
TABLIi IV 
R A T E S  of REACTION with EESZALDEHYDES' 

k x lo3 L. Mole-' Set.-* 
pH 8.5 pH 6.0 

25.0" 64.0" 25.0" 
~ 

Benzaldehyde 7 .68  ti9 1 1 1  1 
p Anisaldehyde 2 .30  14 A 16.1  

a In  60% aqueous ethanol. 

4 11 p-Nitrohenzaldehyde 25 .4  - 

Although the reactions at 25" proceeded to 100% 
completion, at 64.0" both cyclohexanone and cyclo- 
pentanone only reacted to 70-75y0 with a slight 
excess of Girard-T. This shows that the overall 
reaction is exothermic and suggests that  i t  may be 
more convenient to prepare Girard derivatives by 
reaction a t  room temperature for a longer time. 

The rates of reaction of benzaldehyde, p-anisalde- 
hyde and p-nitrobenzaldehyde were similarly de- 
termined a t  23" and a t  pH 6.0 and 8.5 (Table 117) .  
Benzaldehyde and p-anisaldehyde showed increases 
of 9 and 6.5 times, respectively, on raising the tem- 
perature to 64" a t  pH 8.5, corresponding to  energies 
of activation of 11.2 and 0.4 kcal/mole, respectively. 
In  alkaline solution a t  25' p-nitrobenzaldehyde 
reacted 3.3 times as fast as benzaldehyde, whereas 
p-anisaldehyde reacted at about the rate, while 
in acid solution p-anisaldehyde reacted 1.5 times as 
fast as benzaldehyde and p-nitrobenzaldehyde at  
about l / 3  the rate. 

Aqueous ethanol mas not a suitable solvent for 
studying the reaction with high molecular weight 
ketones due to their low solubility. However 90%- 
isopropyl alcohol-water was found to dissolve 
sufficient inorganic salts to prepare buffered solu- 
tions. Steroid ketones mere also reasonably soluble 
in this solvent and the ratc of reaction of 3-cholesta- 
none with Girard-T reagent a t  25" and a t  various 
pH (buffers, chloride pH 2.0, 3.5, acetate pH 4.5, 
5.5 and phosphate pH 8.5) has been determined 
(Table V). 

TABLE V 
RATES OF REACTION OF 3-CIIOLESTANONE' 

2 . 0 
3 . 5  
4 . 5  
5 . 5  
8 . 5  

4 . 2  
1020 
960 

5 9  
0 74 

a In  90% isopropyl alcohol-mater a t  25.0' 

The reaction was cxtrcnwlg slow il l  nlkaline- 
medium, but very rapid at  pH 3.5.  The rate, how- 
w c r ,  decrfavd again at higher acidity since the 
reaction is rercrsihlc and the hydrolysis of the 
Girard derivative is catalyzed by strong acids.6 

( 6 )  0. H .  Wheeler and 0. Rosado, forthcoming publica- 
tion. 

Tlic first SOY0 or so of the rcwtion with 3-cliolcst:ili- 
onc follo\i-cd second order kinetics, but steroid 
ketones were found to react with more than one 
equivalent of Girard-T reagent in isopropyl alcohol. 
The nature of this reaction and other aspects of 
reactions with steroid ketones will be discussed in a 
forthcoming publication. 

EXPERIMENT.4L 

Titrotion of Girard-T reagent. Girard-T reagent (Arapohoe 
Chemicals) was recrystallized twice from ethanol and stored 
in a desiccator. 

Various aqueous huffcr solutions wrre prepared of total 
concentration 0.2111 from A.R. salts. The phosphate buffer 
(pH7) used for the titrations \vas 0.62U disodium hydrogen 
hydrogen phosphate and 191 sodium hydrogen phosphate. 
Blank titrations of these buffen and the titration 
and the Girard-P are given in Tables I and 11. 

Kznetzc measurements. The freshly distilled or recrystal- 
lized aldehvde or ketone (ca. 0.5 mA1) was dissolved in 
ahPolute rthnnol ( I O  ml.) (isopropyl alcohol in the case of 
3-cholcstanone), aqucons phosphate huffer p H 7  (20 ml.) 
added and the sohition allowed to st tain thermal equilih- 
rium in a constant trmpernture bath at 25' (or a boiling 
methanol bath a t  R4'), and 0.0125M Girard-T rragent in 
ahsoliitr ethanol (20 ml.) at thr  same tempcrature added. 
The rcwltant solution had an npparcnt p H  of 8.5 (glass 
electrode). Zliquots (.5 ml.) were withdrawn at  intervals 
added to 0 05S iodine fiolution ( 5  ml.) in phosphate hnffcr 
pH7 (10 nil.), and the excess iodine titrated with 0.05.V 
sodium thiosiilfate using starch as indicator. 
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This paper reports the synthesis and reactions of 
some alkane bis( 1 I-mercaptoundecxnoic) acids. The 
nlkane bis( 11-mercaptonndccaiioic) acids were pre- 
pared by the addition of alkanc dithiols to IO-un- 
deccnoic acid under free radical cnnditionq. The 
acids rverc esterified by methanol and oxidized to 
the corresponding disulfones by hydrogen peroxide 
in the presence of glacial acctic acid. The alkane 
his( 11-mercaptoundecanoic) acids were oxidized to  
the corresponding disulfone acids by hydrogen per- 
oxide, and these compounds were then esterified by 
methanol. 
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HS-(C€Iz)n-SH 

NOTES 

The addition of mercaptans to olefins under 
free radical conditions, to yield products of anti- 
Markownikow configuration, has been reported 
previously in the literature.1-4 The addition of 
mercaptans to 10-undecenoic acid under free 
radical conditions, was reported by Koenig and 
Swern to yield products of anti-Markownikow 
con f ig~ra t ion .~  

The addition of alkane dithiols to 10-undecenoic 
acid, under free radical conditions, yielded products 
of anti-Markownikow configuration. This was con- 
firmed by determining mixed melting points with 
authentic samples of alkane bis(l1-mercaptoun- 
decanoic) acids. The authentic samples of these 
compounds were prepared by treating 1 l-bromo- 
undecanoic acid with the sodium salt of the ap- 
propriate alkane dithiol. A mixture of the two 
compounds showed no depression of the melting 
point. 

S-Na S-( CHz)lo-COzH 
I 

( ~ H Z ) .  + 2Br( CH~)IO--COZH + (CH& 
I 

I 
S-Xa 
n = 2, 3, 4, 5, 6. 

The properties, yields obtained and analyses of 
the compounds synthesized are summarized in 
Table I. 

The bissulfide acids and the bissulfide and bissul- 
fone esters are white crystalline compounds of 
definite melting point. These compounds, as 

(1) hl .  S. Kharasch and C. F. Fuchs, J .  Org. Chenz., 13, 

(2 )  M. S. Kharasch, W. Nudenberg, and F. Kawahara, 

(3)  hf. S. Kharasch, W. Nudenberg, and G. J. Mantell, 

( 4 )  A .  Fontijn and J. W. T. Spinlts, Can. J .  Chem., 35, 

( 5 )  N. E. Koenig and D. Swern, J .  Am. Chem. Soc., 79, 

07 (1948). 

J .  Org. Chem., 20, 1550 (1955). 

J .  Org. Chem., 16, 524 (1951). 

1384 (1957). 

4235 (1957). 

Sulf ide Esters XZxJ Carbon atoms in alkane d l t h i o l  

Figure 1 

many other homologous series, show an 
tion in melting points. Figure 1 .6 

The bissulfone acids were found to melt 

3539 

alterna- 

with dc- 
composition. The approximate temperature at  
which these compounds decompose are listed in 
Table I. The bissulfone acids were esterified by 
methanol with much greater difficulty than the bis- 
sulfide acids. The former compounds required ;L 
very large excess of methanol (125 ml. of alcohol 
per gram of sulfone acid) and a reflux time of 
twenty four hours. Using this procedure, the ethant 
derivative yielded only unchanged reactants. 
Even when the reflux time was extended to seventy- 
two hours, no esterification of this compound coulcl 
be effected. 

Traces of unchanged acids were removed from 
the crude bissulfide methyl esters by chromatog- 
raphy on Florisil. 

The bissulfide acids and their methyl esters are 
sparingly soluble in the common organic solvents. 
The bissulfone acids and their methyl esters are 
even less soluble in the common organic solvents. 

EXPERIMENTAL 

Alkane bis( 1 l-mercaptoundecanoic) acids. To 0.054 mole of 
10-undecenoic acid in a 50-ml. round-bottomed flask, fitttd 
with a reflux condenser, was added 0.027 mole of the appro- 
priate dithiol and the mixture was boiled under gentle reflris 
for 2 hr. AtJ the end of this time, 30 ml. of carbon tetrachlo- 
ride was added and the mixture was boiled under reflriv for 
an  additional 4 hr. The solid which separated on cooling 
was crystallized from carbon tetrachloride until succmsivr 
crystallizations showed no increase in melting point. I n  all 
cases, a t  least four crystallizations were necessary. For thv 
crystallizations, 12 ml. of carbon tetrachloride per gram of 
product were used. 

Esterification of alkane his( 1 1-mercaptoundecanoic) aczds. 
To 0.004 mole of the appropriate alkane bis(l1-mercapto- 
undecanoic) acid was added 20 ml. of methanol and 0.2 p. 
of benzene sulfonic acid and the mixture was boiled undcr 

( G )  G. S. Snsin, F. R. Longo, 0. T. Chortyk, P. A. 
Gwinner, and R. Sasin, J .  Org. Chem., 24, 2022 (1059). 
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Siilfiir 
~ -_ Yield, - Carbon - Hydrogen 

n ( '  S1.P. Calcd. ~ouI1-j  Calcd. Found Calcd. Fountl 

2 GO 1 18-1 14 6%. 1 t i l  . 8  10 0 < ) .  9 1 8 . 8  I :3 . (i 
:3 1 7  99-100 63 . 1 62 .5  10 .2  10 0 1 3  5 1:3 8 
4 40 105-1 06 . 7 6 S ,  7 10.:3 1 0 . 3  1 3 . 1  1:3.0 
5 41 104-105 6 4 . 3  t i4.5 10 .4  10.6 12.;  I:{,  1 
c, 51 106-IOi 8 3 ,  !I w . 5  1 0 . 4  1 0 . 4  1 L . B  I 1  8 

1 
S-( CHz)io-C0zCH3 

2 63 62-62, <5 a . 5  68.1 10.3 10 .0  1 ;3 . 0 12 .8  
3 79 59.5-60 64 .2  G3 9 10 .4  10 .2  12 .7  I S .  J 
4 72 57-57.5 64.  !I ( $ 5 .  I 10.5 10.5 1 ? . 1  12 -I 
5 5 :I iiZ,5-63 65.4 6 5  4 10 .6  10 .7  12 .0  I I  (i 
f i  G5 61-Gl . 5  65 .9  65 .  t i  10.7 10 .5  11  .7 I I  I 

SC1,FOSE .ACIl)S 

SOz--(CH,)i,,--C( hH 

( ~ H z ) .  I 

SO?-( CH?)io-C02H 

2 96 155 dec. 54 .9  5 5 . 5  8 . 8  8 . 9  12 ? I 2 .i 
3 !I 1 166 dec. 55.  A 5 5 . 7  8 . 9  9.1 I 1  . R  I I ..i 
4 95 132 dec. 5 6 . 4  56.7 9.1 ! + . 2  1 1 . 5  1 1  7 
5 71 164 dec. *57 0 ,5 7 3 0 . 2 ! I ,  ?J 11.2 I I  , I  
f i  96 155 dec. *57. 7 57.5 0 . 4  9 ,4 11.0  10 7 

3 $13 111-112 57. 1 57 .8  $ 1 .  2 0 , 3 11 .2  1 1 . 4  
3 00 127-1 28 57 8 58 .3  9 . 4  9 . 5  11 .0  IO 8 
3 82 132-1 53 58 .4  58 .5  9 . 5  9 . 5  10.7 10 .8  

I0 3 (i 80 128-1 2!I 59.1 59 . t i  9 . 6  9 . 7  10.5  
. .- ___ .. ... ___ ~. ..___ _ _ ~  __ _.__.____~ 

reflux for 6 lir. 'rhc solid which forinetl on cooling \viis scph- 
rated by filtrst,ion :ind crystallized from methanol. Thr  
inethyl esters were theii chromatographrd with Florisil 
and eluted with brnxenc.. Aftcr removal of the bciiz;cw, I)!. 
distillation, the esters werca crystallixcd once from nirthanol. 

Oxidation of ulkane bis( 1 l-)ilercnptoundecanoic) acids. 
To 0.011 mole of the sulfide acid in a 125-m1. Erlenmeyer 
flask was added 25 ml. of glacial acetic acid and the flask was 
chilled in a n  ice bath. To the flask was added 0.26 mole of 
30% hydrogen peroxide and the mixture was allowed t o  stand 
in the melting ice bath for 7 2  hr. The resulting solid was then 
rrystallized from dioxane until sncressive c.rystjallizatioris 
sho\vctl no increase in nialting point. In  :ill c 
t1irc.e crystnllieations were nccessary. 

Preporation o,f the hinslc!,fonP d r ) , . q .  T o  0.004 irlol(~ of thcl 
SII~~(IIII- : i ca i t l  i n  :i ~ O t ) - i i i I  roiiiii1LI)ni toinc,tl fl:isk, f i t t t v l  w i t h  :t 

rvflus condetisc:r, \ I - t w  added 950 nil. of nietli:~11(11 :ciid 0.2 g. 
of benzene sulfonic acid and the mixt,ure ~ 3 s  Iicnt cd u~itl(>r. 
reflux for 24 hr. The solid, which separated on  cooling, \vns 
sc,p:tr:itcd by filtration and ivashed thoroiighly irit h 1r:itc.r 
to  roinov(L :ill of the bciizencb sulfonic acid. The prridrict \\:IS 

t,heii crystalliwd from dioxane (15 ml. of dioxnric per g .  of 
sulfone ester) until successive carystallizations showed no 
increase in the melting point. 

Alternate preparation o j  the alkane bis( 1l-tiirrcnptoitnclcc.- 
anoic) acids. To 0.06 mole of the alkane dithiol in a 500-1111. 
round-hottorned flask, fitted wit,h a reflus condrnsor :tnd :I 

calcium chloride drying tube, \vwr added :300 ini. of dry 
tlioxtinc~ and 2.3 g. (0.1 g.-atom) of sodium niet:d. Tht, n i i \ -  
turc \vas 1 i c ~ : i t c ~ l  1iridi.r gcntI(3 rtsfllis for 7% Iir. o r  I i i i t i l  :ill 
o f  the, sotliiiiii 1 i : i t l  IwiBii cwnsliinc~d. To thv ~~(wi l t i i ig  s1lsl)(irl- 
sioii \\:IS ; t i l i l ( , ( i  0.0: i i i o l i .  of 1 ~ - I ~ ~ ~ ~ i ~ i r i i i i ~ ~ l ~ ~ ~ ~ : i ~ i ~ ~ i i ~  : i ( , i ( l  : i 1 1 ( 1  
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this misture was heated under gentle reflux for 7 2  hr. The 
mixture was then poured into 300 ml. of mater and acidified 
with dilute hydrochloric acid solution. The solid which 
formed was separated by filtration and washed with three 
.Xhnl. portions of water. The product was then crystallized 
from carbon tetrachloride until successive crystallization 
showed no increase in the melting point. 

Alternate preparation of the bissul jme esters by the oxidation 
of the corresponding bissuljide ester. To 0.004 mole of the 
chromatographrd hissulfide ester in a 50-ml. Erlennieyer 
flask was added 10 ml. of glacial acetic acid and the flask was 
chilled in an ice bath.  To the flask v a s  added 0.09 inole of 
30% hydrogen peroxide and the misture was allowed to  stand 
in the melting ice bath for 72 hr. The resulting solid was 
then crystallized from dioxane until successive crystalliza- 
tions showed no increase in the melting point 
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4,5-Dihalo and 3-Amino Analogs of 
Pyridoxine. Yew Route to 4-Deoxypyridoxine1~' 

The mti-tumor w t i o i i  of i i i t  rigrii mustiirds has 
in part beell :Lttributcd io thcir nlkyls '1 t '  ing proper- 
ties. Since pyridoxiiw (I) is iuvol\-tcl iii  niaiiy phys- 

, it TVW of iiitcrwt to  synthesize 
an alkylating agent, ha\-iiig a pyridosinc~-like struc- 
ture. An exainple would IK the dibromomethyl 
hydrobromide (11) , Tvhich because of it's benzyl 
halide type structure ~vould be expected to show 
good alkylating activity at, least in iicutral or basic 
solut,ion. This compound had previously been pre- 
pared f rom t,hc 3- or 4-alkyl ethers of pyridoxine 
by Harris aiid Fo1kersaa and Kuhn and I'i;endt.3" It' 
presumably TY:W also prrpnred from pyridoxine it- 
self by l i r e i ~ k y , ~ ~  but the first explicit description 
of the latter procedure is that. now given. 

The next compound investigated was the di- 
iodide hydriodide (111). This product could not be 
obtained by treating the dibromide hydrobromide 
\vith sodium iodide in dry ucactone. The dibroniide 
free base \vas (sonsidered prc.ft~rnble for the sodium 
iodide renrtioii, lint ntlc~inpts l o  p r ~ p : ~ r c  thc frw 

(1 j P:tl>c" T'I on pyridosiiic: aiii~logs. For preceding (un- 
numbered) papers, see G. E. lIcCasland, E. Blanz, Jr., and 
A. Furst, J .  Orq .  Chern., 24, 1000 (1959) and references 
therr cited. Taken in part from the M.S. thesis of L. Kenneth 
Gottnald, Graduate i;chool, the Cniversity of San Francisco, 
I 961. 

( 2 )  This work i vns  :iidetl by (;rant CY-2798 from the 
S:ition:d <hnrcxr Institute, Sntioii:iI Institiites of Hralth, 
V. S. Pulilic: Hc:~lt I i  dcrvicc. (iilts of I)yridosiiic: f rom Ihs .  
Karl Folkers, llerc-li, Sharp ti l>ohme Co.. and \\-alter 
Gakenheimer, The Stuart Co., are gratrfully xcknowlrdgt~d. 

(3)  (:I,) 8. l h r r i s  : ~ n d  K. I'olkers, J .  . l n i .  Che?!i. Sot,., 61, 
1247 (l!J;{!)): ( I ) )  R.  Kiihn anti (;. \Tc,iidt, h'pr., 72, 3 1  1 ( l9:3!J); 
( c )  Sc1in:t T<rvisliy, .lfnnnts.., 89, li8.i (l!J58). 

- 

base, even under the mildest conditions, led to a 
high-melting red-brown solid, which appears to 
be a polymeric quaternary salt4 (V). It was then 
found that the diiodide hydriodide can be obtained 
by merely heating pyridoxine hydrochloride with 
concentrated hydriodic acid for a brief period; on 
cooling, pure IT1 separates almost a t  once in the 
form of yellow crystals. 

The corresponding dichloride hydrochloride5 (IV) 
had previously been prepared,6 by a sealed tube 
rraction of a pyridoxine alkyl ether with concen- 
trated hydrochloric acid. We now find that IV is 
inore conveniently prepared by reaction of pyri- 
doxine itself with thionyl chloride. 

H 
( I ) ,  S = OH, Y = Ci (VI) ,  X 
(11), S = Y = Br (VII), x 
IIII). s = T = I (T'IIII. x 

= OH (.HCI) 

= OAC (N-Ac) 
= Br (.HBr) 

= or3 ( N - A ~ )  

1 

(X), X = OH (.HC1) 
(XI), S = SHP (,HI) 

r-- 

Somrl derivatives of 3-amino-3-deoxypyridoxine7.8 
(VI) \\-ere next examined. The &amino hydrochlo- 
ride reacted with hydrobromic acid in much the 
same way as pyridoxine hydrochloride (see above), 

( 4 )  Compare the polymerization of 4-bromopyridine, 
H. S. Mosher, p. 516 in R. C. Elderfield (editor), Hetero- 
cyclic Coinpoztnds, Wiley, New York, Vol. I, 1950. 

(5) It was hoped that  this dihalo hydrohalide series could 
Iir coniplet,eti by preparing n difluoridr hydrofluoride. 
Ilowever, :ill at tmipts to prppare th(, fluorine analog were 

sful, and there is reitson to brlic.ve that siich n 
procluct if prrparcd, would he iinst:iljIe, 

( 0 )  S. Harris and K. Folliers, , J .  .In(. C h r ! / ~ .  Soc., 61, 3307 

(7)  ( a )  H. K. Blackwood, et a!. ,  J .  . lm.  Chem. Soc., 80, 
6244 (1958); ( b )  Ti. G. Jones :ind E. Kornfcld, -1. Am.  C'hem. 
Soc., 73, 107 (1951). 

(8) Tht. monohydrochloride of 2-methyl-3-amino-I,j-di- 
i l i~~dro r~~methy l )py r id i~ ic  was obtained by Blackwood, 
ct c r l .  (loc.  c i t . )  uiider conditions ( P S C ~ S S  hydrogen chloride) 
ivhicli on(' might think n-oultl give s dihydrochloridi,. 
They reported a n1.p. of I0T-1H'Jo u i d  a correct analysis 
for the monohydrochloride. Jones and Kornfeld (loc. cit.) 
rchported the. frre base (n1.p. 141.5-152a, correct analysis) 
:tnd a dihydrorhloritle (n1.p. 1iG-177"), but gave no analysis 
o r  ])rq):ir:itioii d~tnili: for the I:ittclr. 

(1939). 


