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The astonishing growth of worldwide sales of stereochemically .. o R_R o
defined pharmacological compounds calls for continuous research ( N /‘N * Q\\/O
addressed toward the development of novel and always more o P';h thp . Yae, N
effective asymmetric synthetic strategiés. 2 g 5
. 3a: (R)}-pTol-BINAP  3c: R = «(CH,) ArCaFe /S
1,2,3,4-Tetrahydrg-carbolines (THBCs) represent a deeply 3b: (S)-QUINAP 3d: R = binaphthyl oS
investigated family of indole-containing alkaloids that possess a 3e:R=-Ph

: s i ) . . B 3f: R = -(CH,),- / naphthyl
wide diversity of important medicinal activiti€sThe condensation

of tryptophan or tryptamine derivatives with carbonyls, under acidic OO %/o OO PPh,

conditions (PictetSpengler, PS reactiofd)still represents the Op0 N‘\) N
rimary route to the preparation of this prominent class of biologi- © P T

p OO o/ O o7 3

cally active compounds. Herein, after the pioneering paper published
almost one century ago, several milder diastereoselective versionsFigure 1.
;b i
have .been rgportéiﬂ, however,_ only one example_ of catalytic Table 1. Optimization of the Reaction Conditions for the
enantioselective PS condensation has been described t6 date.  |niramolecular AAA of 1a2
Despite the wide scope of the PS condensation, it turns out to

. . 2a 2a
be less straightforward vyhen 4-§ubstltuted THBC systems are entry L* 1 yield (%) ee ()" saloar @
targeted. In these cases, in fact, time-demanding procedures for
th . - : - 1 (R)-3a la 43 46 ©¢ >50:1
e synthesis of approprigfesubstituted tryptamine precursors are > (S-3b la 73 21R) >50-1
needed, and even more challenging synthetic approaches must be 3 (RR)-3c la 90 82 R 191
contemplated to achieve enantiomerically pure molecules. 4 (9-3d la 88 7409 >50:1
As a part of our research interest addressed toward the investiga- 5 (59-3e la 88 2R >90:1
tion of new catalytic chemo-, regio-, and stereocontrolled Friedel ? g%%‘? 11: gg ?g g igg;i
Crafts-type (FC) alkylation of indoléswe recently reported on 8 (S)’-3g 1a ~05 30 6° ~50:1
the use of Pd-catalyzed intramolecular allylic alkylation as an g (R9-3h la >98 20 ¢ >50:1
alternative procedure to the conventional FC stratebigbe 10 R-3i la 95 66 R)" 121

optimized catalytic conditions allowed inter- as well as intramo- ] ] )
aAll the reactions were carried out in anhydrous £t} at room

lecular allylic alkylation of variously functionalized indoles to be temperature, by using 5 mol % of [{dba)]-CHCl,, 11 mol % of L*, and

performed with high yield and in highly regioselective manner, 2 equiv of L,COs. Reaction time was 16 H.Isolated yields after flash
simply by properly choosing reaction media and base additive. chromatography: Determined by chiral HPLC analysis. The absolute

Notably, the intramolecular variant (C3-alkylation), starting from configuration was determined by X-ray analysis (see Supporting Informa-
h ycli'l hesizable indolvl (b yf . L’ d _g tion). 4 Determined by HPLC® Under reflux, 16 hf Reaction time 7 days.
the readily synthesizable indolyl carbondi furnished regiose- g gpantiomeric excess @& = 60%. " Enantiomeric excess @ = 61%.
lectively polycyclic fused indoles, such as 4-vinyl-THBZg, in

high yield (Scheme 1). the present catalytic system is described to be effective also in

promoting the synthesis of tetrahydpeearbolines (THGCs7)!*
with high stereoselectivity.

I y By virtue of the readily synthetic availability,a was chosen as
ﬁ\ , Q_ﬁ\\ the model substrate, and a brief survey of intramolecular AAA
Qj\/NB — %an + N conditions, by using both C1- and C2-symmetrical P/P and P/N
N n N NBn
H H 2a (;'/

Scheme 1 @

“privileged ligands” @a—i), was performed (Figure 1.

1a: X = COMe ) A representative collection of results is summarized in Table 1.
1b: X = COMe yield = 91%; C3/N1 (2a:2a’) > 50:1

aReagents and conditions: (i) [Pd@Hallyl)]2 (5 mol %), PPh (22 mol
%), BSA (2 equiv), LiCOs (2 equiv), CHCIy, rt.

First, among all the chiral promoters employed, the DPPBA-based
ligands @c—f), commonly known as Trost’s ligands, furnished the
highest level of regio- and stereoselectivity (entrie¥3Table 1)13

The present paper will detail a practical and flexible alternative N this context, we were particularly delighted to discover that
to the PS methodology, based on the use of intramolecular Pd-diphenyl derivative§S)-3efurnished the desired-4-vinyl-THBC
catalyzed asymmetric allylic alkylation (AAA, Trost reactiétior 2ain 88% isolated yield and 92% ee. Moreover, the stereochemical

the synthesis of 4-vinyl-THBCs in high optical purity. Moreover, reaction outcome was not affected _by the nature of the leaving
group. As a matter of fact, when 2-indolyl allyl acetdtle was

T Current address: Dipartimento di Chimica, UniversiteSiena. employed,2a was isolated in comparable yield (90%) and enan-
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Table 2. Proving the Generality of the Intramolecular AAA for the Scheme 2. Highly Enantioselective Synthesis of 1-Vinyl-THGCs
Synthesis of 4-Vinyl-THBCs via Intramolecular Pd-Catalyzed Allylic Alkylation of Indoles
Me0,CO X X

R CHO NBn 540 oy X

era R R R [Pd®] (5 mol%)

« Z/j\f)steps Rea, \R [Pd®] (5 mol%) R\Y_:, R Qj/ s Q—g\\ 3d (11 mol%) \ Nen

Tl —= & 13e(1imol%) [ N™ 5steps N Li,CO/CH;Clyfrt X

N~ CHO ‘L(/LNBn 1,00, e o4 N NEn H MeO:lCO ’ o N ~
fa N 1 CHyClofrt 2 I cant>s0 5a: X =H 6a: Yield = 45% (+)-7a:Yield = 90 %, Ee = 93%
5b: X = Me 6b: Yield = 41% (+)-7b:Yield = 82 %, Ee = 92%
1 2 2 . . . . ;
entry 4 RIRJR yield (%)° yield (%)° o6 (%)° intermediate derived byZ§-6a, slightly faster than the corresponding
imerization event

1 4a  HHH 1a(33)  2a(88)  92R epimerization everif . .

5 4b OMe/H/H 1c(37) 2¢(95) 90K In summary, we present a new versatile and practical Pd-

3 4ab OMe/H/H 1c(37} 2¢ (60)¢ 94 R catalyzed reaction for the synthesis of 4-vinyl-THBCs and 1-vinyl-

4 4d CI/HH 1d (52) 2d (80) 82 R THGC:s, via regioselective intramolecular AAA. The excellent levels

2 fh? ’[\)"%SI/SH/H ﬁgé)) g?((gg)) gg F)) in terms of yield and enantiomeric excess recorded suggest this

y (— . .

7 la H/Me/H 19(19) 2g (45 90 (1) strategy as a v;_;lluable cgndldate for th.e prepara_tlon of several classes

8 4a H/H/Me 1h (25) 2h (49 94 (-) of stereochemically defined polycyclic aromatic compounds.

aQverall yield of five stepsP Isolated yields¢ Determined by chiral Acknowled_gment. Th's Hwork was _suppqrted_ by _M'I'U'R_‘
HPLC analysis. Absolute configuration assigned by analé@eaction (Rome), National project “Stereoselezione in Sintesi Organica:
temperature was C. ¢ Reaction carried out under refluX3c was used as Metodologie and Applicazioni”, FIRB Project (Progettazione,
ligand. preparazione e valutazione biologica e farmacologica di nuove

) ] ] ) ~ molecole organiche quali potenziali farmaci innovativi), and the
tiomeric excess (90%, entry 6). Finally, the absolute configuration University of Bologna.

of C4 in 2a was unambiguously determined to Beby X-ray

analysis (see the Supporting Information). Supporting Information Available: Experimental procedures,
Having identified a useful set of reaction conditions, we carried out SPectral data for all the new compounds. CIF file of the crystal data.

a study of substrate scope by performing the enantioselective CyC"C_Thls material is available free of charge via the Internet at http://

alkylation of a series offf)-5-substituted indolyl carbonatesc— pubs.acs.org.

h) that were obtained from the corresponding aldehytiese.
Remarkable tolerance toward steric and electronic demands of

substituents in the indole carbonate precursors was shown (Table gg Iar}aéﬁ?a;ﬁ&len”;ﬂé’ynmﬁﬁog & ;‘g-s]acobsen’ E.N. Pz, A,

2). In particular, the presence of electron-donating grolpsle€) Yamamoto, H., Eds.; Springer: Berlin, 1999. (b) Ojima Qatalytic

delivered R)-4-vinyl-THBCs'4in good yields and high enantiomeric Asymmetric Synthesignd ed.; Wiley-VCH: New York, 2000. (c) Trost,

) B. M. Proc. Natl. Acad. Sci. U.S.£2004 101, 5348.
excesses ranging from 90 to 97%. The scope of the process was (3) (a) Rabindran, S. K.; He, H.; Singh, M.; Collins, E.; Annable, K. I.;
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