of gbettxoylpropionic l crd. Work-up yielded 66.7 g 

(97%) of pk yellow crystalline material. containing a trace impurity which was insolubk in n-bexane. 

Recrystallixation of the major product from a-bcxane yielded Ill. colourlcss crystals. mp. 4952”; IR 

absorption (CCL.), 1710 cm- . ‘. UV mum: 257 mu (c 900). 264 mu (sb. c 850) and 272 m(r (a 600). In 

the NMR spectrum. the 4 aromatic protons appear as a singk peak at 3.33 r. 

3-IJopopyl-5-oxod.7.8.9-rtrrohydrobmrocplohrprrnr (IV) 

Tbe acid lll(46.84 g 0212 moks) was. for convmiena. divided into three equal porttonr and each was 

trutal wttb HF (a 500 ml) in a polyetbyknc container. T!K resulting ckar red-brown solns were se1 

as& m the fume hood for 45 hr. After removal of the residual HF witb rbe aid of a stream of N,. water 

was added and the mixture was made alkaline by th careful addition of solid Na,CO,. A bavy white ppt 

separated and the mixture was extracted ubawivcly witb benxcne and ether. The extrrctr after wasbmg 

and drying. yielded 408 g (95 YJ of pak yellow oil. Distillation at l88-212’/3 mm (bath ternp) afforded 

37.4 g of the colourkss oily IV. The product was characterized as its 2.4dinitropbenylbydraxone. m.p. 

153-IS?‘. (Found: C. 62.77; H. 5.87. Clr,HIIO,N, requires: C. 62.81; H. 5.80%). 

Rtacrion o/IV with methyl magnesium i&de 

The bauoruberone IV (22.1 g 0109 moks) in anbyd THF (100 ml) was added dropwiae dunng I5 min 

unda anhydrous conditions, witb stirring. to an c&real soln of methyl Grignard reagent. prepared from 

Mg tumiogs (13.3 g 0547 g atoms) and Mel (77.4 g. 0545 moles). Additional THF (400 ml) was added to 

replaa 2OOml ofetber-nch distiLlate which was removed The mixture was bated under reflux witb stirrmg 

for 48 br (batb temp 7&8O’L after which it was poured onto KX. Sat NH,Claq was added until the precipi- 

tated saltx bad dissolved. Extraction with ether. followal by washing and drytng of the extractx. yielded 

23.78 g of V. a pak yellow viscous oil. The IR spectrum (CCI,) showed OH absorption at 3624 and 3490 

cm- ‘. and the abscna of CO ahsorption. 

2-lsopopyl-9-nurhyld.7~ih~r~5H-kruocycbhptcnr (VI) 

The Gngnard product V(IZOgOO55 mola) wudissolvod in AcsO(l20 ml).and fused NaOAc(l2Qg) 

was added The mixture was bated under reflux for 24 hr. after which it was set aside at 25 for 65 hr. 

It was then poured into I500 ml tccwafcr. Extraction with ether, followed by thorough washing of Abe 

extracts and drying over anltyd K,CO, yielded after removal of solvent, I I.13 g of a mobik brown oil. 

A signal anrered at 5.12 r in the NMR spectrum of the product, in addition IO other spectral properties. 

demonstratai tb prcsena 0r the uocydic oldin. 
The okfm mixrure was rdluxed in anbyd bxnxmc (LOO ml) witb ptolucncsulphonic acxd (5.3 g. 031 

moks) for 2 hr. The raulting soln was wasbed suanrively witb sat NaHCO,aq and water. and l Rcr 

drymgovaanhyd K,CO,.removalofsolvent yielded IW’lgdbrown oil.Tbepureokftn VI wascolkctai 

as a colourkss oil from distilktron of the product at l2@-lw/o2 mm (btb temp) UV spectrum: &, 

245 mu (c 10.800) The NMR spectrum shows ugnak al 304 (s, 3-H). 4.20 (m. I-H), 794 (s 3-H). and 8.76 r 

(d. J - 6.8 c:s. 6-H). 
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AnO,-Osmixturewupuud by~ro(~dntersdlilktrbubMaiatoniIolao(N(P.Ug00565mokr) 
in EtOAc (160 ml) cookd i a dry ice-acetone bath (Welsh&r Model T-23 ozonator, opemtinp at 90 V. 
8 lb pey flow rme OQ3cu ft/min) Tbc end-point was detected whea the emerging gas libmtod 1s from 
acid&d Kf soln, whereupon the system was immediately flushed with N1. The soln wns then &ken under 
H, at rtm pras with a prebydrogenatod 10% Pd/C catalyst (745 at& until the calculated amount d H, 
had been taken up. The catalyst was removed by ftltratiott, and the solvent removed under reduad prua 

The resulting kao alddtyde. a dear colourlus oil was diasolval in aoe#otte (400 ml) and the soln cookd 
in an ia-bath KHaO, (735g 00165 moks) in distilkd water (4OOml) was added slowly with stirring 
duriallhr.~tbenrctioamixturrwu~auidet0”wichdirriagfor~~ditioollhr.SO,prwu 
then pamed in until L clear soln tesultal; this vu extracted several times with ether. Evaporatiou of tire 

wpuotul in the usual manner, and 9.26 8 of yellow gum vu isolated. 
The combined products of 3 run& pcrfomted as &ove, (230 g) were subjected to an I1 funnd counter- 

curtent distribution; tbc stationary pbar was ether and a disodium phospbattcitric acid buffer @H 84) 
was the moving phase (The volume deoch phase was 900 ml). The contents of funnels 3-7 WCR combined 
to yield Il.70 gofpun VIl.apale yellow gum Funnels 10-l 1 contained 536 gofyellow crysullinenuterial: 
raxystalli~tron from pet. ether afforded colourleu crystals m p 128- 133 Tttration results suggested that 
this product IS a dibasic acid, and structure VIII was tentatively assigned to tt on the basis of its spectra- 
scopic behaviour. The IR spectrum (Cc13 shows absorption at 1710 and 1695 (I) cm ” (acids) UV 
spectrum: i_ 231 mp (sh, c 8600). and 280 m)r (c 1700); in alkaline mitt no maximr, i 220 mp (s 10,OtXt). 
i 340 mp (c = 0) la the NMR spectrum. a twoproton sign&l at - 2432 r represents the two acid protons. 
A one-proton singlet 81 2.20 I is in agreemeat with an aromatic hydrogen orrho to a CO group. and the 
other two knzmoid hydrogens l ppur at 2.85 I. There is no evidence of methyl ketone hydrogms at 
746 T. Tlut supcrimpomd doublets arising irom the 6 methyl hydrogeru of the isopropyl group are found at 
869 and 8.80 r. 

Sodium borohydrtdc reduction of VII 
To a soIn of NaBH, ( 124 mg, 3.28 mmoks) in # 1 N NaOH ( 10 ml) was added dropwise, with magnetic 

stirring 8 soln of VII (l-63 & 656 mmoks) in Gl N NaOH (90 ml). The mixture was mt aside with stirring 
at 2s’ for 22 hr. After dilution with water to co. twice the origirml volume, the soln was cooled to 0”. and 
the pH brought toapproximately 3 by tbeaddition of5% HCl. Ether extraction and work-up yielded 160s 
of IX, a psk yellow gum IR absorption (Ccl,): l?lOcm- ’ Wd). 

The alcohol IX (160 g 64 mmoks), dissolved in glacial AcOH (55 ml). wu shakm under H, at l tm press 
in the presence of pnhydrogenated 10% W/C catalyst (2OOm& When the aiculated volume d H, had 
breu taken up. the catalyst ar( removed by filtratton. The AcOH was evaporated under reduced press+ 
removal of the last traces of acid being facilitated by repeated evaporations with benzene The product X 
wua pk brownoil(lJ2 g): IR tnaximum(CCl,) IflOcm-‘. In the NNR spectrum the 3aromatic protons 
give rix to a sharp signal at 3.10 r. A multipkt at 7.50 s 8ccounts for the 7 dabieldod protons. and a multi- 
plet with sharp p&s at 8.72 and 8-83 r represents the 3 Me groups The two remaining hydrogens appear 
ns a muitipkt at 8, I7 T. 

The actd X (3.7 81 was treated tn a pofyethykne bottle wtth HF (290 ml). After I tS hr. most of the HF 
bad evapotmtcd. Work-up as for IV yielded 3.16 p of red oil. On distillation of the product, XI was collated 
as a colourkss otl. b.p. 150 NW’/1 mm (bath tempt. 

OxiJne 4x1 
To a soln of XI (2.36~ 109mmole) m 70% aqueous EtOH (IlOmi) was added NH,OH.HCl(1.368. 

19-6 mmok) and anhyd NaOAc f 1.79 g 21.8 mmoks). The resulting sobt was rdluxod for 13 hr (oil bath 
at 112 ). after which the volume wu ralu& by distillin off a 35 ml d solvent Ak standing at 25’ 
for 36 hr, the white crystallitte sobd wbicb had -rated was filtered at the pump, and washed with SWC~UI 

prrionrofwater;2~l5gofoolourlaspktansultad.mp.l41-146’;1RspectnrmfCC1,):3600ud3260 
(OH). 1600 cm ’ (we&h UV spectrum: i, 2% ft 115001,293 mp (sh. c 2100) and 304 mu (4, c 1400). 
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7%~ aromatic prototxt show in the NMR ax xingktx at 248 and 3.12 T. An analytical xampk of XII wax 

prepared by rccryxtalltxatioa from EtOH-water. mp. 14S146O. (Found: C 77.87; H. 919; 0. 702; 

N. 609. C, ,H *,ON rcqurres : C. 77.88 ; H. 9, IS ; 0.692 ; N. 605 “/., 

ThcolimcXII(~Smg)wuhulsdwichpolypborphoricdd(l~3~~tbrtiningat 12S13(r for 3Omin. 

Wbat cool. water (20 ml) was added. and after stirring tbc atixlurc was poured onlo im (u 200 g) The 

white solid which xcparatcd was extracted with ether. and after wuhing and drying d he extracts, removal 

of solvent fumisbcd 562 mg d pak yellow crystalline XIII. An analytical sample. mp. 108.110”. was 

prepared by rccrystalltition from cthcr~yclohcxane. (Found: C. 77.43; H. ?29; 0. 708; N. 6.36 

C,sH>,ON requires: C. 77.88; H. 9.15; 0.6.92; N. 6Q5:,). 

R~ducrton o/r/w locrum (XIII) 

LAH (164s. 43.2mmoks) was added to a soln of XIII (log. 4~32mmola) in anhyd ether (2OOml). 

and the mixture was heated under rdlux for I6 hr. Water was added cautiously. dropwise. until vigorous 

reaction mscd. and tbc mixture wax then diluted with water to about 150 ml. Organic material wax txolakd 

by exhaustive extraction of the exulting suspension with ether. Separation of tbc desired buic matenal 

was eRectal by extraction d the etbcr soln with 10% HCI. Work-up in the usual manner afforded 887 mg 

d colourlcss only amine (XIV). 

Prrpurarion ojrh oxundic ucid chbride (XV) 

A soln of XIV (S80 mg 266 mmoks) in dry ether (100 ml) wax added dropwise during I5 mm with stirring 

under anhydrous conditions IO icecooled oxalyl chloride (446 8.03s mole). Following tbc addition. the 

ice-bath was removed and tbc ckar. almost colourkm solution wax xtirred for 12 hr at 25.. Exam oulyl 

chloride was when distilkd ofl under reduced press. removal d tbc last traaa being facilitated by repeated 

evaporations with anhyd benzene. 788 mg of pak brown amorpboux material wax obtained in this manner. 

IR maxima (Ccl,): 1785 and 1680 cm- ‘. XV wax subjected immediately to the FriaklCrafts reaction. 

Pwpawion ojthc uatin (XVI)’ 

Freshly subltmcd AICI, (500 mg. 3.75 mmola) wax added in 3 portion1 during 5 min under anhydrous 

conditions to an &cold soln d XV (780 mg. u 2.53 mmoka) in frcxhly distilled Cs, (I00 ml) The mix~urc 

wax se1 aside wrth stiting at 25’ for 5 min; it wax then warmed at m for IO min. and Rnally was ahowed 

to stand at 25’ wtth stirring for I6 hr. Tbc rcaulting complex wax dccompoatd by addition of &-water 

(60 ml), followed by slow addrtion of cone HCl(20 ml). Tbe organic layer wax wparatal. and rhc aqueous 

phaac extracted several times with CH,Cl,. The extracts wem waxhcd sucasai vcly with NaHCOsaq 

and water. After drytng over MgSO,. removal &solvent afforded 619 mg of deep rtd gum Rccryrtallixation 

from pee. ether aflordcd blood red crystals of XVI. m.p. 79-82. (Found: C. 7540; H. 7.78; N. 5.12 

C,,H,,O,N requires: C. 75.25; H. 7.80: N. 517%). 

Prrparation o/diox~n&C (XVII) 

The ~satirt XVI (250 mg 0922 mmoka) was dtsxolvcd in dioxan (80 ml. freshly dixtilkd from Na) Water 

(u I2 ml) was added until tbc isatin began to separate as an 011. Tbc mixture was huted to boiling and 

solid NaISz0,*2H,0 (330 mg l.S7 mmoks) was addal in 4 portions during IS min. each portton being 

waxbai tn with water. so that the total volume finally wa.s 40 ml. The resulting pak yellow soln wax rdluxal 

for I hr. and was then mt aaide for I2 hr at 25”. Tbc soln wax diluted to 100 ml by addttion of water, and 

was then exrracta! wvcral times with EtOAc. Tbc extracts. after waxhing and drying fumtxhal 242 mg 

of pak yellow crystalline XVII. m.p. (crude) I49 162’. 

Rtdwion ofXVll ro rh indok(I) 

LAH (376 mg 9.9 mmola) wax added to a soln of XVII (242 mg 0885 mmoks) in anhyd etbcr (200 ml), 

and the mtxture was refluxcd for 15 hr. Water wax adda! autiowly. dropwise. until ngoroux raction 

mud and the mixture wax tbcn diluted with water to 250 ml. The organic layer vu scpuata!, and the 

aqueous phase cxtractod exhaustively with ether. Raaic material was ranovcd from tbc combined extrutx 

by washing with 5 % HCl. and after washing with water and drying. Abe extracta lumisbed I65 mg d neutral 

green-brown gum. Chromatography of tbc product on Woclm grade I luaic alumina yielded from tbc pet. 

ether cluata more than IO0 mg of tbe pure I (47% from dioxiodok) On standing for uvcfal &ys below 

IO tn the abun= of air. I was obtained in crystalline form. mp. 49-53^. 
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