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Abstract- Commercially available (S)-(-)-ethyl lactate and {Rr)-(+)-
methyl lactate were quite simply coupled with commercial 4-hydroxy-
coumarin by the Mitsunobu reaction followed by alkaline hydrolysis to
furnish new crystalline optically pure (R)-(+)- and {S)-(-)-0-coumari-
nyllactic acids[RCLOH and SCLOH] in good yields. Diastereomeric

esters and anides derived easily and quantitatively from these acids
were subjected to chiral shift 'H NMR examination, revealing that these
vere efficient and reliable chiral derivatizing agents. Either raceni-

zation or kinetic resolution was not induced during derivatization.

INTRODUCTION

The more rapid progress in the diverse protocols for asymmetric synthesis® has been made for
some time, the more growing interest in finding new methodologies for deternmination of enan-
tiomeric excesses(ee’s) in order to check the level of asymmetric induction is unabated.

At present, there are commonly three instrumental methods available for this purpose. Op-
tical rotation has been employed frequently, but is umreliable because of the variations of
rotation with the measurement conditions in some cases® and chromatographic analyses(GC*®
and HPLC*°®) also meet with both a bottleneck to the necessity of quite expeasive chiral sta-
tionary phases and the time-consuming difficulties in selection of the proper chiral column
and solvent-combination. Under these circumstances, it appears that a simple and quick ana-
lysis by NMR spectroscopy occupies a leading position,® where transforpation of enantiomers
into diastereomers and/or diastereomeric complexes with chiral derivatizing agents (CDAs),®°
chiral solvating agents (CSAs),2'® and chiral lanthanide shift agents (CLSAs)®° is followed
by an NMR inspection of diastereotopically nonequivalent signals of the resultants to di-
rectly reveal the precise enantiomeric composition of chiral compounds. Among three kinds
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of aforementioned reagents, CDAs are now
most widely used owing, mainly, to the
greater magnitude of chemical shift
nonequivalence usually observed. There
have been reported so far a variety of
nuclei{e.g. 'H, '*C, '®F, 2°38i, ¥'P,
775e, and '95Pt)7 utilized in the NMR
chiral analysis, but proton('H) appears
to be still one of the best nuclei of
choice because 'H NMR is worldwide acces-
sible to almost all chemists and hesides,
appearance of the new generation of high-

field FT-NMR spectrometers makes even
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better separation of the diastereomeric signals possible.5¢'79 Selected examples of CDAs

developed to date for alcohols and amines by 'H NMR chiral analysis are shown in Chart 1.

Mandelic acid derivatives{(R=CH;- and CHsCO-)(1)%" were used frequently in the past but not

now due to suffering from easy racemization, while usage of the broad methoxy quartet proton

signal in the most well-known Mosher’s acid (2)"® often discourages an NMR inspection. CDAs

such as 37° and 47¢ appear to have utility with a limited range of substrates. CDA (5)"°

disclosed recently by us offers the comparable and/or superior alternative, whose advantages

are based on that a substrate-independent sharp singlet can be always verified and that no

need of optical resolution is ascertained.

However, the development of novel more effective

and more powerful CDAs for NMR chiral analysis has remained a challenging objective.

RESULTS AND DISCUSSION

As illustrated in Scheme 1, the expected enantiopure (R)-(+)-0-coumarinyllactic acid
[RCLOHI{8) was synthesized quite easily from both commercial (S)-(-)-ethyl lactate and

Scheme 1
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4-hydroxycounarin via a Mitsunobu reac-

Figure 1 'H NMR Optical Purity inspection
of RCLOH and SCLOH Amides
with (S5)-(-)-Phenethylamine

tion,® which is known to proceed by an
Sn2 mechanism. An antipodal modifica-
tion[SCLOH], 9 was prepared in a similar

fashion. Their optical purities were

exanmined as follows. RCLOH (8) or SCLOH W o, GoHs 4020081 pem
(9) reacted cleanly with (+)- @ -phenethyl- NH"i—H 5.708

anine by using 1,1’ -carbonyldiinidazole H Hy

as a condensing agent to afford a dia- S c;»

stereomeric nixture of N- « -phenethyl-0- R-S§
counarinyllactamides whose 'H NMR showed
two diastereotopically nonequivalent sin-
glet signals (coumarin C-3 protons) with
equal integration to each other at 5.708
and 5.647 ppn, vhile only one singlet sig- s-5

nal could be detected, as shown in Figure 1,
in each of the 'H NMR of the diastereonmeric
amides from the same reactions with optically pure (5)-{-)- @ -phenethylamine, thus implying
both RCLOH (8) and SCLOH (8) being 100% optically pure. Physical properties for both enan-
tiomers are Jisted in Table 1.

To strictly quantitate enantiomeric purity, a derivatization process does not definitely in-
duce any kinetic resolution or racemization; otherwise diastereomeric ratio with 'H NMR
inspection never reflects the original enantiomeriec ratio. Thus, in order to check this
possibility, known enantiomeric ratios{¥% ee) of the weighed compositions of the three rep-

resentative enantiopure
Table 1 Physical Properties of Optically

Pure RCLOH and SCLOH

methyl lactate, @ -phe-
nethylanine, and methyl

prolinate were compared

RCLOH
with diastereomeric ratios H
H
(% de) from the 'H NHR P
integration of their re- N H
3
sultant ester and amides 1
o "0

derived by SCLOH (8).

mp 185.5-186°C (80% aq. MeOH)  mp 185 -186°C (60% aq. MeOH)

As a result, good to ex-
cellent agreement was
found among these per-

centage values to evi-

[a]p®® +13.52° (c=1.02, MeOH)
IR (KBr) : 3486, 1871 cm”’
TH-NMR (CDCl,) & : 5.59 (1H, 8)
C.NMR (CDGL) 5 : 182,51,
184.60, 171.51

[a]p2° - 13.13° (c=1.01, MeOH)
IR (KBr) ; 3484, 1671 cm™
TH-NMR (CDCl) 6 : 5,60 (1H, 5)
Y4C-NMR (CDCly) 6 : 182,68,
184.53, 171.45
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Table 2 Comparison of Optical Purity Quantitation by
Optical Rotation and 'H NMR Integration (270 MHz)

A B c
R:8 'H NMR
mmixture by weight (COCly) ({i‘gla:'?)" A-B A-C
R:S %ee %de %ee
CHy CH;CHCOOCH,| 50:50 0 0.2 1.2 0.2 1.2
I
ﬁOzH OH 20:80 60 59.6 60.0 0.4 0
= Methyl lactate 5:95 90 89.9 00.3 o1 | o3
0o
CgHsCHNH, 50:50 0 0.1 1.1 0.1 1.1
(s)-(-}-CLOH I
CH, 75:25 50 51.1 48.8 1.1 1.2
a-Phenathylamine 10:80 80 80.2 80.5 0.2 0.5
<:_:>\\ 50 : 50 0 13 1.9% 1.3 19
N COCH,| 30:70 40 38.0 40.0% 2.0 0
Methyl prolinate | 15385 70 68.9 72.0% 1.1 2.0

a) [a]3(c =1, CH.Cly)

dence that either racemization or Xinetic resclution was not observed at all as depicted in

Table 2.
Then, the diastereomeric esters of RCLOH (8) and/or SCLOH (9) with a large variety of race-

nic aleohols including arylaliphatic, aliphatie, alicyclic, unsaturated aliphatic, «- and
£ -hydroxy esters function and so on were prepared by way of 1,1"-carbonyldiimidazole(CDI
method in Scheme 2), and the chemical shift differences between two diastereomers by rou-
tinely examining each coumarin C-3 proton singlet signal(5-8 ppm) were investigated. Results
obtained are summarized in Table 3. Generally in all cases screened, baseline resolution

Scheme 2
CDI (1,1-Carbonyldiimidazole) Method

R N @ /RN A /=N I~
O-C -8 O =N
RO-CH-COOH  + deu\;; —= ROLHCO N (+HN\/J + COz)

Hy H e, M, cH,
OH OYR* YR*
cDl
0o dry THF 0" Y0 0”0

A R-A y=NHO FS
a diastereomeric mixture
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was ascertained and sev-
eral remarkable observa-
tions should be pointed

out. As can be seen in

Table 3 'H NMR Chemical Shift Difference, A 8 (in ppm)
of Diastereomeric Esters with RCLOH®

entry  dl- alcohot Ad

entries 2, 3, and 6, entry  dl - alcohol
chiral recognition can be 1 CgHsGHOH
accomplished with not CH,

2  CgHsCHCH,OH
only secondary alcohols (I;Ha
but primary aliphatic and

3 &/OH
alicyclic alcchols. 0
Especially in the case of 4 qza\j,,
{£)-2,2-dimethyl-1,3- OH
dioxolan-4-ylmethanol 5 AN
(trade name Solketal, OH

¥ “ou®
oo | 8 4 & OH

0.012
0.018 | 7 CeHsCHCOOCH, 0.171 ,
C|
O (0.050)
8 CHyCHCOOCH, 0,108
0.122 OH {0.053)
9 (CHy),CHCH,CHCOOCH(CHa), 0.120
0.029 OH
10 (CHa)gCHCH,CHCOOGCH,®  0.108
I (0.006)%
0.010 oH
11 CHiGHCH,COOCHs 0.034
OH

entry 6) which is known
as the exremely difficult
case,? chiral recognition

via baseline resolution

has never been performed by 'H NMR to the best of our knowledge.

a) Measured In CDCl, on a JEOL GX-270 spectromster,
c) A 8 (in ppm} of -COOCH,,

b) rel. 10.

It is, therefore, the

first case that RCLOH {(8) and/or SCLOH () produced a baseline resolution{A & 0.012 ppnm).

Koreover, ¢ -hydroxy esters, the bifunctional compounds like mandelic, lactic, and leucic

Figure 2 Comparison of Peak Separation for
RCLCH Ester with (+) - Methyl Mandelate
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acids (entries 7-10) generally gave the
quite big magnitudes of the chemical
shift nonequivalence, although less
efficient resolution in methyl reso-
nance of ester function derived from
the substrate can be also observed.
Por instance, Figure 2 shows particu-
larly how good is utilizing coumarin
C-3 proton as a tool for ee determina-
tion compared to any other protons in
the diastereomeric esters of RCLOH (8)
with (#)-methyl mandelate which has
The dia-
stereotopic nonequivalence of coumarin

been known as a CDA before.

€-3 proton shows about 10 times greater

than that of mandelic methine proton.
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Next, the diastereomeric
amides of RCLOH (8) and/or

SCLOB (@) with many kinds Table4 'H NMR Chemical Shift Ditference, A 3 (in ppm)
of racenic amines as col- of Diastereomeric Amides with RCLOH®
lected in Table 4 were

entry df-amine AB entry  df-amine Ad
prepared by the same o eGHNN 001
1 675! 2 - 8 CH,(CH HCH 0.008
nethod as before{Scheme 2) ! s(CH)GHCH,
CHa NHz
_— 1
and, 11kew1se, a 'H NMR 2 CEH_r,(l:HCHzNHz 0.068 7 C6H5(.;’H Hq 0.088
verification on the dia- CHa NH, (0.044)"
stereomeric chemical shift 3 ()\/NHZ ooo7 | 8 CH3CEHOOOCH3 g.gg; by
differences was accon- (o] NH, (0.057)
plished. Among ten chiral 4 c,;i-ls,cHzm-l.‘,t'ich3 0024 | ® (CHa)chCHQCiHCOOCHa") 0.008 ’
. . . . (0.062)
anines jnvestigated in NH, NH,
Table 4, baseline resolu- 5 CHSCHchzC‘HCH;, o004 | 10 C)\ 0.028
' . COOCH
tion by a 270 HHz machine NH, N 3

was performed only for 8) Measured in CDClg on a JEOL GX-270 spectrometer.

b) & b (In ppm) of -COOCH,. ¢) rel. 10.
entries 1,2,4,7, and 10
although the small dia-
stereoneric shift disper-
sion {A 8 values of less than 0.010 ppm) might be resolved when higher field strengths can
be applied, in contrast to the results with chiral alcohols and, therefore, RCLOH (8) and/or
SCLOH (8) unexpectedly appear not very suitable for the 'H NMR ee determination of chiral
anines. Fortunately, methyl ester resonances derived from the substrate rather than
coumarin .C-3 proton signal were, however, baseline-resolved for entries 8 and 9 in Table 4,
which might be a better marker of the ee’s.
In conclusion, novel and easily-handled crystalline chiral derivatizing agents(CDAs), RCLOH
(8) and/or SCLOH (3) readily prepared from the commercial sources, have been developed for
the 'H NMR ee determination of chiral alcohols and amines by routinely checking coumarin C-3
proton signals of CDAs. These CDAs were demonstrated to be extremely useful for the former
but not so effective to the latter. It seems that nro straightforward relationship between
the structure of the substrates and the magnitude of diastereotopic nonequivalence of the
resultant esters and amides has been found, which implying nonequivalence is absclutely

substrate-depending.

EXPERIMENTAL

All the melting points by a Yanaco MP-S3 micromelting point apparatus are uncorrected. ‘'H
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and '3C NMRs were taken in the solvent indicated on a JEOL JNM-GX 270(270 and 67.8 MHz)
spectrometer. Chemical shifts are reported in ppm from tetramethylsilane as 0.0 ppm and
deuteriochloroforn as 77.1 ppm(internal standard each), respectively. IR spectra were re-
corded with a Hitachi 215 grating spectrophotometer or with a JASCO FT/IR-7000 spectrophoto-
meter. High-resolution mass spectral(HRMS) data were obtained by the electron impact methed
at 70 eV on a Hitachi M-2000 double focusing mass spectrometer employing a peak matching
technique with known PFK peaks. Optical rotations were measured with a JASCO DIP-370 digit-
al polarimeter. Microanalyses were performed on a Perkin Elmer PE 2400 II CHNO/S analyzer.
Al]l research chemicals were obtained from commercial sources. Tetrahydrofuran(THF) was dis-
tilled first from lithium aluminun hydride and then from sodium/benzophenone, immediately
before use. All chromatographic purifications were carried out on silica gel B0{Z30-400
nesh, Merck). NMR spectra for all diastereomeric esters and amides were assigned from mix-
ture, except for spectra of the diastereomeric amides derived from optically pure (5)-(-)-

a -phenethylanine.

(R)-{+)-@-Coumarinyllactic acid, RCLOH (8)

To a solution of (5)-(-)-ethy} lactate(10.9 g, 92.8 mmol), 4-hydroxycoumarin(15 g, 92.6 mmol)
and triphenylphosphine(24.3 g, 92.8 mnol) in dry THP{150 mL) was added dropwise a solution
of diethyl azodicarbexylate(DEAD)(18 nl, 52.6 mmol)} in dry THF{60 nL)[somewhat exothermic]
and then the whole was stirred for 24 h under argon. After removal of THF in vacuo, 225 ul
of a 1/1 nixture of hexane and diethyl ether were added to the residue and then the result-
ing white solid [(Ph)sP=0] was stripped off. Evaporation of the organic solvent yielded a
crude yellow oil which was submitted to chromatography on silica gel with hexane-ethyl ace-
tate(4:1) to give a yellow solid. Recrystallization of this solid from hexane-ethyl acetate
(2:1) furnished (R)-(+)-ethyl O-coumarinyllactate(mp 68-69°C, 18.7 g, 77%)}. (R)-(+)-Ethyl
O-coumarinyllactate(12 g, 46 mmol) was hydrolyzed with Li0H H20(2.3 g, 55 nmol) in a mixture
of THF{110 ml) and water(132 ul) at 5-20°C for 1 h and then the reaction mizture vas acidi-
fied with 1M aqueous KHS0s(25 mL) under cooling. Extraction with methylene chloride(3x60 nL)
followed by washing(brine), drying(Mg50s)and evaporation of the solvent in vacuo gave a
white solid which was recrystallized from 60% aqueous MeOH to produce the title compound as
colorless needles(mp 185.5-1868°C, 8.8 g, 81%). [aJo®® +13.52° (c=1.02, MeOH); IR % nax(KBr)
ew 1 3486, 1750, 1671, 1628, 1257; 'H NMR(270 MHz, CDCls) 8 : 1.76(3 H, d, J=6.93 Hz, -CHs),
4.88(1 H, q, J=6.93 Hz, -CH), 5.59(1 H, s), 7.29-7.32(2 H, m), 7.50-7.58(2 #, m}, 7.90-7.93
(1 H, m); '3C NMR(67.8 MHz, CDCl3) & : 17.89, 73.18, 91.16, 115.44, 116.45, 123.34, 123.96,
132.53,153.23, 162.51, 164.60, 171.51. Anal. Caled for CizHie0s: C, 61.54; H, 4.30. Found:
C, 61.33; H, 4.31.




574 HETERCCYCLES, Vol. 46, 1997

(8)-(-)-0-Coumarinyilactic acid, SCLOH (9)

This compound was prepared in a similar fashion described above. Colorless fluffy needles
(mp 185-186°C from B0% aqueous MeGH, 80% yield based on 4-hydroxycoumarin). [aJp2? -13.13°
(c=1.01, NeOH); IR % nax(KBr) em™': 3484, 1750, 1671, 1628, 1257; 'H NMR(270 MHz, CDCls) & :
1.76(34, d, J=6.93 Hz, -CHs), 4.87(1K, q, J=B.93 Hz, -CH), 5.60(1H, s), 7.25-7.33(24, m),
7.52-7.59¢2K, n), 7.90-7.94(1H, n); '°C NMR{(67.8 MHz, CDCls) & : 17.74, 73.04, 91.08, 115.32,
116.40, 123.21, 123.81, 132.36, 153.13, 162.88, 164.53, 171.45. 4nal. Caled for Ci2H100s:
C, 61.54; H, 4.30. Found: C, 61.46; H, 4.30.

General Procedure for Preparation of RCLOH (8) and/or SCLOH (8) Esters and Amides

A solution of RCLOH or SCLOH{45 ng, 1.93 mmol) and 1,1’-carbonyldiinidazole(34.4 mg, 2.12
mnol) in dry THF(2 nL) was first stirred at rt for 1 h under dry argon and then to this was
added a solution of racemic substrates(1.28 mmol) in dry THF(l wlL) via a syringe. After
stirring of the whole at rt for an additional 2-24 h under argon, the reaction mixture was,
under cooling, quenched with sat. aqueous NalCOs; (10 nL) and extracted with ether(10 nL).
The extract was dried over ¥gSG. and concentrated to dryness to give crude diastereomeric
esters oramides which were first subjected to a 'H NMR inspection and then to silica gel
preparative TLC for physical data.

(R,8)-1-Phenylethyl (R)-O-coumarinyllactate(entry 1, Table 3)
Colorless oil; IR %wax(neat) cm': 1721, 1624, 1201, 932; 'H NMR(270 MHz, CDCls} & : 1.57

and 1.80(A §=0.03)(34, d, J=6.60 Hz, -CHz in alcohol), 1.70 and 1.73(A &=0.03)}(3R, d, J=
6.93 Hz, -CH: in CLOH), 4.86-4.84(1H, n), 5.480 and 5.509(A &=0.029) (1K, s, coumarin C-3
proton), 5.95(1H, q, J=6.93 Hz, -CH in CLOH), 7.23-7.91(9H, m); HRMS Calcd for CzeHis0s (M*)
n/z 338.1153. Found 338.1125.

{R,5)-2-Phenylpropyl (R)-0-coumarinyllactate(entry 2, Table 3)
Colorless solid, mp 128-136°C; IR v nax(KBr) cn!: 1752, 1717, 1671, 1624, 1185, 938; 'H NMR

{270 MHz, CDC1s)&: 1.26 and 1.28(A 8=0.02)(3H, d, J=7.26 Hz, -CHs in alcohol}, 1.59 and
1.61(A §=0.02) (38, d, J=6.93Hz, -CHs in CLOH), 3.07-3.15(1K, m, -CH in alcohol), 4.18-4.42
(24, n, -CHz in alcohol), 4.81(1H, quintet, J=6.93 Hz, -CH in CLOH), 5.431 and 5.447(A 8=
0.018) (1H, s, coumarin C-3 proton), 7.11-7.86(9K, m); HRNS Calcd for CoiHe10s (M+1) n/z
353.1209. Found 353.1239.

{R,5)-(2-Furfuryl)methyl (R)-0-counmarinyllactate(entry 3, Table 3)
Colorless oil; IR wmax(neat} em': 1729, 1624, 1570, 1189, 938; 'H NHR(270 MHz, CDCls) 8¢
1.74 and 1.76(A §=0.02) (34, 4, J=6.93 Hz, -CHs; in CLOH), 1.97-2.24(4H, m), 3.51-3.75(5H,
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n), 4.80(1H, q, J=6.93 Hz, -CH in CLOH), 5.472 and 5.594(A §=0.122} (1K, s, coumarin C-3
proton), 7.24-7.93(4H, mn); HRMS Calcd for Ci7Hio0s (M+1) n/z 319.1180. Found 319.1174.

(B,5)-3-Butyn-2-yl (R}-0-coumarinyllactate(entry 4, Table 3)

Colorless 0il} IR vuax{neat) cm': 2126, 1717, 1624, 1189, 1114; 'H NMR(270 MHz, CDCls) 5 :
1.568 and 1.57(A §=0.01){3H, d, J=6.60 Hz, -CHz in alcohol), 1.78 and 1.77(A §=0.01)(3H, d,
J=6.93 Hz, -CH: in CLOH), 4.26-4.29(1H, m), 4.80(1H, q, J=6.93 Hz, -CH in CLOH), 5.50-5.53
(1H, m), 5.522 and 5.551(A §=0.029) (1H, s, coumarin C-3 proton), 7.30-7.93(4H, m); HRAS
Caled for CisHia0s (X*) m/z 286.0840. Found 288.0843.

(#,5)-3-Buten-2-y1 (R)-0-coumarinyllactate(entry 5, Table 3)

Colorless o0il; IR ¥nax{neat) cm!: 2934, 1725, 1624, 1400, 1241; 'H NMR{270 MHz, CDCl:)d:
1.38 and 1.39(A §=0.01)(3H, d, J=6.60 Bz, -CHz in alcohol), 1.74 and 1.75(A §=0.01)(3H, d,
J=68.93 Hz, -CH; in CLOW), 4.87(1H, q, J=6.93 Hz, -CH in CLOH), 5.15-5.44(3H, m), 5.530 and

5.540(A & =0.010)(1H, s, coumarin C-3 proton), 5.687-5.90(1H, m, alcohol), 7.29-7.93(4E, m);
HRMS Caled for CisHis0s (M*) m/z 288.0997. Found 288.0999.

R,S5)-2,2-Dinethyl-1,3-dioxolan-4-ylnethyl {F)-0-coumarinyllactate(entry 8, Table 3)
Colorless oil; IR wnmex(neat) cm': 1734, 1626, 1600, 1570, 1243, 1191; 'H NMR(270 MHz,
CDCla) 8 : 1.34(3H, s, -CHs in alcohol), 1.40(3H, s, -CHs in alcohol), 1.77 and 1.78(A 3=
0.01)(3H, d, J=6.93 Hz, -CHs in CLOH), 3.87-3.77(2H, m), 4.62-4.92(2H, n), 4.23-1.36(1H, mn)
4.95(1H, ¢, J=6.93 Hz, -CH in CLOH), 5.540-5.552( A 5=0.012)}(1H, s, coumarin C-3 proton),
7.30-7.92(4H, n); HRMS Calcd for Cial210r (M#1) n/z 349.1288. Pound 349.1262.

(R,S) - (Methoxycarbonyl)phenylmethyl (&)-0-coumarinyllactate(entry 7, Table 3)

Colorless 0il; IR ¥nmax(neat) cm*: 1750, 1826, 1189; 'H NMR(270 MHz, CDCls) & : 1.800 and
1.903(A §=0.103) (31, d, J=6.93 Hz, -CHs in CLOH), 3.720 and 3.770(A & =0.050) (3H, s, -CO0CH:
in alcohol), 5.052 and 5.072(A 8§ =0.020) (1H, q, J=8.93 Hz, -CH in CLOH), 5.556 and 5.727(A &
=0.171)(1H, s, coumarin C-3 proton), 6.003 and 6.020{A §=0.017){iH, s, -CH in alcohel},
7.25-7.93(9H, m); HRMS Calcd for CeiMia0: {(M*) m/z 382.1051. Found 382.1077.

(R,5) -1-Methorycarbonylethyl (R}-0-coumarinyllactate(entry 8, Table 3)

Colorless oil; IR ¥aax(neat) cm': 1717, 1624, 1570, 1191, 1112, 1048; 'H NMR(270 MHz,
CDCls) 8: 1.53 and 1.57(A 5=0.04)(3H, d, J=7.26 Hz, -CHs in alcohol}, 1.80 and 1.84(A &=
0.04) (34, d, J=6.93 Hz, -CHs in CLOH), 3.75 and 3.80(A 6=0.05)(3H, s, -COOCHs in aleohol),
4.96 and 4.97(A §=0.01)(1H, q, J=6.93 Hz, -CH in CLOH), 5.21 and 5.22(A §=0,01)(1H, q, J=
7.26 Hz, -CH in alcchol), 5.552 and 5.880{A &=0.108) (1M, s, coumarin C-3 proton}, 7.27-7.92
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{40, m). YRMS Caled for CisHisOr (M*) m/z 320.0895. Found 320.0879.

(R,5) -1-Isopropoxycarbonyl -3-nethylbutyl (R)-0-coumarinyllactate(entry 9, Table 3)
Colorless oil} IR ¥nax(neat) cm ': 1734, 1628, 1570, 1191; 'H NHR(270 MHz, CDCls} & : 0.85

and 0.95(A 8=0.10)(6H, d, J=6.27 Hz, {CHs)2-C in aleohol), 1.22-1.26(7H, m), 1.43-1.77(2H,
n}), 1.81 and 1.83(A §=0.02)(3H, d, J=6.93 Hz, -CHs in CLOH}, 4.87-5.12(3H, m), 5.542 and
5.862(A 8=0.120)(1H, s, coumarin C-3 proton), 7.25-7.93(4H, m); HRMS Calcd for Co1H2e07
(#*) n/z 390.1677. Found 380.1657.

(R,S) -1-Methorycarbonyl -3-methylbutyl (R)-0-coumarinyllactate(entry 10, Table 3)

Colorless oil} IR #%nex(neat) cw': 1734, 1626, 1570, 1191; 'H NMR(Z70 MHz, CDCls) & : 0.87
and 0.88(A §=0.01)(6H, d, J=6.80 Hz, (CHs)2-C in alcohol), 1.73 and 1.76(A & =0.03) (34, d,
J=6.93 Hz, -CH: in CLOH), 3.71 and 3.72(A 8=0.01)(3H, s, -COOCHz in alcohol), 4.04-4.17(1H,
B), 4.90 and 4.91{A §=0.01)(1H, q, J=6.93 Hz, -CH in CLOH), 5.07-5.57(1H, m), 5.576 and
5.686(A 8 =0.110)(1H, s, coumarin C-3 proton), 7.20-7.82(4H, m); HRMS Calcd for CisHz20r
{M*) n/z 362,1384. Found 362.1384.

(&,5) -1-Ethoxycarbonyl-2-propyl (R)-0O-coumarinyllactate{entry 11, Table 3)

Colorless 0il; IR ¥asx{(neat) cm': 1734, 1624, 1570, 1243, 1189; 'R NMR(270 MHz, CDCls) & :
1.16 and 1.18(A §=0.02)(3H, t, J=7.26 Hz, -CHs of ester ethyl in alcohol), 1.24 and 1.26
(A 8§=06.02)(3H, d, J=6.27 Hz, CHs-C in alcchol), 1.83 and 1.66(A §=0.03) (34, d, J=6.93 Hz,
-CHs in CLOH), 2.43-2.64(2H, m}, 4.03 and 4.08(A §=0.03)(2H, q, J=7.26 Hz, -OCH: of ester
ethyl in alcohol), 4.78 and 4.79(A §=0.01)(1H, q, J=6.93 Hz, -CH in CLOH), 5.29-5.36(1H, n)
5.446 and 5.480(A 8=0.034) (1M, s, coumarin C-3 proton), 7.20-7.85(4H, m); HRMS Calcd for
CigHze07 (M*) m/z 348.1208. Found 348.1215.

(#,5) -N-(1-Phenylethyl} (R)-0-coumarinyllactamide(entry 1, Table 4)

Colorless solid, mp 160-163°C; IR w»nax(KBr) cm~!: 3454, 1725, 1657, 1626, 1560, 1243, 1110;
'l NMR{270 MHz, CDCls) & : 1.45 and 1.50(A §=0.05) (3H, d, J=8.90 Hz, -CHs3 in amine), 1.868
and 1.70(A 8=0.02) (3, d, J=6.680 Hz, -CHs; in CLOH), 4.84 and 4.87(A & =0.03) (1K, q, J=6.60
Hz,-CH in CLOH), 5.15 and 5.17(A §=0.02)(1H, quintet, J=7.268 Hz, -CH in amine), 5.640 and
5.701(A 3 =0.061) (1H, s, coumarin C-3 proton), 7.20-7.83(8H, m); HRMS Calcd for CoeHigNOa
(+1) m/z 338.1381. Found 338.1415.

{8)-H-(1-Phenylethyl) (B)-O-counmarinyllactamide
Colorless plates, mp 180-161°C; IR v nax(KBr) cm™': 3453, 1725, 16565, 1625, 1560, 1240, 1115;
'H NMR(27¢ MHz, CDCla) & : 1.45(3H, d, J=8.90 Hz, -CHs in amine}, 1.65(3H, d, J=6.863 Hz, -CHs
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in CLOW), 4.84(1H, q, J=6.63 Hz, -CH in CLOH}, 5.15(1H, quintet, J=7.26 Hz, -CH in amine),
5.70(14, s, coumarin C-3 proton), 7.20-7.83(8H, m). 4nal. Calcd for CzeH:2N0s: C, 71.42; H,
5.39; N, 4.16. Found: C, 71.59; B, 5.37; N, 4.28.

(R8)-N-(2-Phenylpropyl) (R)-0-coumarinyllactamide(entry 2, Table 4)
Colorless solid, mp 118-123°C3 IR wvaax(KBr) em™': 3480, 1736, 1655, 1628, 1570, 1238, 1185;

'H NMR(270 MHz, CDC1a)&: 1.25 and 1.26(A 8=0.01)(3H, d, J=7.26 Hz, -CHz in anine), 1.59
and 1.83(A §=0.04) (3, d, J=6.60 Hz, -CHs in CLOH), 2.85-3.06(1H, n), 3.18-3.37(1H, m),
3.62-3.86(1H, n), 4.74 and 4.76{(A 6 =0.02)(1H, g, J=6.80 Hz, -CH in CLOH}, 5.540 and 5.608
(A 3=0.068) (1H, s, coumarin C-3 proton), 6.00(1H, s), 7.02-7.60(9H, n); HRMS Calcd for
Co1H21NOs (M*) n/z 351.1469. Found 351.1488.

(R»S)-K-(2-Furfuryl)methyl (R)-O-coumarinyliactamide(entry 3, Table 4)

Colorless solid, mp 140-142°C; IR v nax(KBr) cm™': 3400, 1736, 1657, 1628, 1560, 1238, 1178,
1081; 'H NMR(270 MHz, CDCLs) &: 1.24-1.42(4H, o), 1.72 and 1.74(A 5=0.02) (3K, d, J=6.93 Hz,
-CHs in CLOR), 3.20-3.32(1H, m), 3.54-4.00(5H, m), 4.88(1H, q, J=6.93 Hz, -CH in CLOH),
5.693 and 5.700(A 8 =0.007)(1H, s, coumarin C-3 proton), 7.39-7.89(4H, m); HRMS Calcd for
Ci7HeoNOs (M+1) m/z 318.1405. Found 318.1382.

R,5)-N-(4-Phenyl)but-2-y1 (R)-Q-coumarinyllactamide(entry 4, Table 4)

Colorless solid, mp 197-199°C; IR #nax(KBr) cm™': 3452, 1736, 1657, 1628, 1560, 1185; 'H
NHR{270 MHz, CDCls) & : 1.20 and 1.22(A 6=0.02){(3H, d, J=6.60 Hz, -CHz in amine), 1.68 and
1.69(A 8§ =0.01) (34, d, J=6.60 Hz, -CHsz in CLOH), 1.73-1.86(2H, m), 2.57(1H, t, J=7.25 Hz),
2.67(1H, t, J=7.92 Hz), 4.05-4.12(14, m), 4.80(1H, g, J=6.60 Hz, -CH in CLOH), 5.680 and
5.704(A § =0.624) (14, s, coumarin C-3 proton), 6.22(1H, d, J=8.58 Hz), 7.05-7.85(9H, m);
HRMS Caled for CeaHo3NOs (M*) n/z 365.1626. Found 365.1603.

{(R,5)-N-Pent-2-y1 (®)-0-coumarinyllactamide(entry 5, Table 4)

Colorless semisolid! IR v nex{neat) en ': 1734, 1655, 1560; 'H NMR(270 MHz, CDCls) 3 : 0.84
and 0.94(A §=0.10)(3H, t, J=7.28 Hz, -CH.CHz in amine), 1.10 and 1.17(A §=0.07) (3R, d,
J=6.80 Hz, -CHCHz in amine), 1.20-1.48(44, o), 1.71(3H, d, J=6.80 Hz, -CHs in CLOH), 4.00-
4.07(14, m), 4.82(1R, q, J=6.80 Bz, -CH in CLOH), 5.897 and 5.701(A & =0.004) (14, s,
coumarin C-3 proton), 5.83(1H, d, J=7.26 Hz), 7.30-7.85(4H, n); HRMS Calcd for Ci7H21N0a
(M*) n/z 303.1469. Found 303.1476.

(R,5) -N-0ct-2-y1 (R)-O-coumarinyllactamide(entry 6, Table 4)
Coloriess solid, mp 115-118°C; IR ¥ max{KBr) cw!: 3278, 1736, 1655, 1528, 1570, 1238, 1185;
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"H NMR(270 MHz, CDCl5) &: 0.82 and 0.88(A §=0.08)(3H, t, J=6.93 Hz, -CH2CH3 in amine), 1.10
and 1.17(A 3=0.03)(3H, d, J=6.60 Hz, -CHCHs in amine), 1.10-1.48(10H, m), 1.71(3H, d, J=
6.93 Hz, -CHs in CLOH), 3.97-4.05(1H, m), 4.82(1H, g, J=6.93 Hz, -CH in CLOH), 5.694 and
5.703(A 8 =0.009) (1H, s, counmarin C-3 proton}, 6.63(1H, d, J=7.92 Hz), 7.28-7.87(4H, n);
HRMS Calcd for CeeHz7NOs (M*) m/z 345.1938. Found 345.1941.

(B.S) -v-[ (Methorycarbonyl )phenylmethyl] (%)-0-coumarinyllactamide(entry 7, Table 4)

Colorless solid, mp 109-113°C; IR »max(KBr) em!: 3280, 1736, 1669, 1628, 1560, 1241, 1187,
'H NMR(270 MHz, CDCLs) &8: 1.69 and 1.73(A 5=0.04)(3H, 4, J=6.93 Hz, -CH; in CLOR), 3.714
and 3.758(A &=0.044) (3H, s, -COOCH; in amine), 4.91(1H, quintet, J=6.80 Hz), 5.57 and 5.59
(A 8=0.02) (14, d, J=6.93 Hz, -CH in CLOH), 5.643 and 5.729(A &=0.086) (11, s, coumarin C-3
proton), 7.13-7.92(10H, m); HRMS Caled for CziH:ioNOs (M*) m/z 381.1211. Found 381.1187.

(7.5)-N-[1- (Methorycarbonyl)ethyl] (R)-C-coumarinyllactamide(entry 8, Table 4)

Colorless solid, mp 143-144.5°C; IR +%nax(KBr) cm-': 3290, 1736, 1717, 1580, 11889, 1112; 'K
NMR(270 MHz, CDC13) 4 : 1.42 and 1.48(A §=0.08)(3H, d, J=7.26 Hz, -CHs in amnine), £.72 and
1.74(A 8 =0.08) (34, d, J=6.60 Hz, -CHz in CLOK), 3.733 and 3.720(A §=0.057)(3H, s, -COOCHs
in amine), 4.61 and 4.83(A 8=0.02){1H, quintet, J=7.28 Hz, -CH in amine), 4.88 and 4.89(A &
=0.01) (11, q, J=6.60 Hz, -CH in CLOH), 5.700 and 5.704(A §=0.004) (1H, s, coumarin C-3 prot-
on), 7.30-7.92(5H, n); HRMS Calcd for CisHi7NOs (M*) n/z 319.1055. Found 319.1079.

(R,5)-N-[1-(Methorycarbonyl) -3-methylbutyl] (R}-O-coumarinyllactamide(entry 9, Table 4)

Colorless solid, mp 80-83°C; IR ¥ nax(KBr) co~': 3280, 1736, 1686, 1663, 1626, 1560, 1243,
1187, 1110; 'H NMR(270 MHz, CDC13} & : 0.86 and 0.90(A §=0.04)(3H, d, J=6.27 Hz, -CHs of
i-Pr in amine), 0.96 and 0.87(A §=0.01)(3H, d, J=6.27 Hz, -CHs of i-Pr in amine), 1.73(3H,
d, J=6.60 Hz, -CHz in CLOH)}, 1.59-1.77(ZH, n), 1.83-1.88(1H, m), 3.700 and 3.762(A &=0.062)
(3H, s, -COOCHs in amine), 4.65(IH, m), 4.80(1H, quintet, J=6.60 Hz, -CH in CLOH), 5.712 and
5.720(A 8 =0.008) (1R, s, coumarin C-3 proton), 6.86(1H, d, J=7.92 Hz), 7.18-7.93(4H, m);
HRMS Caled for CisHesNOs (M*) m/z 361.1524. Found 361.1485.

(R.5) -N-(2-Methoxrycarbonylpyrrolidinyl) {R)-0-coumarinyllactamide(entry 10, Table 4)

Colorless semisolid} IR ¥ max{neat) em ' 3450, 1754, 1861, 1624, 1195; 'M NMR{270 MHz,
CDClz) §: 1.52-1.56(2H, m), 1.77 and 1.78(A §=0.01) (34, d, J=6.93 Hz, -CHs in CLOH), 1.82-
2.03(3H, m), 3.76-3.88(2H, m), 4.10-4.30(3H, m), 4.94(1H, q, J=6.93 Hz, -CH in CLOH), 5.552
and 5.578(A §=0.0268) (14, s, coumarim C-3 proton), 7.29-7.93(4H, w); HRMS Caled for
CigHioN0s (M*) m/z 345.1211. Found 345.1237. '
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