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ABSTRACT

@C Eon\/\R ligand 2a
N N
Z9°0  CHyCly, -48°C, 24 h OH

62-85% yield g

up to 84% ee with 0.1 equiv 2a
up to 95% ee with 1.2 equiv 2a

Ligand 2a promotes the enantioselective addition of vinylzinc reagents to 3,4-dihydroisoquinoline N-oxide to yield chiral allylic hydroxylamines.
With 0.1 equiv of the ligand, the product is obtained in up to 84% ee, whereas with 1.2 equiv of the ligand, the ee is increased to the 90 —95%
range with a variety of aliphatic, cyclic, and aromatic vinylzinc reagents. This method was used to synthesize the protected unnatural amino

acid N-Chz-p-1,2,3,4-tetrahydroisoquinoline-1-carboxylic acid in three steps from the allylic hydroxylamine.

Tetrahydroisoquinoline (THIQ) alkaloids, especially 1-sub-  Syntheses of THIQs most often employ the Pictet
stituted THIQs, are important synthetic targets because of Spengler reaction, which entails the intramolecular cycliza-
their potent pharmacological propertielembers of this tion of an electron-rich aryl group onto an imine or iminium
family of alkaloids have diverse activities that include
agonism of thes-adrenoceptot, antagonism of D1 and
NMD.A recept_ors?; mh_lbltlon O.f a-gl'uco_SIdasé,anq n_euro- Scheme 1. THIQ-Based Bioactive Structures and
toxicity associated with Parkinson’s diseds® majority of N Enantioselective Approaches to 1-Substituted THIQs
these compounds possess a chiral center at the C-1 position R

of the isoquinoline core, and stereoisomers at this position R
exhibit very different activities (Scheme 1). Thus, enantio- Rm‘x 5
selective synthesis of 1-substituted THIQs is an important R

goal in both synthetic and medicinal chemistry.

H, OH or OMe
H, Me, Ph, Bn
H, Ac

A. Pictet-Spengler Approach
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ion electrophile. A number of diastereoselective synthesesare modular structures with three potential sites of diversity.
of THIQs have been reported using this approaemd The amino acid side chain provides the source of chirality.
Jacobsen has recently developed an enantioselective thioureafhe tertiary amine and the carbamate, upon deprotonation
based catalyst for an acyl-Pictebpengler reactioh Other of the carbamate NH, could provide a bidentate coordina-
approaches to chiral THIQs include enantioselective addition tion site for a metal. Both the alkyl groups on the tertiary
of ketene silyl acetals to acylisoquinolines or nitrohes, amine and the acyl group on the primary amine can be varied
addition of alkynes to isoquinoline iminium iofisgaction to tune the steric and electronic environment surrounding
of an allylsilane with 3,4-dihydro-6,7-dimethoxyisoquinoline the metal atom. As shown in Scheme 2, Mwacylethylene-
catalyzed by chiral Cu(l) complexésand the asymmetric

hydrogenation of cyclic imines prepared by the Bischler _

. . 0
Napieralski r(_aactloﬁ. . . Scheme 2. Synthesis oiN-Acylethylenediamine Ligands
An alternative approach that could provide efficient access

. . . " R : : o R?
to a W|_de yanety of |sc_)qu|nol|r_1e der|v.at|ves lfo_r biological o & HBTU. DIEA 8
screening is the catalytic enantioselective addition of organo- R-N,  NHBoc
. o - L . HO  NHBoc R'NH, DMF R
metallic reagents to the C-1 position of the isoquinoline ring 1as
system (the ¢€-C, connection, Scheme 1). Ukaji and
Nakamura! described the synthesis of chiral THIQs with a) BHa-THF R
several organozinc reagents using tartrate ester or bisoxazo- =N NHB
i , . : b) H;NCH,CHoNH, | oc
line ligands. These methods often give modest enantio- microwave heating R
selectivities or require stoichiometric amounts of the chiral CH,OH, 100°C, 420 s 2af

co_ntroller. Here we report. a conv.enlent method tp acpess aFor R = CH,STrt, EDC and HOBt were used in place of
chiral THIQs by the enantioselective addition of vinylzinc 4Ty in the first coupling step.
reagents to 3,4-dihydroisoquinoliné-oxide promoted by
N-acylethylenediamine ligands. The reaction gives moderate
to gOOd enantioselectivities with 0.1 EC]UiV of the chiral Ilgand diamines were prepared by Coup"ng Boc-protected amino
and exc_:ellent enantioselectivitie_s (QQE% ee)with 1.2 equiv.  zcids with secondary amines to give the corresponding
of the ligand with a range of vinylzinc reagents. amidesla—f.4 For N-BocCys(Trt), EDC and HOBt gave a
We recently demonstrated that-acylethylenediamine-  significantly higher yield in the coupling reaction with
based ligands catalyze the enantioselective addition of morpholine when compared to HBTU. The amides were
vinylzinc reagents to aldehydes to give chiral allylic alco- reduced with borane—THF, followed by cleavage of the
hols!? To extend the utility of these chiral ligands, we resulting B—N bond with ethylenediamine to give ligands
investigated whether a similar reactivity and selectivity could 2a—f. During the last step, we found that microwave heating
be obtained using other electrophiles. In particular, nitrones gave higher yields and much shorter reaction times than
provide interesting opportunities because they are moreconventional heating methods. This synthesis can be used
reactive than most unactivated imines, and the resulting to prepare a variety of ligands on a multigram scale.
hydroxylamine products can be easily reduced to the cor- The substrate for the addition reactions, 3,4-dihydroiso-

responding chiral allylic amines. quinoline N-oxide, was prepared by the NdO,-catalyzed
Amino acids provide an inexpensive and readily available oxidation of 1,2,3,4-tetrahydroisoquinoline with®.*> We
starting material for the preparation of chiral ligartd3he used the method developed by Oppolzer to generate the

N-acylethylenediamines, which are derived from amino acids, vinylzinc reagentd® In this procedure, terminal alkynes are
first hydroborated with dicyclohexylborane to giv&){

(6) (a) Taylor, M. S.; Jacobsen, E. N. Am. Chem.Soc.2004, 126, vinylboranes. Transmetalation with diethylzinc then yields
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a) laylor, M. 5.; lTokunaga, N. I.; Jacobsen, gew.Chem., . _ . H
Int. Ed. 2005,44, 6700_-6704. (b) Murahashi, S.-1.. Imada, Y.; Kawakami, SYfinge pump to a cooled (—4&C) solution of nitrone,

T.; Harada, K.; Yonemushi, Y.; Tomita, N. Am. Chem.Soc.2002,124, diethylzinc, and the ligand in methylene chloride. Reactions
2888—2889. i ;
(8) Taylor, A. M.; Schreiber, S. LOrg. Lett. 2006,8, 143—146. yvere allowe(.j.to proceed for .24 h at this temperatqre. This
(9) Itoh, T.; Miyazaki, M.: Fukuoka, H.; Nagata, K.; Ohsawa, @rg. inverse addition procedure increased both the yield and
Lettigol(\)/l&s, 1595;_12897- K N Achiwa. KTetrahedron:A . stereoselectivity of the reaction. Reactions that were per-
LosyMorimoto, T.; Suzukd, N.; Achiwa, KTetrahedron:Asymmetty  tormed with an excess of alkyne resulted in both alkynyl

(11) (a) Ukaji, Y.; Shimuzu, Y.; Kenmoku, Y.; Ahmed, A.; Inomata, K. and vinyl addition to the nitrone. If the reaction was

Chem.Lett. 1997,1, 59-60. (b) Ukaji, Y.; Shimizu, Y.; Kenmoku, Y.; ; o
Ahmed, A.; Inomata, KBull. Chem.Soc.Jpn. 2000, 73, 447—452. (c) performed at hlgher temperatureszo C)’ we began to

Ukaji, Y.; Yoshida, Y.; Inomata, KTetrahedron:Asymmetry2000, 11,

733-736. (14) Richmond, M. L.; Seto, C. T. Org. Chem.2003,68, 7505—7508.
(12) (a) Sprout, C. M.; Richmond, M. L.; Seto, C. J. Org. Chem. (15) (a) Murahashi, S.-1.; Shiota, T.; Imada,Qrg. Synth 1998 9, 632—
2005,70, 7408—7417. (b) Richmond, M. L.; Seto, C. J..Org. Chem. 637. (b) Murahashi, S. I.; Shiota, Tetrahedron Lett1987,28, 6469—
2005, 70, 8835—8840. 6472.
(13) Vicario, J. L.; Badia, D.; Carrillo, L.; Etxebarria,Qurr. Org. Chem (16) Oppolzer, W.; Radinov, R. Ndely. Chim. Acta 1992,75, 170—
2003,7, 1775—1792. 173.
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observe small amounts of products from ethyl and cyclohexyl center, such as GiSTrt (ligand2d), gave an intermediate
addition. Finally, because the yield and stereoselectivity level of enantioselectivity.

appeared to depend on the amount of ligand present in the With entries 1, 5, and 6, we examined the influence of
reaction, subsequent screening studies were performed usinghe tertiary amine. Ligands that incorporated cyclic amines,
1.2 equiv of the ligand. such as those derived from morpholine and piperidine, were

With optimized reaction conditions in hand, we next preferred over noncyclic analogue)( Because the yield
examined how the ligand structure influenced the yield and of the reaction with ligan@awas higher than that witBb,
ee of the allylic hydroxylamine product (Table 1). In terms we chose?a as the optimized structure for further experi-
ments.

The data in Table 2 show that both the yield and ee of the
reaction correlate with the equivalent of liga2d. As2ais
increased from 0.1 to 1.2 equiv, the yield increases from 60
to 74% and the ee increases from 84 to 95%. We have found

Table 1. Effect of Ligand Structure on Addition of Vinylzinc
Reagents to 3,4-DihydroisoquinoliméOxide

(Cy)zB\/\CHZCHZPh that, although the highest levels of enantioselectivity are

2.4 equiv Et,Zn observed with 1.2 equiv of the ligand, in practice the ligand

CHyCly, -48 °C, 24 h Neon can be isolated from the reaction by chromatography and

Nox o recycled up to three times without erosion of product ee.
O 1.2 equiv ligands 2a-f X . . . .

To investigate the scope of this reaction, we prepared seven

R CHZCHAPh vinylzinc reagents and reacted them with 3,4-dihydroiso-

ANAR quinolineN-oxide in the presence of either 0.1 or 1.2 equiv

R'=N NHBoc . . . .
R of ligand 2a. As shown in Table 3, using 1.2 equiv 24,

R2=side yield ee

entry ligand R chainof (%)r (%P Table 3. Enantioselective Addition of Vinylzinc Reagents to
1 2a —(CHg)20(CHg)s—  Chg 74 95 3,4-DihydroisoquinolineN-Oxide
2 2b —CHg)ZO(CH2)2— Ile 68 95 Cy).B
3 2¢  —(CHp:O(CHp— Phe 60 84 (OB A g
4 2d —(CH2)20(CHg)e—  Cys(Trt) 72 90 Et,Zn
5 2¢  —(CHyp)s— Chg 63 90 @O CH,Clp, -48°C, 24 h Neon
6 2f —CHyCH3— Chg 58 72 ~ T)LO X equiv ligand 2a N
a|solated yield.? Measured by HPLC (Chiralcel OD-H). Cy cyclo- R

hexyl. Chg= cyclohexylglycine.

1.2 equiv of 2a® 0.1 equiv of 2a®

of stereoselectivity, comparison of ligan@a—d (entries yield ee yield e
1—4) demonstrated thgbranched amino acid side chains 2%y R (product (% %) (% (%)
were optimal. Ligands derived from cyclohexylglycine and 1 tert-butyl (3a) 69 93 61 41
isoleucine both gave the product in 95% ee. Ligands with 2 n-butyl3b) 66 94 66 80
less bulky substituents that lagkbranching, such as the i cyc}"imp}l’léi") ZZ gi Z; Zi
benzyl side chain of Phe, reduced the ee to 84%. Side chains Ccylifcféﬁh((?,;) e o P o
with a sterically demanding group more distal from the chiral ¢ Ph (3f) 74 920 81 7

7 4-MeO-Ph (3g) 85 92 74 75

2 Reactions performed using 2.4 equiv opZit. b Reactions performed
Table 2. Effect of Ligand Loading on the Enantioselectivity of ~ Using 1.3 equiv of EZn. ©Isolated yield.
the Addition of a Vinylzinc Reagent to 3,4-Dihydroisoquinoline

N-Oxide
CynB s we obtained excellent ee values with a range of aliphatic,
YZESZSCH,CH,Ph cyclic, and aromatic vinylzinc reagents. For catalytic reac-
2.4 equiv EtyZn tions using 0.1 equiv of the chiral ligand, good enantio-
@O CHClp, -48 °C, 24 h Neon selectivities in the range of #184% ee were obtained with
zN.g X equiv ligand 2a S five of the nucleophiles. However, vinylzinc reagents derived
CH.CHPh from cyclohexylacetylene andrt-butylacetylene gave poor
= enantioselectivities.
entry equiv of ligand 2a yield (%) ce (%) To h|gh||gh_t the l_Jt|I|ty of this method and to _conﬁrm the
: 510 50 ot absolute configuration of the allylic hydroxylamine products,
‘ we performed a short synthesis of the unnatural amino acid
2 0.25 63 90 . L S
3 0.50 68 93 N-Cbzb-1,2,3,4-tetrahydroisoquinoline-1-carboxylic adit
4 1.20 74 95 Cbzp-Tiq). This conformationally constrained amino acid

has been used in the design of thrombin inhibitors and to
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enhance the biological activities and stabilities of peptides Thus, ligand2a catalyzes the addition of vinylzinc reagents

and peptidomimeticE. The ee of hydroxylaminegf was
increased from 90% to 96% by recrystallization from
hexanes, which removes racen3tfrom the sample as a
crystalline solid. Reduction of the hydroxylamine with Zn/
AcOH followed by protection of the free amine with CbzCl
afforded4 in 67% vyield over the two steps (Scheme!8).

Scheme 3. Synthesis of
N-Cbzb-1,2,3,4-Tetrahydroisoquinoline-1-carboxylic Acid

a) Zn, Cu(OAc),

N. AcOH, H,0, 70 °C
OH N\Cbz
af A b) CbzCl, NaHCO;3 Y
4
96% ee Ph 67% (two steps) Ph

3 mol % RuCly

N
Cbz

COOH
5 N-Cbz-D-Tiq

NalOy, 61%

Oxidative cleavage of the alkene with Rg@hd NalQ gave
N-Cbzo-Tiq in 61% yield!® The absolute configuration of
the product was confirmed by comparing the sign of its
specific optical rotation with a value from the literatife.

(17) (a) Shuman, R. T.; Rothenberger, R. B.; Campbell, C. S.; Smith,
G. F.; Gifford-Moore, D. S.; Gesellchen, P. D.Med. Chem.1993, 36,
314-319. (b) Shuman, R. T.; Rothenberger, R. B.; Campbell, C. S.; Smith,
G. F.; Gifford-Moore, D. S.; Paschal, J. W.; Gesellchen, Rl. Med Chem
1995,38, 4446—4453.
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to the si face of the nitrone &N double bond. This
procedure represents a significant improvement over reported
syntheses ob-Tiq, which require separation of the racemic
compound by recrystallization of a diastereomeric ¥alt.

In summary, we have developed a new method for the
addition of vinylzinc reagents to 3,4-dihydroisoquinoline
N-oxide using chiralN-acylethylenediamine ligands. This
method should be applicable to the asymmetric synthesis of
tetrahydroisoquinoline alkaloids and derivatives of the con-
formationally constrained amino acid Tig. Our current work
is directed toward broadening the scope of the process
through the use of other nucleophiles and gaining a better
understanding of the reaction’s mechanism and basis for
stereoselectivity.
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