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ABSTRACT 

The addition of thiolacetic acid and the addition of 

-toluenethiol to an unsaturated hydrocarbon system containing 

a basic tertiary amine moiety has been investigated. The free 

radical addition of <x -toluenethiol to 1 -niethyl-1,2,5, 6-tetra-

hydropyridine occurs to give 3-(1-methylpiperidyl) benzyl sulfide 

exclusively. The compound 4-(1-methylpiperidyl) benzyl sulfide 

was synthesized by reaction of the sodium salt of l-inethyl-4-

mercaptopiperidine and benzyl chloride. The synthesis of 3-(l-

methylpiperidyl) benzyl sulfide by reaction of 1-methyl-3-chloro-

piperidine and the sulfurized Grignard reagent of benzyl chloride 

gave a product which was shown to have rearranged to 2-(l-methyl-

pyrrolidyl )methyl benzyl sulfide,. 

Reaction of thiolacetic acid and 1-methyl-1,2,5,6-tetra-

hydropyridine did not occur due to the presence of the basic amine 

groupo Conversion of the amine to the corresponding 1-acetyl-

1,2,5,6-tetrahydropyridine causes the reaction to occur in only 

small yields,. 

viii 
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I. INTRODUCTION 
/ 

A. ADDITION OF THIOLS TO .OLEFINIC HYDROCARBONS 

The addition reaction of thiols to olefinic hydrocarbons 

has been known for sometime. It was first observed by Posner (l)» 

He treated a variety of olefins at room temperature with thio-

phenol and <* -toluenethiol in the presence of acetic or sulfuric 

acid. In treating propylene with thiophenol, he obtained a pro

duct whose sulfone was not identical to that synthesized from iso-
/ 

propyl iodide and sodium benzenesulfinate» 

/ 

CH3-CH=CH2 • <g>-SH CH3-CH2-CH2-S-(Q> 

KMnO 

When he found that the products obtained were always different 

from the expected materials, he proposed an "abnormal" reaction. 

Here the terms "normal" and "abnormal" were used to designate if 

a reaction follows Markownikoff's rule or if the reagent adds 

contrary to the rule. Posner found that in the case of addition 

of thiols to propylene, trimethylethylene, styrene, pinene, cam-

phene, hydroaromatic olefins, aliphatic diolefins, aromatic di-

1 

/ 
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olefins, cyclic diolefins and terpenes that the products which 

were obtained were those in which the sulfur atom had added to 

the carbon atom with the most hydrogens. Posner noted that the 

addition of thiols was just the opposite of the addition of hydro-
/ 

bromic acid to unsaturated hydrocarbons. He compared the sul-

fones obtained from oxidation of the sulfides made from thiol 

addition to those produced in the reaction of sodium benzenesul-

finate with the bromides which were formed by the addition of 

hydrobromic acid tc> the respective unsaturated hydrocarbons. 

Posner also reacted thiols with olefinic ketones in the presence 

of hydrochloric acid either alone or in conjunction with zinc 

chloride and found that he obtained the trithio compound. Thus 

the thiol condenses with the ketone function as well as adding / 

to the ethylenic linkage. Since the direction of addition 

(that Posner claimed) of thiols to unsaturated hydrocarbons 

was exclusively the reverse of that required by well-known empir

ical generalizations and by currently popular electronic theories, 

there was a great deal of reinvestigation of Posner's work. Since 

Posner had assumed that he had not obtained mixtures and that his 

starting materials were pure, Ashworth and Burkhardt (2) in 1928, 

chose styrene which was available in a high degree of purity, to 

repeat Posner's work. They found that the addition of hydrobromic 

acid gave only one product, -bromoethylbenzene and that the 

addition of thiophenol to styrene gave a product whose sulfone 

was identical to the product formed from sodium benzenesulfinate 
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and 0 -bromoethylbenzene. 

-CH=CH2 + 

KMnO 

-SH * <0>-CH2-CH2-S-<D> 

0 

-CH2-CH2-S-

0 

0 0 0 

-CH2-CH2-Br + Nai 

They determined that the sulfide obtained from addition contained 

less than two percent of the 'x'-isomer by comparing the boiling 

points and refractive indices with those of the two synthetic 

sulfides. Thus Posner's work had been confirmed. In the search 

for other evidence in favor of a special mechanism for the addi-
V 

tion reaction, Ashworth and Burkhardt noted that the rate of addi

tion was greatly dependent on the intensity of illumination, that 

the reaction continues for sometime after the reaction vessel is 

returned to diffuse light and that the reaction does not stop even 

when placed in the dark. They also noted that a small percentage 

of piperidine had such a powerful retarding effect on the addition 

reaction that no change in volume was observed in diffuse light 

even after several days, although some reaction does occur in 

direct sunlight. They knew that light was known to produce or en

hance abnormal polarizations and depolarizations in a wide range 

of reactions and that such might be the case in the addition react

ion of thiols to olefinic compounds. Although Ashworth and Burk-
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hardt found that piperidine inhibited the reaction to some extent, 

Ruhemann (3) found that olefinic ketones would react with thiols 

to give only the additive products in the presence of piperidine. 

He found that piperidine acts more rapidly than sodium ethoxide, 

but that bot*h bases catalyzed the 1,4-addition reaction. Cinnamyl-

ideneacetophenone and thiophenol in the presence of piperidine or 

sodium ethoxide react to give the corresponding sulfide,, 

0 • 0 

n ,—v /—y piperidine .—. It 

-CH=CH-CH=CH-C-(0> + \0/"SH * /Q\-CH=CH-CH-CH2-C-

S 
/ / 

These were the first cases of "normal" addition of a thiol to an 

olefinic compound but here the polar mechanism is the predominat-

ing factor. Carothers (4) found that the addition reaction of 

thiols to olefinic compounds was very useful in structure proof 

since its direction of addition was contrary to Markownikoff's 

rule. He found that acetylene reacts with itself to give a trimer 

of the composition CgHg which contains no true acetylenic hydro

gens and on hydrogenation yields n-hexane. He wanted to show 

whether the structure was truly 'divinyl acetylene CH^CH-C^C-CH^H^,, 

but his first attempts were difficult because divinyl acetylene 

reacts with itself in the presence of polar reagents. Solution to 

the problem was found in^ the reaction of thio-p-cresol. Since the 

direction of addition was well known and neither heat nor catalyst 

were required to induce the reaction with reactive double bonds, 
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the addition reaction proved to be very helpful in the case of 

divinyl acetylene. The acetylene triraer readily dissolves two 

moles of thio-p-cresol; after ten days at laboratory temperature 

it sets to a magma of thin, transparent, leaf-like crystals and 

the odor of thio-p-cresol almost entirely disappears. Carothers 

noted that the reaction was powerfully accelerated by light. 

When the reaction mixture was illuatinated directly in a reagent 

bottle of soda glass, the reaction readily gave a high yield of 

di --(p-tolyl thio) -1, 6 hexyne-3. 

CH2=CH-CHC-CH=CH2 + 2 HS-<^>-CH3 ? 

CH3-<0>"S"CH2"CH2"CHC'Ĉ "CH2-S-0"CH3 

In 1938, Ipatieff, Pines, and Friedman (5) repeated some 

of Posner's work and found that in the absence of any catalyst, 

thiophenol adds to aliphatic olefins contrary to Markownikoff's 

rule and that sulfuric acid catalyzes the reaction to yield the 

normal alkylation products. With no catalyst added, they found 

that propene, butene-1, isobutene, pentene-1, and tliiophenol give 

the abnormal addition products, n-propyl, n-butyi, iso-butyl, and 

n-amyl phenyl sulfides. In the presence of sulfuric acid, iso

butene and trimethylethylene give t-butyl and t-amyl phenyl sul

fides. Jones and Reid (6) observed that peroxides influence the 

mode of addition of thiols to alkenes just as Kharasch found that 

they influence the addition of hydrobromic acid to alkenes. They 

found that only very small traces of peroxides are sufficient to 



catalyze abnormal addition and the amounts normally found in or

ganic compounds, unless special precautions are taken to exclude 

oxygen and prevent peroxide formation, are sufficient to catalyze 

the abnormal addition. Using carefully purified reagents, protect

ed from oxygen, they obtained ethyl iso-propyl sulfide from ethane-

thiol and propylene.. When peroxides were added, ethyl n-propyl 

sulfide was obtained as the only product. Kharasch, Read, and 

Mayo (7) found that peroxides catalyzed the abnormal addition 

and that the reaction is very fast even at room temperature,, 

Under antioxidant conditions, no reaction occurs even up to fifty 

hours with styrene and thioglycolic acid. Kharasch proposed that 

the mechanism of addition of thiols to unsaturated organic com

pounds was the same as with the addition reaction of hydrobromic 

acid to unsaturated compounds. In general it has been found that 

styrene and isobutylene are among the most reactive of a large 

group of alkenes in the addition of hydrobromic acid; therefore, 

their inactivity toward thiols without added peroxides was quite 

striking. In 1934 Burkhardt suggested that the abnormal addition 

of thiophenol to styrene might be due to the presence of sulfur 

in a positive ion or in an oxidizing form; possibly as a free 

radical and possibly through a free radical chain reaction. The 

following reaction scheme was proposed by Kharash, Read, and Mayo 

a few years later (7). They postulated that there were three steps 

in the free radical chain reaction. First, an oxidant of some 

type, oxygen or peroxide, reacts with the thiol to form the free 



thiol radical which reacts with the olefin in the second step or 

addition step. The transfer mechanism or third reaction involves 

the previously formed sulfide-hydrocarbon radical and another 

molecule of the thiol. 

(1) RSH + 02 (or peroxide) * RS* + H02» initiation 

(2) RS* + R'CH=CH0 + R'-CH-CH0-SR addition 

(3) R'CH-CH„SR + RSH * R' -CH,,-CH0-SR + RS° transfer 
J. & tL 

Kharasch, Nudenberg, and Mantel1 (8) have found that oxygen can 

act as both a thiol oxidant and as an addition chain interruptor. 

Using styrene and propylthiol in an atmosphere of oxygen, they 

obtain a hydroxylated sulfoxide rather than the corresponding sul

fide o 

-CH=CH2 + HS-CH2-CH2-CH3 2 > <Q>-CH-CH2-S~CH2-CH2-CH3 

OH 0 

They found this to be general for a number of thiols and olefins 

when an atmosphere of oxygen was used during the addition react

ion. Mayo and Walling (9) reviewed the effect of peroxides on 

the addition of thiol and thioacids to unsaturated compounds in 

1940 and concluded that thiol addition to an unsymmetrically 

substituted ethylenic double bond yields either of two products, 

the "normal" or the "abnormal" product with respect to Markowni-

koff's rule. With symmetrically substituted olefins only one 

product is possible» Thus, cyclohexene reacts with thiols to 

/ 
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give only one product (6). When Posner (1) used stilbene, oxida

tion of the sulfide gave a product identical to that obtained 

from sodium benzenesulfinate and the bromide formed from the re

action of hydrobromic acid and stilbene. Abnormal addition is 

catalyzed by oxygen and peroxide and is inhibited by hydroquinone 

and piperidine. Normal addition was first observed in the cases 

where double bonds are conjugated with a carbonyl group. The 

hydrogen of the thiol becomes attached to the ^-carbon and the 

sulfur to the ^-carbon atom of the unsaturated acid or ketone in 

a typical 1,4-addition. Such additions are catalyzed by either 

acids (hydrochloric in glacial acetic acid) or bases (piperidine 

or sodium alkoxides). The catalysis of thiol addition by bases 

recalls the accelerating effect of ammonium salts on halogen acid 

additions, suggesting that the thiol anion may sometimes partici

pate in the reaction, Kharasch and Fuchs (10) have found that 

methyl acrylate and a thiol do not react until a strong base is 

added. This indicates that the thiol anion adds first to the 

olefin since the reaction will not proceed until the thiol anion 

is generated. 

0 
© 

4 RS-CH0 (-CHCOOCH,) <L o 
RS + CH =CH-C-0CH_ 

Ct O 

@ 
KS-CH2-(CH-C00CH3) + RSH RS-CH -CH,,-C00CH_ + RS0 

M fa O 

Kharasch found that the product is almost quantitatively the 

"ionic" addition product. When he used ascaridol and ultraviolet 
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illumination, two other products were also isolated which can form 

from reaction of the sulfide-hydrocarbon radical with the olefin 

before chain transfer occurs. 

RSH + oxidant * RS* + H (oxidant) 

CH2=CH-COOCH3 + RS * » RS-CH2-CH-COOCH3 

RSCH2-CH-COOCH3 + RSH ' 9 RSCH2-CH2-COOCH3 + RS' 

I 

and ! 

RSCH -CH-COOCH, + CHo=CH-C00CH_ * RS-CH0-CH-COOCH, ^ o & / w 
CH0-CH-COOCH, M • l} 

11 

II + RSH 9 RS-CHr -CH-COOCH, + RS* 
& 1 O 
CH -CH -COOCH 

£ £ \3 

HI 

RS-CH -CH-CoOCH, 

CH, -CH-COOCH 
J0 1 <3 
CH2-CH2-COOCH3 

IV 

Compound IV can be formed by reaction of II with another molecule 

of methyl acrylate. All three products are formed in the reaction 

when peroxide and ultraviolet illumination are used. However, in 

both of the above cases, the thiol anion and the free thiol radical 

add to the olefin to produce the ion or free radical of lowest 

energy content, the secondary free radical. Brown, Jones, and 
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Pinder (11) have added -toluenethiol to all,yl alcohol and have 

found that 3-benzylthiopropanol is produced rather than the "nor

mal" addition product, 2-benzylthiopropanol, as reported by Szabo 

and Stiller (12). If an ionic mechanism is effective in the 

addition of <A-toluenethiol to allyl alcohol, Brown attributes 

it to the -CH^OH group being sufficiently electrophilic to gener

ate an electromeric chargeo 

/' 
CH2=CIH-CH20H <• CH2-CH-CH2OH 

The thiol anion then adds at the number three carbon atom giving 

3-benzylthiopropanolo However, the abnormal free radical addition 

should give the same product if the secondary free radical is the 

more stable<> The decrease in activity of c*-toluenethiol is 

attributed to it being less acidic than some of the more active 

thiols o rA-Toluenethiol adds to ethyl acrylate in the presence of 

piperidine or Triton B to give the expected sulfide (12). Thiols 

also add to acrylonitri1e in the presence of a basic catalyst (13) 

and Nicolet (14) has been able to add ^-toluenethiol to benzal-

acetophenone without the addition of a catalyst,, 

0 0 

@-CH=CH-£-@ • 0-CH2-SH i 0-CH-CK2-£-0 

s 

?H2 

© 
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However, methyl cinnamate would not add e<. -toluenethiol until a 

small amount of piperidine was added. The reaction then goes 

in two hours at 100°C while benzalacetophenone reacts completely 

in five minutes. Marvel and Weil (15) have also used triethyl-

amine to catalyze a 1,4-addition to a sulfone. Ross «st al 

(16,17,18) have found the use of a piperidine-thiol salt catalyst 

superior for cyanoalkylations. 

R 

-SH + RCH=CHCN » <^>-S-CH-CH2~CN 

Ross feels that the catalyst (generated in the reaction mixture 

by adding piperidine) is a salt or complex of thiophenol and 

piperidine but has not been able to determine its participation 

in the cyanoalkylation reaction. It is conceivable that the re

action is affected by the relative basicity of the catalyst and 

that an optimum pH is maintained with the salt catalyst. 

The stereochemistry of the radical-chain addition of thio

phenol has been studied by Goering, Relyea, and Larsen (19). The 

addition of thiocresol to 1-chlorocyclohexene results in prepon

derant .formation of cis-2-chlorocyclohexyl phenyl sulfide. Trans 

addition predominates even though the resulting cis-i,2-disubsti-

tuted cyclohexanes are thermodynamically less stable than the 
/ 

trans isomer. Goering proposes that the initial conformation of 

the 2-substituted 1-chLorocyclohexyl radical resulting from the 

addition of a radical to 1-chlorocyclohexene will be the one in 

/ 

/ 
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which the 2-substituent is in the axial position. In radical 

addition, the chain carrying radical approaches the double bond 

perpendicular to the plane of the sigma bonds of the ethylenjlc 

linkage in line with the carbon's p orbitals, and this would 
z* 

result in the formation of the 2-substituent in the axial posi

tion II. 

, —C1 

-CI + YS* t 
O 

SY 
II 

If the latter undergoes the transfer step before being converted 

to III, then trans-addition giving the cis isomer would be ex

pected. 

II 

* -CI 

SY 

Si ci 

I 

YS' 

SY . \ 
CI 

III 

th 

Si 

+ YS' 

In the conformation II there is an obvious steric advantage for 

the addendum (YSH) to approach the radical in the transfer step 

so as to give the trans-addition product I. Thus, if the transfer 

step occurs before conformational equilibration of the interme-
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diate radical, or if II is a more stable conformation than III, 

a preferred trans-addition giving predominately the cis isomer 

would be expected. If the intermediate radical is converted in 

part to III both addition products (cis and trans) would be ex

pected since there is little or no steric advantage for the 

approach of the addendum so as to lead to the trans-addition 

product. 

There are no recorded instances of the additions of 

thiols to unsaturated amines where the basicity might have some 

influence on the reaction except in the previously mentioned cases 

of 1,4-addition and cyanoalkylation where base catalysts have been 

used in the reaction,, Prell and Hartzell (20) have found that 2-

vinylpyridine and -toluenethiol react to give the expected 

product o 

Q-CH=CH2 * O"0"2'8" * Q-CH2-CH2-S-Cll2-©> 

Cason and Wanser (21) have prepared /?-(aryl-mercapto)-phenethyl 

amines by addition of aromatic thiols to $-nitrostyrenes and then 

subsequent reduction of the nitro sulfides,, 

-CH=CH-N02 + KSH » <(Q)-CH-CH2-N02 > <Q)-CH-CH2 

SR SR 

Reduction can be done with zinc and acetic acid or stannous 

chloride and hydrochloric acid* Catalytic hydrogenation using 

Raney nickel did not give the aminosulfides. However, Heath 

/ 
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and Lambert (22) did not observe this difficulty in reducing 

nitrosulfides catalytically using Raney nickel» They reacted 

2-nitroolefins and thiols to obtain alkyl-2-nitro alkyl sulfides 

which were then reduced to the corresponding alkyl-2-amino alkyl 

sulfideso t-Butylthiol and 2-nitroprop-l-ene yield 2-nitro-

propyl t-butyl sulfide with no catalyst present. Reduction 

yields the corresponding aminosulfide„ 

NO„ CH_ CH, N0„ 
) 4 | J | 3 i 4 

CH,-CH=CH + CH--C-SH f CH„-C-S-CH0-CH-CH„ o Z o | 3 | a 3 

CH3 CH3 

CH N0„ /CH, NH 
I 3 i 2 ful i 3 I 2 

CH--C-S-CH -CH-CH ^ > CH_-C-S-CH0-CH-CH, tj | & o o j 3 

CH3 CH3 

Heath and Lambert have found that they can increase yields by 

using a piperidine or sodium raethoxide catalyst. For an abnor

mal addition this is contrary to the results of earlier workers 

who noted that very small amounts of piperidine inhibited the 

reaction to a large extent even when direct sunlight was employed. 

Since it has been reported that piperidine can both 

inhibit and promote the addition reaction of thiols to olefins, 

the investigation of the addition reaction of thiols and thioacids 

to a heterocyclic olefin system containing a basic nitrogen 

function was undertaken in this study. 



I 

B. ADDITION OF THIO ACIDS TO OLEFINIC HYDROCARBONS 

It has been thoroughly shown that both "normal'1 and 

"abnormal" addition reactions are possible in the addition re

action of thiols and unsaturated compounds (5)„ Since the 

addition reactions of thio acids have run a close parallel in 

the development of free radical chain additions to olefinic 

compounds by sulfur-containing free radical reagents, one notices 

a startling difference in that only "abnormal" addition products 

are observed in the addition of thio acids to olefins0 Thiol-

acetic acid addition, first reported by Holmberg (23), consti

tutes one of the most convenient methods for preparing thiol-

acetates and thiols. Holmberg obtained 2-phenyl ethyl thiol-

acetate by the "abnormal" addition of thiolacetic acid to styrene. 

Ipatieff and Friedman (24) showed that the addition of thiol

acetic acid to a series of aliphatic olefins was "abnormal" in 

character. Addition of thiolacetic acid to allyl chloride gives 

3-chloropropyl thiolacetate as obtained by Sjoberg (25)„ Holm

berg and Schjamberg (26) have added thiolacetic acid to ©(/̂ -un

saturated carboxylic acids and Catch et. al (27) have found that 

simple ./^-unsaturated aldehydes react additively with thiol

acetic acid. One possible example of a "normal" addition was 

observed by Behringer (28) in the reaction of acetylene and the 

calcium salt of thiolacetic acid. He obtained 1,1-dithioacetyl 

15 
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ethane which at first could be considered as a normal addition 

product. Further investigation, however, showed that this com

pound is formed from a reaction of the alkali salts of thiolacetic 

acid and not from a reaction of thiolacetic acid and acetylene. 

In the majority of cases, addition occurs readily and the thiol-

acetates are obtained in high yield. The addition reaction can 

be carried out with or without solvent. It is catalyzed by per

oxides, ultraviolet light, heat, or even standing at room temper

ature in normal light (29,19,24,9)o 

Oct-l-ene and hexadec-1-ene give high yields of n-octyl 

and n-hexadecyl thiolacetate while oct-2-ene gives a mixture of 

2- and 3-acetylthio-n-octane. -Methylstyrene and thiolacetic 

acid give high yields of the corresponding abnormal addition 

product, 2-phenyl n-propyl thiolacetate (29), Thiolacetic acid y 

is less stereospecific than thiols in addition reactions and gives 

a mixture of cis and trans-2-chlorocyclohexyl thiolacetate con

sisting of about 70 per cent of the cis-isomer when added to 1-

chlorocyclohexene (19). 

Kuhn and Quadbeck (30) added thiolacetic acid to ethyl-

eneimine and obtained the acetyiated thiol in good yields. 
/ k 

/ N H  0  r u  n u  0  / \ // CH OH A 
CH2—CH2 + CH3-C-SH •> CH3-C-NH-CH2-CH2-SH 

45 % 

They also obtained a small amount of the corresponding thiol-
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acetate as a by-product. Vinton (31) found that thiolacetic 

acid adds to 2-vinylpyridine at -40°C. to give the abnormal 

addition product <> 

[q)-ch=ch2 + ch
3~c-sh * 1̂ -CH2-ch2-s-c-ch3 

/ 

The addition of thiolacetic acid to olefinic hydrocarbons nor

mally occurs exothermally and with great ease giving high yields 

,/ 

of relatively pure products« 

Since thiolacetic acid addition and thiol addition both 

apparently occur by a free radical mechanism when peroxides are 

present, addition of thiolacetic acid to a heterocyclic olefinic 

system was investigated. Behringer (28) had observed difficulty 

in adding thiolacetic acid to unsaturated hydrocarbons when a 

basic amine moiety was present. He isolated a condensation 

product whose formation is catalyzed by alkali bases or basic 

amines. Kuhn and Quadbeck (30) found no difficulty in adding 

thiolacetic acid to ethyleneimine and Vinton (31) obtained the 

expected product with 2-vinylpyridine• Apparently some clari

fication of the effect of a basic amine group on the addition of 

thiolacetic acid to unsaturated hydrocarbons was needed, and 

such an elucidation was attempted in this study<> 

/ 
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II. DISCUSSION 

The tetrahydropyridines, which are commercially avail

able as by-products of the reduction of pyridine to piperidine, 

are convenient examples of unsaturated amines. The reactions of 

the 1,2,5,6-tetrahydropyridines are those which are expected of 

an isolated double bond and a secondary or tertiary amine, with 

little influence of one functional group on the other (32). Addi' 

tion of bromine gives a dibromide and reaction with malonic acid 

gives the 4-substituted piperidine. Heaction of ammonia with a 
/' 

3-substituted 1,2,5,6-tetrahydropyridine gives l-alkyl-3-carboxy-

4-aminopiperidine (33). 

Br 
-Br 

+ Br2 O 
N N 
i I 
CH_ CH. 

C0OH 

m u CH C0OH I ^ 

n + «2
c/ —•> o c°2h 

Y VCO2„ Y 

CH3 CH3 

o 

NH 

c02H nh3 , rvco2H t N- pressure ^ 
i I 
CH_ CH 

3 

18 
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The 1,2,5,6-tetrahydropyridines are not like the 1,2,3,4-tetra-

hydropyridines, which are vinyl amines, in which the electrons 

of the double bond and the nitrogen atom can interact (34,35). 

It has been observed that /^-unsaturation in an amine generally 

decreases the basicity of the nitrogen atom. When the nitrogen 

atom and the double bond are separated by one or more saturated 

atoms the decrease in the basicity must be due to dipole inter

action. Adams and Mahan (34) studied the basicity of a series of 

2 
1,2-dialkyl-A -pyrrolidines and the analogous pyrrolidines and 

2 
also 1,2-dialkyl--tetrahydropyridines and the corresponding 

piperidines and found that in every case, the unsaturated com

pound was more basic than the saturated. a 

In the free radical addition of -toluenethiol to 1-methyl 

1,2,5,6-tetrahydropyridine, it would be expected that two isomers 

would be obtained. 

However, it wasjfound in this work that only one product was ob

tained as determined by vapor phase chromatography. Since the 

only possible positions for addition would yield either the 3 or 

the 4 isomer, an independent synthesis of 4-(1-methylpiperidyl) 

benzyl sulfide and of 3-(1-methyl pi per idyl) benzyl sulfide should 

I 
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determine which product is formed in the addition reaction of 

c^-toluenethiol and 1-methyl-1,2,5,6-tetrahydropyridine0 Of the 

available methods for the synthesis of the corresponding sulfides, 

preparation of 1-methyl-4-mercaptopiperidine and reaction of its 

sodium salt with a benzyl halide /should give 4-(l-methylpiperidyl) 

benzyl sulfide. Synthesis of 1-methyl-4-mercaptopiperidine by the 

method of Biel (36) proved unsuccessful. Biel was able to prepare 

l-ethyl-3-mercaptopiperidine by reaction of 1-ethyl-3-chloro-

piperidine with thiolacetic acid in iso-propyl alcohol. The 

compound l-ethyl-3-thioacetylpiperidine thus formed was hydrolyzed 

to the corresponding thiol using dilute sodium hydroxide<> In this 

work l-methyl-4-chloropiperidine was successfully prepared from 

1-methyl-4-hydroxypiperidine and thionyl chloride by the method 

of Feldkamp (37). Treatment of 1-methyl-4-chloropiperidine with 

thiolacetic acid in iso-propyl alcohol yielded only starting 

material and a small amount of a sulfur-containing material 

which did not contain nitrogen. Since the corresponding thiol 

was not available by this method of synthesis, a different approach 

was attempted. 

The reaction of an alkyl chloride with a sulfurized 

Grignard reagent should give the corresponding sulfide. 

CI 

+ CIMgS-CH 

CH 
3 

CH 
3 

The reaction of 1-methyl-4-chloropiperidine and the sulfurized 
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Grignard reagent of benzyl chloride in refluxing benzene gave only 

a very small amount of a product which did not yield sufficient 

material on distillation for further characterization. A success

ful synthesis of 4-(1-methylpiperidyl) benzyl sulfide was finally 

achieved by preparing 1-methyl-4-mercaptopiperidine by the method 

of Lyle and Barrera (38). Treatment of 1-methyl-4-piperidone with 

hydrogen sulfide in isopropyl alcohol gave the 4-gem-dithiol of 

1-methylpiperidine. 

0 HS SH 
11 H_S V/ 

o ^ o 

CH3 CH3' H20 

Reduction of the gem dithiol with sodium borohydride gave 1-

methyl-4-mercaptopiperidine. Rather than isolate the free thiol, 

which oxidizes to the disulfide easily, the sodium mercaptide 

salt was formed in an inert atmosphere of nitrogen. Reaction 

of the Siodxuni salt with benzyl chloride gave the corresponding 

4-(l-methylpiperidyl) benzyl sulfide. 

S0 Na® S-CH -
-CH„-CI N ' o • o 2 n 

N isopropyl alcohol N 

=H3 =H3 

Desulfurization of the above sulfide with Raney nickel showed 
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that the parent compound had not rearranged or undergone ring 

opening during the reaction. Infrared data indicates that the 

product from the addition of »<r-toluenethiol and 1-methyl-l ,2,5,6-

tetrahydropyridine and the synthesized 4-(1-methylpiperidyl) benzyl 

sulfide are not identical, but the spectra are very similar (see 

Figures I and II). Vapor phase chromatography retention time 

for 4-(l-inethylpiperidyl) benzyl sulfide is slightly greater than 

for the addition product. Ultraviolet absorption data indicates 

that both of the compounds are sulfides and contain an aromatic 

nucleus. Fehnel and Carmack (40) have observed that considerable 

interaction occrus between sulfur and an attached benzene ring. 

They determined spectra of benzyl sulfides finding that they ! 

differ markedly from the spectra of simple benzenoid hydrocar

bons such as toluene. A general smoothing out of the benzenoid 

fine structure is attributed to the presence of a benzyl mercapto 

group. All of the ultraviolet spectra of the benzyl sulfides in 

this study were smoothed out with the benzenoid peaks occurring 

at 261 mf- and 267 mju.. Thus the preliminary indications are that 

the sulfide obtained from the free radical addition of -toluene-

thiol to 1-methyl-1,2,5,6-tetrahydropyridine is not identical 

to 4-(1-methylpiperidyl) benzyl sulfide. The retention time of 

3-(l-methylpiperidyl) benzyl sulfide would be expected to be less 

than the retention time of 4-(1-methylpiperidyl) benzyl sulfide. 

Thus the addition of e<-toluenethiol to 1-methyl-1,2,5,6-tetrahydro 

pyridine apparently gives exclusively the 3-substituted product. 
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Synthesis of 3-(1-methylpiperidyl) benzyl sulfide could 

! be approached in a number of ways. Reaction of the sodium salt of 

cK-toluenethiol and l-methyl-3-chloropiperidine should yield the 

corresponding sulfide. The sodiura salt of c^-rtoluenthiol was 

prepared by reaction of c<-toluenethiol with sodium sand in tol

uene. Addition of 1-methyl-3-chloropiperidine, prepared from 

1-methyl-3-hydroxypiperidine and thionyl chloride, to the sodium 

salt of o*-toluenethiol followed by a period of reflux, failed to 

give the expected sulfide. Vapor phase chromatography indicated 

that only starting materials were present. Reaction of Grignard 

reagents with sulfur has been investigated by Bachmann and 

Cockerill (39). The following scheme indicates the proposed 

method of synthesis of 3-(1-methylpiperidyl) benzyl sulfide 

using a sulfurized Grignard reagent. 

(^Y1 Ms pj-Hg" s pj-SMsCl 

N dry ether N ———) ^ 

CH3 CH3" 

'SMgCl f^,-CH0-Cl -S-CH2-^\-SMgCl ^,-CH -CI -i 

0 * p- a — Q" 

By treating l-methyl-3-hydroxypiperidine with dry hydrogen chlo

ride by the method of Feldkamp (37), 1-methyl-«i-chloropiperidine 
v-

was obtainedo All attempts to prepare the Grignard reagent of 

l-methyl-3-chloropiperidine were unsuccessful. Addition of / 
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iodine and entrainraent with methyl iodide failed to produce forma

tion of the Grignard reagent as did refluxing under nitrogen for 

twenty hours. However, the method of approach could be reversed 

with the end product still being 3-(1-methylpiperidyl) benzyl 

sulfide. 

-CH2-C1 Mg ^-CH2-MgCl 

dry ether 

-CH2-MgCl S ^ ^-CH2-SMgCl 

. qt _ 
N N 

CH3 £H3 

The Grignard reagent of benzyl chloride is easily prepared and 

the reaction of the Grignard reagent jvith sulfur is an exothermic 

one which requires cooling. Reaction of the sulfurized Grignard 

reagent of benzyl chloride with l-methyl-3-chloropiperidine gave 

a small amount of n sulfide which was presumed to be 3-(l-methyl-

piperidyl) benzyl sulfide. However, vapor phase chromatography 

showed that its retention time was slightly less than the retention 

time of the addition product of o<-toluenethiol and 1-methyl-1,2,5, 

tetrahydropyridine. The infrared spectrum (see Figure III) of 

the sulfide synthesized from 1-methyl-3-chloropiperidine was 

quite different from the infrared spectra of the sulfides (Figures 
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Infrared spectrum of 2-(1-methylpyrrolidyl) methyl benzyl sulfide. 
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I and II) formed from addition and the synthesized 4-(l-methyl-

piperidyl) benzyl sulfide. The ultraviolet spectra of all three 

of the sulfides are identical indicating the presence of the same 

ultraviolet absorbing groups in all of the sulfides,. According 

to vapor phase chromatographic data, the addition sulfide is not 

in position 3 or 4. However, since 1-methyl-3-chloropiperidine 

has been observed to rearrange to give the corresponding 1,2-

dimethylpyrrolidine derivatives when treated with nucleophilic 

reagents, it seems likely that such a rearrangement might have 

occurred when l-meth.yl-3-chloropiperidine was treated with the' 

sulfurized Grignard reagent of benzyl chloride. Reitsema (41) 

observed ring contraction when 1-ethyl-3-chloropiperidine was 

treated with benzylamine. 

O 

?H2 
CH. 

CI 
+ NH2-CH2- , CHf)-NH-CH • 

i 
CHr 
I ' 
CH. 

Reitsama proposed the following scheme for the possible 

ring contraction. 

-CI 

I 
R 

<2> 
® 
R CI' © 

R'NH 
4 (TJXH -NH-R' 

N 
I 
R 
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A similar ring contraction was observed by Biel, Hoya, and Leiser 

(42) in treating 1-methyl-3-chloropiperidine with aliphatic amines 

or with aqueous hydrazine» 

Q 
CI 

+ H0N-(CH_) -N ti il n \ 
CH. 

CH. 

a 

ch_ / 3 

N 
CH2-NH-(CH2V\ 

CH3 CH3 

However, Fuson and Zirkle (43) have observed just the opposite, 

reaction involving the same intermediate cyclic imonium ion and 

a nucleophilic agent giving a ring expansion rather than a ring 

contraction. 

LNj-cH2-Cl 

I 
C0H • HC1 o 

NaOH 
> 

CnJ-CH2-CI 

C2H5 

I 
© N. 

C2H5 

0 

cr 
CHf 

CI 

C2»5 

Such rearrangements are well known for 1,2-aminochloroalkanes 

and resemble the Favorski reaction. 

Br 

0 
=0 + 0r2 

0 

Br NaOH 

:0 * 

Br 

=0 
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Since 4-(1-methylpiperidyl) benzyl sulfide and the addition pro

duct of -toluenethiol and 1-methyl-1,2,5,6-tetrahydropyridine 

are not identical, the 3-substituted sulfide was anticipated to be 

the product of free radical attack. However, when 3-(l-methyl-

piperidyl) benzyl sulfide did not prove identical to the addition 

product, ring contraction was suspected0 Desulfurization of 

3-(l-methylpiperidyl) benzyl sulfide indicated that ring contrac

tion had occurred, for the melting point of the picrate of the 

desulfurized material was identical with that of the picrate of 

Desulfurization of the authentic 3 — (1-methylpiperidyl) benzyl 

sulfide would have given l-methylpiperidine0 Desulfurization 

of the addition product did indeed give 1-methylpiperidine as 

determined by the picrate and methiodide melting points. 

1,2-dimethyl pyrrolidine. 

Raney Ni 

CH 3 CH 3 

Raney Ni 

CH 
3 

CH 
3 

It would be expected that the physical properties, excluding the 

infrared data, would be very similar for the three isomers. In 

vapor phase chromatography on either a column of silica or di-
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ethylene glycol succinate on firebrick, the addition sulfide 

occurs immediately after the rearranged sulfide and immediately 

before 4-(1-methylpiperidyl) benzyl sulfide. This would be the 

expected order due to their structure. Thus, it appears that 

the sulfide formed in the free radical reaction of ^-toluene-

thiol and 1-methyl-1,2,5,6-tetrahydropyridine is 3-(l-rnethyl-

piperidyl) benzyl sulfide. 

% 

N' 
I 
CH. 

.CH2-SH peroxides -S-CH, 

l 
CH. 

Ultimate analysis on the picrate salts of the three isomeric 

sulfides confirmed their identity, Desulfurization indicated 

that in 4-(1-methylpi peridyl) benzyl sulf ide, the parent nucleus 

remained unchanged (1-methylpiperidine) while desulfurization 

of the synthesized 3-(1-methylpiperidyl) benzyl sulfide confirmed 

that ring contraction had occurred, giving 1,2-dimethy 1 pyrroli-

dine. Hing contraction surely occurs on treatment of 1-methyl-

3-chloropiperidine with the nucleophiJic sulfurized Grignard 

reagent. 

CI 

N' 
I 
CH. 

+ ClMgS-CH2- 4 
N .. 
I 
CH 

CI 

3/ 

_ . CHq-S-CH,,-N, , 
-jj 2 2 v—^ 

•"S\ + MgCl, 

CH, 
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The basicity of the nitrogen in a tertiary amine is the major 

difference between this reaction and a reaction involving an 

unsaturated hydrocarbon in which both isomers are formed in the 

free radical addition reaction ivith a thiol. The question then 

arises as to the directive influence exerted by the nitrogen 

atom. In order to determine if the basic character of the ter

tiary amine group is responsible for the direction of addition, 

removal of its basic nature would be desirable. This is easily 

accomplished by converting the amino group to an amide functional 

group. Acetylation of 1,2,5,6-tetrahydropyridine with acetic 

anhydride affords a rapid synthesis to a very closely related 

unsaturated amide. 

0 

CH -c' _ 0 
O \ 

3 0 | 1 + CH„-C-OH 

?' CH -c ' Y 
H *0 C=0 

CH3 

Free radical addition of *-toluenethiol to 1-acetyl-

1,2,5,6-tetrahydropyridine gives the corresponding sulfides 

which were shown to occur in almost identical amounts by vapor 

phase chromatography. 
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n-H2-a 

N 
i 
C=0 

-3 

Molecular weight of the mixture of the two amide sulfides was 

determined by the method of Harnish and Stanley (44). Addition 

of bromine water and titration of the excess bromine iodimetrically 

in a t-butyl alcohol solution proved successful. Ultraviolet 

analysis and infrared analysis verified the products as the ex

pected sulfides. Thus, the basic character of the nitrogen does 

have a directive effect on the free radical reaction.. 

Since thiols are weak acids, and 1-methyl-l,2,5,6-tetra-

hydropyridine is a relatively strong base, it would be expected 

that some protonation of the nitrogen would occuro However, 

since x-toluenethiol is a very weak acid (pK = 11.8) (45) the 

extent of protonation would be very slight and should not be 

sufficient for an ionic mechanism when free radical catalysts 

are employed. Since an ionic mechanism would favor substitution 

at position 4 rather than position 3, the reaction with free 

radical catalysts goes entirely through free radical chain re

action. Protonation of the amine nitrogen by the weakly acidic 

thiol hydrogen would favor 4-substitution. 

S-CH2-

pi + 01 Cfi2~SH peroxideq> 
N N 
i i 
c=o c=o 
I I 
CH, CH 
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The piperidinium ion causes a partially positive charge at carbon 

2 making the electron density at carbon 5 greater than the elec

tron density at carbon 2, thereby favoring carbonium ion formation 

at position 4 rather than position 3. Structure I would also be 

of lower energy content than structure II due to repulsion of 

like charges, thereby favoring structure I. 

N,N-dimethylaliylamine also reacts with ><-toluenethiol 

to yield a compound which contains both nitrogen and sulfur. The 

basic material was isolated as its hydrochloride salt to determine 

whether reaction did occur with \-toluenethiol, but the product 

was not further characterized since it was not the object of the 

study. 

Even though the mechanism of free radical addition of 

thiols and thiolacetic acid are considered to be identical, the 

reaction of N,N-diinethylallylamine and thiolacetic acid does not 

F 1 

iilivv'-/.':1-;:.",' 
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give the corresponding thiolacetate. Behringer (28) observed that 

the reaction of calcium thiolacetate and acetylene gave a com

pound shown to be a dithioacetyl. 

0 0 
// ii 

CH=CH + 2 CH ,-C * CH--CH-S-C-CH. 
VS®Ca® k 

I 
c=o 
I 
CH_ 

He first considered that a "normal" addition reaction to the 

second mole of the thiolacetate might have occurred but discovered 

that the product was due to a condensation reaction involving the 

thiolacetate anion rather than a reaction of calcium thiolace

tate and acetylene. Behringer and K1ey (46) also observed that 

in the free radical addition of thiolacetic acid to cyclohexenyl 

acetate, addition normally proceeds very well. However, in the 

presence of a small amount of triethylamine, no addition occurs 
/ 

at all. Kuhn and Quadbeck (30) have observed addition of thiol

acetic acid to a basic compound apparently without difficulty. 

They added thiolacetic acid to ethyleneiinine and obtained a good 

yield of the corresponding acet.ylated thiol. 

H 

N 0 0 
. " H it 

CH -CH + CH3"C-SH ^ CH3-C-NH-CH2-CH2-SH 

Behringer (47) found that the formation of the dithioacetyl from 

thiolacetic acid was caused by bases, alkali salts of thiolacetic 
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acid or alkali salts of acetic acid. It would certainly be anti

cipated that ethyleneimine would be a strong enough base to cause 

the formation of the thiolacetate anion and condensation to give 

the dithioacetyl. Possibly a different mechanism or series of 

reactions is involved in the reaction of thiolacetic acid with 

ethyleneimine than in the free radical addition of thiolacetic 

acid to unsaturated compoundis in the presence of amines''. Vinton 

(31) observed that the free radical addition of thiolacetic acid 

to vinyl pyridine occurs in the "abnormal" fashion and without 

complicating reactions. It has been observed in this work, that 

when a basic amine is present in the reaction mixture, either 

as an added reagent, or as a moiety in the unsaturated hydrocar

bon, reaction does not occur under either frfee radical or anti

oxidant conditions. The peroxide cataly/.ed addition of thiol

acetic acid to I.-me thy 1-1 ,2,5 ,6-t etrah.ydro pyridine with ethyl 

acetate as solvent at first appeared encouraging. A large amount 

of heat was evolved on mixing of the two materials and distilla

tion at reduced pressure gave a material containing both sulfur 

and nitrogen. However, the index of refraction was much too high 

for a thiolacetate and was not constant for the various fractions. 

When the distilled material was subjected to infrared analysis, 

the absorptions nor-nally associated with thiolacetates were not 

observed. Precipitation of the amine containing material from 

ether solution with dry hydro ,en chloride or hydrogen bromide gave 

a solid which did not contain sulfur. The picrates formed from 
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the distilled fractions contained no sulfur and melting points 

were those of the picrate of 1-methyl-1,2,5,6-tetrahydropyri-

dine. When hydroquinone was added and the reaction run under 

nitrogen, similar results were obtained and no thiolacetate was 

formed. Reaction of 1-methyl-1,2,5,6-tetrahydropyridine and 

thiolacetic acid in the absence of a solvent followed by dis-

stillation at reduced pressure gave three fractions, all of which 

had high indices of refraction and whose picrates did not contain 

sulfur. Infrared analysis indicated the absence of the normal 

thiolacetate absorption peaks. The picrate melting points were 

those of the starting material. Reaction at dry ice tempera

tures of ethyl acetate solutions of 1 -methyl-1 ,2 , , 6-tetrahydro

pyridine and thiolacetic acid gave a light yellow crystalline 

material which was water soluble, apparently being a salt of 

thiolacetic. acid and the amine. The salt was removed by filtra

tion and when allowed to warm to room temperature became a deep 

red oil. Distillation of the deep red oil failed to £ive any of 

the expected thiolacetate. Even though addition to the double 

bond had not occurred in the previous attempts, it was felt 

that further work should be done to exhaust all possibilities 

of causing this reaction to occur. Since these types of free 

radical additions generally occur in almost quantitative yields, 

this would be an excellent route to the corresponding sulfur 

derivitives. Formation of an amine hydrochloride salt to elim

inate the basic character of the amine (1-methyl-4-phenyl-l,2,5,6-
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tetrahydropyridine), followed by free radical addition of thiol-

acetic acid, did not yield the corresponding thiolacetate. No 

apparent reaction occurs when the amine salt and thiolacetic 

acid are mixed with one another. Heating of the reaction mixture 

has no effect until a sufficiently high temperature is reached to 

decompose the amine salt and cause formation of an ill smelling 

dark red oil which does not contain nitrogen. Isolation of the 

remaining amine Scilt and elemental analysis shows the absence of 

sulfur. Vapor phase chromatography of the distillates of the 

reaction products of 1 -methyl-1,2 ,5 , 6-tetrah,ydropyridine and thiol 

acetic acid indicate that they are mixtures of the amine, thiol

acetic acid and a higher boiling material. This explains the 

presence of both sulfur and nitrogen in the original analysis. 

When the hydrochloride salt of 1-methyl-1,2,5,6-tetrahy-

dropyridine is treated with thiolacetic acid in ether solution, 

a yellow layer fo^rins above the ether solution. Separation of the 

yellow layer and chilling causes it to solidify. Neutralization 

and extraction of the free amine gives only starting material and 

none of the corresponding thiolacetate. Even reaction of 1-methyl 

1,2,5,ti-tetrahydropyridine and thiolacetic acid, in tetrahydro-

furan as solvent, in a steel bomb under free radical conditions 

at 100°C. for ten hours does not cause free radical addition to 

the double bond to occur,. In an effort to determine if the double 

bond in this system is very unreactive toward addition of thiol

acetic acid or if the basic amine is the inhibiting factor, the 
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addition of thiolacetic acid to the amide derivative of 1,2,5,6-

tetrahydropyridine was attempted. This reaction yielded a small 

amount of a high boiling liquid which contained both sulfur and 

nitrogen. The infrared spectrum contains both the amide peak and 

the peaks normally associated with t*hiolacetates (Figure IV) 0 The 

index of refraction of the thiolacetate is higher than the index 

of refraction for the amide and molecular weight determination 

by saponification of the thiolacetate in alcoholic sodium hydrox

ide is in the correct order of magnitude. Since only a small 

amount of the thiolacetate was formed, it is felt that the re

activity of the double bond in the unsaturated amine system is 

considerably less than that found in most unsaturated compoundso 

Since no reaction was observed whenever the basic amine group 

is present, even when present in its salt form, the base cata

lyzed reaction of Behringer (47) is strongly supported and re

actions of tli iolacL-tic acid with basic compounds to give the 

expected thiolacetates should be checked with this knowledge in 

mind. 

Thus, we find"that the free radical reaction of N-alkyl-

1,2,5,6-tetrahydropyridine and thiolacetic acid does not give the 

expected product although removal of the basic amine moiety 

allows the reaction to proceed to a limited extent. Free radical 

reaction of a thiol with this same unsaturated amine system does 

occur but yields only one of the two expected isomers. Removal 

of the amine moiety by conversion to the corresponding amide 
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FIGURE IV: Infrared spectrum of the addition product of l-acetyl-l,2,E>, 6-tetrahydropyridine and thiolacetic 
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shows that the basic amine is responsible for the addition occur— 

ring exclusively at the 3 position® 

/ 

/ 
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EXPERIMENTAL1'2 

Reaction of 1 -methyl-1,2 ,516-tetrah.ydropyridine and °<-toluene-

thiol. 

o<-Toluenethiol, 12.4 grams (0.1 mole), and 1-methyl-

1,2,5,6-tetrahydropyridine, 9.7 grams (0.1 mole), were placed 

in a pressure bottle. Di-t-butyl peroxide (three drops) was added 

and the pressure bottle heated at 100°C. for two hours. This was 

allowed to stand at room temperature for four additional days. 

Ether (200 ml.) was added and the solution was extracted with 

aqueous potassium carbonate solution to remove any unreacted 
r 

toluenethiol. After the ether solution had been dried over anhy

drous potassium carbonate, the ether was removed under reduced 

pressure on a water bath. Distillation of the residual oil gave 

a 20% yield of a yellow oil; b.p. 124-125°/l.25 mm.; nj^ = 1.5555; 

d20 = 1.049o 
4 

The ultraviolet spectrum showed the following absorp

tions: 261 m-7 (log f = 2.G7), 267 m/< (log f - 2.55). The 

infrared spectrum of a 5% carbon tetrachloride solution is shown 

in Figure I. 

lo All boiling points and melting points are uncorrected. 

20 Ultraviolet spectra were taken on a Cary 11 recording 
spectrophotometer. The infrared spectra were taken on a Perkin-
Elmer Infracord. 

42 
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A picrate was formed and recrystallized from methanol; 

m.p0 125-126°. The picrate was submitted for ultimate analysis. 

For C19H22N07S: 

Calculated: C = 50.66; H = 4.92; N = 12.44 

Found: C = 50.50; H = 4.78; N = 12.47 

Desulfurization of the addition product obtained from <?<-toluene-
/ 

thiol and 1-methyl-1,2,5,6-tetrahydropyridine. 

Thirty grams of No. 28 active Raney nickel (Raney Nickel 

Catalyst Co., Inc.) was washed with absolute ethanol and added 

to 100 ml. of absolute ethanol in a 250 ml. flask fitted with a 

reflux condenser. Three ml. of the addition product obtained in 

the peroxide catalyzed reaction of ^-toluenethiol and 1-methyl-

1,2,5,6-tetrahydropyridine was added to the alcoholic solution of 

the Raney nickel. The solution was refluxed for 12 hours and 

allowed to cool. The Raney nickel was removed by filtration; 

50 inl. of the alcohol were removed by gentle heat and suction. 

The residue was distilled into picric acid and methyl iodide. 

The picrate was recrystallized from absolute methanol until no 

further change in melting point occurred; m.p. 221-223°. The 

methiodide was recrystallized from absolute methanol; m.p. 336-

337° with decomposition. Reported for 1-methylpiperidine; picrate 

m . p o  223-224°; methiodide m.p. 334° with decomposition o  

Synthesis of l-methyl-3-chloropiperidine. 

The method of Feldkamp, Faust and Cushman (37) was modi
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fied for the preparation of l-methyl-3-chloropiperidine. Dry 

hydrogen chloride gas was bubbled into a solution of 105 grams 

(0.91 mole) of 1-methyl-3-hydroxypiperidine (Aldrich Chemical 

Co.) in 200 ml. of dry chloroform. Thionyl chloride, 424 grams 

(3o56 moles), was added dropwise to maintain a gentle reflux of 

the chloroform. After the addition was' completed, the chloroform 

solution was refluxed for 12 hours. The excess thionyl chloride 

and chloroform were removed by distillation at reduced pressure. 

Methanol (100 ml.) was added to the residue and distillation 

continued. The addition of methanol was repeated. The solid 

residue was dissolved in chloroform, which was then cooled and 

neutralized with an ice-water mixture of potassium carbonate. 

The layers were separated and the aqueous layer extracted re

peatedly with cold chloroform. The chloroform extracts were 

combined and dried over anhydrous sodium sulfate. The chloro

form was removed and distillation of the residual oil gave a 45% 

yield of 1-methyl-3-chloropiperidine; b.p. 48-49°/15 mm., nj^ = 

1.4662, d^ = 1.026. A picrate salt which forms easily was 

recrystal1ized from methanol; m.p. 170-171°. The infrared spectrum 

(Figure V) in cyclohexane shows a strong chlorine absorption and 

the absence of any hydroxyl absorption. Elemental analysis con

firmed the presence of chlorine. 

Attempted reaction of the sodium salt of cK-toluenethiol and 1-

methyl-3-chloropiperidine. 

Sodium, 3.8 grams (0.163 mole), was placed in 200 ml. of 
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toluene (dried over sodium) in a one liter three-neck flask fitted 

with a stirrer, a dropping funnel, and a condenser with a nitro

gen inlet tube. An inert atmosphere of nitrogen was maintained 

at all times. Sodium sand was prepared and the flask allowed to 

cool. c<-Toluenethiol (20.2 grams, 0.163 mole) was added dropwise 

and the mixture stirred overnight. After the addition of a 100 

ml. portion of ether to the slurry, 21.5 grams (0.163 mole) of 

l-methyl-3-chloropiperidine was added dropwise. After the addi

tion was complete, the solution was refluxed for four hours. 

The solution was cooled, filtered and reduced in volume> The 

crude reaction mixture was subjected to vapor phase chromato

graphy and only starting materials were present. 

Attempted preparation of the Grignard reagent of l-meth.yl-3-

chlpropiperidine. 

Bachmann and Cockerill (39) have given a general proce

dure for the preparation of Grignard reagents and sulfurization 

of them. Their general procedure was employed in this synthesis. 

A one liter three-neck flask was fitted with a reflux 

condenser, a dropping funnel, and a magnetic stirrer. Nitrogen 

gas was passed into the flask while the flask and 10.4 grams of 

magnesium turnings were heated to remove adhering moisture. 
/ • 

The flask was allowed to cool and 55 grams (0.41 mole) of 1-

methyl-3-chloropiperidine in a mixture of 200 ml. of absolute 

ether and 400 ml. of dry benzene was added dropwiseo After a 

few drops had been added, there was no evidence of reaction. 



47 

A crystal of iodine was added and the iodine color disappeared 

with the formation of a fluffy tan solid. A few drops of iodo-

raethane were addedf and the flask warmed slightly, but there was 

no evidence that reaction had occurred. The chloride solution 

was added dropwise and the solution refluxed for 20 hours in an 

atmosphere of nitrogen. The magnesium turnings were removed by 

filtration. The solution was reduced to a low volume. After 

being washed and dried, the magnesium turnings retained their 

original weight. Distillation of the residue at reduced pressure 

gave only starting material. 

Synthesis of 3-( 1 -methylpiperid.yl) benzyl sulfide. 

The Grignard reagent of benzyl chloride was prepared in 

the normal manner in diethyl ether using 0.4 mole (50.4 grams) 

of benzyl chloride in 200 ml. of ether and 0.5 mole (12.0 grams) 

of magnesium turnings. The ether solution of the Grignard rea

gent was filtered to remove the excess magnesium turnings. Sulfur 

(12.8 grams, 0.4 mole) was added slowly to the cold ether solu

tion of the Grignard reagent. A large amount of heat was evolved 

and cooling was necessary to prevent loss of the ether. After 

benzene (100 ml.) had been added, 55 grams (0.41 mole) of 1-methyl-

3-chloropiperidine was added dropwise to the sulfurized Grignard 

reagent while an inert atmosphere of nitrogen was maintained. 

The solution was refluxed for 24 hours and then filtered to 

remove the solid which had formed. The solution was reduced in 

volume and distilled at reduced pressure giving 9.2 grams (1004% 
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yield) of a pale yellow oil; b.p. 130-132 /202 mm.; = 1.5538; 

20 = 1.032. The ultraviolet spectrum showed absorptions at: 

261 mu- (log t = 2.70), 267 m/i (log = 2.55) 0 The infrared 
/ 

spectrum of a 5% solution in carbon tetrachloride is shown in 

Figure III. A picrate of the oil is easily formed and recry-

stallized from methanol; m.p. 106-107°. The picrate was sub

mitted for ultimate analysis. 

For C
19
H22N07S: 

Calculated: C = 50.66; H = 4.92; N = 12.44. 

Found: C = 50.46; H = 4.85; N = 12.30. 

Desulfurization of 5-(l-methylpiperidyl) benzyl sulfide. 

Active Kane.y nickel catalyst No. 28 (20 grams) was 

washed with absolute ethanol and placed in 100 ml. of absolute 

ethanol in a 250 ml. flask with rnl. of 3-( 1-methyl piperidyl) 

benzyl sulfide and was refluxed for five hours. The alcoholic 

solution was cooled and filtered to remove the Raney nickel. 

Five ml. of a saturated solution of picric acid in 95% ethanol 

was added; the solution was reduced in volume to approximately 

10 inl. and was chilled in the freezing compartment of the refrig

erator. The picrate was filtered and recrystallized from abso

lute methanol; m.p. 236-237° (reported (49) 235° with decomposi

tion). A mixed melting point with 1,2-dimethylpyrrolidine 

showed no depression. 
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Reaction of Monomethyl amine and n-amyl bromideo 

Monomethyl amine gas was bubbled into 500 ml. of abso

lute ethanol until a weight increase of 74.4 grams (204 moles) 

was obtained. To this alcoholic amine solution, 180 grams (1.2 

moles) of n-amyl bromide was added dropwise over a two hour period 

while the alcoholic solution was being stirredo The solution was 

refluxed for 12 hours during which time a colorless crystalline 

solid precipitates from the alcohol. The flask was cooled and 

the solid removed by filtration. The alcoholic solution was 

saturated with dry hydrogen chloride gas and the alcohol removed 

by vacuum and gentle heat. The residue and the previously removed 

solid were combined and dissolved in 100 ml. of water and chilled 

in the refrigerator. The acid solution was neutralized to pH 

12-13 with cold 5Q/o sodium hydroxide while surrounded by ice 

water. The aqueous solution was extracted repeatedly with ether; 

the combined ether extracts were dried over sodium sulfate. The 

etheral solution was filtered and the ether removed by distilla-

tion. A picrate was made of the fraction boiling between 114-

118°; m.p. 122-123° (reported (50) 121°). Yield was 21% (25 

grams, 0o25 mole). 

Preparation of the N-chlorine derivative of methyl-N-n-amyl amine» 

A general procedure for the preparation of the N-chlorine 

derivative of secondary amines using sodium hypochlorite has been 

given by Coleman (51). The general procedure was followed in the 

preparation of the N-chlorine derivative of methyl-N-n-amyl amine. 
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Methyl-N-n-amy1 amine (25 grams, 0.25 mole) was dissolved 

in 23 ml. of concentrated hydrochloric acid and 55 ml. of water» 

The amine hydrochloride was cooled to 0°C. and added slowly to a 

mixture of 200 ml. of cold ether and 450 ml. of Clorox (0.3 mole 

jof sodium hypochlorite) with vigorous stirring. The ether-Clorox 

solution was surrounded by ice water and stirred for about five 

minutes after the addition was complete. The layers were separ

ated and the aqueous layer extracted twice with 100 ml. portions 

of ether. The ether extracts were combined and washed with 25 

ml. of cold 8% sulfuric acid solution and finally with 25 ml. of 

5% sodium hydroxide solution. The ether layer was dried over 

sodium sulfate, filtered, and the ether removed by vacuum and gen

tle heat. The residual syrup was used in the preparation of 1,2-

dimeth.yl pyrrolidine. 

Preparation of 1,2-dlmethylpyrrolidine. 

Coleman and Gohern (52) have prepared 1,2-dimethylpyrrol-

idine but no experimental procedure was given. 

The N-chlorine derivative obtained from the reaction of 

sodium hypochlorite and methyl-N-n-amyl amine was added slowly 

to 16 ml. of concentrated sulfuric acid and 6 ml. of water. The 

mixture was heated to 90° on a water bath for 30 minutes and then 

cooled. Crushed ice was added to the acidic solution which was 

neutralized to pH 11 to 12 with cold potassium hydroxide solution* 

The basic solution was extracted three times with 100 ml. por

tions of ether. The ether solutions were combined and dried over 
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sodium sulfate. The ether solution was filtered and distilled 

at atmospheric pressure giving two fractions <> The fraction 

boiling at 85-94° gives a picrate which recrystallizes from 

absolute methanol; m.p0 239-240° with decomposition. The fract-

o 25 
ion (4 grams) boiling at 94-96 (n^ = 104420) gives a picrate; 

m.p. 234° with decomposition (reported (48) b,p, 96°; n^ = 

1.4252; picrate m.p<> 236° with decomposition). The yield was 

15.3% from methyl-N-n-amyl amine. 

Preparation of 1-methyl-4-chloropiperidine» 

The method of Feldkamp, Faust, and Cushraan (37) was 

employed for the preparation of 1-methyl-4-chloropiperidine 

from 1-methyl-4-hydroxypiperidine (Aldrich Chemical Co.). 

After 1-methyl-4-hydroxypiperidine (115 grams,., 1.0 mole) 

was dissolved in 200 ml. of dry chloroform, the chloroform sol

ution was saturated with dry hydrogen chloride gas0 Thionyl 

chloride (500 grams, 3.85 moles) was added dropwise to the chloro

form solution to maintain a gentle reflux. The solution was re-

fluxed for 12 hours after addition was complete. The excess 

thionyl chloride and chloroform were removed by distillation at 

reduced pressure (water pump). Methanol (100 ml.) was added 

dropwise to the residue and then removed by distillation. The 

addition of 100 ml. of methanol was repeated and again removed 

leaving a tan solid. The solid was dissolved in 200 ml. of cold 

chloroform and neutralized with a slush of sodium carbonate, ice 

and water to a pH of 8„ The layers were separated and the aqueous 

layer extracted repeatedly with cold chloroform. The chloroform 
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extracts were combined and dried over sodium sulfate. The solu

tion was filtered and the chloroform removed by suction and gentle 

heato Distillation of the oily residue at reduced pressure gives 

41 grams (36% yield) of 1-inethyl-4-chloropiperidine; b.p. 51-51.5°/ 

14 mm.; n^° = 1.1S80; d^° = 1.012; picrate m.p. 227-227.5° (re

ported (53) b.p„ 1 (50-162°/733 mm.; no index of refraction given) 0 

The infrared spectrum of a 5% solution in c.yclohexane shows a 

strong chlorine absorption and absence of any absorption bands 

for the hydroxyl group. 

Reaction of the sulfurized Grignard reagent of benzyl chloride 

with l-methyl-4-chloropiperidine. 

The sulfurized Grignard reagent o f  benzyl chloride (0.5 

mole) was prepared by the method of Bachmann and Cockerill (39). 

To the ether solution was added 41 grams (0.36 mole) of 1-methyl-

4-chloropiperidine in an inert atmosphere of nitrogen. Benzene 

(200 ml.) was added and the solution refluxed for 14 hours,, The 

solution was filtered and the benzene layer extracted repeatedly 

with cold dilute hydrochloric acid. The aqueous acid layer was 

washed repeatecily with ether and then made basic, with cold sodium 

hydroxide (30% by weight). The solution was extracted repeatedly 

with ether, the ether extracts combined, dried over anhydrous 

potassium carbonate and distilled at reduced pressure. A few 

drops of distillate were obtained but were not sufficient for 

further characterization. 
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Attempted reaction of 1-methyl-4-chloropiperidine and thiolacetic 

acido 

The procedure of Biel et^ al^ (36) was employed for the 

attempted synthesis of 1-methyl-4-piperidyl thiolacetate. Dis

tillation at reduced pressure gave three fractions. The fraction 

whose boiling point was 48-49°/ 10 mm. formed a picrate; m.p. 

227-228° which is identical with the picrate of 1-methyl-4-chloro

piperidine. Two higher boiling, ill smelling fractions were 

obtained; b.p. 80-86°/8 nun.; n^ = 1.5475 and b.p, 8G°/8 mm.; 

20 
n^ = 1.5534. However, these fractions contained only sulfur 

and did not contain nitrogen. 

Reaction of benzyl chloride and the sodium salt of 1-methyl-4-

mercaptopiperidine. 

The method of Barrera and Lyle (38) for the synthesis of 

1-me thyl-4-inercapto p i peridi ne was employed. Although the free 

thiol was not isolated, their method was used until it was necess

ary to form the sodium salt of the thiol for further reaction. 
/ 

After the complex from the sodium borohydride reduction 

was dissolved with dilute hydrochloric acid, nitrogen gas was 

bubbled through the acidic solution for 15 minutes. The solution 

was cooled in an ice bath and sodium hydroxide (30% by weight) 

was added while the solution was kept in an inert atmosphere of 

nitrogen to adjust the pH to 12.5. Benzyl chloride (58.6 grams, 

0o4 mole) was added dropwise and the solution stirred for 12 hours 

with gentle heat while an inert atmosphere was maintainedo Two 
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layers occurred when stirring was stopped and these were separated. 

The organic layer was made acidic with dilute hydrochloric acid 

and the isopropyl alcohol removed with suction and gentle heat. 

The aqueous acid solution was cooled and neutralized with 30% 

sodium hydroxide to a pH of 8 to 9. The basic solution was then 

extracted repeatedly with ether and the ether extracts combined. 

Cold ^dilute hydrochloric acid solution was added to a pH of 2 to 

3 and extracted with ether. The acidic solution of the sulfide 

was cooled and made basic with 30% sodium hydroxide and extracted 

with ether. The ether extracts were combined and dried over 

anhydrous sodium sulfate. The etheral solution was filtered and 

distilled at reduced pressure after the ether had been removed. 

, 20 
Fraction Boiling point/Pji-easure n^ Weight 

I 135-138°/2.5 mm. forerun 2 grams 
II 138°/2.5 mm. 1.5567 10 grams 
III 138-138.5/2.5 mm. 1.5568 10 grams 
IV 138.5/2.5 mm. 1.5566 5 grams 

The ultraviolet spectrum showed the following absorptions: 

261 njjX (log £ = 2«71), 267 nyt (log £ = 2„52). The infrared 

spectrum of a 5% solution of the sulfide in carbon tetrachloride 

20 
is shown in Figure II. The density was determined as d^ = 

1.0460 A picrate was prepared from fraction III and was recry-

stallized from methanol; m.p« 147-148°. This picrate was sub

mitted for ultimate analysis. 
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For CigH22N07S: 

Calculated: C = 50.66; H = 4.92; N = 12044.  

Found: C = 50.42; H = 4.80; N = 12.35. 

/ 

Desulfurization of 4-(l-methylpiperidyl) benzyl sulfide. 

Thirty grams of No. 27 active Raney nickel (Raney Nickel 

Catalyst Co., Inc.) was washed with absolute ethanol and added 

to 3 grams of 4-(1-methylpiperidyl) benzyl sulfide with 100 ml. 

of absolute ethanol. The solution was refluxed for 12 hours 

and allowed to cool. After the solution had been filtered, 50 

ml. of the alcohol was removed by vacuum and gentle heat. The 

residual solution was distilled into picric acid solution and 

into a solution of iodomethane in ethanol. The picrate was re-

crystallized from methanol; m.p. 220-221°. The methiodide was 

recrystallized from ethyl acetate and methanol; m.p. 336° with 

decomposition (reported (49) for 1-methylpiperidine, picrate 

in.p. 223-224° and methiodide m.p. 334° with decomposition). 

Preparation of 1-acetyl-1,2 ,5,6-tetrahydrop.yridine . 

Davies and McGee (54) make reference to the acetyl de

rivative of 1,2,5,6-tetrahydropyridine, but do not give any 

specific procedure for its preparation. 

Acetic anhydride (110 grams, 1.07 moles) was slowly 

added to 83 grams (1.0 mole) of 1,2,5,6-tetrahydropyridine in 

a 300 ml. flask fitted with a reflux condenser. The solution 

was refluxed for 10 minutes and reduced in volumn with vacuum 
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FIGURE VI: Infrared spectrum of the addition product of 1-acetyl-1,2 , £ ,6-tetrahydropyridine and of-toluene- m 
thiol. 
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and gentle heat. Distillation at reduced pressure gave 101 grams 

(80?6 yield) of 1-acetyl-1,2,5,6-tetrahydropyridine; b„p. 74-76°/ 

21 o 
2 mm.; = 1.4928„ Davies and McGee (54) reported b.p» 117 / 

23 
19 mm. and n = 1.4985. However, when this material was subjected 

1) 

to vapor phase chromatography, considerable acetic anhydride was 

present in the compound. In order to obtain a chromatographically 

pure compound, a second fractional distillation was necessary 

giving 48.5 grams (38.8^ yield) of a colorless oil; b.p. 75-

76.5°/202 mm.; n^° = 1.5008; d^° = 1.129. 
D 4 

Reaction of 1-acetyl-1,2,5,6-tetrahydropyridine and U -toluefte-

• thiol. 

To 12.5 grams (0.1 mole) of 1-acetyl-l,2,5,6-tetrahydro-
/ 

pyridine were added 12.4 grams (0.1 mole) of cA-toluenethiol and 

two drops of di-t-but,yl'peroxide. The flask was fitted with a 

reflux condenser and a calcium chloride drying tube. The solu

tion was refluxed for„36 hours. Distillation at reduced pressure 

gave 14 grams (54^ yield) of a yellow oil; b.p. 194-199o8°/203 

20 
mm.; n^ = i.5735. Analysis by vapor phase chromatography showed 

the distillate to be an almost identical mixture of two isomers 

with very close boiling points. Molecular weight as determined 

by reaction with 0.1 N bromine water and titration of the excess 

bromine iodometrically was 244. Calculated molecular weight is 

249. Infrared analysis is shown in Figure VI. The ultraviolet 

spectrum showed the following absorptions: 255 m/<- (log t -

3.29), 258 m/.i (log (- = 4„08)o All attempts to prepare the 



/ 

58 

sulfone gave glassy syrups which could not be crystallized. 

Preparation of N,N-dimethylallylamine. 

The amine was prepared by a modification of the procedure 

of Cope and Towle (55)„ 

Dimethyl amine (Eastman Kodak Co.) (50 grams, 1.1 moles), 

allyl chloride (77 grams, 1 mole) and 100 ml. of water were placed 

in a pressure autoclave. Forty-four grams of sodium hydroxide 

dissolved in 10 ml. of water was added to the above reactants, 

. which had been cooled to 0°C. in the autoclave. This solution 

was allowed to warm to room temperature and was stirred for 

hours. The contents of the autoclave were treated with 50 grams 

of potassium hydroxide dissolved in 50 ml. of water. The amine 
i 

layer was separated and dried over potassium hydroxide. Distilla

tion gave 39 grams of diinethylallylamine; b.p. 58-61°; nj^*® = 

1.3967; yield 46% (reported (55) b.p. 61-64°; n^ = ,1.3993. 

Reaction of N,N-dimethylallylamine and -toluenethiol. 

N ,N-dimethylaliylataine, 8.5 grains (0.1 mole), and 12.4 

grams (0.1 mole) of -toluenethiol were placed in a flask with 

two drops of di-t-butyl peroxide and allowed to stand at room 

temperature for four days. The solution was then put in a 

pressure bottle and heated at 100°C. for one hour. The bottle 

was cooled and the contents acidified with cold dilute hydro

chloric acid. The acid solution was extracted repeatedly with 

ether to remove any unreacted ^(-toluenethiol„ The aqueous layer 

was.made basic with saturated sodium bicarbonate solution while 
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being kept cold. The basic solution was extracted with ether and 

the ether extracts dried over anhydrous potassium carbonate. The 

etheral solution was treated with dry hydrogen chloride gas and 

the amine hydrochloride removed by filtration. Sodium fusion of 

the amine hydrochloride showed sulfur and nitrogen present. 

Attempted reaction of thiolacetic acid and 1-methyl-l,2,5,6-

tetrahydrop.yridine in ethyl acetate. 

Freshly distilled 1-methyl-1,2,5,6-tetrahydropyridine 

(9.5 grams, 0.1 mole) aniij 0.1 mole (7.6 grams) of freshly dis

tilled thiolacetic acid were each dissolved in 25 ml. of ethyl 

acetate. Di-t-butyl peroxide was added to each of the solutions 

and they were slowly mixed together. Considerable heat was evolved 

on mixing and the smell of thiolacetic acid became very faint. The 

solution was allowed to stand in the sun for 30 minutes under a 

reflux condenser. The solvent was removed and distillation at 

reduced pressure gave the following rna.jor fractions. 

Fraction Boiling Point/Pressure n^/temperature 

I 38°/l.2 mm. 1.5160/25.5 
II 36°/l.0 mm. 1.5101/25.5 
III 29°/0.4 mm. 1.5131/25.5 

Elemental analysis showed both nitrogen and sulfur present, 

however, infrared analysis showed an absence of the characteristic 

absorption bands for thiol esters. Vapor phase chromatography 

showed the presence of both starting materials and a small 

amount of a higher boiling material# 
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Attempted reaction of 1-methyl-1,2,5,6-tetrahydropyridine and 

thiolacetic acid without a solvent. 

A few crystals of hydroquinone and 1-methyl-1,2,5,6-

tetrahydropyridine (9.7 grams, 0.1 mole) were placed in a 100 

ml. flask. Thiolacetic acid (7.6 grams, 0,. 1 mole) was added in 

two to four minutes. The flask became very hot and the mixture 

turned dark red. The reaction flask was then set up for dis

tillation at reduced pressure to give four fractions. 

Fraction Boiling Point/Pressure n^ Picrate Melting Point 

I 27-44°/6 mm. forerun 
II 44-45°/l.5 mm. 1.5392/27.2 201-202° 
III 45-46°/2.4 nun. 1.5382/26.3 201-202° 
IV 43°/2.1 mm. 1.5332/26.5 201-202° 

The infrared spectra of Fractions II, III, and IV did 

not indicate thiolacetate formation. The hydrochlorides and 

picrates of these fractions did not contain sulfur. The picrate 

melting points were identical with the starting material, 1-methyl-

1,2,5,6-tetrahydropyridine. 

Attempted reaction of 1-methyl-1,2,5,6-tetrahydropyridine and 

thiolacetic acid at dry ice temperature. 

One-tenth mole (9.7 grams) of 1-methyl-1,2,5,6-tetra

hydropyridine and a few crystals of hydroquinone in 25 ml. of 

ethyl acetate were placed in a dry ice-acetone mixture. Thiol

acetic acid (0.1 mole, 7.6 grams) in 25 ml. of ethyl acetate was 

also chilled in the dry ice bath. The two solutions were com
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bined and a light colored solid formed which melted on warming to 

room temperature. The ethyl acetate solution was cooled in dry 

ice and the solid filtered and washed with cold ethyl acetate. 

The solid was water soluble. On standing at room temperature for 

24 hours, it changed to a dark red liquid with a foul smell0 

Distillation at reduced pressure yielded a yellow oil; b.p. 

o 29 5 
48.5 /5.5 mm.; = 1.5404o Infrared analysis showed no thiol-

ester carbonyl absorption. The picrate and the hydrochloride 

formed, but did not contain sulfur. 

Attempted reaction of 1 -methyl-1 ,2,5, 6-tetrahydrop.yridine and 

thiolacetic acid in a pressure autoclave. 

Thiolacetic acid (14 grains, 0.2 mole), 1 -methyl-1,2,5, 6-

tetrahydropyridine (10.7 gratis, 0.1 mole) and two drops of di-t-

butyl peroxide were dissolved in 50 ml. of distilled tetrahydro-

furan. The soLution was placed in a pressure autoclave and heated 

at 100°C. for 10 hours. The autoclave was cooled and the contents 

reduced in volume with vacuum and gentle heat. The residual oil 

was made basic with aciueous potassium carbonate and extracted 

repeatedly with ether. The ether extracts were combined and dried 

over anhydrous potassium carbonate. The base containing material 

was precipitated with dry hydrogen chloride gas. Elemental analy

sis indicated that no sulfur was present. 
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Attempted reaction of 1-methyl-1,2,5,6-tetrahydropyridine hydro

chloride with thiolacetic acid. 

Treatment of 1-methyl-1,2,5,6-tetrahydropyridine (9.5 

grams, 0.1 mole) dissolved in 100 ml* of ether with dry hydrogen 

chloride gas yielded the amine hydrochloride. Two drops of di-t-

butyl peroxide were added to the ether solution and thiolacetic 

acid (7.6 grams, 0.1 mole) was then added dropwise. A bright 

yellow layer separated on addition of the thiolacetic acid and 

the solid hydrochloride went into solution. The solution was 

stirred for three hours and then put in the refrigeratoro The 

upper yellow layer solidified and was removed by filtration. 

The solid filtrate was shaken with 0.15 mole of potassium carbon

ate dissolved in 200 ml. of water and 200 ml. of ether mixed. The 

aqueous layer was extracted repeatedly with ether, the ether ex

tracts combined and dried over anhydrous potassium carbonate. 

After the ether was removed, distillation gave only starting 

material0 

Attempted reaction of thiolacetic acid and 1-methyl-4-phenyl-

1,2,5,6-tetrahydropyridine hydrochloride. 

The amine hydrochloride (7 grams, 0.033 mole) and two 

drops of di-t-butyl peroxide were placed in a 100 ml. flask 

fitted with a reflux condenser. Thiolacetic acid (10 ml., 104 

moles) was added and the reaction mixture heated with a 200 watt 

light bulb for five hours. The solution turned dark red and the 

temperature rose to 130°C<, The reaction mixture was washed with 

/ 
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ether to remove any impurities other than the amine hydrochlorideo 

Sodium fusion of the amine hydrochloride showed that sulfur was 

not present and no addition had occurred •> 

Attempted reaction of 1 -methyl-4-phen.yl-l ,2,5,6-tetrahydropyridine 

hydrochloride and thiolacetic acid in tetrah.ydrofuran» 

After dissolving 1-methyl-4-phenyl-1,2,5,6-tetrahydro

pyridine hydrochloride (8,5 grams, 0.05 mole) in 50 ml. of dis

tilled tetrahydrofuran, thiolacetic acid (7.6 grams, 0.1 mole) 

was added to the solution and two drops of di-t-butyl peroxide 

were added as catalyst. The solution was refluxed for eight 
y 

hours. The hydrochloride salt was removed by filtration and sub

jected to elemental analysis. Nitrogen and chlorine were present, 

but sulfur was absent. 

Attempted reaction of N ,N-dimeth,ylallylamine and thiolacetic 

acid. 

Thiolacetic acid (7.6 grams, 0.1 mole) was added to 

8.5 grams (0.1 mole) of N,N-dimethylallylamine dissolved in 

50 ml. of ethyl acetate. Two drops of di-t-butyl peroxide were 

added and the solution refluxed for one hour0 The solvent was 

removed and the residual oil taken up in ether. Addition of 

dry hydrogen chloride gas precipitated the base containing 

material. Elemental analysis showed the absence of sulfur. 
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Reaction of 1-acetyl-l.2,5,6-tetrahydropyridine and thiolacetic 

acid. 

To 12.5 grams (0.1 mole) of 1-acetyl-1,2,5,6-tetrahydro

pyridine were added 7.6 grams (0.1 mole) of purified thiolacetic 

acid in a 100 ml. flask fitted with a reflux condenser with a 

calcium chloride drying tube. Three drops of di-t-butyl pero

xide were added as catalyst. The solution was refluxed for 20 

hours with a 100 watt light bulb and then distilled at reduced 

pressure. The first two fractions were starting material. The 

third fraction was one gram of a dark oil; t(.p. 120-127°/2.1 mm.; 

20 n^ = 1.5595. Qualitative analysis showed both nitrogen and sul

fur to be present. The infrared spectrum is shown in Figure V. 

The/ultraviolet absorption spectra showed an absorption maxima 

at 233 m u. (log if = 2.90). The molecular weight, as determined 

by saponification for one hour at room temperature in 0.1 N alco

holic sodium hydroxide solution, was 182. Calculated molecular 

weight is 201. 
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