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Design and Synthesis of a Tetracyclic Pyrimidine-Fused
Benzodiazepine Library

Lianyou Zheng, Jinbao Xiang, Qun Dang, Sigen Guo, and Xu Bai*

The Center for Combinatorial Chemistry and Drug Diseoy, Jilin University, 75 Haiwai Street,
Changchun, Jilin 130012, People’s Republic of China

Receied December 16, 2005

Method development for a heterocyclic library which entails novel scaffolds of benzodiazepines fused with
various heterocycles, such as pyrimidines, indolines, and tetrahydroquinolines, was accomplished. The new
synthetic strategy is based on an electrophilic cyclization reaction involving an iminium intermediate formed
by the corresponding aminopyrimidine with a carbonyl compound to give the desired heterocycles in high
yields. Subsequent replacement of the chloro group in the resulted structures with a nucleophile, such as
boronic acids, amines, alcohols and thiols, led to a library of privileged compounds with up to eight accessible
diversity points.

Introduction Scheme 1

T . Cl
Pyrimidine moiety, as a structural component of several NN ¢ H R:?ZZ X H R;zz
key biomolecules, has been employed in design of privileged Py . )NI\ X . Nl)\/(
. . . - . R N N = Y )\ “ Y
structures in medicinal chemistrgind attracts great attention ), RTONTON R7ON" N
from organic and medicinal chemists. Various pyrimidine- X © %

X

2

fused heterocycles, such as purifgsyrrolopyrimidines? 1 2 3X = R3R*N-;
pyrazolopyrimidines, pyrimidopyrimidines, imidazopyri- Y 4fo§o-';
midines® and furopyrimidines,have been studied. It is our :i;:_s"

ongoing interest to develop new strategies to prepare libraries
of novel heterocyclic scaffolds. Consequently, we reported Scheme 2
the preparation of libraries of fully substituted purife3? cl %
a novel pyrimidine-fused benzodiazepine scaffold pyri- N)\/[N“2+ HN HCI N)\/ENHZ
midine-fused benzothiazepine scafféldnd a novel indole- QN/ - EtOH-H,0 mN/ N
7 8

fused pteridines scaffold.Recently, the synthesis of pyrimido- 9% 8
1a

[4,5-0]-1,4-benzoxazepines, thiazepines, and diazepinad
5,6-dihydro-pyrimido[4,5]oxazepine¥ were reported by
others. As depicted in Scheme 1, an alternative syntheticprepared from commercially available 5-amino-4,6-dichlo-
strategy starting with pyrimidind was envisioned and is  ropyrimidine 7 in good yield according to Scheme'®.
based on the notion that saturation of the pyrrole ring of the  To expand the scope of the current methodology, 1,2,3,4-
indole moiety (indolinel) would force the cyclization to take  tetrahydroquinoline-substituted pyrimididé (n = 2) was
place at the phenyl ring to form novel scaffolds of tetracyclic also desired; however, treatment of pyrimidiheith 1,2,3,4-
pyrimidine-fused benzodiazepin2sFurthermore, the same  tetrahydroquinoline under standard conditions of Scheme 2
strategy could be applied to tetrahydroquinolinyl or similar failed to give the desired aminopyrimididé. Therefore, a
systems, which can be expanded to a libr&@y &) with up two-step process was developed for the synthesis of com-
to eight diversity points. Herein, the method development poundlb (Scheme 3}31*Nucleophilic substitution of 4,6-
toward a tetracyclic pyrimidine-fused benzodiazepine library dichloro-5-nitropyrimidined by 1,2,3,4-tetrahydroquinoline
is reported. 10led to the nitro precursdrlin good yield, and subsequent
reduction ofl1with Fe/NH,CI provided the desired starting
Results and Discussions quinolin-1-ylpyrimidine 1b in 83% yield.

To evaluate the feasibility of the strategy shown in Scheme _ With both pyrimidine derivativedaand1b in hand, we
1, we sought to quickly access two key pyrimidine deriva- first investigated the cyclization reactions of pyrimidihe
tives (la, n = 1 and1b, n = 2) that would allow us to ~ AS expected, pyrimidinéa reacted with propanaldehyde in
develop all subsequent reaction conditions. 5-Amino-4- refluxing acetonitrile with trifluoroacetic acid (TFA) to give
chloro-6-(indolin-1-yl)pyrimidinela (n = 1) was readily the desired tetracyclic pyrimidobenzodiazepir2l) in
excellent yield (entry 1, Table 1). Moreover, this reaction
*To whom correspondence should be addressed. Phei@8-431- proceeded to completion in 3 h, which indicated unusually
5188955. E-mail: xbai@ijlu.edu.cn. high reactivity of the indolinyl aminopyrimidine system, as
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Scheme 3
cl ol cl
\ /%[NOZ . @fj Et3rNt/THF \ )\/[mz Fe/NH,CI " )\/[NH2
I -t { 83% |
I\N/ cl N 77% kN/ {1@ kN/ {1:@
9 10 1 1b
Table 1. Preparation of Tetracyclic Table 2. Preparation of Tetracyclic
Pyrimidobenzodiazepine.—2.17) Pyrimidobenzodiazepineg.(.8-2.25
cl f R! cl Y R’
R? R
1a + RICOR? _TFA/CHLCN NK)I b + RICOR? —TACHCN Nl)\/( 2
reflux X reflux k pZ
N” N N °N
2 2
entry R R?  products time (h) vyield (%) entry R R?2  products time (h) yield (%)
1 Et H 2.1 3 92 1 Et H 2.18 35 97
2 nPr H 2.2 3 90 2 nPr H 2.19 4 95
3 Ph H 2.3 4 92 3  Ph H 2.20 5 9%
4 oMe—Ph H 2.4 4 97 4 pMe-Ph H 2.21 7 91
5 pNO~Ph  H 2.5 S 96 5 pNO,~Ph H 2.22 4 85
6 p-F-Ph H 2.6 3 90 6  PhCH=CH H 2.23 10 40
7 PhCH=CH H 2.7 2 81 7 Me Me 2.24 56 37
8 CHCH=CH H 2.8 0.5 83 8 Ph Me 2.25 24 a
9 Me Me 2.9 5 95 - -
10 Et Me 2.10 15 92 aNo desired product was isolated.
11 nPr Me 211 10 84
12 RR=—(CH)s— 212 5 92 Scheme 4
13 Me 2.13 12 87 R
14  p-MeO-Ph Me 2.14 60 62 ¢l ¢l H LR
15 p-NO,—Ph  Me 2.15 44 82 e RICOR? |\ No
16 Ph Et 2.16 65 57 U _ H* { P
17 Me COOH 2.17 6.5 59 N N -H0 N °N
n n
. . _ 1a, n=1
compared to the anilino aminopyrimidine olelThe scope 1b n=2 12
of the cyclization was explored with a variety of aldehydes 1
and ketones, and the results are summarized in Table 1. Cl oy R cl 4 R
As evidenced in Table 1, pyrimidinda underwent N S e R?
productive cyclization reactions with a wide range of L A"
aldehydes to give the corresponding tetracyclic pyrimido- NN N™ N
benzodiazepine®(1-2.8) in excellent yields (entries-18, n n
2(n=1,2) 13

Table 1). In a very similar fashion, aliphatic ketones yielded
the expected cyclized products in high yields (entried 2, in high yields within short reaction times, it was interesting
Table 1), whereas aromatic ketones tended to react at ao observe that pyrimidinéb failed to react with acetophe-
slower rate and gave moderate to good yields (entries 13 none under the same conditions. This reactivity difference
16). It is noteworthy that various functional groups in the may be explained on the basis of reaction mechanism. These
carbonyl compounds, such as nitro, methoxy, and carboxylic cyclization reactions are expected to follow a similar pathway
acid groups, are tolerated under the current reaction condi-as the PictetSpengler isoquinoline synthesdfsas shown

tion.
Similar to indolin-1-ylpyrimidinela, tetrahydroquinolin-
1-ylpyrimidine 1b underwent cyclization reactions with

in Scheme 4.
It was proposed that the pyrimidinéaor 1b reacted with
an aldehyde or a ketone to form an iminium intermediate

aliphatic and aromatic aldehydes to give the expected 12 under the current acidic condition. The reactive iminium

tetracyclic pyrimidobenzodiazepine®.18-2.22 (entries
1-5, Table 2). Although a nitro group in the carbonyl
compound is tolerated (entry 5, Table 2), an olefin group

ion 12 underwent an intramolecular electrophilic reaction at
the adjacent electron-rich phenyl ring to produce the expected
benzodiazepine fram&3. Elimination of a proton af.3 to

led to much lower vyield, which suggested possible side regenerate the aromatic phenyl ring led to the final products

reactions with the olefin group under the current acidic
condition. In contrast to pyrimidinga, pyrimidine 1b reacted
with acetone very sluggishly (56 h) and gave low yield of
the final produc®2.24 Furthermore, no desired product was
isolated from the reaction of pyrimidinkb with acetophe-
none.

Even though pyrimidinetaandlb reacted similarly with

2. Two possible factors were hypothesized to explain the
high reactivity of the indolinyl systeriia toward carbonyl
compounds and lack of productive reactions between quino-
linylpyrimidine 1b and ketones. At first, close examination
of a molecular model of quinolinylpyrimidinéb revealed
that the chair conformation of the six-member ring forced
one of the R groups of the ketone to bump into the phenyl

aldehydes to give the tetracyclic pyrimidobenzodiazepines ring when the iminium ion was approaching. This steric
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Scheme 8 Table 3. Introduction of Final Diversity Points to
R3 R4 Compound2
N7 H R' .
N—L-H yield
a "i\ entry ArCl nucleophile product time (%)
NN 1 23 RRNH="Bu—NH, 3a 3d 74
2 2.2 RR‘NH = Ph—NH, 3b 45d 60
3 3 2.3 RR‘NH=morpholine  3c 3d 90
R3 4 2.2 RR*NH = pyrrolidine 3d 3d 93
. N H R 5 2.2 ROH="Bu—OH 4a 30h 94
7 ouR, . NN 6 23 ROH="Bu—OH 4 33h 94
N 1 o m _ 7 2.2 RSH=Bn-SH 5a 7h 94
L NN 8 23 RSH=Bn-SH 5b 7h 96
N" N 9 22 RSH=Ph-SH 5¢ 9h 95
4X=0 10 2.3 RSH=Ph-SH 5d 7h 94
2.2,R'=n-Bu 5X=S 11 2.2 NA 6a 10 h 53
2.3,R'=Ph 12 23 NA 6b 5h 53
Ph 4 R!
N—L-H
c N'k ~ zopines in high yields (entries-5L0, Table 3):2 Introduction
N7 of carbon substitutents to replace the chloro should further
6 expand the scope of the current library; therefore, under
aReagents and conditions: (aJNtHR4, n-BuOH; (b) RBBXH, NaH, THF; nonoptimized SuzukiMiyaura cross-coupling conditiori$,
(c) PhB(OH}, Pd(OAcC), KoCOs, PhsP, DME-H;O. compound.2or 2.3reacted with phenylboronic acid to yield

hindrance could be avoided when an aldehyde-based iminium'Y!-substituted products (entries-112, Table 3) in good
ion was approaching, since the hydrogen could be placedYi€lds: . o
over the phenyl ring to alleviate the steric contact. The same N summary, novel scaffolds of tetracyclic pyrimidoben-
steric contact might not be present in indolinylpyrimidine Z0diazepines were prepared on the basis of a new strategy
1a due to the apparent relative planner structure of the entailing an iminium ion intramolecular cychze_ltlo_n reaction
indoline moiety; therefore, both aldehydes and ketones @S & key step. The presence of the cyclic indoline or
reacted with indolinylpyrimidinela to give the desired tetrahydroqgmo!me ring S|gn|f|cantly|ncreas_es the reactll\_nty
products in high yields. Second, indolinylpyrimidirea ~ Of the cyclization, as compared to their open anilino
exhibited unusually high reactivity toward intramolecular analogues, and as a result, this increased reactivity permitted
cyclizations to the seven-member diazepine frame due to the@ Wide range of aldehydes and ketones to function as
release of angle strain by the existing indoline ring, as productlve; substrates for the current synthe5|s. Moreover,
compared to quinolinylpyrimidindb. In the indoline case  the resulting heterocycles possess a highly reactive chloro
of 1a, the outlet angle (126) of the [5,6]-bicyclic ring group on the pyrlmldlne_ moiety which aIIows further
system is close to that{129 °) of the forming flat seven- introduction of a large variety of new elements via nucleo-
member ring of benzodiazepine, whereas the reduced angldhilic substitution or transition-metal-catalyzed, cross-
(120 °) in the tetrahydroquinolinyl [6,6]-bicyclic structure coupling reactlo_n_cond|t|ons. These pyr|m|d|ne—fused he.t—
1b caused more angle strains for formation of the benzodi- €rocycles as privileged structures could be of interest in
azepine skeleton. Despite the high reactivity of tetrahydro- Séarching for novel leads in drug discovery.
quinolinylpyrimidinelb toward aldehydes, its reaction with
ketones was quite similar to those of anilinyl analogttes,
which demonstrated that it was, indeed, the indolinylpyri-  Acetonitrile was treated with calcium hydride and distilled
midine systemnila that was more reactive. after refluxing fo' 3 h in anitrogen atmosphere. All other
The chloro group in compounds(n = 1, 2) presents an ~ commercial reagents were used as received without additional
excellent opportunity to introduce additional diversity points. purification. Melting point was uncorrected. Mass spectra
Two compoundsd.2and?2.3) were selected as representative and HPLC (ELSD) data were recorded on an 1100 LC/MS
examples to examine their reactivity toward various nucleo- system (Agilent Technology Corporation). THe and!3C
philes and coupling reactions. As depicted in Scheme 5, NMR data were obtained on a 300-MHz Varian spectrometer
compound<2.2 or 2.3 reacted readily with an amine under with TMS as the internal standard and CRGt DMSO-ds
either acidic conditions of concentrated aqueous HCI (for as solvent. Multiplicities are indicated as the following: s,
n-BuNHj, aniline, and morpholiné) or in the presence of  singlet; d, doublet; t, triplet; m, multiplet; dd, doubled
EtN (for pyrrolidine) to give the desired amine-substituted doublet; br, broad. Coupling constanis/élues) where noted
products in moderate to high yields (entries4l, Table 3). are quoted in hertz.
Other nucleophiles with heteroatoms, such as alcohols and 1-(6-Chloro-5-nitropyrimidin-4-yl)-1,2,3,4-tetrahydro-
thiols, were also known to react with 6-chloropurines; quinoline (11).To a solution of 4,6-dichloro-5-nitropyrimi-
therefore, their reactions were exemplified wittBuOH, dine 9 (3.00 g, 15.5 mmol) in anhydrous THF (40 mL) was
BnSH, and PhSH. Compounds2 or 2.3 reacted with added dropwise a solution of 1,2,3,4-tetrahydroquinalibe
n-butanol, benzylthiol, and thiophenol smoothly under basic (2.07 g, 15.5 mmol) and triethylamine (3.3 mL, 23.3 mmol)
conditions to give the correspondimgbutyloxy-, benzyl- in anhydrous THF (20 mL) in an ice bath. After being
sulfanyl-, or phenylsulfanyl-substituted pyrimidobenzedia- warmed to room temperature, the reaction mixture was stirred

Experimental Section
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overnight, then concentrated in vacuo. The residue wasHz, 1H), 6.74 (dJ = 7.5 Hz, 1H), 5.47 (s, 1H), 5.11 (s, br,

dissolved in CHCI, (50 mL), washed wit 1 N HCI (30 mL

x 3) and brine (30 mLx 3), and dried over anhydrous
MgSQ,. Concentration in vacuo and purification by flash
chromatography on a silica gel column (petroleum/ EtOAc

10:1, v/v) provided the desired product, 3.46 g (77%), brown

solid, mp 136-131°C. 'H NMR (CDCly): 6 8.06 (s, 1H),
7.21 (d,J = 7.5 Hz, 1H), 7.14 (tdJ) = 7.2 Hz, 1.5 Hz, 1H),
7.07 (td,J = 8.1 Hz, 1.8 Hz, 1H), 6.91 (dd,= 7.5 Hz, 0.9
Hz, 1H), 4.02 (tJ = 6.6 Hz, 2H), 2.79 (t) = 6.6 Hz, 2H),
2.13-2.04 (m, 2 H).1%C NMR (CDCk): 6 157.1, 154.4,

1H), 4.43-4.32 (m, 2H), 3.22 (t) = 8.7 Hz, 2H).13C NMR
(CDCL): 6 152.2,149.7, 146.9, 141.4, 141.2, 133.3, 128.8,
127.9, 127.4, 127.3, 125.6, 125.4, 124.5, 121.5, 63.7, 50.9,
26.7. ES-MS: 335.1 [M H].

Compound 2.4. 97%, mp 20%203 °C. 'H NMR
(CDCL): 6 8.01 (s, 1H), 7.26.7.12 (m, 2H), 6.92:6.84 (m,
3H), 6.62 (t,J = 7.5 Hz, 1H), 6.38 (ddJ = 7.2 Hz, 1.5 Hz,
1H), 5.89 (d,J = 3.6 Hz, 1H), 5.63 (s, br, 1H), 4.464.31
(m, 2H), 3.96 (s, 3H), 3.283.20 (m, 2H). 3C NMR
(CDCL): ¢ 156.8, 152.3, 149.7, 147.2, 142.6, 133.4, 129.5,

153.2, 137.5, 132.6, 128.8, 126.4, 126.2, 119.3, 47.2, 26.3,129.4, 127.9, 127.6, 126.0, 124.7, 124.5, 122.0, 120.3, 110.4,

23.8. ES-MS: 291.0 [Mt+ H] *.
4-Chloro-6-(3,4-dihydro-2H-quinolin-1-yl)-pyrimidin-
5-ylamine (1b). Compound11 (3.14 g, 10.8 mmol) was

59.0, 55.4, 51.2, 27.0. ES-MS: 365.2 M H™].
Compound 2.5. 96%, mp 195196 °C. H NMR
(CDCly): ¢ 8.11 (d,J = 8.7 Hz, 2H), 8.10 (s, 1H), 7.25

dissolved in a mixture of ethanol (40 mL) and water (10 7.22 (m, 3H), 6.91 (t) = 7.5 Hz, 1H), 6.81 (dJ = 7.8 Hz,
mL). Iron powder (1.82 g, 32.5 mmol) and NEl (0.34 g, 1H), 5.62 (d,J = 2.7 Hz, 1H), 5.22 (s, br, 1H), 4.481.27
6.26 mmol) were added, and the mixture was stirred under (m, 2H), 3.28-3.21 (m, 2H).13C NMR (CDCk): ¢ 152.2,
reflux for 1 h, cooled, and filtered through a pad of Celite. 150.2, 148.5, 147.4, 147.3, 141.3, 133.7, 128.3, 127.2, 125.1,
The filtrate was concentrated in vacuo. The residue was 124.4, 124.0, 123.7, 121.9, 62.9, 50.9, 26.6. ES-MS: 380.0
extracted with EtOAc, and the organics were washed with [M + H*].

saturated NaHC@®and brine in sequence and dried over Compound 2.6. 90%, mp 147148 °C. 'H NMR
anhydrous MgS@ Concentration in vacuo gave the crude (CDCL): ¢ 8.12 (s, 1H), 7.19 (dJ = 7.2 Hz, 1H), 7.0&
product, which was purified by recrystallization in EtOH to  7.04 (m, 2H), 6.99-6.94 (m, 2H), 6.87 (tJ = 7.2 Hz, 1H),

give 1b, 2.33 g (83%), white solid, mp 135116 °C. 'H
NMR (CDCl): 6 8.26 (s, 1H), 7.16 (dJ = 7.2 Hz, 1H),
7.07 (td,J = 8.1 Hz, 1.5 Hz, 1H), 6.94 (td] = 7.5 Hz, 1.2
Hz, 1H), 6.39 (d,J = 7.8 Hz, 1H), 3.85 (tJ = 6.0 Hz, 2H),
3.82 (s, br, 2H), 2.89 () = 6.6 Hz, 2H), 2.13-2.05 (m,
2H).13C NMR (CDCk): 6 150.4, 146.9, 144.1, 138.7, 129.5,

6.75 (d,J = 7.5 Hz, 1H), 5.47 (s, 1H), 5.12 (s, br, 1H),
4.46-4.28 (m, 2H), 3.23 (t) = 8.1 Hz, 2H). ES-MS: 353.1
M + H.

Compound 2.7. 81%, mp 162-163 °C. 'H NMR
(CDCl): 6 8.16 (s, 1H), 7.257.21 (m, 5H), 7.16 (dJ =
7.2 Hz, 1H), 6.99 (dJ = 7.5 Hz, 1H), 6.90 (tJ = 7.5 Hz,

129.3,127.7,126.3,122.0, 117.1, 47.5, 26.9, 23.5. ES-MS:1H), 6.33-6.18 (m, 2H), 5.06 (t) = 4.8 Hz, 1H), 4.96 (d,

261.0 [M+ H] *.

General Procedure for the Synthesis of Compounds 2.
To a solution of indolin-1-ylpyrimidinela or tetrahydro-
quinolinylpyrimidine 1b (0.5 mmol) and an aldehyde (0.6
mmol) or ketone (0.6 mmol) in 3 mL of acetonitrile was
added 3 drops of TFA. The mixture was refluxed with stirring
until the disappearance of the starting matetiabr 1b on
TLC. After cooling to room temperature, the solvent was
removed in vacuo to give the crude product. Purification by
recrystallization or flash chromatography on a silica gel
column provided the desired products.

Compound 2.1. 92%, mp 146-142 °C. *H NMR
(CDCly): 6 8.14 (s, 1H), 7.127.10 (m, 1H), 6.9£6.84 (m,
2H), 4.88 (d,J = 5.4 Hz, 1H), 4.56-4.41 (m, 1H), 4.32
4.13 (m, 2H), 3.22-3.11 (m, 2H), 1.63-1.53 (m, 2H), 0.95
(t, J = 7.2 Hz, 3H).13C NMR (CDChk): 6 152.0, 149.5,

J = 4.2 Hz, 1H), 4.43-4.30 (m, 2H), 3.223.16 (m, 2H).

3C NMR (CDCk): 6 152.0, 149.8, 147.1, 140.8, 135.9,

133.5,133.1, 129.6, 128.5, 128.0, 126.8, 126.6, 125.3, 125.0,

124.5, 121.7, 61.8, 50.9, 26.7. ES-MS: 361.1 fiMH"].
Compound 2.8. 83%, mp 132135 °C. 'H NMR

(CDCl): 6 8.18 (s, 1H), 7.13 (dd] = 7.2 Hz, 1.2 Hz, 1H),

6.93 (ddJ= 7.8 Hz, 1.2 Hz, 1H), 6.88 (] = 6.9 Hz, 1H),

5.56-5.37 (m, 2H), 4.83 (dJ = 6.3 Hz, 1H), 4.62 (s, br,

1H), 4.44-4.25 (m, 2H), 3.2+3.14 (m, 2H), 1.62 (dd) =

6.0 Hz, 1.5 Hz, 3H)13C NMR (CDCk): ¢ 151.9, 149.4,

146.4, 140.5, 133.2, 131.2,129.5, 126.4, 125.5, 124.1, 123.9,

121.5, 61.5, 50.7, 26.5, 17.6. ES-MS: 299.1 {MH"].
Compound 2.9. 95%, mp 117118 °C. *H NMR

(CDClg): ¢ 8.18 (s, 1H), 7.137.10 (m, 2H), 6.89 (t) =

7.2 Hz, 1H), 4.36 (tJ = 8.7 Hz, 2H), 3.17 (tJ = 8.7 Hz,

2H), 1.57 (s, 6H):C NMR (CDCk): ¢ 152.3, 149.7, 146.7,

146.3, 140.6, 133.7, 127.7, 126.5, 125.0, 124.3, 121.8, 62.3,140.3, 133.5, 131.7, 125.0, 124.0, 123.1, 121.5, 56.8, 50.7,

51.1, 30.3, 26.8, 11.3. ES-MS: 287.1 [M H*].
Compound 2.2. 90%, mp 153152 °C. 'H NMR
(CDCly): 6 8.15 (s, 1H), 7.11 (dd] = 6.6 Hz, 0.9 Hz, 1H),
6.90-6.83 (m, 2H), 4.84 (s, br, 1H), 4.501.41 (m, 1H),
4.32-4.22 (m, 2H), 3.27-3.06 (M, 2H), 1.63-1.23 (m, 4H),
0.89 (t,J = 6.9 Hz, 3H).23C NMR (CDCk): 6 152.1, 149.5,

30.4, 26.6. ES-MS: 287.1 [M- HT].

Compound 2.10. 92%, mp 86-88 °C. 'H NMR
(CDCl): 6 8.16 (s, 1H), 7.11 (d) = 7.2 Hz, 1H), 7.04 (d,
J= 7.8 Hz, 1H), 6.88 (tJ = 7.5 Hz, 1H), 4.48-4.22 (m,
3H), 3.19-3.12 (m, 2H), 1.851.75 (m, 1H), 1.671.55 (m,
1H), 1.60 (s, 3H), 0.86 (tJ = 7.8 Hz, 3H).°C NMR

146.3, 140.7, 133.7,127.8, 126.4, 125.1, 124.3, 121.8, 60.3,(CDCl): 6 152.0, 149.4, 146.1, 140.4, 133.6, 130.7, 124.9,

51.1, 39.4, 26.9, 19.7, 13.9. ES-MS: 301.1 fMH*].
Compound 2.3. 92%, mp 142-144 °C. 'H NMR

(CDCly): 68.10 (s, 1H), 7.3£7.21 (m, 3H), 7.17 (ddJ =

7.2 Hz, 1.2 Hz, 1H), 7.127.08 (m, 2H), 6.85 (1) = 7.8

124.0, 123.9, 121.3, 59.8, 50.7, 34.5, 27.1, 26.6, 8.1. ES-
MS: 301.1 [M+ HT].

Compound 2.11. 84%, mp 99-101 °C. *H NMR
(CDCly): 0 8.17 (s, 1H), 7.11 (dd] = 7.2 Hz, 1.2 Hz, 1H),
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7.04 (d,J = 8.1 Hz, 1H), 6.88 (tJ = 7.5 Hz, 1H), 4.48
4.23 (m, 3H), 3.26-3.09 (m, 2H), 1.78-1.48 (m, 2H), 1.61
(s, 3H), 1.41-1.18 (m, 2H), 0.82 (tJ = 7.2 Hz, 3H).1%C

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 385

7.01-6.94 (m, 2H), 4.55 (tJ = 8.1 Hz, 1H), 4.12-4.06
(m, 1H), 3.88-3.80 (m, 1H), 2.89 (t) = 7.5 Hz, 2H), 2.13-
1.95 (m, 4H), 1.52-1.35 (m, 2H), 0.99 (&) = 7.2 Hz, 3H).

NMR (CDCly): 6 152.1, 149.5, 146.2, 140.4, 133.7, 130.8, 3C NMR (CDCk): 6 150.5, 145.8, 142.5, 141.9, 135.4,
124.9,124.0, 123.9, 121.3,59.7,50.7, 44.4, 27.7, 26.6, 17.0,131.4, 129.5, 128.4, 123.5, 123.4. ES-MS: 315.14N*].

14.2. ES-MS: 315.1 [M+ H].

Compound 2.12. 92%, mp 182-183 °C. 'H NMR
(CDCL): ¢ 8.12 (s, 1H), 7.10 (t) = 8.1 Hz, 2H), 6.88 (d,
J= 7.8 Hz, 1H), 4.59 (s, br, 1H), 4.34 (td,= 8.4 Hz, 1.8
Hz, 2H), 3.12 (tJ = 9.0 Hz, 2H), 2.06-1.76 (m, 5H), 1.69
1.49 (m, 4H), 1.33-1.25 (m, 1H).13C NMR (CDCE): o

Compound 2.20. 96%, mp 146-142 °C. 'H NMR
(CDCk): 6 7.96 (s, 1H), 7.397.26 (m, 5H), 7.13 (dJ =
7.2 Hz, 1H), 6.97 (t) = 7.2 Hz, 1H), 6.76 (dJ = 7.5 Hz,
1H), 5.81 (s, 1H), 3.963.82 (m, 1H), 3.66:3.59 (m, 1H),
2.89 (t,J = 7.2 Hz, 2H), 2.1+2.02 (m, 2H).2*C NMR
(CDCly): 0 150.7, 146.3, 142.9, 142.2, 140.3, 135.3, 133.1,

152.3, 149.1, 145.5, 140.9, 133.6, 133.3, 124.5, 124.0,121.9131.8, 130.0, 128.7, 128.3, 127.6, 126.3, 125.3, 123.5, 60.6,
121.7,58.2,50.7, 34.9, 26.6, 25.1, 20.8. ES-MS: 327.1 [M 45.8, 26.5, 21.4. ES-MS: 349.2 [M H].

+ H*].

Compound 2.13. 87%, mp 188-189 °C. 'H NMR
(CDCl): 6 8.06 (s, 1H), 7.367.20 (m, 3H), 7.17#7.14 (m,
3H), 6.88-6.80 (m, 2H), 4.76 (s, br, 1H), 4.4%1.36 (m,
1H), 4.23-4.14 (m, 1H), 3.2+3.14 (m, 1H), 1.90 (s, 3H).

3C NMR (CDCk): ¢ 152.0, 149.6, 146.5, 145.8, 141.1,

Compound 2.21. 91%, colorless syrup.*H NMR
(CDCls): 0 7.95 (s, 1H), 7.15 (m, 5H), 7.11 (dd,= 7.8
Hz, 1.2 Hz, 1H), 6.94 (1) = 7.8 Hz, 1H), 6.72 (dJ = 7.2
Hz, 1H), 5.80 (s, 1H), 3.863.74 (m, 2H), 2.88 (t) = 7.5
Hz, 2H), 2.35 (s, 3H), 2.082.04 (m, 2H).1C NMR
(CDCly): 0 150.7,146.3, 142.9, 142.3, 137.3, 137.2, 135.5,

133.4,130.8, 128.6, 127.6, 126.5, 125.9, 125.5, 124.3,121.3131.7, 129.9, 129.3, 128.4, 126.4, 125.2, 123.5, 60.3, 45.8,

63.6, 50.7, 30.6, 26.7. ES-MS: 349.1 [M H].
Compound 2.14. 62%, mp 168-169 °C. 'H NMR
(CDCL): 6 8.07 (s, 1H), 7.14 (d) = 6.6 Hz, 1H), 7.07 (d,
J = 9.0 Hz, 2H), 6.86-6.77 (M, 4H), 4.71 (s, 1H), 4.41
4.34 (m, 1H), 4.254.15 (m, 1H), 3.76 (s, 3H), 3.16 d,=
8.7 Hz, 2H), 1.86 (s, 3H}3C NMR (CDCL): 6 158.8, 152.1,

26.5, 21.4, 21.0. ES-MS: 363.2 [M H].

Compound 2.22. 85%, mp 245247 °C. 'H NMR
(CDCL): ¢ 8.16 (d,J = 8.7 Hz, 2H), 7.96 (s, 1H), 7.34 (d,
J=8.7 Hz, 2H), 7.20 (dJ = 7.2 Hz, 1H), 7.07 (t] = 7.2
Hz, 1H), 7.00 (d,J = 6.3 Hz, 1H), 5.56 (dJ = 5.7 Hz,
1H), 5.19 (d,J = 5.7 Hz, 1H), 4.26-4.19 (m, 1H), 2.96

149.6, 146.3, 141.0, 138.0, 133.4, 131.1, 127.8, 125.9, 125.52.79 (m, 3H), 2.13-1.92 (m, 2H).*C NMR (CDCk): ¢
124.2, 121.2, 113.8, 63.1, 55.1, 50.7, 30.5, 26.7. ES-MS: 150.5, 148.6, 147.1, 146.6, 143.5, 141.9, 134.1, 132.3, 130.7,

379.1 [M+ H*.

Compound 2.15. 82%, mp 182183 °C. 'H NMR
(CDCL): 6 8.10 (d,J = 8.7 Hz, 2H), 8.05 (s, 1H), 7.28
7.21 (m, 3H), 6.956.89 (m, 2H), 4.80 (s, 1H), 4.484.39
(m, 1H), 4.18-4.07 (m, 1H), 3.233.14 (m, 1H), 1.98 (s,

127.0, 126.6, 125.8, 123.9, 123.7, 60.7, 45.5, 26.3, 21.0. ES-
MS: 394.1 [M+ H*.

Compound 2.23. 40%, mp 114116 °C. 'H NMR
(CDCL): 6 8.00 (s, 1H), 7.467.23 (m, 5H), 7.13 (ddJ =
7.2 Hz, 1.2 Hz, 1H), 7.05 (d] = 7.2 Hz, 1H), 7.00 (tJ =

3H).13C NMR (CDCk): ¢ 153.2, 151.7, 149.9, 147.1, 146.5, 7.2 Hz, 1H), 6.63 (dJ = 2.7 Hz, 2H), 5.34 () = 2.7 Hz,
141.1,133.9,129.1, 127.5, 125.3, 125.0, 124.8, 123.8, 121.7,1H), 4.13-4.05 (m, 1H), 3.88-3.80 (m, 1H), 2.91 (1) =

63.5, 50.7, 30.9, 26.6. ES-MS: 394.2 [IMH'].
Compound 2.16.57%, mp 145147 °C. 'H NMR
(CDCly): 6 8.06 (s, 1H), 7.3%7.21 (m, 3H), 7.16-7.14 (m,
3H), 6.83 (t,J = 7.5 Hz, 1H), 6.72 (dJ = 8.1 Hz, 1H),
4.86 (s, br, 1H), 4.374.17 (m, 2H), 3.15 (tJ = 8.7 Hz,
2H), 2.32-2.12 (m, 2H), 1.02 (t) = 7.5 Hz, 3H).1*C NMR

6.9 Hz, 2H), 2.152.05 (m, 2H).2*C NMR (CDCk): o
150.6, 146.2, 136.2, 134.8, 132.4, 131.6, 129.9, 128.6, 128.1,
128.0,127.9,126.5, 124.1, 123.7,59.3, 46.1, 26.6, 21.4. ES-
MS: 375.1 [M+ H*].

Compound 2.24. 37%, mp 136-132 °C. 'H NMR
(CDCk): ¢ 7.98 (s, 1H), 7.14 (d) = 7.8 Hz, 1H), 7.10 (d,

(CDCL): 6 151.4, 149.1, 145.7, 144.5, 141.2, 133.7, 129.3, J = 7.5 Hz, 1H), 6.97 (tJ = 7.5 Hz, 1H), 4.31 (s, br, 1H),
128.5, 127.5, 127.1, 126.6, 125.5, 124.2, 120.9, 66.9, 50.7,3.99-3.96 (m, 2H), 2.90 (tJ = 7.2 Hz, 2H), 2.18-2.10

34.3, 26.5, 8.5. ES-MS: 363.2 [Mr H].

Compound 2.17.59%, mp 273°C (dec). *H NMR
(DMSO-dg): 6 8.14 (s, 1H), 7.247.21 (m, 2H), 6.91 (tJ
= 7.2 Hz, 1H), 5.03 (s, 1H), 4.384.29 (m, 1H), 4.21+4.11

(m, 2H), 1.79 (s, 6H)*C NMR (CDCk): 6 149.7, 145.9,
141.6, 138.1, 132.0, 129.8, 127.4, 123.3, 121.1, 55.6, 46.1,
29.4, 26.7, 21.6. ES-MS: 301.1 [M H*].

General Procedure for Displacement of the Chloro

(m, 1H), 3.21£3.09 (m, 2H), 1.88 (s, 3H). ES-MS: 317.2 Group in 2.2 or 2.3 with n-BuNH,, Aniline, and Mor-

[M + HT].

Compound 2.18. 97%, colorless syrup.'H NMR
(CDCl): ¢ 7.97 (s, 1H), 7.09 (dd] = 6.9 Hz, 1.2 Hz, 1H),
7.01-6.94 (m, 2H), 4.50 (s, br, 1H), 4.461.39 (m, 1H),
4.15-4.09 (m, 1H), 3.853.77 (m, 1H), 2.89 (tJ = 6.9
Hz, 2H), 2.13-1.99 (m, 4H), 1.05 (t) = 7.5 Hz, 3H).13C

pholine; Preparation of Compounds 3a, 3b, and 3cTo a
solution of compound.2 or 2.3 (0.3 mmol) and excess
amine (3.0 mmol) im-BuOH (3.0 mL) was added concen-
trated aqueous HCI (23 drops). The mixture was stirred
under a nitrogen atmosphere while refluxing until disap-
pearance oR.2 or 2.3 as monitored by TLC. After cooling

NMR (CDCl): 6 150.4, 145.8, 142.6, 141.9, 135.3, 133.0, of the resulting mixture and concentration in vacuo to
131.4,129.5, 128.3, 123.5,59.2, 46.1, 26.7, 26.2, 21.4, 11.5.dryness, the residue was purified by flash chromatography

ES-MS: 301.1 [M+ H'].
Compound 2.19. 95%, mp 108-110 °C. 'H NMR
(CDCly): ¢ 7.97 (s, 1H), 7.09 (dd] = 6.9 Hz, 2.1 Hz, 1H),

on silica gel to give the desired product.
Compound 3a.74%, brown solid, mp 105107 °C. H
NMR (CDCl): ¢ 8.09 (s, 1H), 7.267.15 (m, 3H), 7.12 (t,
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J=4.2 Hz, 1H), 7.08-7.05 (m, 2H), 7.76 (dJ = 4.2 Hz,
2H), 5.85 (t,J = 2.4 Hz, 1H), 5.51 (s, 1H), 4.354.29 (m,
2H), 3.30-3.13 (m, 4H), 1.48-1.40 (m, 2H), 1.371.23 (m,
2H), 0.93 (t,J = 7.5 Hz, 3H).13C NMR (CDCk): 6 161.4,

Zheng et al.

0 158.9, 150.3, 148.4, 148.3, 141.2, 132.9, 127.4, 126.3,
123.5, 120.1, 113.1, 66.4, 60.1, 50.0, 39.3, 31.1, 26.7, 19.3,
19.1, 13.7, 13.6.

Compound 4b. 94%, yellow solid, 89-91 °C. 'H NMR

157.2,154.7,154.6, 142.4, 141.2, 133.1, 128.5, 128.2, 128.0(CDCl): 6 8.03 (s, 1H), 7.267.19 (m, 3H), 7.13-7.06 (m,
127.4,127.3,124.0, 120.3, 65.1, 49.6, 40.4, 32.0, 27.1, 20.0,3H), 6.79-6.71 (m, 2H), 5.40 (s, 1H), 4.88 (s, br, 1H), 4-38

13.8.

Compound 3b.60%, pale yellow solid, mp 149151 °C.
IH NMR (CDCl): 6 8.40 (s, 1H), 8.32 (s, 1H), 7.68 (dd,
= 7.5 Hz, 2H), 7.35 (tJ = 7.5 Hz, 2H), 7.09 (dJ = 7.5
Hz, 1H), 7.03 (tJ = 7.5 Hz, 1H), 6.89 (dJ = 6.9 Hz, 1H),
6.82 (t,J = 7.5 Hz, 1H), 4.42-4.33 (m, 1H), 4.36-4.27
(m, 2H), 3.173.12 (m, 2H), 2.69 (s, br, 1H), 1.621.56
(m, 2H), 1.45-1.38 (m, 2H), 0.88 (tJ = 6.9 Hz, 3H).

Compound 3c.90%, white solid, mp 158162 °C. H
NMR (CDCl): 6 8.22 (s, 1H), 7.357.25 (m, 3H), 7.17 (d,
J=7.2Hz, 2H),7.11 (dJ=7.2Hz, 1H),6.74 tJ=7.5
Hz, 1H), 6.58 (dJ = 7.5 Hz, 1H), 5.28 (s, 1H), 4.93 (s, br,
1H), 4.46-4.30 (m, 2H), 3.753.65 (m, 4H), 3.19 (tJ =
8.7 Hz, 2H), 3.06-2.93 (m, 2H), 2.8#2.80 (m, 2H).13C
NMR (CDCly): 6 157.2, 151.7, 150.0, 149.9, 141.8, 132.9,

4.31 (m, 2H), 4.29-4.23 (m, 2H), 3.19 (t) = 8.1 Hz, 2H),
1.70-1.65 (m, 2H), 1.421.34 (m, 2H), 0.93 (tJ = 7.5
Hz, 3H).*3C NMR (CDCk): ¢ 159.1, 150.9, 149.0, 148.9,
142.5,142.1,132.7,128.4, 127.6, 127.4, 127.3, 124.9, 124.0,
120.1, 114.2, 66.4, 64.1, 50.1, 30.9, 26.8, 19.0, 13.7.
Compound 5a.94%, yellow syrup*H NMR (CDCL): o
8.33 (s, 1H), 7.387.34 (m, 2H), 7.3%+7.19 (m, 3H), 7.04
(dt,J = 6.6 Hz, 0.9 Hz, 1H), 6.846.76 (m, 2H), 4.54 (dJ
= 13.2 Hz, 1H), 4.44 (d) = 13.5 Hz, 1H), 4.43-4.37 (m,
1H), 430-4.10 (m, 3H), 3.19-3.07 (m, 2H), 1.521.15 (m,
4H), 0.80 (t,J = 7.2 Hz, 3H).1*C NMR(CDCk): ¢ 153.1,
150.7, 150.0, 149.9, 140.8, 137.7, 133.1, 128.9, 128.4, 127.9,
127.1,126.0, 124.8, 123.7, 120.7, 60.1, 50.3, 38.7, 35.4, 26.6,
19.6, 13.7.
Compound 5b.96%, yellow solid, mp 113115°C. *H

128.8, 127.8,127.5,127.1,125.8, 124.1, 121.2, 120.5, 66.8 NMR (CDCly): 6 8.27 (s, 1H), 7.367.19 (m, 8H), 7.14

64.1, 64.0, 50.3, 49.6, 26.8.

Preparation of Compound 3d. To a solution of com-
pound2.2 (90 mg, 0.3 mmol) and pyrrolidine (213 mg, 3.0
mmol) in n-BuOH (3.0 mL) was added B (1 mL). The
mixture was refluxed with stirrring under a nitrogen atmo-

7.07 (m, 3H), 6.78 (t) = 7.5 Hz, 1H), 6.67 (dJ = 7.2 Hz,

1H), 5.36 (s, 1H), 4.51 (s, br, 1H), 4.4%.31 (m, 4H), 3.20

(t, J= 9.0 Hz, 2H).*C NMR(CDCE): ¢ 154.2, 151.2, 150.6,
150.4, 141.9, 141.5, 137.6, 133.0, 128.9, 128.5, 127.7, 127.3,
127.2, 125.9, 125.7, 124.2, 120.9, 109.7, 64.0, 50.4, 35.3,

sphere for 3 days. After cooling to room temperature, the 26.8.
solvent was evaporated in vacuo and the residue was purified General Procedure for Displacement of the Chloro

by flash chromatography on silica gel (petroleum/EtOAc 5:1,

Group in 2.2 or 2.3 with Thiophenol; Preparation of

v/Vv) to give the desired product (93.5 mg) as a pale yellow Compounds 5c and 5d.To a solution of compound.2 or

solid, yield 93%, mp 116118 °C. 'H NMR (CDCl): ¢
8.21 (s, 1H), 7.06 (dd) = 7.5 Hz, 1.5 Hz, 1H), 6.85 (d]
= 7.5 Hz, 1H), 6.78 (tJ = 7.5 Hz, 1H), 4.43-4.22 (m,
2H), 4.17 (t,J = 6.9 Hz, 1H), 3.8+3.73 (m, 2H), 3.64
3.53 (m, 2H), 3.19-3.08 (M, 2H), 1.99-1.84 (m, 4H), 1.4%
1.19 (m, 4H), 0.86 (tJ = 7.5 Hz, 3H).13C NMR (CDCL):

2.3 (0.3 mmol) and thiophenol (330 mg, 3.0 mmol) in
n-BuOH (3.0 mL) was added Bt (1 mL). The mixture was
refluxed with stirrring under a nitrogen atmosphere until the
disappearance a2.2 or 2.3 as monitored by TLC. After
cooling to room temperature, the solvent was evaporated in
vacuo, and the residue was purified by flash chromatography

0 155.8, 150.8, 150.7, 141.5, 133.1, 129.7, 125.9, 123.5, on silica gel (petroleum/EtOAc 5:1, v/v) to give the desired
120.0, 112.0, 60.5, 50.6, 50.3, 37.6, 26.8, 25.3, 19.3, 14.0.product.

General Procedure for Displacement of the Chloro
Group in 2.2 or 2.3 with n-BuOH or PhCH ,SH; Prepara-
tion of compounds 4a, 4b, 5a, and 5bTo a solution of
compound2.2or 2.3 (0.3 mmol) in THF (2 mL) was added
n-BuOH (222 mg, 0.27 mL, 3 mmol) or PhG8H (74.4

Compound 5¢.95%, yellow syrup*H NMR (CDCl): ¢
8.27 (s, 1H), 7.437.38 (m, 2H), 7.36:7.28 (m, 3H), 7.09
(d, J = 7.2 Hz, 1H), 6.886.81 (m, 2H), 5.03 (s, br, 1H),
4.49-4.41 (m, 1H), 4.33-4.22 (m, 2H), 3.23-3.07 (m, 2H),
1.61-1.51 (m, 2H), 1.49-1.26 (m, 2H), 0.87 (tJ = 6.9

mg, 0.07 mL, 0.6 mmol) and then sodium hydride (48 mg, Hz, 3H).

1.2 mmol). The mixture was warmed to 70 with stirring,

Compound 5d. 94%, yellow syrup.!H NMR (CDCl):

and the reaction was monitored by TLC until the disappear- 6 8.22 (s, 1H), 7.267.05 (m, 11H), 6.80 (tJ = 7.5 Hz,

ance of2.2 or 2.3 Cold water was added to quench the
reaction, followed by extraction with ethyl acetate. The

organic phase was washed with brine and dried over

anhydrous MgS@ After concentration in vacuo, the crude

1H), 6.71 (dJ = 7.5 Hz, 1H), 5.41 (s, 1H), 5.31 (s, br, 1H),
4.41-4.28 (m, 2H), 3.19 (tJ = 8.1 Hz, 2H).

General Procedure for Displacement of the Chloro
Group in 2.2 and 2.3 with PhB(OH),; Preparation of

residue was purified by flash chromatography on silica gel Compounds 6a and 6bCompound3.2 or 3.3 (0.33 mmol)

to give the desired product.

Compound 4a.94%, yellow syrup!H NMR (CDCl): 6
8.10 (s, 1H), 7.05 (d) = 7.5 Hz, 1H), 6.86 (dJ = 7.5 Hz,
1H), 6.77 (t,J = 7.5 Hz, 1H), 4.63 (s, 1H), 4.454.38 (m,
3H), 4.374.13 (m, 2H), 3.2%3.05 (m, 2H), 1.821.73 (m,
2H), 1.57-1.43 (m, 6H), 1.39-1.22 (m, 2H), 0.96 (t] =
7.5 Hz, 3H), 0.88 (tJ = 7.2 Hz, 3H).*C NMR (CDCk):

and phenylboronic acid (61 mg, 0.5 mmol) was dissolved
in DME (4 mL) under nitrogen atmosphere. Potassium
carbonate (138 mg, 1.0 mmol) dissolved in water (4 mL)
was added, followed by palladium(ll) acetate (0.9 mg, 0.004
mmol) and triphenylphosphine (4.2 mg, 0.016 mmol). The
reaction mixture was refluxed with stirring for 6 h. After

cooling, the solid was filtered off through a pad of Celite
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and washed with ethyl acetate. The organic phase was (3) (a) Gangjee, A.; Lin, X.; Queener, S.F.Med. Chem2004

separated, and the aqueous phase was extracted with ethyl

acetate (5 mLx 3). The combined organic extracts were
washed with saturated NaHGOwater, and brine in se-
quence; dried with anhydrous Mgg@oncentrated in vacuo;
and purified by flash chromatography on silica gel to give
the desired product.

Compound 6a.53%, yellow syrup*H NMR (CDCl): o
8.46 (s, 1H), 7.557.42 (m, 5H), 7.09 (tJ = 4.5 Hz, 1H),
6.80 (d,J = 4.2 Hz, 2H), 4.81 (dJ = 5.4 Hz, 1H), 4.54
4.45 (m, 1H), 4.384.28 (m, 1H), 4.053.99 (m, 1H), 3.24
3.12 (m, 2H), 1.46 (¢J = 7.8 Hz, 2H), 1.12-0.86 (m, 2H),
0.74 (t,J= 7.2 Hz, 3H).=C NMR (CDCk): ¢ 152.0, 151.6,

150.0, 149.9, 141.0, 136.7, 133.3, 128.9, 128.5, 127.3, 125.9,

125.8, 123.9, 120.9, 59.8, 50.8, 38.2, 26.6, 19.2, 13.5.
Compound 6b. 53%, yellow syrupH NMR (CDCl):
0 8.43 (s, 1H), 7.397.35 (m, 3H), 7.2#7.19 (m, 5H), 7.14
(d, J = 7.2 Hz, 1H), 6.976.94 (m, 2H), 6.78 (tJ = 7.5
Hz, 1H), 6.65 (d,J = 7.8 Hz, 1H), 5.29 (dJ = 3.9 Hz,
1H), 4.78 (d,J = 3.9 Hz, 1H), 4.45 (tJ = 8.7 Hz, 2H),
3.24 (t,J = 8.7 Hz, 2H).}3C NMR (CDCk): ¢ 153.4, 153.1,

151.0,150.9, 141.7, 141.4, 136.5, 133.1, 128.8, 128.5, 127.8,

127.2, 126.6, 125.7, 124.2, 121.0, 64.6, 50.8, 26.8.
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