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mol) of oxanilyl chloride dissolved in 50 ml of ethyl acetate. 
After refluxing for 4 hr under dry conditions, the reaction mixture 
was cooled and 2 g of solid was removed by suction filtration. 
The filtrate was evaporated to a syrup, the syrup was stirred 
with 957, ethanol, and the ethanolic solution was chilled in a 
freezer to give crystals of the desired product. A second crop 
was collected by concentrating the ethanolic filtrate, giving a 
total of 3.73 g (53%). I r  spectra of the products from methods 
A and B were identical. 

ilnal. Calcd: N ,  10.08. Found: N (micro Kjeldahl), 
10.33. 
N-Oxanilyl-a-aminoisobutyric Acid (6).-The finely powdered 

ester (5.25 g, 0.018 mol) was suspended in 500 ml of 0.5 N sodium 
hydroxide solution plus 100 ml of 9570 ethanol. After the mix- 
ture had been stirred for 1 hr at room temperature (28O), a 
small amount of unreacted material was removed by suction 
filtration. The filtrate was acidified to pH 2 with concentrated 
hydrochloric acid, the mixture being cooled in an ice bath. 
The precipitate was collected by filtration, washed with cold 
acidified water, arid dried at  100’: yield, after recrystallization 
from 95% ethanol, 3.44 g (737,); mp 203-204”. 

Anal. Calcd for CUHMNPO~: C, 36.45; H,  5.60; N,  11.18. 
Found: C, 56.97; H,  5.61; N ,  11.31. 

Attempted Cyclization of 6.-A sample of 2.0 g of 6 was added 
to 15 ml of acetic anhydride and the mixture was heated on a 
steam bath for 43 min. Excess acetic anhydride was distilled 
off a t  24’ (1.8 mm), and the syrupy residue remaining in the 
distillation flask was chilled in a freezer. The crystals which 
separated were obtained by suction filtration. Two crops were 
combined and recrystallized from benzene plus n-pentane, yield- 
ing 0.83 g (367,) of product which analyzed for the mixed anhy- 
dride 7, mp 103-104’. 

Anal. Calcd for  ClJI16N205: C, 57.60; H,  5.52; N, 9.57. 
Found: C, 57.63; H, 5.57; N, 9.23. 

Registry No.-a-Aminoisobutyric acid ethyl ester 
hydrochloride, 1728s-15-2; lb diethyl ester, 17288-16- 
3; lb, 1728s-17-4; mixed anhydride from lb and acetic 
acid, 172SS-1s-5; Zb, 17288-19-6; 3 diethyl ester, 
17288-20-9; 3,17288-21-0; barium salt of 3,17288-22-1; 
6 ethyl ester, 17283-23-2; 6, 17288-24-3; 7,17288-25-4. 
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The coenzymatic form of vitamin Ba is pyridoxal 
5’-phosphate. Very few analogs of this compound in 
which the phosphate ester has been replaced by another 
acidic group2 and none in which i t  has been replaced 
with a carboxylic acid have been reported. Our in- 
terest in the biological properties of such compounds 
prompted us to synthesize the compounds pyridoxal 
5’-palmitate and pyridoxal 5’-benzoate (6a and 6b). 
Furthermore, we converted these esters into 3,5’ di- 
esters. Such diesters of pyridoxal have not been pre- 
viously synthesized. The pyridoxal 5’ esters were 
prepared using methods reported for the synthesis of 
analogous compounds3 (see Scheme I). 

(1) (a) This work represents a portion of a thesis to be presented by L. T. 
Sennello as partial fulfillment of the requirements for the degree of Doctor of 
Philosophy a t  the University of Illinois, Urbana, Ill. (b) Supported in part 
by a U. S. Public Health Service Research Grant (AM 00257) and in part by 
a U. S. Public Health Service Training Grant (1 TI Gm 653-07). 

(2) T. Kuroda, Bitamin ( K y o t o ) ,  88, 21 (1963). 
(3) P. D. Sattsangi and C .  J .  Argoudelis, J .  Or@. Chem., IS, 1337 (1968). 
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When pyridoxal 5’ esters (6a and ab) were treated 
with acetic anhydride or palmitoyl chloride in pyridine, 
the corresponding pyridoxal 3,5‘ diesters (5c, 5d, and 
5e) were obtained. The diesters are of special interest 
in view of the recent work of Prosser, Sheppard, and 
Libby4 who claimed to have synthesized pyridoxal 
3,5‘-diacetate by treating pyridoxal hydrochloride in 
pyridine-chloroform mixture with acetic anhydride. 
Korytnyk, et aZ.?6 have conclusively established the 
structure of the compounds obtained when pyridoxal is 
treated with acetic anhydride or palmitoyl chloride as 
pyridoxal 3,4’ diesters (1,3-dihydro-l,7-diacyloxy-6- 
methylfuro [3,4-c ]pyridine) (4), thus questioning the 
previously reported synthesis of pyridoxal 3,5’-dipal- 
mitate.’ However, Prosser, et aL14 to explain the 
nuclear magnetic resonance (nmr) spectrum of the com- 
pound which they had obtained (aldehydic proton signal 
and lack of acetal proton signal), attributed its pyri- 
doxal 3,5’ diester structure to possible isomerization 
during the isolation procedure. It has been shown in 
the literature that, since pyridoxal exists predominantly 
in the cyclic hemiacetal form,* attempts to esterify5,C 
or etherifyg*10 it directly will result in the formation of 
the corresponding cyclic 4’ ester or acetal derivatjive. 
Nevertheless, the possibility existed that a rearrange- 
ment took place in the course of drying and neutraliza- 
tion, resulting in the formation of the free aldehyde 
form. 

(4) A. R. Prosser. A. J. Sheppard, and D. A. Libby, J .  Ass. O&. Anal .  

(5) W. Korytnyk and B. Paul, Tetrahedron Lett., 777 (1966). 
(6) W. Korytnyk, G. Frioke, and B. Paul, Anal.  Biochem.. 17, 66 (1966). 
(7) T. Saguragi and F. A. Kummerow, J .  Amer. Chem. Soe., 78, 839 (1956). 
(8 )  D. Heinert and A. E. Martell, ibid. ,  81, 3933 (1959). 
(9) L. T. Sennello, F. A. Kummerow, and C. J. Argoudelis, J .  Heterocycl. 

(10) W. Richter, M. Vecchi. W. Vetter, and W. Walther, Helu .  Chim. 

Chem., 60, 1348 (1967). 

Chem., 4, 295 (1967). 

Acta, 60, 364 (1967). 
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TABLE I 
SPECTRAL DATA 

-Amax, mp (emax X 10-9- X-, cm-1 
0.01 N 0.01 N -(>C=O 8tretch)- Nmr characteristicsQ 

Compound HCI-MeOH NaOH-MeOH CHCla CCh KBr 2-CHa 4-CHz 5-CH1 6-H Other 
Isopropylidenepyridoxol 230 (sh) (5.0) 281 (5.8) 1745 2.40 4.85 4 .98  8 .03  1 .25  (sliphatic CHz) 

5’-palmitate (20) 292 (9.1) 1 .53  (gem-dimethyl) 
Isopropylidenepyridoxol 229 (18.7) 229 (18.2) 1724 2.43 4 .93  5 .23  1 .53  (gem-dimethyl) 

5’-bensoate (2b) 292 (9.5) 281 (6.9) 7.33-8.08 (phenyl + 
pyridine 6-H 

Pyridoxol5‘-palmitate (30) 230 (sh) (2.9) 247 (7.2) 1740 2.42 5.05b 4.9sb 5.08 1.25 (aliphatic CHn) 

Pyridoxol 5’-benzoate (3b) 230 (17.1) 229 (17.3) 1720 Insoluble in CHCls 
292 (8.9) 310 (6.9) 

294 (9.7) 249 (sh) (6.4) 
310 (5.8) 

Pyridoxal 5’-palmitate (6a) 230 (ah) (3.8) 232 (13.1) 251 (5.6) 1665, 1747 1660,1682, 2.57 5.41 8.28 1.25 (aliphatic CHz) 
296 (8.9) 312 ( 1 , l )  292 (ah) (0.69) 1730,1741 10.40 (4-CHO) 

390 (5.0) 352 (3.9) 11.33 (3-OH) 
Pyridoxal 5’-benzoate (6b) 229 (10.7) 230 (15.2) 285 (2.0) 1665, 1727 1655, 1727 2.56 5.65 8 .30  7.33-8.16 (phenyl) 

296 (7.8) 314 (2.0) 350(2.4) 10.50 (4-CHO) 
390 (3.4) 

Pyridoxal 3-acetate 276 (8.2) 250 (7.8)”’ 307 (3.7) 1712, 1745, 1695,1735, 2.50 5 .43  8.62 1.25 (aliphatic CHd 
5’-palmitate ( 5 ~ )  319 (7.7) 1783 1758 2.41 (acetate CHa) 

Pyridoxal 3-acetate 230 (14.1) 229 (19.3)“*d 285 (sh) (3.2) 1715, 1743, 1695,1725, 2.50 5.66 8 . 5 3  2.40 (acetate CHa) 
5‘-benzoate (56) 275 (8.2) 249 (sh) (9.7) 308 (3,8) 1780 1775 7.16-8.16 (phenyl) 

Pyridoxal 3,5’-dipalmitate 277 (7.0) 249 (6.1)”‘ 309 (2.8) 1713, 1747, 1702, 1725, 2.48 5.40 8.57 1.25 (aliphatic CHd 

10.27 (4-CHO) 

319 (7.6) 10.38 (4-CHO) 

(5e) 309 (5.6) 1770 1750,1770 10.26 (4-CHO) 
a In parts per million (6)  units from TMS internal standard, with all peaks singlets except phenyl proton signals which were complex 

multiplets. Such absorption is usually indicative of a dissociable phenolic group,d which should not be 
present in these structures. In each case, after the spectra were run in alkaline methanol, the solutions in the cuvettes were acidified 
with methanolic hydrochloric acid and their spectra were run again. With each of these compounds, the new absorption maximum in 
acidic solution was at  about 295 mp, again suggesting a free phenolic gr0up.d A reaction had apparently taken place in alkaline solution 
which resulted in the formation of a compound with a free 3-OH group. The possibility of simple saponification of the esters was un- 
likely, since the alkaline spectra did not resemble those of the parent pyridoxal 5’ esters or pyridoxal. In  spite of this anomalous be- 
havior, the alkaline spectra were reproducible and characteristic of the compounds. Further work to investigate this phenomenon is 
in progress. 

Tentative assignment. 

d J. Baddiley and A. P. Mathias, J .  Chem. Soc., 2583 (1952). 

To clarify the structure of the product obtained from 
pyridoxal and acetic anhydride by the procedure of 
Prosser, et ~ l . , ~  we repeated their synthesis. As stated, 
the product first appeared as a “light brown oily resi- 
due,” but crystallized after standing awhile. The 
solid residue was recrystallized from ether-petroleum 
ether to  give a compound of mp 106-108°6 which had 
similar ultraviolet (uv) and infrared (ir) spectra to  
those reported by Prosser, et al., for the “oily residue.” 
Its nmr spectrum in chloroform-d though, was some- 
what different from that reported by them and similar 
to that reported by Korytnyk, et ~ l . , ~ , ~  for pyridoxal 3,- 
4’-diacetate and -dipalmitate (4). Rloreover, the uv 
spectra in chloroform solution of the pyridoxal 3,5’ 
diesters which we have synthesized show maximum 
absorptions at about 310 mp, and their ir spectra in 
carbon tetrachloride show three well-resolved absorp- 
tion peaks in the 1GOO-1800-cm-1 region, two for the 
esters (phenolic and benzylic), and one for the free 4- 
formyl group. This was considerably in variance with 
the 270-mp absorption and the weak poorly resolved 
shoulders on the 1755-cm-l peak reported by Prosser, 
et aL4 

Although it was not specified in the Prosser, Shep- 
pard, and Libby r e p ~ r t , ~  it was assumed that they 
determined their nmr spectra in chloroform. While 
the nmr spectrum of the proposed pyridoxal 3,5’-di- 
acetate is basically as reported by these authors, two 
significant points were overlooked. Prosser, et al. ,4 

stated that no peak was found a t  -255 cps (6 4.83 ppm) 
to  account for the acetal proton. Indeed there was 
none in our spectrum, but there was one at  6 7.33 ppm 
which is where one would expect to find it by using 

pyridoxal 3,4’-dipalmitate (4) as a model c o m p o ~ n d . ~  
This might be easily overlooked, as it overlaps that 
of the CHCl, naturally occurring in the CDCla 
solvent. Close examination of the peak attributed to 
the 5-CHz group showed it to be a portion of an AB 
quartet with the two outside peaks very small and al- 
most hidden by background noise. It, seems, therefore, 
that the peak at  -617 cps (6 10.28 ppm) was due to an 
impurity, since the preparation did not provide for 
purification of the sample. Thus, it must be concluded 
that the presumed pyridoxal 3,5’-dia~etate,~ like the 
previously reported pyridoxal 3,5’-dipalmitate,’ was in 
fact the cyclic diester with structure (4). 

An unambiguous synthesis of pyridoxal 3,5‘-dipal- 
mitate is presented herein. Verification of the struc- 
tures of the new compounds was generally straightfor- 
ward, the only exception being the anomalous infrared 
spectra of pyridoxal 5’-palmitate and pyridoxal 3,5‘- 
dipalmitate in potassium bromide pellets. With these 
compounds some of the carbonyl peaks appeared as 
doublets in potassium bromide pellets, but collapsed to 
sharp singlets when run in carbon tetrachloride solu- 
tion. Compounds 1 and 2 gave negative Gibbs tests,” 
while 3 and 6 gave positive ones. Pyridoxal 5’-palmi- 
tate and -benzoate produced the blue coloration very 
slowly (in about 1 min). 

The pyridoxal 3,5’ diesters were all sensitive to  
moisture and very susceptible to  hydrolysis. They 
would in fact hydrolyze very slowly upon contact with 
atmospheric moisture. 

Spectral data are given in Table I. 

(11) H. D. Gibha, J .  Biol. Chem., 72, 649 (1927) 
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Experimental Section12 

5- (Palmitoxymethyl)-2,2 ,S-trimethy1-4H-m-dioxino [4,5-c] pyr- 
idine (Isopropylidenepyridoxol S'-Palmitate) (2a).-Isopropyl- 
idenepyridoxol (1:s 1.68 g) was dissolved in 100 ml of anhydrous 
pyridine, and 3 ml of palmitoyl chloride was added quickly. The 
mixture was stirred at  room temperature overnight, a t  which time 
100 ml of petroleum ether (bp 30-60') was added. This solution 
was washed twice with 0.1 1V aqueous hydrochloric acid, with 
1 .o A4 aqueous potassium carbonate until no further interfacial 
emulsion was formed (about ten times), dried over sodium sulfate, 
and evaporated to dryness a t  room temperature. The resulting 
white residue of isopropylidenepyridoxol 5'-palmitate weighed 
2.34 g (65%, mp 45-48'). Recrystallization from methanol 
raised the melting point to 50-51" (lit.14 mp 43-44'). 

2-Methyl-3-hydroxy-4-hydroxyme thyl-5-palmitoxymethylpyr- 
idene (Pyridoxol 5'-Palmitate) (3a).-This compound was pre- 
pared by the method of Korytnyk and Paul14 except that theprod- 
uct was crystallized from methanol-water and then acetone- 
petroleum ether: mp 104-105' (lit.7*'4 mp 72-76 and 99-100'). 

2-Methyl-3-hydroxy-4-formyl-5-palmitoxymethylpyridine (Py- 
ridoxal 5'-Palmitate) (6a) and 2-Methyl-3-hydroxy-4-formyl-5- 
benzoxymethylpyridine (Pyridoxal 5'-Benzoate) (6b).-Pyrid- 
0x01 S'-palmitate (3a) or -benzoateI6 (3b, 0.25 g) was dissolved 
in 20 ml of chloroform or anhydrous methanol, respectively. 
hlanganese dioxide "B" (1 g) was added, and the suspension 
was stirred 36 hr a t  room temperature. Most of the manganese 
dioxide was removed by filtering the mixture through a fine paper 
filter. The solvent was evaporated to a volume of about 1 ml and 
applied to a 2 in. x 1 in. silicic acid chromatographic column. 
The pyridoxal 5'-palmitate or -benzoate was eluted with chloro- 
form. The elution could be monitored visually owing to the 
yellow color of the product. As the desired products passed 
through the column, the manganese dioxide remained on top. 
The chloroform eluate was evaporated at  room temperature, and 
the residue was taken up in acetone. The products were pre- 
cipitated with water, filtered, and dried. The yield of the palmi- 
tate was 0.18 g (72y0) with mp 66-68", which was raised to 68- 
70" by recrystallization from methanol. A yield of 0.77 g (77%) 
was obtained with the benzoate. Its melting point was 95-106", 
which was raised to 1@6-10S0 with recrystallization from 
methanol. 

A n a l .  Calcd for C21HSCN04: C, 71.07; H,  9.69; N,  3.48. 
Found: C, 71.27; H, 9.63; N, 3.64. Calcd for C15HlaNOd: C, 
66.41; H, 4.83; N, 5.13. Found: C, 66.10; H, 4.92; N, 5.14. 

2-Methyl-3-acetoxy-4-formyl-5-palmitoxymethylpyridine (Py- 
ridoxal 3-Acetate 5 '-Palmitate) (5c), 2-Methyl-3-acetoxy-4-formyl- 
5-benzoxymethylpyridine (Pyridoxal 3-Acetate 5 '-Benzoate) (Sd), 
and 2 - Methyl - 3 - palmitoxy-4-formyl-5-palmitoxymethylpyridine 
(Pyridoxal 3,5'-Dipalmitate) (Se).-To a solution of 0.25 g of 
pyridoxal 5'-palmitate or benzoate in 20 ml of dry pyridine was 
added 1.2 equiv of acetic anhydride or palmitoyl chloride. The 
solution was allowed to stand 3-4 hr a t  room temperature. The 
solvent was removed under reduced pressure, and the residue was 
taken up in dry acetonitrile. Upon refrigeration for several 
hours, 0.21 g (77(Z,, mp 63-66'), 0.22 g (77%, mp 98-100'), 
0.36 g (go%;;, mp 64-69'), respectively, of pyridoxal 3- 
acetate 5'-palmitate, pyridoxal 3-acetate 5'-benzoate, and 
pyridoxal 3,5'-dipalmitate were obtained. The melting points 
were raised to 65-65', 108-109O, and 68-69' with two recrys 
tallizations from dry acetonitrile. 

A n a l .  Calcd for C26HllS05: C, 69.77; H, 9.23; N,  3.13. 
Found: C, 69.73; H, 9.37; N, 3.41. Calcd for C17H15NOs: 
C, 65.17; H, 4.83; N,  4.47. Found: C, 64.73; H, 4.99; N, 
4.69. Calcd for CIOHBONO~: C, 74.60; H, 10.80; N, 2.17. 
Found: C, 74.61; H, 10.54; N,  1.89. 

112) Ultraviolet spectra were determined with a Gary recording spec- 
trometer, Model 11M. Nuclear magnetic resonance spectra were obtained 
using a Varian A - B O A  instrument a t  60 Mops. Compounds were used as 30% 
solutions in deuterated chloroform. Results are expressed in parts per mil- 
lion (a) units from tetramethylailane as internal standard. Infrared spectra 
were recorded with a Beckman IR-7 spectrometer, with samples used as 
potassium bromide pellets or 10% solutions in carbon tetrachloride. Micro- 
analyses were performed by the Clark Microanalytical Laboratories, Urbana, 
111. 

(13) W. Korytnyk and W. Wiedeman, J .  Chem. SOC., 2531 (1962). 
(14) W. Korytnyk and B. Paul, J .  Org. Chem.. 82, 3791 (1967). 
(15) U. Schmidt and G.  Giesselmann, Ann., 657, 162 (1962). 
(16) 31. Harnfiest, A.  Bavley, and W. A. Lazier, J .  070. Chem., 19, 1608 

(1954). 

All melting points are corrected. 

Registry No.-2a, 14320-27-5; 2b, 17288-58-3; 
3a, 14210-75-4; 3b, 17288-60-7; 5c, 17288-61-8; Sd, 
17288-62-9; Je, 1961-81-5; 6a, 17288-64-1; 6b, 
17288-65-2. 
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Sempervirine, an interesting indole alkaloid ob- 
tained from Gelsemium sempervirens, Ait.,2r3 has been 
the subject of several communications relating to its 

We now wish to report a very conve- 
nient route to sempervirine that should be capable of 
extension to related ring systems. 

Condensation of a-picolinium salts having an active 
methylene group as part of the substituent on the ni- 
trogen atom, as, e.g., in 2-methyl-l-ethoxycarbonyl- 
methylpyridinium halides, with suitable a diketones 
has been showns to be a very effective route to quino- 
lizinium salts. In  most instances, spontaneous hy- 
drolysis and decarboxylation of the original ester 
function occurred but under certain conditions,S the 
ester group could be retained in the resulting quino- 
lizinium salt. As sempervirine contains the quino- 
lizinium nucleus, this procedure should provide a 
simple route for its synthesis and this expectation was 
borne out as described below. 

Quaternization of harman with ethyl bromoacetate 
occurred in excellent yield, either at the reflux tem- 
perature in benzene, or a t  room temperature in ethanol. 
Similarly, reaction of harman with methyl iodide was 
found to give the corresponding methiodide in good 
yield. That reaction had occurred at  N-2 in both 
cases was indicated by the analytical data and also by 
the visible and ultraviolet absorption spectral character- 
istics of these salts. The development of anhydro- 

(1) (a) Partial financial support from E. S. Public Health Service R e  
search Grant HE 09991, National Heart Institute, is gratefully acknowl- 
edged. (b) Abstracted in part from the Ph.D. Dissertation of G .  S. M., Uni- 
versity of Louisville, 1967. 
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(5) R.  B. Woodward and W. M. McLamore quoted in J. E. Saxton, Quart. 

(6) G. A. Swan, J .  Chem. Soc., 2038 (1958). 
(7) Y .  Ban and M. Seo, Tetrahedron, 16, 11 (1961). 
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