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PIERRE RIBEREAU and GUY QUEGUINER. Can. J .  Chem. 61, 334 (1983). 
The 3-step synthesis of furylpyridines is described, using ethyl pyridinoylacetates as starting materials for 2-fury1 compounds 

and chloroacetylpyridines for 3-furyl isomers. Furthermore, thcsc last compounds were prepared by a convenient new method 
for 3-substituted furan synthesis. This synthesis starts from bromopyridines and proceeds through the key intermediates 
(2.2-diethoxyacetyl)pyridines and methyl 2-(.r-pyridyl)-4,4-diethoxy-2-methoxy-2-butenoates. The physical properties of the 
furylpyridines have been determined. Structures and interactions between furan and pyridine rings have been discussed by 
comparing their uv spectra, basicity constants, and dipole moments with those of phenyl and thienylpyriclines. 

PIERRE RIBEREAU et GUY QUEGUINER. Can. J .  Chem. 61, 334 (1983). 
Nous dCcrivons la synthese des furylpyridines en trois etapes 3. partir des pyridoylacttates d'ethyle pour les dCrivCs en 2 du 

furanne et ii partir des chloroacttylpyridincs dans le cas des isomkres en 3. Nous decrivons une nouvelle voie d'accks aux 
dCrivCs du furanne substitut en 3. La synthkse est rCalisCe 3. partir de bromopyridines et procede par l'intermkdiaire des 
(diCthoxy-2,2 ac6tyl)pyridincs et pyridyl-2 diCthoxy-4,4 mCthoxy-2 buttne-2 oates de mCthyle. Les propriCtCs physiques des 
furylpyridines ont CtC determinkes. Leur structure et I'intCraction entre les cycles furanne et pyridine sont discutCes en 
comparant leurs spectres uv, constantes de basicit6 et moments dipolaires avcc ceux des phCnyl et thiknylpyridines. 

In the last decade much interest has focussed on the proper- structure was inferred from the spectral analyses. Its ir spec- 
ties and reactivity of biheterocycles which result from linking trum exhibits the characteristic absorption bands of the alcohol 
of "electrophilic" and "nucleophilic" rings ( I ) .  function at 3 140 and 1 100 cm - ' .  The 'H nmr spectrum presents 

A 2-(3-fury1)pyridine derivative was prepared as precursor in a deshielded doublet of doublets at 6 5.37 ppm ( J  = 4 and 
the synthesis of nupharamine (2). Derivatives of such naturally 5.5 Hz) which is the resonance of a proton attached to an 
occurring compounds isolated from Nuphar and Castoreum (3) 
have been employed in pharmaceutical preparations (4). Fur- 
thermore, a methiodide derivative of 4-(3-fury1)pyridine has 
been found to display hypoglycemic activity (5). However, 
only a small number of papers dealing with the synthesis and 
the properties of furylpyridines have been published. Most 
routes adopted for the preparation of 3-(2-fury1)pyridine 
(6- lo),  2-(2-fury1)pyridine (1 l ) ,  and 4-(3-fury1)pyridine (5) 
were either the construction of the nitrogen ring starting from 
furan derivatives, or the linkage of the two heterocycle units. 
But these syntheses gave rather low yields or can only be used 
for the preparation of one isomer. It seemed of interest to 
prepare furylpyridines by an improved general method. The 
synthesis of these compounds will be described, using a pyri- 
dine derivative as a substrate through the construction of the 
oxygen ring, as reported in a previous paper ( 12). 

Furthermore, we describe a new synthetic procedure for 
3-substituted furans, which are compounds of interest in the 
field of natural products but not easily accessible. 

Synthesis of x-(2-ji~ryl)pyridines 
These have been prepared according to the method 

established by Lions and Ritchie (6) for the synthesis of 
3-(2-pyrro1yl)pyridine. The cyclization step was modified to 
improve the yield of furyl derivative. Finally, the best yields of 
furan esters 3 were obtained when ethyl pyridoylacetates 1 
were treated with 1,2-dichloroethyl acetate and 10% aqueous 
ammonia. In fact, thermolysis of the first reaction product was 
necessary in order to aromatize the compound. The inter- 
mediate product 2 was isolated under mild conditions and its 

'Author to whom correspondence may be addressed. 
'~evision received October 5, 1982. 

hydroxyl-bearing carbon of dihydrofuran (13, 14). The "C nmr 
spectrum of compound 2 presents no cyclic hemiacetal type 
carbon (about 100 ppm). In view of these observations, we 
identified compound 2 as ethyl 5-(x-pyridy1)-3-hydroxy-2,3- 
dihydro-4-furoate. Formation of this nondehydrated precursor 
of the furyl ring can be explained by a ketolization reaction 
between ketoester 1 and chloroacetaldehyde resulting from the 
hydrolysis of 1,2-dichloroethyl acetate. Subsequent cyclization 
gives a dihydrofuran derivative 2. Thermolysis of this com- 
pound produced furan ester 3. After saponification of the ester 
and decarboxylation of the acid 4 at 160-220°C the furyl- 
pyridine 5 was obtained. By this route 2-, 3-, and 4-(2-fury1)- 
pyridines were prepared in satisfactory overall yields, namely 
40%, 50%, and 34%, respectively. These results compare 
favorably with the yields of the syntheses previously described 
(6, 11). 

Synthesis of x-(37furyl)pyridines by cyclization of epoxyalkyne 
Among the several methods described in the literature to 

achieve the synthesis of 3-substituted furan, the only one which 
offered some interest was the route proceeding through a n  
epoxide according to the sequence established by Miller (15) 
for the preparation of 3-phenylfuran. Following this method, 
chloroacetylpyridine hydrochlorides 6 (16) react with ethynyl- 
magnesium bromide in tetrahydrofuran and give chlorhydrins 
7. The reaction of these compounds with sodium hydroxide 
proceeds smoothly to give the corresponding 3,4-epoxy- 
3-(x-pyridy1)-1-butynes 8 .  Because of their instability, com- 
pounds 7 and 8 were not purified. They exhibited spectral data 
in accordance with their structural assignments and they were 
shown to have a purity of at least 95% by nmr. 

When acetylenic a,P-epoxides 8 b  and 8 c  were heated with 
2 N sulfuric acid containing a catalytic amount of mercuric 
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KOH , EtOH - - 
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Cl'iN. I. CHEM. VOL. 61. 1983 

a: Zpyridyl, b: 3-pyridy1, c: 4-pyridyl 

sulfate, cyclization occurred and gave furylpyridines 9 b  and 9 c  
in rather low yields, 15% and 21%, respectively, from the 
corresponding chloroketones 6 .  However under the same con- 
ditions, cyclization failed with the 2-pyridyl derivative. The 
acetylenic epoxide 8a also reacted but no 2-(3-fury1)pyridine 
could be isolated. Alternatively, this compound was prepared 
by a base-induced cyclization. The epoxide ring of compound 
8a was opened with perchloric acid in ethanol to give 
3-ethoxy-3-(2-pyridy1)-1-butyn-4-01 10. The structure was de- 
duced from spectroscopic data similar to those of 3-ethoxy- 
3-phenyl-1-butyn-4-01 (15). Treatment of alcohol 10 with sodi- 
um ethoxide at 80°C gave the cyclized product 11 whose ir 
spectrum showed no hydroxy or acetylenic functions. The 'H 
nmr spectrum exhibited two doublets at 6 6.70 and 5.21 ppm 
(J = 2.5 Hz) which were assigned to H-5 and H-4. The two 
protons on carbon 2 appeared as two singlets at 6 4.59 and 
4.61 ppm. A base-induced intramolecular attack of oxygen on 
the acetylenic bond can easily explain this result. Such a reac- 
tion was previously used for cyclization of acetylenic diols (17) 
and enyne alcohols (18). Subsequent treatment of dihydrofuran 
derivative 11 with acid gave the expected 2-(3-fury1)pyridine 
( 9 0 )  in a very low overall yield (9%) from chloroketone 6 0 .  
Since this method necessitates the prior synthesis of hard-to- 
obtain chloroacetylpyridines and since the yields were low, we 
sought another route to x-(3-fury1)pyridines. This new syn- 
thetic procedure was carried out using bromopyridines as start- 
ing material. 

Synthesis of x-(3-furyl)pyridines by cyclization of hydroxy- 
acetal 

Lithiopyridines (19) were obtained from bromopyridines and 
n-butyllithium. The subsequent reaction with I-(2,2-diethoxy- 

acety1)piperidine (20) at -70°C yields diethoxyacetylpyridines 
12. When methyl diethoxyphosphinylmethoxyacetate (21) was 
used in the Wittig-Horner reaction with ketones 12, equiv- 
alent amounts of geometrical isomers of esters 13 were formed 
(nmr). The ethoxymethoxy series was chosen here because it 
offered the advantage of simple interpretation of nmr spectra of 
intermediates in the synthesis. Reduction of the ethylenic dou- 
ble bond with hydrogen and palladium catalyst provided the 
desired saturated esters 14. The carbethoxy group was reduced 
to the hydroxymethyl group with lithium aluminium hydride. 
Finally, treatment of the alcohols 15 with hydrochloric acid in 
toluene gave the x-(3-fury1)pyridines. These compounds were 
obtained with an overall yield of 49%, 4096, and 42% from 
ketoacetals 12. This easy access to the 3-fury1 compounds 
offers an interesting potential entry to products of interest in 
biological or pharmaceutical problems. 

Physical properties of ji~rylpyriclir~es 
Because reactions carried out on these compounds gave re- 

sults somewhat different from those obtained with analogues 
like thienyl and phenylpyridines ( l ) ,  we have made some phys- 
ical studies to clarify the interactions between the two rings. 

The ultraviolet spectra of furylpyridines were obtained with 
absolute ethanol solution (see Table. 1). 2-(2-Fury1)pyridine 
displays an absorption maximum at a longer wavelength than 
the other isomers, indicating that conjugation should be greater 
in this compound. From earl@ studies (22-24), there is evi- 
dence that the differences between the characteristic spectral 
behaviour of arylpyridines and those of the corresponding pyri- 
dinium ions are related to the electronic interaction between the 
two rings. When the higher maximum wavelength of furyl, 
thienyl, and phenylpyridines (23) is compared with that of their 
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RIBEREAU AND QUEGUINER 337 

TABLE I .  Acidity constants, ultraviolet spectral data, and dipole moments of furylpyridines 5a-c  and 90-c and (thienyl-2)-2-pyridine 16 

Ultraviolet Dipole moment 

CL 

Compounds p K,," 

5 n 4.1850.05' 

Solvent" h max, nm (log E) CL L' 

257 (3.86), 225 sh 2.2320.03 
243 (4.03) 

270 (4.01), 223 sh 2.35k0.03 
304 (3.98). 250 sh, 
239 (3.98) 

"The acidity constants have been determined by spectrophotometry in water (I = 0.1, NaCIO,; 25°C). 
"A, solution in absolute ethanol, B, solution in aqueous 0.01 M HCIO,, 0.1 M NaCIO,, and at 25°C. 
'Dipole moments are measured in benzene solutions at 25°C. 
"Calculated dipole moments respectively with the dihedral angle a between the planes of the two rings. 
"Reference 8, pK, = 4.17 2 0.04. 
'~eference 8, pK, = 4.59 ? 0.01 1. 
"h, shoulder. 
"Reference 25. 
NOTE: 3-(2-Thieny1)pyridine: pK, = 4.515; 4-(2-thieny1)pyridine: pK;, = 5.591; 2-(3-thieny1)pyridine: pK, = 4.776; 3-(3-thieny1)pyridine: pK, = 4.920; 

4-(3-thieny1)pyridine: pK, = 5.712; 2-phenylpyridine: pK, = 4.735; 3-phenylpyridine: pK, = 4.924; 4-phenylpyridine: pK, = 5.488 (25); pyridine: pK, = 5.33 
(8). 

protonated species, a bathochromic shift is apparent: 18 to 3 1 
nm, - 14 to 9 nrn, and 32 to 40  nm for 2-, 3-, and 4-pyridyl 
derivatives respectively. These results show, as expected, that 
the interaction between the pyridine nuclei and the other aryl 
ring is weaker in the case of 3-substituted pyridines. 

Acidity constants of furylpyridines are reported in Table 1. 
4-Arylpyridines have similar pK, and they are stronger bases 
than pyridine. This first result suggests that the mesomeric 
effect ( + M )  for all furyl, thienyl, and phenyl groups makes 
electrons available in the same order of magnitude. 3-Aryl- 
pyridines are slightly weaker bases than pyridine. This can be 
explained by the lack of conjugative interaction for the 
3-substituted pyridines and by the weak electron-withdrawing 
due to the inductive effect of the aryl groups. For all the 
2-substituted pyridines, the basicity is weaker than that of pyri- 
dine. It is evident that the + M  effect of the aryl group is 
diminished by its greater hindrance and by the increased im- 
portance of its inductive effect. The pK;, values of 2-(3-furyl), 
2-(3-thienyl), and 2-phenylpyridines are similar (24, 25), indi- 
cating that steric hindrance of the aryl groups is about the same 
because, as we have seen above, the mesomeric and inductive 

shown that electron displacements within the molecules are 
similar in furyl, thienyl, and phenylpyridines. Thus there are 
good reasons to believe that the mesomeric moment induced in 
the furyl or thienyl groups by the primary moment associated 
with the pyridine ring is not so different from the dipole 
moment induced in the phenyl group of phenylpyridines (26). 
From the dipole moments of the unsubstituted parent 
compounds (26, 27) and the mesomeric moments deduced 
from phenylpyridine studies (26), we have determined, by vec- 
tor analysis, a calculated moment for trans-planar ( a  = 0") 
and cis-planar ( a  = 180") conformations of furylpyridines 
(Table 1). 

4-(2-Fury1)pyridine and 4-(3-fury1)pyridine yield calculated 
moments irrespective of the angle between the planes of the 
two rings and consistent with the experimentally determined 
values. These results show that the use of mesomeric moments 
of phenylpyridines is significant in the case of furylpyridines. 
2-(2-Fury1)pyridine shows an experimental dipole moment in 
good agreement with the calculated value for the trclt~s-planar 
geometry. The most preferred conformation of this compound 
is thus presumed to be planar. The other isomers of the series 

effects are of the same order of magnitude. 242-Fury1)pyridine do not kxhibit such an-agreement. For these substances, the 
is a stronger base than 2-(2-thieny1)pyridine (16) and, apart experimental dipole moments lie between the values calculated 
from the -I effect which is presumed to be more important for for s-cis and s-rratzs conformations, and suggest that the two 
oxygen than for sulfur, other parameters must influence the rings are not coplanar. On the basis of the calculated and 
stability of the protonated species (coordination of the proton measured values of the dipole moment, 2-(2-thieny1)pyridine 
by the oxygen of the furyl compound may increase the stability also appears to have a twisted equilibrium conformation (28), 
of the protonated form). an indication of the difference between this compound and the 

The experimental dipole moments of furylpyridines are re- corresponding furan derivative, as already implied from pK;, 
ported in Table 1. Ultraviolet spectra and basicity studies have measurement. These physical properties of furylpyridines 
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c a s c a  
m m m a a  1 

show that interaction between the two rings is mainly inductive 
and steric in nature. 

All of the f~~rylpyridines  show very similar mass spectra, 
with an intense peak for the rno lec~~la r  ion tn /e  = 145 and the 
same degradation fragments. Hydrogen abstraction leads to a 
fragmentation peak M - I with an intensity of 29% in the 
spectrum of 2-(2-fury1)pyridine and of only 10% in the case of 
2-(3-fury1)pyridine (the results are somewhat different in the 
thiophene series (29)). 

Experimental 
Boiling points are uncorrected. Infrared (ir) spectra wcrc dcter- 

mined on a Beckman IR 4250 grating inharetl spectrometer. Ultra- 
violet (uv) spectra were obtained on a Beckman DK-2 spectrophotom- 
eter. Proton nuclearmagnetic resonance ( ' H  nmr) speetra wcre 
recorded using a Varian A 60 spectrcrncter and chcniical shifts arc 
reported as 6 values in ppln relativc to Me,Si as internal standard; 
"C nrnr speetra wcre obtained on a Brueker WH 90 spectrometer at 
22.69 MHz and chernical shifts arc reported in ppm downfield from 
internal Mc,Si. Mass spectra were recorded on a JEOL JMS D 100 
spectrometer. 

Prepllnrcltior~ of' ethyl 2-(x-pyriclyl)-3rfi11~oc~te.s (3a-c) 
To a stirred and cooled (-5 to O°C) solution of 116 g (0.6 mol) of 

ethyl 3-(s-pyridy1)-3-oxopropanoate (30) in 1 L of CHIClz was added 
300 mL of 10% aqueous ammonia. A solution of 100 g (0.64 mol) of 
1.2-dichloroethyl acetate in 200 mL of CHZCIZ was added over a 
30 min period. The reaction mixture was stirred for an additional 2 h 
at 0°C and then allowed to come to room temperature overnight. After 
acidification with concentrated hydrochloric acid. the aqueous layer 
was extracted with CHCI,. After rcnioval of the solvents, the resulting 
oil was distilled. giving compounds 30-c (Table 2). 

Ethyl 5-(3-pyric!\.l)-3-t~ycI1~0.~y-2,3-dil1ycIro-4~fl~roc1te (2 b) 
A solution of ketoester l b  was trcatcd as described above in the 

preparation of compounds 3. Decantation of the organic layer and 
removal of the solvent, at a temperature below 40°C to avoid dehy- 
dration, gave a residue which was recrystallized in CCI,, giving 65 g 
(46%) of white crystals, mp 116°C; ir (KBr): 3 140 (OH). 1690 
(C=O), 1415. 1290, 1 I00 (OH) em- ' ;  'H nmr (CDCI?) 6: 1 . I2 (t, 
3H, CH,), 4.0 (m,  I H, OH), 4.1 1 (q, 2H, CHZ). 4.52 (d, I H, 
J = 4 Hz, one H of CHZ-0), 4.53 (d, IH, J = 5.5 Hz, one H of 
CH,-0). 5.37 (2 doublets. IH, HC(OH)), 7.25 (m. IH, pyridyl 
H-5). 7.7 (m, 2H, pyridyl H-3 and H-4), 8.6 (m, IH, pyridyl H-6): 
'" nmr (CDC13) 6: 13.7 (CH,), 59.9 (CHZ--0). 73.5 (C-OH), 77.2 
(ring CHZ-0), 122.2 (pyridyl C-5), 136.7 (pyridyl C-4), 149.9 
(pyridyl C-2). 150.9 (p)ridyl C-6). A I I N ~ .  calcd. for CIZHl3NO4: C 
61.28, H 5.53, N 5.95: found: C 61.5, H 5.3, N 6.1. 

Preparnrior~ oj'2-(x-pyri~lyl)-~3-f~~1'0ic ~ I ~ ~ L I s  (4a-C) 
To a stirred solution of 72 g (0.78 mol) of KOH in 300 n1L of 

ethanol was added 70 g (0.32 nlol) of ester 3. The mixture was heated 
at 80°C for 16 h. After removal of the solvent the residue was dis- 
solved in a minium quantity of water. The aqueous solution was 
washed with ether and then acidified to pH 4 with an aqueous solution 
of HCI. The precipitate was filtered, washed with cold water, and 
recrystallized from ethanol affording acids 40-c (Table 2). 

Preprrrntiorl oj'x-(2-firr~~l)l~yridirze.s (5a-e) 
A 10 g sample of 4 was mixed thoroughly with 10 g of red copper 

and the mixturc was heated from 160°C to 220°C at reduced pressure 
(12 Tom). The resulting oil was dissolved in ether. The cther solution 
was washed with a 10% aqueous NaOH solution, then with water, and 
finally worked up as usuzl. Distillation offered compounds 50-c 
(Table 3).  

2-(2-Clzloronce~l)pyricli1~e 1~ydrochloride (6a) 
A solution of 19.6 g (0.16 mol) of picolinic acid in 120 mL of 

freshly .distilled sulfinyl chloride was heated at 80°C for 2 h. The 
excess of sulfinyl chloride was distilled off and, after addition of 20 
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RIBEREAU AND QUE( 

mL of dry bcnzcnc. the solvents were removed undcr reduced pres- 
sure. A suspension of the residue in 100 mL of dry benzene was 
introduced in portions to a coolcd (0-5°C) and stirrcd solution of 
about 22.5 g (0.54 mol) of diazomcthanc in 1.2 L of dicthyl ether 
(dried 2 h on KOH pcllets). Thc mixture was stirred and allowed to 
comc to room temperature overnight. Thc solution was thcn filtcrcd. 
In onc run thc solvcnt was rcmovcd using a rotary evaporator. Dis- 
tillation of thc rcsiduc affordcd 20.7 g (88%) of 2-pyritlyldiazokctonc: 
bp 82"C/0.3 Torr; ir (CCI,): 2 1 I0 (N,), 1640 (C=O) cm ': ' H  nmr 
(CDC13) 6: 6.7 (s. 1 H, CHN?). 7.4 (m, 1 H, C-5 H), 7.6-8.1 (m. 2H, 
C-3 H and C-4 H), 8.5 (dd, IH. C-2 H). Thc coolcd (0°C) and stirrcd 
solution of diazo kctonc in cthcr was trcatcd by a dry strcam of 
hydrogen chloridc. The prccipitatc was filtcrcd and washcd with dry 
ether. Drying undcr rcduccd prcssurc affordcd 28.9 g of hydrochloridc 
60 (94%): ' H  nmr (DMSO-(I,) 6: 5.15 (s, 2H, CH2CI), 7.6 (m ,  I H, 
C-5 H), 7.8-8.0 (m, 2H, C-3 H and C-4 H), 8.6 (m, I H, C-6 H), 12.6 
(m, lH. N'H). Atzed. calcd. forC,H,NOCI: C43.54. H 3.69, N 7.45; 
found: C 43.4, H 3.8, N 7.3. 

3-(2-C/~1oroc~ce~l)l1j~ricli1ze lzj'drochlor~ide (6 b) 
A solution of 41 g (0.33 mol) of nicotinic acid in 240 mL of sulfinyl 

chloridc was heated at 80°C for 2 h. The cxccss of sulfinyl chloride 
was distillcd and aftcr addition of 20 mL of dry bcnzcnc thc solvents 
wcrc rcn~ovcd undcr rcduccd pressure. To the rcsiduc was addcd 32 g 
of freshly distilled pyridinc. The mixture was distilled and thc fraction 
collected at 91 -95"C/13 Torr was rcdistilled offering 40 g of nico- 
tinoyl chloridc (85%), bp 90°C/12 Ton.. A solution of 38.2 g 
(0.27 ~nol) of acid chloridc in 100 mL of dry benzene was addcd 
dropwisc to a coolcd solution (0-5°C) of about 22.5 g (0.54 mol) of 
diazomcthanc in 1.2 L of ether (dricd 2 h on KOH pellets). The 
mixture was treated as described abovc in the prcparation of 60. By 
this method was obtained 49 g of hydrochloridc 6 0  (94%); 'H  nmr 
(DMSO-(1,) 6: 5.3 (s,  2H, CHZCI), 7.9 (ddd, IH, Js-Z = 1 HZ, 
Js-.I 8 HZ, Js-6 = 5 HZ, C-5 H), 8.7 (ddtl, IH, J j - 2  = 2.5 HZ, 
JJ-6 = 1.5 HZ, C-4 H), 9.0 (dd, IH, C-6 H), 9.3 (dd, I H, C-2 H), 
11.4 (m,  IH, N'H). Ar~nl. calcd. for C,H,NOCI?: C 43.54. H 3.69, 
N 7.45: found: C43.7,  H 3.6, N 7.3. 

4-(2 -Cl~lorocrcer~) l~~~ricI i~~e l~ydrochloricle (6 a ) 
According to the abovc method, the following wcrc obtained from 

isonicotinic acid: 39 g (83%) of isonicotinoyl chloridc, bp 8IoC/ 
13 Torr, and thcn 29 g (95%) of compound 6 ~ :  'H nmr (DMSO-Q) 
6: 5.45 (s, 2H, CH,CI), 8.3 (dd, 2H, Jq-2 = 6.5 HZ, Ji -2  = 1.5 HZ, 
C-3 H and C-5 H), 9.2 (dd. 2H, C-2 H and C-6 H), 1 1.2 (m, 1 H, 
N+H). Arzcrl. calcd. for C7HxNOCI2: C 43.54, H 3.69, N 7.45; found: 
C 43.6, H 3.5, N 7.2. 

Prel~crrnriorl of 4-chloro-3-(x-l1j~riclyl)-I-h~1rj~11-3-oI~ (7a-C) 
Ethyl magnesium bromidc, prepared in tetrahydrofuran (100 mL) 

from 35 g (0.32 mol) of ethyl bromidc and 8 g (0.33 mol) of mag- 
nesium, was converted into cthynylmagnesium bromidc by dropwisc 
addition during I h to a saturated solution of acetylene in 100 mL of 
THF, while acetylene was passed continuously through the mixturc. 
A suspcnsion of 57.6 g (0.3 mol) of compound 6tr-c in 250 mL of 
THF was addcd in portions to thc Grignard reagent at 0-5°C. The 
mixture was stirrcd for 14 h at 2OoC, coolcd to 0-5"C, decomposed 
by addition of 16 mL of saturated aqueous ammonium chloridc solu- 
tion, and extracted with ether. Removal of the solvents left a dark oil 
which was used without further purification (Table 4) .  

Prel~nrnriot~ of 3,4-e~1o.~y-3-(~-11yricIj~l)-I -0~1rj~te.s (8a-c) 
To a solution of compound 70-c in 100 mL of dry ether was added 

40 g of powdered sodium hydroxide. The mixture was stirred for 14 h, 
filtered, and the solvent removed. The residual oil was used without 
further purification (Table 4). 

3-(3-F~1tyl)l1j~ricIitze (9 b) 
A solution of 1.6 g of mercuric sulphatc in 40 mL of 2 N sulphuric 

acid was added to a solution of compound 8 0  in 100 mL of 2 N 
sulphuric acid. The mixture was stirred 1 h at 90°C, cooled to 20°C, 
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TABLE 4. IH nmr and infrared data for compounds 70-c and 80-c 

'H nmr 

Pyridyl Others Infrared (cm-')  

,H:, 
Compounds H-2 H-3 H-4 H-5 H-6 J2 .3  JZ .?  J JS.4 C J.,h =CH u(=C-H) v(C=C) 

5 .  5 4.  6 1. 6 ' ~ b  

8 6  8.75 - 7.75 7.30 8.57 4.8 2.0 
dd dt ddd dd 

8 c  8.60 7.40 - 7.40 8.60 4.8 
dd dd dd dd 

basified with NaHC03, and extracted with ether. Distillation afforded 
7.2 g (15%) of 90. bp 72°C/0.2 Torr. 

4-(3-Furyl)pyritli,1e (9c ) 
It was prepared as compound 96. Distillation afforded 9.1 g (2 I%) 

of 9 c ,  bp 80°C/0.3 Tom. 

3-Erlzoxj~-3-(2-1?yriclyl)-I -01{Qt1-4-01 (10) 
To a solution of epoxidc 8 0  in 50 mL of ethanol was addcd 0.5 mL 

of 70% perchloric acid. The mixture was stirred I h at 80°C, cooled, 
and treated with anhydrous sodium carbonate. After filtration, re- 
moval of the solvent left an oil which was used without further puri- 
fication: ir (neat): 3650 and 3300 (0-H), 3310 (--C-H), 2125 
(C=C) cm-I; 'H nmr (CDCI,) 6: 1.1 ( t .  3H, J = 6.5 Hz, 
C H ~ P C H ~ ) ,  2.55 (s, IH, EC-H). 3.1 (q, 2H. J = 6.5 Hz, 
CHZ-CH,), 3.8 (s, 2H, CHZ), 4.0 (m, IH, HO. signal disappeared 
on deutcriation), 7.2 (m, IH, C-5 H), 7.8-7.6 (m, 2H. C-3 H and 
C-4 H), 8.5 (m, IH, C-6 H). 

3-Etho,r~~-3-(2-p~~ridyI)-4,5-cIiIzj~drof irr(111 (11) 
A solution of sodium ethoxide (from 0.6 g of sodium in 150 mL of 

ethanol) was addcd to a solution of compound 10 in 50 mL of ethanol. 
The mixture was stirred at 80°C during 6 h. The solvent was removed 
and the residue was extracted with ether. Evaporation of the ether 
afforded an oil 11: 'H nmr (CDCI?) 6: 1.20 (t. 3H, J = 6.5 Hz, 
CH3-CH?), 3.47 (q, 2H, J = 6.5 Hz, CHZ-CH,), 4.60 and 4.58 
(2s, 2H, furyl C-2 HZ). 5.21 (d, IH, J = 2.5 Hz, furyl C-4 H), 6.70 
(d, IH, J = 2.5 Hz, fury1 C-5 H), 7.10 (m, IH, pyridyl C-5 H). 
7.7-7.5 (m, 2H, pyridyl C-3 H and C-4 H), 8.53 (m, IH, pyridyl 
C-6 H). 

2-(3-F1rr?I)pyricIi11e (9a) 
A solution of compound 11 in 50 mL of 2 N sulphuric acid was 

stirred I h at 90°C. cooled to 20°C, treated with NaHC03, and extrac- 
ted with ether. Distillat~on affordcd 4.2 g (9.6%) of 9 a ,  bp 68"C/ 
0.2 Torr. 

2-(2,2-Dietlzo.ryace@I)p~~ridi,le (12a) 
A solution of 88.4 g (0.56 mol) of 2-bromopyridinc in 100 mL of 

dry ether was added dropwise during I h to a cold (-20°C) and stirred 
solution of 450 mL (0.675 mol) of 1.5 N n-butyllithiun in hexane and 
I. I L of dry ether. The mixture was stirred for an additional 0.5 h and 
cooled to -25°C. A solution of 120.3 g (0.56 mol) of I-(2,2-diethoxy- 
acety1)piperidine in 80 mL of dry ether was added during I h. The 
mixture was stirred at -25°C for 2 hand then allowed to come to room 
temperature overnight. A saturated aqueous solution of NH,CI 

(100 mL) was addcd slowly. Ether extraction followed by distillation 
of the residue afforded 98 g (84%) of ketone 120, bp 95"C/0.03 Torr. 

3-(2,2-Dierhosj~ace@I)pyricIit1e (12 b) 
A solution of 3-bromopyridine was treatcd according to the prepa- 

ration of 12a. but at -70°C. By that method was obtained 91 g (78%) 
of kctonc 126. bp 90°C/0.05 Tom. 

4-(2,2-Dictl1oxj~ace@I)pj~ricIir1e (12 c ) 
A freshly prepared solution of 4-bromopyridine was treatcd as de- 

scribed above in the preparation of 120. By this method was obtained 
91.6 g (78.5%) of ketone 12c, bp 82"C/0.04 Torr. 

Preporotiotl of tlzetl~yl 3-(2-11yridyl)-4,4-eIietI1o.~y-2-,,-2- 
01rtrt1oare.s (13a-c) 

A stirred suspension of 3.0 g (0.126 mol) of sodium hydride (min- 
eral oil free) in 120 mL dry THF was treated during 0.5 h with the 
dropwise addition of 30.2 g (0.126 mol) of methyl diethoxyphos- 
phinylmethoxy acetate. Following the addition. the reaction mixture 
was stirred for an additional 0.5 h. After cooling to 0°C. a solution of 
20.9 g (0. I mol) of kctonc 12n-c in 50 mL of dry THF was added 
dropwise to this solution over a 30 min period. Near the end of the 
addition, a gummy precipitate was formed. The reaction mixture was 
stirred overnight at 25°C and then treated with 75 mL of water. 
Benzene extraction, including an aqueous ammonium chloride wash, 
followed by distillation of the residue affordcd a mixture ( 1  :3)  of 
unsaturated esters 130-c (Table 5). 

Prepcrrariotz of nzerhjl 3-(x-pyriclj~l)-4,4-dierho,-\~-2-tn~tI1o,ry- 
Dutanocltes (14a-c ) 

To a solution of 11.8 g (0.04 mol) of the esters 130-c in 50 mL 
of absolute ethanol was added 1 . 1  g of 10% palladium-on-carbon 
catalyst. The mixture was stirred under a hydrogen atmosphere until 
uptake of hydrogen ceased. The time required was approximately 
20 min. Then the catalyst was removed by centrifugation and washed 
with ethanol. The organic fractions were combined and the solvent 
was evaporated. Distillation of the residue affordcd esters 140-c 
(Table 5) .  

Preparntiotz oj'3-(x-pyricl~~l)-4,4-dierl1o.i~~~-2-n~c~thosy-l-0utc~t1ol.s 
(15a-c) 

To a vigorously stirred suspension of 1.82 g (0.048 mol) of lithium 
aluminium hydridc in 120 mL of dry THF was added 11.9 g 
(0.04 mol) of esters 140-c in 30 mL of dry THF over a one-hour 
period. Following the addition, the reaction mixture was stirred for an 
additional hour before the excess hydridc was destroyed by addition 
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TABLE 5. Yield, analytical, 'H nmr, and infrarcd data for compounds 120-c. 130-c, 140-c, and 150-c 

'H nmr 

Pyridyl Acetal Othcrs 
lnfrared 

Analysis (%) 
CHI- O I 7  (cm ' )  

calcd. found 
Boiling point Yield v(C=O) 

Compounds ("CITorr) (%) C H N H-2 H-3 H-4 H-5 H-6 J Z . 3  J z . ~  Jz. J J . ~  CH CHZ CHI CHI--0 C O  CH CH2 v(0-H) 
5 . 6  4 .6  3 . 6  4 . 5  

7.43 
ddd 

7.28 
ddd 

7.83 
dd 

7.0 
rn 

7.1 
rn 

7.2 
2dd 

7.15 
m 

7.12 
m 

m 

7.15 
ddd 

7.28 
dd 

8.70 
rn 

8.61 
dd 

8.58 
dd 

8.4 
m 

8.3 
m 

8.41 
m 

8.36 
rn 

8.45 
m 

8.39 
m 

8.37 
ddd 

8.42 
rn 

8.42 
dd 
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of ethyl acctatc After work-up according to F ~ e s c ~  and F~eser (3 I ) and 
benzene extraction, d~s t~ l l a t~on  afforded alcohols 15tr-c (Table 5) 

Pvc~pnrnriorz qf x - ( 3 ~ f i r r ~ ~ l ) ~ 1 ~ v i ~ I i r ~ e  (9a-c ) fi-orn conl/~o~rr~d.s 15a-c 
To a stirred solution of 5.4 g (0.02 mol) of alcohols 15rr-c in 

150 mL of dry toluene was added 15 mL of a 1.6 N solution of 
hydrogen chloride in ether. The mixturc was hcatcd at 120°C for 24 h. 
After cooling, the mixture was base washcd and distillation afforded 
compounds 9tr-c (Table 3). 

magnetic resonance spectroscopy in organic chemistry. Per- 
gamon Press, Oxford. 1969. pp. 182 and 188. 

15. D. MILLER. J. Chem. Soc. C, 12 (1969). 
16. ( ( I )  A. DORNOW. Ber. 3, 185 (1940); (/I)  K. WINTERFELD and 

H. VON KOSEL. Arch. Pharm. 278, 70 ( 1940). 
17. ((1) S. HOLAND and R. EPSZTEIN. C.R. Acad. Sci. Paris, 278, 

2876 (1964); ( h )  261, 4449 (1969). 
18. A. J. DE JONG, L. BRANSMA, and J. F. ARENS. Rccl. Trav. Chim. 

Pays-Bas, 93. 15 (1974). 
19. ((I) H. GILMAN and S. M SPATZ. J .  Org. Chem. 16, 1485 (1951); 

Acknowledgement ( b )  A. MURRAY 111 and W. J LANGHAM. J. Am. Chem. Soc. 74, 
W e  wish to thank Professor M o l l ~ e r  (UniversitC de  Caen) for 6289 (1952). 

the dipole moments measurements. 20. K. SCHANK Chem. Ber 102, 383 (1969). 
21. ( ( I )  W. GRELL and H. MACHLEID. Ann. Chem. 699, 53 (1966); 

T .  KAUFFMANN. Angew. Chem. Int. Ed. Engl. 18, 1 (1979). 
J. SZYCHOWSKI, J .  T. WROBEL, and A. LENIEWSKY. Can. J .  
Chem. 55, 3105 (1977). 
((1) J. T. WROBEL. The alkaloids. Vol. 9. Ellired Iqj R .  H. F. 
Manske. Academic Press, New York, NY. 1967. p. 441; 
( b )  B. MAURER and G. OHLOFF. Helv. Chim. Acta, 59, I169 
(1976). 
R. T. LALONDE, A. I. M. TSAI, C. J. WANG, and C. F. WONG. 
German Patent No. 2,603,176 (1976); Chem. Abstr. 85, 177750a 
(1976). 
E. WIEGAND. V. J. BAUER, and S. R. SAFIR. J .  Med. Chem. 14, 
214 (1971). 
F. LIONS and E. RITCHIE. J. Proc. R. Soc. W. S. Wales, 74, l I0 
(1940). 
H. S. RYANG and H. SAKURAI.  J. Chem. Soc. Chem. Commun. 
10, 594 ( 1  972). 
L. FISERA, J. LESLO, J .  KOVAK. J. HRABOVSKY, and J. SURA. 
Collect. Czech. Chem. Commun. 42, 105 (1977). 
F. ELOY and A. D. DERIJCKERE. Chim. Ther. 5,  416 (1970); 
A. DERIJCKERE and F. ELOY. German Patent No. 2,052,536 
(1971); Chcm. Abstr. 75, 35756b (1971). 
R. FARAGHER and T.  L. GILCHRIST. J .  Chem. Soc. Chem. Com- 
mun. 8, 252 (1977). 
C. JUTZ. R. M. WAGNER, A. KROATZ, and H. G. LOBERING. 
Justus Liebigs Ann. Chem. 5, 874 (1975). 
P. RIBEREAU, G.  NEVERS, G. QUEGUINER, and P. PASTOUR. 
C. R. Acad. Sci. Paris, 280, 293 (1975). 
E. BISAGNI, J. P. MARQUET, J. D. BOURZAT, J .  J. PEPIN, and 
J. ANDRE-LOUISFERT. Bull. Soc. Chim. Fr. 4043 (1971). 
L. M. JACKMANN and S. STERNHELL. Applications of nuclear 

( b )  R. E.  IRELAND, R .  H. MULLER, and A. K. WILLARD. J. Org. 
Chem. 41, 986 (1976). 
P. KRUMHOLZ. J. Am. Chcm. Soc. 73, 3487 (1951); G. FAVINI.  
Gazz. Chim. Ital. 93, 635 (1963). 
H. WINBERG, T.  J.  V A N  BERGEN, and R. M. KELLOG. J. Org. 
Chem. 34, 3175 (1969). 
E. B o u w ~ u l s  and M. J. JANSSEN. Tetrahedron Lett. 3, 233 
(1972). 
H. SIGEL, H. WYNBERG, T.  J. V A N  BERCEN, and K. KAHMANN. 
Helv. Chim. Acta, 55, 610 (1972). 
C. W. N. CUMPER, R. F. A. GINMAN, and A. 1 .  VOGEL. J. Chem. 
SOC. 4518 (1962). 
( 0 )  A. L. MCCLELLAN. Tables of experimental dipole moments. 
W. H. Freeman and Co., London. 1963; ( 0 )  B. BAK, L. HANSEN- 
NYGAARD, and J .  RASTRUP-ANDERSEN. J .  Chem. Phys. 22, 2013 
(1954); ( c )  B. BAK, L. HANSEN, and J. RASTRUP-ANDERSEN. 
Discuss. Faraday Soc. 19, 30 (1955); ( d )  B. BAK, D. 
CHRISTENSEN, J . RASTRUP-ANDERSEN, and E. TANNENBAUM. J . 
Chem. Phys. 25, 892 (1956). 
( a )  V. GALASSO and G. DE ALTI. Tetrahedron, 27, 4747 ( 1  97 1 ) ;  
V. GALASSO, G.  DE ALTI, and A. BIGOTTO. Tetrahedron, 27, 
991 (1971); ( 0 )  J .  V. KNOP, N. TRINAJSTIC, M. MILUN, and 
S. PEJAKOVIC. Rev. Roum. Chim. 23, 103 (1978). 
S. GRONOWITZ and S. LIBJEFORS. Acta Chem. Seand. Ser. B. 31, 
771 (1977). 
C. D. HURD and C. N. WEBB. J. Am. Chem. Soc. 49, 551 
(1927). 
L. F. FIESER and M. FIESER. Reagents for organic synthesis. 
Vol. I .  John Wiley and Sons, New York, NY. 1967. p. 584. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

N
E

W
 Y

O
R

K
 U

N
IV

E
R

SI
T

Y
 o

n 
02

/1
9/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 




