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A R O ~ T I C  AMlNES AND IODOSOBENZENE DIACETATE 
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Abstract - Indole. 2-mcLhyllndole. 2-pbenyllndole. and prlrnary 

aromatlc amlnes react wllh lodosobenzene dlaeetate leading boLh 

to 2-arylamlno-3-alyllmLno-3H-lndoIe in lhe case of lndole and 2- 

mclhyllndalc. and to Z-phenyl-3-a'ylimllla-3H-LndoIe ln lhe case of 

2-phenyllndolc. Thc reactlon is bclleved lo proceed Ulrough Lhc 

formatron of a llltrenlum Ion formed by the lnteractlon of 

lodosabenrrne dlacetate and pl.lmaly aromatlc amlnes and Ule 

mechanism 1 supported by upcrimcntal wldenccs. The methyl 

ellmlnation from 2-meLhyIlndale is uplalncd on the basis of Lhc 

isolation of l h e  posslble lntem~edlale and the fomauon or an 

amlnal, whose de~omposlUan leads lo lhe reaction produds. The 

lntermedlale amlnal Is proposed on lhc basls of Lhc bls-12- 

methyllndol-3-y1)melhanc formauon. 

Dlre~t amlnatlon of aromauc subs ln lcs  has been obtained by hydrualc acld in Lhe presence of AICI3 or 

H2SOe2 Tatlary aromatlc amlnes were syntheskcd~by reacllng aromatlc hydrocarbons wlU? dlalkylmha 

ndlcal caUons ollghaled In ucldlc rnedlum by LreaUng N-chlorodlalkylarnlnes wllh mctvl cvtlons Ln thew 
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lowest oxldauon Secondary ammauc amlnes have been abtahed by trealmmt of acuvated ammaUc 

hydrocarbons wlth arylazldcs4 or wlth arylhydroxylamlncs ln lhc pnscncc of a c l d ~ . ~  

No aamples of dlrcct amlnatlon by p m a l y  aromatlc amtnes forming secondary amlrles have been reported 

In the Utcratm. R~ccnGy we have dwnbcd  the arylamlnauon of lndoles by reacUng them wllh p m r y  

mmauc amln~s  and eUher lead tetraacelate. N - c h l o m b e m ~ l c .  or N-ch10rolsaUne.'~~ 

In thts paper we report the results abtalned working wllh ladosobenzene dlacetate. m e  use of lhh magent 

has bccn suggested by its oxldauve pecullartth.? and by the need to obtaln further M o m U o n  Ln order to 

underrtand the reacuan product formation between lndoles and pmvry  mmvUc amlnes. and llrst af all 

lhc demethylhyon af2-methyllndole. 

RESULTS 

lndoles l l ac l  and p m a r y  aramaUc amlncs were added to lodosobenzene dlacctate In CHC13 at mom 

temperature u s l q  the reagents in 1:1:1.5 (In the case 01 2-phcnyllndole [Zc) and 1:1:3 [In the cases of lndole 

(24 and 2-methyllndole (2b)) molar ratlo, respecllvely. The reactlon products were compounds (31 or (41. 

depcndlng on the startlng lndole. (Scheme 11 

Scheme 1 
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Compunds  I31 wcre lsalatcd startlng from 2-phcnyundole llel. whereas compounds I41 were obtained from 

indoles ( la )  and llbl, In the reacUon of2-mcthyllndole llbl. bls-12-mclhyllndol-3-yllmeulanc I121 was also 

Isolated in traces. Pmducts (3) and I41 were mlated in 22.45% yblds. When the reacUon of 2-melhyllndolt 

( lb) wlth ptoluldlnc 12c) and lodmobenzcne dlaeetatc was performed wllh 1 2 6  molar raUo, M 

Improvement ln 4e yldd was obscwed: on thls basts we dld not look furthcr for the best reagents raUo. 

Compounds (3d.8 (3~18 and (3616 w e n  1dcnWled by compafiwm wllh authcntlc samples. Compound I3cl 

showed 1H nmr IS, ppm) and It (v. cm-1) spectra slmflar to those obtalned for compound I3bl. In fact all 

these compounds show in lhcir 1H m r  s p e c t m  a mulUplet a t  6 ca 8.3-8.5 due to the mtho hydrogens d 

the phenyl group a t  C-2. and ln thclr u (v. em.!) spectrum absarptlons at  nr lE40 on-'. typical of the 

indohnlnc system. 

Compounds (la1 and (4c) wcre also ldentlfled by comparison wlth aulhentk snmp!es, whenas 4b and 46 

were ldcntlflcd by e o m p a h g  thclr 'H nmr (6, ppm) and ir lv. cm-'1 speclra wlth those of 4 1  and 4c. Ir data 

show absorptions at  3340-25 INHI. 1675-50 IC=N in the posluon 31 and 1650-30 lC=N in lhc posluon 21 

on-'. 'The dl-lndolylmelhane (121 was ldenllned by compamon wlth a sample obtalned by an lndcpcndent 

way and wamined by X-ray analysis. 

DISCUSSION 

The concept dd l r ec t  amlnauon ls Jusuned by the fact that thc nr j t  product formed is the intermcdlate 151. 

whkh ls casfly oxldlzeda to compound (3) in the reactlon medlum according to Scheme 2. In fact, in an 

independent u p e m c n t .  the lntermedlate (5) was quantltauvely trandormed Into 3 by lodosobenzene 

Compounds I51 were never detected owing to thelr low oxldauon potenUa1s.g whlch JusKy thelr conversion 

to 3. The formation of compounds (5) could be uplalned by lhe lntcractlon of lhc amlno radlcal catlon 

formed by oxldaUon or primary ammvtlc amlnes wllh lodosabemne dlacelule. Hawevcr. lhls route may bc 



dka rded  since amino radlcal cauons of primary aromatic armnes orlglnated by anodk axldatlon in the 

presence of tndolcs do not afford compounds 13) and (41.6 

+.  
ArNII, + PhilMh ........... > ArNH, +Phi + M- + MF' + CO, [I) 

+. 
,,,N,,, Aro- + Mc' ............ > I \ rNllOk+ M d l  I21 

+ 
,,,N,lOk ........... ., &-N-11 + m- 131 

&-NO r H + ............ > Ar-NOH 
+ 

(41 

TaWng into account the literatun reports1° we suppose that the openung specks Is a nltrenlum Ion formed 

as polnted out In eqs. 1-3. Thls suppasluon Is also supported by the fact lhat nltroso compounds in the 

presence of aclds glve. with 2-methyllndole llbl, compound 171 lnvalvlng the nltrenlum Ion as shown in cq. 4 

and in Scheme 3. 

Schcmc 3 

7 

Our experimental results on thc reacuvlly of activated nltrosoarcnes and the llteraturc dataii.I4 seem to 

agree wlth our proposal on lhc  formallon ofa nllrenlum Ion as shown in eq. 3. 

Stalllng from indoles [la) and (lbl. compounds 131 may be regarded as Intermediates Lo 4. In addition. 

stalllng from la. compounds (31 could be transformed into 4 by nucleophlllc addlUon of p m a r y  vromauc 

amlnes to lhe lndolelllne system leadlng to 6, according to Schcme 4 and the Utcrature reporis.'*JG whlch 

could be llkely oxldlzed to compound I41 In the rcactlan medlum. 

Scheme 4 
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The substltuLlon oi the methyl group lrom C-2 in the case or 2-methyl-3-aryllmlnoIndolenlne (3: R=Mel 

lnvolve~ a more compllcaLed mcehanlsm lor whlch we abtalned some experlmcntal evldencc. 

It Is well h o w  that the 2-meLhyllndolenlne (3: R=Mel glves rlse to the following tautomerlc ~qul l lbrium:~~ 

The tautomerlc form B cantalns an enamlne iunction whlch can iurther react wlth another molecule or 

nltrenlum Ion lormIng compound (91 as described In Scheme 5. 

Scheme 5 
Pn 
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The mechanlsm. reported in Scheme 5 lo explaln the forrnallon of compounds 141. Is supported by lhe fact 

that compound 191 could react with another molecule of ammaw m m e  aUordIng compound 141 through lhc 

mrna l  1101'8 and its wolullon as shown In Schemc 5. Compound 19: Ar.;Phl was prepared from 8 by 

Von/acetlc a d d  reduetlon and oxldatlan olthe reactlan product wllh PbOl In benzene: but. wen lhaugh we 

had the comparison we were unable to ldentily Intermedlate 191 In the reactlon medlum probably owlng to its 

hlgh reactlvrty towards prlmary ammatlc amines. R a m  the mcchanlstlc pdn l  olvlew, since armno ndlcal 

catlons do not react wllh indoles formlng compounds 131 and 141 and nltmsoamnes activated by adds  lead to 

the formallan of compounds 131 and 141. It may be concluded that lhe reacllng s p s l e s  Ls a nllrcnlum Lon 

rather than a Ntrenc.lQ Even U we dld not succeed in IdenUIying lhc Intermedlate I91 In lhe reaeUon 

mixture, having demostnted that It reacts leading to the Cormatlon of compound I41 as reported In Scheme 

5. may be considered wtlsfuclory. In fact. a molecule of primary aromatlc a d n e  may add to the ;C=N- 

m y c l l c  double bond to form the intermedlvle [10). Subsequent rearrangement of 10 to 11 could wcur 

Uxrough the formatlon of an  azlridhe whlch then rearranges under the reacmn condltlons leadlng to the 

aminal 1111. ?Ns decomposes to farm 4. the comspondlng anlllne and formaldehyde. Thls latter compound 

could be considered the responsible specks farmtng 12 wlth the s t aNng  Indole (lbl. The reaction of Lndolc 

llbl wlth formaldehyde to glve the dl-lndolylmelhane 1121 Is mportcd In lhe experimental section. even 

though such a mactlan was already known.20 

The complicated mechanlsm of the lpso-substllutlan of the C-2 methyl gmup on compound 13: RsMe) 

reported In Schemc 5 Ls JustUied nrsl by the fact that lhe supposed intermcdlate 191 reacts wllh p m a r y  

aromatic m i n e  leadlng to the f o m t l o n  of compounds 141 and secondly by Ule fact Ulal the dl- 

lndolylmethane 1121 may be pxplalned only by admllllng lhe pmsence of formaldehyde. whlch could be llkely 

formed In the decomposlllon of the proposed amlnal 1111. We were unable to glve no other explanation 

lnvolvlng the intemedlate formatlon of formaldehyde, 

In general. these reactions are not clean invalvlng the formallon of nan ldentllled products. Thus. the 

formatlon of lndanlum salts as  reported in the I ~ t e r a l u r e ~ ~ - ~ ~  cannot be ucluded. even U no evidences were 

obtained in thls way. 

EXF'ERlMENTAL 

Melllng palnts were measured a n  an Eleclrolhermal Melllng Pohl Apparatus and are uncorrected. Ir speetn 

were recorded usvlg a Nleolel Fourier Transform I d n r e d  20-SX Spcctmphotametcr equlpped wllh a Spec. 
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~ e c h  ..DRIFT collector (1% of sample m KBrl. IH Nmr IS, ppm) spectra were remrded In CDCI~  on n ~a ian  

Ceminl 2M) at 200 MHz and chemical shllts were reported downfield from 'IMS. Mass spectrn wcrc recorded 

on a Carlo Erba QMD 1000 spectrometer. Indoles and aramatlc amlnes were Fluka and AldriCh commercial 

products. All solvents were FIuka RP-ACS grade. 

RmcIbn ofla-b n?J 2a-d and~bdamdenzene dkm/~fell:l:31.- lodasobcrvrne dlacetate 1966 mg. 2 mmoU was 

added dropwise at room temperature and under stVrlng to a salutlon of lndole 118-b: 0.66 mmoll and amlne 

12a-b: 0.66 m o l l  m chlomlom 15 mll. Alter 3 h the brown reaction mlxture was shaken wlth 10% 

aqueous NaHC03 (15 mll and extracted wlth b e m n e  12 x 20 mll. The organic layer was drlcd INa2S04). 

evaporated to a small volume and then chromatographed on sllica gel lcyclohcxane/ethyl acetate from 9:1 

to 8:2 ratlo as eluant). From the red fnctlon, compounds Wa-dl were isolated. 

2.3-bis/-mefbo1pbenybj,bo)-ZH-~bdo/e 4s.- 164 mg. 27%.1: mp 166 'C 1111.. ' 166 'Cl. 

~3-b1~9'-me~o1pdenyh1bo)-W-1bdo/e4b.- 159 mg. 2596'): mp 170 'C from e h n o l  [Found: C. 73.2: H. 5.1: 

N. 11.9. C22H19N302requLre~C.73.9:1i.5.4:N. 11.8): 8,,3.813H, s. OCH~I.3.913H.s. OCH31.6.6 16H.m. 

ArHI. 7.27 16 H. m. ArHI. 7.9 I1 H. br s. NH): v. em-I 3297. 1660. 1640: m/z 219 115). 326 1100) and 357 

144. Mtl. 

2.3-b,k@-~ofib&o)-W-1bdo/e &.- 175 mg. 35% 9: mp 173-5 'C lllt.. ' 175 'Cl. 

d3-b1~2'-nilm4hethr~benybjn1b0)-2H-1;w'o/e 4d.- 188 mg. %7: mp 191 'C [Found: C. 59.4: H. 4.1: N. 15.3. 

C,H17NS0,requires C. 59.0: H. 3.8: N. 15.7): S,, 3.9 13 H. s. OCH31. 3.95 13 H. s. OCH3). 6.7 12 H. m. Arm. 

7.05 I 1  H. d. J8.8HZ.ArHl. 7.2511 H. dd. J 8.8and2.8 H,.ArHI. 7.3 12H. m . M .  7.38 12 H, dd. J 9.3 and 

3.0 H,.ArHI. 7.75 (2 H. dd. J 8.8 and 2.8 Hz. ArHl. 9.25 10.57 H 031. bmad. NH ammlc). 11.15 10.434 H W. 

bmad. NH IndollcP. v. m-' 3267. 1658. 1620: m/z429 1231. 401 181. 355 1951. 281 1841 and 447113. M?. 

Rearhim of l e  riM 2n-d and~bdamdenzene dbmfafe 11:1:1.51.- lodosobenzene dlacetate 1966 mg. 3 m o l l  was 

added dmpwlle a t  rmm temperature and under stlning to a saluuon cant?Inlng lndole llc: 386 mg. 2 mmal) 

and amlne (2.4 2 -01) in chloroform 15 ml). ARer 2 h the brown-red soluuon was shaken wlth 10% 

aqueous NaHC03 115 ml) and extracted wlUl bervme 12 x 20 mll. ?he organlc layer was drled lNa2SOd. 

evaporated to a m a l l  volume and then chromatographed on slllca gel lcyclohwane/ethyl acetate from 9:l 

to 8:2 n t lo  as eluantl. From the red fraction. compounds 13a-dl wcre Isolated and crystallized Cmm ethanol. 

Compounds 13s. 30-dl were ldentffled by comparison with authentic snmples. 

*Evaluated with respect to the starting lndole. 

.' Compound 144) Is an cqulllbrlum of two Laulomcric forms [A and 81 as shown In Scheme 1. 
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2-Pheny/-3-@-mefb~~mbenyh~~bo)-3K-~bdo/e 3n.- 1218 mg: 35% yield): mp 166-8 'C lllt.. 169 'CI. 

2-Pheny/-3-@-me//ro~);oh~nYhin~bo//i,dohbe 3b.- 1137 mg. 22%) : mp 150 'C Cmm ethanol [Found: C. 80.9: H. 

5.3:N.9.1.C,,H,6N20rcquiresC.80.7:H.5.2:N.9.0):~l3.9I3H,s.OCH3~.7.3111 H.m.ArHl,8.412H. 

bmad. m. ArH): v. cm-1 1675. 1576: m/z 191 11001. 297 1151. 312 135. M?. 

2 -Pbeny/-3-@-/o&hin1bo)-3H-lido/e 3e.- 1237 mg. 4 0 :  mp 148 'C lUt..B 148 'Cl. 

2-Pbenfl-33/z.-ni~-~-meLno~p6enyhin~bo)-3H-~bdo/e 34.- 1321 mg. 45%): mp 193 'C [llt.. 6 193 T I .  

OnVaL,bn of 2-pbeny/-3-pbmy/am1b01~do/e 5 nZ.l ,bdomdenzene dim-fate- A solution of the lodosobenzene 

diacatute 115 mg. 0.046 mmoll In CH2Cl2 I5 mll was added a t  room temperature to a solution m n t w  2- 

phenyl-3-a'ykmlnolndole 17 mg. 0.024 m o l l  in CHZCl~ 110 mll. Alter a few minutes the solution mixture 

became yellow-orange and 2-phenyl-3-phenyllmlno-3H-lndole I31 was isolated by prepnratlve Uc: mp 156 'C 

lethanall Illt.. 156 'Cl. 

ReducIbn o/ 2-/pbenyhin1bm~r601d/dedyde-N-o11Ve)-3-phenyh~~o-3~-do/ 7 nU l h n  and accLk acid- To a 

solutlon of 7 I324 mg. 1 mmoll In aceUc acid 110 mll. iron 1112 mg: 2 mmoll was added under s m g  at 

mom temperature. After 2 h the colour turned from orange to red-bmwn. The reaction mixture was then 

flllered, the Ntrale was neutralbed wlth 1046 aqueous sodlum carbonate and extracted wlth benzene. ?he 

arganlc layer was dried INa2SOd and evaparaled under vacuum. The residue was chromatographed on sillca 

gel lcyclohcnane/ethyl acetate rrom 9:l  to 8:2 ratio as eluant). The main fraction was constituted by 2- 

phenyUmlnocarboxaldehyde-3-phenylamLnolnd1 181 1148 mg. 48%): mp 177-80 'C IFound: C. 80.8: H. 5.6: 

N. 13.3.C21H17N3 requires C. 81.0: H. 5.5: N. 13.51: SIN 5.59 I1 H, broad. NH armnicl, 6.83 13 H, fn. ArH). 

7.05 12 H. ddd. J 1.3. 6.7 and 8.0 Hz). 7.3 19 H. m. ArHI. 8.6 11 H. s. -CH=N-Phl. 8.9 11 H. bmad. NH Lndolicl: 

v. m-' 3333 lNHexoL 3309 MHen& 1579 [CH=N): mlz 215 1331.269 I521 and 311 1100. Mt). 

OnMIbn d 8 nZ.l /ead&nVe andhrtbermae1bn d b  dn~Jbe- To a solution of 8 1308 mg. 1 m o l l .  in benzene 

110 mll, lead dloxlde 1717 mg. 3 m o l l  wis added at room temperature under stirring. The solutlon was 

stlrred far an  additional hour and then filtered or[. AnIUne 1140 mg. 1.5 mmoll dissolved in benzene (2 mu 

was added to Ule filtrate and the solution was ld t  standlng lor 1 h at roam temperature. The reaction 

rmxlure was evaporated under vacuum to give, alter ctystalllwuon from ethanol. the dlanil (4: 119 mg. 

4W1: mp 220 'C [Found: C. 80.8: H. 4.7: N. 14.0. CmH14N3 requwcs C. 81.0: H. 4.8: N. 14.21: m/z 193. 

208.221.296. 297 W'1. 
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