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Abstract The title compound eis-1, a potential synthon far
tndole alkaloid synthesis, is prepared for the first time. The
synthesis starts with the condensation of 3-ethyl-4-piperidone
2 with triethyl phosphonoacetate followed by stereoselective
hydrogenation of the resulting o ,B-unsaturated ester § to glve
4-piperidineacetate cis-6 as the major isomer, This was con-

verted in high yield to the target molecule c15-1 by a two-step

sequence through the corresponding B-keto sulfexide cis-7.

We have recently reported the use of 4-acetonylpiperidines as 1ntermediates

in the synthesis of more complex polycyclic systems, such as C-7 functionalized

2-azab1cyc1a[3.3.1]nonanesz'q

6

(morphans)5 and 1nd010[3,2-i]morphans2 {6,7-benzo-
morphan® analogues), as well as im the context of our studies directed to the
synthesis of Strychnos 1ndole alka1o1ds.3’4’7 These acetonylpiperidines were
prepared fn good yield from 1-methyl- or 1-benzyl-4-piperidone by Wadsworth-
Emmons condensation with diethyl 2-oxocpropylphosphonate followed by catalytic
hydrogenation of the resulting mixture of o,B- and B,y-unsaturated ketones.

Since several indole alkaloids contain a 513—4-31ky1—3—ethylp1per1d1ne moiety as
a portion of the nonaromatic framework (i.e. dasycarpidone, tubifoline), it
seemed of interest to apply a similar two-step sequence to obtafn cis-d-acetonyl-
3-ethylpiperidines.

The required 3-ethyl-4-piperidone 2 was prepared 1n three steps (52% overall
yleld) from 1-benzyl-4-piperidone, by methoxycarbonylation, alkylation of the
resulting B-keto ester with ethyl iodide 1n the presence of potassium carbonate
and, finally, hydrolysis and decarboxylation with 30% swulfurie acid.8

However, condensation of ketone 2 with diethyl Z-oxopropylphosphonate did not
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2

take place wunder the reaction conditfons we had satfisfactorily used® in the

deethyl series (KOH, EtOH—HZD, rt), probably due to the steric effect of the

9

a-ethyl subst{tuent. Under more drastic conditions (NaH, DME, reflux, 44 h),

the reaction occurred, although in low yileld (20%), to give a mixture of exo-

cyclic (3) and endocyclic (4) isomeric olefins. Catalytic hydrogenation of this
mixture over pltatinum dioxide afforded a mixture of cis-1 and trans-1 in a nearly
equimolecular ratio. After column chromatography, the expected ketone cis-1

was obtained 1n 8% overall yield from 4-piperidone 2,

CH2C
?Hzcsns [ eHs (E:H206H5
N N
CHaCH
CH-C-CH3 7=~ CHa CH,-CO, Et
3
4a: A - isomer
3 e 8

4b: A isomer

These scarcely satisfactory results prompted us to utilize as condensating agent
a phosphonate anion more nucleophilic than the above B-keto phosphonate. In
this respect, the conversion of ketone 2 into an epimeric mixture of piperidine-

acetates 6 1n 35% overall yield by means of a Wadsworth-Emmons condensation with
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triethyl! phosphorioacetate followed by hydrogenation had been previously reporti-

Ba

ed However, neither the structure of the adduct formed in the condensation

step was determined nor separation of the diastereomeric mixture of 6 was effect-

10,11

ed. Consequently, we decided to reexamine this transformation. We focused

12

our interest on the control of Wadsworth-Emmons reactfon since, when utilizing

4_piperidones, double bond isomertzations have been observedls

and the hydrogen-
ation of the resulting exocyclic and endocyclic adducts follows a different
stereochemical course. Thus, the hydrogenation of 3-ethy]p1per1d1ne—ﬁq'a -ace-

10 14

tates and related compounds having an exocyclic double bond occurs in high

stereoselectivity to glve cis-3,4-disubstituted piperidines whereas the frans
isomers are the major products in the hydrogenation of endocyclic 150mer5.ma
We found that the best reaction conditions were the use of a 1:1.08:1.38 ratio
of starting ketone 2, sodium hydride as the base, and phosphonocacetate, respec-
tively, operating at 70°C for 2 h 1in DME solution. Under these conditions the
desired o,B-unsaturated ester 5 was obtained in 88% yield as a 7:3 mixture of
E and I 1somers. In contrast, when an excess of sodlum hydride was used (see
Experimental), the endocyclic olefin 8 was the only isomer obtained.

The assignment of the E double bond configuration to the major isomer of 5 was
inferred from the coupling constant of the doublet due te the vinyl proton in
the ]H-nmr spectrum ¢J = 0.5 Hz; compare with J = 1.8 Hz in the minor Z isomer},
taking into account that transeid allylic coupling constants are smaller than

15

cisoid gnes, The multiplicity of these signals clearly 1indicated that 1n both

15 which implies a preferred conformation

1,3

cases only one allylic coupling exists,
having the ethyl substituent in a pseudoaxial disposition to avoid the A

strain.17

HoCHy H CH,CH;

CgHsCHs™7 H CgHsCH;™ H

H
H ——H d5.61 Et

1= 0.5Hz

H /563
CO,Et
(E)_s 2 (E)-S 1=1.8Hz

As expected, catalytic hydrogenation of the exocyclic olefin § furnished an
epimeric mixture of cis- and trans-6, enriched 1n the ¢is fsomer (7:2 ratio),

which was separated by column chromatography. The conversion of ester cis-6 into
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Table 1.  '3¢_NMR Chemical Shifts? of Piperidines (R = CH,C H
) ) f ! I “ !
I H cou: H S H T ow, " 1 b,cﬂ, ; CHy
2 cis-6 trans—6 cis7 trans7 cis-1
CH,Ar 61.8 63.3 63.4 63.2 63.3 63.3 63.4
2-¢ 58.4 55.3 58.3 55.3 58.2 55.4 58.3
3-C 51.3 40.1 41.8 40.0  41.5/41. 40.0 41.8
4-c 710.6 34.8° 37.1 33.1 35.5 33.4° 35.8
5-C 40.8. 28.5 31.6 28.6 31.8 28.5 31.8
6-C 53.5 52.2° 53.3 52.1 53.1 52.2° 55.2
CH,yCHy 20.6 20.q° 23.8  20.1 23.9 20.1° 23.9
CH,CH, 1.7 12.0 10.9 12.0 10.9 12.0 1.0
4-Ch, S 35.7% 38.6 46.4 49.4/49.3  44.6° 47.8
Ar 138.2 138.8 138.4 138.7 138.1 138.9 138.1
128.7 128.9 129.1 128.9 129.1 128.8 129.2
128.3 128.1 128.1 128.1 128.1 128.0 128.1
127.2 126.8 126.9 126.9 126.9 126.7 127.0
Others CO,CH,CH, COCH,SOCH cocH,
172.1 173.3 202.0 202.5 207.7 209.3
60.1 60.1  64.5/64.2 64.6/64.3  30.4 30.6
14.3 14.3 39.0 39.0

a

In ppm refative to TMS. Measuyred in CDCI3. b Broad signal.

methyl ketone cis-T was accomplished in excellent yield by a two-step sequence,
through the corresponding a-suifinyl ketone cis-7. Thus, exposure of ester cis-6
to the ylid of dimethyT sulfox'lde]B in THF gave B-keto sulfoxide cis-7 in 93%
yield. L

Both "H- and 13C—nmr spectra findicated that ¢fs5-7 was stereochemically

non-homogeneous due to the

presence of the new chiral center (sulfur atom) 1in
the molecule. Finally, the reduction of B-keto sulfoxide cis—7 was effected by

treatment with zinc dust in acetic acid solution at 65°C for 12 h.]9

By a similar two-step sequence, the minor piperidineacetate trans-6 was elaborated
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into ketone trans-T in 75% overall yield.

The relative configuration of 3-ethylpiperidines prepared in this work was evident
from their ]H_nmr data. In the cis series the ‘Spectra are simpler than those
of trans isomers as a consequence of the equilibrium between two chair conforma-
tions and the most significant signal is the doublet due to the methylene protons
attached to the 4-position of the piperidine ring. In contrast, these protons are

not equivalent 1n the trans fiscmers, in which they appear as an ABX syst.em.20

13

On the other hand, 1n the C-nmr spectra of cls fisomers, the absorptions due

to C-4, C-6, and the methylene carbons attached to C-3 and (-4 appear as broad

signals due to the conformational 1n\.ve|"s1onz'I

of the piperidine ring.
In conclusion, a convenient (35% overall yield), steregselective synthesis of
cis-4-acetonyl-1-benzyl-3-ethylpiperidine (cis-1), a potential synthon for indole

alkaloid synthesis, is reported.

EXPERIMENTAL
]H-Nmr spectra were recorded 1In CDC13 on a Varifan XL-200 spectrometer or, when indicated, in
C614 on a Perkin-Elmer R-24B (60 MHz) instrument using TMS as internal standard. ISC—Nmr spectra
were determined on a Variam XL-200 spectrometer (50.3 MHz). The chemical shifts are reported
in ppm downfield (§) from TMS, Ir spectra were taken with a Perkin-Elmer 577 spectrophotometer,
and only noteworthy absorptions (reciprocal centimeters) are listed. GLC was run isothermally
on a Perkin-Elmer F-11 chromatograph fitted with a flame fonization detector. Prior to concentra-
tion under reduced pressure, all organic extracts were dried over anhydrous sodium suTfate pow-
der. TLC and column chromatography were carried out on 5102 (silica gel 60, Merck 0.063-0.200 mm),
and the spots were located with uv light or lodoplatinate reagent, Unless otherwise noted, dis-
tillations were effected using a Biich! GKR-50 Kugelrohr apparatus and the temperatures cited
arg the maximum temperatures of the oven during the distillation. Dimethoxyethane (DME) and tetra-

hydrofuran (THF) were purified and dried by distillation from LiATH,. Dimethyl sulfoxide (DMSO)

4
was distilled from CaH2 at reduced pressure. Previously to use, the suspension of sodium hydride
in mineral o1l was washed three times with anhydrous benzene or hexane. Microanalyses were per—

formed on a Carlo Erba 1106 analyzer by Instituto de Quimica Bio-Organica, Barcelona,

1-Benzyl-3—ethyl-4-piperidone (2)
Dimethyl carbonate (26.8 ml, 0.32 mol) was added dropwise under nitrogen to a suspension of sodium
hydride (55%, 19.8 g, 0.45 m01) in anhydrous benzene (350 m1). After the addition of a few drops of meth-

anol, the mixture was heated at reflux and a solution of 1-benzyl-4-piperidone (30 g, 0.16 moD)
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in benzene (100 m1) was added dropwise for 35 min. Heating was maintained until the evolutien of

hydrogen ceased (2.5 h). The reaction mixture was cooled, stirred at room temperature for 2 h,
and acidified by careful addition of glacial acetic acid. The resulting mixture was diluted with
ice-cold water and adjusted to pH 8 with aqueous ammonium hydroxide., The benzene layer was sepa-
rated and the aqueous phase was extracted with benzene. The combined benzene solutions were dried
and evaporated to afford crude ethyl T1-benzyl-4-oxo-3-piperidinecarboxylate (38.4 g): 1r (NaCl)
1735 (CO estery, 1710 (CO ketone), 1650 (enol ester), 1610 (C=C enol); nmr (60 MHz) 2.3-2.8 (m,
4H, 5- and 6-CH2}, 3.0 ¢s, 2H, 2-CH2), 3.5 (s, 2H, CHpAry, 3.6 (s, 3H, O0CHy), 7.1 (s, 5H, ArH).
To a suspension of anhydrous potassium carbonate (80.1 g, .58 mol) and the above B-keto ester
€36 g, 0.15 mol) in anhydrous acetone (250 ml) was added under nitrogen a solution of ethyl io-
dide (23.7 ml, 0.29 mol) in anhydrous acetone (250 ml). The mixture was refluxed for & h until
the ferric chloride test was negative. The inorganic materials were filtered and washed with ace-
tore. The evaporation of the combined filtrates gave an ofly residue, which was dissolved in
methylene chloride and washed with water. Evaporation of dried organic extract Teft crude ethyl
1-benzyl-3-ethyl-4-oxo-3-piperidinecarboxylate (35.8 g): ir (NaCl) 1710-1740 (CO); nmr (60 MHz)
0.80 (t, 3H, €H3), 1.4-3.2 (m, 8K), 3.5 (s, 2H, CH,ArY, 3.6 (s, 3H, DCH3), 7.1 (s, 5H, ArH).
Aqueous 30% H,50, (400 m!) was slowly added under nitrogen to the above alkylated B-keto ester
(24 g, 0.087 mol1>. The mixture was refluxed for 6 h with vigorous stirring, cooled, basified with
cold concentrated aqueous sodium hydroxide solution, and extracted with methylene chloride. Evap-
oration of the solvent from the extracts left a crude material, which was distilled to give pi-
peridone 2 ¢10.94 g, 52% overall yield from 1-benzyl-4-piperidone): bp 99-101°C/0.25 mmHg [Lit.8a
138-139°C/1 mmHgl; ir (NaCl) 1700 (CO); nmr 0.87 (t, 3H, CHyd, 1.29-1.33 (m, TH), 1.79-1.83 (m,
1H), 2.24-2.52 (m, SH), 2.96-3.06 (m, 2H), 3.55 and 3.67 (2d, J = 13 Hz, 1H each, CHyAr), 7.34-
7.37 (m, 5H, ArH). Anal. Calcd for Cyghygh0: C, 77.37; H, 8.81; N, 6.44. Found: C, 77.39; H,
8.75 N, 6.57.

Condensation of Ketone 2 with Diethyl 2-Oxopropylphosphonate Followed by Catalytfc Hydrogenation
To a suspension of sodium hydride (55%, 1.2 g, 27 mmol) in DME (10 m1) was added a solution of

diethyl 2—oxopropy1phosphonate22

{(5.35 g, 27 mmol) in DME (5 ml}. After stirring for 10 min, a
solution of ketone 2 (2 g, 9 mmol) in DME (5 ml) was added under nitrogem, and the mixture was
refluxed for 44 h, The solvent was evaporated and the residue was partitioned between methylene
chloride and 1.5 N hydrochloric acid. The organic layer was discarded and the agueous phase was
basified with 2 N aqueous sodium hydroxide and extracted with ether. Evaporation of the dried

ethereal extract gave a mixture of the starting piperidore 2 and ketones 3 and 4, which, without
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further purification, was dissolved in ethanol (15 ml) and hydrogenated at room temperature and
atmospheric pressure over platinum dioxide (100 mg). The catalyst was filtered off and the fil-
trate was concentrated to give an oil, which was chromatographed. Elution with 1:1 benzene-chlo-
roform gave ketone cis-1 (185 mg, 8%; see below for spectroscopic and analytical data). Elutien
with chloroform gave ketone trans-T1 (175 mg, 8%; see below for spectroscopic data). In some runs,
4-acetonyl-1-benzyl-3—ethyl-1,2,5,6-tetrahydropyridine (4a) was obtalined on elution with benzene-
chloroform ¢3:7): nmr 0,95 (t, 3H, CH3), 1.99 (q, 2H, CHZCHB), 2.16 (s, 3H, COCH3), 2.2 (masked,

2H, 5—CH2), 2.67 (t, J = 6 Hz, 2H, 6—CH2), 3.07 {s, 24, Z—CHZ), 3.16 (s, 2H, CH,CO), 3.73 (s,

2
2H, CHyAr), 7.31-7.41 (m, 5K, ArH).

% acetate (5)

Ethyl 1-Benzyl-3-ethylpiperidine-4%"
Triethyl phosphoncacetate (4.25 ml, 21.3 mmol) was added dropwise under nitrogen to a suspension
of sodtum hydride (55%, 720 mg, 16.6 mmol) in DME (15 m1) maintained at room temperature. After
the addition was complete, the clear solution was stirred for an additional 10-min period. Then,
a solution of ketone 2 (3.34 g, 15.4 mmol1) in DME (10 m!) was added, The reaction mixture was
warmed at 70°C for 2 h. The soivent was evaporated and the residue was partitioned between ether
and 1.5 N hydrochloric acid. The ethereal solution was discarded and the aqueous layer was basi-
fied with 2 N aqueous sodium hydroxide and extracted with ether. Evaporation of the dried extract
gave the g,B-unsaturated ester 5 (3.9 g, 88%) as a 7:3 mixture of E and Z 1somers (determined by
GLCI: bp 170°C/0.3 mmHg; 1r (NaC1) 1718 (C0), 1650 (C=C); nmr 0.82 and 0.84 (2t, 3H, CHy), 1.25
and 1.26 (2t, 3H, 0CH,CHSY, 3.38 and 3.55 (2d, J = 13 Rz, TH each, CHyAr), 4,12 and 4.13 (2q, 2H,
OCHZ), 5.61 (d, J = 0.5 Hz, 0.7H, =CH, E-isomer), 5.63 (d, J = 1.8 Hz, 0.3H, =CH, Z-isomer),
7.29-7.32 (m, 5H, Art). Anal. Calcd for C,gH,.NO,: €, 75.23; H, 8.76; N, 4.87. Found: C, 75.10;
H, 8.93; N, 4.70.

Ethyl 1-Benzyl-3-ethyl-1,2,5,6-tetrahydro-4-pyridineacetate (8)

Operating as above, from sodium hydride (55%, 600 mg, 13.8 mmol), DME (25 ml), triethyl phospho-
noacetate (2.28 ml, 11.5 mmol), and ketone 2 (2 g, 9.2 mmol), after warming at 70°C for 5 h, the
B,y -unsaturated ester 8 (1.54 g, S8%) was obtained as the sole product. An analytical sample was
obtained by Kugelrohr distiltation: bp 170°C/0.3 mmHg; 1r (NaC1) 1735 (C0); nmr 0.94 (t, J =

7.5 Hz, 3H, CHpy, 1.22 (t, 3H, UCHZCﬂ‘g), 1.99 (q, 2H, CﬂZCHIi)’ 2.15 (br s, 2H, 5—CH2), z2.52 (t,

3
J = 6 Hz, 2H, 6-CH,3, 2.92 (br 5, 2H, E-CHZ), 3.01 (s, 2H, CH,COY, 3.56 (s, 2H, CHzAr), 4.09
(g, 2H, OCHZ), 7.24-7.32 (m, 5H, ArH). Anal. Calcd for C}8H25N02: C, 75.23; H, 8.76; N, 4.87.

Found: C, 75.21; H, 8.98; N, 4.95.
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Ethy! 1-Benzyl-3—ethy!-4-piperidineacetate (6)

Unsaturated ester § (10.2 g, 35 mmol} was dissolved in ethanol (70 ml} and hydrogenated at room
temperature and atmospheric pressure over 10% palladium on charcoal (1.02 g3. When the sclution
had absorbed the required volume of hydrogen, the catalyst was filtered off and the filtrate was
concentrated to leave an o0il, which was chromatographed. Elution with hexane-ethyl acetate (4:1)
gave ester c¢is-6 (5.5 g, 55%); bp 71-73°C/0.03 mmHg (distillation carried out on a Fischer spalt-
rokr MMS 152 microcolumn); [L‘H:.Ba 142-145°C/0.3 mmHgl; fr (NaCl1> 1735 (C0); nmr 0.80 (t, 3H,
EH3}, 1.24 (t, 3H, OCHZCﬂa}, 2.26 (d, J = 7 Hz, 24, CHZCO), +3.28 and 3.54 (2d, J = 13.2 Kz, HH
each, CHzAr'), 4.12 (q, 2H, UEEZCH }, 7.30 tm, SH, ArH). Elution with hexane-ethyl acetate {(7:3)
gave ester tramns-6 (1.5% g, 16%); ir (KaCly 1735 (CO); nmr 0.83 (t, 3H, CH3), 1.24 (t, 3H, CCHZ%),

1.92 (td, J =12, 12, and 2.4 Hz, H, 6—Hax), 2.03 (dd, J = 14.5 and 8.8 Hz, WH, CH,C03, 2.56 (dd,

2
J =145 and 4 Hz, 1K, CH,C03, 2.80 (dd, J = 12 and 3 Hz, TH, 2—Heq), 2.92 (ddd, J = 12, 4, and

2 Hz, TH, 6-H_ .}, 3.43 and 3.56 (2d, J = 13 Hz, TH each, CH

eq Ar), 4.12 (q, 2H, OCH

7.30 (m,

2 20

5H, ArH>.
When the volume of hydrogen was not controlled, the reduction was accompanied with hydrogenolysis

of the benzyl group. This process was not observed when platinum dioxide was used as catalyst,

» e1s-4-Acetonyl-3-ethylpiperidine (cis-1)

Sodium methylsulfinylmethanide was prepared according to the procedure reported by {:orey,1i8 from
sodtum hydride (55%, 1.56 g, 36 mmol>, DMSO (22 ml, 0.31 mol), and THF (57 m1), To this solution
was added dropwise at 0-5°C a solution of ester ¢is-6 (3.35 g, 11.6 mmol) in THF (10 m1). After
being st‘l-rred at room temperature for an additional 3-h period, the mixture was poured into ice-
water (100 m1), adjusted to pH 8 with 1.2 N hydrochloric acid, and extracted with methyiene chlo-
ride, The extract was washed with brine and dried. Evaporation of the solvent gave 1-(cTs-1-benzyl-
3-ethyl-4—piperidyl)-3-(methylsulfinyl)-2-propanone (cis-7, 3.58 g, 93%) which was directly used

in the next reaction; ir {NaCl) 1710 (CO), 1025 (S=0); nmr 0.79 (t, 3H, CH 2.96 (d, J = 6.5 Hz,

3

2H, CHZCO), 2.67 (s, 3H, SOCHa), 3.43 and 3.53 (2d, J = 13 Hz, K each, CHZAT‘), 3.67, 3.70, 3.80,

and 3.82 (4d, J = 13.6 Hz, 0.5H each, COCH,S0), 7.30 (m, 5H, ArH),

2
A solution of sulfoxide cis-7 (3.9 g, 12.1 mmol) in absolute ethanol (6.7 mi) and glacial acetic
acld (3.5 ml1) was added dropwise to a vigorously stirred mixture of zinc dust (3.96 g, 0.06 g-atom),
absoTute ethanol (6.7 ml), and glacial acetic actd (3.5 ml). The resulting mixture was warmed at
65°C for 12 h. The suspended solids were removed by filtratfon and washed by slurrying in benzene
and filtering. The solution was diluted with water (25 ml1), neutralized by careful addition of

powdered sodium carbonate, and decanted. The aqueous phase was extracted with ether. The combined

organic extracts were washed with aqueous sodium bicarbonate, dried, and evaporated to give ketone
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cis-T (2.6 g, 85%). An analytical sample was obtafned by Kugelrohr distiilation: bp 180-190°C/
0.7 mmHg; ir (NaCl) 1710 (CO}; nmr 0.80 (t, 3H, CHB),1.I—1.6 (m, 8H), 2.1-2.7 (m, 5H), 2.14 (s,
3H, CDCH3), 2.38 «d, J = 7 Hz, 2H, CHZCD), 3.46 and 3.64 (2d, J = 13 Hz, 1H each, CHZAF), 7.27-
7.36 (m, 5H, ArH). Anal. Caled for C .H,cNO: C, 78.73; H, 9.70; N, 5.39. Found: C, 79.00; H, 9.93;
N, 5.39.

trans-4-Acetonyl-1-benzyl-3-ethylpiperidine (trans-1)

Operating as above, ester trans-6 (950 mg, 3.30 mmol) was converted to R-keto sulfoxide trans-7
(980 mg, 89%): nmr 0.82 (t, 3H, CHy), 1.97 (td, J = 32, 11.5, and 3 Hz, TH, 6-H,), 2.3-2.8 (m,
2H, CH,L0), 2.94 (ddad, J = 11.5, 4, and 2 Hz, TH, 6-Heq), 3.42 and 3.55 (2d, J = 13 Hz, 1H each,
CH A, 3.70 and 3.71 (2d, J = 13.5 Hz, 0.5H each, CDCHZSU), 3.80 (d, J = 13.5 Hz, TH, COCH,S50),
7.30 (m, S5H, ArH). This sulfoxide (890 mg, 2.76 mmol) was reduced, as in the above cis series,
with zinc dust (960 mg, 0.013 g-atom) in ethanol (6 ml) and glacial acetic acld (3 m1) to give
ketone trans-) (610 mg, B5%3; ir (NaCl) 1710 (CO); nmr 0.82 (t, 3H, CH3), 1.04-1.72 (m, 6H), 1.80
(dd, J = 11 and 11 Hz, W, 2-H ), 2.02 <td, J = 11, 11, and 2.5 Hz, 1H; 6-H )y 2.13 (s, 3H,
COCHy), 2.19 (dd, J = 16.5 and 8.5 Hz, TH, CH,C0), 2.65 (dd, J = 16.5 and 3.5 Hz, H, CH,C0,
2.86 ¢dd, J = 11 and 3 Hz, TH, 2—Heq), 2.99 (td, J =11, 4, and 2 Hz, M, S—Heq). 3.51 and 3.63
(2d, J = 13 Hz, H each, CHyAr), 7.24-7.37 (m, SH, Arfl),
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