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James D. Tario, and Steven P. Tushup

ChemRx Diision, Discaery Partners International, 385 Oyster Point Bouded, Suite 1,
South San Francisco, California 94080

Receied December 28, 2003

Compounds containing the tetrahydroisoquinoline ring system were prepared using solid-supported ester
derivatives on a nucleophile-sensitive resin, starting from the corresponding BOC-protected amino acids.
The key heterocyclic intermediates were obtained from the Pi€jgéngler reaction between ethyl glyoxylate

or methyl 4-formylbenzoate and dopamine or 3-hydroxyphenethylamine. After the resulting amino esters
were converted to the BOC derivatives, the phenolic hydroxyl groups were alkylated with a series of alkyl
halides to afford the corresponding ethers. Ester hydrolysis afforded the BOC-protected tetrahydroisoquinoline
carboxylic acid scaffolds, which were then attached to (4-hydroxyphenyl)sulfide resin (Marshall linker) as
the corresponding ester. The BOC group was removed under acidic conditions, and the resulting support-
bound amine hydrochlorides were converted to the corresponding amides using a set of carboxylic acids.
The support-bound amides were liberated with amines to produce the desired tetrahydroisoquinoline
carboxamides. Optimization of the resin loading conditions is described in addition to the identification of
impurities observed during the development of the optimum conditions for solid-phase synthesis.

Introduction mimetic derivatives of2, relying on the PictetSpengler

reaction for synthesis of the key building blocks.
The combinatorial synthesis of small molecules has y Y g

quickly evolved from a novel concépto an accepted Results and Discussion

discipline with broad applications, particularly in the realm | grge-Scale Synthesis of BOC-Protected Tetrahy-

of drug discovery. Today, the key synthetic challenge in  droisoquinoline-1-Carboxylic Acids. The synthetic route
combinatorial chemistry is to develop general methods that employed for the large-scale synthesis of the protected
provide rapid access to libraries of biologically relevant and tetrahydroisoquinoline-1-carboxylic acid scaffolds is depicted
structurally diverse compounds. Preparation of combinatorial in Scheme 1. To prepare scaffofg an efficient route to
libraries based on heterocyclic motifs has become a popularproduce kilogram quantities of 3-hydroxyphenethylantine
objective in library design, since a substantial number of was required, since this material was not commercially
drugs contain at least one heterocyclic ring system. For thisavailable in bulk. Synthetic approaches to various salt forms
reason, we chose to focus on the tetrahydroisoquinoline ringof 3, such as catalytic reduction of commercially available
system for its rich history in biologically active natural norphenylephrintand reduction of 1-(3-hydroxyphenyl)-2-
products and as a scaffold in drug discovery. Most com- nitroethene were investigated but were ultimately unsatisfac-
monly, this heterocycle has appeared in peptides andtory for the large-scale synthesis &finstead, compoung@
peptidomimetics as the constrained unnatural amino acidwas conveniently produced on a 6.6-mole scale via de-
tetrahydroisoquinoline-3-carboxylic acid [TIC (Chart 1)]3 methylation of commercially available 3-methoxypheneth-
Tetrahydroisoquinoline, the isomeric form oft, is also ~ Ylamine by reaction with 48% hydrobromic acid at reffux.
known, but has been less frequently reported in the literature. Pictet-Spengler reaction & with ethyl glyoxylate afforded
Examples of biologically active structures containhgnd ~ the tetrahydroisoquinolin, which was protected as the BOC

2 as a scaffold are shown in Chart 1. Chemical routes to derivative7’ then converted to ether derivativea—c using
derivatives of bothl and 2 generally employ the Pictet a!kyl halides gnd potassium hydroxide or .tetramethylammo-
Spengler reaction between the appropriate phenethylamind!iUm hydroxide as base, the latter being employed for
and aldehyde. As part of a program to generate Combinatoriald|hydroxytetrahydr0|soqumoI|n<8. These conditions also

libraries for drug discovery, we chose to prepare peptido- converted the ester group @fto the corresponding car-

boxylic acid after acidic workup. Under similar conditions,
dopamine hydrochloride4] was converted to the (6,7-
* To whom correspondence should be addressed. Present address: Celera. P h y hvdroi I i ff ia th (
Genomics, 180 Kimball Way, South San Francisco, CA 94080. Tel: 650- imethoxy)tetrahydroisoquinoline scaffdl@avia the same

866-6695. Fax: 650-866-6655. E-mail: jeff.dener@celera.com. sequence. Tetrahydroisoquinoline scaffolds containing a
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Chart 1. Tetrahydroisoquinoline Carboxylic Acid-Based Scaffolds and Representative Bioactive Structures
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Scheme 1. Synthesis of BOC-Protected
Tetrahydroisoquinoline Scaffolds from Ethyl Glyoxylate
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Scheme 2.Preparation of Tetrahydrosioquinoline 14 via the
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aReagents and conditions: (a) BR@ACHO (50% in toluene), MeOH c
EtOH (3:1), reflux; (b) (BOGYO, E&N, THF, H0; (c) 25% agq MgN*TOH~ HO. T MeO

or aq KOH, R—X (X = Br or I), DMSO; then 1 N agqHCI.

phenyl spacer could also be prepared from eighar4 using 13 1
the same conditions, instead employing methyl 4-formyl
benzoate 11) as the aldehyde component in the Pietet
Spengler reaction (Scheme 2). Specifically, scafficldvas
prepared according to this route, using methyl iodide for the
alkylation step. Solid-Phase Synthesis of Tetrahydroisoquinoline De-
Tetrahydroisoquinolines, 6, and12were prepared in 85 rivatives. Having established reliable synthetic routes for
100% vyields up to a 7-mole scale according to the routes the large-scale synthesis of the tetrahydroisoquinoline scaf-
outlined in Schemes 1 and 2. Protection of the amino group folds, development of solid-phase chemistry for the synthesis
of these compounds as thert-butyloxycarbonyl (BOC) of the target structures was then pursued. Although several
derivatives afforded intermediat@s8, and13in 95—100% routes to the synthesis of libraries based on the tetrahy-
crude yield. The optimized one-pot ester hydrolysis/alkylation droisoquinoline ring system were investigated, the preferred
sequence afforded the target tetrahydroisoquinoline scaffoldsroute to library synthesis is shown in Scheme 3. Attachment
9a—c, 10 and14 in 73—82% isolated yields and purities  of the scaffolds to 4-hydroxyphenylsulfide resig®® was
of >95% by HPLC-UV analysis at 214 nm [area under the performed by a carbodiimide-mediated esterification reaction
curve (AUC)]. The five BOC-protected tetrahydroisoquino- with scaffolds9 or 10ausing EDC and DMAP in a mixture
line scaffolds prepared in this manner are shown in Table 1. of dichloromethane and DMF. Agitation of the resulting

aReagents and conditions: (4)MeOH—EtOH (1:1), reflux, 48 h; (b)
(BOC)O, E&N, THF, H0; (c) 25% aq MgN*OH™~, Mel, DMSO; then 1
N ag HCI.
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Scheme 3. Solid-Phase Synthesis of Tetrahydroisoquinoline Derivatives
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aReagents and conditions: @pr 10a EDC, DMAP, CHCl,—DMF (1:1), 48 h; (i 4 N HCl in 1,4-dioxane; (c) RCO;H (18), DIC, HOB, (-PrypNEt;
(d) R*R°NH (20), py, 48 h; (e) amine extraction; ()4, EDC, DMAP, CHCl,—DMF (1:1), 48 h.

Table 1. Structures and Overall Yields of BOC-Protected
Difunctional Tetrahydroisoquinoline Scaffolds Prepared
According to Schemes 1 and 2

Compound Structure % Yield®
OoH
9a N B 100
MeO'
O.H
9b B¢ 95
\/\O
O.H
N,BOC
9c 100
©/\O
CO.H
10a Meom,BOC 75
MeO
CO,H
14 I 73

MeO. E N,BOC

MeO

aYield after ester hydrolysis and alkylation.
slurry, followed by washing the resin with organic solvents,
afforded the functionalized resiré. Deprotection of the BOC
group was accomplished with commercially available solu-
tion of 4 N HClI in 1,4-dioxane. Acylation of the resulting

resin-bound amine hydrochloridds was performed with
carboxylic acids by generation of the corresponding active
esters using DIC and HOBt. Activation of the carboxylic
acids prior to addition to the resin afforded the cleanest
products after cleavage from the resin. Similarly, atil
was exposed to the same conditionQamd 10ato afford
support-bound este23.

The desired amide21 and 24 were liberated from the
resin using 400 mol % of an amir®® in pyridine. Removal
of excess amine was accomplished using solid-supported
liquid—liquid extraction (SLEY with diatomaceous earth as
support. The choice of aqueous buffer for extraction de-
pended on the physical properties of the amine to be
extracted. In general N aqueous hydrochloric acid was
employed for hydrophobic amines, and water was the
preferred buffer for removal of hydrophilic amines.

For BOC-deprotection of the support-bound tetrahydroiso-
quinolines 4 N HCl in 1,4-dioxane was preferred over TFA,
historically preferred for BOC deprotection of amino acids
on resinl5.° The presence of TFA, primarily as the salt of
the amine, often led to the formation the corresponding
trifluoroacetamide28 as a contaminant. This impurity was
observed in significant amounts when sulfonyl chlorides were
employed in the acylation of resitb (Scheme 4). Formation
of the mixed anhydride26 under these conditions was
postulated to be the active species that ultimately afforded
28. Furthermore, when the support-bound phenyl ester
hydrochloride was converted to the free amine after washing
the resin with triethylamine, significant amounts of amide
31lwere observed (Scheme 5). The formation of this impurity
is postulated to arise from base-mediated hydrolysis of the
ester26 to the free phenol5, followed by acylation ofL5
to give esteB0and subsequent cleavage with an amR@).(
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Scheme 4.Formation of the

Trifluoroacetamidotetrahydroisoquinoline Impurity during
Reaction Optimizatioh
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aReagents and conditions: (a) ArgD, (i-PrNEt; (b) 20, py; (c) amine
extraction.

Scheme 5.Proposed Pathway for the Formation of Amide
Impurities Observed during Reaction Optimization
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aReagents and conditions:)(@& N HCI in 1,4-dioxane, then E\l; (b)
18, DIC, HOBY, (-PrpNEt; (c) 20, py.

In situ generation of the free amirgb from the support-
bound hydrochloride salt7 during the acylation reaction
suppressed the formation of amidé.

Bunin et al.

Scheme 6.Formation of Hydantoins from Support-Bound
Ureas via a Cyclicative Cleavage Process

z /R —

R%0
33
aReagents and conditions: (a$-RNCO, (-Pr)yNet.

Table 2. Loading of Resin 15 after One and Two Coupling
with Scaffolds9a—c, 10aor 14

% loading after

% loading after

scaffold first acylation second acylation
9a 84 99
9b 84 99
9c 64 80
10a 87 95
14 100 ND

aDetermined according to SchemePMot done.

for resin15.° The best method for determination of loading
involved acylation of the functionalized resin with an acid
chloride, followed by cleavage with a primary amine. This
process converts any unacylated Marshall r&Sito provide

a mixture of desired product and the amide derived from
the acid chloride and amine employed for product cleavage
from the resin. The relative amounts of each product were
determined by HPLEUV analysis at 214 nm, taking into
account the relative extinction coefficients obtained from
authentic samples of each product. The chemistry employed
for this measure of scaffold loading is shown in Scheme 7,
employing 4-phenylbenzoyl chloride as acylator amd
butylamine as cleaving amine. The ratio of butylam8te

to n-butyl-4-phenylbenzamid87 was determined to be a

Urea formation between isocyanates and resin-boundmeasure of the success of loading of the scaffold onto resin

tetrahydroisoquinoline scaffoldand 10 was complicated

15. When this assay showed levels of scaffold loading below

by the formation of the corresponding tricyclic hydantoin 90%, a second coupling of the scaffold was performed
33 (Scheme 6), which proceeds via a cyclicative cleavage- exactly as described in Scheme 3, with two minor changes.

type process from the support-bound ured2. In fact,
formation of hydantoins fromo-(ureido)esters on other
linkers has been described in the literattf&he formation

The second coupling of scaffold employed 300 mol %
relative to the measured molar quantity of unacylated sites
remaining on resin. Second, DIC was substituted for EDC

of 33is facilitated by the more reactive phenyl ester relative as the activating reagent. On the basis of the quantitation
to the literature examples for hydantoin formation employing experiment described above, the scaffolds were loaded onto

amino esters on Wang or Merrifield resih.
Quantitation of Resin Loading. Resin loading was

the resinl5with >95% conversion after the double coupling.
Table 2 shows the results of loading based on the quantitation

problematic during development of the solid-phase chemistry, method described in Scheme 7.

as indicated by low yields d¥1 and24 after cleavage from
the resin. While a qualitative asS&yor scaffold loading

Although several approaches to a tetrahydroisoquinoline
library were explored on solid phase and in solution, the route

was generally employed for acylation of Marshall resin, a described herein provided the cleanest products, although
more rigorous measure of scaffold loading was required to in modest yields. Representative tetrahydroisoquinoline

allow for optimization of the resin loading in this ca¥e. = compounds prepared according to Scheme 3 are reported in
The sterically congested nature of the BOC-amino acids Table 3. Purity of these products was assessed by a
employed here for resin acylation reduced the efficiency of quantitative purity methoé?, generated by HPLEUV

resin loading relative to other examples recently reported analysis of solutions containing the compounds reported in



Tetrahydroisoquinoline Derivatives Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 491

Scheme 7.Reaction Sequence Employed to Determine Scaffold Lo&ding
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aReagents and conditions: (B)PhGH4COCI, (-PrpNEt; (b) n-BuNH,, 1,4-dioxane.

Table 3. Structure and Purities of Compounds Prepared According to Scheme 3

Yield  Purity Yield  Purity
Compound/Structure Compound/Structure b
%) (%) %) (%)

H
7/ No SN

21a HN 33 92 | 24a O 31 85
weeate e
MeO’ | O

42 74

21b 13 57 24b
N

HO~~N 0 A
21¢ Meoj@:f)ﬁvY@ 17 60 |24e ® 36 76

aYield of crude material® By quantitation against purified and fully characterized samples; see text for details.

Table 3 at a known concentration and comparing these data Summary

to calibration curves generated from analytically pure samples

of 21 and24. The analytical data (NMR, MS, and combus- We have developed a solid-phase approach to compounds
tion analysis) for these purified samples are reported in the containing the tetrahydrosioquinoline ring system, relying
Experimental Section. In some cases, the lower yields wereon a series of large-scale Picte3pengler reactions for
due to several factors, including poor product solubility and scaffold preparation. Attachment of the protected scaffolds
losses of material during solution transfers, especially during to a nucleophile-cleavable resin followed by amine depro-
the SLE process. tection, acylation and product cleavage from the resin using
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amines, afforded the desired library components. Scaffold flask to the funnel. The off-white filter cake was vacuum-
loading onto resin was determined by an in-process quality dried, then rinsed with cold<20 °C) ethanol (2x 300 mL,
control method, which was used to optimize the reaction then 1x 200 mL) and again dried on the funnel. The solid
conditions required for scaffold attachment. Optimization of \was further dried in a vacuum oven to constant weight at 50
this step was necessary to improve product yields and to°C (N, bleed, 25 mmHg) to give 1.69 kg (85% yield) 5f
avoid formation of byproducts, such as the amide derived a5 a white solid:H NMR (300 MHz, DMSO#g) 6 9.68 (s,
from the carboxylic acid used for acylation of the scaffold 1H) 9.60 (br s, 1H), 7.21 (d] = 8.8 Hz, 1H), 6.72 (dd}

and the amine employed for product cleavage. On the basis— g 2 2 2 Hz, 1H), 6.62 (d) = 2.2 Hz, 1H), 5.35 (s, 1H),

of these conditions, a series of libraries based on the 4 o4 (q,J = 7.0 Hz, 2H), 3.56-3.36 (m, 2H), 2.93 (] =

tetrahydroisoquinoline-1-carboxylic acid scaffold were pre- 5.9 Hz, 2H), 1.24 (tJ = 7.0 Hz, 3H); MS (ESI)m/z 222
pared in good to excellent product purities. (M + ’H)+] ' N

6,7-Dihydroxy-1,2,3,4-tetrahydroisoquinoline-1-carbox-
Experimental Section ylic Acid Ethyl Ester Hydrochloride (6). To a 12-L round-
bottomed flask was added dopamine hydrochlorigletQ1
g, 2.10 mol) and 3.0 L of methanol. To the suspension was
added ethyl glyoxylate (50% solution in toluene; 462 mL,
2.10 mol, 110 mol %) and reagent grade ethanol (1 L). The

General. Mass spectral (MS) data was obtained using a
Sciex 150 MCA with a 0.5 mL/min flow rate using a binary
solvent system of 99:1 water/acetonitrile containing 0.1%
acetic acid and 99:1 acetonitrile/water containing 0.1% acetic i )
acid. UV detection was monitored at 214 and 254 nm. Mass /125K was_fltted with a reflux condenser and he_:ated to_a gentle
detection was performed using a turbo ion spray source on'€flux using a heating mantle. Upon reaching an internal
Shimadzu LC-10 and Shimadzu SDD-1 instruments fitted t€mperature of 50C, the reaction mixture changed from a
with a Gilson 215 autosampler. HPEQ@V data was white suspension to a clear yellow solution. The reaction
obtained using a Hewlett-Packard HP1100 instrument equippedMixture was stirred at reflux overnight for 28 h. The
with a Zorbax SB-C18 4.6 mmx 7.5 cm column and diode  Solution was cooled tc<40 °C and then concentrated to
array detector. Chromatograms were obtained using a 1.0dryness. Reagent grade ethanol (500 mL) was added to the
mL/min flow rate with the following solvent system: 99.9% Yellow solid, and the resulting suspension was stirred as a
acetonitrile/0.1% trifluoroacetic acid and 99.9% water/0.1% slurry at room temperature, then placed in a refrigerator at
trifluoroacetic acid. NMR spectra were obtained in DMSO- 5 °C overnight. The precipitate was isolated on a sintered
ds, unless stated otherwise, at 300 MHz (proton) and 75 MHz glass funnel, and the mother liqguor was employed to transfer
(carbon) employing a GE QE 300-MHz spectrometer. residual solids from the reaction flask to the funnel. The filter
Elemental analyses were performed by Robertson Microlit, cake was washed with cold-@0 °C) reagent grade ethanol
Madison, NJ or M-H-W Laboratories, Phoenix, AZ. (500 mL) and air-dried on the funnel. The filtrate was then

4-Hydroxyphenylsulfide resin (Marshall resiap) was dried to constant weight in a vacuum oven af8QN, bleed,
purchased from MidWest Biotech and was used as received.25 mmHg), affording 498 g (100% yield) & as an off-
All other reagents, solvents, and building blocks were white solid.'H NMR (300 MHz, DMSO¢s) 6 9.84 (br s,
purchased from commercial sources and used as receivediH), 9.25 (d,J = 4.4 Hz, 1H), 9.22 (dJ = 4.4 Hz, 1H),

6-Hydroxy-1,2,3,4-tetrahydroisoquinoline-1-carboxyl- 6.79 (s, 1H), 6.57 (s, 1H), 5.18 (s, 1H), 4.24 JG= 6.9 Hz,
ic Acid Ethyl Ester Hydrobromide (5). To a 12-L round- 2H), 3.46-3.35 (m, 2H), 2.81 (tJ = 5.9 Hz, 2H), 1.26 (t,
bottomed flask equipped with a mechanical stirrer, a reflux J = 7.3 Hz, 3H); MS (ESI)mwz 238 [M + H]*.
condenser,_ and_ an addition funnel was added 48% aqueous 4-(6,7-Dihydroxy-1,2,3,4-tetrahydroisoquinolin-1-yl)-
hydrobromic acid (7.60 L, 66.1 mol, 1002 mol %). 3-Meth- o, 0ic Acid Methyl Ester Hydrochloride (12). A 22-L
oxyphenethylamine (998 g, 6.60 mol) was added slowly over round-bottomed flask was charged wigh(1.40 kg, 7.38

30 min with vigorous stirring(CAUTION: exothermic mol), methanol (8.0 L), and ethanol (8.0 L). The resulting

o " . . .
e er s SOl e 1e8ClC" suspension was eated wih ety &-formylerzte
‘ P (1.33 kg, 8.10 mol, 110 mol %), and the reaction mixture

of the starting material was observed by HPLC analysis. The ! .
reaction mixture was concentrated in vacuo and was then"' 2> heated to a vigorous reflux. A]_‘ter 2.5 h, the mixture
coevaporated from a mixture of toluene and ethanol [1:1 (v/ went. from a pale yellow suspension .to a clear yellow
v); 4 L]. The resulting off-white solid corresponding to solut|_on. After 48 h, HPLC analy5|s |_nd|cated that the
3-methoxyphenethylamine hydrobromicg) was dissolved reaction was complete. The reaction mixture was allowed
in reagent grade ethanol (4 L). The solution was treated with [0 €00l to room temperature, then cooled t0°G in a
ethyl glyoxylate (50% solution in toluene; 1.44 L, 7.26 mol, refrigerator for 2 h. The resulting slurry was then filtered
110 mol %) and heated to reflux for 16 h. The reaction through a coarse sintered glass funnel. The mother liquor
mixture was concentrated to remov&.0 L of solvent. The was employed to transfer residual solids from the reaction
thick mixture was then cooled to room temperature, then to flask to the funnel, and the filter cake was washed with cold
5 °C for 2 h with moderate agitation to precipitate the diethyl ether (1.2 L) to afford 2.11 kg (85% yield) &2 as
product. The slurry was then filtered on a 3-L coarse sintered a white powder’H NMR (300 MHz, DMSO#) 6 9.63 (br
glass funnel. To minimize potential losses, the mother liquor s, 1H), 9.36 (dJ = 4.7 Hz, 1H), 9.15 (dJ = 3.7 Hz, 1H),
was employed to transfer residual solids from the reaction 8.22 (d,J = 8.0 Hz, 2H), 7.74 (dJ = 8.1 Hz, 2H), 6.82 (s,
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1H), 6.19 (s, 1H), 5.85 (s, 1H), 4.05 (s, 3H), 34221 (m, 2-tert-Butoxycarbonyl-6-benzyloxy-3,4-dihydro-H-iso-
2H), 3.08-3.01 (m, 2H); MW 299, MS (ESIjn/z 300 [M quinoline-1-carboxylic Acid (9c). Isolated as a yellow oll
+ H]™. in 100% vyield.'H NMR (300 MHz, CDC}) 6 7.44-7.27

General Procedure for BOC Protection: Preparation (m, 6H), 6.82 (ddJ = 8.4, 2.2 Hz, 1H), 9.75 (d) = 2.2
of Ethyl 6,7-Dihydroxy-3,4-dihydro-1H-isoquinoline-1,2- ~ Hz, 1H), 5.45 (s, 0.5H), 5.34 (s, 0.5H), 5.03 (s, 2H), 3:78
dicarboxylic Acid 2-tert-Butyl Ester (8). The hydrochloride ~ 3.59 (m, 2H), 3.08-2.70 (m, 2H), 1.46 (s, 9H); MS (ESI)
salt6 (693 g, 2.90 mol) was dissolved in THF (8.2 L) and nVz 382 [(M — H)"].
water (3.5 L) in a 22-L round-bottomed flask equipped with  General Method for Alkylation and Hydrolysis of 8.
a mechanical overhead stirrer. To the stirring solution was Preparation of 6,7-Dimethoxy-3,4-dihydro-H-isoquino-
added triethylamine (407 mL, 2.90 mol), followed by slow line-1,2-dicarboxylic Acid 2-+tert-Butyl Ester (10a). To a
addition (~1 h) of a solution of liquid ditert-butyl dicar- 2-L round-bottomed flask equipped with a magnetic stir bar
bonate (637.3 g, 2.9 mol) in THF (0.5 L). When the reaction was added crud& (136 g, 404 mmol), 25% tetramethyl-
was complete as determined by HPLC analysis (2 h), the ammonium hydroxide solution (506 mL; 1.40 mol, 350 mol
mixture was transferred to a 22-L extraction vessel. The two- %), and water (500 mL). Stirring was initiated, resulting in
phase system was diluted with ethyl acetate, and the layersthe formation of an opaque, blood-colored solution. After
were separated. The organic layer was washell Wil HCI ~2.5 h, hydrolysis of the ester was complete, as determined
(1.0 L), then with saturated aqueous NaCl (1.0 L), and dried by HPLC analysis. The mixture was then diluted with water
(Na;SQOy). Evaporation of the solvent and drying in vacuo (500 mL) and treated with a solution of iodomethane (62.8
for 4 h afforded the BOC-protected tetrahydroisoquinoline mL, 1.01 mol; 250 mol %) in 300 mL of DMSO. The two-

8 (929 g, 95% yield) as a brittle yellow foam. phase system was stirred vigorously, resulting in the forma-
BOC-protected tetrahydroisoquinoline intermediatesid tion of a white precipitate. The reaction was allowed to stir
13 were prepared in this manner and were obtained in 95 overnight. After the reaction was deemed to be complete as

100% crude yields. These materials were taken on thedetermined by HPLEUV analysis, KOH (22.6 g, 404

corresponding alkylation products as described below. mmol) in water (50 mL) was added. The reaction mixture
General Method for Alkylation and Hydrolysis of 7. was stirred for an additional-24 h, then the solution was
Preparation of 2-tert-Butyl Ester-6-methoxy-3,4-dihydro- extracted with BEO (1.3 L). The aqueous phase was acidified
1H-isoquinoline-1-carboxylic Acid (9a).To a 3-L round- 10 pH 2 with slow addition of concentratedsPO; and
bottomed flask equipped with a mechanical stirrer and extracted with ethyl acetate (2 1 L). The combined organic
stirblade assembly was added cruti€244 g, 770 mmol), layers were washed with water (2 L) and saturated aqueous

followed by 605 mL of DMSO. A previously prepared NaCl (2 L), dried (NaSQOy), and concentrated in vacuo.
aqueous solution of potassium hydroxide [129.6 g (2.31 mol) Trituration of the resulting viscous oil with g afforded
of KOH dissolved in 555 mL of water] was added, then 109 g (80%) of10aas a crystalline solid;H NMR (300
stirring was initiated. After~2.5 h, hydrolysis of the ester ~MHz, CD;OD) 6 7.07 (s, 1H), 6.76 (s, 1H), 5.32 (d,=
was complete, as determined by HPLC analysis. The reaction19.8 Hz, 1H), 3.81 (s, 6H), 3.783.63 (m, 2H), 2.98-2.68
mixture was then treated with iodomethane (83.3 mL, 1.36 (M, 2H), 1.48 (s, 9H); MS (ESIjvz 336 [(M — H)"].

mol; 177 mol %). The reaction mixture was stirred vigorously =~ Compoundl4 was prepared in a similar manner.
overnight. After the reaction was deemed to be complete as  2-tert-Butoxycarbonyl-1-(4-carboxyphenyl)-6,7-dimeth-
determined by HPLEUV analysis, KOH (183.4 g, 3.27  oxy-3,4-dihydro-1H-isoquinoline-2-carboxylic Acid (14).
mol) was added as a solution in water (200 mL). After Obtained as a white solid in 73% vyield froh8; 'H NMR
stirring for an additional 24 h, the reaction mixture was (300 MHz, CR:OD) ¢ 7.95 (d,J = 8.1 Hz, 1H), 7.32 (d)
extracted with EO (300 mL). The aqueous phase was = 7.6 Hz, 1H), 6.80 (s, 1H), 6.61 (s, 1H), 6.23 (br s, 1H),
acidified to pH 2 by slow addition of concentratedR®, 4.01-3.80 (m, 2H), 3.83 (s, 3H), 3.70 (s, 3H), 2:92.68
and then extracted with ethyl acetate (1 L). The organic phase(m, 2H), 1.51 (s, 9H); MW 413; MS (EShvz 412 [(M —
was washed with water (500 mL) and saturated aqueousH)-].

NaCl (500 mL), dried (Ng5Q,), and concentrated in vacuo  preparation of Support-Bound Tetrahydroisoquinoline

to give 236 g (100%Paas a yellow oil.'H NMR (300 MHz, Resins (16 and 22)4-Hydroxyphenylsulfide resia5 (300
CDCl) 6 7.40 (d,J = 8.4 Hz, 1H), 6.76 (ddJ = 8.5, 2.5 g, 330 mmol, 100 mol %) was swollen Witl L of
Hz, 1H), 6.78 (d,J = 2.2 Hz, 1H), 5.50 (s, 1H), 5.33 (s,  dichloromethane. Scaffoléla—c, 103, or 14 (1.00 mol, 303
1H), 3.78 (s, 3H), 3.8%3.61 (m, 2H), 2.982.62 (M, 2H),  mol %) and EDC (191 g, 1.00 mol, 303 mol %) were

1.46 (s, 9H); MS (ESIz 306 [(M — H)]. dissolved in a minimum volume of 1:1 dichloromethane/
Compound®b and9cwere prepared in a similar manner. DMF required for complete dissolution. To the resin was
2-tert-Butoxycarbonyl-6-allyloxy-3,4-dihydro-1H-iso- added the activated scaffold solution, followed by the

quinoline-1-carboxylic Acid (9b). Isolated as a yellow oil  addition of a slurry of DMAP (4.16 g, 33.0 mmol, 10 mol

in 95% vyield.'H NMR (300 MHz, CDC}) 6 7.39 (d,J = %) in 5 mL of dichloromethane. The reaction vessel was

8.4 Hz, 1H), 6.77 (ddJ = 8.5, 2.5 Hz, 1H), 6.78 (d) = capped, then placed on a reciprocal shaker. After 48 h, an

2.2 Hz, 1H), 6.08-5.96 (m, 1H), 5.49 (s, 1H), 5.39 (dd= aliquot of the resin was washed and exposed to a solution

17.2, 1.5 Hz, 1H), 5.33 (s, 1H), 5.27 (d#i= 10.4, 1.1 Hz, of FeCk in pyridine, a qualitative assay for unacylated resin
1H), 4.50 (d,J = 5.1 Hz, 2H), 3.8%3.61 (m, 2H), 2.97 15 The resin was filtered and washed with dichloromethane
2.68 (m, 2H), 1.46 (s, 9H); MS (EShvz 332 [(M — H)"]. (2 x 500 mL), DMF (2x 500 mL), MeOH (2x 500 mL),
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DMF (2 x 500 mL), dichloromethane (2 500 mL), MeOH
(2 x 500 mL), dichloromethane (2 500 mL), and MeOH
(2 x 500 mL). The resin was dried in vacuo overnight.
Quantitation of Resin Loading. Resin16 or 22 (300 mg)
was swollen and washed with dichloromethanex(8 mL),
then treated with a solution of 4-phenybenzoyl chloride (0.5
M) and diisopropylethylamine (1.0 M) in 5 mL of chloroform
for 24 h. After rinsing the resin with dichloromethane3),
dichloromethane/triethylamine (4:1), MeOH, and 1,4-dioxane
(x2), the resin was exposed to a solution of 2.0 M
n-butylamine in 1,4-dioxane for 24 h. The filtrate was
collected, and the ratio of produ86 to amide37 derived
from unacylated resiri5 was determined by HPLEUV
analysis at a wavelength of 214 nm.
BOC Deprotection. Support-bound esteiks or 22 (125
mg,~0.10 mmol) was washed with 1,4-dioxanex2. mL),
then treated with a solution of 4 N HCI in 1,4-dioxane (1

Bunin et al.

amide (21a).0Obtained as a tan powder after purification by
flash chromatography on Sj(felution solvent: 36-75%
EtOAc in hexanes)!H NMR (300 MHz, CDC}) 6 7.80-
7.69 (m, 1H), 7.56:7.40 (m, 2H), 7.32 (br s, 1H), 7.24 (d,
J=8.1Hz, 1H), 6.80 (s, 1H), 6.62 (s, 1H), 6.30 (br s, 1H),
6.19 (brs, 1), 5.96 (s, 1H), 4.53 (ddl= 15.7, 5.8 Hz, 1H),
4.39-4.33 (m, 1H), 3.96-3.64 (m, 2H), 3.85 (s, 6H), 2.89
2.79 (m, 2H);**C NMR (75 MHz, CDC}) 6 170.1, 169.0,
151.2, 148.6, 148.0, 142.1, 135.1, 134.5, 133.1, 130.6, 129.1,
126.1, 122.6, 111.3, 110.4, 110.2, 107.3, 57.0, 55.9, 55.8,
55.7,44.0, 36.6, 28.5; MS (ESt¥z490.6 [M+ H]*. Anal.
Calcd for G4H2CloN2Os: C, 58.91; H, 4.54; N, 5.72.
Found: C, 58.81; H, 4.43; N, 5.50.
6-Benzyloxy-2-(furan-2-carbonyl)-1,2,3,4-tetrahydroiso-
quinoline-1-carboxylic Acid Benzylamide (21b).Isolated
as a white solid after purification by flash chromatography
on SiQ, (elution solvent: 50% EtOAc in hexane$j NMR

mL). The reaction vessel was sealed, and the resulting slurry(300 MHz, CDC}) 6 7.51 (s, 1H), 7.437.12 (m, 11H), 7.05

was shaken on a reciprocal shaker for 1.5 he BThN HCI

(s, 1H), 6.85 (d,] = 8.4 Hz, 1H), 6.79 (s, 1H), 6.49 (s, 1H),

in 1,4-dioxane was allowed to drain, and the resin was 5.87 (s, 1H), 5.04 (s, 2H), 4.41 @,= 6.5 Hz, 2H), 4.28

washed with dichloromethane 2 1 mL) and DMF (2x 1
mL). After the final rinse, excess solvent was removed from
the resins prior to the addition of solutions of the activated
carboxylic acids.

A carboxylic acid (8, 0.375 mmol) was dissolved in
anhydrous DMF (0.95 mL) to give a 0.4 M solution. The
acid solution was treated with DIC (45.6 mg, 0.375 mmol),
followed by HOBtH,O (57.2 mg, 0.375 mmol) anhl,N-
diisopropylethylamine (0.13 mL, 0.75 mmol). The resulting
solution was allowed to stand fo=¥ min to generate the
active ester of the carboxylic acid, then the solution was
added to resin. The resulting slurry was shaken for 3@

3.84 (m, 2H), 3.02 (br s, 2H}3C NMR (75 MHz, CDC})
0 155.3, 145.0, 143.0, 132.2, 129.2, 123.0, 121.7, 121.1,
114.0, 113.9, 113.3,112.7,112.3,112.2,112.0, 108.8, 102.1,
99.3, 98.3, 96.3, 54.8, 42.9, 42.8, 28.4, 27.9; MS (ESD
465.2[M—H]~, 467.4 [M+ H] *, 489.2 [M+ Na] *. Anal.
Calcd for GoH26N204: C, 74.66; H, 5.62; N, 6.00. Found:
C, 74.45; H, 5.51; N, 5.79.
6,7-Dimethoxy-2-(4-oxo0-4-phenylbutyryl)-1,2,3,4-tet-
rahydroisoquinoline-1-carboxylic Acid (3-Hydroxyprop-
yl)amide (21c).Isolated as a white powder after purification
by reversed-phase preparative HPLC. The purified material
was partitioned between dichloromethane and aqueous

h at ambient temperature. The resin was then washed usingNaHCQ; to remove residual trifluoroacetic acitti NMR

the following solvents: DMF (2 1 mL); dichloromethane
(2 x 1 mL); 20% triethylamine in DMF (Z 1 mL); MeOH
(2 x 1 mL); dichloromethane (2x 1 mL); and finally,
pyridine (3x 1 mL).

2-N-Acyl-Tetrahydroisoquinoline Carboxamides (21

(300 MHz, CDC}) 6 7.98 (dd,J = 6.9, 1.5 Hz, 2H), 7.57
(t, J= 1.2 Hz, 1H), 7.47 (t] = 6.4 Hz, 2H), 7.14 (br tJ

= 5.4 Hz, 1H), 6.85 (s, 1H), 6.64 (s, 1H), 5.81 (s, 1H), 3.89
(t, = 3.7 Hz, 2H), 3.84 (s, 6H), 3.60 (§,= 5.4 Hz, 2H),
3.38 (t,J = 4.5 Hz, 2H), 3.15-2.87 (m, 4H), 2.65 (tJ =

and 24). The resins obtained as described above were 4.7 Hz, 2H), 1.65 (gJ = 5.9 Hz, 2H);*3C NMR (300 MHz,

swollen with pyridine, then treated with a 0.5 M solution of
an amine20 in pyridine (1.2 mL; 0.60 mmol~400 mol

CDCly) 6 199.9, 172.0, 171.3, 148.6, 147.8, 136.4, 133.5,
128.7, 128.1, 126.4, 123.7, 111.5, 110.8, 59.8, 57.2, 55.9,

%). The slurry was shaken on a reciprocal shaker at ambient42.5, 36.8, 33.8, 31.8, 28.5, 27.2; MS (E8i)z 455.2 [M

temperature for 4656 h. The solution was collected and
the resin was washed with methanol £2 350 uL). The

combined filtrate and washings were concentrated in vacuo.

The residue was dissolved in CHGIL mL) and added to
Varian “Chem-Elute Hydromatrix” diatomaceous earth in a
fritted reaction vessel, previously treated with either 500

of 2 N HCI or with 650uL of water. The CH{ solution

+ H]*. Anal. Calcd for GsHzoN.Og: C, 66.06; H, 6.65; N,

6.16. Found: C, 65.82; H, 6.51; N, 6.06.
4-(2-Acetyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquino-

lin-1-yl)- N-(2-methoxyethyl)benzamide (24a)lsolated as

a white powder after purification by reversed-phase HPLC,

followed by silica gel chromatographiid NMR (300 MHz,

CDCly) 6 7.68 (d,J = 8.2 Hz, 2H), 7.30 (d,J = 8.2 Hz,

was allowed to percolate by gravity through the diatomaceous 2H), 6.87 (s, 1H), 6.66 (s, 1H), 6.57 (br s, 1H), 6.48 (s, 1H),

earth ¢+15 min), then the source vessel was washed with
CHCl; (3 x 350uL), and each wash was transferred to the
support. The combined CHEéxtracts were then concen-

3.88 (s, 3H), 3.74 (s, 3H), 3.62 (t,= 4.5 Hz, 2H), 3.53 (m,
2H), 3.36 (s, 3H), 3.35 (m, 2H), 2.91 (ddi= 11.2, 5.4 Hz,
1H), 2.16 (s, 3H):33C NMR (75 MHz, CDC}) & 169.1,

trated in vacuo. Crude yields and weight-percent purities for 167.3, 148.3, 147.8, 146.0, 133.7, 128.9, 127.6, 127.4, 127.0,

products obtained in this manner are given in Table 3.
Analytical data for the purified compounds used in the
quantitative purity analysis is provided below.
2-(3,4-Dichlorobenzoyl)-6,7-dimethoxy-1,2,3,4-tetrahy-
droisoquinoline-1-carboxylic Acid (Furan-2-ylmethyl)-

126.4, 112.2, 77.3, 71.2, 58.9, 56.0, 54.3, 40.4, 39.7, 28.6,
21.7; MS (ESI)m/z 413.5 [M + H]". Anal. Calcd for
CoH2eN20s: C, 66.97; H, 6.84: N, 6.79. Found: C, 66.70;
H, 6.86; N, 6.66.
4-[6,7-Dimethoxy-2-(4-oxo-4-phenylbutyryl)-1,2,3,4-
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tetrahydroisoquinolin-1-yl]- N-(2-morpholin-4-yl-ethyl)-

benzamide (24b)lsolated as a white powder after purifica-
tion by reversed-phase HPLC, followed by chromatography

on silica gel;'H NMR (300 MHz, CDC}) 6 8.04 (dd,J =
6.8, 1.4 Hz, 2H), 7.68 (d) = 8.4 Hz, 2H), 7.57 (dd) =
7.3, 1.7 Hz, 1H), 7.567.44 (m, 2H), 7.32 (dJ = 8.4 Hz,

2H), 6.85 (s, 1H), 6.76 (t) = 5.4 Hz, 1H), 6.69 (s, 1H),
6.51 (s, 1H), 3.90 (s, 3H), 3.77 (s, 3H), 3.72 (t, 4H), 3:58
3.47 (m, 2H), 3.46-3.37 (m, 2H), 3.16-2.95 (m, 2H), 2.86

(t, J= 6.5 Hz, 2H), 2.83-2.72 (m, 2H), 2.58 (tJ = 5.7 Hz,
2H), 2.48 (br t,J = 2.5 Hz, 4H);3C NMR (300 MHz,

CDCl) 0 99.1, 170.3, 167.1, 148.2, 147.7, 145.9, 136.7,
133.3,133.1, 128.7, 128.5, 128.1, 127.7,127.0, 126.6, 126.4,
111.2, 66.3, 57.2, 55.9, 54.7, 53.2, 39.7, 35.6, 33.6, 28.4,

27.4; MS (ESI)m/z 586.0 [(M + H)*]; Anal. Calcd for

CzsH3oN306: C, 69.72; H, 6.71; N, 7.17. Found: C, 69.60;

H, 6.76; N, 7.03.

4-[6,7-Dimethoxy-2-(4-o0x0-4-phenyl-butyryl)-1,2,3,4-

tetrahydroisoquinolin-1-yl]- N-[3-(4-methyl-piperazin-1-

yl)-propyllbenzamide (24c).Isolated as a white powder after
purification by preparative reversed-phase HPLC. The puri-
fied material was partitioned between dichloromethane and
aqueous NaHCgxo remove residual trifluoroacetic acid, then
chromatographed again by normal-phase preparative HPLC;

IH NMR (300 MHz, CDC}) 8: 8.12 (br s, 1H), 8.00 (dd]
= 8.4, 1.5 Hz, 2H), 7.47 (dJ = 8.1 Hz, 2H), 7.55 (] =
7.3 Hz, 1H), 7.46 (dJ = 7.7 Hz, 2H), 7.28 (dJ = 8.4 Hz,

2H), 6.85 (s, 1H), 6.68 (s, 1H), 6.50 (s, 1H), 3.88 (s, 3H),

3.74 (s, 3H), 3.52 (br s, 2H), 3.42 (t,= 9.9 Hz, 2H), 2.82

(m, 2H), 2.54 (m, 10H), 2.22 (s, 3H), 1.76 (br s, 2H), 1.24

(br s, 2H), 0.85 (m, 2H)*C NMR, (300 MHz, CDC}) o:

199.2, 170.5, 167.3, 148.6, 148.0, 145.9, 137.0, 134.2, 133.3,
128.8,128.7, 128.3, 127.9, 127.7, 127.3, 126.9, 111.5, 58.2,
56.2,55.2, 55.0, 53.4, 46.2, 40.7, 39.9, 33.9, 28.7, 27.6, 24.7,

MS (ESI) m/z 613.1 [M + H]*. Anal. Calcd for GgHas

N4Os: C, 70.56; H, 7.24; N, 9.14. Found: C, 70.48; H, 7.06;
N, 8.92.
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