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Abstract: A novel asymmetric synthetic strategy to prepareary-
dihydroisoquinolinones has been developed througiglay regioselective Friedel-
Crafts alkylation of benzylamine derivatives witiiR{-a-bromo arylacetates and
subsequent facile lactamization. In addition, ditieht asymmetric synthesis of 2-
aryl morpholinones is demonstrated with 2-aminoathaderivatives using the
same convenient substitution-lactamization protocol



1. Introduction

Tetrahydroisoquinolines constitute a broad clasgasheworks in biologically active materidisn
particular, 4-aryl substituted tetrahydroisoquinel attract substantial attention due to theirrgote
neuropharmacological activitié$!® Some notable examples of this class of compoundside
nomifensine, dichlofensine, latifine and cheryllfriBespite their enantioselective pharmacological
activities, the studies on the asymmetric synthesigl-aryl tetrahydroisoquinolines have been
sparsely reported in the literaturéThe asymmetric synthetic methods used include the
stereoselective protonation of lactam enol&t€8Friedel—Crafts alkylatioti**and Suzuki coupling

of aryl boronic acid® Although these methods are generally reliable effieient stereocontrol of
the gem-diarylmethine C(4)-stereogenic center remainslehging in asymmetric synthesis. In this
paper, we present the highly regioselective areAd Bond functionalization of benzylamine
derivatives with configurationally labile-bromo arylacetates for the asymmetric synthesi& afyl-
1,4-dihydroisoquinolin-3(R)-ones, which could be easily reduced to provide dbrresponding 4-
aryl-tetrahydroisoquinoline. In addition, we have/gstigated the reactions of arene nucleophiles
bearing a competing alcohol nucleophile and thateel reactions ai-bromo phenylacetate witl+
aminoethanol-derived nucleophiles were presented the asymmetric synthesis of 2-aryl-

morpholin-3-one derivatives.
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Figure 1. Retrosynthetic analysis for asymmetrapparation of 4-aryl-dihydroisoquinolinones.

Our new strategy to construct the enantioenrichadyl substituted dihydroisoquinolinone
is based on the regioselective Friedel-Crafts aliyh at theortho-position of benzylamine
derivatives witha-bromo arylacetates, followed by lactamization raffeprotection as shown in
Figure 1. We previously reported that highly diestenricheddR)-a-bromo arylacetates (>99:1 dr)
were obtained as a solid through crystallizatiodugsed dynamic resolution (CIDR) using-

benzoyl-L-threonine isopropyl ester and then dgwedb as generally useful optically pure
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electrophiles in various substitution reactid#i%. For the substitution to be of asymmetric syntheti
value, the substitution should occur fast with ee$pto the epimerization ofaR)-a-bromo
arylacetate under the reaction conditions. Theegfdhe use of highly reactive benzylamine
derivatives bearing electron donating substituemshe arene group is necessary for the efficient
preparation of highly enantioenriched dihydroisomlinones’® In addition, due to the existence of a
potentially unstable diaryl substituted stereoceaferoducts, the use of mild reaction conditiagms
needed for both the alkylation and the lactamizateaction$®

A major challenge involved in the Friedel-Craftkyddition of the benzylamine derivative is
the control of the regioselectivity for the reaatiat one of multiple arene C—H bonds. When two
electron-donating substituents are already presieeg,may have cooperating or conflicting directing
effects on the third substitution. For the desiledtamization depicted in Figure 1, highly
regioselective C-H functionalization at tbeho-position to the aminomethyl substituent is recdiire
to minimize waste production and enhance synthefficiency. Installing a carbonyl protecting
group on the aminomethyl substituent could be anatisn for directing the alkylation airtho-
position. Based on our previous studies investigathe reactions ofi-bromo arylacetates, we
envisaged that the efficient asymmetric synthesig-aryl-dihydroisoquinolinone would be possible
through the regioselective Friedel-Crafts alkylatimf meta-electron donating group substitutisd
Boc-benzylamines in the presence of AgOTf and wsthbsequentN-Boc deprotection and

lactamization under mild conditions.

2. Resultsand Discussion

In our initial model studies with 3-methylanisolehich has two activating substituents, the Friedel-
Crafts alkylation with R)-a-bromo phenylacetateld) in the presence of AgOTf (1.0 equiv) in
CHCI; successfully afforded the desired prod2ian 95% vyield with 90:10 dr (diastereomeric ratio)
after 3 h. However, as shown in Scheme 1, the imagbroduced two regioisomers in a
regioisomeric ratio (rr) of 74:26The structure of major regioisom@rwas confirmed after the
conversion td\-benzyl-2-(4-methoxy-2-methylphenyl)-2-phenylacei@enby the comparison of H-
NMR with the authentic compourfflA strongly activating methoxy substituent is thajon director
over a weakly activating methyl substituent. Undbe same conditions, the reaction of 4-
methylanisole does not afford the substitution paddThe results indicate that the presence of a
strong electron-donating group at timeta-position of benzylamine is necessary for our stygtto
build a dihydroisoquinolinone scaffold and the irdré low regioselectivity can be a potent problem

hindering the development of practical syntheti¢hods.
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Scheme 1. Regioselective Friedel-Crafts alkylatiath (aR)-a-bromo phenylacetate

Encouraged by recent reports of the highistho-selective C-H functionalization of
benzylamine derivatives by employing a directingug® we next examined whether incorporating
theN-Boc aminomethyl group into the arene nucleophale affect the regioselectivity. WhéhBoc
3-methoxybenzylamine was treated wittR)-1a and AgOTf for 3 h, we observed that ttxeho-
alkylated regioisomeB was exclusively isolated in 91% vyield with a higltr of 96:4, as was
desired. Further, we investigated whether instglline O-Ac hydroxyl group helped in directing
reactions toward aartho-substituted product. Interesting high regioseldistiwas also observed in
the reaction ofD-acetyl 3-methoxybenzylalcohol under the same ¢ to afford4 exclusively
with 99:1 dr. In order to understand the possilolie of the carbonyl groups IN-Boc andO-Ac
protection, we conducted the reaction of 3-methexylyl ethyl ether with no carbonyl group under
the same conditions and obtained the substitutrodyzt5 with a regioisomeric ratio (rr) of 80:20
with 92:8 dr. Although the origin of the high reg@ectivity in the syntheses 8fand4 currently
remains unclear, the coordination of tNeBoc or O-Ac directing group to the silver ion may be
crucial in bringing the Lewis acid catalyst in pioxty to theortho C-H bond to activate, therefore,

ensuring high levels of regioselectivity and stesectivity?
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Scheme 2. Substitution-lactamization protocol forsymrametric synthesis of 4-aryl-
dihydroisoquinolinones

Following simple N-Boc deprotection with trifluoroacetic acid (TFA)ntramolecular
lactamization to remove the chiral auxiliary wasassfully completed within 1 h in the presence of
Et:N to ultimately afford R)-dihydroisoquinolinoné in 89% vyield with 96:4 ef.We next examined
a simple procedure that does not involve purifaratdf the substitution produBtand instead uses
the crude material in the following lactamizatidaps After the reaction mixture was rapidly filtdre
through silica gel, subjecting the crude mixture tkee deprotection and cyclization afforded
dihydroisoquinolinones in a comparable overall yield of 79% as shown ameBne 2. Using the
optimized substitution-lactamization protocol, theactions of two 3-methoxybenzylamine
derivatives with two different-bromo arylacetateth and1c were carried out to examine the effect
of changing the substituents on the two aromatigsriof reactants. The reactions @R)-1a with N-
Boc-3,4-dimethoxybenzylamine and  N-Boc-3,5-dimethoxybenzylamine produced
dihydroisoquinolinones/ and 8, respectively, with a slightly higher er of 97:B1 addition,

dihydroisoquinolinone® and 10 were obtained with 95:5 er and 94:6 er from thectieas of N-
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Boc-3,4-dimethoxybenzylamine with 4-bromoaryl sitbhstd a-bromoacetatelb and 4-chloroaryl
substitutedr-bromoacetatéc, respectively. The results indicate that the e of the substituents
of the two aryl groups of reactants did not sigafitly influence the er of 4-aryl-
dihydroisoquinolinones.
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Scheme 3. Asymmetric SynthesisNetilkyl substituted 4-aryl-dihydroisoquinolinones.

The scope of the substitution-lactamization protecas further extended to the synthesis of
variousN-substituted dihydroisoquinolinones as shown inegof 3. The reactions odR)-1a with
N-allyl,  N-benzyl or N-methyl substituted N-Boc  3-methoxybenzylamine  gave
dihydroisoquinolinone4l, 12 and13, respectively, in 61-51% yields with ers of 91r@i®0:10. The
reactions were somewhat slower most likely duentodteric effect of thél-alkyl groups than the

reactions of nucleophiles bearing Nesubstituent shown in Scheme 2 and consequentlyestho
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lower yields and ers 011-13 under the same conditions. The diminished ers atdi¢hat the
substitution was not sufficiently fast in termstioé epimerization, and the competitive epimerizatio
of (aR)-1a led to a slight reduction of enantioselectiviti®hen N-substituted nucleophiles are
activated with two methoxy groups, the same prdt@rovided improved ers of products. The
reactions of ¢R)-la with N-allyl, N-benzyl, N-methyl or N-n-propyl substitutedN-Boc-3,4-
dimethoxybenzylamine gave dihydroisoquinolinofddsl15, 16 and17 with 96:4 er, 94:6 er, 96:4 er
and 92:8 er, respectively. The protocol was readiyended toN-allyl substitutedN-Boc-3,5-
dimethoxybenzylamine to give dihydroisoquinolinat&in 48% vyield with 96:4 er. This synthetic
strategy enables the convenient preparation ofiyighantioenrichedN-alkyl substituted 4-phenyl-
dihydroisoquinolinones.

In a recent study, we reported that alcohols @anded as a nucleophile for the substitution
of a-bromo arylacetates in the presence of Lewis dcitlith the substitution-lactamization protocol
investigated for 3-methoxybenzylamine derivativeége were curious to know the competing
reactivity of alcohol nucleophiles towards C—O bdadming reactions. As shown in in Scheme 4,
compounds bearing two competing nucleophiles arene and alcohol were examined. The
substitution-lactamization withN-Boc-N-(3-methoxybenzyl)-2-aminoethanol19a) gave two
products20a and20b in a ratio of 75:25. Morpholinon2da was produced in 45% yield with 94.6 er,
while dihydroisoquinolinon@0b was produced in 17% yield with 91:9 er. The elgulile, a-bromo
phenylacetate, was preferentially attacked by tlsehal nucleophile and underwent subsequent
lactamization after removing Boc protection to gi2ghenyl-morpholin-3-on€0a as a major
product. The observed chemoselectivity between different reactive functional groups in a
nucleophile is based on the innate reactivitiedwad competing nucleophiles. In this case, the
presence of the additional electron-donating metlgymgup on the arene was sufficient to ensure the
differentiation of two nucleophiles, and therefsmitch chemoselectivity. The reactionBoc-N-
(3,4-dimethoxybenzyl)-2-aminoethandl9p) gave dihydroisoquinolinon@l exclusively in 71%
yield with 92:8 er. In addition, the reaction ofhrBthoxybenzylalcohol was carried out to examine
the competing reactivities between the arene amdytie alcohol. Under the same conditions, the
reaction produced racemic 4-phenyl-isochromandddn 83% yield through the Friedel-Crafts
reaction and spontaneous cyclization to give toeote® Due to the poor nucleophility of benzylic
alcohol? the substitution occurred preferentially with @rene nucleophile. By sharp contrast, the
reaction of ¢R)-1a with N-Boc-N-benzyl-2-aminoethanoll9c) exclusively produced morpholin-3-
one23in 76% yield with 96:4 er as shown in Scheme 5. Jiastitution with the aliphatic alcohol is

substantially faster than that with arene nuclelepbéaring no strongly activating substituents. The



results shown in Scheme 4 and 5 indicate that tistgution ofa-bromo arylacetate with the
nucleophile bearing two competing nucleophilic fiilmeal groups offers strategies for the
asymmetric synthesis of two different chiral lacsandihydroisoquinolinone and morpholinone,

switching chemoselectivity within the similar presors.
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Scheme 4Chemoselective reactions of two competing nucldephi

The related asymmetric synthesis of 2-phenyl malipi8-one was achieved using the
substitution-lactamization ofiR)-1a with N-Boc-2-aminoethanollQd) to give24 in 70% yield with
96:4 er as shown in Scheme 5. Given the prevalemze importance of highly substituted
morpholinones? we applied the synthetic protocol to the asymroepieparation of 2,5-
disubstituted morpholinones using 2-alkyl-2-amiha@iols19e-i as nucleophiles. The substitutions
of (aR)-1la with L-phenylalanine, L-leucine, L-valine or L-alae-derivedN-Boc-2-aminoethanol
(19e, 19f, 19g or 19h) and subsequent lactamization respectively affibrds-2,5-disubstituted
morpholinones?5, 26, 27 and28 in good yields with 99:1 dr. Compared to the sitosbn for the

preparation oR4, a much higher stereoselectivity of 99:1 dr wasenbed in the substitution witk+
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Boc-2-(§)-alkyl-2-aminoethanol49e-h under the same reaction conditions. No stereerifftiation
was observed in the reaction with D-alanine-derive®oc-2-[R)-methyl-2-aminoethanol 10i).
Using the same protocdi,ans-5-methyl-2-phenyl-morpholin-3-on20 was obtained in 88% vyield
with 99:1 dr. The relative configurations 28 and29 were confirmed by the comparison of H-NMR

with the authentic compound after the reductiothscorresponding morpholin&s.
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Scheme 5. Substitution-lactamization for the sysithef 2-aryl-morpholinones

3. Conclusions

We report a novel asymmetric synthetic method fawo t chiral lactams, 4-aryl-
dihydroisoquinolinones and 2-aryl-morpholinones,clhhas been rarely reported in the literature.
The synthetic strategy for 4-aryl-dihydroisoquimolnes has been developed through the Friedel-
Crafts alkylation olN-Boc-benzylamine derivatives witirbromo arylacetates and subsequent facile
lactamization. The highly regioselective and faskylation at the ortho-C-H bond of 3-

methoxybenzylamine derivatives and the conveniaatamization under mild reaction conditions
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are crucial factors to achieve the observed extgtieoduct yields and stereoselectivities. In addit

the convenient substitution-lactamization protoe@s also useful for the preparation of highly
enantioenriched 2-aryl-morpholinones wit+Boc-2-aminoethanol derivatives. Notably, to our
knowledge, we have presented the first general amtnic synthetic method for 2-aryl-morpholin-3-
ones. Furthermore, we simply demonstrate that thestgution of a-bromo arylacetate with the

nucleophile bearing two competing nucleophilic fiimgal groupsj.e. arene and alcohol, can offer
strategies for the asymmetric synthesis of the different lactams, switching chemoselectivity
within the similar precursors. Considering the impnce of the dihydroisoquinolinones and
morpholinones in various ranges of biologically gt substances, this operationally simple

methodology should be useful for a number of apibns in a variety of fields.

4. Experimental

General Methods: All reactions were performed in oven-dried glaswander nitrogen atmosphere.
All chemicals were obtained from commercial souraed were used as received. Analytical thin
layer chromatography (TLC) was performed on siljed plates with QF-254 indicator and TLC
visualization was carried out with UV-light. Flasblumn chromatography was performed with 230—
400 mesh silica getH and**C NMR spectra were acquired on Bruker (400 MHz 100.6 MHz
3C) spectrometer using chloroforth{CDCls) as the internal standard. Chemical shifis dre
reported in ppm relative to chloroforch(7.26 ppm*H, 77.07 ppm-3C). Multiplicities are indicated
by: s (singlet), d (doublet), t (triplet), g (quatitand br (broad). Coupling constarisdre reported

in Hz.

|. General Procedure for the asymmetric preparation of dihydroisoquinolinones 6-21: To a
solution of L-threonine-derived-bromo esteda-c (1.0 equiv, >99:1 dr) at room temperature were
added AgOTTf (1.2 equiv) and benzylamine nucleopfiieequiv). After the mixture was stirred at rt
for 3 h in the least possible amount of solvent,GGHthe resulting mixture was filtered through
silica gel, and concentrated under reduced presstie crude material was stirred in 50%
trifluoroacetic acid/CHCI, at room temperature for 1 h, washed with saturateHCQ; solution,
dried with anhydrous MgS{) and concentrated under reduced pressure. Afeenrtixture was
treated with BN (2 equiv) in CHCI, for 1 h and concentrated under reduced presshee, t
chromatographic separation of the mixture on silpa afforded a highly enantioenriched
dihydroisoquinolinone@-21). The ers of products were determined by CSP-HPLC.

7-M ethoxy-4-phenyl-1,4-dihydroisoquinolin-3-one (6): 79% vyield;'H NMR (CDCk, 400 MHz)
7.29-7.22 (m, 4H), 7.17-7.15 (m, 2H), 7.03-7.01 1), 6.84-6.82 (m, 1H), 6.74-6.73 (m, 1H), 4.75
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(s, 1H), 4.51 (dJ = 16.0 Hz, 1H), 4.31 (dd,= 16.0 and 4.0 Hz, 1H), 3.81 (s, 34 NMR (CDCL,
100 MHz) 173.2, 158.7, 139.0, 132.8, 129.9, 12828.0, 127.3, 127.2, 113.8, 110.6, 55.4, 51.7,
45.2. The spectral data were identical to thosd@futhentic material reported previodSRHPLC:
96:4 er,tr (R-major enantiomer, 18.4 miriz (S-minor enantiomer, 23.8 min (Chiralcel OJ-H
column; 40% 2-propanol in hexane; 0.5 mL/min).
6,7-Dimethoxy-4-phenyl-1,4-dihydroisoquinolin-3-one (7) 85% vield:*H NMR (CDCk, 400 MHz)
7.91 (br, 1H), 7.29-7.16 (m, 5H), 6.78 (s, 1H),5(5, 1H), 4.69 (s, 1H), 4.50 (d= 16.0 Hz, 1H),
4.31 (dd,J = 16.0 and 4.0 Hz, 1H), 3.89 (s, 3H), 3.78 (s,;3f¢ NMR (CDCE 100 MHz) 173.0,
148.7, 148.2, 139.3, 128.7, 128.0, 127.2, 127.6,5,2111.1, 108.2, 56.0, 55.0, 51.8, 44.8; HRMS:
calcd. for G/HigNOs [M*+1] 284.1287; found 284.1285; Chiral HPLC: 97:3 #&r,(R)-major
enantiomer, 21.7 ming (S-minor enantiomer, 16.5 min (Chiralcel OJ-H colymf% 2-propanol in
hexane; 0.5 mL/min).

5,7-Dimethoxy-4-phenyl-1,4-dihydroisoquinolin-3-one (8) 69% yield;*H NMR (CDCk, 400 MHz)
7.66 (br, 1H), 7.25-7.15 (m, 5H), 6.38 (= 2.4 Hz, 1H), 6.32 (d] = 2.4 Hz, 1H), 5.02 (s, 1H), 4.51
(d,J = 16.0 Hz, 1H), 4.24 (dd,= 16.0 and 4.4 Hz, 1H), 3.81 (s, 3H), 3.69 (s,:3fg NMR (CDC},
100 MHz) 173.6, 160.0, 157.7, 138.8, 133.8, 128%.,6, 126.9, 116.4, 101.3, 97.6, 55.6, 55.5, 46.1,
45.3; HRMS: calcd. for GH1gNO; [M*+1] 284.1287; found 284.1289; Chiral HPLC: 97:3te(R)-
major enantiomer, 76.0 mirg (S-minor enantiomer, 57.8 min (Chiralcel OD colun#Q% 2-
propanol in hexane; 0.5 mL/min).
6,7-Dimethoxy-4-(4-bromophenyl)-1,4-dihydroisoquinolin-3-one (9) 72% vyield;*H NMR (CDCE,
400 MHz) 7.40 (dJ = 8.8 Hz, 1H), 7.21 (br, 1H), 7.04 @z= 8.8 Hz, 1H), 6.70 (s, 1H), 6.51 (s, 1H),
4.66 (s, 1H), 4.51 (dl = 16.0 Hz, 1H), 4.35 (dd,= 16.0 and 3.6 Hz, 1H), 3.90 (s, 3H), 3.79 (s,;3H)
3C NMR (CDCE, 100 MHz) 172.1, 148.9, 148.4, 138.2, 131.8, 12924,.3, 123.2, 121.4, 111.1,
108.2, 56.1, 56.0, 51.1, 44.9; HRMS: calcd. farHG;BrNOs; [M*+1] 362.0392; found 362.0389;
Chiral HPLC: 95:5 ertr (R-major enantiomer, 19.4 mirtzy (S-minor enantiomer, 17.1 min
(Chiralcel OJ-H column; 40% 2-propanol in hexan&;L/min).
6,7-Dimethoxy-4-(4-chlorophenyl)-1,4-dihydroisoquinolin-3-one  (10) 89% yield; *H NMR
(CDCls, 400 MHz) 7.59 (br, 1H), 7.25 (d,= 8.4 Hz, 1H), 7.10 (d) = 8.4 Hz, 1H), 6.69 (s, 1H),
6.51 (s, 1H), 4.67 (s, 1H), 4.50 M5 15.6 Hz, 1H), 4.34 (dd,= 15.6 and 3.6 Hz, 1H), 3.90 (s, 3H),
3.79 (s, 3H);*C NMR (CDCk, 100 MHz) 172.5, 148.9, 148.4, 137.7, 133.2, 12928.8, 126.3,
123.3, 111.1, 108.3, 56.1, 56.0, 51.0, 44.8; HRM#cd. for G/H17CINO3 [M*+1] 318.0897; found
318.0899; Chiral HPLC: 94:6 et (R)-major enantiomer, 17.5 mig (S-minor enantiomer, 15.0
min (Chiralcel OJ-H column; 40% 2-propanol in hega®.5 mL/min).
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2-Allyl-7-methoxy-4-phenyl-1,4-dihydroisoquinolin-3-one (11) 51% yield;*H NMR (CDCk, 400
MHz) 7.26-7.05 (m, 6H), 6.87-6.84 (m, 1H), 6.76%.(m, 1H), 5.78-5.68 (m, 1H), 5.16-5.06 (m,
2H), 4.85 (s, 1H), 4.48 (d,= 16.0 Hz, 1H), 4.23-4.17 (m, 2H), 4.03 (dds 15.6 and 6.0 Hz, 1H),
3.82 (s, 3H):**C NMR (CDCE 100 MHz) 170.1, 158.7, 138.9, 133.1, 132.4, 12928.6, 127.8,
127.7, 127.1, 117.7, 113.8, 110.6, 55.4, 52.3,,48%84; HRMS: calcd. for GHxoNO, [M*+1]
294.1494; found 294.1494; Chiral HPLC: 91:9tar(R)-major enantiomer, 17.8 mitg (S)-minor
enantiomer, 23.6 min (Chiralcel OJ-H column; 40%r@panol in hexane; 0.5 mL/min).
2-Benzyl-7-methoxy-4-phenyl-1,4-dihydroisoquinolin-3-one (12): 61% yield;:*H NMR (CDCE,
400 MHz) 7.19-7.08 (m, 10H), 7.03-7.00 (m, 1H),8®80 (m, 1H), 6.62 (s, 1H), 4.94 (s, 1H), 4.76
(d, J = 2.8 Hz, 1H), 4.45 (d) = 16.0 Hz, 1H), 4.17 (d] = 16.0 Hz, 1H), 3.83 (s, 3H}’C NMR
(CDCl3 100 MHz) 170.4, 158.7, 139.1, 136.7, 132.9, 12928.7, 128.6, 127.9, 127.8, 127.5, 127.4,
127.2, 113.9, 110.5, 55.4, 52.3, 50.2, 50.0. Tleetspl data were identical to those of the autkenti
material reported previous!.Chiral HPLC: 90:10 erir (R)-major enantiomer, 25.1 mirng (S)-
minor enantiomer, 36.4 min (Chiralcel OJ-H colum@®o 2-propanol in hexane; 0.5 mL/min).

7-M ethoxy-2-methyl-4-phenyl-1,4-dihydroisoquinolin-3-one (13) 54% yield; '"H NMR (CDCk,
400 MHz) 7.27-7.11 (m, 5H), 7.04-7.02 (m, 1H), 6886 (m, 1H), 6.75 (s, 1H), 4.81 (s, 1H), 4.61
(d, J = 16.0 Hz, 1H), 4.26 (d] = 16.0 Hz, 1H), 3.82 (s, 3H), 3.07 (s, 3Hjc NMR (CDCk, 100
MHz) 170.2, 158.6, 139.4, 132.6, 129.6, 128.6, 92727.7, 127.1, 113.9, 110.4, 55.4, 52.6, 51.9,
34.9; HRMS: calcd. for GH1gNO, [M*+1] 268.1338; found 268.1339; Chiral HPLC: 90:10ter
(R)-major enantiomer, 22.1 mitg (S-minor enantiomer, 25.3 min (Chiralcel OJ-H columMQ% 2-
propanol in hexane; 0.5 mL/min).

2-Allyl-6,7-dimethoxy-4-phenyl-1,4-dihydroisoquinolin-3-one (14) 61% vyield:'H NMR (CDCE,
400 MHz) 7.29-7.14 (m, 5H), 6.72 (s, 1H), 6.601(d), 5.78-5.69 (m, 1H), 5.16-5.07 (m, 2H), 4.81
(s, 1H), 4.49 (d) = 15.6 Hz, 1H), 4.24-4.17 (m, 2H), 4.01 (dds 15.6 and 6.0 Hz, 1H), 3.90 (s,
3H), 3.81 (s, 3H)*C NMR (CDCk 100 MHz) 169.7, 148.9, 148.2, 139.1, 132.5, 128%.8,
127.4, 127.2, 123.7, 117.6, 111.0, 108.2, 56.10,58.5, 49.5, 49.4; HRMS: calcd. fopd,,NO;
[M*+1] 324.1600; found 324.1604; Chiral HPLC: 96:4tg(R)-major enantiomer, 21.0 mity (S-
minor enantiomer, 18.4 min (Chiralcel OJ-H colum@% 2-propanol in hexane; 0.5 mL/min).
2-Benzyl-6,7-dimethoxy-4-phenyl-1,4-dihydroisoquinolin-3-one (15) 58% yield;'H NMR (CDCE,
400 MHz) 7.30-7.12 (m, 10H), 6.62 (s, 1H), 6.601(l), 4.89 (s, 1H), 4.75 (d, = 15.2 Hz, 1H),
4.65 (d,J = 15.2 Hz, 1H), 4.43 (dl = 15.6 Hz, 1H), 4.16 (dl = 15.6 Hz, 1H), 3.85 (s, 3H), 3.80 (s,
3H); **C NMR (CDCk, 100 MHz) 170.0, 148.9, 148.2, 139.2, 136.7, 12827.9, 127.8, 127.5,
127.2, 123.5, 110.9, 108.1, 56.0, 52.5, 50.2, 4d@MS: calcd. for GH2NOs [M*+1] 374.1756;
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found 374.1755; Chiral HPLC: 94:6 &%, (R)-major enantiomer, 36.1 mity (S-minor enantiomer,
28.1 min (Chiralcel OJ-H column; 40% 2-propanohaxane; 0.5 mL/min).
6,7-Dimethoxy-2-methyl-4-phenyl-1,4-dihydroisoquinolin-3-one (16): 63% yield; '"H NMR
(CDCls, 400 MHz) 7.29-7.14 (m, 5H), 6.72 (s, 1H), 6.571(), 4.77 (s, 1H), 4.62 (d,= 15.6 Hz,
1H), 4.26 (dJ = 15.6 Hz, 1H), 3.90 (s, 3H), 3.79 (s, 3H), 3.673H);**C NMR (CDCk, 100 MHz)
169.8, 148.9, 148.2, 139.5, 128.6, 127.9, 127.2,112123.3, 110.9, 108.0, 56.1, 56,0, 52.3, 52.1,
34.9. The spectral data were identical to thos@futhentic material reported previou$fChiral
HPLC: 96:4 erfr (R)-major enantiomer, 21.4 mitg (S-minor enantiomer, 19.7 min (Chiralcel OJ-
H column; 40% 2-propanol in hexane; 0.5 mL/min).
6,7-Dimethoxy-4-phenyl-2-propyl-1,4-dihydroisoquinolin-3-one (17) 48% vield;"H NMR (CDCE,
400 MHz) 7.28-7.13 (m, 5H), 6.74 (s, 1H), 6.611(d), 4.79 (s, 1H), 4.53 (d,= 15.6 Hz, 1H), 4.20
(d,J =15.6 Hz, 1H), 3.91 (s, 3H), 3.81 (s, 3H), 3.5883(m, 1H), 3.40-3.33 (m, 1H), 1.62-1.52 (m,
2H), 0.83 (t,J = 7.6 Hz, 3H);*C NMR (CDCk 100 MHz) 169.8, 148.9, 148.2, 139.0, 128.6, 127.7,
127.6, 127.1, 124.0, 111.0, 108.2, 56.1, 56.0, ,58(002, 48.9, 20.5, 11.1; HRMS: calcd. for
C20H24NO3 [M*+1] 326.1756; found 326.1756; Chiral HPLC: 92:8tgI(R)-major enantiomer, 16.0
min; tg (§-minor enantiomer, 13.8 min (Chiralcel OJ-H colyrd®% 2-propanol in hexane; 0.5
mL/min).

2-Allyl-5,7-dimethoxy-4-phenyl-1,4-dihydroisoquinolin-3-one (18) 42% vyield:'H NMR (CDCE,
400 MHz) 7.30-7.14 (m, 5H), 6.72 (s, 1H), 6.601(), 5.79-5.69 (m, 1H), 5.17-5.07 (m, 2H), 4.82
(s, 1H), 4.49 (d) = 15.6 Hz, 1H), 4.24-4.19 (m, 2H), 4.01 (dds 15.6 and 6.0 Hz, 1H), 3.90 (s,
3H), 3.81 (s, 3H)*C NMR (CDCk 100 MHz) 169.7, 148.9, 148.2, 139.1, 132.5, 128%.8,
127.4, 127.2, 123.7, 117.6, 111.0, 108.2, 56.10,58.5, 49.5, 49.4; HRMS: calcd. fopdH,,NO;
[M*+1] 324.1600; found 324.1603; Chiral HPLC: 96:4tg(R)-major enantiomer, 18.7 mity (S-
minor enantiomer, 16.8 min (Chiralcel OJ-H colum@% 2-propanol in hexane; 0.5 mL/min).
2-(2-Hydroxyethyl)-7-methoxy-4-phenyl-1,4-dihydroisoquinolin-3-one (20b) 17% vield; *H
NMR (CDCk, 400 MHz) 7.29-7.13 (m, 5H), 7.06 @= 8.4 Hz, 1H), 6.87-8.85 (m, 1H), 6.77 (&5
2.4 Hz, 1H), 4.85 (s, 1H), 4.67 (d= 16.0 Hz, 1H), 4.39 (d] = 16.0 Hz, 1H), 3.84 (s, 3H), 3.83-
3.59 (m, 4H);"*C NMR (CDCk 100 MHz) 172.1, 158.7, 138.8, 132.8, 129.6, 12827.8, 127.4,
127.2, 113.9, 110.5, 61.8, 55.4, 52.4, 52.2, SHRMS: calcd. for GgH,oNO3 [M*+1] 298.1443;
found 298.1441; Chiral HPLC: 91:9 &%, (R)-major enantiomer, 18.1 mity (S-minor enantiomer,
23.9 min (Chiralpak AD-H column; 40% 2-propanohi@xane; 0.5 mL/min).
6,7-Dimethoxy-2-(2-Hydroxyethyl)-4-phenyl-1,4-dihydroisoquinolin-3-one (21) 71% yield; *H
NMR (CDCk, 400 MHz) 7.30-7.14 (m, 5H), 6.72 (s, 1H), 6.581(d), 4.80 (s, 1H), 4.68 (d,= 15.6
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Hz, 1H), 4.38 (ddJ = 15.6 Hz, 1H), 3.90 (s, 3H), 3.82-3.55 (m, 4HB®B(s, 3H):*C NMR (CDCE;
100 MHz) 171.7, 149.0, 148.3, 139.0, 128.7, 121%.3, 127.2, 123.4, 110.9, 108.1, 61.6, 56.1,
56.0, 52.4, 52.0, 51.1; HRMS: calcd. forg8,,NO, [M*+1] 328.1549; found 328.1549; Chiral
HPLC: 92:8 erfr (R)-major enantiomer, 21.0 mity (S-minor enantiomer, 19.2 min (Chiralpak AD-
H column; 40% 2-propanol in hexane; 0.5 mL/min).

II. General Procedure for the asymmetric preparation of morpholinones 20a and 23-29: To a
solution of L-threonine-derived-bromo esteda-c (1.0 equiv, >99:1 dr) at room temperature were
added AgOTTf (1.2 equiv) and 2-aminoethanol nucldedO equiv). After the mixture was stirred at
rt for 10 h in the least possible amount of soly€tCk, the resulting mixture was filtered through
silica gel, and concentrated under reduced pressilie crude material was stirred in 50%
trifluoroacetic acid/CHCI, at room temperature for 1 h, washed with saturateHCQ; solution,
dried with anhydrous MgS{) and concentrated under reduced pressure. Afeemtixture was
treated with BN (2 equiv) in CHCI, (or ethanol) for 1 h and concentrated under redlypcessure,
the chromatographic separation of the mixture ditasigel afforded a highly enantioenriched
morpholinone 20a and23-29). The ers oR0a, 23, and24 were determined by CSP-HPLC. The drs
of 25-29 were determined by tHeél NMR integration of the hydrogens of the two démsbmers.
4-(3-M ethoxybenzyl)-2-phenyl-mor pholin-3-one (20a) 45% yield;'"H NMR (CDChk, 400 MHz)
7.49-7.24 (m, 6H), 6.89-6.84 (m, 3H), 5.26 (s, 14Y0 (d,J = 14.4 Hz, 1H), 4.59 (d] = 14.4 Hz,
1H), 4.01-3.97 (m, 1H), 3.89-3.86 (m, 1H), 3.7938l), 3.50-3.47 (m, 1H), 3.34-3.29 (m, 1HjC
NMR (CDCl;, 100 MHz) 167.6, 160.0, 137.9, 137.5, 129.8, 12828.4, 127.9, 120.6, 113.6, 113.4,
79.6, 61.8, 55.3, 49.9, 46.1; HRMS: calcd. fagHGoNOs [M*+1] 298.1443; found 298.1440; Chiral
HPLC: 94:6 erfr (R)-major enantiomer, 53.1 mitg (S-minor enantiomer, 65.6 min (Chiralcel OJ-
H column; 40% 2-propanol in hexane; 0.5 mL/min).

4-Benzyl-2-phenyl-mor pholin-3-one (23) 76% vyield;*H NMR (CDCk, 400 MHz) 7.49-7.29 (m,
10H), 5.26 (s, 1H), 4.67 (s, 3H), 4.00-3.97 (m, ,1BIB8-3.82 (m, 1H), 3.52-3.46 (m, 1H), 3.33-3.28
(m, 1H);**C NMR (CDCE 100 MHz) 167.6, 137.4, 136.3, 128.8, 128.6, 12828.4, 128.3, 127.9,
127.8, 127.6, 79.7, 61.8, 50.0, 46.1. The spedtat were identical to those of the authentic nedter
reported previouslf® Chiral HPLC: 96:4 ertr (R)-major enantiomer, 40.0 mirtg (S)-minor
enantiomer, 63.1 min (Chiralcel OJ-H column; 40%r@panol in hexane; 0.5 mL/min).
2-phenyl-mor pholin-3-one (24) 70% vyield;'H NMR (CDCk, 400 MHz) 7.47-7.34 (m, 5H), 7.06 (br,
1H), 5.26 (s, 1H), 5.17 (s, 1H), 4.04-4.00 (m, 18190-3.84 (m, 1H), 3.64-3.59 (m, 1H), 3.46-3.42
(m, 1H); **C NMR (CDCE, 100 MHz) 170.1, 136.9, 128.5, 128.0, 79.7, 61.714Phe spectral data
were identical to those of the authentic mategglorted previousl§f Chiral HPLC: 96:4 ettg (R)-
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major enantiomer, 11.0 mig (S-minor enantiomer, 10.3 min (Chiralpak AD-H coluiir0% 2-
propanol in hexane; 0.5 mL/min).

cis-5-Benzyl-2-phenyl-3-mor pholinone (25) 73% yield;'"H NMR (CDCk, 400 MHz) 7.48-7.18 (m,
10H), 6.45 (br, 1H), 5.18 (s, 1H), 3.89-3.85 (m)1B178-3.75 (m, 2H), 2.99-2.94 (m, 1H), 2.89-2.83
(m, 1H); **C NMR (CDCE 100 MHz) 169.4, 136.5, 136.3, 129.3, 129.0, 12828.0, 127.2, 79.4,
64.6, 53.5, 40.2; HRMS: calcd. forE1gNO, [M*+1] 268.1338; found 268.1336.
cis-5-(2-Methylpropyl)-2-phenyl-3-morpholinone (26) 72% vyield;'"H NMR (CDCk, 400 MHz)
7.48-7.33 (m, 5H), 6.50 (br, 1H), 5.20 (s, 1H),83884 (m, 1H), 3.68-3.65 (m, 2H), 1.71-1.64 (m,
1H), 1.59-1.52 (m, 1H), 1.46-1.39 (m, 1H), 0.9630(¢n, 6H);**C NMR (CDCk 100 MHz) 169.5,
136.6, 128.5, 128.4, 127.9, 79.1, 65.2, 50.4, 42473, 22.9, 22.2; HRMS: calcd. for£l,0NO,
[M*+1] 234.1494; found 234.1495.

cis-5-1sopropyl-2-phenyl-3-mor pholinone (27) 73% vyield;'"H NMR (CDCk, 400 MHz) 7.47-7.31
(m, 5H), 6.54 (br, 1H), 5.18 (s, 1H), 3.84-3.82 @hl), 3.30-3.27 (m, 1H), 1.92-1.87 (m, 1H), 1.00
(d,J = 6.8 Hz, 3H), 0.97 (d] = 6.8 Hz, 3H)*C NMR (CDCk 100 MHz) 169.8, 136.5, 128.5, 128.4,
128.0, 79.0, 63.0, 57.9, 31.2, 18.7, 18.5; HRMScctafor CisHigNO, [M*+1] 220.1338; found
220.1335.

cis-5-M ethyl-2-phenyl-3-mor pholinone (28) 74% yield;"H NMR (CDCk, 400 MHz) 7.49-7.34 (m,
5H), 6.83 (br, 1H), 5.19 (s, 1H), 3.87-3.82 (m, 1BlY6-3.75 (m, 1H), 3.60-3.56 (m, 1H), 1.27 {d,
= 6.8 Hz, 3H);*C NMR (CDCk, 100 MHz) 169.6, 136.6, 128.5, 128.4, 128.0, 78671648.0, 19.4;
HRMS: calcd. for GH1/NO, [M*+1] 192.1025; found 192.1025.

trans-5-M ethyl-2-phenyl-3-mor pholinone (29) 88% yield:*H NMR (CDCk, 400 MHz) 7.46-7.33
(m, 5H), 6.83 (br, 1H), 5.08 (s, 1H), 4.05-4.02 (h), 3.90-3.85 (m, 1H), 3.51-3.45 (m, 1H), 1.19
(d, J = 6.8 Hz, 3H);*C NMR (CDCE 100 MHz) 169.8, 137.0, 128.6, 128.5, 128.0, 79859,648.2,
18.1; HRMS: calcd. for GH14NO, [M*+1] 192.1025; found 192.1029.

[11. General Procedure for the asymmetric preparation of 2,2-diarylacetates 2, 4, and5: To a
solution of L-threonine-derived-bromo esterla (1.0 equiv, >99:1 dr) at room temperature were
added a nucleophile (10 equiv) and AgOTf (1.2 eguliter the mixture was stirred at rt for 3 h in
the least possible amount of solvent, C{lGhe resulting mixture was washed with saturated
NaHCGQ; solution, dried with anhydrous MgS0 concentrated and purified by column
chromatography to afford a diarylacetafe 4 and5). The drs were determined by thd NMR
integration of the hydrogens of the two diasteresme
N-Benzoyl-O-[a-(4-methoxy-2-methylphenyl)phenylacetyl]-L -threonine Isopropyl Ester (2)
Obtained as an inseparable mixture (74:26) with tegioisomers in 95% yieldd NMR (CDCE,
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400 MHz) 7.60-7.12 (m, 10H), 6.90-6.41 (m, 4H),3%32 (m, 1H), 5.26 (s, minor), 5.14 (s, 1H,
major), 5.01-4.81 (m, 2H), 3.74 (s, minor), 3.7338, major), 2.32 (s, minor), 2.24 (s, 3H, major),
1.35-1.17 (m, 9H)*C NMR (CDCk 100 MHz) 171.6, 169.3, 167.5, 158.7, 138.2, 13138.5,
131.9,129.4,129.1, 129.0, 128.8, 128.6, 127.2,11216.4, 111.2, 71.6, 70.0, 56.0, 55.1, 53.28,21
21.6, 20.1, 17.5; HRMS: calcd. fordElzNOs [M*+1] 504.2386; found 504.2388. To a solution of
diarylacetate in THF (0.5 M) was added a solution of LiAJK{L.0 M in THF, 3 equiv) at 0°C. After
the reaction mixture was stirred at room tempeeatior 2 h, the reaction was quenched with
saturated NECI solution and the aqueous layer was extracted miOAc. The combined organic
extracts were dried with anhydrous MgSQ@iltered and concentrated under reduced pressure.
Chromatographic separation on silica gel afforde@d-thethoxy-2-methylphenyl)-2-phenylethanol
in 65% yield.'H-NMR (CDCI3, 400MHz)§ 7.29-7.02 (m, 6H), 6.77-6.68 (m, 2H), 4.60)& 7.2
Hz, minor), 4.30 (tJ = 7.2 Hz, 1H, major), 4.11-4.07 (m, 2H), 3.76 (8l, 8najor), 3.75 (s, minor),
2.31 (s, minor), 2.21 (s, 1H, major). The er of onajegioisomer were determined by chiral
stationary phase-HPLC analysis. Chiral HPLC: 9@1,dr (R)-major enantiomer, 23.8 mitg (S-
minor enantiomer, 37.4 min (Chiralcel OJ-H colum@% 2-propanol in hexane; 0.5 mL/min).
N-Benzoyl-O-[a-(2-acetoxymethyl-4-methoxyphenyl)phenylacetyl]-L -threonine I sopropy! Ester

(4) 80% vyield:'H NMR (CDCk, 400 MHz) 7.65-7.19 (m, 11H), 6.94-6.83 (m, 2HBF(d,J = 9.2
Hz, 1H), 5.60-5.58 (m, 1H), 5.29 (s, 1H), 5.11-5(6§ 2H), 4.94-4.88 (m, 2H), 3.76 (s, 3H), 1.92 (s,
3H), 1.35 (dJ = 6.4 Hz, 1H), 1.20 (dJ = 6.0 Hz, 1H), 1.13 (dJ = 6.4 Hz, 1H):**C NMR (CDCE;
100 MHz) 171.3, 170.7, 169.2, 167.6, 158.8, 13835.4, 133.5, 131.9, 130.4, 129.2, 128.62,
128.59, 129.55, 127.3, 127.2, 116.1, 114.0, 700, ®4.1, 55.9, 55.3, 52.0, 21.7, 21.5, 20.7,;17.5
HRMS: calcd. for GH3eNOg [M*+1] 562.2441; found 562.2438.
N-Benzoyl-O-[a-(2-ethoxymethyl-4-methoxyphenyl)phenylacetyl]-L -threonine |sopropyl Ester

(5) Obtained as an inseparable mixture (80:20) with iegioisomers in 87% yieldH NMR (CDCk,
400 MHz) 7.61-7.22 (m, 11H), 6.97-6.54 (m, 3H),%%55 (m, 1H), 5.41 (s, 1H, major), 5.30 (s,
minor), 5.05-4.88 (m, 2H), 5.45 (s, 2H), 3.77 (snon), 3.73 (s, 3H, major), 3.55-3.44 (m, 2H),
1.34-1.16 (m, 12H)**C NMR (CDC}k 100 MHz) 171.5, 169.3, 167.5, 158.7, 138.6, 13738.5,
131.9, 130.4, 129.4, 129.1, 128.7, 128.6, 128.3,2215.4, 113.1, 71.5, 71.1, 70.0, 65.7, 56.2,55
52.0, 21.8, 21.6, 17.5, 15.1; HRMS: calcd. fgsHGsNO; [M*+1] 548.2648; found 548.2649.
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