Tetrahedron Vol 46,No 5,pp 1733-1744, 1990 0040-402090 $3 00+ 00
Printed in Great Brtain © 1990 Pergamon Press plc

SYNTHESIS OF [4-2H,]-, (4R)[4-2H{]- AND (4S)[4-2H,]-
4-(METHYLNITROSAMINO)-1-(3'-PYRIDYL)-1-BUTANONE,
C-4 DEUTERIATED ISOTOPOMERS OF THE PROCARCINOGEN NNK.
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Abstract The synthesis of C-4 dideuteriated and both C-4 monodeutenated enantiomers of NNK,
the metabolic precursor to a vanety of potential carcinogens, starting from (2S)-glutamic acid and
nicotinic actd 1s descnbed The route I1s suitable for the synthesis of NNK 1sotopomers labelled in
each of the putative sites for metabolic activation

4-(Methylmitrosamino)-1-(3'-pyndyi)-1-butanone, NNK (1), N'-nitrosonornicotine, NNN (2)
and related nitrosoamines are derived from the principal tobacco alkaloid, nicotine (3) Each of the
compounds can be obtained through the nitrosation of nicotine 1 In recent years it has become
apparent that many N-nitrosamines, including those present in many food products, are able to
promote carcinogenesis 2
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NNK 1s able to promote carcinogenests in several assay system52'4 although the
compound itself 1s not directly responsible and first needs to be activated ° Ironically, activation can
occur in vivo when the body attempts to detoxify and solubilise the compound  For example, the
diazohydroxides (4) and (5) could be formed from NNK through initial hydroxylation of the methyl
group and the C-4 position, respectively 3,5 Each of these compounds Is able to lose dinitrogen to
give a highly reactive carbonium i1on which could react with nearby nucleophiles, including those
attached to proteins and DNA €
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Although the current view 1s that the initial hydroxylation reactions are mediated by
cytochrome P-450 enzymes,5 the numbers and substrate specificities of the enzymes involved in
these pathways have not been determined The situation is further confounded by the existence of
cis- and trans- configurational isomers for unsymmetnical N,N-dialkyl N-nitrosamines, and the high
energy barnier for their interconversion 7 Thus, it 1s not known which configurations of NNK are
acted upon by the catabolic enzymes or which sites within each 1somer are activated preferentially

In order to prepare substrates suitable for assaying each of these hydroxylase activities, it
was necessary to be able to label NNK in each of the sites for potential hydroxylation separately
and simultaneously Here we report on the synthesis of trans- C-4 dideutenated and C-4 chirally
deuteriated NNK 1sotopomers, starting from nicotinic acid and (2S)-glutamic acid, both of which can
be prepared In a vanety of labelled forms The rate of the conversion of the trans- 1Isomer to the
cis-isomer under the conditions prevailing during NNK metabolism is also assessed

DISCUSSION

Hecht and coworkers had reported a synthesis of [4-2H2]-NNK starting from 1-oxo-1-(3-
pyndyl)-butancic acid (6)8 which itself can be obtained in 38% yield from ethy! nicotinate 9 The
acid was treated with oxalyl chloride and the resulting acid chloride was converted to the N-methyl
butyramide through treatment with methylamine Borohydride reduction of the ketone gave the
racemic alcoho! (7) which was reduced to the dideuteriated amino alcoho! with hexadeuterio
diborane Nitrosation of the product and, finally, chromium trioxide oxidation of the nitroso alcohol
gave the desired dideuteriated NNK in 3 4 % overall yield from ethy! nicotinate, Scheme 1
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In order to prepare [methyl-2H3]—NNK, Hecht devised an alternative synthesis 8 Pyrrohidin-
2-one was treated with sodium hydride and then with trdeuteriomethyl mesylate The resulting N-
tndeuteriomethylpyrrolidinone (8) was Claisen condensed with ethyl nicotinate (9) in the presence
of sodium hydnde using the method of Eiden and coworkers 10 The product (10) was hydrolysed
and decarboxylated by refluxing in concentrated HCI for 96 hours to give the dihydrochloride This
was nitrosated to afford the deutenated NNK (1, 2H3-methyl) in 9 2% overall yield
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While the first synthetic route, Scheme 1, was unsuitable for our own purposes on many
counts, 1t appeared that aspects of the second route might be useful For example, if we could
prepare the pyrrolidin-2-ones chirally deutenated at C-4 or dideutenated at C-4 and incorporate
these compounds Into the remainder of Hecht's synthesis, the products would be the desired
chirally deuteriated or dideuteriated NNKs In addition, the introduction of a labelied methyi group
([14C]-, [2H3]-, or doubly labelled) into the same molecule would be facilitated and, furthermore, the
use of labelled ethyl nicotinate ( the free acid of which 1s commercially available in carbon-14 ferm)
would provide a method for radio-labelling the two parts of the molecule which would become
separated following hydroxylation 5 Access to these compounds offers an important advantage in
facilitating hplc-based hydroxylase activity assays

It was envisaged that the chirally deutenated pyrrolidin-2-ones would be accessible via the
dehydration of chirally deuteriated y-aminobutyric acids These can be prepared from the
appropriately labelled (2S)-glutamic acids through an enzymic decarboxylation, in the
appropriately labelled water, using £ col glutamate decarboxylase 11 While we were confident
that the chirally deuteriated y-aminobutyric acids could be converted to the corresponding
pyrrolidinones without loss of label and without racemisation, we were concerned by the harsh
conditions used by Hecht in the hydrolysis and decarboxylation of the keto amide (10) 8
Accordingly, the pyrrolidinone ring-closure and keto amide hydrolysis steps of the intended

synthesis, Scheme 2, were examined using uniabelled matenals
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1, Aspartate Aminotransferase, AH20 , 1, Glutamate Decarboxylase, gHoO , nt, Alumina, Toluene, Reflux ,
v, NaH, Mel , v, NaH, Ethyl Nicotinate , vi, 5M HCI, Reflux, 72 hours , vi, NaNOg, pH 4 0, 16 hours

Scheme 2

Using a modification of the method of Blade’-Font,12 y-aminobutync acid (12, Hy= Hg = H)
and neutral alumina were heated under reflux in toluene in a Dean-Stark apparatus to give the
essentially pure pyrrolidinone (13, Ha= Hg = H) in quantitative recovery A solution of the product
In tetrahydrofuran was treated with sodium hydnde and then methyl iodide to afford the N-
methylpyrrolidinone (8, Hpa= Hg = H) in 63% overall yield ( it® 49% for the single step) after
punfication by flash silica chromatography

The reported yield of the Claisen condensation of the methyl pyrrolidinone with ethyl
nicotinate was 48% 8 This matenal contained upto 5% ethyl nicotinate, as judged by mass
spectrometry and was not further purified Under optimised conditions we were able to obtain the
Claisen condensation product (10, Hy= Hg = H) 1n 70% yield after punfication by flash silica
chromatography The product was ~90% pure as judged by TH- and 13C-nmr and did not contain
ethyl mcotinate as judged by mass spectrometry

The optimum conditions for the hydrolysis of the keto amide (10) were examined carefully
since Hecht's reported conditions, refluxing 12M HCI, 96 hours, could potentially lead to
racemisation or label loss in the compounds of interest to us 8 Marginally better yields of the
dihydrochlonde (~87%) than those reported were obtained under considerably milder conditions,
refluxing 5M HCI, 72 hours However, all attempts to further reduce the harshness of the reaction
condtions resulted in poor conversion yields The keto amide was converted to the trans-NNK with
an overall yield from pyrrolidin-2-one of 16 5% Given that these modified conditions would be
suitable for use in the synthesis of the chrrally deutenated 1sotopomers of NNK, the synthesis of the

deutenated pyrrolidinones was examined
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(2S)-Glutamic acid (11) was decarboxylated in deutenum oxide using E coli glutamate
decarboxylase (EC 4 11 15) 1 The product, (4R)-aminobutyric acid (12, Ha= H, Hg = 2H), which
was obtained in ~90% yield after ion exchange chromatography, was converted directly to the (5R)-
pyrrolidinone (13, Ha=H, Hg = 2H) In 74% overall yield The (5S)-enantiomer was prepared via an
identical sequence starting from [2-2H1](2S)-glutam|c acid and conducting the enzymic
decarboxylation in protium oxide The deutenated glutamic acid was prepared through aspartate
aminotransferase (glutamic oxaloacetic acid transaminase, EC 2 6 1 1) catalysed exchange of the
a-H atom of the unlabelled substrate (11) with the solvent, deuterium oxide A third, dideutenated
pyrrolidinone was prepared by decarboxylating (2S) [2-2H1]-glutamlc acid In deuterum oxide and
dehydrating the resulting [4-2H2]-4-ammobutyr|c acid (12, Hy= Hg = 2H) on alumina in the usual
way Each of the three deutenated pyrrolidinones were then converted to the corresponding NNKs
using the procedures described above, Scheme 2 All of the labelled compounds showed the
expected nmr and mass spectral parameters and, evidently, no loss of label had occurred during
the syntheses

The synthetic route outlined above gives predominantly the trans-NNK products Indeed, if
the nitrosation reaction i1s worked-up rapidly, see expenmental section, the cis-isomer I1s barely
detectable Nevertheless, it was discovered that under simulated physiological conditions, aqueous
buffer solution ~pH 7 at 37 ©C, trans-NNK I1s converted to the cis-1somer at a significant rate Since
the result of this observation, which appears not to have been noticed previously, has an important
beanng on the delineation of the chemistry involved in the metabolism of NNK, the isomensation
reaction was examined more closely

The two C% positions, the methyl group and the 4-methylene group are each well resolved
in the TH- and 13C-nmr spectra of the two 1somers Note that the spectra were, in fact, assigned on
the basis of DEPT and COSY experiments The "H-nmr spectrum of the trans- 1somer shows
signals at 3 06 and 4 26 ppm for the methyl and methylene groups respectively, whereas, the ¢i/s-
1somer shows signals at 379 and 371 ppm The corresponding signals in the 13C-nmr spectra
occur at 31 4 and 52 9 ppm for the trans-1somer and at 38 9 and at 43 9 ppm for the crs-1somer

Using synthetic trans-NNK the isomerisation reaction was followed by TH-nmr
spectroscopy at 37 °C in 98% deutenated aqueous solution over the pL range 5 75-7 83 Under
these conditions the trans-NNK reacted only to give the crs-isomer and an equilibrium mixture of the
cis- and trans- isomers (1 4) was formed within 8 hours The first order rate constant for the
Isomenisation as calculated from these expenments was kigom =06 h™? Therefore, the half-ife for
the trans- 1somer, t;,, 1s 115 hours Under conditions where the cis- isomer 1s spectfically
removed, for example, through crs- specific hydroxylation, 90% of the trans- 1somer could be
consumed (ie ~3 half lives), without being acted upon directly, within a period of 4 hours This
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result indicates that in determining which metabolic pathways operate during NNK catabolism, it 1s
imperative to examine enzyme activites which operate on the minor (least stable) isomer

A cell-free preparation of bovine liver microsomes has been prepared recently in our
laboratory The synthetic NNKs described here are metabolised by this preparation and, therefore,
the compounds do not contain inhibitory impunties The punfication of the enzymes present In this
preparation will ultimately allow the kinetics and mechanism of the carcinogenic activation of NNK
to be determined using the compounds descnibed here

Experimental:

Melting point was determined using an electrothermal melting point apparatus and was
uncorrected TH-nmr spectra at 270 MHz and 13C-nmr spectra at 23 7 MHz were recorded on Jeol
JNM-GX270 and Jeol FX90Q instruments Chloroform or sodium salt of 3-(tnmethylsilyl)propionic-
2,2,3,3-2H4 were used as standards for TH-nmr and chloroform or dioxane were used to reference
13C-nmr Mass spectra were obtained using an AEI-MS30 spectrometer Microanalysis facilities
were provided on a service basis by University College London, UK Specific rotations were
determined on an Optical Activity Ltd AA-100 polanmeter using 10 cm path-length cells

2-Pyrrohdinone (13, Hpy = Hg = H)* A mixture of 4-aminobutync acid (12, Hy=Hg=H,52g,
50 mmol) and neutral alumina (15 g, 150 mmol) in toluene (250 m!) was heated under reflux using
Dean - Stark apparatus After 10 h, the mixture was cooled and filtered Alumina was washed
several times ustng a mixture of methanol and chloroform (1 1) The solvent was evaporated to give
an oil Yield Quanttative 8y (CDClg) 339 (2H, t, J4,5 =6 9 Hz, H-5), 2 29 (2H, m, H-3), 2 12 (2H,
m, H-4), 3¢ 179 2 (C-2), 42 2 (C-5), 30 0 (C-3), 20 6 (C-4) m/z (El) 85 (M*, 100), 42 (66), 41 (64),
30 (56)

1-Methyl-2-Pyrrolidinone (8, Hy = Hg = H). A suspension of sodium hydnde (80% in o,
045 g, 15 mmol) in dry tetrahydrofuran (20 ml) was cooled to 0°C To this mixture, 2-pyrrolidinone
(13, Hp =Hp =H, 0 42 g, 5 mmol) in the same solvent (5 ml) was added dropwise and the mixture
was stirred for 20 min Methyl 1odide (1 5 ml, 25 ml) was added slowly and the mixture was stirred
overnight at room temperature The mixture was filtered through celite The celite bed was washed
several times with tetrahydrofuran The filtrate and the washings were pooled together and
evaporated to dryness The residue was partitioned between water and chloroform and the water
layer was washed with chloroform (3 x 15 ml) Organic layers were pooled together, dried on
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magnesium sulphate, fitered and dried /n vacuo to give a brown ol The compound was puritied by
column chromatography on silica gel using a mixture of hexane dichloromethane (1 1) followed by
dichloromethane as eluents Yield 031 g (63%) &y (CDClg) 335 (2H,1,J54="71 Hz, H-5),2 8
(3H, s, CH3), 233 (2H, t, J3’4 = 8 1 Hz, H-3), 1 98 (2H, quin, Jgem =15 4 Hz, H-4) 3¢ 491 (C-5),
30 3 (C-3), 29 1 (CHg), 17 4 (C-4) m/z (El) 99 (M*, 100), 98 (70), 70 (14), 44 (80), 42 (57)

3-(3'-Pyridyl)-1-Methylpyrrolidin-2-one (10, Hy = Hg = H): A solution of compound 8, Hp
= Hg =H (10 g, 10 mmol) in dry tetrahydrofuran (5 ml) was added dropwise to a suspension of
sodium hydride (80% in oil, 0 9 g, 30 mmol) in the same solvent (40 ml) and the mixture was stirred
for 15 min at room temperature A solution of ethyl nicotinate (3 g, 20 mmol) in dry tetrahydrofuran
(5 ml) was added to it and the mixture was heated under reflux with efficient stirnng After 24 h the
mixture was cooled and carefully poured into ice-cold hydrochloric acid (50 ml, 4 N) After adjusting
the pH of the solution to 4 (10 N sodium hydroxide solution), the aqueous solution was extracted
with chloroform (6x15 ml) The combined extracts were dried in vacuo and redissolved In
chloroform (50 ml) The solution was dried with magnesium sulphate and then concentrated in
vacuo The residue was purified by column chromatography on silica gel using a mixture of hexane
dichloromethane (1 1) followed by hexane dichloromethane (1 3) and then dichloromethane
Appropriate fractions were pooled together and concentrated to give a yellow ol Yield 14 g
(70%) 8y (CDClg) 928 (1H, d, H-2'), 8 76 (1H, dd, J5* o' = 4 8 Hz, H-6'), 8 42 (1H, dt, Jg 5 =81
Hz, H-4'), 7 42 (1H, ddd, H-5'), 4 42 (1H, dd, H-3), 3 62-3 33 (2H, m, H-5), 2 85 (3H, s, CHg), 275-
263 and 231-217 (2H, m, H-4) 8¢ 1952 (pyndyl CO), 169 3 (C-2), 153 4 (C-6'), 1507 (C-2),
136 7 (C-4'), 131 5 (C-3'), 123 2 (C-5'), 50 9 (C-3), 47 9 (C-5), 29 8 (CHg), 21 0 (C-4) m/z (El) 204
(M*, 23), 161 (64), 148 (12), 106 (100), 98 (63), 78 (75) The nmr spectra for this compound and its
labelled 1sotopomers were assigned on the basis of a 2D COSY spectrum

4-(Methylamino)-1-(3'-pyridyl)-1-butanone dihydrochloride (14, Hy = Hg = H): A
solution of compound 10, Hp = Hg = H (2 g, 10 mmol) in hydrochlonc acid (5 N, 100 ml) was heated
under reflux for 72 h The solution was cooled and evaporated to dryness The residue was
redissolved in water, filtered and the filtrate was concentrated The title compound was
recrystallised from methanol-ether mixture Yield 22 g (87%) 3y (Do,0O) 932 (1H, s, H-2), 902
(1H, d, Jg 5" = 8 3 Hz, H-4'), 898 (1H, d, Jgr g7 =58 Hz, H-6'), 8 18 (1H, 1, H-5'), 338 (2H,1, Jp 3 =
69 Hz, H-2), 317 (2H,1, J3 4 = 7 8 Hz, H-4), 2 76 (3H, 5, CHg), 2 17 (2H, m, H-3) 8¢ 197 6 (C-1),
146 4 (C-6'), 1452 (C-4'), 142 4 (C-2"), 1356 (C-3'), 128 8 (C-5"), 490 (C-4), 366 (C-2), 338
(CH3). 20 1 (C-3) m/z (FAB+) 179 [(M+H)*-2HCI, 100], 161 (14), 148 (18) The nmr spectra for this
compound and i1ts labelled 1sotopomers were assigned on the basis of a 2D COSY spectrum
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4-(Methylnitrosamino)-1-(3'-pyridyl)-1-butanone (1, Hy = Hg = H): Compound 14, Hp =
Hg =H (2 5 g, 10 mmol) was dissolved in water (25 ml) and the solution was cooled to 0°C The pH
of the solution was adjusted to 4 with 1N NaOH A solution of sodium nitnite (12 g, 17 5 mmol) in
water (1 7 ml) was added dropwise and the reaction mixture was stirred at room temperature After
16 h, the aqueous solution was extracted with dichlororomethane (5x20 ml) The combined organic
layers were washed successively with 4N NaOH (2x15 ml) and then water (3x15 ml) The solution
was dried over magnesium sulphate and then concentrated in vacuo to give an oll The residue
was recrystallised from dichloromethane ether to give the product Yield 09 g (43%) Mp 71-
73°C 13 Cale for C4gHy3NgO, C 5796, H 632,N 2027 Found C 5771,H 623,N 1997 &y
(CDCl3) 914 (1H, s, H-2), 8 79 (1H, d, H-6"), 8 2 (1H, d, H-4’), 7 42 (1H, dd, Jy 5=81Hz,Jg g =
4 8 Hz, H-5'), 4 25 {t, J3,4 =67 Hz, H-4, trans 1somer), 3 79 (s, CHg, cis isomer), 371 (t, J3‘4 =70
Hz, H-4, c1s1somer), 3 09-3 04 (m, H-2 and CHg, transisomer), 2 94 (t, H-2, cis 1somer), 2 22 (quin ,
H-3, trans isomer), 197 (quin, H-3, cis isomer ) 8¢ 197 4 (C-1), 153 7 (C-6'), 149 5 (C-2), 1352
(C-4'), 131 8 (C-3'), 1237 (C-5"), 52 9 (C-4, trans isomer), 43 9 (C-4, cis 1somer), 389 (CHg, cis
1somer), 35 9 (C-2, cis 1Isomer), 35 2 (C-2, transisomer), 31 4 (CHg, transisomer), 21 9 (C-3, trans
Isomer), 20 2 (C-3, cisisomer) m/z (El) 177 ([M - NOJ*, 94), 159 (14), 148 (24), 146 (37), 118 (21),
106 (100), 78 (89) The nmr spectra for this compound and its labelled isotopomers were assigned
on the basis of DEPT and COSY spectra

(5R)-[5-2H1-2-Pyrrolidinone (13, Hpy = H, Hg = 2H): (2S)-Glutamic acid (11), (1 48 g, 10
mmol) was suspended in deuterium oxide (25 ml) and the pH was adjusted to 5 with conc
ammonia solution (iIn D,O) Glutamate decarboxylase (150 units) and pyridoxal 5'-phosphate (5
mg) were added and the reaction was incubated at 37°C The pH was maintained at 5 by adding
conc deuterium chlonde solution every 15-20 minutes and the course of the reaction was
manitored by tic (solvent system isopropanol aqg ammonia water 26 6 5) After 6 h the enzyme
was denatured and the mixture was filtered The filtrate was concentrated in vacuo to give an oll
The residue was dissolved in mimmum amount of water and applied to a column of Amberlite 1R45
(OH) (100 ml settled volume) The column was eluted with water Appropnate fractions were pooled
and then concentrated in vacuo to give (4R)—[4-2H1]-4—ammobutync acid (12, Hp =H, Hg = 2H) as
a semi-solid It was converted to the titie compound following the procedure reported above Yield
0 64g (74% on the basis of compound 11) 8 (CDClg) 336 (1H, t, H-5), 227 (2H, t, H-3), 209
(2H, dd, H-4) 8¢ 1794 (C-2),41 9 (t, Jop = 21 5 Hz, C-5), 300 (C-3), 20 5 (C-4) m/z (El) 86 (MT,
100), 43 (63), 42 (57), 31 (50)

1-Methyl-(5R)-[5-2H4]-2-Pyrrolidinone (8, Hy = H, Hg = 2H): Yield 14g (69%) &y
(CDClg) 332 (1H, m, H-5), 2 79 (3H, s, CHg), 2 32 (2H, t, H-3), 1 96 (2H, dd, H-4) 8¢ 487 (. Jop
= 22 2 Hz, C-5), 30 3 (C-3), 29 1(CHg), 17 2 (C-4) m/z (El) 100 (M*, 100), 99 (52), 98 (30), 71
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{15), 45 (82), 43 (51)

(5R)-[5-2H4]-3-(3'-Pyridyl)-1-Methylpyrrolidin-2-one (10, Hp = H, Hg = 2H): Yield 16
g (78%) 84 (CDCl3) 927 (1H, d, H-2), 8 75 (1H, dd, H-6), 8 41 (1H, dt, H-4'), 7 41 (1H, dd, H-5),
4 42 (1H, dd, H-3), 3 58-3 36 (1H, m, H-5), 2 84 (3H, s, CHg), 2 73-2 63 and 2 28-2 17 (2H, m, H-4)
8c 1951 (pyndyl CO), 169 3 (C-2), 153 4 (C-6'), 150 7 (C-2'), 136 7 (C-4'), 131 4 (C-3), 1232 (C-
5,50 9 (C-3), 47 5 (t, Jop = 21 5 Hz, C-5), 29 8 (CHg), 20 9 (C-4) m/z (EI) 205 (M*, 24), 161 (65),
148 (7), 106 (100), 99 (59), 78 (73)

(4R)-[4-2H1]-4-(Methylamino)-1-(3'-pyr|dyl)-1-butanone dihydrochloride (14, Hp =
H, Hg = 2H) Yield 2 1 g (87%) &y (Do0) 931 (1H, s, H-2'), 9 02-8 95 (2H, m, H-4' and H-6),
815 (1H, dd, H-5'), 336 (2H, t, H-2), 3 11 (1H, t, H-4), 275 (3H, s, CHg) 2 14 (2H, dd, H-3) 3¢
197 7 (C-1), 146 2 (C-6'), 145 4 (C-4"), 1425 (C-2'), 1356 (C-3'), 128 7 (C-5'), 486 (t, Jop = 221
Hz, C-4), 36 6 {C-2), 33 7 (CHg), 19 9 (C-3) m/z (FAB+) 180 [(M+H)*-2HCI, 100], 162 (4), 149 (5)

(4R)-[4-2H1]-4-(Methyln|trosam|no)-1-(3'-pyr:dy|)-1-butanone (1, Hp = H, Hg = 2H):
Yield 04 g (38%) &y (CDCl3) 914 (1H,s, H-2), 878 (1H, d, H-6'), 8 2 (1H, dd, H-4'), 7 42 (1H, dd,
H-57, 4 24 (m, H-4, trans 1somer), 3 79 (s, CHg, cis 1somer), 3 69 (m, H-4, cis1somer), 3 03-3 03 (m,
H-2 and CH3, trans isomer), 2 95 (t, H-2, cisisomer), 2 22 (dd, H-3, transisomer), 1 97 {dd, H-3, ¢/s
isomer ) 8 197 4 (C-1), 153 5 (C-6'), 149 5 (C-2'), 135 2 (C-4'), 131 9 (C-3'), 123 7 (C-5'), 52 5 {t,
Jcp =21 5, C-4, trans 1somer), 43 6 (C-4, cisisomer), 38 8 {CHg, cisisomer), 35 8 (C-2, cis1somer),
351 (C-2, trans 1somer), 31 2 (CHg, trans 1somer), 21 8 (C-3, trans isomer), 19 9 (C-3, cis 1somer)
m/z (El) 178 ((M- NOJ*, 88), 160 (12), 149 (34), 147 (31), 119 (21), 106 (100), 78 (94)

(2S)-[2-2H1]-Glutam|c acid hydrochloride (15): (2S)-Glutamic acid (11), (29 g, 20 mmol)
was suspended in deutenum oxide (50 ml) and the pH was adjusted to 7 25 with conc ammonia
solution (in D,0O) Glutamic oxaloacetic transaminase (200 units) and pyndoxal 5'-phosphate (5
mg) were added to this solution The muxture was incubated at 37°C and the reaction was
monitored by TH-nmr Atter 72 h the enzyme was denatured and the mixture was filteted The filtrate
was concentrated /n vacuo The residue was dissolved in water (25 ml), concentrated and
redissolved in water (10 ml) Concentrated hydrochloric acid solution was added dropwise until the
title compound crystallised out yield 34 g (92%) [0]20= +27 1° (¢ 20 1n 6 M HCI) 14 & (D,0)
3 79 (residual proton, t, H-2), 2 52 (2H, 1, H-4), 2 12 (2H, m, H-3) 8 1819 (C-1), 1754 (C-5),556
(m, C-2), 34 4 (C-4), 27 8 (C-3)
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(55)-[5-2H41-2-Pyrrolidinone (13, Hy = 2H, Hg = H): (2S)-[2-2H]-Glutamic acid
hydrochlonde 15 (2 8 g, 15 mmol} was decarboxylated in water as reported above to give (4S)-[4-
2H1]-4-am|nobutync acid (12, Hp = 2y, Hg = H) It was then converted to the title compound
following the procedure reported above Yield 098 g (76% on the basis of compound 15) &y
(CDCl3) 336 (1H,t, H-5),227 (2H,1, H-3), 2 08 (2H, dd, H-4) 8¢ 1792 (C-2), 417 (t, Jop=215
Hz, C-5), 29 9 (C-3), 20 3 (C-4) m/z (El) 86 (MY, 100), 43 (68), 42 (63), 31 (57)

1-Methyl-(5$)-[5-2H1]-2-Pyrrolidinone (8, Hp = 2H, Hg = H): Yield 11 g (67%) 3y
(CDClg) 334 (1H, m, H-5), 2 81 (3H, s, CH3), 2 34 (2H, t, H-3), 1 98 (2H, dd, H-4) 3 489 (t, Jcp
=21 5Hz, C-5), 30 5 (C-3), 29 3 (CH3), 17 4 (C-4) m/z (El) 100 (M*, 100), 99 (55), 98 (34), 71 (15),
45 (85), 43 (55)

(55)-[5-2H]-3'-(3-Pyridyl)-1-Methylpyrrolidin-2'-one (10, Hy = 2H, Hg = H): Yield
076 g (74%) 8 (CDClg) 929 (1H, d, H-2'), 8 76 (1H, dd, H-6'), 8 41 (1H, cit, H-4), 7 41 (1H, ddd,
H-5'), 4 42 (1H, dd, H-3), 3 58-3 37 (1H, m, H-5), 2 84 (3H, s, CHg), 2 74-2 64 and 2 29-2 15 (2H, m,
H-4) 8¢ 1951 (pyndyl CO), 169 3 (C-2), 153 4 (C-6"), 150 7 (C-2'), 136 7 (C-4), 1315 (C-3),
1232 (C-5), 50 9 (C-3), 47 5 (t, Jop = 22 1 Hz, C-5), 29 8 (CHg), 20 9 (C-4) m/z (EI) 205 (M*, 20),
161 (58), 148 (7), 106 (100), 99 (56), 78 (74)

(4S)-[4-2H1]-4-(Methy|am|no)-1-(3’-pyr|dyl)-1-butanone dihydrochloride (14, Hp =
2H, Hg = H): Yield 12 g (82%) 8y (Dp0) 936 (1H, s, H-2'), 91 (1H, d, H-6), 9 01 (1H, d, H-4),
824 (1H, dd, H-5'), 342 (2H, t, H-2), 316 (1H, t, H-4), 277 (3H, s, CHg3) 216 (2H, dd, H-3) 3¢
146 2 (C-6"), 1454 (C-4'), 1425 (C-2'), 128 7 (C-5'), 487 (t, Jop =22 1 Hz, C-4), 36 6 (C-2), 337
(CH3), 19 9 (C-3) m/z (FAB+) 180 [(M+H)*-2HCI, 100], 162 (8), 149 (10)

(4S)-[4-2H1]-4-(Methy|nltrosamino)-1-(3'-pyridy|)-1-butanone (1, Hp = 2H, Hp = H).
Yield 04 g (38%) &y (CDCl3) 912 (1H, d, H-2'), 8 76 (1H, dd, H-6"), 8 19 (1H, dt, H-4), 7 41 (1H,
dd, H-5'), 4 23 (m, H-4, transisomer), 3 78 (s, CH3, cis 1somer), 3 68 (m, H-4, cis isomer), 3 08-303
(m, H-2 and CHg, trans isomer), 2 94 (t, H-2, cis1somer), 2 21 (dd, H-3, trans1somer), 1 96 (dd, H-3,
cisisomer ) 8 197 4 (C-1), 153 5 (C-6'), 149 2 (C-2'), 1350 (C-4'), 131 8 (C-3'), 123 4 (C-5'), 52 4
(t, Jop = 20 8 Hz, C-4, trans isomer), 38 6 (CHg, cis 1somer), 355 (C-2, cis 1somer), 34 ¢ (C-2,
trans isomer), 31 0 (CHg, trans 1somer), 21 6 (C-3, trans 1somer), 197 (C-3, cis isomer) m/z (El)
208 (M*, 1), 178 (M- NOJ*, 81), 160 (10), 149 (28), 147 (29), 118 (21), 106 (100), 78 (94)

[4,4-2H2]-2-Pyrrol|d|none (13, Hp = Hg = 2H): (2S)-Glutamic acid (11), (2 9 g, 20 mmol) In
deuterium oxide (50 ml) was converted to (28)-[2-2H1]-Glutamlc acid following the procedure
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reported above After 72 h the pH of the reaction mixture was readjusted to 5 with conc deuterium
chlonde solution (28)-[2-2H1]-Glutam|c acid was then decarboxylated and converted to the title
compound as reported above Yield 16 g (92%, on the basis of compound 11) & (CDCl3) 334
(residual protons, H-5), 2 26 (2H, m, H-3), 2 06 (2H, t, H-4) 8 1790 (C-2), 29 8 (C-3), 20 1 (C-4)
m/z (El) 87 (M*, 100), 44 (78), 43 (72), 32 (69)

1-Methyl-[4,4-2H2]-2-Pyrrol|dmone (8, Hp = Hg = 2H): Yield 128 g (73%) &y (CDCl3)
3 32 (residual protons, ~8%, H-5), 279 (3H, s, CH3), 232 (2H, t, H-3), 196 (2H, t, H-4) 3¢ 174 4
(C-2),30 1 (C-3), 28 9 (CHg), 16 9 (C-4) m/z (El) 101 (M*, 100), 100 (32), 99 (54), 71 (16), 46 (86),
43 (62)

[5,5-2H4]-3-(3'-Pyridyl)-1-Methylpyrrolidin-2-one (10, Hy = Hpg = 2H): Yield 20 g
(81%) 8y (CDClg) 928 (1H, d, H-2'), 8 76 (1H, dd, H-6'), 8 41 (1H, dt, H-4'), 7 41 (1H, ddd, H-5),
4 42 (1H, dd, H-3), 3 58-3 33 (residual protons, m, H-5), 2 84 (3H, s, CHg3), 271-264 and 2 26-2 18
(2H, 2 x dd, H-4) 3¢ 195 2 (pyndyl CO), 169 3 (C-2), 153 3 (C-6"), 150 6 (C-2'), 136 7 (C-4), 131 5
(C-3), 1232 (C-5'), 50 9 (C-3), 29 8 (CHg), 20 8 (C-4) m/z (El) 206 (M*, 23), 161 (57), 149 (12),
106 (100), 100 (50), 78 (68)

[4,4-2H2]-4-(Methylam|no)-1-(3'-pyr|dyl)-1-butanone dihydrochloride (14, Hy = Hg =
2H)- Vield 2 1 g (83%) 3 (D,0) 934 (1H, s, H-2'), 9 04 (1H, m, H-6"), 8 99 (1H, d, H-4'), 8 2 (1H,
dd, H-5'), 337 (2H, t, H-2), 276 (3H, s, CHg) 214 (2H, 1, H-3) 3¢ 197 5 (C-1) 146 4 (C-6'), 1452
(C-4), 142 4 (C-2'), 1355 (C-3), 128 7 (C-5'), 36 6 (C-2), 337 (CHg), 199 (C-3) m/z (FAB+) 181
[(M+H)*-2HCI, 100], 163 (5), 150 (12)

[4,4-2H 5]-4-(Methylnitrosamino)-1-(3'-pyridyl)-1-butanone (1, Hy = Hg = 2H): Yield
0389 (36%), 71 trans cis 8 (CDCl3) 908 (1H, d, H-2'), 8 72 (1H, dd, H-6'), 8 15 (1H, dt, H-4)),
737 (1H, dd, H-5'), 4 19 (m, residual protons, H-4, trans isomer), 3 74 (s, CHg, cis tsomer), 3 05-
299 (m, H-2 and CHg, transisomer), 2 9 (t, H-2, cis1somer), 2 17 {t, H-3, transisomer), 1 91 (t, H-3,
cisisomer ) 8 197 4 (C-1), 153 4 (C-6'), 149 2 (C-2'), 135 0 (C-4"), 131 8 (C-3'), 123 4 (C-5), 386
(CHg, cis1somer), 356 (C-2, cis 1somer), 350 (C-2, trans isomer), 31 1 (CHg, trans isomer), 215
(C-3, trans 1somer), 19 7 (C-3, cis1somer) m/z (El) 209 (M*, 1), 179 (M - NOJ*, 66), 161 {23), 150
(25), 148 (20), 119 (20), 106 (100), 78 (84)
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