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Immobilized Aldehydes And Olefins in the Solid Support Synthesis of
Tetrahydroquinolines via a. Three Component Condensation.
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Abstract: Two novel and hlghly efficient solid _support (SS) versions of tetrahydroquinoline synthesis based on
the three component condensation reaction of aidehydes, anilines, and electron-rich olefins catalyzed by
trifluoroacetic acid were described. In the first version, 4-carboxybenzaldehyde was immobilized on Acid sensitive

MEthoxy BenzAldehyde (AMEBA) resin as the sohd—supportcd componem of this reaction. The procedure

provided tetrahydroquinolines in mgn yield (60-87%) and good purity (>80%). Further advancement of this solid-
phase synthesis was achieved by using resin-bound olefins (prepared from immobilized 4-hydroxybenzaldehyde,
and the corresponding Wittig reagents) with anilines, and aldchydes to afford the target products (61-85% yields,

>85% purity). Both SS approaches allowed the use of novel alkene, aniline, and aldehyde entries, thereby yielding a
diverse arrav Of tetrahvrlrnnmnnhnec © 1998 Elsevier Science Ltd. All rlﬂl’\f\ reserved.

Keywords: solid-phase synthesis; condensations; aldehydes; olefins.

Multiple component condensation (MCC) reactions are powerful tools for the fast assembly of
polysubstituted molecules, especially when applied to solid support synthesis.! Unlike linear libraries, the
number of structural analogs generated is dependent only on the number, and availability of inputs in MCC
reactions. MCC libraries are synthesized in a single chemical transformation, and thus, typically generated in a
parallel fashion.
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This approach is based on the three-component condensation (3CC) of substituted anilines, electron-rich olefins
and aldehvdec in the nrecence of an eauimolar amount of trifluoroacetic acid (TFA) in acetonitrile 3 Attemnts
and aigenyaes 1n the presence of an equimoiar amount of {rifiuoroacetic acid (1'A) 1 acetoniirile - Allemplts
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rich olefins.4 Of particular interest is the report by Kobayashi on the succesful application of polymer supported
Sc, and Yb catalysts for this three-component condensation.>

We were interested in utilizing the condensation shown in equation 1 for the synthesis of
tetrahydroquinolines on solid support.® Having the aromatic amine input as the anchoring site allowed us to
tether the carboxylate directly to the resin, and successfully complete the first solid support version of this 3CC.7
In order to further expand the scope of this solid support procedure, we decided to use a resin-bound aldehyde

as an input. The use of an electron-deficient aldehyde allowed the introduction of new olefin, and aniline
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In the optimized protocol, the 4-carboxybenzaldehyde (0.1 mol.) was stirred for 10 min with 0.12 mol.
of i-hydroxy-7-azabenzotriazoie (HOALt), and 0.i1 mol. of 1,3-diisopropyicarbodiimide (DIC) in 100 mL of
dry DMF. The AMEBA resin8 was treated with the resulting solution for 12 hrs. to afford the desired

immobilized aldehyde 1 (0.4 mM/g loading as determined by TFA cleavage, Scheme 1).
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The resulting resin 1 was reacted with aniline A, and cyclopentadiene a in MeCN in the presence of 1% TFA
for 12 hrs to afford the targeted tetrahydroquinoline 1Aa in 74% yield® (Scheme 2). Attempts to incubate the
reaction mixtures for longer periods, or to resubject the resin to freshly prepared mixtures of (A), and (a) in 1
% TFA neither improved the yield of the reaction nor purity of the desired product 1Aa. HPLC, and 'H NMR
analysis of the reaction mixtures revealed that the only impurity after the resin cleavage was the corresponding
Schiff base (2-7% by HPLC). Increasing the concentration of TFA from 1 % to 3 % resulted in the premature
uding DMF, dioxane, THF, and MeOH, were
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mM/g loading of the initial AMEBA resin 1). The best yields (72-87%) were achieved with the anilines
containing electron-withdrawing substituents, and the olefinic entries A, B, and D. The nature of the amine
immobilized on the AMEBA resin did not affect the yield or purity of the tetrahydroquinolines. Chemical yields?
are given in Scheme 3. The single major impurity detected in the reaction mixtures (\H NMR, HPLC) was the
corresponding Schiff base (5-10% yield), the postulated intermediate in this 3CC.3-5 The desired tetrahydro-
quinolines (>80% purity by HPLC) were isolated as single diastercomers after TFA cleavage. The relative
stereochemistry of the product: x. 1Be, Scheme 3) was determined by IH NMR. The relative trans orientatio

of Hp, H3, and H4 was estabhshed from the large vicinal coupling constants J» 3, and J3 4 =9.0 Hz .
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Scheme 3. The library of tetrahydroquinolines synthesized by three-component condensation of the resin-bound
4- Mf‘mvy‘m".za}debvﬂn with olefins A-E, and anilines a-e. Chemical yields corresponding to the

reaction with resin 2 are given in boxes.
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respectively. Reactions between F, and anilines a, and b did not af
whereas 3CC with ¢ afforded the Schiff base as the major product (ca. 70% GCMS yield) along with a small
amount of tetrahydroquinoline (10%), and the nonreacted aldehyde.
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To expand the utility of this solid support procedure, we used resin-bound olefins as inputs. Application
of the immobilized electron-rich olefin allowed the introduction of new aldehyde, and aniline inputs. In order to
maintain the diversity on the olefin site, we modified the Wang-resin bound 4-hydroxybenzaldehyde with Wittig
reagents (Scheme 4). In the optimized protocol, the Wang resin was added to a mixture of 4-
hydroxybenzaldehyde, PPh3, and DIAD in N-methylmorpholine to afford the target immobilized aldehyde (0.35
mM/g loading as determined by TFA cleavage). The aldehyde resin!? was added to a solution of Wittig reagent

(@)

I

-

PTE) 2 A rria T, IR ey P
(prepared from the corresponding phosphonium salt, and #-Buli) in THF to ywlu the desired POLYILCT-00una

styrene 3 (0.30 mM/g loading, ratio trans-/cis- = 90/10 according to IH NMR). Resin 3 was further reacted
with aniline a, and benzaldehyde A in acetonitrile in the presence of 1% TFA for 12 hrs, and cleaved to afford
the targeted tetrahydroquinoline 3Aa in 64% yield (determined by the cleavage of resin with 15% TFA/CH;Cl)
as a single diastereomer (HPLC).3.7:8 The relative stereochemistry of 3Aa was determined by |H NMR (the
large vicinal coupling constants J; 3 and J3 4 = 9.0 Hz indicated the relative frans orientation of H2, H3, and
H4).
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Conditions: a) PPhg, DIAD, NMM, 12 hrs.; b) PhaP=CHMe, dry THF, -20°C - R.T., 12 hrs.;
c) PhNH,(a), PhCHO (A),1% TFA in MeCN, 24 hrs.; d) 20% TFA in CHxClg, 45 min.
Scheme 4.

A library of 32 members (Scheme 5) was synthesized in parallel using the following optimized protocol; the
polymer bound olefins 3, and 4 were treated with anilines, and aldehydes in the MeCN/CH>Cl; system (9:1)
(CH,Cl, was added to increase the solubility of the intermediate Schiff bases), and 1% TFA in MeCN to afford
the desired tetrahydroquinoline products (85-95% purity by HPLC, and 1H NMR analysis). The yields of the

wara arhiavad with tha anilinag and aldahvdac rantaining slantran_withdrawing arniinme (antriec ' M » A
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3CC reaction. The nature of the immobilized styrenes (3 vs 4) affected neither the yield,nor the purity of tetrahy-
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Scheme 5. The library of tetrahydroquinolines synthesized by three-component condensation of the resin-bound
olefins 1 and 2 with anilines A-E and aldehydes a-e. Chemical yields corresponding to the reactions

with resin 2 are given in boxes.
droquinolines. Chemical yields are provided in Scheme 5. The single major impurity detected in the reaction
mixtures (1H NMR, HPLC) was the corresponding nonreacted styrene (5-10% yield).!! The purity of the
desired tetrahydroquinolines (>85% by HPLC) synthesized via this protocol was superior to that of similar
structures previously prepared by us’ (by approximately 5-15%, HPLC analysis).

In summary, we have described two novel, and highly efficient SS versions of the tetrahydroquinoline

synthesis based on the 3CC reaction of aldehydes, anilines, and electron-rich olefins catalyzed by TFA. In the

b

first version, 4-carboxybenzaldehyde, immobilized on AMEBA resin was a solid-supported component of the
20T Thic nmeeann wne Fannd ta nreavida trah Aaninali 7 1
3CC. This approach was found to provide tetrahydroquinolines in high yield (60-87%), and good purity

(>80%). In the second version, further advancement was achieved by using resin-bound olefins, prepared from
immobilized 4-hydroxybenzaldehyde, and the corresponding Wittig reagents. The targeted products were aiso
obtained in comparable yields (61-85%), and excellent purity (>85%). In both strategies, the yield of the product
was found to be directly related to the nature of the components in this 3CC. For example, the best yields of
tetrahydroquinolines were achieved with the aniline, or aldehyde inputs containing electron-withdrawing
substituents. In addition, the latest approach allowed the elimination of the imine impurity from the final product.
In both SS strategies the scope of alkene, aniline, and aldehyde entries was dramatically expanded, providing a

diverse array of the target compounds, superior to that reported previously for the solid support synthesis of
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Materials. All solid phase reactions were carried out at room temperature. Reagents were purchased from
Aldrich, and Acros, and used without further purification. Wang resin (loading 0.6 mmol/g) was purchased
from Novabiochem, and washed with DMF, MeOH, CH2CI2, and MeCN prior to use.

General Methods. All reactions were carried out in Alltech® vessels (100 mg of resin per reaction vessel).
Concentration of solutions after workup was performed by reduced pressure rotary evaporation. |H NMR
spectra were obtained on a Bruker 500 instrument with CDCl3 as the solvent. MS analysis (ES and CI modes)
was performed on a Perkin Elmer API 165 instrument. HPLC analysis was performed on a Beckman Gold

Analytic 126 apparatus with a diode array detector model 168 at the wavelengths of 220 nm and 254 nm. The
column employed was an Ultrasphere C18 cartridge 250mm x 4.6 mm. The solvent system was MeCN/H20

_____ | | ) [, S— mhavsrhanra o gy

General Procedure for Preparing 4-Carboxybenzaldehyde on AMEBA Solid Support. In the
optimized protocol, 4-carboxybenzaldehyde (0.1 mol) was stirred for 10 min with 0.12 mol of HOAt, and 0.11
mol of DIC in 1L of dry DMF. AMEBA resin® (100 g) was added. The resulting slurry was agitated for 12 hrs
on a Lab-Line orbit shaker, filtered, washed with DMF, MeOH, CH2Cl2_ and dried in vacuo to afford the
targeted immobilized aldehyde 1 (0.4 mM/g loading as determined by TFA cleavage).

General Procedure For Synthesis of Tetrahydroquinolines via Three-Component
Condensation on AMEBA Resin. This library was synthesized in parallel under the following reaction
conditions: the polymer bound 4-carboxybenzaldehyde 1 (250 mg of resin per reaction vessel, 0.4 mM/g

loading) was treated with 300 ul. of a 0.5 M solution of aniline, and 300 uL of a 0.5 M solution of alkene in
MalON ADD ] ~f a 20, enlitinn af TEA in MaO'N wac intradinecad and the mivinre wae agitated hy huuhhling
AVILAL LY, TUY Ae Ul QA & /U SULSUEULL ULl R & 02 111 AVIVLLY Wad iuduvuuLviuAl, Al uiiv JIRAtULCY wad asllal\/u v UuUUlllls
AT ALace NA L. tha sasiilttmnry macins vI7T0 L2Vt qeem A ol nd o2sl TYRATY RAMNTT MNEIT AV i RS R N P,
INZ. AILLCT 44 1IS., UC TCSUILIgE resin S HHHCICU, WdASIICO WILI LvIr, vicurn, Lo l)/, Arica i uic vacuulil

a?

u
oven, and treated with a 15% TFA/CH2Cl12 solution (2 mL per reaction vessel) to cleave the target

tetrahydroquinoline product. The resulting solution was collected, concentrated under reduced pressure
(attention! efficient liquid N2 trap), and the oily residue was triturated with Et20 to afford the desired
product as a solid.

General Procedure for Preparing Immobilized Styrenes on Solid Support. In the optimized
protocol, Wang resin (105 g, 0.58 mM/g loading) was added at 0°C to a gently stirred mixture of 4-
hydroxybenzaldehyde, PPhz DIAD (all reagents were 0.4 M in dry N-methylmorpholine, 1L overall volume).
The resulting slurry was stirred for 8 hrs. at OOC, and 16 hrs. at RT, filtered, washed with DMF, MeCH,

fais W el . iy b Conzecd 4le iy $nses b ] .,. srmmhilioad A1Adalherda (N 28 - NA/s landing ac tarrmimad la
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TFA cieavage). The aldehyde resin (20 g) was dried several times by coevaporation with dry toluene
immediately prior to use.!0 The dried resin was added to a gently stirred solution of Wittig reagent (0.2 M
solution in dry THF, 200 mL, prepared from the corresponding phosphonium salt, and n-BuLi) at -20°C
(water-ethyleneglycol bath) under Ar. The resulting slurry was stirred at this temperature for 6 hrs., and for an
additional 18 hrs. at RT, filtered, washed with 2% AcOH in DMF, DMF, MeOH, CH;Cly, dried in vacuo,
treated again with Wittig reagent , washed, and dried to afford the desired polymer-bound styrene 3 (0.30 mM/g
loading, ratio trans-/cis- = 90/10 according to 'H NMR).
General Procedure For Solid Support Synthesis of Tetrah

Component Condensation. This library was synthesize
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the polymer bound olefin 3 (250 mg of resin per reaction vessel, standard loading 0.30 mM/g) was treated with
500 ul. of a 0.5M solution of anilin nd S00 ul, of a 0.5M solution of aldehvde in a (9:1) Me CHAC) A
~ A W WrATEA UNAWIENAL WA MEAIALAAAWY Easws W r‘l-‘—d llllllllllllllllll Va mule} W ALl U \/.‘., AVAWNL N \.«ll‘\-{l‘

system (CH2Cl, was added for better solubility of the intermediate Schiff bases). 50mL of 1% TFA in MeCN
was introduced, and the mixture was agitaied by bubbling N». After 12 hrs., the resuliting resin was fiitered,
washed with DMF, MeOH, CH2Cl2, dried and treated with 15% TFA (2 mL per vessel) to cleave the targeted
tetrahydroquinoline product. The resulting solution was collected, concentrated under reduced pressure
(CAUTION! efficient liquid N2 trap), and the residue was triturated with Et;O to afford the desired solid
product (85-95% purity by HPLC, and 1H NMR analysis).

Selected Analytical Data:

i A (A (VY Mathavvathvllamidanhanvll.2a 4 & Oh_tatrahydern 2IT
L7 L S Il iN AT U@TIVAV U RIVAG UMY L JAMIIUUPUULL Y 1 JTUAyTyJy 7 UTLCLL Gl y UL U= J1a =
cuslanmantalalaninalnae (TAa) 78 Q mao 7A0) LIDT ™ s — £ Q0. 11T NIMD /7 TANTN. & A N 7oy 11NN
Cyliopenia € JQUInoOiiC anay. £3.0 Mg (7/470), nirLC R = J.006, "1 NIVIN (CU3ULUV) O .Uz (i, 1),
2.43 (m, 2H), 2.52 (m, 1H), 3.05 (m, 2H), 3.11 (m, 1H), 3.18 (m, 1H), 3.31 (d, J = 3.5 Hz, 1H), 3.54 (s,

3H), 5.52 (d, J = 3.5 Hz, 1H), 5.74 (d, J = 3.5 Hz, lH) 6.89-7.21 (m, 4H), 7.63 (d, J = 8.0 Hz, 2H), 7.84
(d, J = 8.0 Hz, 2H); ESI MS m/z 349 (M + Ht); 347 (M-H™).

(2R*,35* 4R™)-8-Methyl-4-(4-(2-methoxyethyl)amidophenyl)-3a,4,5,9b-tetrahydro-3H -
cyclopenta[c]lquinoline (1Ab): 26.1 mg (72%); HPLC tR = 5.95; 1H NMR: § 2.03 (m, 1H), 2.14 (s,
3H), 2.45 (m, 2H), 2.58 (m, 1H), 3.08 (m, 2H), 3.12 (m, 1H), 3.19 (m, 1H), 3.30 (d, J = 3.5 Hz, 1H), 3.56
(s, 3H), 5.54 (d, J = 3.5 Hz, 1H), 5.78 (d, J = 3.5 Hz, 1H), 6.84 (d, J = 8.0Hz, 1H), 6.98 (s, 1H), 7.11 (d, J

= $.0HZ, 1H), 7.67 (d, J = 8.0 Hz, 2H), 7.86 (d, J = 8.0 Hz, 2H); ESI MS m/z 363 (M + H¥); 361 (M-H*),
(AD¥ 10¥ ADF) Q@ Mrifliznranmmathol A (A (D smathaven thelNamidanhany N_12a A & Ok

(&LI\ I3 S9N 7=0= 1111HUUVLUHICLIRY 19 = (" &~I11] ulU)L_yCl.u_yx}auuuupucu_yl} JAdy Ry Iy T~

a_ g L B BFF B e TVt B rEA_N. AT Q107N LIDT £, 11T ATAAD . & Y AN S
tetranyadro-3H-cyciopentajc jquinoine (LAc): 33.7 mg (81%); APLC R = 6.73; *H NMR: o 2.00 (m,
1H), 2.41 (m, 2H), 2.58 (m, 1H), 3.04 (m, 2H), 3.07 (m, 1H), 3.17 (m, 1H), 3.29 (d, J = 3.5 Hz, 1H)

3.55 (s, 3H), 5.52 (d, J = 3.5 Hz, 1H), 5.75 (d, J = 3.5 Hz, 1H), 7.31 (d, J = 8.5Hz, 1H), 7.48 (s, 1H), 7.61
(d, J = 8.5Hz, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.84 (d, J = 8.0 Hz, 2H) ESI MS m/z 417 (M + Ht); 415 (M-
H+).
(2R*,38*,4R*)-8-Carbmethoxy-4-(4-(2-methoxyethyl)amidophenyl)-3a,4,5,9b-tetrahydro-
3H-cyclopentalclquinoline (1Ad): 35.7mg (88%); HPLC (R = 5.64; TH NMR: 8 2.06 (m, 1H), 2.42 (m,
2H), 2.61 (m, 1H), 3.06 (m, 2H), 3.18 (m, 1H), 3.25 (m, 1H), 3.31 (d, /= 3.5 Hz, 1H), 3.56 (s, 3H), 3.98

Wi, 1137, 1Ly 1%

(s, 3H), 5.51 (d, J = 3.5 Hz, 1H), 5.73 (d, J = 3.5 Hz, 1H), 7.38 (d, J = 8.5Hz, 1H), 7.51 (s, 1H), 7.63 (d, J

[o] CT = 1TT\ ’7(( 73 Y_Of\l”l' TN 7QA 71 T ... QN1 ALIN. EQY NAC /. ANVT /AA U+\¢ ANKS AA U+\

= 0.0z, inj, /.00 {4, J =0.UnZ, 2ri), /.04 (U, J = 0.V ﬂL, LL1), D1 V1D T/ VU7 \Qvl + 117 ), SV \Uivi-11 7 ).

- % %Y o o~ I A = ov oL X » ~wy
(2R*,35%,4R*)-8-Cyano-4-(4-(2-methoxyethyi)amidophenyi)-3a,4,5,9b-tetrahydro-3H -

cyclopenta[c]lquinoline (1Ae): 32.1 mg (86%); HPLC R = 5.72; 'H NMR: § 2.03 (m, 1H), 2.42 (m,
2H), 2.59 (m, 1H), 3.08 (m, 2H), 3.12 (m, 1H), 3.18 (m, 1H), 3.29 (d, J = 3.5 Hz, 1H), 3.57 (s, 3H), 5.56
(d, J = 3.5 Hz, 1H), 5.76 (d, J = 3.5 Hz, 1H), 7.28 (d, J = 8.5Hz, 1H), 7.35 (s, 1H), 7.58 (d, J = 8.5Hz,
1H), 7.62 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 8.0 Hz, 2H); ESI MS m/z 374 (M + H+); 372 (M-H*).
(2R*,3R*,4S*)-2-(4-(2-Methoxyethyl)amidophenyl)-4(3,4-dimethoxyphenyl)-3-methyl-
1,2,3,4-tetrahydroquinoline (1Ba): 32.7 mg (71%); HPLC R = 6.76; 1H NMR: & 0.85 (d, J = 8.0 Hz,
3H), 2.05 (m, 1H), 2.38 (m, 2H), 2.53 (4, J = 9.0Hz, IH), 3.05 (m, 2H), 3.35 (d, J =9.0Hz, 1H), 3.54 (s,

bkt 22y FEEes ARy ¥ T AEaSss 222 ablabVs Bl S=55 22375
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] = 8.0 Hz. 2H): ESI
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(2R*,3R*,457)-6- M thyl -(4-(2-methoxyethyl)amidophenyl)-4(3,4-dimethoxyphenyl)-3-
,3,4-tetrahydroquinoline (IBb): 30.9 mg (65%); HPLC iR = 6.81; !H NMR: & 0.88 (d, J =
Hz, 3H), 2.06 (m, 1H), 2.11 (s, 3H), 2.36 (m, 2H), 2.54 (d, J = 9.0Hz, 1H), 3.06 (m, 2H), 3.38 (d, J =
.OHz, 1H), 3.58 (s, 1H), 3.65 (s, 3H), 3.74 (s, 3H), 6.68-7.20 (m, 6H), 7.54 (d, J = 8.0 Hz, 2H), 7.72 (d,
J = 8.0 Hz, 2H); ESI MS m/z 475 (M + H*); 473 (M-H1).
(2R*,3R*,45%)-6-Trifluoromethyl-2-(4-(2-fluorophenethyl)amidophenyl)-4(3,4-
dimethoxyphenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (2Bc): 48.5 mg (82%); HPLC tR = 6.76;
TH NMR: § 0.92 (d, J = 8.0 Hz, 3H), 2.03 (m, 1H), 2.35 (m, 2H), 2.51 (d, J = 9.0Hz, 1H), 3.02 (m, 2H),

7.47 (4, J = 8.5Hz

334 (d, J=9.0Hz, 1H), , 3H), 3.75 (s, 3H), 6. m, 8H), , 1H), 7. 4 ,J=85Hz ,
1H), 7.61 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 8.0 Hz, 2H); ESIMS m/z 593 (M + H1t); 591 (M-H1)
cis-2-(4-(2-Methoxyethyl)amidophenyl)-4-(4-methylphenyl)-1,2,3,4-tetrahydroquinoline
(1Ca): 24.0 mg (60%); HPLC R = 6.02; lH NMR: § 2.03 (m, 2H), 2.12 (s, 3H), 2.39 (m, 2H), 2.68 (m,
1H), 3.07 (m, 2H), 3.37 (m, 1H), 3.52 (s, 3H), 6.81-7.23 (m, 8H), 7.49(d, J = 8.0Hz, 2H), 7.65 (d, J = 8.0

Hz, 2H); ESIMS m/z 401 (M + H*); 399 (M-H™).
cis-2-(4-(2-Fluorophenethyl)amidophenyl)-4-(4-methylphenyl)-1,2,3,4-tetrahydroquinoline
(2Ca): 28.8 mg (62%); HPLC (R = 6.14; IH NMR: § 2.05 (m, 2H), 2.14 (s, 3H), 2.35 (m, 2H), 2.64 (m,
1H), 3.11 (m, 2H), 3.35 (m, 1H), 6.78-7.38 (m, 12H), 7.53 (d, J = 8.0Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H);
ESIMS m/z 465 (M + H*); 463 (M—H"‘")

MS m/z 394 (M + H1); 392 (M-H*).
cis-2-(4-(2-Methoxyethyl)amidophenyl)-4-(2,5-dimethylphenyl)-1,2,3,4-tetrahydroquinoline
(1Eb): 29.5 mg (69%); HPLC R = 6.02; 'H NMR: § 2.01 (m, 2H), 2.08-2.14 (m, 9H), 2.28 (m, 2H), 2.56
(m, 1H), 3.01 (m, 2H), 3.26 (m, 1H), 3.47 (s, 3H), 6.83-7.21 (m, 6H), 7.54 (d, J = 8.0Hz, 2H), 7.72 d, J =
8.0 Hz, 2H); ESI MS m/z 429 (M + H); 427 (M-H™).
cis-2-(4-(2-Fluorophenethyl)amidophenyl)-4-(2,5-dimethylphenyl)-1,2,3,4-
tetrahydroquinoline (2Ea): 32.5 mg (68%); HPLC rR = 6.25; lH NMR: § 2.06 (m, 2H), 2.10 (s, 3H),

2.14 (s, 3H), 2.41(m, 2H), 2.71 (m, 1H), 3.12 (m, 2H), 3.42 (m, 1H), 6.75-7.38 (m, 11H), 7.46 (4, J =

8.0Hz. 2H). 7.70 (d. 7=8.0 ALY EQY AAQ wn /e ATO (N o LIHN. A777 /N U+
6.unz, 2nj), /./U 4, s = 0.V Hz, 2H); ESI MS mi/z 479 M+ HT); 477 J VI-rit ).
o oa~ -~ A A - ~ =— AW,
8-Cyano-2-(4-(2-methoxyethyi)amidophenyi)-4,4-diphenyi-1,2,3,4-tetrh ne (1Fe):

y 11

37.0 mg (76%); HPLC tR = 7.32; 'H NMR: 8 1.99 (m, 2H), 2.44 (m, 2H), 3.16 (m, 2H) 3.38 (m, 1H),
6.89-7.28 (m, 11H), 7.33 (d, J = 8.0Hz, 1H), 7.43 (d, J = 8.0Hz, 2H), 7.54 (d, J = 8.0Hz, 1H), 7.67 (d, J =
8.0 Hz, 2H); ESI MS m/z 488 (M + H1); 486 (M-H*).

(2R*,3R*,4S*)-2-Phenyl-4-(4-hydroxyphenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (3Aa):
yield 15.1 mg (64%); HPLC g = 8.14; TH NMR: 8 1.02 (d, / = 8.5 Hz, 3H), 2.09 (m, 1H), 242 (d,J =9.0
Hz, 1H), 3.57 (d, J = 9.0 Hz, 1H), 6.78 (d, J = 8.0 Hz, 2H), 6.85 (d, / = 8.0 Hz, 2H), 6.96-7.44 (m, 9H);

MSm/z316 M + H‘*‘\ 314 (M - H"'\

ML 21U
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(2R*,3R™,48")-2-(3-Methylphenyl)-4-(4-hydroxyphenyl)-3-methyl-1,2,3 4-
tetrahydroquinoline (3Ab): yield 16.5 mg (67%); HPLC g = 6.96; lH NMR: § 1.03 (d, J = 8.5 Hz, 3H),
2.10 (m, 1H), 2.13 (s, 3H), 242 (d, J =90 Hz, 1H), 3.57 (d,J =9.0 Hz, 1H), 6.75 (d, / = 8.0 Hz, 2H),
6.88 (d, J = 8.0 Hz, 2H), 6.96-7.34 (m, 8H); ESI MS m/z 330 (M + H1), 328 (M - HY).

(2R*,3R* 458%)-2. -(3,5-bistrifluoromethylphenyl)-4-(4-hydroxyphenyl)-3-methyl-1,2,3,4-

tetrahydroquinoline (3Ac): yield 24.0 mg (71%); HPLC rg = 8.23; 1H NMR: § 1.00 (d, J = 8.5 Hz, 3H),
2.08 (m, 1H), 2.45 (d, J =9.0 Hz, 1H), 3.63 (d, J =9.0 Hz, 1H), 6.77 (d, J = 8.0 Hz, 2H), 6.89 (d, J =
8.0 Hz, 2H), 6.96-7.23 (m, 4H); 7.47 (s, 2H), 7.59 (s, 1H); ESI MS m/z 452 (M + H*), 450 (M - H).

(2R*,3R*,45%)-2-Phenyl-4-(4-hydroxyphenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (3Ad):
yield 21.8 mg (78%); HPLC fg = 6.96; 1H NMR: § 1.05 (d, J = 8.5 Hz, 3H), 2.14 (m, 1H), 2.43 (d, J = 9.0
Hz, 1H), 3.69 (d, J =9.0 Hz, 1H), 3.98 (s, IH), 6.73 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 8.0 Hz, 2H), 6.95-

7.30 (m, 4H); 7.71 (d, J = 8.0Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H); ESI MS m/z 374 (M + H*), 372 (M - H*).

. \iil, FLAf, 7.7 1\, o UoUlldy ki), 1.0 \U, v UV XLy AXRJ, L0J1 UV MWL J 5T \UVL T 11 Jy, J74 (VL -~ &1
(ID¥* 2D%* A0™) £ MMt Tl P mhoo]l A A Lo Ao Lo 1Y 2 gL 12 A

(e ,IIL ,90 /-U-lviCillyIi*&~pPLUHLC I=@-{9-11YUroxypuncunylj=o=mecinyi=1,4,9,%-

4t L ___B______ 4 1 7L£17 . LIDT £ A4, 107 AT AT S 1. N4 s } 4 O LYY ATy
tetrahydro i {61%); HPLC ig = 6.45; ‘H NMR: 6 1.04 (d, J = 8.5 Hz, 3H),

\D =
o g
:L‘

5 (m, 1H), 2.11 (s, 3H), 2.32 (d, z, 1H), 3.58 (d, J =9.0 Hz, 1H), 6.76 (d, J = 8.0 Hz, 2H),
6.85 (d, J = 8.0 Hz, 2H), 6.89 (d, / = 8.0 Hz, 1H), 6.92 (s, 1H), 6.99-7.38 (1, 6H); ESI MS m/z 330 (M +
Ht), 328 (M - HY).
(2R*,3R*,48™)-8-Trifluoromethyl-2-(3-methylphenyl)-4-(4-hydroxyphenyl)-3-methyl-
1,2,3,4-tetrahydroquinoline (3Cb): yield 20.8 mg (70%); HPLC R = 6.76; 1H NMR: § 0.98 (d, J = 8.5
Hz, 3H), 2.10 (m, 1H), 2.44 (d, J = 9.0 Hz, 1H), 3.87 (d, J = 9.0 Hz, 1H), 6.74 (d, J = 8.0 Hz, 2H), 6.86

(d, ] =8.0Hz, 2H), 6.89 (s, 1H). 6.94-7.25 (m, 4H), 738 (d, J=90Hz, 1H),751(,J =90 Hz, 1H),

By v SV RRL, Laig, V.OUS Aiijy VT = J.V iid LAX)y

ESI MS m/z 398 M + Ht), 396 (M-H).

;an¥ an¥k ) ~

{(ZR",3R ",457 /-2-Phenyi-4-(4-hydroxyphenyi)-3-isobutyi-i,2,3,4-tetrahydroquinoiine (4Aa):
yield 16.3 mg (61%); HPLC fg = 8.11; 1H NMR: . (m, iH), 2.24 (d, j =9.0 Hz,
1H), 3.60 (d, J = 9.0 Hz, 1H), 6.73 (d, J = 8.0 Hz, 2H), 6. z, 2H), 6.96-7.29 (m, 9H); ESI
MS m/z 358 (M + H1), 356 (M - HH).
(2R*,3R*,45™)-6-Methyl-2-(4-carbmethoxyphenyl)-4-(4-hydroxyphenyl)-3-isobutyl-
1,2,3,4-tetrahydroquinoline (4Bd): yield 24.8 mg (77%); HPLC tg = 7.15; |H NMR: & 0.82-1.45 (m,

—
~
&
~
OC
o -
E

9H), 1.95 (m, 1H), 2.08 (s, 3H), 2.29 (d, J = 9.0 Hz, 1H), 3.63 (d, J = 9.0 Hz, IH), 6.75 (d, J = 7.5 Hg,
2H), 6.86 (d, J = 9.0 Hz, 2H), 6.96 (s, 1H), 7.11 (d, / = 8.0 Hz, 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.65 (d, J =
8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H); ESI MS m/z 430 (M + H), 428 (M - HH),
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