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AM-The formation of atkoxypyridinds 3a and 3b from the Kncevenagel reaction products t 
and 2b was shown IO proceed by a mechanism in which Ihc ester CO group iniIiaIes ring closure by 
inIramdccular nuckophilic attack on the cyanu group. possibly assisted by an acidic catalyst. Opcniw 
of the oxygen ring after nuckophilic atrack by a basic catalyst on the former cs~er carbony C atom 
results in the formarion of an amide. which in turn affords the atkoxypyridinds by a convenIional 
cyclization mechanism. 

IYTRODUCTl0h’ 

The Knoevenagel reaction of I$-dicarbonyl com- 
pounds with malonic acid derivatives is one of the 
most customary and useful methods for the synth- 
esis of 2-pyridinols and 2.Gpyridinediols.’ The for- 
mation of 2-pyridinols is usually accomplished by 
the condensation of 1,3-diketones with cyano- 
acetamide. cyanoacetic acid esters or malononit- 
rile. while 2,bpyridinediols have been obtained 
mostly from the reaction of p-keto-esters and 
cyanoacetamide. Normal Knoevenagel condensa- 
tion products are generally assumed as inter- 
mediates in these reactions.’ 

Strikingly, in the reaction of p-keto-esters and 
cyanoacetic acid esters no heterocyclic reaction 
products have been reported so far: the reaction 
stops with the formation of the normal 
Knoevenagel reaction product.’ To our knowledge, 
a similar reaction of a /3-keto-ester with malononit- 
rile was mentioned only once in the literature and 
most probably furnished also only the normal 
Knoevenagel reaction product.’ 

Some time ago we investigated the Knoevenagel 
reaction of some cyclic /3-keto-esters with 
malononitrile. Under certain conditions (boiling 
benzene/alcohol solution with ammonium 
acetate/acetic acid as a catalyst) the reaction took 
an unexpected course and alkoxypyridinols were 
formed via the (isolable) normal condensation 

+‘Thc term pyridind or pyridinedid is used wichwc re- 
ference IO the acctual poriIion of the pyridinol-py&io.ne 
equilibrium. 

products,’ e.g. la+h+3a and lb-Zbd3b 
(Scheme 1). 

I 2 3 

a: R’-Me a: R’=MC a: R’ - Me; R’ = H 
b: R’ = Et b: R’-EI b: R’ -. EI; R’ = H 
c: R’ - r-Buy1 c: R’ - I-Butyl c: R’=H; R--H 

d: R’ - Et; R’ = Et 
c: R’ = H; R’ = Et 

!kHEME I. 

Whereas the mechanism of the first step (Scheme 
1, e.g. la,b+ 2a.b) in similar cases has been the 
subject of extensive investigations.” the literature 
gave no indication for a satisfactory cyclization 
mechanism (Scheme I, e.g. 2a.b q 3a.b). A mechan- 
ism analogous to that of Brody et (II.” and of 
Freeman’ for the reaction of 1.3-diketones with 
malononitrik in ethanol (Scheme 2) is not applic- 
abk to the conversion of 2b into Jb or analogous 
reactions, for in that ca.u one would expect to 
obtain pyridine derivatives such as 31l or 3c by 
reaction of the very reactive intermediate nitrilium 
ion with excess ethanol, rather than the alkoxy- 
pyridinol 3b. which is in fact the only product ob- 
served. 

2447 
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The scarce information available concerning the 
conversion of Knoevenagel reaction products to 
pyridine derivatives and the unprecedented reten- 
tion of the alkoxy group in the cyclization step lead 
us to a detailed investigation into the mechanism of 
formation of the heterocyclic products 3a,b from 
2a.b. 

RESULIS AND DECUSSION 
Cutalytic eflects. Since the investigations of 

Cope’ the combination of ammonium acetate and 
acetic acid has been used frequently as a catalyst in 
Knoevenagel reactions.’ As it was not certain 
whether Cope’s catalyst or its components had also 
a catalytic effect on the cyclization reaction, the 
degree of conversion of 2b in boiling dry ethanol. 
with and without addition of the components of the 
catalyst, was determined after 24 h reaction time. 
When NH,OAc and HOAc were added as usual, a 
MO/o yield of 3b was obtained. The reaction WiiS 

retarded by a factor 5.5 (16% yield) when both 
components were omitted. whilst the presence of 
only HOAc (35% yield) or NKOAc (55% yield) in 
the reaction mixture was less effective than the 
combination of both. 

To avoid complicating factors, in the following 
experiments neither HOAc nor NH,OAc was 
added. However, after evaluation of the results ob- 
tained from the uncatalyzed reaction, the function 
of the combined catalysts NH.OAc/HOAc could be 
elucidated. 

Reaction of methyl 2-dicyanomethylenecyclohex- 
onecarboxylare (t) in ethanol 

A detailed picture of the “uncatalyzed” reaction 
was obtained by studying the conversion of methyl 
ester 20 in boiling dry ethanol. The reaction was 
monitored during 96 h by withdrawing aliquots 
from the reaction mixture and determining the 
amounts of starting material 2a, ethyl ester 2b and 
the cyclization products 3a and 3b (Experimental). 
The results are presented in Table I and Fig I. 

Tabk 1. Reaction oft in boiling ethanol 

Percent d 
Reaction time convmion IO Lb in 46 of 3b in % of 

in h (%+a) (t+m) Oa+Jb) 

2 I 
4 2 
8 4.5 

14 8 
20 I2 
24 15 
27 17.5 
32 23 
36 28 
48 44 
56 54 
60 58 
72 69 
u4 7R 
90 81 
96 83 

ca. 4 49 
ca. 8 51.5 

19 55 
27 57.5 

45 
57 
84 
91 

97 

9x 

65 
71 
79 

UII 

x9 

x 

ReocJlon Ilrn4, tw 

Fig I. Reaction of 2a in boiling ethanol. X: % of 
comersion to (3a + 3W: 0: zb in % of (t + 2b): n : 3b in % 

of (3m + 3b). 
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First of all it is evident from the S-shaped curves 
in Fig I, that the rate of both the cyclization and the 
transesterification is affected by the formation of 
the (weakly) acidic ‘pyridinols, which is in accor- 
dance with the established catalytic effect of acetic 
acid. Secondly it is seen that the tranvsterification 
(t+2b) is faster than the cyclization; as a 
consequence 3b is the main product in the final 
reaction mixture. A third important conclusion can 
be derived from the relation between reaction time 
and the ratio Jb:(Js + 3b). When the reaction starts, 
i.e. at a time when transesterilication is hardly of 
any importance, the ratio of 3a:3b is close to I : I. 
As 39 is not converted to 3b under these conditions, 
this implies that in this reaction ethoxypyridinol3b 
originates not only via transesterification of 2a to 
2b. but also directly from methyl ester 2a. It follows 
that one of the intermediates in the cyclization 
reaction, presumably formed by nucleophilic attack 
of ethanol on the methoxy-bearing (former) ester 
CO group, must contain the two different alkoxy 
groups in equivalent positions. so that in a later 
stage one of them is expelled (irreversibly) with 
(almost) equal probability. 

8: R = Me 
b: R - r-Bu~yl 

Because 4s. which is closely related to t. does 
not show the slightest tendency to exchange its 
methoxy group in boiling ethanol (nor in the 
presence of NH,OAc and/or HOAc). a neighbour- 
ing group effect of the dicyanomethylene function 
must be responsible for the fast tr-nsesterification 
of h (the same applies to 2b in boiling methanol) in 
comparison to 4a. As also no trace of a heterocyclic 
reaction product could be detected when 4a was 
subjected to the usual cyclization conditions, a 
close relationship between ring closure and transes- 
terification, i.e. the possibility of a reaction via a 
common intermediate, became apparent. 

Reaction of t - butyl Z-dicyanomcthylenccyclohex - 
anrcarboxylatr (2e) in ethanol 

In contrast to the corresponding methyl and ethyl 
esters 2a and 2b. resnectivelv. the reaction of 

*Addition of acetic acid in this experiment accelerated 
the reaction considerably. 

This conclusion is further supported by the observation 
that tWlZyl 2dicyanwthyknccyclohexanccar- 
boxlatcyields5oncarefuIcatalytic hydrogenation.butnota 
trace of the obvious intermediate carboxylic xid nor of 6 
could bc dctccted. 

t-butyl ester 2e in boiling dry ethanol did not yield a 
pyridinol. but a compound without a t-butyl group, 
to which on the basis of spectral data, elemental 
analysis and reactivity’.’ the structure of 3 - amino - 
4 - cyano - 5.6.7.8 - tetrahydroisocoumarin (6) was 
assigned. 

.-“B 

-*.Ob:- 

6 

.kHEME 3. 

This reaction can be envisaged to proceed by a 
mechanism in which the ester CO group, probably 
assisted by an acidic catalyst; initiates ring closure 
by nucleophilic attack on one of the cyano groups, 
followed by elimination of isobutene from the 
positive intermediate (Scheme 3). A mechanism in- 
volving elimination of isobutene before ring closure 
(i.e. the “normal” acid catalyzed elimination of 
isobutene from t-butyl esters’? is unlikely because 
the intermediate carboxylic acid would be expected 
to lose carbon dioxide very rapidly in refluxing 
ethanol, whereas not even a trace of the resulting 

decarboxylation product 5 was found.t 
Furthermore. and in analogy with the differing 

behaviour of 48. t-butyl ester 4b was unaffected by 
boiling in ethanol, even in the presence of acetic 
acid. Obviously, for both the transesteritication and 
the cyclizationlelimination reaction, the presence 
of the second cyano group is necessary. As Itoh et 
aLU have shown 4s to consist of an approximately 
I: I mixture of the two double bond isomers, an 
anti-relation of the carbomethoxy- and the cyano 
group (geometric isomer of formula 4s) cannot be 
the reason for its lack of reactivity. The same holds 
true for 4&r; two peaks for the t-butyl group of about 
equal intensity at 6 = I.51 and I.53 indicate the 
presence of the two geometric isomers. We there- 
fore feel that the activating influence of the second 
cyano group is ekctronic of origin; presumably it 
makes the C atom of the first cyano group more 
susceptible to nuckophilic attack than does the 
second ester group in 4. 

Reaction of methyl 2-dicyanomethylenecyclohex- 
anecarboxyhte (2m) in water 

A most important and decisive piece of informa- 
tion regarding the structures of intermediates in the 
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cyclization reactions came from the observation, 
that boiling of 2a in 98% ethanol induced the 
formation of small amounts of pyridinediol 3e, 
presumably due to the presence of water. To enable 
the identification of the intermediates leading to 
this pyridkdiol, 21 was reacted with water in 
boiling dimethoxycthane (DME) and the reaction 
was monitored by UV spectroscopy and TLC. 
After 18 h the starting ester (A- 242nm) had 
practically disappeared and had been converted to 
a compound with A,. 232 nm and into pyridinediol 
3c. After 72 h 3c was the only isolable reaction pro- 
duct. 

The intermediate with A, 232 nm was isolated 
by means of TLC and identified (mainly on the 
basis of spectral data) as the amide 7. i.e. a mixture 
of 7a. presumably 7b. and 7c (Scheme 4). 

and F. B~CKELHAUFT 

cyan0 group. Analogous to the conversion of 2c to 
6, the interaction of the ester and di- 
cyanomethylene group may be envisaged to consist 
of the formation of an oxygen bridge by nuc- 
leophilic attack of the carbonyl oxygen atom on one 
of the cyan0 groups (Scheme S). Subsequent attack 
of water on the positive intermediate followed by 
ring opening to give amide Ia would constitute a 
plausible mechanism for the facile hydrolysis of the 
cyan0 group. 

Mechanism of Ihe formation of alkoxypyridinols 
On the basis of the evidence for an electrophilic 

intermediate with oxygen bridge in the formation of 
6 and 7, the explanation of the transcsterification 
and cyclization of b in ethanol is straightforward 
(Scheme 6). 

MeO, //OH 

61 

/!-NH, 

\ 
‘CN 

7?J 7c 

T 

-M&H 

3c 

.sciiEw? 4. 

The same mixture of amides was also obtained in 
moderate yield by the Knoevenagel reaction of 1~ 
with cyanoacetamide in benzene. Heating the mix- 
ture. neat or in DME/H,O solution, yielded 3c in 
nearly quantitative yield. 

Whereas the formation of pyridinediols from 
amides of type 7 is well documented.“.“-‘* the 
hydrolysis of a nitrile to an amide under such mild 
conditions to our knowledge is without precedent.‘* 
Because the cyano groups of 5 are not hydrolyzed 
in boiling DME/H,O. it is evident again that the 
ester group of 2a plays an active part, this time in 
the formation of the amide group. 4a shows no 
reaction under these conditions which is further 
proof of the activating influence of the second 

When ethanol takes over the role of water in 
Scheme 5. an intermediate B is formed which in a 
reverse reaction can either give back methyl ester 
h or form ethyl ester 2b in approximately equal 
amounts by extrusion of ethanol or methanol, re- 
spectively. Alternatively, the oxygen ring of the 
same intermediate B can be opened as postulated 
for the formation of 7 to give an intermediate C 
with an amide group, which can close to a nitrogen 
containing ring by intramolecular attack of the 
amido N atom on the positive C atom. Expulsion of 
either ethanol or methanol furnishes the alkoxy- 
pyridinols 3a and 3b in equal proportions as is 
found experimentally in the initial stages of the 
reaction. 
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78 

C 

!%XF.ME 6. 

If the proton on the cyclohexane ring adjacent to 
the ester group is removed in an early stage of the 
reaction sequence, the proposed mechanism is not 
changed essentially, because the new intermediates 
(e.g. A’, B’ and C’ in Scheme 6) can be expected to 
react in an analogous fashion to provide 3a and 3b. 

The function of the catalyst combination 
HOAc/NH,OAc can now be accounted for. As 
indicated in Schemes 3. 5 and 6, acetic acid mainly 
catalyzes the formation of the intermediate A by 
further enhancement of the electrophilic character 
of the cyano group. The role of the basic compo- 
nent, presumably the acetate anion, can be inter- 
preted as an attack on the intermediate A (as 
ethanol does in Scheme 6). thereby accelerating the 
conversion of 2a to 3a as a result of the better 
nucleophilic and leaving group 
as compared to EtOH and Et J 

operties of AcOo 
, respectively.” In 

accordance with this interpretation it was found. 

that the mixture of reaction products 3a and 3b 
obtained from 2a in boiling ethanol in tke presence 
of ammonium acerotclocefic acid contained only 
17% of ethoxypyridinol3b as compared to 8!2% in 
the “uncatalyzed” reaction (Table 1). 

-AL 

All m.ps were determined on a Kotkr hot stwe ap 
puatu under a Reichert microscope and uz unca?ected. 
Unkss othenvise stated. IR spectra were rcco&d in 
chlorofam with a Pakin-Elmer 237 apetq&!4ometcr. 
UV rpcctlp in 9696 EtOH with a PwkiwElmer 137 
spctrophc4omcta and NMR spectra in dculcralcd 

chlcmknm with a Varian A-60 spccrmme~a (chemical 

shifts relative to tcttwncthylsilanc as an internal standard. 
8 - 0 ppn). Mars spectral m&cular wei& were &a- 

mined with a Varian Mat CH 5 spectrometer. 
All reactions were performed with pwifial regents in a 

nilro@m l tlnosphefe. 

Al&y! 2-oxocyclohuantca~xytatex la, lb. Ic were 
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prepared in 85% yield by Dieckmann CyclizaIion of the 
corresponding dialkyl pirnclates with NaH in dry benzene 
according IO Ihe method of Bancrjcc cr al.“; lc: h.p. 
6&69Yl mm; no” I.471 I. 

Alkyl 2-dicyanomefhylmccyclohuanrcarboxylates &. 
2b. tC. A mixlure of la. lb or lc (084 mole). malononitrik 
(0.044 mole). glacial AcOH (2.5 ml) and NH&AC (I.5 g) in 
benzene (40 ml) was stirred and heated IO rctlux with 
conlinucus removal of waler (Widcqvist apparatus). After 
3 h Ihc light-hrown wln was cookd and filtered. washed 
with water (3 x) and dried over MgSO.. Evaporation of the 
solvcnI yielded a yellow oil. which was purified by 
short-path distillarion. 

t: yield IKr%; b.p. I ISI IP10.5 mm; m.p. .%SF; IR: 
2235 (conj. CN. strong), 1740 (Cd). 16OOcm ’ (C-C. 
strong); UV: 242 nm (c 136GQ); NMR: 8 1.2-3.3 (m. 8H. 
cyclohcxanc ring protons), 3.77 (s. 3H. CH,O), 4.02 ppm 
(broad s. IH, C-C-C_H-COOR); mass spectrum: tr. 
Found 204.0886. Calc. for CI,H,,N,O, 204.0899. 

2b: yield 83%; b.p. I l&l l3”/0.05 mm: UV: 242 nm (c 
13400); NMR: 8 1.2-3.3 (m, HH. cyclohcxane ring pro- 
tons), I.28 (I, 3H. C_H,CH,O). 4.00 (broad s. IH. 
C-C-Qi-COOR). 4.23 ppm (q. 2H. CH,C&O); mass 
spectrum: 2br, Found 2181060. Cak. for C,,H,.N,O, 
218.1055. 

2c: yield 59% (flhration of Ihc crude rcncrion mixture 
yielded ca 30% of 6); b.p. co l4OYO~Ol mm; IR: 2235 
(conj. CN, srrong). 173s (GO). Hiocm- (GC. strong); 
NMR: 6 I.47 (s. 9H, 1-C.H.). 392ppm (broad s. IH. 
C-C~-COOR). (Found: C. 68.09; H. 7.47; N. 11.53. 
Calc. for C,.H,.N.O,: C. 68.27; H. 7.37; N. 11.38%). 

I - Alkoxy -1 4 : cyano - 3 - hydroxy - 5.6.7,U . 
feIrohydrolsoquirwline 3a. 3b. A magncrically srirred 
mixture of la or lb (0.025 mole). malononitrilc (0,027 
mole), glacial AcOH (1.S ml). NH.OAC (300 mg) and 
bcnzcne/(comsponding) alcohol I: I (35 ml) was heared 
lo rcflux for 36 h. Water was removed continuously by 
allowing the condcnscd vapoun to flow hack through 
3 A molecular sieves pcllc~s into the reaction flask. At 4.8. 
18 and 24 h rcacIion time poruons of each 100 mg of 
NH.OAc were added.” Then the mixture was evaporated 
to dryness in cacuo, the residue taken up in boiling IN 
NaOH (60 ml) and Ihc rcsulring soln filtered rapidly. After 
cooling in ice the precipitated sodium Salk of h or Jb was 
collcctcd on a Buchncr funnel. washed with a few ml of 
icccold IN NaOH. suspended in water (7s ml) and 
acidified with cone HCI. The resulting ppt was cookd in 
ice. cdkctcd. washed wiIh waler. dried and rccrystallizcd 
from bcnzcne. 

3a: yield 76%: m.p. 162-165” (dcc): IR (Nujol): 3150 
(OH, broad aod sIror@. 2230 (conj. CN, very slrong). 
1605. 1580 (pyridinc ring), no absorplions bcrwccn 2230 
and 1605 cm ‘: UV: 247 (e 9900). 299 nm (c 11700): NMR: 
8 l&2.0 and 2.3-3.0 (2 x m. 2 x 4H. cyclohcxanc ring 
proIons). 442 (s. 3H. CH,O), 9.Oppm (broad s. IH. OH). 
(Found: C, 64.76; H. 586; N. 13.75. Calc. for C,,H,,N,O,: 
C. 6468; H. 592; N, 13.72%). 

3b: yield 85%: m.p. I%-Iy7” (dcc): IR (Nujol): 3150 
(OH, broad and strong), 2230 (CN. very strong). 1605. 
I580 (pyridinc ring), no absorptkms between 2230 and 
1605 cm-‘; UV: 247 (c 10000). 299 nm (c 12000); NMR: 6 
l&2.0 and 2.s3.0 (2 x m, 2 x 4H. cyclohcxanc ring pro- 
Ions). I.39 (I. 3H. C&CH,O). 4.42.(q. 2H. CH,dii,O). 
8.8 ppm (broad s, IH. OH). (Found: C. 66.20; H. 6.50: N. 
1288. Calc. forC,iH,.N,O,: C.6603; H.6.47; N. 12.84%). 

4 - Cyono - 1.3 - dihydmxy - 5.6.7.6 - trrrahydrviso- 
quinolti (3~) was synthesized as a rcfcrcncc substance 

from Ia and cyanoacetamide according to the method of 
Wcnkcrt et al..” yield: 83%; m.p. 280-285” (dcc) (Iii.” m.p. 
2_2(n9; IR (KBr): 3-2200 (NH and OH, broad and 
strong), 2215 (CN. slrong). 166&154Ocm- (lactam); UV: 
262 (c 10000). 332nm (e 16500); NMR (D.-DMSO): 8 
9.77 ppm (broad s. 2H. NH and OH). (Found: C. 62.74: H. 
5.39; N. 15.06. Calc. for C,.H,,N,O,: C. 63.14; H. 529; N. 
14.73%). The same compound can be obtained in 7580% 
yield from 3a or 3b by tiling for I8 h with a solution of 
KOH in ethylene glycd or by boiling wiIh cone HCI.’ 

Ethyl 2-alkoxycarhonylcyclohuylidenccyanoacetates 
4a. & were prepared from Is or Ic and ethyl cyanoacctate 
analogous IO the procedure of Grcwc et al.” 

4a: yield 72%; h.p. Ill-112”/0.5 mm (lit.” b.p. 
I.5&15P/2 mm). 

4b: yield 73%: b.p. I IO-I 12YO.l mm. 
LXcyanomefhy/enccyc~ohuanr (5) was prcparcd from 

cyclohcxanonc and malononitrilc according IO Ihc procc- 
dure of PrcnrI.” yield: 97%; b.p. 144”/16 mm (lit.” b.p. 
147-l.5O“/l5mm); IR: 2235 (conj. CN, very strong). 
1595 cm ’ (C=C. very srrong); UV: 238 nm (e 13700). 

3 Amino 4 - cyano - 5.6.78 - retrahydroisocoumatin 
(6). A soln of 2c (492 mg. 2+0 mmolc) and glacial AcOH 
(0.3 ml) in benzcnc/EIOH I: I (200) was stirred and 
rcfluxed. AfIcr 20 h the mixrurc. containing a yellow ppt. 
was cvaporarcd IO dryness in vacua. The rcsuhing solid 
was stirred with NaHCO, rq. colkctcd on a Buchncr fun- 
nel. washed with water. dried in cac~ (giving 375 mg of 
yellow crystals) and recrystallized from EIOH. yielding 
345 mg of 6. yield: 91%; m.p. 204-205” (with rcarrangc- 
mcnt to 3c); IR (KBr): 3310.1155 (NHr). 2210 (conj. CN. 
strong). 1710, 1650, 1610. I555cm ‘: UV: 267 (e l4OIX). 
337nm (c 12OCQ): N.MR (D.-DMSO): 6 14-28 (m. 8H; 
cyclohexanc ring proIons). 8.3 ppm (broad s. 2H. NH,). 
(Found: C. 63.33; H. 54.0; N, 14.85. Calc. for C,,H,oN,O,: 
C. 63.14: H. 5.29; N, 14.73%). 

This compound was identical in all respects wiIh Ihc 
product obtained in 70% yield from the direct condcnsa- 
tion of Ic and malononitrilc in bcnzcnc/EIOH. analogous 
IO Ihc synthesis of 3, and 3b (rcaclion Iimc 20 h: work up 
procedure as described for the conversion 2c+6). 

2 - Methoxycarbonylcyclohexylidenccyonoaceramide 
(7s. 7~) and 2 . mcrhoxyc-orhonyl I . cyclohcxcnyl- 
cyanoacetamide (7b). A soln of 2a (204 mg. I rnmok) in 
DME (4 ml) and HI0 (I.5 ml) was boikd for I6 h. Thcn 
the mixture was cvaprratcd in uacuo and partitioned bc- 
Iwccn ether and sag NaHCO, aq [the aqueous layer, afIcr 
acidifying with cone HCI, fumishcd 51 mg (27%) of 3cl. 
The ether cxmct was washed with water. dried over 
M&O, and cvaporaIcd in c’acuo. The residual yellow oil 
(loI mg) (which acccwdinp to TIC was al&y fairly 
pure) was purified hv DrcoaraIivc TLC (SiO,. CHCl,/cthcr 
3 : 2). yielding 44 mgof an oil (h-cncous in TLC with 
ditTcrcnI &cnts). whose IR and NMR spcccra wcrc 
ahnos1 idcnrical wiIh Ihosc of Ihc crude pmduc1. On Ihc 
basis of the following dara. the oil was identified as a 
mixlure of 78. b. c. IR: 3520.3480.3405.3350.3180 (NH,), 
2250 (unconj. CN. shoulder), 2220 (conj. CN. medium). 
17.30 (cstcr GO). 1690. 1590cm ’ (amide. very strong); 
UV: 232 nm (c 1050); NMR: 6 1.2-3.25 (mulripkts. al- 
most identical with Ihosc of 2a and 4a. 8H. cyclohcxanc 
ring proIons), 3.73, 3.77, and 3.82 (3 x s. 3H. CH,O). 3.95 
and 5.18 (2x hroad s, 114 H and l/2 H. rcsp.. 
GC-QI-COOR of 7c and 7a, rcsp.). 565 (s. l/4 H. 
CN-C_H-CONH,). 6.5 and 7-O ppm (2 x broad s, 3/I H and 
l/4 H. rcsp.. NH, of 7a. c and 7b. rcsp.); mdccular weigh1 
(dcrcrmincd with a HcwlctI-Packard Vapor Pressure OS- 
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momctcr 302 B): Found 226. Cak. for C,,H,.N,O,: 222. 
Reaction of methyl 2-dicyanomrthylcnrcyclohexanc- 

carboxyfate (t) in boiling ethanol. Using the fact, that 
only 3a and 3b have absorption of 299 nm. the comparison 

of the ratio te ?4O-250 nmlr .I. - . _. 299 nmt of a sample 
of the reaction mixture with the same ratio of known 
mixtures of 2a (2b) and 3a (3b) proved to bc a fairly 
accurate method for the detcrminaticm of the degree of 
convcrsim of h t2b) into 3a + 3b 

After the given trmc intervals (Tabk I) the required 
amount of crude mixture wcrc cvalx,ratcd in vacua and 
triturated with cold CCL. From the NMR spectra of the 
separated ppt and the CCL filtrate, the composition of the 
mixture of pyridinols 3n + 3b and the extent of transes- 
tentication of 21 to Lb. respectively, could be determined. 
Altcmativcly. the samples obtained at 8. 14 and 20 h 
reaction time (Table I). i.e. at low conversion to pyridinol. 
were evaporated to dryness in cucuo. taken up in ether 
and extracted with sufhcient 0.1 N odium sesquicarbo 
natc solution (pH 10.1) to scparatc the relatively acidic 
pyridinols. Ry aciditicatron of the aqueous layer with cone 
HCI and extraction with ether. the mixture of 38 and Jb 
was recovered and examined as above. 
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