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Abstract: Investigation of the ¢, B-unsaturated-g-amine

deh dxoplpccohmc acid—revealed that these compounds undergo rapid hydrolysis in neu al aqueous medium, via
the iminc tautomers, even when the corresponding esters and od ium salts exist as the enamm e tautomers. This

is true even for dehvdropinecolinic acid which had been reported t ¢ be stabl
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solution. © 1998 Elsevier Science Ltd. All rights reserved.

Vinyl amines (enamines) are known to exist in equilibrium with their imine tautomers; the latter
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hydrolyze quite rapidly to give the corresponding aldchyde or ketone and the amine.” Only himited studies
exist regarding the factors controumg enamine-imine tautomerizations and the relative energies of the
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KNiowTl inat i amuuuy of enamine tautomers, relative to the imine tautomers, is greater in
tertiary systems and least in prlmary unsaturated amines, Tbut eve primary and secondary enamines can be
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computational study of the parent tautomer pair, vinylamine/acetaldim
cstlmated the energy dlfference between the tautomers at 3.9 kcal/mol in favor of the 1m1ne.3 on]v small cffccts

were calculated for changes in dielectric constant of the medium. Medium effects on enamine-imine
tautomerism have been extensively studied in the quinoxaline system. Enamine-imine mixtures are observed in
dimethyl sulfoxide solutions of 3-alkoxycarbonylmethylcn_e-z-oxo»1,2,3,4-te:trahydmquinoxalincs4 and
3-(arylhydrazono)methyl-2-0x0-1,2-dihydroquinoxalines,” but the enamine tautomers predominate in
chloroform solutions of 3-alkoxycarbonylmcthylene-2-oxo-1,2,3,4-tetrahydroquinoxalines.4 Protonation
stabilizes the iminc tautomer for 3-alkoxycarbonylmethylene-2-oxo0-1,2,3,4- tetrahydroquinoxalines, but for
3-(arylhydrazono)methyi-2-oxo-1,2-dihydroquinoxalines the enamine is favored. 3 In related compounds the
enamine tautomer is preferred in ail soivenis as wcll as by protonation. 4 Studies of o-substituted aromatic

azomcthines have shown that the enolimino tomer is preferred in the gas phase and in apolar solvents. and
AZOINCUIITCS N1dave SnOWTI iat und 1011Mino ldulUlllCl 1> PITICLITU 11 WU Zad pliade 1U 11l apuliai SULVYCTLL, 1
this result has been confirmed by computational methods.®
. -12 .
There are ! o a few literature examples of o, B-unsaturated-q-amino acids 7121 particular, a study of
dehydropipecolinic acid (1¢) was intriguing since it was reported that this CQmpound when isolated as the

sodlum salt, exists as the enamine while the hydrochloride salt exists as the imine. 3 It was also reported that
the compound has a reasonable lifetime in dilute solution at neutral pH; the naturc of the tautomer in neutral
medium was not reported. We undertook to study the open chain aliphatic o,3-unsaturated-a-amino acid
dehydrovaline (1a), an open chain aliphatic o,-unsaturated-a-amino acid with a B-substituent capable of
extending the conjugation of the enamine double bond, dehydrophenylalanine (1b), and the cyclic aliphatic
o,B-unsaturated-oi-amino acid dehydropipecolinic acid (1¢).

* Facsimile number 919 541-8868; e-mail address AHL@rti.org.
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RESULTS

Synthesis
The synthetic approach to the preparation of o,B-unsaturated-oi-amino acids was via the N-chloro
derivatives of the corresponding o-amino acid esters (Scheme). Carefully monitored N-chlorination of the
methyl or ethyl ester (3) of the appropriate saturated a-amino acid, using N-chlorosuccinimide (NCS),
afforded the desired N-chloro-oi-amino acid ester (4). Treatment of the light sensitive chioramines with one
equlvaxem of 1,4-diazabicyclo{2.2.2joctane (DABCO) or 1,8-diazabicyclio[5
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moisturc and air but could be stored at low (<20 °C) temperatures in the presence of radical scavengers for a
few weeks. Saponification with one equivalent of lithium hydroxide in aqueous tetrahydrofuran or of sodium
hydroxide in aqueous dioxane produced the lithium or sodium carboxylate salts 6, respectively.

Spectrai Studies
The proton nuclear magnetic resonance spccira of the esters of dehydrovaline (5a),
dehydrophenylalanmc (5b), and dehydropxpecolmatc (5¢) in chloroform indicate that the esters 5a and 5b exist

dehydrophenylalanine enamine to be in Z (phenyl anti to carboxyl) configuration. On the other hand, ethyl
dehydropipecolinate (5c) appears as an equimolar mixture of imine and enamine tautomers (see experimental

section). In aqucous solution the sodium salts of all three amino acids (6a—c) show resonances consistent with
mixtures in which the imine predominates (60~85%). In a dimethyl sulfoxide solution of the sodium salt of
dehydrophenylalanine (6b) a slight excess of the enamine (~66%), as a near equimolar mixture of £ and Z
isomers, is observed. These results are summarized in the Table.

HaN" > CO,CHs HoN" > CO,CHs
Z-5b E-5b
NS I H H NS
] |
J§ '
HgN/ COoM* HN COp M
Z-6b E-6b
Tabie
«««««« M:.\A s R R S PSS PO - |
Dll(«ulullc"l IS | dUVIIICTIC Equlllu 1d™

Composition (%)
Compound Solvent Enamine Imine
Sa CDCl3 100 0
6a D,0 17 83
5b CDCly 100 0
6b DO 40 60
DMSO-dg 67b 33
5¢ CDCl3 50 50
6c DO 25 75
2 Determined by integration of the appropriate 1H NMR resonances
b Equimolar mixture of Z and E isomers



Examination of the sodium salts of the three dehydroamino acids (6a-c) by UV shows absorbance at
Amax 250-300 nm immediately after dissolution in strong base (pH =14). For 6b this absorbance persists for
several days, but for 6a and 6¢ it disappears overnight. Dissolution of 6b in aqueous buffer at pH 7.4 gives
the identical absorbance pattern observed at pH 14. This pattern disappears within 5-10 minutes. At pH 8
me pattern lasts for about onc hour. The salts 6a and dehydropipecolinate 6¢ show no significant absorbance
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aqueous Sﬁiu ion at pH 7
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DISCUSSION

The obserquzpredominance of some enamine tautomers, relative to the imine tautomeric forms, in
trifluoroacetic acid™” suggests that protonation may stabilize the enamine tautomer. On the other hand, the
presence of a C=N%1 group (1713 c¢m-!) in the IR spectrum of the hydrochloride salt of o, p-
dehydropipecolinic acid indicates that this salt exists as an imine tautomer.!®> These apparent discrepancies
suggest that the factors affecting tautomeric equilibria in quinoxaline analogs and in o,B-unsaiurated-o-amino
acids such as 1¢ are mgmﬁcamly dlfferem

exist pnmanly w1ttcnons lc whlch comams thc clcmcnt ofa arboxylatc anion and of a protonated
nitrogen, would exist as an equilibrium mixture of enamine and imine tautomers. The reported13 stability of 1c
over an 18-hour period in neutral aqueous solution does not support this conjecture, since, if this were the
case, hydrolysis to an a-keto acid via the imine should have been rapid. The results of our study fail to
confirm both the rcportcd13 stability of dehydropipecolinate in ncutral medium and the existence of the
sodium salt of dehydropipecolinate predominantly in the enamine form. Thus, whereas our Nujol spectrum of
sodium o,B-dehydropipecolinate (6¢) resembles the published spectrum and exhibits no bands in the region
between 1670-2730 cm-!, the NMR spectrum of an aqueou% solution of sodium dehydropipecolinate (6¢)

Sl’lOWS a J l rmxrurc OI unme dﬂﬂ cndmmc tautomers. mm,c lﬂC lK bpcurum was rt:LOf(]SG as a Nu_]Ol mull Il'llS
discrepancy might be ascribed to the existence of different tautomeric forms in the solid (IR) and in solution

NN In fart the danandency anf enamine_imine tanutomerie eamlbihra an the matriy i not anlv likaly
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a priori. 1t 18 sunnorted bv the literature 4.5 aind bv our ogbservationg in the dehvdronhenvialanine (6h)
& PriQre, 1 10 SUppLIiiLl U) Ul TRCIals anle V) VL QUoLIVALIULS 1 0L VLLGIVPpLUCLYialaiiliv (B2
system. Thus, in dimethyl sulfoxide, the sodium salt 6b exists as an equimolar mixture of imine, £ enamine,

and Z enamire, while in water it is a 3:2 mixturc of iminc and Z cnammc

The discrepancy between our results and the literature'> regarding the stability of dehydropipecolinate
in neutral solution is more serious. Since our NMR studies show that the sodium salts of all three dehydro o-
amino acids (6a-¢) exist 10 some extent (15-40%) in the enamine form, the UV absorbance (>250 nm), which
they all demonstrate at pH 14, is likely to be associated with the enamine tautomer. This is supported by the
observation that the UV spectrum of dehydrophenylalanine at pH 7.4 is initially identical to the spectrum
recorded at pH 14 but rapidly changes and becomes identical to the spectrum of phenylpyruvic acid,
consistent with conversion of the cnamine (o the imine followed by hydrolysis. Again, this interpretaiion is
consistent w1th the NMR observatlons which show that while the characteristic carbonyl resonance of

1ght be expected for an a, ﬂ-unsaturated ac1d w1th n amino a-auxochrome " and
consistent with the detection of 25% enamine in an aqueous solution by NMR. Recording of the UV
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spectrum of sodium dehydropipecolinate (6¢) immediately after dissolution in a pH 7.4 buffer reveals no
absorbance >210 nm, indicating that the enamine has disappeared. That the spectrum obscrved at pH 7.4 is
not that of the imine is shown by the fact that re-basification of the sample fails to reproduce the spectrum
observed at pH 14. In fact, none of the characteristics of the sample (TLC, NMR) survive lowering of the pH
to neutrality, even for a moment.

CONCLUSIONS
The enamine tautomers of the three o,f-unsaturated-a-amino acids—dehydrovaline, dehydro-
pipecolinic acid, and dehydrophenylalanine—are more stable than their respective imine tautomers in the

esters of the open chain analogs dehydrovalme and dchydrophcnylalamnc bu t are equienergetic with the imine
tautomer in the cyclic dehydropipecolinate ester. On the other hand, the enamine tautomers are less stable
than their respective imine tautomers in basic aqueous medium, unless the enamine double bond is stabilized
by extended conjugation. Hydrolysis of o,B-unsaturated-a-amino acids to the ¢t-keto acids occurs in less than
five minutes in neutral aqueous solution,

EXPERIMENTAL
General
Tvathvul athar and THER wara digtillad farm cndinmm/hanoamhanana siimdar nitenoan Mathislama ~hlAasda
L7ZivLI1Y1 VLG Al 110 VWLl L U0V LUl DuutuLy UULILUPU.DL[UIIU uLuLvl LllLlUEDIJ .lVlUlllle 1V vilvliiue
was distilled from calcium hydride under nitrogen. !H and 13C NMR spectra were recorded on a Bruker AM-
250, using CDCl3 or D20 as the solvent., The infrared spectra were taken on a Shimadzu IR-460

N § S w
spectrometer. UV measurements were carricd out on a Cary 3G UV-Visible spectrometer. Mass
measuremenis were recorded on a Hewlett Packard 5989A mass spectrometer. All reactions were routinely
followed by thin-layer chromatography on commercial TLC plates Merck 60 Fzs4. Flash column
chromatography was conducted on Merck silica gel 60 (230-400 mesh). A Kugelrohr apparatus was used for
vacuum distillation of products. Unless otherwise specified, all nonaqueous reactions were carried out under
nitrogen atmosphere, using oven-dried glassware.

odium Salt of o, p-Dehydrovaline (6a)
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(AcOEt/CH‘,Clz, 1.1 md1cated total consumption of the starting materlal, Smce N-chloramines!” are hght
sensitive, all the following workup and handling of the product were done with exclusion of light. The solvent
was evaporated, and petroleum ether (60 mL) was added. The white solid was removed by filtration and
washed with petroleum ether (20 mL) several times. The filtrate was concentrated in vacuo, and the product
N-chlorovaline methyl ester (4a) was obtained as a colorless oil (3.07 g, 78%) which was immediately used in
the dehydrochlorination reaction. The NMR data of 4a were consistent with literature values.” TH NMR (250
MHz, CDCl3) & (ppm): 0.93 (d, J] = 6.9 Hz, 3H, CH,), 0.96 (d, ] =
3.37(dd, J = 11.3 Hz, 6.4 Hz, iH, aCH), 3.77 (s, 3H, OCHj3), 4.58 (d,
MHz, CDCI:- ,) S (ppm): 18.7, 19.1, 31.7, 52.0, 73.6, 173.3.

anhydrous E120 (7.2 mL). The solution was stirred at -78 °C for 15 min and at 0 °C for 5 h. It was then kept
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in a refrigerator overnight. The solution was concentrated to dryness in vacuo and the resultant residue was
digested with anhydrous EtpO and collected by filtration. The collected crystalline product was dissolved in
anhydrous CHCIl3, and dry NH3 was passed through the solution at 0-5 °C for 15 min, The white solid was
removed by filtration, and the filtrate was concentrated in vacuo. A light yellow oil was obtained. Kugelrohr
distiiiation under vacuum afforded the pure o, B-dehydrovaline methyi ester (5a) (581 mg, 75%), b.p. 65 °C/6

L. ATh AT . 1Yy aTa sy sn£

torr. The NMR data were consistent with literature values.”” 'H NMR (250 MHz, CDCl3) 8 (ppm): 1.62

(s, 3H, CH3), 1.93 (s, 3H, CH3), 3.16 (br, 2H, NHj), 3.63 (s, 3H, OCH;). 13C NMR (63 MHz, CDCl3) &

1
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n of NaOH (155 mg, ? 87 mmol) in H>0 (10 mL) was added to a solution of § g
mmol) in 1.4 dloxane (10mL). T he reaction mixture was stirred overnight and lyo h1l1zed afford a pale
yellow SOlld (530 mg, 100%). Examination of the 1H NMR spectrum at 250 MHz in D20 prov1ded evidence
for the presence of two tautomers in solution, namely the sodium salts of «,B-dehydrovaline and
o-iminovalire in a 1:5 ratio. The 13C NMR spectrum taken in D20 was consistent with the presence of the
sodium salt of the enamine, i.e. two olefinic carbon signals were present at & 117.5 and 134.1. The effect of
pH on the NMR and UV spectra of this compound was studied. At neutral or acidic pH both the NMR and
the UV spectra changed rapidly consistent with immediate hydrolysis to the keto acid. In basic solution the
UV exhibited Amax 262 nm; this absorbance disappeared after overnight. The materiai can be stored as a solid
sodium sait under nitrogen in refrigerator for months without evident decomposition. 'H NMR (250 MHz,
D70) 3 (ppmy): (enamine) 1.64 (s, 3H, CHj3), 1.86 (s, 3H, CHj); (imine) 1.12 (d, J = 6.9 Hz, 6H, (CH;),), 3.0

fm 1TH COH)
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Synthesis of Sodium Salt of o, }-Dehydrophenylalanine (6b)

A solution of phenylalanine methyl ester 3b (2.00 g, 11.16 mmol) in anhydrous Et2O (20 mL) was
cooled to 0--5 °C with an ice water bath and was treated under nitrogen atmosphere with 1.0 eq of
N-chlorosuccinimide (1.49 g, 11.16 mmol) in a flask covered with aluminum foil. To minimize the formation
of N-dichloramine, the N-chlorosuccinimide was dissolved in benzene or cyclohexane (60 mL) and added
dropwise to the reaction vessel over a period of 2 h. The reaction mixture was stirred at 0-5 °C for another
4 h until TLC (AcOEt/Hxn 1:10) indicated total consumption of the starting material. The following workup
and handling of the product chioramine were done with exclusion of light. The solvent was evaporated, and
petrolcum cther (60 mL) was added. The white solid was removed by filtration and washed with petroleum
ether (20 mL) several times. The filtrate was concentrated in vacuo, and the pxuuuu N-chl "plwﬁyialaﬁiﬁc
methyl ester 4b was obtained as a colorless oil (2.30 g, 97%) pure enough for immediate use in the dehydro-

chlorination reaction. 'H NMR (250 MHz, CDCl3) & (ppm): 3.03 (d, J=7.5 Hz, 2H, CH,), 3.73 (s, 3H,
OCHs), 3.90 (m, 1H, dt, ]=9.5, 6.8 Hz, aCH), 4.59 (m, 1H, d, —qsn/ Nm 7.14-7.37 (m, 5H, ArH); 13C

NMR (63 MHz, CDCI3) & (ppm): 37.7,52.3, 68.3, 127.1, 128.6, 129.1, 135.6, 172.3.

A solution of 4b (2.30 g, 10. 76 mmol) in dry Et;O (60 mL) was treated with 1.2 eq of 1,4-
diazabicyclo[2.2.2]octanc (DABCO) (1.45 g, 12.92 mmol) under nitrogen in a flask covered with aluminum
foil. The reaction mixture was stirred at room temperature for 6 h. The white solid was removed by filtration,
and the ethereal solution was washed with cold 20% aq NaHCOQ3. The solution was concentrated in vacuo and
a colorless cil was obtained. Kugelrohr distillation under vacuum afforded Z-o.,3-dehydrophenylalanine
methyl ester Sb as a single product (0.96 g, 50%). The slightly low yield may be due to the decomposition

and polymerization of the product during vacuum distiliation. The Z-configuration was confirmed by NOE
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experunents on the Vll’l)’l and memyl prorons USH'lg a Bruker AMX-500. The NMR data were consistent with

the literature valucs,12 b.p. 180 °C/6 torr. 'H NMR (250 MHz, CDCl3) & (ppm): 3.86 (s, 3H, OCH3), 4.23
(br, 2H, NH;), 6.48 (s, |H, =CH), 7.17-7.50 (m, SH, ArH). 13¢C NMR m‘x MHz CDCla \S(nnm\‘ 52 6

i, <411, 1%1 LLJ_} TFO Dy, 111, LY £ \liiy Jidy 2 LNAVEAN \VJ iVRA Adsy ey
109.2, 126.8, 128.3, 128 8, 132.1, 136.2 166.3 IR (neat) r‘m'1 3445, ’*044 1715, 1632, HR‘? 1490 1438,
1402, 1323, 1267, 1224, 1193, 1166, 1074, 984. MS (EI, 70 eV) m/z (relatwe 1ntens.1ty). 177 (M+, 100), 117
(95), 91 (39), 65 (10)



A solution of NaOH (97.1 mg, 2.43 mmol) in H,0 (10 mL) was added to a solution of 5b (430 mg, 2.43
mmol) in 1,4-dioxane (10 mL). The reaction mixture was stirred overnight and lyophilized to afford a pale
yellow solid (435 mg, 98%). Examination of the 'H NMR (250 MHz) in D20 provided cvidence for the
presencc of two tautomers in solution, namely the sodium salts of «,-dehydrophenylalanine (8 6.40 ppm, s,

H, =CH, 7.40 ppm m, 5H, ArH) and a-iminophenylalanine (8 4.11 ppm, s, 2H, CH,, 7.40 ppm, m, 5H,

ArH) in a 2:3 ratio. !H NMR in DMSO-dy indicated the presence of a mixture of imine, (8 3. 96 ppm, s, 2H,
CH;, 7.25 ppm, m, 5H, ArH), E enamine (8 6.08 ppm, s, =CH, lH 7.25 ppm, m, 5H, ArH) Z enamine

6.15 ppm, s, 1H, = CH, 7.25 ppm, m, 5H, ArH) in 1:1:1r

pidly, indicating immediate decomposition of the matenal Th u
(0 90 mg, 4.9 x 10-3 mmol) was quickly dissolved in 1 N HCI (10 mL), potassium phosphale buffer (pH 7 4)
(0.05 M, 10 mL), sodium phosphate buffer (pH 8.5) (0.2M, 10 mL), and 1 N NaOH (10 mL), respectively.
Immediately after the preparation of the solutions, UV measurements were recorded every 5 min over a period
of 1 h. In acidic medium the spectra were identical to those of phenylpyruvic acid exhibiting Amax 210 nm,
consistent with hydrolysis of the imine to produce phenylpyruvic acid. Furthermore, treatment of 6b with 6
N HCI quantitatively afforded a product identical to authentic phenylpyruvic acid. At pH 7.4 the absorbance
at Amax 295 nm diminished rapidly to yield a spectrum identical to that of phenylpyruvic acid. At pH 8.5 the
process was much slower; enamine was still present 1 h after the solution was prepared, as judged by the
absorbance at Aqax 295 nm. In basic solution, absorbance at Aqmax 295 nm was observed; no spectral change

/g f\kDAﬂTﬂ"{ MNI7TOY ’,AEI'\ nnﬁr\r{ T o C(\f‘l]‘lm C‘C\I* nf{v REAA ‘Ir‘ff\ﬁkﬂﬁ‘l'ﬁ'ﬂﬂ‘;ﬂn non kn (‘ff\"AA nga n GI\I1A
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under nitrogen, in a refrigerator, for months without evident decomposition. 1H NMR (250 MHz, D;0) 8
(ppm): (enamine isomer) 6.40 (s, 1H, =CH), (imine isomer) 4.11 (s, 2H, CH,), 7.40 (m, 5H, ArH).

Synthesis of Sodium Salt of a,f—Dehydropipecolinate (6¢c)
A solution of ethyl pipecolinate (3¢) (2.00 g, 12.7 mmol) in dry Et;O (50 mL) was cooled to 0-5 °C
with an ice water bath and was treated under Ny atmosphere with 1.2 eq of N-chlorosuccinimide (2.04 g, 15.3
mmol) in a fiask covered with aluminum foil. The reaction mixture was stirred at 0-5 °C for another 4 h until
TLC indicated total consumption of the starting material. The following workup and handling of the product
were done with exclusion of light. The solvent was evaporated, and petroleum ether (60 mL) was added. The
white solid was removed by filtration and washed with petroieum ether (20 mL) several times, The fiitrate
____________ temndd oo o [ - |

was Loncanrchu lﬂ vacuag, dllu lllC pruuuu Ll.llyl JV-L[IIUIUP[pLLUll[ldlL l‘!t) was UUld_lllbU da> d LU{ OTICSS Ol

(2.08 g, 85%) which was immediately used in the dehydrochlorination reaction. !H NMR (250 MHz, CDCl3)
8 (ppm) 1.23 (1, ] = 7.2 Hz, 3H, CH3), 1.60-1.82 (br, 6H, CH;CH;CH?), 2.88 (m, 1H, aCH), 3.41-3.54

1k R hdey ARy NRL) ), \Vi, Vily AR X RN A1)y L0000 131y 141y Wi,

), 4.18 (q, ] = 7.2 Hz, 2H, OCH3). 13(" NMR (63 MHz, CDCl1) 8 (pnm) 14.0, 22.3, 26.8, 3

, NCH3), 4.18 (q, | 2H, OC CDCl3) o (ppm) 1 2
0 62 7,74, O 170.9. IR (neat) cm‘I 2930, 1750, 1463, 1377, 1274, 1182, 1055.

A solution of 4¢ (1.22 g, 6.4 mmol) in dry EtpO (30 mL) was treated with 1.0 eq of 1,4-
diazabicyclo[2.2.2]octane (DABCO) 0.71 g, 6.4 mmol) under N> in a flask covered with aluminum foil. The
reaction mixture was stirred at room temperature for 6 h. The white solid was removed by filtration, and the
ethereal solution was washed with cold 20% aq NaHCO3. The solution was concentrated in vacuo, which
provided the product ethyl o,B-dehydropipecolinate (5d) (889 mg, 90%) as a near equimolar tautomeric
mixture of enamine and imine. 'H NMR (250 MHz, CDCl3) 6 (ppm): (enamine) 1.22 (1, J = 7.2 Hz, 3H,
CH,), 1.73 (m, 2H, CH,), 2.12 (m, 2H, CH,), 3.10 (dd, 2H, CH,), 4.14 (g, J = 7.2 Hz, 2H, OCH,), 5.59 (1, ] =
4.3 Hz, 1H, =CH); (imine) 1.30 (t, 7.2 Hz, 3H, CH;), 1.56, 1.65 (2m, 2H, CH,), 2.41 (m, 2H, C
2H, CH,), 4.23 (q, J = 7.2 Hz, 2H, OCH,); IR (ncat) cm™!: 3405, 2975, 2855, 1703, 1639

)

£ 11217 1NQR MCQ /RT 70 aV\ m/a (rala *nu: intanal
Jdy LRI LTtuU70, 1 \ily, fUV VY JuUvw \l\.«lul.l b RIIRLIL3ILY ).
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; mg, 6.4 mmol) in HyO (10 mL) was added to a solution of 5S¢ (1.0 g, 6.4 mmol)
in 1,4- dloxane (10 mL) The reaction mlxturc was stirred overnight and lyophilized to afford a pale yellow
solid (960 mg, 99%). Examination of the H NMR spectrum at 250 MHz in D0 provided evidence for the
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presence of the enamine and imine tautomers in solution in a 1:3 ratio. The 13C NMR spectrum taken in DO
was consistent with the presence of the sodium salt of the enamine, i.e. two olefinic carbon signals were
present at 6 112.3 and 141.1 ppm. The sodium salt 6c (0.70 mg, 4.7 x 10-3 mmol) was quickly dissolved in
I N HCI (10 mL), potassium phosphate buffer (pH 7.4) (0.05 M, 10 mL), sodium phosphate buffer (pH 8.5)

~ o

(0.2 M, 10 mL), and I N NaOH (10 mL), respectively. Immediately after preparation of the solutions, UV

s e aens s U I T Ty ¢ T AT
me

asuremenis were TGLUI'UGU cvery D mm OVer a perloa OI 1h At ac1cuc or neutral pn 00[[1 [ne NMR ana Ine
uv spectra changed rapidly indicating immediate decomposition of the material, At basic pH, 6¢ exhibited
p) di sa

C
ﬁn nm. no mfnnr ﬁhanap wasg f\l‘\Q#l’\‘Pr‘ over an bc sfnrnr‘ g }d Seu‘ld

a an
iy LAV INGjUL VIIGLIRV TYGS VUSVE tWivu ad a aui

..
.
-
o
[
=
=
S

Ao A A2 1 W
itrogen, in a refrigerator, for mo__-hs W

o M FoEEEEY s

er dent
(nnm‘) (enamine) 1.64 (m, 2H, CH,), 2.1 ,ZH, CHy), 3.04 (
(imine) 1.64 (br, 4H, CH, CH,), 2.40 (m, 2H CH,), 3.55 (m
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