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1. INTRODUCTION

The isoquinoline skeleton is a heterocyclic ringteyn that frequently occurs among
both natural and synthetic bioactive moleculesguswoline derivatives are applied for many
therapeutic purposes. The spasmolytic papaverljetiie antitussive noscapin@)( the
expectorant emetine3), the angiotensin-converting enzyme inhibitor @unl (4), the
muscle relaxant tubocuraring)(and the dopaminergic agonist apomorphi®eate only a
few examples of the naturally-occurring or syntha@soquinoline derivatives which have

pharmaceutical applications (Fig.1).
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Figure 1

As a consequence of their wide-ranging occurremeng alkaloids and biologically
active compounds, great attention has been pailletsynthesis of variously saturated and
functionalized isoquinoline derivativé8.Asymmetric methods have also been developed for
the preparation of enantiomerically pure analodues.

The synthesis and transformations of difunctionalafhd/or 3-substituted 1,2,3,4-
tetrahydroisoquinoline derivatives have been rese@mpics at the Institute of Pharmaceutical
Chemistry, University of Szeged, in recent deca@esing this work, numerous tetrahydro-
isoquinoline-condensed 5- and 6-membered 1,3-3-1ghd 1,2,3,4-heterocycled8-12) have

been prepared by cyclization of the corresponditgahydroisoquinoline 1,2- and 1,3-amino



alcohols, hydrazino alcohols and diaminésa6d8) (Scheme 1). The structural analysis of
tricycles9-12 revealed that both the conformational and the-cimgin tautomeric equilibria
of these ring systems are influenced significablyythe effects of the substituents and the

relative configurations of the substituted atdh%.
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R'=H, NH,;; R*=H, Me; R =H, alkyl, aryl, CHOH; R =H, OMe; R =H, Me, Ph;
R>, R° = H, aryl; O; N-alkyl; N-aryl; O, Ph; O, N(C}&H,CI),; O, electron pair; O, O;
R’, R =H, aryl: O; N-alkyl; N-aryl; X=0,NH; Y=CP,S; W=0,S,NH; n=0,1
Scheme 1

In the frame of my PhD work, in connection with thbove-mentioned previous
systematic studies on tetrahydroisoquinoline dékiea, our aim was to collect further data
on the chemistry of difunctional tetrahydroisoguine compounds. We planned to
investigate the scope and limitations of the ritapare reactions of tetrahydroisoquinoline
1,2- and 1,3-amino alcohols3-17 with S or P-containing agents; and to study the effects of
some structural parameters (C or P substituents rahative configurations) on the
predominant conformations of the angularly or lifeéusedN-bridged tricyclegFig. 2)""

MeO
MeO OH
NH
y MeO
R? R? OH
Rl=Ph,R?=R3=H: 13 16 17
R?=Ph,R!'=R3=H: 14
R3=Ph,R'=R?=H: 15
Figure 2

The other part of my PhD work was directed to degisa new approach for the

preparation of 1,2,3,4-tetrahydroisoquinoline-1bcatylic acid derivative20 by utilizing



Ugi three-component reactions (U-3CRs) with pgraton of the readily available
3,4-dihydroisoquinolinesl@), followed by hydrolysis of the diamide intermeeéis (L9). An
additional aim was to study the influence of chimah-racemic acids on the stereochemical

outcome of the Ugi condensations of dihydroisogires (Scheme 2¥:"

R% R? RY R?

Rl@@/RZ — N._R* —> NH

. _N Rl \g/ RY
R3HN™ O 0~ "XH

18 19 20

R!'=H, MeO, EtO, OCKD; R =H, Me; R = cyclohexyl, Bly CH,Ph;

R* = cyclohexyl, Ph, CHOHPIR), CHMeN-phthaloyl §), OCH,Ph; X = O, NR
Scheme 2

Details of the syntheses and the physical and acalydata on the new compounds
described in the thesis, and descriptions of theRN\d@ectroscopic analyses, are to be found
in the experimental parts of the enclosed pubbeceti

The references to the publications relating to my sesearch are given as Roman

numerals; other literature references are giveftrabic numerals as superscripts.



2. LITERATURE

In this part of my PhD thesis, the most importamblcations relating to my research
topics are discussed. In the first section, someente results on the synthesis and
transformations of 1-(1' or 2’-hydroxyalkyl)-subtstied 1,2,3,4-tetrahydroisoquinolines are
reported. The second section summarizes the eéiridings on the application of the Ugi

reaction for the preparation of isoquinoline detives.

2.1. Synthesis and transformations of 1-(hydroxyalkyl)-1,2,3,4-tetrahydroisoquinolines

The 1,2,3,4-tetahydroisoquinoline-1-methanol moistya rare structural unit among
the naturally-occurring compounds. The 6,7-dimejhaberivative calycotomine was first
isolated from the Australian pla@alycotome spinosaink as the optically active§-(+)
enantiomer [§)-16]. Synthetic methods towards calycotomine in raceamd enantiomeric

forms were recently reviewéd.

0 H OH

calycotomine [(S)-16] (-)-quinocarcin (21) R = Me: ecteinascidin-743 (22a)
R =H: ecteinascidin-729 (22b)

Figure 3

More complex isoquinoline alkaloids, such as quarom @1), produced by several
Streptomycespecies, and the ecteinascidi2?)( from the marine tunicat&cteinascidia
turbinata, also bear 1-hydroxymethyl substituents attachealtetrahydroisoquinoline moiety
(Fig. 3)% Because of their antiproliferative activities, tisgnthetic opportunities and
structural modifications of both quinocarcin ance tlecteinascidins have been studied
thoroughly, which has contributed considerably tbedter understanding of the chemical
characteristics of the  1,2,3,4-tetrahydroisoquimeii-methanol  derivatived*
Ecteinascidin-74322a) became the first marine anticancer agent appravedde European

Union under the name trabectedin (Yond8lier patients with soft tissue sarcoffa.



2.1.1. Synthesis

The most frequent methods for the synthesis df’ bi( 2’-hydroxyalkyl)-substituted
1,2,3,4-tetrahydroisoquinolines apply reductiompst® form the alcoholic hydroxy and/or the
secondary amine functions of these compounds. Riedscof the appropriate tetrahydro-
isoquinoline carboxylic esters or the dihydroisogline alcohols can be the final
transformations in these proceduf&’ both of which can be illustrated by the preparstio
of the diastereomeric 1’-methyl-substituted tet@droysoquinoline 1,3-amino alcohoRba
and25b (Scheme 3). The reductions of both the enamirer 28tand the dihydroisoquinoline
27 proceeded with good or excellent diastereoselegtiv®%33

MeO MeO MeO

NH 1y NH NH
MeO | MeO MeO

Me COOEt Me COOEt Me
23

24

MeO MeO _ MeO
|v:
N 1] N
MeO 4 MeO:I::jgggi/ MeO
OH
Me Me
27

26

25b

Reagents and condition@) Pt/H,, EtOH, 30 min; (ii) LiAlH,;, THF, reflux, 2 h and fractional
crystallization (for25a 44%, i+ii), (iii) HCHO, NaOEt, MeOH, r.t., 5 hi\) NaBH,;, MeOH,
r.t., 3 h and fractional crystallization (fabb: 51%, iii+iv).

Scheme 3

Addition reactions of 3,4-dihydroisoquinoline-2id& (28) in combination with a
subsequent reduction step have also been utilzpdepare tetrahydroisoquinoline 1,3-amino
alcohols®***® The 1,3-dipolar cycloadditions @8 to methylenecyclopropane resulted in the
regioisomeric isoxazolidine-spirocyclopropane datives 9ab). The chemoselective Sl
reduction or catalytic hydrogenation of the semt&29b led to 30 by opening of the
isoxazolidine ring and preservation of the fragdgclopropanol moiety (Scheme #).
Compound28 underwentaddition with a chiral ketene silyl acetal contagia silyl-protected
hydroxy group in the presence of a Lewis acid gatato give the adduc®l with high
diastereoselectivity. The hydroxylamine function @&fL was reduced by catalytic
hydrogenation (Scheme ).



28 29a 29b
ii J &ii
N iv
L OH — g NH NH
OH
MeOOC MeOOC OH OH
Me Me
31 32 30

Reagents and condition@) methylenecyclopropane, toluene, 60 °C, 2 days,
(679%,29a:29b =7 : 1); (ii) Smj, THF, r.t., 2 h (70%); (iii) Zrg, CH,Cl,,
(R)-1,3-bis(triethylsilyloxy)-1-methoxy-1-butene, -7€8 — 0 °C, 1 h (71%);
(iv) Zn, AcOH, 60 °C, 30 min (80%)
Scheme 4

Hydrolysis of the corresponding lactam or cycliarlmmate moieties of the
isoquinoline-condensed 1,3- or 1,4-O,N heterocyblesring a substituent at the annelation
C atom is a step often applied in the synthesid-stibstituted tetrahydroisoquinoline-1-
methanol derivatives. The 10b-substituted pyrrglbflisoquinolinones33, conveniently

available from L-tartaric acid, were converted in a two-step proced (NalQ

MeO MeO MeO
i i
L N.__O NH
MeO Meo:qg;j MeO Rl
HO~ "0~ ‘OH OH
34 35
R2 R2 R2
2 iii N iv NH
R —> R2 g >§O —> R2 -
e
HO 3 O 3
Me ooR* R® k4 R3" 17 0oH
36 37 38

R' = Me, Ph; R®=H, OMe; R’ R*=Me, Me; Me, Et; -(CH2)s—
Reagents and condition§) NalO,, H,O/MeCN,, r.t., 4-5 days (73-98%); (i) NaOH, THR®{
r.t., 30 min (84-90%); (iii) PPA, Ci€l,, 120 °C, 4 h (91-98%); (iv) KOH, DMSO :,B (1 : 1),
80 °C, 52-155 h (79-97%).
Scheme 5



oxidation followed by an intramolecular Cannizzaeaction) to 1-substituted calycotomines
35°%3" Hydrolysis of the 1,1,10b-trisubstituted oxazol8[]isoquinolinon-3-ones37
furnished the corresponding calycotomine derivatB&(Scheme 5%°

Pictet-Spengler condensation of dopamirg9) (and D-glyceraldehyde led to
diastereomeric 1-substituted tetrahydroisoquinglibearing both a 1,2- and a 1,3-amino
alcohol moiety 40aand40b). Transition metal ionse(g. Ci#* and F&") proved to accelerate
the formation of40a and 40b markedly, without affecting their product ratio @f: 1
(Scheme 65°

HO HO
HO i
L NH NH
mw HO t ho
HO A OH A OH
HO HO
39 40a 40b

Reagents and condition§) D-(+)-glyceraldehyde, pH 8, 37 °C, 3 h (59%)
Scheme 6

The introduction of a 2-hydroxyethyl at moiety position 1 of the tetrahydroiso-
quinoline ring was achieved by highly diastereos@le alkylation of41 bearing an$)-tert-
leucine-derived formamidine as a chiral auxiliargugp. Removal of thé&l andO substituents

of 42 led to the tetrahydroisoquinoline amino alcoi®ls the ) enantiomer (Scheme Y.

MeO\I:::]:::j MeO MeO
N i N ii NH
i
N

i —

N Bu' Bu' OH
\[ TBDMSO \[

OMe OMe
41 42 43

Reagents and condition@) BuLi, THF, -78 °C, 20 min, then 2-bromo-1-hyasethyl
tert-butyldimethylsilyl ether, 30 min, EtOH, N, 15 °C, 3 h; (i) HF/HO/MeCN, r.t., 3 h.
Scheme 7

2.1.2. Ring-closure reactions

The amino alcohol function of the 1-hydroxyalkwbstituted 1,2,3,4-tetrahydro-
iIsoquinolines provides numerous possibilities foe tsynthesis of various heterocycles

condensed angularly to the isoquinoline ring. Imynaases, these ring closures are carried



out by insertion of a one-atom-(C, P or S)-contagninit into the amino alcohol moiety, but
there are also examples of cyclizations withougiitisn of any external fragments.

Both 1-hydroxymethyl 44) and 1-(2-hydroxyethyl)-substituted tetrahydreiso
quinoline derivatives47) have been cyclized to the corresponding azir{@®) or azeto-
[2,1-alisoquinolines 49) under Mitsunobu conditions or via a two-step pdwore (OH— ClI
exchange followed by alkaline treatment), respetyivCatalytic hydrogenation of aziridines

45 led to 3-benzazepine derivative) by a ring-enlargement reaction (Schenf@#)*

1
RY TOH R? R
44 45 46
MeO MeO MeO
i iv
NH — NH.HC| — N
MeO H MeO H M60:©;;
272 OH 22 cl H e
R? o3 R? 23 R% g3
47 48 49

R' = CF3, Ph; R” = H, Me, CH.Ph; R®=H, CH,Ph
Reagents and conditiong) A: PPh, CCl,;, EN, MeCN, 30 h (88%B: PPh, DEAD (72%); (ii)A: H,,
Pd/C, AcOH/MeOH, r.t., 6 h (98%lfB: H,, Ra-Ni, MeOH (82%); (iii) SOG] reflux, 30 min; (iv) NaOH.
Scheme 8

In the reactions of tetrahydroisoquinoline 1,2- arn@tamino alcohols with aldehydes,
oxazolo- or 1,3-oxazino[4,8lisoquinolines were formed as the correspondindicyeninals.
Ring closure of the methyl- or phenyl-substitutedra alcohol$0 with formaldehyde could
be achieved under mild conditions, while the simigactions witlp-nitrobenzaldehyde were
carried out in refluxing toluene. In the latter kyations, diastereomers bearing H-4 and
H-11b in thecis position were formed as the main or only productslt is noteworthy that
oxazolo[4,3a)isoquinoline54 was stable against reductive ring opening, siheeas formed

as the main product (besidgS) in the attempted reductive methylatiors@&(Scheme 957



MeO

MeO

MeO MeO MeO
NH MeO NO + NMe
MeO ; H O> MeO ;
Ph” TOH PH Ph” "OH
53 54 55

R'=H, Me, Ph; R =H, Me; R®=H, Me; R*=H, Me, Ph; Ar = CsHsNO2(p)
Reagents and condition§) HCHO, MeOH, HO, r.t., 1 h (45-77%); (iip-nitrobenzaldehyde, toluene,
reflux, 6-8 h (35-72%); (iii) HCHO, K Ra-Ni, MeOH, 2.7 atm, r.t., 12 h (67% fot and 10% fob5)

Scheme 9

There are alternative ways to convert tetrahydopismline 1,2- and 1,3-amino
alcohols to the corresponding cyclic urethane @grres. 1,3-Oxazino[4,8}isoquinolin-4-
ones57 were prepared via the acyclic ethyltert-butyl urethane®6, by their base-catalysed
intramolecular transesterification$? while the homologous oxazolo®® was obtained by a

direct cyclization of the amino alcoh88 with phosgene (Scheme 13).

MeO

MeO MeO
NH N
iii
MeO H > MeO H \ O>§O
X 1y
(0] (0]
58 59

R'=H, Me, Ph; R*=H, Me; R®=H, Me; R*=H, Me, Ph; R®=Et, Bu'
Reagents and condition§) CICOOEt, NaHCQ, 1 h (56-96%) or (BogD, EtOAc, r.t., 16 h (82%);
(i) NaOMe, 160 °C, 45 min (40-53%) or KOBTHF, 0 °C. 30 min (83%); (iii) COG| EtN, THF,
rt., 2 h (73%)
Scheme 10



10

Thiourea derivatives of 1,2- and 1,3-amino alcolais conveniently available key
intermediates in the synthesis of 2-imino-subsdutl,3-O,N and 1,3-S,N heterocycles
(Scheme 11). These transformations are also knamong both 1,2- and 1,3-tetrahydroiso-
quinoline amino alcohol®.g.60.2*** The cyclization of thiourea8l to the corresponding
4-imino-1,3-oxazino[4,&]isoquinolines 62 was completed by alkaline treatment of the
Smethylisothiuronium salts, obtained frodd with methyl iodide. Under acidic conditions,
compounds61 were transformed to the analogous 4-imino-1,3zihi@4,3-alisoquinolines
63. In both cyclizations, the diastereomers contgrllb and H-1 in theis position were

formed with high diastereoselectivities (Scheme®1)

R1O R10

RO
HO OH HO OH

62 63

R' = Me, Et; R®= Et, cyclohexyl, Ph
Reagents and condition§) R?NCS, benzene, reflux, 1 h (99%);
(ii) Mel, r.t. 1 h, then KOH, MeOH, r.t., 3 h (75%)
(i) 10% HCI in EtOH, reflux, 30 min (67-79%).
Scheme 11

The insertion of a one-S atom-containing unit benvehe amino and hydroxy
functions of (6,7-dimethoxy-1,2,3,4-tetrahydroiswoplin-1-yl)ethanol and its methyl-
substituted diastereomers resulted in 1,2,3-oxatio@d,3-alisoquinoline 4-oxides §4) as
cyclic sulphamidite, or 4,4-dioxide§%) as cyclic sulphamidate derivatives. The similagr
closures of the above amino alcohols Mtaminocalycotomine §7) with one-P atom-
containing building blocks led to the correspondlngj,2-oxazaphosphino[4&isoquinolines
(66) and the 1,3,4,2-oxadizaphosphino[8]&oquinoline derivativel0 (Scheme 12)M1%%7
The P-epimeric diastereomers @ and 10 (formed in a ratio of close to 1 : 1 ratio) were

separated by column chromatography. Isoquinolimelensed cyclic sulphamidates were
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also obtained by the treatment of the correspondHgfluorosulphonyl amino alcohols with
NaH 42,43

MeO

MeO
N« //O
MeO MeO H F.)\RE’
R o
R2
66
MeO MeO MeO
MeO MeO NH, MeO II\IHPh
oY
16 °oH 67 ©H 10 o

R'=H, Me; R =H, Me; R®=H, Me; R*=H, Me; R® = Ph, CI, N(CH2CHCl),
Reagents and condition@) NaNO,, AcOH, H,0, r.t., 8 h; (ii) LiAlH,, THF, r.t., 2 h (52%);
(iii) CI,POPh, E{N, THF, r.t., 48 h (34%).

Scheme 12

The tetrahydroisoquinoline 1,3-amino alcoBB6| containing a cyclopropanol moiety,
was transformed to pyrido[2d]isoquinolin-2-one derivatives68 and 69) through metal-
mediated rearrangement/oxidative cyclizations. fhneat of 30 with Pd(Il) salts in the
presence of an oxidant and a base or with a Pdfyalive resulted in mixtures of the
unsaturated@8) and saturateds@) pyridinones in various ratios. Compou@é was formed
in a higher ratio in the reaction when either aOpdfatalyst or a Pd(ll) salt was applied
together with Cu(OAg)as a stoichiometric oxidant (Scheme ¥3¥'

NH i or ii N N
D —
OH or iii

o} )
30 68 69

Reagents and condition§) Pd(OAc), pyridine, Q, toluene, 80 °C, 3 h (87%8:69=2: 3);
(ii)): Pd(OAc), LiOAc, Cu(OAc), DMF, 100 °C, 3 h (75%68:69=1:5);
(iii): Pd(0), MeCN, 50 °C, 20 h (90968:69=1:5).
Scheme 13

There are some examples in which the ring clos@itetoahydroisoquinoline amino

alcohol derivatives was utilized in the synthedismalogues of natural products. 13,13,13a-
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Trimethylberbine 71) was prepared in a two-step procedure from 1 dtjdethyl-
calycotomine 883 through an intramolecular Friedel-Crafts reactioh the N-benzyl
derivative70 (Scheme 14

NH i N\/© i O N
M Me mg
M MeOH Me MeOH Me O
70

e
e
38a 71
Reagents and conditionf) PhCHCI, toluene, KI, TEBAC, KCO;, reflux, 20 h (68%);
(i) PPA, 110 °C, 18 h (67%).
Scheme 14

The non-racemic tetrahydroisoquinoline 1,3-amiramlabl 43 was an intermediate in
the synthesis of 8-azaestrone derivatives. Ringf Ehe steroidal skeleton was inserted by
enamine 72) formation from43 with 2-methyl-1,3-cyclopentanedione. The constactof
ring C was achieved through OH OMs — | exchange. The relatively unstable iodo
derivative was not isolated, but cyclized immediateo iminium salt 73 on heating.
Reduction of73 with tetrabutylammonium cyanoborohydride gave astireomeric mixture
of 13-epimeric 8-azaestrori@@methyl ethers{4a 74b), which was separated by fractional
crystallization and column chromatography (ScheB)l

MeO

NH & — NQ
HO
OH Me

43 72

MeO

MeO MeO

Meo

74a 74b
Reagents and condition§) 2-methyl-1,3-cyclopentadienong,TsOH, toluene, reflux, 70 h
(65%0); (i) MsClI, CHCI,, EN, 0 °C, 10 min (68%); (iii) 1. Lil, DMF, 40 °C, 8@in,
2.80-90 °C, 6 h; (iv) BINBHLCN, 0 °C, 1.5 h (53%(4a: 74b = 45 : 55).
Scheme 15
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2.1.3. Other transformations

Both oxidation and reduction of the hydroxy groafptetrahydroisoquinoline amino
alcohols were utilized in the total syntheses afire products.

The N-Cbz-protected non-racemic amino alcoff& was oxidized by Dess—Martin
periodinane to the aldehyd®. Compound’6 was converted to the pyranone derivait@by
means of a three-component domino process that ioechta Knoevenagel reaction @6
with Meldrum’s acid and a hetero-Diels—Alder reantof 77 with butyraldehyde benzyl enol
ether. The pyrido[2,B]isoquinoline ester9, a key fragment for the synthesis of emetiBe (
was obtained from78 by sequential solvolysis, condensation and hydragen
(Scheme 163°

MeO
MeO MeO MeO NCbz
NCbz —I> NCbz [
MeO MeO o | o
OH CHO
75 76 77 O><O
B Me" Me |
/iii
MeO
MeO
NCbz
" MeO
MeO o
Et o
COOM Ft
79 € 78 OCH,Ph

Reagents and condition@) Dess—Martin periodinane, GHI,, 0 °C, 1 h (90%);
(i) Meldrum’s acid, EDDA, benzene, 60 °C, 14 hi) (out-1-enylbenzyl ether (86%);
(iv) K,CO;s, Hy, Pd/C, MeOH, r.t., 6 h (77%).

Scheme 16

Reductive removal of the hydroxy group from tidBoc-protected )-calycotomine
(80) proved to be a convenient approach towards 1-metmghydroisoquinoline alkaloids.
Treatment of theO-tosyl derivative 81) of 80 with LiAlH, gave the corresponding
1-methyltetrahydroisoquinoline82 without affecting the N-protecting group. Acidic
hydrolysis 0f82 led to §-(-)-salsolidine 83), which was converted t&)-(—)-carnegine33)
by N-methylation using formaldehyde and sodium cyanobgdride (Scheme 17.
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MeO MeO MeO

' i
NBoc —' . NBoc — ' .
MeO MeO Meom&)c

OH OTs Me

80 81 iii'/ 82

MeO ) MeO
iv
Me0:<)i|/\'\“vIe MeomH
Me Me
(S)-(-)-carnegine (84) (S)-(-)-salsolidine (83)
Reagents and condition) TsClI, pyridine, r.t., 10 h (81%), (ii) LiAll THF, 60 °C, 5 h (56%),

(iii) TMSOTf, CH,Cl,, r.t., 30 min (86%), (iv) HCHO aq, NaBBN, MeCN, r.t., 2 h (87%).
Scheme 17

2.2. The Ugi reaction

Multicomponent reactions (MCRs) are convergent @doces in which three or more
starting materials react to form a product, whasidally all or most of the atoms contribute

to the newly-formed produdt*’

MCRs are attracting increasing attention becadsbeir
applicability in the diversity-oriented parallel rejtieses of small molecule libraries, which
play an important role in drug reseaféh?

The first MCR was the Strecker synthesis, introduite 1850 it was followed by
many important named MCRs, such as the Hantzsattioeathe Biginelli reaction or the
Mannich condensatioff. In 1921, Passerini first applied isocyanide in @R3to form
a-acyloxy carboxamide¥ and in 1959, Ugi developed this process further n4CR, for the
preparation ofi-acylamino carboxamides>® The Ugi reaction is very attractive because it is
robust, tolerates a variety of substituents andvides access to a variety of different
molecular structures that would otherwise requumerous synthetic steps.

The U-4CR involves a sequence of elementary stapthe first step, an amin&%)
reacts with an oxo compound,g. an aldehyde8p), to form an imined7, followed by the
protonation of87 by a carboxylic acid88). The third step is-addition of the electrophilic
iminium cation89 and the nucleophilic carboxylate anion to isocgla®i0, and subsequently
an intramolecular acyl transfer (Mumm rearrangemtakes place to afford amacylamino
carboxamide 41 — 92) (Scheme 18). There is a network of reaction dayual, which all

finally flow into an irreversible step, yieldingetproduc92.*”>°
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R3COOH
H,0 R 58 H\”\rI,Rl .
RINH, + RZCHO Iy R3co0
H,0
85 86 R2 H RZ2 H
87 89
/R“NC
90
2 R1
£ P
N. -
3 1 -N
R ’\.‘4 R H o" R®
R R2
92 91

The Ugi four-component reaction (U-4CR)
Scheme 18

When two of the starting four functionalities reea for the Ugi reaction are
connected together in a difunctional compound, ¢badensation results in heterocyclic
derivatives. According to this principle, in the iUgactions of the alicyclicis 3-amino acids

93, alicycle-condensed azetidinone derivati9svere formed (Scheme 19)>®

COOH i °
8| — L
=N N -R?
NH, \ N
H R R*
94

93 95

R! = Et, Bu', CeH4CI(p), CsHaMe(p), CsHsOMe(p), CsHaNO2(p), CeHaCl(m),
CsH4sOMe(m); R? = BU', cyclohexyl
Reagents and conditionf) MeOH, r.t., 24 h (43-86%).

Scheme 19

The post-condensation modification or a secondaagtron of the linear Ugi products
is often applied for the preparation of variousehetyclic derivatived’*° The combination
of the Ugi condensation with a sequential Heckaimtolecular reaction proved to be a one-pot
two-step synthetic procedure for the synthesis ibfdioisoquinolin-3-one derivative$.®
Highly functionalized non-racemic dihydroisoquin@il-carboxamides 99) were
constructed by an U-4CR with the participationLefaline @6), as a chiral component, and
2-alkynyl-substituted benzaldehyd€¥), and a subsequent gold-catalysed hydroamination o
the Ugi produc®8 (Scheme 20%!
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R
_ R & X R 0
COOH = ; o .
N — Nl — N\)J\OMe
Pr'* "NH, <~ “OMe :
CHO pr ButHN™ Y0 ©'
BuHN™ ~O
96 97 98 99
R =Bu, Ph
Reagents and condition€) BUNC, MeOH, 6-9 days (68-71%); (ii) MeCN, 3 mol% Ay@D °C, 6 h (23-35%).
Scheme 20

Since the Ugi condensation takes place via an umnntermediate, the amine and the
carbonyl components can be replaced by preforméawesf’*° There are numerous examples
of the C=N bond of the isoquinoline ring also papating in Ugi reactions (Schemes 21 and

22).
X
AN o i (0]
+ CICOOR + CN E—— N 0]
N —
[N] <N >
100 101 102 o 103 o

R = Me, Ph, 9-fluorenylmethyl
Reagents and condition€H,Cl,, -40 °C, 4 A molecular sieve (31-66%).

Scheme 21

=2

OR

The three-component condensations of isoquinoli®)( chloroformates101) and
morpholinyla-isocyanop-phenylpropionamidelQ2) took place through thma situ formed
acylazinium salts, resulting in 1-(oxazol-2-yl)-dhydroisoquinoline derivativesl03
(Scheme 21%* When tert-butyl, cyclohexyl or tosylmethyl isocyanide wasedsinstead of
102, the condensation led to 1,2-dihydroisoquinolineatboxamides 104%® Three-
component condensations of isoquinolid®Q), isocyanides and strong CH-acids, such as
barbituric or thiobarbituric acids1Q5 or 6-methyl-3-pyran-2,4-dione ¥07), 2-imino-
methyl-1,2-dyhydroisoquinolines bearing a heterticysubstituent at position 1106 and
108 were formed under green conditions, in wat&F.The application of sulphonic acids in
the 1 : 2 condensations of isoquinolink0@ with isocyanides led to the formation of
1-aminoimidazo[5,alisoquinolinium salts109) (Scheme 22%°
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100 iv
N\n/ORz V i
1 0
RHN" O
104 A A
(0] N NR \NCA
R4
N o) o Oy OH
)\ N_N. NP
A
R4
X Me
105 106 108

R' = BU', cyclohexyl, TsSCH2; R® = Me, Ph, CsHsMe(p); R® = BU', cyclohexyl; R*=H, Me;
R® = Bu', 1,1,3,3-tetramethylbutyl, cyclohexyl; R® = BU', 1,1,3,3-tetramethylbutyl, PhCHa, cyclohexyl,
2,6-dimethylphenyl; R’ = Me, Ph, CesHsMe(p), (-)-camphenyl; X =0, S
Reagents and condition§) R'NC, RCOOCI, CHCl,, r.t., 16-24 h (40-90%); (ii}05 R*NC, H,0, 70 °C, 12 h
(51-95%); (iii) 107, R°NC, H,0, 70 °C, 12 h (59-62%); (iv) RIC, RSOH, CH,Cl,, r.t., 24 h (75-96%)

Scheme 22

The imine intermediate for the Ugi condensation barconstructeth situ from the
corresponding secondary amine by using a mild exidanethod. When 1,2,3,4-tetrahydro-
isoquinoline 10 was reacted with acids and isocyanides in thegoree of 2-iodoxybenzoic
acid, 2-acyltetrahydroisoquinoline-1-carboxamidd4? were formed (Scheme 23). The
yields for112in this domino oxidation/U-3CR process was founthé strongly dependent on

the solvent applied, among which THF proved to fénoum®’

i N. R?
. || — T

RZHN™ ~O
110 111 112
R! = Me, Ph, CH,NHCbz, CsHal(0), CH=CHPh, CH=CHCOOEt, C=CPh:
R? = BU', cyclohexyl, Bn, CH2CsHal(0);
Reagents and condition§) R'"COOH, RNC, 2-iodoxybenzoic acid, DMSO or THF,
60 °C, 20 h, 4 A molecular sieve (22-87%).

Scheme 23
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3. RESULTS AND DISCUSSION

3.1. Synthesis and conformational analysis of isoquinoline-condensed 1,2,3-O,S,N and
1,3,2-O,N,P heterocycles

3.1.1. Synthesis of the amino alcohol starting nieite

The regioisomeric tetrahydroisoquinoline 1,2-amatmoholsl6 and17 were prepared
from homoveratrylaminel(l3) or the racemi®N-benzoyl-3,4-dimethoxyphenylalanine methyl
ester {16) by using literature methods. In both methddhe alcoholic function was built by
LiAIH 4 reduction of the corresponding ester group, whvels preceded (fat6) or followed
(for 17) by construction of the tetrahydroisoquinolinelsken (Scheme 24).

MeO . MeO MeO . MeO
i iii iv
m A\ NH NH
MeO eO MeO MeO
16 OH
M
M

COOEt COOEt
114 115

i,
NH, M
113
eO COOMe . MeO MeO
V, Vi OH  vii OH
—_— —_—
HN (0] N NH
eO MeO MeO
116 117 17

Reagents and condition§) (COOEt), 140 °C, 6 h; (ii) POG]| toluene, EtOH, reflux, 3.5 h (81%, i+ii); (iii)
5% Pt/C, EtOH, r.t., 1 atm, 6 h (82%); (iv) LIAIHTHF, reflux, 3 h (66%), (v) LiAlH, THF, reflux, 5 h (78%);
(vi) HCHO, HCI, HO, reflux, 6 h (92%); (vii) K, 10% Pd/C, MeOH, 30 bar, 40 °C, 30 h (~100%).

Scheme 24

For preparation of the 1-(2'-hydroxyethyl)-subgid tetrahydroisoquinolines,
bearing a phenyl group at either position 1' or Rhown proceduré$ were applied.
(1R*,1'R*)-1-(2’-Hydroxy-1'-phenylethyl)-6,7-dimethoxy-1,2 & tetrahydroisoquinoline
(13) was prepared by stereoselective NaBeduction of the hydroxymethylated derivative
(119 of 1-benzyl-6,7-dimethoxy-3,4-dihydroisoquinolin@18). 1-(2’-Hydroxy-2'-phenyl-
ethyl)-substituted tetrahydroisoquinolin&d4 and 15 were obtained from the corresponding
B-amino ketone derivativé20by reduction with NaBHl In contrast with the literature ddfa,
both the (R*,2’R*) and (R*,2'S*) diastereomerslé and15) could be isolated by fractional

crystallization of the crude reduction product (Scie 25).
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MeO ) MeO - MeO
| Il
N ’ N ’ NH
MeO Z MeO “ MeO
Ph Ph OH pr >OH
118 119 13
MeO MeO MeO
11}
NH.HCI — NH F NH
MeO MeO MeO
H H
o) OH OH
Ph Ph Ph
120 14 15

Reagents and condition§) HCHO, NaOEt, EtOH, r.t., 5 h; (ii) NaBfiMeOH, 0 °C— r.t., 6 h (62%, i+ii);
(i) NaBH,;, MeOH, 0°C— r.t., thenr.t., 3 h, then fractional crystallipat (73%,14:15=2:1).
Scheme 25

3.1.2. Ring closures of the amino alcohols

When amino alcohol$3-17 were reacted with phenylphosphonic dichloride brsd
(2-chloroethyl)phosphoramidic dichloride in anhyasoCHCI, in the presence of g,
1,3,2-oxazaphosphino[4&isoquinolines {21-126) and the first representatives of two new
ring systems, 1,3,2-oxazaphospholo[d]3{127 and128) and 1,3,2-oxazaphospholo[3}-
isoquinolines 129and130), were obtained (Scheme 26).

The NMR spectra of the crude products indicated titva ratio of the diastereomers,
differing in thecis or trans position of the P substituent and the H atom ataifnelation point
(H-11b for121-126 H-10b for127 and128 and H-10a forl29 and130), was only slightly
influenced by the substituents on the P. As thg emkeption, the ring closure af3 with
bis(2-chloroethyl)phosphoramidic dichloride provedbe highly diastereoselective in favour
of thetransisomer (22h), since thecis counterpart122g could not even be detected in the
crude product. For the 5-membered, regioisome¢2bchloroethyl)amino derivatives28
and 130 themajor product for the linearly-condensed regiosomer edoto be the opposite
diastereomer to that for the angularly-condensathtewpart (Scheme 26). The P-epimeric
diastereomers df21, 125and126-130could be separated by column chromatography, but al

of our efforts to isolate the diastereomerd ®3 and124failed.
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MeO MeO

+

MeO MeO

121a-126a 121b-126b
MeO MeO MeO

MeO NH MeO 0bN, O ' Meo N. O

e H\\ e H\\ 1 3P',R4 e H\‘ P§R4
oH 0] (0]
16 127a,128a 127b,128b
H H H
MeO MeO 1 MeO
OH jorii 104

O + O

NH N~pL N-p{
MeO MeO /7 0 MeO <o

17 R* R*
129a,130a 129b,130b
Compound R R* R R* Diastereomeric ratioa(: b) ~ Diastereomeric

in the crude product excessde

121 Ph H H Ph 55:45 10%
122 Ph H H  N(CHCH)CI), ~0:~100 ~100%
123 H Ph H Ph 55:45 10%

124 H Ph H  N(CHCH.CI), 45 :55 10%
125 H H Ph Ph 55:45 10%

126 H H Ph  N(CHCH.CI), 45 :55 10%

127 - - - Ph 50:50 0%

128 - - - N(CH,CH,CI), 55:45 10%
129 - - - Ph 42 : 58 16%

130 - - - N(CH,CH,CI), 43 :57 14%

Reagents and condition§) PhPOC}, CH,Cl,, E&N,6 °C— r.t., thenr.t., 24 h or
(CICH,CH,),NPOCh, CH,Cl,, EN, r.t., 48 h (6-34%).
Scheme 26

The ring closures of amino alcohdl8-17 with thionyl chloride or sulphuryl chloride
in the presence of B in dry CHCI, resulted in 1,2,3-oxathiazino[4&isoquinolines {31-
136), and the regioisomeric 1,2,3-oxathiazolo[4]3{137 and138) and [3,4b]isoquinoline
derivatives 140). The cyclic sulphamidate products3@-133 and137) were obtained in only
low vyields. In the attempted cyclization @ with sulphuryl chloride, 139 proved to be
decomposed duringhe purification process. The skeletons of the uswgjine-condensed
5-membered, 1,2,3-O,S,N heterocyclds87{ 138 and 140) are also new ring systems
(Scheme 27).
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MeO MeO
i i
13-15 MeO MeO
R22R3 R2 R3
131-133 134a-136a 134b-136b
MeO ) MeO MeO
| 1]
VO o N. O 16 MeO ON‘/’O+MO N, O
e H\\ 1 35\\0 e H\\ 1 3/8\.. e H\\ } ,,,,..
o o o
137 138a 138b
MeO (R} ; MeO (! MeO 0
g0 < 17 WO + mo
N-ss MeO NS5 Meo N-ss
MeO O// 0 e o) e / o)
139 140a 140b
Compound R R2 RS Diastereomeric ratioa(: b) Diastereomeric
in the crude product excessde
131134 Ph H H ~100:~0 ~100%
132135 H Ph H 78:22 56%
133136 H H Ph 84:16 68%
138 - - - 80:20 60%
140 - - - ~100:~0 ~100%

Reagents and condition§) SO,Cl,, E&N, CH,Cl,, -15°C— r.t., 2 h, then r.t., 48 h (10-13%);
(i) SOCb, EtN, CH,Cl,, -15°C— r.t., 2 h, then r.t., 48 h (7-68%).

Scheme 27

The'H NMR spectra of the crude products revealed thating closures with SOLI
were highly diastereoselective. Independently efstze of the 1,2,3-O,S,N ring formed and
of the angular or linear connection of the hetecticyrings, diastereomers containing the
S=0 bond and the H atom at the annelation (H-11i3& 136, H-10b for137and138 and
H-10a for139 and140) in thecis position predominated. The highest selectivity iasd
for the 1-phenyl-substituted derivativiE34 and for the 5-membered, linearly condensed
product 140, for which only one diastereomer could be obseriredhe crude product
(Scheme 27). For the 2-phenyl-substituted analo@88snd136, although a mixture of S-4
epimeric products was formed, th@nor diastereomers proved to undergo decomposition
during the chromatographic purification process.sifnilar decomposition of theninor
diastereomers was observed in the cyclizations risvdhe analogous 1- or 2-methyl-
substituted tetrahydroF21,2,3-oxathiazino[4,3isoquinoline 4-oxides® However, for the
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angularly condensed, 5-membered analogues, $ettimeric diastereomerd38ab) could

be isolated by column chromatography.

3.1.3. Structure

Similarly to those of N-bridged saturated bi- otyggcles, the stereostructures of the
prepared 1,6,7,11b-tetrahydrélA,3,2-oxazaphosphino[4&isoquinolines  {21-126),
1,5,6,10b-tetrahydro-1,3,2-oxazaphospholo@iS8equinolines {27 and 128, 1,5,10,10a-
tetrahydro-1,3,2-oxazaphospholo[&}soquinolines {29 and 130, 1,6,7,11b-tetrahydro-
2H-1,2,3-oxathiazino[4,3]isoquinolines 131-136), 1,5,6,10b-tetrahydro-1,2,3-oxathiazolo-
[4,3-alisoquinolines {37 and 138 and 1,5,10,10a-tetrahydro-1,2,3-oxathiazolo}34-
isoquinoline 140 can be described by conformational equilibriacisf-trans—cié type®*2
In thetrans conformation, the hetero rings (ring B refershe tetrahydropyridine moiety, and
ring C to the corresponding 1,2,3-heterocycle) @ems-connected withdi-pseudoaxial
arrangements of thid lone pair and the H-an (H-an denotes the H atdah@aannelation and
means H-11b fot21-126 and131-136, H-10b for127, 128 137 and138 and H-10a fod 29,
130, 139and140). In the two other conformations, the hetero riagscis-connected: for the
cis' conformation, C-1 is in pseudoaxialinside) position, while for theis? conformation,

C-1is in apseudoequatorialoutside) position relative to the tetrahydropyredring (Fig. 6).

MeO /\
MeO I}ID
MeO MeO )I(
e
\
O
- 6
5
MeO-8 N4 MeO /\
10b \Xs MeO /\N//X ’I\IO
|
MeO 9 10 o, MeO o MeO )'(
1 O
9 1010a 1
O Nac
8 ‘ / MeO
MeO Y Meom \@; X
5 ,\ 0 2 3 o
MeO 7 s X MeO MeO
3
cis?t trans cis?

Possible connections of rings B/C in saturatech@Zmembered O,X,N heterocycles condensed angudarl

5-membered O,X,N heterocycles condensed linearly2¢8,4-tetrahydroisoquinoline.

Figure 6
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The stereochemistry of the compounds was deterninoed the characteristic vicinal
H,H couplings, the significant differences in theemical shifts for the indicator nuclei and
comparison of the measured and theoretically caledINMR parameters.

The orientation of H-an was determined by using ¥i@nal coupling constants
3J4-an 1 (Table 1). One large and one small valuéJpfa, 1.1 indicate thepseudoaxigl and
two moderate values G8y.an 11 indicate thepseudoequatoriaposition of H-an in the hetero
ring. The configuration of the heteroatom was deiteed from the corresponding chemical
shifts. If the S=0O or the P=0 bond is in tlw@al position and on the same side as H-an and
H-2ax (only for compounds with a 6-membered ring C)sthprotons have a higher chemical
shift (due to the 1,8laxial effect;cf. Tables 2, 5, 7 and §.This effect is not so pronounced
in 5-membered rings, because the substituents approximate to thgyseudoaxialor

pseudoequatoriabrientation.

Table 1

Selected vicinal coupling data (in Hz)

Compd. H-an’—H-1ax H—ana—H—leq Compd. H-arf—H-1ax H—ana—H—leq
Measd. Calcd. Measd. Calcd. Measd. Calcd. Measd. Calcd.

121a b b 3.1 30  121b - b 3.7 41
122a b b < 3.6 122b P b 1.0 3.0
125a 10.7 9.9 3.8 2.6 125b 11.0 9.8 3.3 24
126a 11.0 10.1 4.0 1.8 126b 11.0 9.9 1.5 2.6
127a 6.4 8.9 5.7 6.3 127b 9.9 8.9 6.6 5.6
128a 95 9.0 6.8 57  128b - 9.2 A 5.8
129a 8.0 8.4 6.3 5.8 129b 7.0 7.1 6.5 0.8
130a 7.2 8.6 6.5 5.9 130b 114 8.5 2.3 6.4
131 b b 3.2 34  134a - b 3.3 3.6
132 12.0 10.8 3.2 2.2 135a 8.8 8.6 6.0 7.6
133 12.2 10.8 3.0 2.9 136a 11.8 10.6 2.7 3.1
137 9.6 9.3 6.7 6.4 140a 9.2 9.0 6.6 6.2
138a 115 9.5 6.5 5.9 138b 8.8 4.7 6.8 3.3

®H-an is the H atom at the annelatiog, H-11b for121-126 and131-136, H-10b for127, 128 137 and138,and
H-10a for129 130and140 bmissing value due to the lack of Mcmissing value sinc&22awas not formed
in the ring-closure reactioﬁoverlapping signals.
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The P atom can effect distortion in the heterocyelng. Earlier studies of the
substituent effects on the conformational statethefl,3,2-oxazaphosphinane fihf led to

the conclusion that this ring could usually be elsterized by a chair or a twist conformation.

3.1.3.1. 1,3,2-O,P,N heterocycles

1,6,7,11b-Tetrahydro#2-1,3,2-oxazaphosphino[4 &isoquinolines {21-126)

The configurations of these compounds could beraéted from the chemical shifts
of the P atom, H-&x and H-11b, since HaX and H-11b have larger chemical shifts when
P=0 isaxial, due to the 1,8haxial effect (Table 2), which can be observed inlthisomers.

It suggests thexial position of the P=0O bond ib and theequatorial position in thea
isomers. The diastereomersi#3 and124 could not be separated, and the NMR spectra of
their diastereomeric mixtures contain overlappimgnals; thus, their NMR values are not
indicated in Table 2.

Table 2
Selected chemical shifts (in ppius = 0 ppMdrgpo, = 0 ppm)

Compd. $p H-2ax H-11b C-2 C-6

Calcd. Measd. Calcd. Measd. Calcd. Measd. Calcdvleasd. Calcd. Measd.
121a 224 19.6 4.39 4.67 4.39 4.90 72.0 71.8 38.1 .640
121b  31.6 24.1 5.23 5.21 5.45 5.39 68.5 70.4 40.8 .042
122a 133 2 4.51 2 4.83 2 69.1 2 39.9 2
122b 218 115 4.30 4.80 5.17 5.03 70.1 71.4 40.0 .040
125a 211 19.1 5.00 5.27 4.12 4.67 79.6 79.6 36.6 .140
125b  30.0 21.8 5.82 5.82 5.29 4.96 76.1 76.9 39.8 541
126a 15.3 10.9 5.07 5.46 4.49 4.76 83.9 80.4 39.3 .740
126b 19.4 151 5.24 5.64 4.72 4.78 78.1 78.0 415 441

aMissing value sincd22awas not formed in the ring-closure reaction.

The 1-phenyl group isxial and trans to H-11b, because of the small value of
3JH-1,H-11b (3.0 Hz for121a 3.7 Hz for1l21b and <1 Hz forl22b). C-2 has lower and HaX
and H-11b have higher chemical shiftsliBlb as compared witi2la C-6 has a higher
chemical shift inl21bthan in121g which suggesttansring B/C connections in21b and
cis' in 1213 because the steric hindrance between the 1-plsebgtituent and Hek causes
the downfield shift in theis conformer. The moderate values®df. .7 in the case of21a
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indicate the possibility of an equilibrium betweénmo cis' conformations, which is in
accordance with the calculations (Fig. 7).

Although the ring closure o013 with bis(2-chloroethyl)phosphoramidic dichloride
resulted in only one diastereomer2fb), the NMR parameters were calculated for both
iIsomers. The same result with respect to the cordigon and conformation was obtained
both for122aand forl22b; H-2ax has a larger chemical shift than ldegvhich suggests the
axial state of the P=0 bond. The calculated and the umedwvalues fol22b correlate good,
suggesting thérans connection of the B/C rings, which is favourabkcéuse of thexial
1-phenyl substituent.

Although the diastereomers 23 and124 could not be separated, and tHelrNMR
spectra contain overlapping multiplets, which doeet allow completion of the
conformational analysis, calculations were perfairma them. These calculations suggest a
trans B/C connection for isomets with a twisted boat conformation of ring C, andigt B/C

connection for isomerg with a chair conformation of ring C.

Calculated global (left) and local (right) energinima of 121a(top,4E = 0.16 kcal mot) and121b (bottom,
AE = 3.93 kcal mot)

Figure 7
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Trans-diaxial coupling between Héx and H-11b excludes th&s’ connenction of
rings B/C forl25and126 (Table 1). The same result was obtained for thmmess as fol21
C-6 has a higher chemical shift im than that fora, which suggestdrans ring B/C
connections itb andcis' in a. The moderate values &6 .7 for 125aand126aindicate the
possibility of an equilibrium between tvois' conformations, which is in accordance with the
calculations (Table 3).

Our results show that the 1- or 2-phenyl substit@xerts a significant influence on
the preferred conformation of 1,3,2-oxazaphospHifdgjisoquinolines. For the
1,2-unsubstituted parent compounds, the B/C commeatas always found to beans
independently of the relative configuration or thbstituent on the P atothwhereas for the
1- or 2-phenyl-substituted analogué&21-126), the geometry of the B/C connection proved to

depend on the relative configuration of the P atBor. isomersa, where theP substituent

Table 3
Selected vicinal coupling data (in Hz)
Compd H-lax H-le¢ H-leq H-6ax H-6ax H-6eq H-6eqr P- P- P-
pa. H-2ax H-2ax H-2eq H-7ax H-7eq H-7ax H-7eq H-2ax H-2eq H-11b
101 Measd. a 6.3 2.5 10.7 2.8 4.0 <1 4.5 18.6 3.0
a
Calcd. 2 35 1.2 10.5 2.9 5.7 1.6 0.6 19.8 1.8
1o1b Measd. a 3.4 1.9 12.3 2.3 5.0 <1 4.0 21.3 3.7
Calcd. 2 3.4 1.4 10.4 2.6 5.0 1.4 3.6 21.5 4.2
Measd. a _c _c _c _c _c _c _c _c _c
122a
Calcd. 2 10.3 3.1 10.7 2.6 5.2 2.1 1.1 21.9 2.0
Lo2b Measd. a 6.0 3.0 11.0 3.0 4.5 <1 125 135 1.0
Calcd. 2 3.7 1.0 10.4 2.9 5.9 1.6 1.1 21.9 2.0
105 Measd. 11.3 2.7 b_ 8.8 3.7 4.3 4.1 1.9 b_ <1
a
Calcd. 10.0 1.9 b 10.3 2.6 5.1 1.8 2.6 b_ 31
125t Measd. 11.7 1.6 b_ 10.0 1.5 <1 <1 1.6 21
Calcd. 10.0 2.0 b 9.8 2.0 4.4 2.3 1.7 _ 01
Measd. 12.0 2.5 b_ 9.8 4.8 3.0 4.5 3.0 b_ 35
126a b b
Calcd. 105 0.3 D 9.1 0.9 2.6 2.1 0.8 — 138
Measd. 12.0 15 b_ 13.0 <1 4.0 <1 <1 b_ <1
126b

| o

Calcd. 10.2 2.0 10.5 2.6 5.1 1.9 2.2 = 2.6

aMissing value due to the lack of Hx%, bmissing value due to the lack of K@ Cmissing value sinc&22awas
not formed in the ring-closure reaction.
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and H-11b are in theis position, the connection of rings B/Cdis', while for diastereomers
b containing thdé® substituent and H-11b in theans position, rings B/C argans-connected.

1,5,6,10b-Tetrahydro-1,3,2-oxazaphospholo@i8equinolines {27 and128)

The 5-membered ring moieties of these compoundglilyeanterconvert by
pseudorotation, which is a dynamic process anddsfast on the NMR time scale. For this
reason, the preferred conformations of these comg®uwvere obtained by theoretical
calculations at the DFT level of theory and wergaated with the NMR spectral data.

The moderate values of the H,H and H,P couplingstzons (Table 4) indicate a
conformational equilibrium fod27ainvolving two preferrectis conformers with a flexible
tetrahydropyridine ring (Fig. 8).

For the other three compounds, only one conforiinang for 127h, cis' for 128aand
transfor 128b) is preferred. As the calculated energy differebesveen the most stable and
the next most stable conformer is >3 kcal fnaohe preferred conformers ®27b (cf. Fig. 8),
128a and 128b were concluded to be the global minimum structuidsese findings are
supported by th&ans-diaxialcoupling between Hélx and H-10b, furthermore H-5 and H-6.

The moderate values .5 1.6 suggest the flexibility of the 6-membered heténg in 128h

Table 4

Selected vicinal coupling constants, in Hz

Compd. H-Sax- H-Sax- H-5eq- H-5eq- H-10b H-lax H-leq H-5ax H-5eq

H-6ax H-6eq H-6ax H-6eq P P P —P —P
Ly7, Measd 114 6.3 4.2 1.2 <1 152 124 90 74
a
Calcd. 9.8 5.0 2.2 1.7 16 08 243 157 84
276 Measd. 14.4 4.0 <1 <1 <1 09 207 -° 237
Calcd.  10.1 6.3 3.3 1.0 03 03 141 08 51
Measd. 14.0 4.6 2.2 <1 25 <1 225 22 P
128a
Caled. 11.3 7.6 5.0 0.9 13 04 148 06 75
Measd. 12.3 6.5 3.5 <1 <1 2 217 23 °
128b
Calcd. 11.4 48 2.8 2.2 09 07 256 03 45

aOverlapping signalst%multiplets
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Table 5
Selected chemical shifts in ppr{is = 0 ppm,dizeo, = 0 ppm)

Compound > H-lax H-leq H-an Compound 3p H-lax H-leq H-an

Measd. 15.8 4.06 4.70 4.89 Measd. 15.9 4.09 4.99 01 5.
127a 127b

Calcd. 35.7 3.71 4.16 4.81 Calcd. 38.7 3.88 4.53 4.74

Measd. 24.2 3.89 4.60 4.80 Measd. 25.6 3.81 4,79 77 4.
128a 128b

Calcd. 25.3 3.41 3.52 4.32 Calcd. 29.6 3.43 3.49 4.33

Measd. 35.1 4.06 4.82 3.82 Measd. 32.8 4.30 4.62 95 3.
129a 129b

Calcd. 40.8 4.20 4.59 3.48 Calcd. 324 4.08 4.21 3.57

Measd. 26.6 3.90 4.14 3.74 Measd. 25.1 4.36 4.62 78 3.
130a 130b

Calcd. 28.7 3.77 3.97 3.59 Calcd. 26.7 3.72 4.30 3.22

*H-an is the H atom at the annelatiome, H-10b for127 and128, and H-10a fod29 andl30

C — P replacement at position 3 of the 1,5,6,10b#gtteo-3H-1,3-oxazolo[4,3]-
isoquinoline ring system caused a significant cleaimgthe preferred conformation of these
tricycles. Whereas the 1,3-oxazolo[4J&soquinoline could be characterized by cis*
conformation’* the ring B/C connection of the analogous 1,3,2zephospholo[4,3]-
isoquinolines was dependent on the configuratio® otlative to C-10b. For isomess in
which theP substituent and H-11b were in this position,cis' proved to be the preferred
conformation, while for isomers, in which theP substituent and H-11b were in thrans

position, rings B/C were found to bans-connected.

Calculated global (left) and local (right) energinfmum conformations fot27a(top, 4E = 2.63 kcal mot),

and calculated global energy minimum conformatifmns 27b (bottom)

Figure 8
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1,5,10,10a-Tetrahydro-1,3,2-oxazaphospholop}iSaquinolines {29and130

The configuration of the P atom could be determifiesn the chemical shift of
H-10a. If H-10a and the P=0O bond are on the sad® i the moleculec(s position, b), it
has a higher chemical shift relative to that fag titans isomer &) (3.82 ppm forl29aand
3.95 ppm forl29h; 3.74 ppm forl30aand 3.78 ppm fot30b) due to the 1,8Haxial effect®®

Two conformers were indicated by the theoreticdtudations as minimum energy
structures in the cases ti#9g 129band130a.The energy differences were very small (2.10,
0.83 and 0.02 kcal md). From the'H NMR spectra ofLl29 and 130, the interconversion of
the 6-membered ring moiety was froz€doa +1ax 10.3-10.9 Hz Iy 100 H-1eq 2.2-4.2 H2),
which is in complete agreement with the calculaloresult. However, the 5-membered
moiety was still flexible in129a 129b and 130a (Jha0arux 7.0-8.0 Hz, *Jii10a kg
6.3-6.5 Hz). In the case @BOb, only one stable conformer was observed, where betero

rings were frozend( f. Tables 1 and 6, Fig. 9).

Table 6

Selected vicinal coupling, in Hz

Compound H-10ax H-10eq- H-10a H-lax H-leq H-5ax H-5eq

—H-10a  H-10a -p -p -p -p -p
Measd. 10.5 2.4 4.2 55 11.7 2.7 2.8
129a
Calcd. 8.8 3.0 1.3 1.1 20.8 0.7 1.9
. Measd. 10.3 4.2 16.7 13.8 5.0 6.1 4.7
Calcd. 9.5 1.1 4.4 20.8 1.1 0.3 1.2
Measd. 10.9 3.7 3.0 5.2 11.6 6.7 8.3
130a
Calcd. 9.5 2.9 2.8 0.9 24.4 0.3 1.8
Measd. 10.8 3.3 a 6.9 17.0 <1 22
130b
Calcd. 9.2 3.2 1.0 2.3 12.9 0.9 3.1
Multiplet

The calculated energy minima of the conformers thiedcouplings of H-an suggest a
trans connection for rings B/C in29aand130b, andcis’ in 130aand129h This indicates
that both the relative configuration and the typéhe substituent on the P atom have a strong
influence on the conformational equilibria of thesempounds. Since rings B/C are reported

to betransconnected in 1,3,10,10a-tetrahydnd-Bxazolo[3,4b]isoquinoline’* our results
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indicate that the insertion of the P atom causechange in the geometry of the ring
connection.

Calculated global (left) and local (right) energinima for 130a(top, 4E = 0.02 kcal mot) and130b (bottom,
AE = 7.99 kcal moh)

Figure 9

3.1.3.2. 1,2,3-O,S,N heterocycles
1,6,7,11b-Tetrahydro#2-1,2,3-oxathiazino[4,&jisoquinolines {31-136)

To determine the configurations of the S atom ia sulphamiditesl34136, the
theoretical 'H NMR chemical shifts were analysed. They are me#ine same in the
sulphamidites and sulphamidates if the S=0O bonéxial (cis to H-11b). Due to the
1,3diaxial effect, H-11b and H-&x have larger chemical shifts in tadsomers, where S=0
is axial, than in theb isomers, where S=0 equatorial (Table 7). The experimental values
for the isolated isomers df34-136 correlated very well with the calculated chemiedults
on thea isomers. The calculated and experimental cherslufts of the cyclic sulphamidates
131-133 are also given in Table 7. Even if there is naestehemical assignment, they
impressively corroborate the quality of the theigedtcalculations.

The 1-phenyl-substituted compound81 and134g have®Jy.1 111 values of 3.2 and
3.3 Hz. Consequently, the 1-phenyl group in thégored conformation must laxial.
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Table 7
Experimental and calculated characteristic chenshéts (in ppmgmus = 0)
H-11b H-2ax C-2 C-6

Compd. Calcd.  Calcd. Exp Calcd. Calcd. Exp Calcd.  Calcd. Exp Calcd. Calcd. Exp

for a for b ' fora for b ’ for a for b ’ for a for b ’
131 5.18 5.36 531 5.29 73.3 65.9 40.9 43.1
132 5.22 5.19 _a _a 80.8 85.1 39.8 40.9
133 5.16 5.19 5.63 5.85 80.2 84.6 42.0 40.5
134 5.64 456 5.43 551 4.69 547 61.7 68.9 63.7 439 394 440
135 4.46 448 4.56 _a _a _a 70.6 76.5 704 419 451 408
136 5.37 453 5.23 586 5.06 6.05 68.6 76.0 704 39.5 305 40.6

aMissing value due to the lack of HxR

The chemical shifts of the cyclic sulphamidagd and sulphamidité34aare similar,
except for a large difference (0.67 ppm) for e32This suggests thaxial position of the
S=0 bond inl34aand a similar conformation both fé81 and forl34a(Fig. 10).

As compared with the 1,2-unsubstituted 1,2,3-oxaihb[4,3a]isoquinolines, which
are characterized byas' conformation’ higher chemical shifts of C-6 were observed for
131and134a which suggests that their rings B/C @mans-connected. This was corroborated
by the quantum chemical calculations, which showegltrans conformation to be more
stable than theis' form (0.46 kcal mot for 131 and 1.76 kcal mdi for 1349 (c. f. Fig. 10).
The moderate values & 1.7 in the'H NMR spectra of.31 (Table 8) suggest the flexibility
of ring B.

Although 134b-136b could not be isolated and studied experimentadly, initio
calculations were performed for them. The calcafatifor134b suggest @is' connection of
rings B/C, which is 1.15 kcal mbimore stable than theans conformer.

Trans-diaxialcoupling between Hélx and H-11b forl32 (Table 1) excluded theis®
conformation for this compound. In addition, thes@hemical shift is similar i132 and in
the unsubstituted sulphamidate (40.9 ppm) Accolgjntpe chemical shift of H-2 is larger
because of the anisotropic neighbouring effechef$=0 bond in the 1@axial position’?
Except for the effects of the phenyl substituti@lownfield shifts in C-1 and C-2), no
significant changes were observed for th¢ and **C NMR chemical shifts of the

unsubstituted compound as compared B2 These findings lead to the conclusion that
rings B/C in132arecis’-connected.
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Calculated global (left) and local (right) energinimum conformations fot31 (AE=0.46 kcal mof, top) and
for 134a(AE =1.76 kcal mot, bottom)

Figure 10

The valuesof J4.14.110 (8.8 and 6.0 Hz, Table 1) a1 (8.6 and 6.0 Hz,
Table 8) for135a suggest a boat or a stereoheterogeneous conformaitiring C and the
equatorial position of H-11b on this ring. Although tlaé initio calculations showed that the
trans conformation chair form for ring C was 0.9 kcal thaiore stable than theis'-
connected twisted boat form, the experimental NMRadsuggested an equilibrium of these
two preferred conformations (Fig. 11).

According to theab initio calculations for135h, the cis' B/C connection with a
twisted ring C was found 0.88 kcal rifahore stable than thes™-connected chair form.

The observedtrans-diaxialcoupling between Héx and H-11b (Table 1) excludes the
cis” conformation for boti33and136a Apart from the phenyl substituent effects (dowltfi
for C-1, C-2 and H-2), no significant changes webserved for théH and**C chemical
shifts of the unsubstituted sulphamidate analoguecenpared witiL33 thus, thecis' B/C
connection can be regarded as the preferred coafofon both compounds. The moderate
values ofJy.6 1.7 (Table 8) indicate the flexibility of ring B. Witthe exception of some small

differences (difference in Ha 0.20 ppm), the NMR spectral data b86awere similar to
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those onl33 which reflects their same preferred conformatfitis’). The moderate values of

the vicinal coupling constants between H-6 and pbint to the conformational flexibility of

ring B.
Table 8
Selected vicinal coupling data (in Hz)
Comod H-lax~ H-laxx- H-leq¢ H-leq¢ H-6ax H-6ax H-6eq H-6eq
pd. H-2ax H-2eq H-2ax H-2eq H-7ax H-7eq H-7ax H-7eq
131 Measd. 2 A 3.2 <1 8.0 4.0 5.6 4.8
Calcd. 2 A 3.5 1.0 10.3 2.2 4.5 2.4
132 Measd. L 12.0 £ 3.2 11.6 4.0 6.0 2.0
Calcd. £ 6.2 < 1.1 10.5 1.3 5.9 2.3
133 Measd. 12.0- 4 2.6 - 11.4 3.8 5.8 3.0
Calcd. 10.3 4 2.4 - 10.6 1.3 5.8 2.3
134 Measd. 2 2 3.3 1.2 11.2 3.0 4.7 2.7
a
Calcd. 2 2 35 1.2 10.3 2.4 4.6 2.1
134b Measd. a _a b _b b _b b _b
Calcd. 2 A 3.2 1.2 10.0 2.2 4.4 2.4
135 Measd. L 6.0 < 8.6 9.2 4.0 54 4.6
a
Calcd. £ 5.6 < 9.8 10.2 2.9 5.8 1.4
135b Measd. c _b _c _b b _b b _b
Calcd. <L 5.8 < 9.7 10.2 2.1 5.9 2.0
Measd.  12.0 4 2.4 - 8.0 4.6 5.2 5.0
136a . .
Calcd. 10.1 = 2.4 - 10.4 15 5.9 2.3
Meas d ) E _d _b _d _b _b _b _b
136b g g
Calcd. 9.7 - 2.0 — 10.6 1.6 5.9 2.1

alMissing value due to the lack of Hx%; bmissing value sinc&34b, 135band136bcould not be
isolated;cmissing value due to the lack of He2 dmissing value due to the lack of l&@

For 136h, the calculations suggest that tig' conformation is 3.33 kcal mblmore
stable than the energetically next most stablearamdr.

Our findings revealed that the position of the pthesubstituent causes significant
effects on the preferred conformations of 1,2,3tHoeaino[4,3alisoquinolines. For the
(11bR*,1R*)-1-phenyl-substituted.31 and 1344 trans connection of rings B/C was found,
while for the 2-phenyl-substitutetB2, 133 135aand 1363 cis’ proved to be the preferred

conformer, which was not influenced by the relatigenfiguration of C-2. Similar
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conformational behaviour was found earlier for the@nd 2-methyl-substituted 1,2,3-oxathia-

zino[4,3lisoquinoline derivatives’

Calculated global (left) and local (right) energinimum conformations fot32 (AE = 0.6 kcal mof, top) and
135a(AE = 0.9 kcal mot, bottom)

Figure 11

1,5,6,10b-Tetrahydro-1,2,3-oxathiazolo[4]ssoquinolines {37 and138)

The configuration of the S atom in the cyclic salptidites138aand138b could be
determined from the chemical shift of H-10b. If Bbland S=0O are on the same side of the
molecule ¢is isomer,138g, the chemical shift for H-10b is larger (5.03 ppiman that in the
correspondingrans isomer (38b) (4.35 ppm), due to the 1Baxial effect®® This effect is
perceptible in the cyclic sulphamidald7, which has S=0O bonds in botiis and trans
positions and the chemical shift of H-10b is 5.@rp

For 137 and 138gb, two energy minima were calculated, for which theergy
differences are rather smatl. . Fig. 13). This suggests conformational equilibniall three
cases, which is corroborated by the moderate vaifiethe coupling constarity . The
correspondingJy.s 1. (4.8-8.0 Hzg. f. Table 10) andJ.1 n-100 values (6.8-9.6 Hz,. f. Table
1) indicate the flexibility of the 6-membered (fb87 and1389 or the 5-membered (fdr37
and138b) hetero rings.
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Calculated global (left) and local (right) energinimum conformations fot37 (bottom,4E = 0.40 kcal mot,
top), 138a(middle, 4E = 0.57 kcal mot) and138b (top, 4E = 0.88 kcal mot, bottom).

Figure 13

Table 9
Selected chemical shifts in pp@(is = 0 ppm,dizpo, = 0 ppm)

H-lax H-1leq H-art
Compd.
Measd. Calcd. Measd. Calcd. Measd. Calcd.
137 4.20 3.72 5.07 4.09 5.07 4.69
138a 4.12 3.83 5.07 4.64 5.03 5.03
138b 4.34 4.11 4.75 4.57 4.75 4.94
139 b 3.73 b 4.36 b 3.26
140a 4.07 3.83 4.99 4.56 3.83 3.86
140b b 4.44 b 4.23 b 3.52

8H-an is the H atom at the annelatior, H-10b for137 and138, and H-10a fol39and140,
bmissing value sinc&39and140bcould not be isolated.
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Table 10

Selected vicinal coupling constants, in Hz

Compd. H-Bax-H-6ax H-5ax-H-6eq H-5eq-H-6ax H-5eq-H-6eq

6.8 4.9 6.2 4.8
137

10.9 4.9 2.9 2.2

8.0 5.0 5.0 5.0
138a

10.3 6.3 3.6 1.1

11.2 3.3 5.0 2.6
138b

10.7 4.6 2.7 2.3

Thecis' conformer involved in the fast conformational dipium of 138a(Table 4)
has been revealed in the solid state by X-ray ama(fig. 14), whereas the DFT calculations
relating to energy and NMR parametec$ (Table 11 and Fig. 13) suggest that trens
conformer is the more stable in solution.

Ortep plot (30% ellipsoids) df38g showing the numbering system and the stereocksmnoisthe compound.

Figure 14

Our results indicate that the heterocyclic ring eties of 1,2,3-oxathiazolo[4&-
isoquinolines are susceptible to undergo ring isieer in the confomational equilibria. For
138a where the S=0O bond and H-11b are in ttis position, different preferred
conformations were found in solutiomgns) and in the solid stateig’).
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Table 11

Calculated and experimental characteristic vicinal
coupling constants (in Hz) and chemical shiftspfim) for138a

Calcd. 1 Calcd. 2

trans cisk Measured
H-10b-H-leq 5.9 7.9 6.5
H-10b—-H-lax 9.5 8.2 11.5
H-5ax-H-6eq 6.3 3.1 5.0
H-5ax-H-6ax 10.3 10.6 8.0
H-5eq-H-6eq 1.1 1.8 5.0
H-5eq-H-6ax 3.6 5.0 5.0
H-10b 5.03 5.27 5.03
H-5ax 3.00 2.65 3.43
H-5eq 3.12 2.75 3.27
H-6eq 2.55 2.31 2.95
H-6ax 3.06 3.09 2.95
H-1lax 3.83 3.69 4.12
H-1leq 4.64 4.31 5.07
C-10b 57.7 60.2 57.1
C-5 40.9 40.4 40.1
C-6 315 31.0 28.7
C-1 74.4 711 76.0

1,5,10,10a-Tetrahydro-1,2,3-oxathiazolo[B]#oquinolines {39and140)

Similarly to the angularly condensed analogu&8ab, the configuration of the
S atom of the isolated linear sulphamidite diasterer (408 was determined from the
chemical shift of the annelation H atom (H-10aH#L0a and the S=O group are on the same
side of the molecule,e. cis (1409, the chemical shift of H-10a is larger than timathetrans
isomer (40b) due to the 1,8Haxial effect®® By comparison of the experimental chemical
shift for H-10a (3.83 ppm) with the calculated \edwf 3.86 ppm fot40aand 3.52 ppm for
140h, thecis configuration 1409 was deduced for the isolated diastereomer.

For 139 and 140, two conformers were calculated to be most stablewhich the
energy difference was rather small {. Fig. 15). Although only one isomea)(of 140 could
be isolated, calculations were executed for batistdreomers, and f@B9, isolation of which

also failed. One large and one small coupling betwd-10 and H-10a suggested that the
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Calculated global (left) and local (right) energinima for 139 (4E = 1.88 kcal mot, top), 140a(middle,
AE = 2.92 kcal mot) and140b (4E = 0.10 kcal mot, bottom).

Figure 15

6-membered ring was frozen If0aand140b The moderate values d.1 .10a (Table 1),
however, indicated that the corresponding 5-mentbereys were flexible. The comparison
of the calculated and measured NMR parameters sigopthe correct stereochemistry of
140a Both of the H,H couplings of H-10a 0awere ofdiaxial type (Table 12), which

suggests theans connection of hetero rings B/C.

Table 12

Calculated and experimental characteristic victmalpling constants fat40g in Hz

Calcd. fortrans Calcd. forcis®  Experimental value

H-10ax-H-10a 9.3 9.5 10.8
H-10eqg-H-10a 3.5 3.7 2.8
H-lax-H-10a 9.0 4.1 9.2

H-leq-H-10a 6.2 0.1 6.6
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According to the quantum chemical calculations, tlaes conformation ofl39 was
1.88 kcal mof more stable than the energetically nearest corgnrwith the cis® B/C
connection.

Our findings on 1,2,3-oxathiazolo[3B}isoquinolines revealed that the insertion of a
S atom into position 3 of the oxazolo[HfAsoquinoline ring system caused no change in the
preferred conformation, since both tricycles coblel characterized by the samtags)
connection of rings B/C.

It was also concluded that neither the presencehsoangular or linear position of an
annelated benzene ring exerts an influence on ¢bengtry of the connection of the hetero
rings, since not only both isolated diastereomdrsegioisomeric tetrahydroisoquinoline-
fused 1,2,3-oxathiazolidine 2-oxide43Ba and 1409, but also the parent 1,5,6,7,8,8a-
hexahydro-1,2,3-oxathiazolo[4&pyridine 2-oxide’® could be characterized by thens

conformation.
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3.2. Synthesis of 1,2,3,4-tetrahydroisoquinoline-1-carboxylic acids via the Ugi reaction of

3,4-dihydroisoquinolines

1,2,3,4-Tetrahydroisoquinoline-1-carboxylic acidss conformationally constrained
o-amino acids, are of interest as potential buildlvigcks in heterocyclic and peptide
chemistry and in drug resear¢®® On the basis of various successful applicationsyofic
imines in Ugi reactions, our aim was to investighie scope and limitations of this procedure
in the case of 3,4-dihydroisoquinolines, with thegmse of devising a new approach for the
preparation of tetrahydroisoquinoline-1-carboxwyad derivatives.

When 3,4-dihydroisoquinolined 8a,b) were reacted with achiral carboxylic acids and
isocyanide in methanol at room temperatuidacyl-1,2,3,4-tetrahydroisoquinoline-1-
carboxamidesl4la-d were formed (Scheme 28) in moderate to good yielsidic
hydrolysis ofl41laand141d with 10% HCI gave the correspondingamino acidsl42aand
142h

RY . .
18a,b RN 0 142a EOOH

141a-d !

141 | R 2§ R’ 18/142‘ R

a H Ph CHPh a H

b OMe Ph CHPh b OMe

c OMe Ph cyclohexyl

d OMe  cyclohexyl cyclohexyl

Reagents and condition§) R°®COOH, RNC, MeOH, r.t., 1-4 days (49-65%);
(i) 10% HCI/H,0O, reflux, 1-5 days (70-76%).
Scheme 28

To test the effect of a chiral, non-racemic acidtlo® stereochemical outcome of the
condensation, Ugi reactions of dihydroisoquinolidéa,b were also performed by using
L-mandelic acid andN-phthaloyl+-alanine. The'H NMR spectra of the crude products
143aj revealed that a significant extent of asymmetnduction could not be achieved and
the diastereomeric carboxamid&43A and 143B were formed in a ratio of nearly 1:1
(Scheme 29). The best (but poor) selectivity (1@%),was achieved in the condensations

towardsl43aand143g on the use of benzyl isocyanide anthandelic acid for 3,4-dihydro-
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isoquinoline, and benzyl isocyanide andphthaloyli-alanine for its 6,7-dimethoxy

analogue. Our observations are in accordance wekiqus results on the applications of
chiral, non-racemic acids in the Ugi MCR, since #md component proved to have no
pronounced effect on the stereoselectivity of thaction, and the diastereomers of the

correspondingi-acylaminocarboxamides were formed in a ratio o$elto 1 ; 277”8

Rl

R3 Rl
ii
RL _ : 143Aa- (R)-142a b
|
le©\/j\l +
18a,b RY R3 Ry
R1 . N\H)\R4 NH . HCI
: i Ry :
rR2HN Yo © COOH
143Ba-j (S)-142a,b
. . , Ratio of more mobile and less
L 143 | R R R R mobile diastereomers in crude
18/142 ‘ R product (yield)
a H a H CH,Ph OH Ph 45 (37) : 55 (30)
b OMe b H CH,Ph NPhth  Me 51 (2) : 49 (22)
c H cyclohexyl OH Ph 50 (32) : 50 (21)
d H cyclohexyl NPhth  Me 47 (12) : 53 (18)
e H BU OH Ph 50 (25) : 50 (26)
f OMe CHPh OH Ph 48 (22) : 52 (20)
g | OMe CHPh NPhth  Me 45 (8) : 55 (22)
h OMe  cyclohexyl OH Ph 49 (30) : 51 (26)
i OMe  cyclohexyl NPhth  Me 50 (0) : 50 (15)
i OMe Bu OH Ph 50 (0) : 50 (19)

Reagents and condition§) R°NC, RRR*CHCOOH, MeOH, r.t., 1-4 days;
(ii) 10% HCI, reflux, 5-40 h (70-76%).
Scheme 29

Although the diastereomeric produdi43A and143B could be separated by column
chromatography in most casesh), their relative configurations could not be detered
from their NMR data as a consequence of the rotatibthe bonds and the considerable
distance between the asymmetric C atoms in theaulgg. All of our attempts to produce

appropriate samples of the isolated diastereomarsXfray crystallography failed. The
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isolated isomers df43aj could therefore be referred to only as the morbiladM) and the
less mobile (L) diastereomers.

To prepare enantiopure 1,2,3,4-tetrahydroisoquieeli-carboxylic acids, the
separated diasteromers of the Ugi prodadi3a-hwere submitted to acidic hydrolysis, under
conditions similar to those successfully applied tiee racemic compounds. Surprisingly,
HPLC analysis of the crude products indicated #wath hydrolysis took place with partial
racemization, yielding the enantiomers dfiza and 142b in only poor to moderate
enantiomeric excessesg(16-76%,c. f. Table 13). Even these enantiomeric excesses were
totally lost during the chromatographic purificatiof the hydrolysis products on silica gel.
The ready racemization ability of the cyatiephenylglycine analogueksi2aand142bcan be
interpreted in terms of the similar process forr@hnon-racemiax-phenylglycines, which

undergo racemization under acidic conditiGhs.

Table 13

Enantiomeric ratios (based on HPLC) of the tetrabigdbquinoline carboxylic acid€2a
or 142bin the crude products formed in the acidic hydsyf143a-gwith 10% HCI

Compound* Reflux time (h) Enantiomeric Enantiomeric

for 100% conversion ratio excess€e
143a(M) 17.5 83:17 66%
143a(L) 20 13:87 74%
143b(M) 16.5 12:88 76%
143b(L) 9 63:37 26%
143c(L) 7 33:67 34%
143d(M) 40 42 :58 16%
143d(L) 40 77:23 54%
143e(L) 13 27:73 46%
143f(M) 15 73:27 46%
143f(L) 5 22:78 56%
143g(M) 12 20:80 60%
1439g(L) 40 60 : 40 20%

*M = more mobile diastereomer, L = less mobile thasomer

To the best of our knowledge, only two examplesehbeen reported where full
physical and analytical data are given on both (Beand R) enantiomers of 1,2,3,4-
tetrahydroisoquinoline-1-carboxylic affcor its 6,7-dimethoxy analogi&in all other cases,

no data have been published either on thk, [value or on the optical purity of the



43

enantiomers of 1,2,3,4-tetrahydroisoquinoline-lboaylic acid or its 6,7-dimethoxy
analogué®®83 |t is interesting that in some cases these enaeti® were prepared as
synthetic intermediates by acidic hydrolysis of tberresponding carboxamid&®® a
reaction, which is suggested by our results to pdétee with partial racemization.

To characterize the racemization ability @#2a under acidic conditions, the
hydrolysis of the more mobile diastereomeddB8din refluxing 10% HCI| was monitored by
HPLC. The data in Table 14 show that conversionfallowed by relatively rapid
racemization, and after 15 h the enantiomeric rate reached a constant value (42 : 58).

Similar results were obtained when the hydrolysas werformed in 10% trifluoroacetic acid.

Table 14

HPLC-based ratios of the enantiomers of 1,2,3,/abgtdroisoquinoline-1-carboxylic
acid in the crude products formed in the acididrbiysis (with 10% HCI) ol43Ad

Time (h)  Conversion (%) Enantiomeric ratidenantiomeric exces&§

~0 - -
~0 - -
~0 - -
10 15 23:77 54%
15 21 42 : 58 16%
25 75 42 : 58 16%
40 100 42 :58 16%

On the basis of the method described by Rtzal,®® who generated acylazinium salts
from N-containing aromatic heterocycles for isocyanidepting by using chloroformates, we
attempted similar condensations of 3,4-dihydroisogjines (L8a-d) with benzyl,tert-butyl
or cyclohexyl isocyanide in the presence of bendyloroformate. The reactions were
performed in CHGIsolution, at room temperature. The aqueous quegahining the work-
up extraction gave diamidb44 in moderate to good yields. As Ugi reactions artewkn to
proceed in aqueous meditfif* coupling of18b with benzyl chloroformate and cyclohexyl
isocyanide was also attempted in water, b4b could then be isolated in only low yield
(24%).

It was expected that the presence of the readilg amlectively removable
N-benzyloxycarbonyl N-Cbz) group in the productd44 would promote access to
2-unsubstituted 1,2,3,4-tetrahydroisoquinoline-fboaylic acid derivatives. As common

methods for removal of the benzyl carbamate gfduypydrogenolysis and acidic hydrolysis
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were investigated forl44af (Scheme 30). Hydrogenation df44af under atmospheric
pressure in the presence of Pd on charcoal cataBstlted in the corresponding
2-unsubstituted 1,2,3,4-tetrahydroisoquinoline-fboaamidesl45af in good to moderate
yields (61-89%). Somewhat better yields (83-95%Yewachieved from the reactions of
144af with 33% HBr in acetic acid, with subsequent ahli@ltreatment to liberate the free
basedsl45af from the hydrobromide salts formed.

Rl
S0 - W e
R* bl
_N
R? o)

N
R®HN™ ~O
18a-d 144
1nori
Rl Rl
iv
- NH.HCl ~—— g1 NH
142 145
18/142| R 144 R R 145 R R
a H a |H cyclohexyl a H cyclohexyl
b OMe b | MeO cyclohexyl b MeO cyclohexyl
c EtO c | EtO cyclohexyl c EtO cyclohexyl
d OCHO d | OCH,O cyclohexyl d OCH,O cyclohexyl
e | MeO benzyl e MeO benzyl
f | MeO tert-butyl f MeO tert-butyl

Reagents and condition§) PhACHOCOCI, RNC, CHCE, r.t., 5-24 h, then yD, r.t., 30 min (46-89%);
(i) 1. 33% HBr in AcOH, 30 min, r.t., 2. NaOH (&5%); (i) H, (1 atm), Pd/C, EtOH, r.t., 4-6 h (61-89%),
(iv) 10% HCI, reflux, 20-25 h (62-76%). (v) 10% HCéflux, 20-65 h (36-76%).
Scheme 30

When 144ad and 145ad,e were subjected to acidic hydrolysis in refluxing%d
aqueous HCI, the hydrochloride salts of the comedmg 1,2,3,4-tetrahydroisoquinoline-1-
carboxylic acidsl42ac were obtained (Scheme 3@45ad,e underwent hydrolysis in a
shorter time and with better yields than for theresponding reactions a44ad. Hydrolysis
of the 6,7-methylenedioxy derivativéd4f and145fled to complex mixtures from which the
corresponding amino acid could not be isolated; Was probably due to the sensitivity of the

1,3-dioxolane moiety to the harsh reaction condgio
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To test the effect of a 3-methyl substituent ondtagting dihydroisoquinoline and to devise a
procedure for the synthesis of 3-methyl-substituttthhydroisoquinoline-1-carboxylic acid
derivatives, coupling of 3-methyl-6,7-dimethoxy-&ldhydroisoquinoline 186 was also
attempted (Scheme 31). The integrals of the 3-Hipiels in the'H NMR spectrum of the
crude product did not reveal any diastereoseldgtivi the formation of thesis andtrans
isomers of the corresponding 1,3-disubstituted alstiroisoquinolines 1@46a,h.
Diastereomerd46aand146b were separated by fractional crystallization, &meir relative
configurations were determined by NOESY measurespemhere NOE interactions were
detected between 3-Me and NH1li46g and between 3-Me and 1-H146h

MeO:©ij/Me
N
MeO Z

18e

MeO R*Me
M(90:<)/I\r MeO
(@]
(@]
ii

py]

<
s
tQ
Z W
~ E
gD

I
P4
o

HN
@ 146a @ 146b

3

MeO Me MeO Me
H
Meo:<)/1\,\m_| MeO
X
HN™ 0 HN" S0
© 147a w\ y @ 147b
MeO Me
NH . HCI
MeO
COOH
148

Reagents and condition§) PhCHOCOCI, cyclohexyl isocyanide, CHEF.t., 24 h, then bO, r.t., 30 min,
followed by fractional crystallizatiorlé6a 31%,146k 44%), (ii) H, (1 atm), Pd/C, EtOH, r.t., 6 h (56-68%),
(iii) 10% HCI, reflux, 40 h (30-32%).

Scheme 31
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Removal of theN-Cbz group inl46a,bby hydrogenolysis afforded the corresponding
diastereomeric carboxamiddsi7a,h When eitherl47a or 147b was submitted to acidic
hydrolysis in refluxing 10% HCI, the reaction wascampanied by a total loss of
diastereomeric purity, and a 1 : 1 mixturecef- andtrans-6,7-dimethoxy-3-methyl-1,2,3,4-
tetrahydroisoquinoline-1-carboxylic acid hydrochder (148 was obtained. This
phenomenon can be rationalized by the ease witbhaetrahydroisoquinoline-1-carboxylic
acids undergo racemization in acidic medidim.All of our efforts to separate the

diastereomers df48failed.
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4. SUMMARY

1. Novel 1- or 2-phenyl-substituted 4-[bis(2-chlorog}amino]- or 4-phenyl-9,10-
dimethoxy-1,6,7,11b-tetrahydrd421,3,2-oxazaphosphino[4d&isoquinoline 4-oxides 121-
126), and 9,10-dimethoxy-1,6,7,11b-tetrahydtd-2,2,3-oxathiazino[4,&]isoquinoline 4,4-
dioxides (21-123) and 4-oxides 124-126) were prepared by ring-closure reactions of
phenyl-substituted tetrahydroisoquinoline-1-ethanakith phenylphosphonic dichloride,
bis(2-chloroethyl)phosphoramidic dichloride, thibofloride and sulphuryl chloride.

2. The first representatives of new ring systems, 6]11Bb-tetrahydro-1,3,2-oxaza-
phospholo[4,3]isoquinolines {27 and 128), 1,5,10,10a-tetrahydro-1,3,2-oxazaphospholo-
[3,4-blisoquinolines {29 and 130, 1,5,6,10b-tetrahydro-1,2,3-oxathiazolo[4]3-
isoquinolines 137and138) and a 1,5,10,10a-tetrahydro-1,2,3-oxathiazolefigbquinoline
(140, were prepared by cyclizations of regioisomemtrahydroisoquinoline 1,2-amino
alcohols with the above-mentioned P- or S-contgi@igents.

3. The NMR spectra of the crude ring-closed produaticated that (with the exception
of 122b) the ratio of the diastereomers differing in thes or trans position of the

P substituent and the H atom at the annelationonbsslightly influenced by the substituents
on the P or by the type or substituents of thatgtiroisoquinoline amino alcohols. However,
in the ring closures with thionyl chloride, the stiereomers containing the S=0O group and the
H atom at the annelation in tlés position formed as the main products with goodhitgh

selectivities e 66-100%). The diastereomers were separated lbyncothromatography.

4. NMR analysis and theoretical DFT calculations résedhat the conformations of the
1- or 2-phenyl-substituted tetrahydro-1,3,2-oxazegpiino[4,3a)isoquinoline 4-oxides121-
126) depend neither on the position of the phenyl stulent nor on the relative configuration
of C-2. The geometry of the connection of rings B#&Cinfluenced only by the relative
configuration of P-4, independently of the substituion the P atom: compounds containing a
P=0 group in thérans position relative to H-11b (diastereomejscould be characterized by
the cis conformation, where C-1 is in pseudoaxialposition, while theircis counterparts

(diastereomerb) containedrans-connected rings B/C.

5. For the 1- or 2-phenyl-substituted tetrahydro3@xathiazino[4,3]isoquinoline
4-oxides and 4,4-dioxides, the position of the phenbstitution exerted a significant effect

on the predominant conformation: the connectiorrimfjs B/C proved to bérans for the
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1-phenyl-substituted derivatived31 and 1348 while the conformational equilibria of the
2-phenyl-substituted analoguek3@ 133 135aand136g were found to be shifted towards
thecis' form, independently of the relative configuratiafiC-2.

6. The NMR spectroscopic conformational analyses om 1kR,3-oxathiazolidine or
1,3,2-oxazaphospholidine derivatives angularly- limearly-condensed to tetrahydroiso-
quinoline 127-130 and138-140) revealed that they exist as conformational elgadi which
are fast on the NMR time scale; both the piperiding and the 5-membered ring moieties
can interconvert. Accordingly, DFT calculationstbé structures were processed, indicating
that in general two conformers participate in tbaformational equilibria. The insertion of
the S or P atom caused significant changes in teéfeped conformation as compared with
the parent oxazolo[4,8} and [3,4b]isoquinoline. Similarly to the homologoud1-126 the
stereochemistry of the ring B/C connection was tbtobe dependent on the P configuration
relative to that of the C atom at the annelatiothldor the linear and for the angular 1,3,2-

oxazaphospholidine derivatives7-130).

7. 1-Unsubstituted 3,4-dihydroisoquinolines provedbt convenient starting materials
for Ugi condensations with acids and isocyanidesulting in 2-acyl- 141 and 143 or
2-benzyloxycarbonyl-1,2,3,4-tetrahydroisoquinolihrearboxamides 144) in moderate to
good vyields. The acidic hydrolysis of the formedalboxamidesi4l, 143 and144) resulted
in 1,2,3,4-tetrahydroisoquinoline-1-carboxylic aci@42. Our two-step procedure (Ugi
condensation and subsequent hydrolysis of the garbole intermediate) provides a new

approach for the synthesis of tetrahydroisoquimslircarboxylic acids.

8. The condensations of chiral, non-racemic acids \8igh-dihydroisoquinolines and
isocyanides took place with no or only poor dis=mbeelectivities de 0-10%). During the
hydrolysis of the separated diastereomeric Ugi pectg] enantiomers of 1,2,3,4-tetrahydro-
isoquinoline-1-carboxylic acidlé2g and its 6,7-dimethoxy analogu®4@b) were formed to

the accompaniment of a considerable degree of raaéon.

9. The hydrogenolysis of 2-benzyloxycarbonyl-1,2,3#&hydroisoquinoline-1-car-
boxamides 144) proved to be a convenient procedure for the pegjwa of 1,2,3,4-tetra-
hydroisoquinoline-1-carboxamide$4®). The hydrolysis of the carboxamiddstp) led to the

corresponding 1,2,3,4-tetrahydroisoquinoline-1-oayfic acids (42).
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