
C y clopalladated complexes of Schiff bases of homoveratrylamine and 
tryptamine. Synthesis and CO insertion ’ 

BJ(OAC)~ in CH&‘lz with the Schiffbases of homoveratrylanrinc ( I&b) uad tryptamire (2tl-c). followed hy treatment in situ with LiX 
Cl, l3r). gave the inwluble dimcric complexes (3-7) with chlorine or bromine bridges. having the dimethoxyben~cnc ring and the 

indole nuclcrrs metallated at position 6 and 2. respectively. Complcxcs 4 and 6 gave thu soluble. cyclomctullukd derivatives 8 and Y hy 
reatiion with PPh, in methylene chloride. When compounds 3-6 were rcactcd with carbon monoxide uI ittmospherio pressure in methanol or 
ethanol and in the presence of NEtr, the corresponding ti- and 2-carhdkoxy dcrivirtivcs were isolated in high yields. Similarly. reactions of 

3 compounds 4 and 6 with 6c) in di-n-propylumine as solvent gave the ciH’rchponding (i- and _- carh)xamide dcriwativcs. 8 I WN Elscvicr 
Scirncc 8-A. All rights reserved. 

Cyelopidludution reuclions ~rmit w!rctivc wtiwtiot~ 
of 6-H lxwis in heterosubstitutcd organic molecules 1 I 1. 
Whereus hetefattom directed cyclomelullution of beazenoid 
uad heteroaromutic systems hus be%nextensively investiputed 
[ 1-3 1, only meetly has this methodology barn uppliud by 
us to indolt derivutives ( C,b]. The curbonylution ut utmos- 
pheric pressure in ulruhols of the cyclopulludutcd complexes 
of grumine und I -methyl grumine ullowd thu isolation nf the 
corresponding Zcurbulkexy indolu derivutives in high yields 
(&I. With the uim of obtuining useful intcrmcdiutcs t’or the 
synthesis of ulkuleids I5u,bJ, we uddrcsscd the cyclopullu- 
&lion nuctions of SchitI’ buses derived t’rom homoverutryl- 
lamine f 1) und tryptumine (2) to C(6) und C( 2) positions 

(1) (2) 

for lu,lb curd ka-c, rcsth’ctivcly, using u strong clcorrophilic 
Pdt II ) specks in uproric solvents (c,g, Pd( OAc )~iC.‘#CI~ ) 
16 1, Furthermore, ruiy uttcmpts to pcrlhrm cyclnp~~lludluion 
with Pdt OAc), in rrlluxinp AoOH wcrc I’rustruted by thu 
overwhelming ucid-cutulyscd cyclisution to get the bonzyl- 
isquinoline or CJ-carboline systems ( Pictet-Spcnyler reuc- 
tion) 171. Reuctions of the cyclopulludutud products with 
carbon monoxide ut atmospheric prcssurc in the prcsunce 
of ulcohols led to the isolutiun in high yields of the 6- und 
I-curhuthoxy derivutives JO, II and 12, 13, rcspectivcly. 
und in the prcscnce of di-n-prupyluminc gave thu O- und 
I-curboxumide dcrivutivcb 14 und IS. 

2. Rwults und discussion 

I,izPdCI., in cthunol, with Iromovcrutryluminc ( I) and 
tryptmine ( 2 ?. in the presence of NuOAc as a proton SCuv- 
cnpr, guve u complex mixtun of products. Among others. 
pulludium metal und unchuructcrisuhlc compounds huvc been 
obtuined, For this nlason, the umino groups were protected 
by reucting hsmover~trylumine ( 1) and tryptamine ( 2) with 
uromulic uldehydcs to give the corrapondinp Schiff bases 
(Eqs.(I)and(2))(se~S~‘ctiun 4). 
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Once functionulised in the 6 and 2 position, compounds 
lU,b iMd 284 t.!all Wilclily give hack the free umino group by 
hydrolysis. At the beginning of our rescurch, compounds lb 
und 2h, huving lhu twho positions of the bcnxuldohydc rcsi- 
due hlockod by the suhstitucnts, were invcstigeted, The R 
nnd R’ suhstituents in the 2’ trnd 6’ positions should in fucr 
nvdd the metullntion ut the phenyl ring, with formation ol’ u 
live-membered metnlhrcycle, which iu thermodynumically 
fuvoured with respect to u six-membered metallucyclc 
(metallution ut the 2 position of the indole nucleus itnd in 
position 6 of the aromatic ring betring the ethylimino sub- 
stituent). However it was soon discovered that even when 
R’ = H the metallution occurs at the desired 2 or 6 position. 
Responsible for the outcome of the reaction. is the fact thin 
both the indole ring in 2 and the dimethoxy benzene ring in 
6 are strongly activated towards electrophilic reagenls, and 
palladium( II) can bc considered a strong clectrophile. The 
reactions of the Schiff bltses with LilPdCIJ in methanol did 
not give satisfactory results. The insoluble, yellow-orange 
materials obtained were mixtures of products. This has been 
conlirmed by reaction with PPh3, and NMR anulyses of the 
soluble compounds thus obtained. The ‘H NMR spectra 
showed the presence of the desired cyclometullatcd product 
(see later for the discussion of the NMR spcctru of the cyclo- 
metallated derivutives) together with complexes derived 
from the coordination to the metal of the Schiff bases only 
via the nitrogen atom of the imino group. It was in fact 
possible to detect the resonance of the proton in 2 in the case 

of the Iryptamine derivative ( 2a-c) ( 6 = 6.82 ppm) and of 
the proton in 6 (part of an ABX system) of the aromatic ring 
in the case of the homoveratrylamine derivatives I la,b J 

( 6= 7. I I and 7.08 ppm). We thus utilised a slightly different 
methodology, already employed for the synthesis of cyclo- 
metallated derivatives [4c,8]. The desired derivatives were 
obtained by reaction of Pd(OAc), with the Schiff bases in 
CH2C12, followed by treatment in situ, after evaporation of 
the solvent, of the residue with an excess of LiCl or LiBt in 
ethanol, without isolating the intermediate dimeric acetate 
derivatives ( Eqs. ( 3 ) and ( 4) ) (Table I ). 
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Compounds 3-7 gave satisfactory elemental analyses and 
showed the expected absorptions in the IR spectra (Table I 1. 
These compounds arc insoluble in the common organic sol- 
vents. In order to obtain derivatives suitable for a ‘H NMR 
spectroscopic churactcrisation, compounds 4 and 6 were 
treated with PPh,, in ~ichiorotnerhane. pr,lrn these reactions. 
the monomeric, cyclopalladated complexes 8 and !J were 
isolated ( Eqs, ( 5 ) and ( 6) 1 (Tables l-3 1, 
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The signul 01’ H-h wus &sent mlirming tlic proposed 
fonnulution. For compound 9 the xptions in lhc ‘H NMR 
spcclrum were ohserved at S 3.22 t 2H. 1. Cf-fJHzN I.33 
(2H. 1. CH$X2N 1. 7.34 ( 2 I H. m. PPh a und C,,H Cl: and 
W-h). 7.81 ( IH. dd. H-7, .I, -8 Hz. ./?=3 Hz). X.h.5 ( 111. 
S. N=CN-) ;md 9.24 ( I H. S. NH). The signill of H-2 WUS 

absent. again conlirming the proposed struclurc. OIIC ot’ the 
milill aims of our work W;IS to synthcsisc cyclopilllilduIcd 
complexes, USC~‘UI for I’ullctiolli~lisi~lio~l ol’ the IIICtiIllUtOd 
rings. Compounds .3-G proved lo be uscl’ul slilrGng mntcriuls 
for Ihc synlhcsis of b- and 2-curhulkuxy dcrivuGvcs 01’ 
compounds h,b iuld 2tr-c. 

Compounds 3 iuld 4. suspended in Aohol. roWed with 
CO uI atmospheric pressure and room tempcralure in Ihc 
presence of Et,N to give the desired organic compounds 
(Eq. (7) 1. 

(7) 

+ NHEt B: + Pd(0) 
lOR=Er,R=H 
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A similar reaction was observed wirh compounds 5 ilnd 6 
(EL]. (8)). 

CO. EIOH 
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USC 01’ IWII~;IIWI insbad 01’ ~thiInol with UW~OUII~ B $;I\ C’ 
the corresponding curhomc~hoxy dcriv;lGvr. By using dia 
propyI;mW iIs Ihc solvc~lt al’ the rcuclion :Ind compounds 4 
und 6 ;IS h(tir(ing mWritrls. the corresponding Q- ( I4 1 and 1= 
( IS) c;~rboxumide derivatives were also obuincd ( Eqs. I Y 1 
and ( IO) 1. 

+ NH2(C3H,; f3? + Pd(0) 

(14) 
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Anulogous reactions @tempted by using piperidine, 
NC3H, ,, as solvent. were unsuccessful. 

3. Cntlc~lons 

The $chiff buses of homovemlrylnmine I 11 and of ttypt- 
umine [ 2) reudily give cyclomctullutcd complexes with pul- 
ludium subs. The nitrogen etom of !Schiff buses is cclpublc of 
directing cyclomerullution at the 6 und 2 positions of the 
aromatic ( compounds la&) und indole nucleus ( compounds 
2a-c). mnpectively. with formution of six-membered mctul- 
Iucycles&7, The thermodynumicully more favaurnble metal- 
lution ut the 2’ position of the uromutic ring of ths uldehyde 
residue, to give u five-memlxrd mctullucyele~ is grevf3rwd 
by the fuct (hut both the dlmethoxy bnaa-~ ring und thr 
indole nueluus ure strongly nctivuted towurds slsctmphilir 
substitutions, und plhtdiumt II) curt be considered tt good 
&ctmphile, The ki#tly seleetivo mfallution reaction, und 
the eusy reaction with c&on msnoxide ut atmospheric pres- 
SUE in ukohd of the eyclopulluduad eompbxes, ullowd the 
syntknis of the b und %-carbulknrty derivutives of com- 
pounds la& end 2a-c in excellent yields. A similar reuction 
to @ve the 6=carbuxamide derivutivcs of compounds I b and 
2b wti also &served It is worth mentioning here thut the 
elu~sicel orgunic synthesis of these organic compounds is not 
trivittk Reactions (I)-( IO) probubly procxe viu bridge 
$Wing by NEt, or NHt C~,HS )z of compounds 3.4, S und 6, 
tzrdiaution and insertion of curbon monoxide into the Bd- 
C bond. and nucleophilic uttuck by ulcohol or tho sccondury 
amine to the curhonyl function of the ucyl pulludiumt II) 
intcrmedittte to pive the linul pmducts. 

d Experlarsalal 

18 spuctru wel‘e recoded in nujol mull on &kin-Elmer 
I3 IO runt Nicolet MX- I El’-IR spectrtqhotometer. Elemen- 
tul analyses were cat&d out on u Perkin-Elmer 2400 CHN 

elemental iuualyser. ‘H NMR spcctn were obtained using a 
Bruker AC-200 (200 MHz) spectrometer. Homoveratryl- 
amme. ttyptamine, 2,6dichlorobenzildehyde, 2-chloro- and 
I?-bromobenzddehyde and pnlladiumt II 1 acetate were pur- 
chased from Aldrich, and were used as received. 

4. I. Prepmarim of Schiff lmv la,b 

Homoveratrylamine (500 mg, 2.76 mmol ) was dissolved 
in ethanol (5 ml). The substituted benznldehyde ( 2.85 
mmol) and 0.2 ml of AcOH were added nnd the solution 
heated under retlux conditions for 2 h. The solution was 
cooled with an ice bath and stored at - 20°C overnight. The 
resulting crystalline product was filtered off, washed with 
cold ethanol-water ( 3 X 2 ml 1 and dried in vucuo. Yield: la: 
XIV mg, XS%: lb: 787 mg, 82%. For the ‘H NMR dutu SW 
Table 2. 

J.I. Prq’rlratioNl of Sc*k~~hi.w.~ a-c 

Tryptamine (3. I2 mmol) was dissolved in ethanol ( 5 ml 1. 
The substituted benxuldehydes ( 3. I2 mmol ) and 0.2 ml of 
AcOH were udded und the solution heuted under reflux con- 
ditions for 2 h. The solution wus cooled with an ice buth and 
stored ut - 20°C overnight. The resulting cryslullinc product 
was liltered off, washed with cold ethanol-water (3 X 2 ml 1 
and dried in vucuo. Yield: 2a: X05 mg, 79%: 2b: 731 mg, 
8 I %: 2c: 686 mg, 78%. For the ‘H NMR dclta see Tublc 2. 

methylcnu chloride under N: und 0.5 mmol ol’Pd( OAc )? wus 
udded, The rcuetion was stirrcd ut room tcmpuruture for I II. 
Evupnrution of solvent in vw2uc~ pvc II ycllew-orunge prod- 
uct, which wus dissolved, under Nd, in IO ml of dcyussud 
mcthunol. 0.5 mmol of LiBr or LiCl dissolved in 5 ml of 
dspusscd EtOH wus udded und the solution wus stirred for I 
h. Solid products (3,4,&t, 5,6,6a, 7) were liltcrcd offund 
dried in vucuo. For yields und unitlyticul dutu see Tuble I. 

mmol 1 in degusscd dichloromethune (5 ml ) wus treuted with 
PPh\ ( 262 mg, I mmal 1 ul mom tcmperuture for I h under u 
dinitmgen atmosphere. Addition of n-hexunc ( IS ml) to the 
solution msultb! in the prccipitution of the yellow solids. 
Rtqstallisution of the crude products from dichloro- 
methane/n-hexune puve the unulyticully pure yellow prod- 
ucts. For yields und tmulyticul duut see Tublcs l-3. 

Curbonylution of the p-dibromo complexes 3.4 und 5,6 
4 0.5 mmol 1 in ethunol ( IO ml) at room tempemture with CO 



at atmospheric p~ssute was cimied out in the presence of 
triethylamine (2 mmol ) for 3 h. The precipitated pulludium 
metal was separated by filtration and the solvent wus evopo- 
ruted to dryness. The residues were puritied on iI silica eel 
column elutinp with dichloromethane-methanol ( 19: I ) to 
give 10 (78%). II (81%). 12 (77%) and 13 (85%). 

IO (CD&, 200 MHz. 6): 1.14 (t. 3H. C~.~CH20). 3.22 
(t, 2H. C&CHIN). 3.89 (s, 6H. OMe), 3.91 (t, 2H. 
CHJIf~N), 4.26 (qt, 2H, CH.OfzO). 6.82-7.62 (m, 6H. 
uromiltic). 8.52 (s, IH. =CH). ELMS (70 eV): III/: 421 
(56%). 419 (54%). 376 (98%) 374 ( IOo%). 348 (86% ), 
346 (85%). I96 (72% ). IR (nujol mull): 1711 cm-‘. 

11 (CDCI,. 200 MHz, S): I.17 (t, 3H, C/fJJH>O). 3.12 
(1. 2H. CIHICHzN), 3.89 (s, 6H, OMe), 3.95 (t. 2H, 
CH&‘&N ), 4.3 I (qt. 2H. CH \C&O), 6.82-7.62 (m. SH. 
aromatic), 8.49 (s. IH. ==CH). El-MS (70 cV): 1)1/z 414 
(6k~~).4l2(84C/r~),4l0(32’~).369(8lr/c).367(l0Ofi;). 
363 (48%). I86 (7%). IR (nujol mull): 1704cn~ ‘. 

12 (CDCI,. 200 MHz. 6): I.15 (t.3H. CHAH20). 3.72 
ft. ZH. C/fJJH>N ). 4.02 ( t.2H. CH,C/&N ), 4.3 I (qt. ZH. 
CH,J’H20). 7.31-7.81 (tn. 6H. urclmutic), 7.91 (dd. IH. H- 
4.J=8.2../=3.1 ).8.25 (dd, IH.H-7,./=8.3..1=3.‘).8.39 
(s, IH.===CH),8K(s. IH.NH).EI-MS (7OcV):ntl:398 
(66%). 396 (65%). 353 (33%). 351 (32% ). 325 (97’4 1. 
323( IoO%), I58 (32%).IR(nujolmull): 1718cn~‘. 

13 (CDCI+ 2(K) MHz. (3): I.16 (I. 3H. C‘NCHzO). 3.24 
(t.2H. C/fzCH2N ). 4.04 ( t.2H. CHJI.‘&N ), 4.35 (qt. 2H. 
CH,t?N~O ), d.r)-7.9 I 111. 5H. uromutic ), 7.78 ( dd. I H. H-4. 
J=I(.l,J==3.1), 8.29 (dd. IH, H-7,./=8.2..I=3.2). 8.51 
(s. 1H. Q&H), X.HJ (s. IH, NH,, El-MS (7OcV): ra!: 392 
( 669 ). 390 (WA ). 38X ( 35’;/ ). 347 ( 77rfr’ ) I 34s ( I()()‘% 1. 
343 ( S1Q ), I97 ( 32% ), I IS ( 34% ) , IR ( nujol mull ) : I7 I I 
cm I, 

Citrhonylution (11’ the Cc_dikromo complcxcs 4 and 6 ( 0.S 
mmol) in di-n-propyluminc ( IO ml ) II room lemperilture 
with CO ut utmospheric pressure was curried out for 4 It. TIw 
precipitated palladium metul wus scpurutcd by liltruticul und 
the solvent wus evaporuted to dryness. The rcsiducs wcrc 
dissolved in methylene chloride, wushcd twice with water. 
dried over Nu2S0,,, cvuporutcd in vacua und then purified 011 

i\ silk:\ gel column cluting with dichll)r~)~~~cthi~~~c-~~~cthil~~~)l 
( l9:I) togive 14 (81%) ml 15 (77’1 ). 

14 ( CDCI t. 2OOMHz. 8): 0.95 (t.6H. Nc CH2CH2CH1)2 ). 
1.51 (111. 4H. NtCH,CH,CH;),). 1.17 (t. 4H. N(CH,- 
CHCH.*)?). 3.X (1. 2H. CHICHzN). 3.85 fs. 6H.OMe). 
4.011 (t.2H. CH$W,N ). 6.83 (s. 2H. H-2 and H-S). 6.91- 
7.X ( m. 3H. aromatic ). 8.32 ( 4. I H. CH=N-). ELMS ( 70 
t‘V):/t1/,736K(36C/r).366(599).363(:6~)).3110(738), 
33tl(I00’~).336(S4f~).186(474~.IR(nujolmull):~~ 
cm ‘. 

15 ( CDCI,. 200 MHz. 6) : I. I2 ( t. 6H. N( CHICH2CH,; I~). 
I.54 (m. 4H, N(CH,CH,CH,I~), 2.22 (t. 4H. N(CH,- 
CHJJHlI2). 3.25 (t, 2H. CH2CHIN). 4.04 (t. 2H. 
CH2CH2N 1.6.66-7.65 ( m. SH. aromatic ),7.79 ( dd. I H. H- 
4,J=8.l.J=3.3).8.26(dd.lH.H-7.J=8.3.J=3.2).X.42 
(s. lH.=CH).8.86(s. IH,NH).EbMS(70eV):rrrl:U7 
(33%.).~~5(55%).J33(13’%).355(75%).353(1009). 
3.51 (5%). 327 (37%). 325 173% ). 323 (25% ). I.10 
( 36r/r 1. IR (nujol mull ): lb62 cm ‘. 
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