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Abstract

The preparation of)-2-cyanopiperiding provides a new access to 2-substituted piperidines. This synthesis
is based on an enantioselectiy®){oxynitrilase-catalyzed reaction for the preparation Rf-(+)-6-bromo-2-
hydroxyhexanenitril& and the subsequent cyclization of this compound to yield the piperidine ring. The utilization
of 4 as the starting material for the synthesis §f2-aminomethylpiperidiné, (R)-(—)-coniine10 and §)-(-)-
pipecolic acidl3is also described. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

Piperidine derivatives are present in a large number of natural products of biological impdrtance.
The development of methods for the asymmetric synthesis of these compounds constitutes an area of
considerable interest. Some significant examples such as enantiomerically pure 2-aminomethylpiperidine
6, coniinel0and pipecolic acid 3 are 2-substituted piperidines.

The structure of 2-aminomethylpiperidin€é is a valuable synthon for the preparation of
several pharmaceuticdlsand is also a useful chiral ligand for asymmetric synth&skroelich
et al. recently described the asymmetric synthesis of this structure using the versatile 2-cyano-
6-phenyloxazolopiperiding. In this procedure, the obtention of the piperidine ring, using-(
phenylglycinol as the source of chirality, is one exception to the general procedure in which the, not
easily available, enantiopure pipecolic acid is used as starting ma&iéfta. interest in coniine and
its analogues is demonstrated by the wealth of published matefFmally, (S-pipecolic acid13,’

a nonproteinogenic amino acid, is a precursor to numerous bioactive compounds such as synthetic
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peptides$ local anestheti®s or potential enzyme inhibitot8 and is a component of biologically-
important natural products such as the immunomodulators rapamycin and demethoxyragarthein,
immunosuppressant FK586or the antitumor antibiotic sandramycif.

6 (Nj\/NHQ ~
Ej\/\ QCN.:. \/\/y
Bn
13 Q =

On the other handR)-oxynltrllase from almonds [EC 4.1.2.10] catalyses the enantioselective prepara-
tion of cyanohydrins from aldehydes or ketoté3hese cyanohydrins have been applied in the synthesis
of some bioactive products of great pharmaceutical importahizea previous report® we preparedr)-
(+)-6-bromo-2-hydroxyhexanenitrilé through an enzymatic transcyanation process catalyzed)py (
oxynitrilase. We believe that the cyanohydtinobtained in high yield and enantiomeric excess, could be
an adequate starting material for the preparation of the above mentioned piperidine heterocycles. In this
paper, we propose a general approach to the synthesis of these heterocycles.

4 1

2. Results and discussion

The R)-(+)-6-bromo-2-hydroxyhexanenitrilé seems to be a good starting material for the synthesis
of the cyanopiperidine cycle since only two simple steps are required (Scheme 1): the transformation of
the hydroxyl into a good leaving group by the formation of the trifluoromethanesulfonyloxy deriative
and the treatment of this compound with an amine or ammonia. This second step is a double substitution
process: the substitution of the trifluoromethanesulfonate group that should occur with inversion of the
configuration and the following slower substitution of the bromine to yield the piperidine ring.

BrMCN (CF3S0O,),0  Br .CN
H OH " py CHyCly H OTf
RA >98% (A2
PhW
PhCHNH, Br\/\/y NH Q
CHClp, - 65°C H? “CN | EN, CHoCly, 1t CN
73% §
Ph
53 (54
Scheme 1.

The reaction ofl with trifluoromethanesulfonic anhydride/pyridine affo2iguantitatively. Neverthe-
less, treatment d with a solution of ammonia/kCCl, at room temperature to yield the corresponding
2-cyanopiperidine, occurs with partial racemization.

In order to obtain a complete inversion of configuration during the substitution of the triflate group, we
studied the effect of temperature on this process. For this study the use of benzylamine as the nucleophile
was more efficient, because the reaction with ammonia has several inconveniencies, especially the control
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of the amount of the nucleophile and the low reaction rate when the process is carried out at temperatures
below 0°C. The use of benzylamine has the additional advantage of the higher stability of the reaction
product and the easy removal of the benzyl group.

The substitution of the trifluoromethanesulfonate group is carried out with two equivalents of ben-
zylamine at—65°C. When this process is complete, triethylamine is added and the reaction is allowed
to warm to room temperature for the substitution of the bromine. Under these conditions, we obtained
(9-(—)-N-benzyl-2-cyanopiperidind without evidence of racemization.

These results are in accordance with those described by Effenberger et al. in the substitution process of
2-trifluoromethanesulfonyloxycarboxylic esters with amines, in which racemization or elimination side
reactions can be avoided when the reactions take place at low tempetéatures.

The preparation of the§f-(—)-2-aminomethylpiperidine bishydrochlorid& is carried out by the
reduction of the cyanopiperidiné to the diamine5 in a 96% yield (Scheme 2). The hydrogenolysis
of the benzyl group yields the bishydrochloride sé)tquantitatively.

1)Hg, Pd(OH), /C

LiAIH 2) MeOH, HCI 3N BnOCOCI, KoC H
4 ¢ (j\/NHz - . NH, . 2Hg) SnOCOC! KeCOs N.
©) N 98% N CBZ
EtO ° H CHClp, HO (I:BZ
96% Ph -
S5 56 S7

Scheme 2.

In order to verify the enantiomeric excess of the dianinee prepared the racemate by hydrogenation
of the commercially available 2-aminopyridine. Both diamifese transformed into their benzyloxycar-
bonyl derivatives and compared by HPLC analysis. This analysis confirms that the enantiomeric excess
of the starting cyanohydrith remains after the synthetic process.

Treatment of4 with DIBAL-H at —78°C, followed by a tartaric-buffer work up, yields the crude
aldehydeB (Scheme 3), which is added, without further purification, to the already prepared ethyl Wittig
ylide to afford the olefir® with a 74% overall yield. The hydrogenation @and simultaneous removal
of the benzyl group yieldsSj-coniine hydrochloridelO quantitatively. The spectral data and specific
rotation of the coniine are in accordance with the literature valities.

1) DIBAH, CH,Cly,
-78°C PPhs(EVBY, (j\) (j\/\
i H NaHMDS H,, Pd(OH),/C
(-4 2) Tartaric buffer N N > 2, Pd(OH)» r}l
78% o) O EtO esc MeOH,HCI 3 N FLHCI
> 95% Ph 40°C, 40 psi/15h
(9)-8 (S)-9 - 95% (R)-10
Scheme 3.

Cyanopiperidine4 could be a good starting material for the synthesis of pipecolic acid through
simple hydrolysis of the nitrile function. Nevertheless, when this process is carried out by refluxing the
cyanopiperidinet in concentrated HCI, racemic pipecolic acid is obtained. This result is in accordance
with the report by Berrien et &P

In view of the easy racemization in these processes we carried out the transformation of the nitrile
function into an imidate using ethanol saturated with anhydrous hydrochloric acid. The subsequent
hydrolysis of the imidate with diluted HCI yields the estet in a 70% vyield (Scheme 4). A further
hydrolysis of the ethyl ester with 6 N HCl at reflux and deprotection of the amino group by hydrogenation,
gives ()-pipecolic acid in 96% yield. Comparison of the specific rotation of this compound with
the corresponding hydrochloride of the enantiopure commereigpipecolic acid, shows that no
racemization had occurred during the process.
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Scheme 4.

In conclusion, we have achieved an enantiospecific chemoenzymatic synthesis of 2-substituted
piperidines. The method is based on the utilization of &)}dyanohydrin obtained through an
oxynitrilase-catalyzed reaction. The versatility of this method is demonstrated by the preparation of three
significant examples.§j-2-aminomethylpiperidine,R)-(—)-coniine and $)-(—)-pipecolic acid. Further
applications to the synthesis of other piperidine derivatives are currently in progress.

3. Experimental

Melting points were taken using a Gallenkamp apparatus and were uncorrected. Optical rotations
were measured using a Perkin—Elmer 241 polarimeter and are quoted in unitstafetpen? g-1. IR
spectra were recorded on a Perkin—Elmer 1720-X FT infrared spectrophotothieasd3C NMR were
obtained with TMS (tetramethylsilane) as the internal standard; using a Bruker AC43(D(Q MHz
and3C 75.5 MHz) spectrometer. Mass spectra were recorded on a Hewlett Packard 5987A and Finigan
MAT/95 spectrometers. Microanalyses were performed on a Perkin—Elmer 240B elemental analyzer. All
reagents were purchased from Aldrich Chemie. Solvents were distilled over an adequate desiccant and
stored under nitrogen. Flash chromatography was performed using Merck silica gel 60 (230—400 mesh).
The ees were determined by chiral HPLC analysis using a CHIRALCEL-OD columrZ8®mm).

3.1. R)-(+)-6-Bromo-2-hydroxyhexanenitrileRj}-1

The defatted ground almond meal was incubated with 5 ml of 0.02 M citrate buffer (pH 5.5) in a 250 ml
reaction vessel. After 15 minutes 50 ml of diisopropyl ether, distilled substrate 5-bromopentanal (1.38 g,
8.4 mmol) and £)-2-hydroxy-2-methylpentanenitrile (1.6 g, 12.6 mmol) were added to the suspension.
The mixture was shaken at 30°C and 250 rpm in a rotatory shaker. After 24 h, the reaction mixture was
filtered and washed with Ci€l,. The combined filtrates were concentrated in vacuo, and the residue
was purified by flash chromatography on silica gel with hexap€®,:AcOEt (7.5:1.5:1), to give the
cyanohydrin R)-1 in 81% yield. [x]p?® +10.7 €=1.0, CHC}), ee 91%:H NMR (CDCk) § 1.63-2.14
(m, 6H), 3.15 (br s, 1H), 3.45 (t, 2H), 4.55 (t, 1HfC NMR (CDCk) 6 23.1, 31.7, 33.0, 40, 60.8, 119.7;
HMRS calcd for GH10BrNO 190.9946, found 190.9949.

3.2. (R)-6-Bromo-2-trifluoromethanesulfonyloxyhexanenitrit®-

To a vigorously stirred solution of cyanohydriR)¢1 (887 mg, 4.5 mmol) in pyridine (0.8 ml, 9 mmol)
and 60 ml of dry CHCI, under N atmosphere at 0°C, was added dropwise trifluoromethanesulfonic
anhydride (1.2 ml, 6.8 mmol). The resulting mixture was stirred for 15 minutes, then filtered and the
solvent evaporated. The crude residue was purified by flash chromatography on silica gel (hexane:AcOEt,
8:1) to afford the compoundRj-2 as a colorless oil in 98% yieldpf| p2° +28.9 ¢=1.1, CHC}), ee 91%;
1H NMR (CDCl) & 1.75 (m, 2H), 1.97 (m, 2H), 2.13 (m, 2H), 3.44 J£6.41 Hz, 2H), 5.38 (t)=6.41
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Hz, 1H); 3C NMR (CDCk) & 22.6, 31.1, 32.0, 32.7, 71.5, 113.5, 121.3; MS (EIl) exact mass calcd for
(C7H9BrF3NOsS—-CRS(O,) 189.9868, found 189.9867.

3.3. (9)-1-Benzyl-2-cyanopiperidinesy-4

To a stirred solution offf)-2 (1 g, 3.09 mmol) in 10 ml of ChLCl, at —65°C, was added dropwise (for
30 minutes) a solution of benzylamine (6jd# 6.17 mmol) in 1 ml of BCCl,. The resulting mixture
was stirred for 24 h at the same temperature, then 5 migN Btas added and the reaction mixture was
allowed to warm to rt and stirred for 24 h. The resulting mixture was filtered over Celite and the solvent
evaporated under reduced pressure. The crude residue was purified by flash chromatography on silica
gel (hexane:HCCl:AcOEt, 7.5:1.5:1) to yield the compoun&®){4 as a colorless oil (450 mg, 73%);
[x]p%® —86.5 €=1.4, CHC}), ee 91%:H NMR (CDCl3) § 1.50-1.88 (m, 6H), 2.42 (d§=10.68, 3.06
Hz, 1H), 2.77 (br dJ=11.51 Hz, 1H), 3.52 (dJ=13.1 Hz, 1H), 3.69 (dJ=13.10 Hz, 1H), 3.73 (br s,
1H), 7.25-7.40 (m, 5H)*3C NMR (CDCh) § 20.7, 25.2, 28.9, 50, 52.3, 61.0, 117, 127.8, 128.7, 129.3,
137.2; HRMS calcd for &H16N2 200.1313, found 200.1319.

3.4. (§)-2-Aminomethyl-1-benzylpiperidin&)¢5

To a suspension of LiAll (198 mg, 5.22 mmol) in 12 ml of anhydrous,Ex was added a solution
of (9-4 (232 mg, 1.16 mmol) in 6 ml of anhydrous2Et at —10°C and the reaction mixture was stirred
for 2 h at rt. To the resulting mixture was added a solution of NaOH (15%, 2.5 ml). The resulting white
precipitate was filtered and washed several times wisglDEAfter removal of the solvent under reduced
pressure, the crude residue was purified by flash chromatography on silica gek((2eQH, 2:3) to
yield the compoundS)-5 as colorless oil (228 mg, 96% vyield)x]p2® —57.2 €=3.0, EtOH), ee 91%;
lit.,® [«]p?®> —61.2 €=3.0, EtOH);'H NMR (CDCl3) § 1.26-1.74 (m, 8H), 2.04 (br §=9.89 Hz, 1H),
2.26 (m, 1H), 2.78 (m, 2H), 3.01 (dd=13.32, 5.16 Hz, 1H), 3.23 (d=13.33 Hz, 1H), 4.02 (d]=13.33
Hz, 1H), 7.30-7.32 (m, 5H);3C NMR (CDCk) & 23.7, 24.7, 28.2, 43.2, 51.9, 57.5, 62.3, 126.6, 128.1,
128.7, 139.4; MS (El) m/z 204 (M1), 174 (100), 91(100); FABS m/z 205 (M+1, 25), 174 (100), 147
(40).

3.5. (§)-2-Aminomethylpiperidine bishydrochlorid&)¢6

To a suspension ofy-5 (162 mg, 0.79 mmol) and palladium hydroxide (20% on charcoal, 13 mg)
in MeOH (2 ml) was added a solution of MeOH/3 N HCI (3 ml). The mixture was hydrogenated at 40
psi for 15 h. The resulting mixture was filtered over Celite and concentrated under reduced pressure to
afford a bishydrochloride salt as a white solid quantitativeijo?®> —4.7 (c=2.8, MeOH), ee 91%, lit},
[&]p?® —5.7 (c=0.42, MeOH):!H NMR (D,0) 6 1.52, 1.83, 2.0 (m, 6H), 2.98 (td, 1H), 3.23 (J¢t13.6,
7.0 Hz, 2H), 3.20 (ddJ=13.3, 5.8 Hz, 2H), 3.4 (m, 2HJ3C NMR (D,0) § 21.5, 22.0, 26.5, 41.7, 45.7,
54.4; MS (El) m/z 115 (M+1) (100), 84 (10). Anal. calcd fogld;6N2Clo: C, 38.51; H, 8.61; N, 14.97.
Found: C, 38.25; H, 8.77; N, 14.59.

3.6. (§)-1-Benzyloxycarbonyl-2N-(benzyloxycarbonyl)aminomethylpiperidin&){7
To a mixture of HO (5 ml) and CHCI, (2 ml) was added N&£O3z (627 mg, 4.53 mmol) and

bishydrochloride $-6 (106 mg, 0.567 mmol). The mixture was cooled at 0°C and benzyloxycarbonyl
chloride (0.64 ml, 4.53 mmol) was added dropwise. After stirring for 16 h at rt the mixture was extracted
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with CH,CI, following a general work up procedure. The obtained crude product was purified by flash
chromatography on silica gel (hexane:&H,:AcOEt, 7.5:1.5:1) to give the compoung){7 as a white

solid (119 mg, 55%);&]p?®> —27.8 =2.1, CHC}), ee 91%H NMR (CDCl) § 1.35-1.82 (6H), 2.91

(br t, 1H), 3.25 (m, 1H), 3.61 (br s, 1H), 4.10 (br s, 1H), 4.42 (br s, 1H), 5.07 (s, 2H), 5.10 (s, 2H),
7.25-7.42 (m, 10H)*C NMR (CDCk) & 19.0, 25.1, 26.2, 39.4, 40.6, 50.3, 66.5, 67.0, 126.9, 127.9,
128.4, 136.5; MS (El) 382 M(<1), 218 (17), 174 (33), 91 (100). Anal. calcd fopfEi26N204: C,
69.09; H, 6.85; N, 7.32. Found: C, 68.77; H, 6.85; N, 7.25.

3.7. (+)-1-Benzyloxycarbonyl-2N-(benzyloxycarbonyl)aminomethylpiperidinet )¢ 7

To a solution of 2-aminomethylpyridine (2 g, 18.5 mmol) in methanol (10 ml), was added a solution
of 3 N HCI (9 ml) and palladium hydroxide (20% on charcoal, 160 mg). The mixture was hydrogenated
at 300 psi for 15 h at rt. After filtration on Celite, the solvent was concentrated under reduced pressure
to give a white solid residuéH NMR shows a mixture of bischloride salt}-7 and a pyridinium salt of
the starting material (1:1). The pyridinium salt)¢7 was precipitated from the mixture of MeOH-EL
After filtration and removal of the solvent under reduced pressure, a pure piperidiniunt séltas
obtained as a white solid. The synthesis of the protected compatin@d Wwas carried out using the
general procedure for the preparation of the carban®i@, (n 53% yield.

3.8. Determination of enantiomeric excess®f{

A sample (20ul) of a solution of §-7 or (£)-7 (3 mg) in a mixture of hexane:isopropanol, 80:20 (6
ml), was analyzed by HPLC with a flow rate of 0.8 €min~—1. Two peaks @ 10.113 and 13.060) for
(+)-7 and (k 10.949 and 14.978) foiSf-7 were resolved.

3.9. §)-1-Benzyl-2-formylpiperidineS)-8

To a stirred solution of nitrile §-4 (626 mg, 3.13 mmol) in 4 ml of CyCl, at —78°C under N
atmosphere was added dropwise a 1 M solution of DIBAH inoCH (4.17 ml). The resulting mixture
was stirred at-78°C for 2 h, then poured into a 0°C solution of tartaric buffer (30 ml, pH 4). After being
stirred for 2 h at 0°C, the solution was adjusted to pH 9 by addition of 1 N NaOH. The agueous phase was
extracted with ether (810 ml) and the combined organic fractions were washed with brine, dried over
NapSQy, filtered and evaporated under vacuum to yield the aldeh@d8 (496 mg). The aldehyde is
relatively stable after its purification but this process implies a considerable lost of yield; then, the crude
aldehyde was immediately used without further purification in the next step of the synthesis. Colorless
oil; *H NMR (CDCl) § 1.25-1.81 (m, 6H), 2.05 (m, 1H), 2.88 (m, 2H), 3.34Jd13.4 Hz, 1H), 3.78
(d, J=13.4 Hz, 1H), 7.32 (m, 5H), 9.59 (d=3.96 Hz, 1H);'3C NMR (CDCh) & 22.6, 24.7, 26.0, 51.0,
61.3, 70.5, 127.2,128.2, 129.0, 137.5, 204.3.

3.10. ©)-cis-1-Benzyl-2-[1-propenyl]piperidine]])-9

A suspension of PJiP(Et)(Br) (664 mg, 1.19 mmol) in ED (16.37 ml) was vigorously stirred for 15
minutes under Blat rt and cooled te-65°C, then a solution of 1 M NaHMDS in THF (1.79 ml) was
added. The resulting mixture was stirred for 20 min before the slow addition of a solution of the crude
aldehyde (242 mg) in 2 ml of ED. The reaction mixture was allowed to warm to room temperature and
stirred for 2 h, then filtered over silica gel and the solvent evaporated. The crude residue was purified
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by flash chromatography on silica gel to afford the propenylpiperid®)€d @s a colorless oil (243 mg,
95%); []p2® (cis) —58.64 €=1.03, CHC}), ee 91%; IR (KBr)v (cis) 3026, 3024, 2933, 2854, 2933,
2854, 2791, 1658, 1604, 1450, 736, 717, 698 €mH NMR (CDCl) § 1.25-1.75 (m, 7H), 1.70 (d,
J=5.28 Hz, 3H), 1.92 (dtJ=11.4, 3.52 Hz, 1H), 2.80-3.0 (m, 1H), 3.08 #13.2 Hz, 1H), 4.07 (d,
J=13.2 Hz, 1H), 5.50-5.68 (m, 2H, olefin), 7.15-7.40 (m, 5HL NMR (CDCk) & 13.4, 24.1, 25.8,
32.6, 52.4, 59.2, 59.6, 124.7, 126.5, 127.9, 129.2, 134.5, 139; MS (El) m/z 218M| 174 (49), 91
(100)

3.11. R)-2-Propylpiperidine hydrochloride,«)-coniine R)-10

A suspension of9-9 (170 mg, 0.79 mmol) and palladium hydroxide (20% on charcoal, 29 mg) in
MeOH (3 ml) and 3 N HCI (1 ml) was hydrogenated at 40 psi and 40°C for 15 h. The resulting mixture
was filtered over Celite and concentrated under reduced pressure to afford the coniine hydrochloride as
a white solid (124 mg, 96%);o{]p%® —5.2 (€=0.7, EtOH), ee 91%, lit® [«]p?® —5.8 (c=1, EtOH);'H
NMR (CDCl) d 0.90 (t,J=7.1 Hz, 3H), 1.28-2.09 (m, 10H), 2.51-3.0 (m, 2H), 3.40 (br d, 1H), 9.25
(br s, 2H);*3C NMR (CDCk) 6 13.61, 18.44, 22.05, 22.29, 28.00, 35.20, 44.64, 57.02. Anal. calcd for
CgH1gNCI: C, 58.70; H, 11.08; N, 8.56. Found: C, 58.75; H, 11.24; N, 8.64.

3.12. ©)-1-Benzyl-2-piperidinecarboxylic acid ethyl est&)-{11

To a solution of nitrile §-4 (163 mg, 0.815 mmol) in dry EtOH (2 ml) at 0°C, was poured a saturated
anhydrous solution of HCI gas in EtOH (3 ml). The resulting solution was stirred for 24 h at the same
temperature. After removal of a part of the solvent under reduced pressure, a 0.5 N aqueous HCI solution
(5 ml) was added and the solution stirred for 48 h at 0°C. SolidQ@s was added slowly and the
pH adjusted to between 8 and 9. The aqueous phase was extracted with ethyl acehatal)(and
the combined organic fractions were dried, filtered and evaporated under reduced pressure to afford a
crude oil. The crude residue was purified by flash chromatography on silica gel (hexa@&;@dOEt,
7.5:1.5:1) to afford §)-11 as a colorless oil (140 mg, 70%)x[p2°> —39.4 €=0.6, CHC}), ee 91%;'H
NMR (CDCls) & 1.31 (t,J=7.0 Hz, 3H), 1.57 (m, 2H), 1.84 (m, 2H), 2.13 (m, 2H), 2.94 (m, 2H), 3.12
(m, 1H), 3.40 (dJ=13.1 Hz, 1H), 3.81 (dJ=13.1 Hz, 1H), 4.23 (qJ=7.0 Hz, 2H) 7.32 (m, 5H)13C
NMR (CDCl) 6 14.2, 22.5, 25.1, 29.5, 50.1, 60.2, 60.5, 64.6, 126.9, 128.0, 129.2, 138.0, 173.9; MS (EIl)
m/z 247 M (<1), 174 (100), 91 (46).

3.13. ©)-2-Piperidine-2-carboxylic acid hydrochlorides)-13

A solution of the ester9-11 (136.1 mg, 0.55 mmol) in 6 N HCI (5 ml) was refluxed for 10 h.
The solution was concentrated under reduced pressure. Methat®Ini® was added and the solvent
concentrated to yield a crude product as a solid materidll-benzylpipecolic acid9-12. 'H NMR
(MeOD) § 1.85-2.15 (m, 6H), 1.50-62 (m, 1H), 3.33 (m, 1H), 3.63 (m, 1H), 4.20—4.45 (m, 1H), 4.87
(m, 1H), 7.73 (m, 5H)*3C NMR (MeOD)§ 22.2, 23.2, 29.0, 52.5, 60.7, 65.6, 130.1, 131.1, 132.6, 171.5.
The N-benzylpipecolic acid$)-12 (171 mg) was dissolved in a (2:1) mixture MeOH:3 N HCI (3 ml)
and palladium hydroxide (20% on charcoal, 29 mg) was added. The resulting mixture was hydrogenated
for 15 h at room temperature and filtered over Celite. The solvent was concentrated under reduced
pressure to afford§)-13 as a white solid (pure byH and3C NMR), (124 mg, 96%); mp 261-264°C
[«]p?® —10.3 €=0.2, H0), ee 91%, [lit!® mp 254-257°C, ¢]p?® —11.5 =1.07, HO)]; *H NMR
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(D20) & 1.45-1.70 (m, 3 H), 1.75-1.90 (m, 2H), 2.15-2.28 (m, 1H), 2.90-3.05 (m, 1H), 3.30-3.45 (m,
1H), 3.75-3.85 (m, 1H%:3C NMR (D20) & 24.2, 24.3, 28.7, 46.6, 60.1, 175.2.
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