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1-Pyridinium arylsulfonylmethylides (4) were generated by deprotonation of the corresponding pyridinium salts 
(3) .  1,3-Dipolar cycloaddition of the ylides with acetylenes led to dihydroindolizines (5) which aromatized to indol- 
izines by 1,4 elimination of p-toluenesulfinic acid. The p -toluenesulfonylmethylpyridinium trifluoromethanesulfo- 
nates (3) were prepared by the reaction of pyridines and p-toluenesulfonylmethyl trifluoromethanesulfonate (2). 
A new, simple synthesis of 2 was also developed. 

There are a number of classical methods1 and more recent 
syntheses of i nd~ l i z ines .~ -~  The ring system has recently been 
obtained from pyridinium ylides by their 1,3-dipolar cy- 
cloaddition to acetylenes followed by a 1,4 elimination of hy- 
drogen cyanide from the initially formed dihydro adducta2 
Intramolecular cyclization of pyridinium a l l y l i d e ~ ~ ? ~  has also 
been reported to lead to indolizines in relatively low yieldas 
Several other, less general, methods which take advantage of 
a specific feature of the intermediates employed have also 
appeared in the literature:JO some of w h i ~ h l , ~  require elab- 
orate substituents on the pyridine ring. We report a simple, 
two-step synthesis that  affords indolizines in good yield 
starting from pyridines and p -toluenesulfonylmethyl triflu- 
oromethanesulfonate (2) via the intermediacy of pyridinium 
arylsulfonylmethylides (4), a novel class of unstable reactive 
intermediates. 

The strategy followed involved cycloaddition of a pyridin- 
ium arylsulfonylmethylide to a 1,3-dipolarophile such as di- 
methyl acetylenedicarboxylate, followed by 1,4 elimination 
of a good leaving group. The sulfonyl group served the dual 

, functions of activating the methylene protons toward de- 
protonation, and hence stabilizing the resulting ylide by de- 
localization of the negative charge at the a position, and as the 
leaving group in the elimination step leading to indolizines (6). 
I t  was hoped that the better leaving ability of the sulfinate 
group relative to cyanide12 would facilitate the elimination 
step, thus reducing the competition from aromatization by 
~ x i d a t i o n . ~ - ~  The reaction sequence is depicted in Scheme I. 
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p-Toluenesulfonylmethyl trifluoromethanesulfonate (2) 
had been prepared in low yield (ca. 25%) from p-toluenesul- 
fonyldiazomethane, a compound that is relatively tedious to 
prepare.13 On the other hand, the reaction of p-toluenesulfinic 
acid with formaldehyde, followed by esterification with tri- 
fluoromethanesulfonic anhydride, gave 2 conveniently in 70% 
yield. 

Scheme I1 

Treatment of 2 with substituted pyridines afforded the 
corresponding pyridinium salts in excellent yields. Table I 
summarizes the yields and some infrared absorption bands 
of these compounds, and Table I1 summarizes the lH NMR 
chemical shifts and the coupling constants of the various 
protons. The pyridine protons in the pyridinium triflates were 
assigned by analogy with those of other pyridinium salts. The 
methylene protons absorbed in the region 6 6.20-6.50, con- 
sistent with the strong deshielding provided by both the SO2 
and pyridinium groups. The chemical shifts of the methylene 
protons do not correlate with the u or u+ values of the sub- 
stituents a t  the 4 position. 

The mass spectrum of the pyridinium salts generally ex- 
hibited the M+ ions arising from the cationic portion of the 
salts, except in the case of the unsubstituted salt 3 (R1 = H) 
which exhibited a signal a t  mle 278 instead of the expected 
M+ at  mle 248. The signal at mle 278 is compatible with the 
(TolS02STol).+ ion, conceivably arising from thermal pro- 
cesses. The recurring features of the mass spectra of the pyr- 
idinium salts are summarized in Table 111, and some of the 
plausible patterns are illustrated in Scheme 111. 

Scheme I11 
R’ 
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Table I .  Synthesis and Infrared Absorption Frequencies (cm-I) of 1-pToluenesulfonylmethylpyridinium 
Trifluoromethanesulfonates (3) 

Yield of 
R' Temp,"C Time, h 3,% Registry no. VasSO 2 VCFB ~SYITlSO2 Other 

H 140 2 95 58747-50-5 1338 1245 1165 
4-Me 120 2 90 58747-52-7 1335 1260 1150 
4-CN 145 4 97 58747-54-9 1332 1240 1170 VCN not ob~erved '~  
4-PhCO 145 4 95 58 7 47- 5 6-1 1346 1235 1165 1687 (C=O) 
4-t-BU 120 2 85  58747-58-3 1345 1260 1162 
3,5 -C1, 145 8 92 5 87 47 -60-7 1345 1260 1160 
3,5-Me2 120 2 96 58747-62-9 1350 1270 1165 

Table 11. Chemical Shifts (6)  and Coupling Constants (Hz) of 3 in Acetone& 

H 7.72 7.43 8.94 8.25 8.80 6.38 2.40 

4-Me 7.74 7.47 8.78 6.30 2.44 2.77 8.10 

4-CN 7.87 7.47 9.28 8.72 6.49 2.46 

(6) (6) 

(6) 

(8 1 

(8) 

4-PhCO 8-7.4b 8-7.4b 9.23 8.51 6.53 2.48 8-7.4 
(6) 

(6) 

(8) 

4-t-BuQ 7.72 7.32 8.81 7.94 6.20 2.41 1.36 

3.5-C1, 7.82 7.51 9.21 9.11 6.36 2.47 
(6) (8) 

7.52 8.57 6.24 2.49 2.54 
(1.5) 

(0.7) 
8.64 

a In CDC1,. b Unresolved. 

Table 111. Values of m / e  and Relative Abundances (%) of Some Fragments in the Mass Spectra of 3 

M+ - (PY I 

R' in 3 M+U Base peak M+ - Ha, - SO, M+ - TosCH; M+ - (PyCH). CH,=SO,) 

H 107 79 (52) 

4-PhCO 352 (18) 105 287 (6) 183 (35) 
4-t-BU 304 (31) (C,H,)+ 239 (5) 135 (24) 
3,5-Clzb 316 (12) (C,H,)+ 251 (8) 147 (78) 

4-Me 262 (7) (4-MePy).+ 93  (100) 
4-CN 273 (1) (C,H,)+ 

a M+ = p-TolSO,CH,Py+. b For 35Cl. 

156 (10) 91 (85) 
156 (20) 91 (80) 

91 (78) 
156 (10) 91 (100) 

91 (100) 
156 (14) 91 (100) 

Deprotonation of the salts (3) with triethylamine in chlo- 
roform in the presence of dimethyl acetylenedicarboxylate 
gave the indolizines (6). The yields and some infrared ab- 
sorptions of 6 and their proton chemical shifts and coupling 
constants are summarized in Tables IV and V, respectively. 
The indolizines exhibited two carbonyl absorptions for the 
carbomethoxy groups.2J6 A good correspondance between the 
reported16 and observed values of the chemical shifts and the 
coupling constants was obtained for 1,2-dicarbomethoxyin- 
dolizine (6, R1 = H). The presence of a small (J5,8 = 1 Hz) but 
distinct 1,4 coupling, previously unreported,16 was also ob- 
served. 1,4 coupling was similarly observed for the H5 and H8 
protons in 7-benzoyl- and 7-tert-butylindolizines (J5,s = 1 
Hz), but not in 7-cyanoindolizine. 

The Ha, H5, He, and Hs protons in the series of indolizines 
studied here were assigned on the basis of the comparison of 

their chemical shifts with those in 1,2-dicarbomethoxyindo- 
lizine (6, R1 = H).l6-l5 Assignment of Hg was confirmed by the 
observation of a pronounced dependence of its chemical shift 
upon the nature of the substituent a t  the 7 position. H b  pro- 
tons, on the other hand, exhibited a less pronounced depen- 
dence. The observed dependence of the H5, Hg, and H8 
chemical shifts in 7-tert-butylindolizine (6, R1 = 7-Me) on the 
substituent was small in agreement with the downfield shifts 
in tert- butylbenzene relative to benzene.lg The methyl pro- 
tons in the carbomethoxy groups were usually resolved sin- 
glets. The lower field singlet is thought to  arise from the 2- 
carbomethoxy protons, on the basis of the greater electron 
density of C1 than at C2 in indolizines.20 Owing to  the very 
small difference in their chemical shifts, an unequivocal as- 
signment was not possible. 

The mass spectrum of the indolizines (6) exhibited the 



2146 J. Org. Chem., Vol. 41, No. 12,1976 Abromovitch and Alexanian 

Table IV. Formation and Infrared Absorption Frequencies (cm-' ) of 1,2-Dicarbomethoxyindolizines 

71 

Registry no. R' % yield vc=o (C0,Me) Other 

16959-60-7 H 72 1740 1695 

58747-63-0 7-CN 78 1720 1697 2217 (VC=N) 
58747-64-1 7-PhCO 82 1730 1695 1650 (Vc=o,PhCO) 
58747-65-2 '7-t-BU 64 1730 1697 
58747-66-3 6,843, 85 1725 1700 
58747-67-4 6, &Me, 88 1730 1700 
a Reported values. l6 

(1738)a (1689)a 

Table V. Chemical Shifts ( 6 )  and Coupling Constants of the Protons in 6 in CDC1, 

H 7.58 7.90 6.64 6.96 8.04 3.86 3.86 
(1; 9)  

(1; 9)  
He (7.61) (8.10) (3.90) (3.90) 

(7) 
(7.03) 

(1) 
(6.71) 

7-CN 7.74 8.45 3.90 3.92 
(7) 

6.80 8.00 

(1) 
(7.93) 
(1) 

(7) 

(7) 

8.48 3.82 3.88 7.80-7.40 a 7-PhCO 7.72 7.98 7.26 

7-t-BU 7.50 7.84 6.75 3.87 3.86 1.30b 8.03 

6.8-C1, 7.64 3.84 3.95 6.78 7.83 

(2) 

(2) 

(2) 

(7) 

( 8 )  

(8 1 

(1) 

(1) 
I 1  

6.56 
(2) 

6, %Mez d 7.78 7.85 
a PhCO. t-Bu. C 6, %Me,, d In acetone-d,. e Literature values.16 

3.81 3.85 3.37 and 3.19C 

molecular ion in all cases. The recurring features of the mass 
spectra of the indolizines are summarized in Table VI and 
possible fragmentation patterns are illustrated in Scheme IV. 

Scheme IV 
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Treatment of 3 (R1 = 4-PhCO) with triethylamine in the 
presence of methyl propiolate gave 7 in 65% yield. The infrared 
spectrum of 7 exhibited only two carbonyl absorptions at  1700 
(uc-0, ester) and 1650 cm-l (vc-0, benzoyl), respectively. The 
absorption present a t  ca. 1730 cm-l in all 1,2-dicar- 

COPh 

3 (R' = 4-PhCO) - 
NEtJ, CHCL 

7 
bomethoxyindolizines studied here was absent. This, and the 
reported ester absorption for 3-benzoyl-1-carbomethoxyin- 
dolizine (1697 cm-1),21 for 1-benzenesulfonyl-2-carbome- 
thoxyindolizine (1715 cm-1),22 and for 2-carbomethoxyin- 
dolizine (1714 cm-l),16 suggested that  the indolizine in 
question was the 1-carbomethoxy isomer 7. The NMR spec- 
trum of 7 was similar to that  of 6 (R1 = 7-PhCO) except that  
the H2 and H3 protons appeared as a singlet a t  6 7.33. The 
difference in chemical shifts between Hz and H3 protons in 
indolizine is only 0.50, and is expected to decrease in l-car- 
bomethoxyindolizine owing to the greater deshielding effect 
of a 1-carbomethoxy substituent on Hz than on H3, and hence 
the accidental degeneracy of Hz and H3 is not unreasonable. 
Furthermore, 7 is different from authentic 7-benzoyl-2-car- 
bomethoxyindolizine.23 

The only failure to date occurred in the attempted synthesis 
of 6 (R1 = 4-Me). Other failures have been reported4 in the 

M3N 
3 (Rl = 4-Me) -----t 
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Table VI. Values of m/e  and Relative Abundances (%) of Some Fragments in the Mass Spectrum of 6 
M.' - MeO- - Me' --(CO, Ma+ - 2 Base 

R '  M.+ M-+ - MeO- HCHO HCHO) (CO, HCHO) Peak 

H 233 (70) 202 (100) 
7-CN 258 (46) 227 (100) 
7-PhCO 337 (5) 306 (6) 
7-t-BU 28% (28) 258 (13) 
6,8-C12a 301 (45) 270 (100) 
6, 8-Me2 261 (45) 230 (7) 

aFor  35Cl. 

synthesis of 7-methylindolizines from 4-methylpyridinium 
ylides and were attributed to the instability of the ylide. It 
seems more likely that deprotonation of the 4-methyl rather 
than the methylene group is occurring to  give 8 which goes on 
to tarry by-products in the  presence of the acetylenedicar- 
boxylate. 

The 1-pyridinium p-toluenesulfonylmethylides (4) were 
investigated briefly as a possible source of sulfonylcarbenes. 
The ylide (4, R1 = H) was generated from 3 (R1 = H) and base 
in a two-phase system (water-cyclohexene or water-benzene) 
but none of the known24 products of reaction of a sulfonyl- 
carbene with these solvents were observed. 

Experimental Section 
Melting points are uncorrected. Infrared spectra were determined 

on a Perkin-Elmer 257 spectrometer. Nuclear magnetic resonance 
spectra were recorded on a Varian Associates HA-100 spectrometer 
using tetramethylsilane as the internal standard. Mass spectra were 
recorded on a Perkin-Elmer RMU-6M spectrometer. Basic alumina 
for chromatography was Alcoa F-20. 

p-Toluenesulfonylmethyl Trifluoromethanesulfonate (2). A 
solution of p-toluenesulfonylmethanolz5 (1.00 g, 0.00537 mol) in dry 
ether (25 ml) was added to a suspension of trifluoromethanesulfonic 
anhydrideZ6gz7 (1.51 g, 0.0058 mol) and pyridine (0.60 g, 0.0076 mol) 
in ether (25 ml) at -78 "C with vigorous stirring. After 1 h, the mixture 
was warmed to room temperature. After 24 h, water (50 ml) was added 
to the mixture and the organic material was extracted with methylene 
chloride (3 X 75 ml). The solvent was evaporated in vacuo and the 
crude product was recrystallized from a mixture of ether and light 
petroleum (1:2 v/v) to give p-toluenesulfonylmethyl trifluoro- 
methanesulfonate (2,1.37 g, 80%) as colorless needles: mp 88-89 "C 
(lit.13 not reported); ir (KBr) 1338 (vas SOz), 1208 ( v c F ~ ) ,  1148 cm-I 
(u,~, SO,); NMR (CCld-CDC13, 1:l V/V) 6 7.82 (d, 2 H, JAB = 8 Hz, 
HA), 7.38 (d, 2 H, JAB = 8 Hz, HB), 5.10 (6, 2 H, CHz), 2.46 (8, 3 H, 
CH3); mass spectrum m/e 318 (Me+, 5), 155 (50), 139 (35), 99 (7), 92 
(lo), 91 (loo), 90 (5), 89.(7.5), 69 (42), 65 (32), 63 (9). 

Anal. Calcd for CgHgF305Sz: C, 33.96; H, 2.82. Found: C, 34.22; H, 
2.89. 

Reaction of 2 with Substituted Pyridines. General Procedure. 
p-Toluenesulfonylmethyl trifluoromethanesulfonate (2, 0.10 mol), 
the pyridine (0.012 mol), and absolute ethanol (ca. 20 ml) were heated 
in a Fischer-Porter tube under the conditions specified in Table I and 
the resulting mixture was poured into anhydrous ether (500 ml) in 
small portions with stirring to give colorless crystals of the pyridinium 
salts (3). 
1-p-Toluenesulfonylmethylpyridinium trifluorometh- 

anesulfonate (3, R1 = H) (3.77 g, 95%), mp 135-136 "C. 
Anal. Calcd for CI~HI~F~NOSSZ: C, 42.34; H, 3.55. Found: C, 42.46; 

H, 3.81. 
1-p-Toluenesulfonylmethyl-4-methylpyridinium trifluoro- 

methanesulfonate (3, R' = 4-Me) (3.70 g, go%), mp 148-150 "C. 
Anal. Calcd for C I ~ H ~ ~ F ~ N O ~ S Z :  C, 43.79; H, 3.97. Found: C, 43.77; 

H, 4.18. 
1-p-Toluenesulfonylmethyl-4-cyanopyridinium trifluoro- 

methanesulfonate (3, R1 = 4-CN) (4.09 g, 97%), mp 200-201 OC. 
Anal. Calcd for CI~HI~F~NZO~SL:  C, 42.66; H, 3.10. Found C, 42.85; 

H, 3.09. 
1-p-Toluenesulfonylmethyl-4-benzoylpyridinium trifluoro- 

methanesulfonate (3, R1 = 4-PhCO) (4.76 g, 95%), mp 188-189 "C. 
Anal. Calcd for CZ&SF~NO&Z: C, 50.29; H, 3.62; N, 2.79. Found: 

C, 50.36; H, 3.73; N, 2.59. 
1 -p-Toluenesulfonylmethyl-4- tert- butylpyridinium trifluo- 

romethanesulfonate (3, R1 = 4-t-Bu) (3.85 g, 85%): mp 107-108 "C. 

172 (33) 175  (15) 117 (16) 202 

228 (5) 91  

197 (32) 200 (8) 142 (18) 227 
1 6 3  

240 (17) 243 (15) 185 (13) 270 
200 (15) 203 (6)  145  (11) 229 

Anal. Calcd for ClsHzzF3NO5Sz: C, 47.67; H, 4.89; N; 3.09. Found: 
C, 47.67; H, 4.96; N, 3.21. 
l-p-Toluenesulfonylmethyl-3,5-dichloropyridinium trifluo- 

romethanthlfonate (3, R1 = 3,5-c12) (4.26 g, 92%), mp 196-198 "C. 
Anal. Calcd for C ~ ~ H ~ ~ C ~ Z F ~ N O ~ S Z :  C, 36.06; H, 2.59; N, 3.00. 

Found: C, 36.32; H, 2.68; N, 2.80. 
l-p-Toluenesulfonylmethyl-3,5-dimethylpyridinium triflu- 

oromethanesulfonate (3, R' = 3,5-Mez) (4.08 g, 96%), mp 202-204 
"C. 

Anal. Calcd for C ~ C H ~ ~ F ~ N O ~ S Z :  C, 45.17; H, 4.26; N, 3.29. Found: 
C, 45.22; H, 4.25; N, 3.33. 
1,2-Dicarbomethoxyindolizines (6). General Procedure. Tri- 

ethylamine (3.03 g, 0.030 mol) in chloroform (20 ml) was added 
dropwise over a period of 10 min to a stirred suspension of the 1- 
arylsulfonylmethylpyridinium trifluoromethanesulfonates (0.0050 
mol) and dimethyl acetylenedicarboxylate (5.0 g, 0.035 mol) in chlo- 
roform (100 ml) at room temperature. When the addition of the tri- 
ethylamine was complete, the reaction mixture was boiled under re- 
flux for 30 min, basic alumina (ca. 20 g) was added, and the solvent 
was evaporated to dryness. The residue was chromatographed over 
basic alumina. Elution with ether gave unreacted dimethyl acety- 
lenedicarboxylate (ca. 4 9). Continued elution gave the 1,2-dicar- 
bomethoxyindolizines (6). 
1,2-Dicarbomethoxyindolizine (6, R' = H) was prepared from 

3 (R' = H). Elution with ether gave a yellow solid which was recrys- 
tallized from a mixture of ether and light petroleum (1:4 v/v) to give 
6 (R1 = H) (0.84 g, 72%), mp 88-90 "C (lit.16 mp 89-91 "C). 

1,2-Dicarbomethoxy-7-tert-butylindolizine (6, R1 = 7-t -Bu) 
was prepared from 3 (R' = 4-t-Bu). Elution with a mixture of ether 
and methylene chloride (9:l v/v) gave yellow crystals which were re- 
crystallized from a mixture of ether and light petroleum (2:98 v / ~ )  to 
give 6 (R' = 7-t-Bu) (0.96 g, 64961, mp 84-86 "C. 

Anal. Calcd for C16H1gN04: C, 66.42; H, 6.62; N, 4.84. Found: C, 
66.53; H, 6.63; N, 4.95. 
1,2-Dicarbomethoxy-7-benzoylindolizine (6, R1 = 7-PhCO) was 

prepared from 3 (R' = 4-PhCO). Elution with methylene chloride gave 
pale yellow crystals which were recrystallized from ether to give 6 (R' 
= 7-PhCO) (1.38 g, 82%), mp 123-124 "C. 

Anal. Calcd for C19H16N05: C, 67.65; H, 4.48; N, 4.15. Found: C, 
6'7.58; H, 4.42; N, 4.23. 
1,2-Dicarbomethoxy-6,8-dimethylindolizine (6, R1 = 6,8-Mez) 

was prepared from 3 (R' = 3,s-Mez). Elution with a mixture of ether 
and methylene chloride (1:l v/v) gave colorless crystals which were 
recrystallized from ether to give 6 (R' = 6,8-Mez) (1.15 g, 88961, mp 
X35-136 "C. 

Anal. Calcd for C14H15N04: C, 64.36; H, 5.79; N, 5.36. Found: C, 
64.36; H, 5.80; N, 5.23. 
1,2-Dicarbomethoxy-6,8-dichloroindolizine (6, R1 = 6,8-Cl2) 

was prepared from 3 (R' = 3,5-c12). Elution with a mixture of ether 
and methylene chloride (1:l v/v) gave colorless crystals which were 
recrystallized from ether to give 6 (R' = 6,8-Cl~) (1.28 g, 85%), mp 
127-128 "C. 

Anal. Calcd for ClzH&lzN04: C, 47.70; H, 3.00; N, 4.64. Found: C, 
48.01; H, 3.12; N, 4.57. 
1,2-Dicarbomethoxy-7-cyanoindolizine (6, R1 = 7-CN) was 

prepared from 3 (R1 = 4-CN). The crude reaction mixture was tritu- 
rated with methanol (20 ml) to give yellow crystals, which were re- 
crystallized from methanol to give 6 (R1 = 7-CN) (1.05 g, 78%), mp 
169 "C. 

Anal. Calcd for C13H10Nz04: C, 60.46; H, 3.90. Found: C, 60.45; H, 
3.94. 

Attempted Synthesis of 1,2-Dicarbomethoxy-7-methylindo- 
lizine (10). Treatment of 3 (R' = 4-Me) with triethylamine in the 
presence of dimethyl acetylenedicarboxylate under the conditions 
described in the general procedure gave intractable materials. 
I-Carbomethoxy-7-benzoylindolizine (7) was prepared from 
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3 (R1 = 4-PhCO) (1.25 g, 0.0025 mol)  and methy l  propiolate (0.42 g, 
0.0050 mol). E lu t ion  w i t h  a mix tu re  o f  ether and methylene chloride 
( 1 5  v/v) gave yellow crystals which were recrystallized f rom a mixture 
of ether and l igh t  petroleum (1:4 v/v) t o  give 7 (0.454 g, 65%): mp 
174-175 O C ;  ir (KBr) 1700 (uc=o, ester), 1650 cm- l  (vc=o, benzoyl); 

(dd, 2 H, JAB = 8, JAC = 2 Hz, HA, ortho H in benzoyl), 7.60-7.45 (m, 
3 H, meta and para H in benzoyl), 7.33 (s, 2 H, Hz and H3), 7.27 (d, 1 
H, J5,6 = 7 Hz, H6) 3.83 (s,3 H, CH3); mass spectrum m/e 279 (Ma+, 
loo), 249 (E) ,  248 (Ma+ - MeO., go), 221 (M.+ - CO - HCHO, 7), 202 
(E), 165 (13). 

Anal. Calcd for C17H13N03: C, 73.10; H, 4.69; N, 5.01. Found: C, 
72.80; H, 4.78; N, 4.86. 

NMR (CDC13) 6 8.60 (9, 1 H, He), 8.03 (d, 1 H, J5,6 = 7 Hz, H5), 7.82 
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T h e  reaction o f  1-triphenylmethylpyridinium salts;e.g., 1, w i t h  sodio diisopropylphosphonate yields di isopropyl 
pyridyl-4-phosphonates, e.g., 3. T h e  reaction is applicable t o  pyridinium salts having n o  a substituents. T h e  esters 
are characterized by lH, 13C, and 31P NMR spectra. Hydrolysis o f  the  esters yields the corresponding pyr idy l -4-  
phosphonic acids whose dissociation constants are reported. 

Previously we have described a general route for the syn- 
thesis of pyridyl-2-phosphonates (eq 1) and reported some of 

n 

OMe 
the properties of these compounds.l,2 Although numerous 
attempts were made to induce attack a t  the 4 position by 
changes in solvent, reaction temperature, etc., this was com- 
pletely unsuccessful3 and only where both positions a to ni- 
trogen are substituted does attack by the phosphonate anion 
occur a t  the 4 position. The present paper describes a new 
approach which yields exclusively pyridyl-4-phosphonates 
and thus complements the earlier method. 

The approach taken was to attach a bulky substituent to 
nitrogen, namely triphenylmethyl, to shield the 2 positions 
of the pyridine from nucleophilic attack, an approach which 
was partially successful for hydride a t t a ~ k . ~  Thus, triphen- 
ylmethylpyridinium tetrafluoroborate (1) upon treatment 
with the sodio derivative of diisopropyl phosphite yielded 

diisopropyl pyridyl-4-phosphonate (3). The 1,4-dihydropyr- 
idine 2 is presumably an intermediate but decomposes to 3 
under the reaction conditions. The lH  NMR spectrum of 3 
fully supports the assigned structure showing a multiplet, 6 
7.65, for the protons abC3 and C5 and a multiplet, 6 8.75, for 
the protons a t  C2 and Cg, in addition to  isopropoxy  group^.^ 
The 13C NMR spectrum further supports the structural as- 

1 2 

1 
O=P(Oi-Pr)? 

3 


