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A~IIW -The sire of runinallon for I-alkyl-3-carbamoylpyridinium chtorida in liquid ammonia is 
dependent on the identity of the I-alkyl subtituent. For the methyl. ethyl and n-propyl derivatives 
exclusively 6-adducts are found. Adduct formation takes place at C-6 and C-4. wbcn the I-substitumt 
is an i-propyl or t-butyl group. The &duct ratio for tbc latter compounds is determined by tbc size of 
the substitucnt. I-Aryl dcnvadva exhibit aminstion at C-2 and C-6 and the addwt ratios arc dependent 
on the ~cmpcrr~urc. When the aryl subati~ucn~ is a 2.4.6trimcthylphcnyl group Ihe 4-adduct is ducctal 
as well. A comparison is made bctwcar the sites of oxidation of tbcsc compounds by rabbit liver aldchyde 
oxidasc and the covalent amination paltem in Liquid ammoma. It IS shown that covaknt antination as 
a ‘model” for the cnzymk activity of akkhyde oxidasc is particularly valuabk in cases wbcrc the cnzynx 
reaction is controlled by steric factors. 

In previous papcn the oxidation of I-alkyl-(lti) 
and I -aryl-3carbamoyLpyridinium chlorides (M-b) 
by rabbit liver aldehyde oxidasc into l-alkyl(aryl)- 
dihydrooxo-3-pyridinccarboxamidcs has been dt 
scribcd.*~’ It was found that the nature of the substit- 
uent on the ring nitrogen (N-l) has a significant 
influcna on the site of oxidation by the enzyme. In 
cases where the substrtucnt at position I is a methyl-, 
ethyl- or n-propyl group the site of oxidation is 
exclusively position 6. If the N-l substitucnt is t- 
butyl, only position 4 is odd&d.’ This result indi- 
cates that the site of oxidation shifts from position 6 
IO position 4 with increasing sizt of the atkyl substit- 
ucnt. The aryl compounds show a somewhat different 
bchaviour. They arc oxidized predominantly at posi- 
tion 6, however some oxidation occurred at position 
4. especially in 3carbamoyl- I -(pmcthoxyphcnyl) 
pyridinium chloride (10). Exclusive oxidation at pos 
ition 4 was found with 3carbamoyLl-(2,4.6 
trimcthylphcnyl) pyridinium chloride (lb). 

The mechanism for the oxidation by aldchydc 
oxidasc’ is assumed IO involve an initial nuclcophilic 
attack by a pcrsulfidc group4 or another nuclcophilic 
species’ at the catalytic site of the cnzymc. leading to 

an intcrmcdiaty covalent a-adduct. The position at 
which this adduct is formed dctcrmincs the site where 
the 0x0 group is introduced in the substrate. 

As a possible in-vitro model for covalent a-adducts 
fonncd bctwccn compounds I and aldehyde oxidasc. 
WC considcrcd the amintiihydro-3-pyridinccarbox- 
amides, formed by reaction of 1 with liquid ammonia. 
In principk three a-adducts i.e. the 6amino- 
1,6dihydro(2), the 4-amino-l&dihydro (3) and the 
2-amino-1.2-dihydro-3-pyridinccarboxamidcs (4) can 
be obtained. It has already been rcportaPd that 
3carbamoyL I-mcthylpyridinium chloride (la) gives 
cxclusivcly 21 in the temperature range -40 to 0”. 
Rcplaccmcnt of the methyl substituent by a bcnzyl- 
or pnitrobcnzyl group does not change the addition 
pattern;’ with aliphatic amincs exclusive addition at 
C-6 has also been observed for these compounds.‘~’ 
Additron of nuclcophilcs such as nitromcthane,” 
nitromcthidc ion”. sulti~c,~~” mcthancthiolatc,” eth- 
anethiolatc.‘O, cthoxidc.” cyanide’,” ” or hydroxide 
ions9.“.“.‘* to I usually takes a somewhat different 
course, resulting in the formation of a-adducts in 
which the nuclcophile is attached to C-4 and:or to 
C-2 and C-6. The striking similarity bctwan the site 

Q: 4 CH, b :,“, .( n-C,H, d ‘.C,H, ,c ?_C,H, 
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of nuclcophilic addition in Ir with liquid ammonia 
and amincs and the position of oxidation of la by 
aldehyde oxidasc induced us IO study the covaknt 
amination of the pyridinium salts lti in liquid 
ammonia in more detail. 

RESULTS AND DWXJSSION 

Cmalmt aminarion of Islkyl-3-carbamoyipypyridiniwn 
chlori&s 1 ee 

The reaction of compounds 1~ with liquid am- 
monia gives rise IO exclusive formation of the 
6-amino-1.6dihydro compounds 2+c. as evidenced 
by ‘H NMR spectroscopy (Table 1). All proton 
signals are shifted upfiekl compared to the co=- 
sponding signals of la-c in D*O. The shifts are most 
pronounced for the hydrogcns attached to C-6 (Aa 
4.324.51 ppm). due to the newly formed tetrahedral 
centre at C 6. The correct signal assignment is based 
on the chemical shin values and the coupling patterns 
and confirmed by the data. obtained by mcasure- 
mcnt of the ‘H NMR spectrum of 3-carbamoyl-4 
JpUrcfiO-l-cthylpyridinium chloride in liquid am- 
monia. These data arc in agreement with values 
publishedM Variation over a wide temperature range 
( - 70 IO 0 ) does not change the addition pattern. 
Prolonged exposure of for instance lb to liquid 

ammonia at room temperature leads to dcalkylation, 
yielding 3-pyridinecarboxamkk.“’ It can be excluded 
that the dealkylatioa takes place by a nuckophilic 
attack of ammonia on the Ncthyl group: reaction of 
lb with “N-lab&d ammonia (8.1% “N) resulted in 
a “N+xcess in the Epyridinecarboxamidc (about 
p/J. This proves that during the dealkyladon a 
degenerate ring transformation has taken place which 
involves addition of the nuclcophik as first step, 
followed by ring opening and closure (ANRORC- 
mechanism).” 

The ‘H NMR spccfra of compounds ld, t in liquid 
ammonia are rather complex (Figure 1). It is con- 
cluded that IWO aminodihydro compounds are ob 
mined from Id, e, viz. the C-6 adducts U, c and in 
addition the C4 adducts 3d, e (Table I). 

This is based on the chemical shifts of the C-6 
adducts 2a-c, the upfield shift values (Ad), the cou- 
pling constants and especially comparison with a 
more simple spectrum obtained from the reaction of 
I-t-butyl-3carbamoyl4deutcriopyridinium salt with 
liquid ammonia. The ratio of 2d/3d is 9: I. the ratio 
of 2e/k 6:4. These ratios are independent of the 
temperaturn in the range from -70 to 0’. It is 
obvious from tbcsc results that the position of m&o- 
philic addition is not only dependent on the substitu- 

Table I. ‘H NMR data of the ring protons for I-alkylaamino-l.bdihydr~~pyridinauboxnmida 2 
and I-alkyl4arnino-IJdihydro-3-pyridinmrboxamida 3 in liquid ammonia at -45”’ 

-_--_._-__-_--_--~-- .---- 

:.m* i!-2 .’ 
b 

E-4 
b n-i ‘5 b 

: ‘ H-6 :. ” b 

--_ .-__---_-- -_-__ - 

zo 7.2') 1.97 6.55 2.35 5.06 3.14 4.66 4.32 

2b 7.33 2.05 6.49 2.44 5.04 3.22 4.72 4.39 

2c 7.32 2.15 6.54 2.51 5.c7 3.31 4.71 4.5: 

eY 7.40 1.99 6.49 2.44 5.02 3.24 4.73 4.45 

32 
7.16 2.23 4.15 4.76 c - 6.20 2.98 

2c 7.64 :.I32 6.66 2.29 5.26 3.c7 5.01 4.35 

k' 7.4: 1.99 4.26 4.63 c 6.52 2.04 

_ _____--.-----. _--_- ------ 

" p&fm 2: J2 4 . :.5-1.8 I(*; z2 6. 1.1 k?: J4 5- 9.1-9.8 Hrr J5 6' 4.8-5.4 llz 
, 

diu-c 3: zi 6’ 2.3 Hz: J4,r> n 4.2 !lz: J5 6 cruld not Lx? detnnwmxl du? U_I mrlap of %16r, 

L: 
, 

ly>rlck! %%Ilta .T;aLIw CC tJw mrmsprdm? arrpavris j. In D20 

iF DlffKu:: tu i:,t t;rpn-t cfs t? wer1.q~ by CM H-6 slqnal of the mrreq-mdlrq 
b-sjrhrt a,, (0 t?,e ;rU 19M,S::Y fur aZqusd # 
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Fig. I. ‘ii NMR spectrum of J~bsmoyl-I-t-butylpyridinium chloride le tn liquid ammonia showing 
the signals and their usignmmrr due to badduct 2r and 4-adduct h. 

ent a1 position 3. as was state-d before.* but artainly because of stcric interference. The ‘H NMR spectrum 
on the nature of the substituent at position I as well. of 5 in liquid ammonia at -45’ shows the presence 
Moreover. it is evident that with an increasing size of of two u adducts, viz. the C-6 (or C-2) adduct 6 and 
the alkyl group at position 1. the addition at C-4 is the C-4 adduct 7 (ratio 3: I). Adduct 6 is easily 
promoted at the cost of addition at the adjacent C-6 recognized by the appearance of three signals in the 
position. Covaknt amination in liquid ammonia is ratio I : I : I. and adduct 7 by the presence of two 
apparently rather susceptibk to steric effects. ‘Ihis signals with ratio 2: I (Tabk 2). At temperatures 
behaviour is also demonstrated by the addition pat- lower than -45”. both adducts 6 and 7 are still 
km observed in the &on of 3,Sdicarbethoxy- present, but no accurate determination of the adduct 
l<thylpyridinium iodide (S) and its macrocyclic ana- ratio is possible due lo limited solubility. At 
logue 8 with liquid ammonia. In compound 8 posi- temperatures above -45” the ‘H NMR spectrum 

tion 4 is kss aaxssibk for addition of nuckophiks changes: the signals attributed to 7 disappear, and 

H NH V’P 
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Tabk 2. Chcrnical shins of the ring protons for compounds 5 and 8 and their u -adducts IO liquid ammoola 
at -45” 

- s?!V8W H-2 n-4 I(+ 

---_- -_- __--.-_ 

: 32c 9.73 9.4: 9.73 

6 a) 7.90 7.56 5.25 

‘6 1.83 1.89 4.48 

7 No 7.49 4.55 7.49 

. . . 2.24 4.92 2.24 

B LYced 
6 

9.74 Q.C2 9.74 

9 NO ?.81 7.60 5.:4 

'. L 1.93 1.42 4.66 

- --- 

a k%.kxTs f~ &xl 9: J2 4’ 1.5 Kz; a&h% 7: J2 6 ax!d mt h* drlctrmr.ti 
, 

‘Table 3. Comparison bctwcco the SIC of aminatioo wth liquid ammonia at -45’ and the nte of 
oxidation by aldchydc oxidar of compounds ln-4 

----._-_.--_-_-_-_---..-..- 

CJlpaLd OX:&t:Ul Wnl.~.lt 107. 
__-__- ,___ -_-.---.-----.---.. 

1J C-6 C-6 

!:, C-6 C-6 

lx C-6 C-6 

ld C-6/C-4 c-6.C-4 

1C C-4 C-6,'"-4 
____ ~__ ___-_-_-------_.. -- --- 

1' , C-6/C-4 C-6 C-2 

IQ c-6/c-4 C-6.C-2 

lh C-4 C-6/C-2 ?(:-4 

-__--_- .---___-_.----.-- -_.. 

only the signals of adduct 6 remain. Apparently aI Thus result shows that position 4 in 8 is kss accessible 
low temperature a kinetically favoured process lcad- and that addition at C-6 is the most favourcd process 
ing IO 7 takes plaa; at higher temperature only the when no slcric influence of the N-l substituent is 
thermodynamically more stable adduct 6 is formed. operative. 
Crown ester 8 in which position 4 is sterically hin- In Table 3 the qualitative data of the covalent 
dcrcd for nuclcophilic addition gives exclusively the amination patterns with 1~ arc compared with the 
C-6 adduct in liquid ammonia at -45’ (Table 2). oxidation patterns found for these compounds in 

Tabk 4. ‘H NMR data of the ring protons for &amino-I-aryl-l.Mihydro-3-pyridinrboxamida 2 and 
2-amino- I-aryl- 1.2dihydro-3-pyridinacsrboxamida 4 in liquid ammonia at - 45”’ 

- ____ -_-_----_--._- .__ -- -. - 

coap3d If-2 '4 
b 

it-4 ' Ib Ii-5 ,b p-6 ..k 

?I I.65 1.94 6.71 2.40 5.5) 3.33 i.19 4.i4 

4f 5.73 3.86 7.05 2.14 f 6.93 2.45 

3s 7.55 1.97 6.70 2.46 5.45 J.C3 '.'4 4.'9 

+? 5.65 3.87 3 c ;! 

a w;'uce 2: J2 (. 1.5 Hz: J4 5. 9.3 HZ: J5 6= 5.5 IIt: J4 6' :.il i!t; G2 6‘ I 0111 

aa.Jct 4: J216. 1.8 IIt: J4 5. 6.0 Ih: J5 6= 7.4 HZ: J2 4 d 1.3 Hz; J;,, 4 1C Ih 
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