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(b) From DL-, L-, D-, or naeso-1,2:3,4-Diepoxybutane.-To a 
stirred and cooled mixture of t-butyl alcohol (100 ml.) and diethyl 
ether (100 nd.), niethanesulfonic acid (technical grade, YO%, 80 
nil.) was added. A solution of the corresponding 1,2:3,4- 
diepoxybutane" (32 ml.) in diethyl ether (100 ml.) was then 
added dropwise over 2.5 hr. a t  15-20'. ilfter 33% of the di- 
epoxybutane had been added the bismethanesulfonate began to 
crystallize from the reaction mixture. After the addition wae 
completed, stirring was continued for 5 hr. followed by standing 
in a refrigerator for 16 hr. The crude product, was collected by 
filtration, and washed with a 1 : 2  mixture of t-butyl alcohol- 
diethyl ether. After several recrystallizations from ethanol, the 
yield of pure compound was approximately 30% based on 
diepoxybutane. -1 higher yield was obtained of the mem isomer. 
The physical properties were identical with those of the cor- 
responding compound obtained by one of the other routes and 
are listed in Table I .  

( c )  From 2,3-O-Isopropylidene-~~-, L-, or n-Threitol 1,4-Bis- 
methanesulfonate or 2,3-O-Isopropylideneerythritol 1,4-Bismeth- 
anesu1fonate.-The corresponding 2,3-0-isopropylidene com- 
pound (100 g.) was refluxed in 96Yc ethanol (400 ml.) for 10 hr., 
after addition of niethanesulfonic acid (0.5 ml.). The desired 
bismethanesulfonate crystallized on cooling and was filtered and 
washed with ethanol and diethyl ether. iifter recrystallization 
from ethanol the yield exceeded go%;,, and the physical properties 
were identical with those of the corresponding compound ob- 
tained by one of the other methods; see Table I .  
~-1,2 : 3,4-Diepoxybutane.-A suspension of L-threitol I ,4- 

bismethanesulfonate (55.8 g.)  in diethyl ether (150 ml.) was 
treated with KOH (25 9.) in water (25 ml.) as describedi1 for 
~-2,3-dibromo-1,4-butanediol resulting in ~-1,2:3,4-diepoxybu- 
tane (12.8 g.)  proved to be identical with authentic niaterial." 

General Methods for the Preparation of Cyclic Acetals and 
Ketals of D-, L-, DL-Threitol- and Erythritol 1,4-Bismethanesul- 
fonates. A.-A mixture of the corresponding bismethanesulfo- 
nate (10 g.), concentrated sulfuric acid (20 ml.), and the aldehyde 
( 2 O C ;  excess: formaldehyde as (CH&), with 100-20OL,: excess) 

was heated to 60-TO" while stirring for 15-30 min. ilfter cooling, 
the reaction mixture was poured into ice-water, and the reaction 
product isolated by filtration or extraction v i th  chloroforni or 
ethyl acetate. The produrt was then dried and the extraction 
solvent evaporated. For solvents of rerrystallization and 
physical properties see Table 11. 

B.-The corresponding bismethanesulfonate ( 10 g.) was re- 
fluxed in excess diethyl acetal for 6-20 hr. after methanesulfonir 
acid had been added (5 drops). If acetals with a higher boiling 
point mere used, then dilution with chloroform or ethyl acetate 
(100-200 nil.) Bas necessary. As for the meso isomers, an oc- 
casional removal of a solvent-ethanol mixture by distillation 
was advantageous. After cooling, the reaction product was 
c'rystallized by addition of diethyl ether. For solvents of re- 
crystallization and physical properties see Table 11. 

C.--A mi\ture of L-threitol 1,4-bismethanesulfonate (12 g.), 
concentrated sulfuric acid (50 ml.), and cu-ethoxy-p-trifluoro- 
ethanol (7 g.) was stirred at TO" for 1 hr. and the reaction mivture 
treated as described in .I. The resulting oil 1% as crJ-stallized bi- 
treatment with diethyl ether. For the solvent of rerrystalliza- 
tion and physical properties see Table 11. 

D.-To a suspension of the corresponding bismethanesulfonate 
(10 g.) in a solution of the aldehyde or ketone (50-100", excess) 
in chloroform or benzene (100 ml.) was added a few drops of 
niethanesulfonic acid, and the mixture was refluxed under a con- 
tinuous Rater separator for 3-20 hr. After cooling and dilution 
with diethyl ether the crude produrt was isolated by filtration 
(see Table 11). 

E.-To a suspension of the corresponding bismethanesulfonate 
(10 g , )  in benzene (100 nil.) was added a few drops of methane- 
sulfonic acid, and the mixture refluxed for 2 hr. while a solution of 
phenylaretaldehyde dimethylacetal in benzene (200 nil.) was 
added drop% ise. During the reaction a methanol-benzene miv- 
ture was removed by distillation resulting in a clear solution (60 
ml.). After cooling and dilution with diethyl ether the crude 
product was isolated by filtration (see Table TI). 
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The 3-niercapto analogs of pyridoxine and 4-desosypyridoxine have been prepared by the reaction of the ap- 
propriate diazonium salt with potassium ethyl xanthate followed by reduction of the xanthate ester with lithium 
aluminum hydride. These compounds and the requisite intermediates that  have been evaluated showed no 
anti-Bs activity or antitumor activity. "3-Thiopyridoxine" was capable of replacing Be for growth probably by 
conversion to pyridoxine. 

The rationale underlying the synthesis of potential 
vitamin antagonists for evaluation as antitumor 
agents has been discussed.' Briefly, the striking inhi- 
bition of 4-desoxypyridoxine, alone or in combination 
with certain other compounds, on the growth of Sar- 
coma 180 (in Swiss mice maintained on a &-deficient 
diet3) encouraged us to search for better B6 antagonists 
that might be effective antitumor agents on a complete 
diet. 

( 1 )  For paper I of this series see J. L.  Greene. Jr., and J. A. hlontgomery, 
J. M e d .  Chem., 6,  294 (1963). 

(2) This aork x a s  supported by funds from the Cancer Chemotherapy 
h-ational S e n  ice Center. National Cancer Institute, iiational Institutes of 
Health, Contract S o .  SA-43-ph.1740. 

(3) See footnote 3 ,  ref. 1 ,  and H.  E. Skipper, J. R. Thomson, and F. 11. 
Pchabel, Jr. ,  Cancer C h e m o t h e r a p y  R ~ p t . ,  29, 63 (1963). 

One of our early candidates for a possible antagonist 
of vitamin Bg was the compound "3-thio-4-deoxv- 
pyridoxine" (ci-mercapto-4,6-dimethyl-3-pyridin~meth- 
anol, VIIa) in which the phenolic group of 4-deoxypyri- 
doxine has been replaced by a mercapto group. The 
reaction of acetylacetone with 2-cyanoacetamide is 
known to give 4,6-dimethyl-2-hydroxynicotinonitrile 
(I)4 and this served as a starting point for the total 
synthesis of the target compound. Basic hydrolysis of 
the nitrile I gave 4,6-dimethyl-2-hydroxynicotinic acid 
(IIa) which was easily esterified by a modified Fisher 
procedure t o  give ethyl 2-hydroxy-4,6-dimethylnicotin- 
ate (IIIa). Kitrations of the acid I Ia  and of the ester 

(4) J. ilfoir, J .  Ckem. Soc.. 81, 105 (1902). 



IIIa vi th  luiiiiiig nitric acid iii sulfuric acid gave 4,6- 
dinietli..l-~--hydroxy-~-iiitroiiicotinic acid (Ilb) and 
(.thy1 2-hydroxy-4,fi-diinethg1-.5-nitronicotiiiate (IIIb), 
respectively. The prolonged treatment of either 111) 
01' l I Ih  with the standard chlorinating reagents (pliob- 
pliciiw pciitachloride in phosphorus oxychloride) for 
~ u c l i  coiiipouiids failed to  replace thc 2-hydrosy group 
ot c~ithc~r conipourid with a chloro group. Sitration of 
t l i f i  nitrile I ivith fuming nitric acid in sulfuric acid 
Z:L\ c good yields of 2-hydrox-y-~,fi-tiiiiietliyl-.i-tiitl.o- 
iiicotiiioiiitrile (IT). This hydroxy coiiipouiid (IY) 
I\ as iwdily converted to 2-cliloro-~,li-diriietliyI-.S-1iitro- 
iiicotiiioiiitrile (T'a) employing phosphorus peiitnclilo- 
i idc i l l  phosphorus oxychloride. The 2-cliloi o coiii- 
pound (\-a) reacted readily n i th  hydrazine to give 2-liv- 
tii~uziiio-l,(i-diiiietliyl-3-nitroiiicotii~oiiitrile (Ti)). Re- 
tiuctioii ( i f  T'a witli staiinous chloride in  liydiochloric 
a c 3  a h  dcsciibed by Perez-IIediri:t, et d.,' gave a good 
\.iclt l  of ~~-amiiio-2-chloio-~,6-dinietliylnicotiiio1iitiilc 
( \- la).  \\.'e found that refluxing compound T'Ia iii a 
\\ :itw suspciision of ziiic dust foi. exrlrtly tht. correct 
Iriigth of time6 1 ~ 5  tlie most effective ~vay to eliniiiiatcl 
cliloi iiic, giving ~-auiiiio-~,6-tlii~ietliyliiicotin~~iiiti i l r  

\\-I\)) .i i3aiiurii hgdroxidc 1 
t i  i l t h  YIb gave high yields of 
tiiiic acid (IXa) dihydrate. 
wi(l ( E n )  liytiimhloride 
(fililoi iclc p i  ocluccd ethyl .i-ai~ii1io-4,Ci-dii~ietliyl1iicotiiiat~~ 
( 1 S t ) I  in  iiiodcixtr yield. Lithi~un :iluiiiiniiiii liycli id(. 
iwluctioii of  tlic ester led to vcry Iiigli yields of .j-aiiiiiio- 
~,ti-tf~~iirtliyl-~',-pyridii~eiiictli~iiiol (T'IIIa). 1)iazotiaa- 
t ic i i i  of  \ 'IIIn follo~vcd by ic~ict ioi i  of tlic t l i a ~ o i i i i i i i i  

d t  i t l i  potassiuiii ethyl saiitliatr and -uix+(liwiit 
I cdurtioii of the xanthate cstcr with 1itliiui.i aliiiiiiiiuiii 

lijdi%icb iosultcd in n lo\\ vicltl of I,(i-diiiictliyl-.S- 
11ir~i~c~apt0-:3-pyridiiiei~ietliaii~~l (T-Ila) i4a t c t l  a- tliv 
11) (11 oc~liloiide. 

1)iitsotization of' 3-uiiiiiio-~-iiietIi~-l-l..-,-P!.l.idiii~~di- 
iii(~tIi:~iic)l (TXIt)), prepai ed a> dt+cl4xd hy dt.1 

\\.A, f nl.," aiid by ,Toii+ and I<oixfeld.li) folloncd 1)y 
I w c t  ion of the diazoiiiimi salt I\ itli potadii iu (,thy1 
\aiitli:itt> aiid rduc t io i i  of' tlw \aiitliatc ('htcr I\ itli 
Iitliium :iI~i i i i i i iui i i  liydi~idc, gav(1 satisfactoiy yields 0 1  
":bt Iiiopyritlosiiie" (.S-iii(.rcapto-(i-iiictli~-l-.~~~-p~ ridiiic- 
tliiiic~tliaiiol. \311)) isolated a\ the Iiydrocliloridc. Tlii- 
cwiiipound was repoi tc'd 1)s- l i i  mskyL1 \)ut  iio phy>ical 
properties w r c  given and tlie preparation scheiiic 11 as 
~ o n i e t d i n t  vague. 

Biological Results.--"3-'l'liio-4-tleo~!.p!.l.ldo.\iii~~" 
( \ X a )  and ":~-thiopyridoxiiie" (\TIh) a i  1 ~ 1 1  as iiioat 
of tht. intcrmediatcs (I-TI. ISa)  leading to tliew 
c~)iiipoiiiid~ ha\ e heen evaluated in the tliiec tunioi 
. teiiis of CCSSC (S180, Ca7T,.SJ and L1210).'2 Soiie 

( i f  tli+e coinpouiids slioned significant activity agaiiitt 
tIlfW tuillors. 

IIIa.  R = H 
IIIb 3 -  SOL 

I I I a , R = H  
IIb, R = NO? I 



a t  vigorous reflux until no more water collected in the attached 
water trap (ca. 48 hr.). The reaction mixture was diluted with 
water (800 ml.), made basic with concentrated ammonium 
hydroxide, and extracted twice with chloroform (400 ml. and 250 
ml.). The combined chloroform extracts were dried over 
Urierite and then evaporated to dryness in vacz~o t o  give a white, 
crystalline residue, which was recrystallized from water (400 ml.). 
The product was collected on a filter and dried a t  80"; yield 51 g. 
(81%): m.p. 134-135". 

Anal. Calcd. for C1oHl,SO3: C, 61.52; 13, 6.71; S, 7.18. 
Found: C, 61.12; H, 6.72; N, 7.13. 

Ethyl 4,6-Dimethyl-2-hydroxy.5.nitronicotinate (IIlb).--4 
solution of ethyl 4,6-dimethyl-2-hydroxynicotinate (10 g.)  in 
concentrated sulfuric acid (19 ml.), chilled to 2', was added all 
a t  once to  a solution, also a t  2', of fuming nitric acid (16 ml.; 
rl 1.5) in concentrated sulfuric acid (38 ml.). The mixture was 
stirred while the temperature spontaneously rose to  40". When 
the temperature of the mixture dropped back to 30", it was 
poured Jvith vigorous stirring into crushed ice (300 ml.). The 
resulting precipitate was collected on the filter, washed with 
water, and then recrystallized from boiling water (1 1.) to give 
'3.1 g. ( 7 3 : ; )  of product; m.p. 194-195". A sample for 
analysis was recrystallized from ethanol. 

Ana/. Calcd. for C10H12X20: C, 50.00; H, 5.04; X, 11.66. 
Found: C, 49.96; H, 4.96; N, 11.65. 

4,6-Dimethyl-2-hydroxy-5-nitronicotinonitrile (IV).-A solu- 
tion of 4,6-dimethyl-2-hydroxynicotinonitrile (25 g.) in concen- 
trated sulfuric acid (40 ml.) was added dropwise with external 
cooling and stirring to  a solution of fuming nitric acid (15 ml.; 
d 1.6) at such a rate that  the reaction temperature could be main- 
tained a t  45 f 3". The heat of reaction was allowed to dissipate 
without cooling, and then the mixture was cooled to  15" and 
poured with vigorous stirring into crushed ice (500 ml.). The 
yellow precipitate that  formed was collected on a filter, washed 
thoroughly with water, and then recrystallized from glacial 
acetic acid (250 Inl.) plus water (150 ml,);  yield, 24 g. (73%);  
m.p. 271-272' dec. 

Anal. Calcd. for C8H7S303:  C, 49.94; H,  3.65; X, 21.65. 
Found: 

2-Chloro-4,6-dimethyl-5-nitronicotinonitrile (Va).--A mis- 
ture of 4,6-dimethyl-2-hydroxy-5-nitronicotinonitrile (67 g.) , 
phosphorus pentachloride (110 g. ), and phosphorus oxychloride 
(IS0 ml.) was heated a t  gentle reflux for 18 hr. The phosphorus 
oxychloride was removed in wcuo leaving a thick, oily residue 
which was chilled and treated with cold 50y0 aqueous ethanol 
(500 nil.). .Ifter the reaction had subsided, the mixture was 
heated briefly on a steam bath and then chilled. The crude 
solid product thus produced was collected on a filter and washed 
with water; it was then recrystallized, with charcoal treatment, 
from methanol (500 ml.) containing a small amount, of water. 
The product crystallized in white, hexagonal plates; yield, 40.5 
g. (5-152): 111.p. 110-112". 

And.  Calcd. for CsHsC1S30?: C, 45.40; H,  2.96; C1, 16.78. 
Found: C, 45.41; H, 3.22; C1, 17.06. 
4,6-Dimethyl-2-hydrazino-5-nitronicotinonitrile (Vbj.-To a 

solution of 2-chloro-4,6-dimet~hyl-5-nitronicotinonitrile (6.36 g.) 
in boiling ethanol (25 ml.) was added, in small increments, a 
solution of S5Yc hydrazine hydrate (2.25 g.) and sodium acetate 
(2.1 g.) in ethanol (30 ml.). The mixture was boiled for 10 min. 
and then allowed to stand overnight a t  room temperature. The 
crystallized product was collected on a filter, washed first with 
ethanol, and then with water; yield, 4.5 g. (7370);  n1.p. 285- 
286" dec. -4 small sample for analysis was recrystallized from 
a large volume of ethanol. 

Anal. Calcd. for C ~ H Q N ~ O ~ :  C, 46.37; H, 4.38; S, 33.80. 
Found: 
5-Amino-2-chloro-4,6-dimethylnicotinonitrile (VIa).-To a sus- 

pension of 2-chloro-4,6-dimethyl-5-nitronicotinonitrile (3.5 g.) in 
diethyl ether (15 ml.), was added slowly with stirring a clear 
solution of stannous chloride (50 g.) in concentrated hydrochloric 
acid (50 nil. j. During the course of the reaction the temperature 
reached 50" and most of the ether was driven off; ice-water (60 
nil.) was added and the mixture chilled in a n  ice bath for 30 min. 
before the precipitated crystals were collected and washed first 
with cold, 5'; hydrochloric acid and finally with water. The 
product was dried a t  80"; yield, 2.6 g. (86(z); m.p. 143-145'. 
A sample ior analysis was recrystallized from aqueous methanol; 
m.p. 1-13-146°. 

Anctl. Calcd. for CsH6C1S3: C, 52.90; H, 4.44; N, 23.15. 
Found: C, 52.94; H, 4.40; S, 22.98. 

C, 50.07; H, 3.58; N, 21.38. 

C, 46.24; H, 4.43; X, 33.49. 

5-Amino-4,6-dimethylnicotinonitrile (VIb).-Zinc dust (100 g.) 
was added with stirring to a solution of S-amino-2-chloro-4,G- 
dimethylnicotinonitrile (50 g . )  in boiling water (3500 nil.). At 
the end of 20 hr. more zinc dust (50 g.)  was added. Every few 
hr. during the reaction period a small aliquot was removed from 
the reaction mixture, filtered hot, and the filtrate allowed to cool. 
The melting point of the product obtained from each aliquot was 
used to follow the reaction, which was considered to  be comp1et)e 
when the melting point of the aliquot product reached 186-191" 
(57 hr.). The reaction mixture was filtered and the crude prod- 
uct allowed to crystallize from the chilled filtrate. It was re- 
crystallized from water; yield, 26 g. (64%), n1.p. 19-1-196". 

Anal. Calcd. for C8HyS3: C, 65.25; H, 6.16; S, 2S.55. 
Found: C, 65.06; H ,  6.44; N, 28.83. 
4,6-Dimethyl-5-mercapto-3-pyridinemethanol (VIIa).-A solu- 

tion of sodium nitrite (1.25 g.) in water (4.0 ml.) was added drop- 
wise to 5-amin0-4~6-dimethy1-3-pyridinemethanol (2.6 g.) in 5 N 
hydrochloric acid (S.5 ml.) a t  0". Upon completion of addition 
of the nitrite solution, the diazonium salt solution was main- 
tained a t  0" and added dropwise over 0.5 hr. to a so1ut)ion oi 
potassium ethyl xanthate (3.2 g.)  in water (5  ml.) a t  42 i 2'. 
The reaction mixture was stirred for a n  additional 0.5 hr. and 
then extracted with three 30-ml. portions of ether. The ether 
extract was dried and then evaporated to give a yellow, oily 
residue that crystallized. To a solution of these crystals in 
ether (40 ml.), chilled to O", was added with stirring a solution of 
lithium aluminum hydride (1 g. j in ether (20 nil.). The addition 
was made in 1-mi, increments over 0.5 hr. The mixture was 
stirred for an additional hour before the excess hydride \vas 
destroyed by the addition of a solution of methanol ( 5  nil. j in 
ether (20 ml.) followed by water (4  ml.). The solids were 
collected on a filter and extracted with t,hree 50-mI. portions of 
boiling methanol. The combined ether and methanol filtrates 
were saturated with carbon dioxide before being evaporated to 
dryness. The residue was taken up in boiling ethanol (100 
ml.) and filtered hot. The clear yellow filtrate was saturated 
with hydrogen chloride, decolorized with carbon, and again 
evaporated to dryness. The crystalline residue was taken up in 
absolute ethanol (50 ml.) and reprecipitated by the addition of  
ether (150 ml.). The solution in ethanol followed by precipita- 
tion with ether was repeated once more to give 1.1 g. (325;) of 
product, m.p. 201-203" dec. 

6.81. Found: C, -16.48; H, 5.71; S, 6.58. 
5-Mercapto-6-methyl-3,4-pyridinedimethanol (VIIb).s-This 

compound was prepared from 5-amin0-6-methyI-3~4-pyridinedi- 
methanol (7.2 g.) in a manner exactly analogous to that described 
srbove for the preparat,ion of VIIa; yield, 4.3 g. (445!,); m.p. 
189-191" dec. 

Anal. Calcd. for C8HllSOrS.HCI: C, 43.34; H ,  L5.46: C1, 
15.99; ?\Ti 6.32; S, 14.46. Found: C, 43.44: H, 5 . 5 s ;  CI, 16.0; 
X, 6.34; S, 14.7. 
5-Amino-4,6-dimethyl-3-pyridinemethanol (VIIIa).-A solu- 

tion of lithium aluminum hydride (1.30 g.) in anhydrous ether 
(25 ml.) was added in 1-ml. increments over 0.5 hr. to a solution of 
ethyl 5-amino-4,6-dimethylnicotinate (4 g , )  in ether (40 nil.) a t  
0". This reaction mixture was stirred for 0.5 hr. after completion 
of the addition. Methanol ( 5  ml.) in ether (15 nil.) followed by 
water (3 ml.) was added dropwise to the reaction mixture which 
was then allowed to stir overnight. The solids were collected on 
a filter and extracted with three 125-m1. portions of boiling 
methanol. The methanol and ether filtrates were combined and 
saturated with carbon dioxide before being evaporated to dryness 
in vacuo. The residue was boiled with ethanol (125 nil.) and 
filtered hot, the filtrate again being evaporated to dryness 
in vacuo. The residue was talcen up in hot absolute ethanol (50 
ml.), treated with decolorizing carbon, and evaporated to dryness 
in Z'UCILO to leave a clear oil which quickly crystallized; yield 
2.93 g. (93Yc). A sample for analysis was recrystallized from 
ethj-l acetate containing just enough ethanol to effect solution: 
m.p. 145-147'. 

Anal. Calcd. for C~HI,N?O: C, 63.13: H,  7.95; Kj 18.41. 
Found: 

5-Amino-4,6-dimethylnicotinic Acid (IXa).-A mixture of 
barium hydroxide octahydrate (18.4 g.), water (55 ml.), and 
5-amino-4,6-dimethylnicotinonitrile (4  g.) was refluxed until no 
more ammonia was evolved. A solution of concentrated sulfuric 
acid (5.88 g.) in water ( 2 5  ml.) was added slowly to the hot solu- 
tion and boiling was continued for 15 min. before the mixture was 
filtered by suction. The clear filtrate was evaporated to dryness 

Anal. Calcd. for CsH1lXOS.HC1: C, 46.72; H, 5 

C, 63.21; H, 8.00; S, 18.40. 




