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%FluorenylmethyI bromide. The carbinol (2.17 g., 0.011 
mole) was added gradually to a solution of 3 ml. of phos- 
phorus tribromide in 20 ml. of benzene. The mixture was 
shaken until the solid dissolved and then left several days 
a t  room temperature. Probably this long reaction time is 
not necessary. The benzene solution was poured slowly with 
stirring into a mixture of ether and water. The organic 
phase was extracted 3 times with water, filtered, and dried 
over anhydrous sodium sulfate. It was then evaporated to  
dryness under vacuum. A yield of 2.6 g. (90.7%) of Gream 
colored solid was obtained. This material had m.p. 94-97' 
(lit.* 95"). When stored sealed a t  0' for 1 week, the m.p. 
NBS lowered to 90-96". The best preparation obtained 
showed m.p. 95-100' and all recrystallizations lowered this 
value, especially if done from aqueous solvents. 

Diethyl (2-$uorenyEmethyl)acetamidomalonate. A solution 
containing 0.24 g. of sodium (0.0104 mole) and 2.22 g. of 
diethyl acetamidomalonate (0.0104 mole) in 150 ml. of 
anhydrous ethanol (distilled from sodium and diethyl 
phthalate) was prepared. This was treated with a solution 
of 2.59 g. of the bromide (0.01 mole) in benzene-ethanol. 
Little or no heat was evolved and the mixture was refluxed 
for 16 hr. Acetic acid (5 ml.) was added and the mixture was 
distilled to a small volume under vacuum. It was then steam 
distilled for 0.5 hr. An orange oil was left in aqueous sus- 
pension and this crystallized on cooling and standing. This 
product was recrystallized once from aqueous acetone and 
dried. It weighed 3.5 g. or 88.67~ For purification, the ester 
was recrystallized from aqueous acetone and from ether- 
petroleum ether, m.p. 149.5-150.5'. 

Anal. Calcd. for C23H25N06: C, 69.87; H, 6.33. Found: 
C, 69 64; H. 6.12 
DL-~-(B-Fluoren2ll)alanine hydrochloride. Hydrolysis and 

decarboxylation of the ester required long refluxing with 
hydrochloric acid, or some ester or intermediate product was 
recovered. The best procedure found is described. A solution 
of 8.64 g. of the ester in 150 ml. of glacial acetic acid was 
heated to boiling under reflux and 125 ml. of concentrated 
hydrochloric acid was slowly added while maintaining re- 
flux, The mixture was refluxed for 6 days and then evapo- 
rated to dryness under vacuum. The residue was repeatedly 
extracted with boiling 3N hydrochloric acid and the extracts 
filtered while above 90'. Storage of the combined filtrates 
at 0' overnight produced a crystalline deposit which was 
filtered, washed, and dried. The filtrates were boiled to  a 
small r-olume and further crops taken. The combined yield 
of hydrochloride was 5.35 g. or 84.5%. The salt was decolor- 
ized in ethanol-benzene solution with Norit and then re- 
crystallized from this solvent 5 times. Recrystallization from 

boiling dilute hydrochloric acid was less effective in puri- 
fication. On heating, the hydrochloride sintered and dis- 
colored above 230' and melted 240-258' with decomposi- 
tion, forming an oranrre-brown melt. 

Anal. CaGd. for CI~H~GNOPCI: C, 66.32; H, 5.53. Found: 
C, 66.41: H, 5.35. 
nL-~-(.2-Fluorenyl)alanine. The amino acid hydrochloride 

was digested with a mixture of equal volumes of concen- 
trated ammonium hydroxide and water on the steam bath 
until solution was obtained. The hot solution was filtered 
and the filtrate boiled down to concentrate the solution and 
to eliminate ammonia. Crystallization of the free amino acid 
began in the heated solution and was completed on cooling 
overnight on ice. It was then filtered, washed with water, 
and dried. From 1.37 g. of hydrochloride, 1.13 g. of amino 
acid were obtained or 94.3%. The amino acid formed a white 
powder which could be recrystallized by repeating the solu- 
tion in hot dilute ammonia and concentrating. The analytical 
sample was vacuum dried for analysis. 

Anal. Calcd. for C16H15N02: C, 75.89; H, 5.93. Found: 
C, 76.28; H, 6.06. 

On heating, the amino acid begins to  discolor (light 
orange-brown) a t  210-215' and melts at 225-233' to a 
brown liquid with decomposition. On further recrystal- 
lization of the analytical sample, the melting point was 
lowered. This amino acid was nearly insoluble in boiling 
water, but dissolved in hot, dilute acids and alkalies, more 
readily in the latter. 'Mihen boiled in suspension in dilute 
aqueous acetic acid with ninhydrin, the insoluble particles 
became purple and the liquid light brown, while with excess 
amino acid the liquid became greenish-brown. No change in 
appearance of the compound was observed during storage 
for 2 years. 
N-Benzenesulfonyl-DL-@-(Z-$uorenyl)alanine. This deriva- 

tive was made by acylation of the fluorenylalanine dissolved 
in an excess of N potassium hydroxide, by stirring vigor- 
ously with an ether solution of benzenesulfonyl chloride. 
After several hours stirring, the mixture was filtered and 
the insoluble potassium salt washed with ether and dried. 
It was dissolved in hot water and acidified with an excess of 
dilute hydrochloric acid. The suspension of product was 
cooled in ice for some time and then filtered, washed with 
water, and dried. It was recrystallized a number o€ times 
from ether, map. 184-186'. 

Anal.  Calcd. for C2$H10NS04: C, 67.18; H, 4.83. Found: 
C, 67.64; H, 5.14. 
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A series of dithiocarbamates containing tertiary amine groups has been alkylated to give quaternary ammonium or 
pyridinium dithiocarbamates. Proof of the structure of these products is based largely on their ultraviolet absorption spectra. 
The ultraviolet spectra of various thiono and dithiocarbamates are compared. 

A number of dithiocarbamates have been metathetical reaction between the alkali metal 
salt of a dithiocarbamate and an alkyl halide,l 
either or both moieties containing the tertiary 

prepared which contain a tertiaiy amine group; 
these have been quaternized to give water-soluble 
quaternary ammonium or pyridinium dithiocarbam- 

carried out by an adaptation of the well known 
ates. The synthesis of the intermediate bases was (1) M. ICulka, Can. J. Chem., 34, 1093 (1956); G. Nach- 

mias, Ann. Chim. (Paris), 7,584 (1952), 
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TABLE I1 
MISCELLANEOUS THIOCARBAMATES 

S 
II 

R-C-R' 

M.P., "C. and Ultraviolet 
Absorption Spectraa Solvent or 

NO. R R' Yield 70 B.P., "C. and ny A,,, E.10-3 A,,, e.10-3 

XVIII' CHaCONH C2HSS I .  123 (benzene) 259 13.7 310 11.7 
XIX' CH3CONH CaHs0 . .  100-101 (ligroin) 261 12 .6  . . .  . . .  
XX6 (CL")zN CzHsO 68 49-50 (0.3 mm.); 1.4940 249 14 .2  . . . . . .  
XXIe NHCHzCHzNH Di-CHaS . .  105-107 (benzene) . . .  . .  270 21 .4  

S 
XXII' (CHa)zN (CH3)zNCSS .. 150.5-151.5 (benzene) 

S 

XXIII' (CH3)zN (CHa12NCS .. 107.5-108.5 (benzene) 

II 

II 
S 

280 11.6 

279 16.3 

XXIV (C8Hs)zN (CeHs)zPS 77 130-132.5 (benzene- 

XXVh NHzNH C8HsCHzS 125 (benzene) 274 13.2 299 14 .8  

II 
ligroin) 275-6 9 . 9  

~~ 

a Absorption spectra run in methanol. H. L. Wheeler and H. F. Merriam, J .  Am. Chem. Soc., 23, 290 (1901). G. S. 
Skinner and H. C. Vogt, J. Am. Chew&. Soc., 77, 5440 (1'955); H. L. Wheeler and T. B. Johnson, Am. Chem. J., 24, 189 
(1900). A. Hantzsh, Ber., 64, 661 (1931). e Anal. Calcd. for C6H12N2S4: C, 30.0; H, 5.0; N ,  11.6, Found: C, 30.1;H, 5.1; N ,  
12.0. Eastman Chemical No. P-2089, recrystallized from benzene; Beilstein, m.p. 146'. 0 Eastman Chemical No. P-6255, 
recrys1,allized from benzene; Beilstein, m.p. 104". M. Busch and M. Starke, J. prakt. Chem., 93, 59 (1916). The authors are 
grateful to Dr. M. Baron, formerly of these Laboratories, for this sample. 

amine group. The reaction of y-3-chloropropyl- 
pyridine with sodium dimethyldithiocarbamate 
(see Experimental) to give 3-( y-pyridy1)propyl 
dimethyldithiocarbamate (I) is illustrative of this 
reaction. 

(CH&NCS2Na + C 1 C H z C H a C H 2 c N  - - 
( C H I ) I N C S Z C H C H Z C H ~ ~ N  - 

I 

The resulting basic esters are listed in Table I, 
along with products of their quaternization. 
The reaction of I with methyl p-toluenesulfonate is 
illustrative of the quaternixation reaction. A few 

( C H , ) Z N C S ~ C H Z C H Z C H Z ~ N  + p-CHaCeH*SO,CHa- 

( C H ~ ) Z N C S Z C H Z C H * C H Z ~ C H ~  - pCH3CeH4S0< 

related compounds pertinent to the discussion are 
shown in Table 11. 

The quaternization of these compounds was 
accomplished with methyl p-toluenesulfonate in 
ether solution. In  those instances of sluggish re- 
action, methanol was employed. Extended boiling 
in methanol produced by-products which made 
subsequent purification difficult. Extensive decom- 
position also occurred when the reactants were 
heated on the steam bath without a solvent. 

Because of the presence of three basic groups (two 
nitrogen atoms and one unsaturated carbon sulfur 

I-s 

link), the quaternization step is ambiguous. Quater- 
nization of I, for example, might lead to any of the 
three products shown (I-S, XXVI, or XXVII). 

The correctness of the assignment of a I-S type of 
structure to these compounds is evident from the 
following considerations: 

(1) Attempts to form a salt from p-phenethyl 
dimethyldithiocarbamate (XIV) with methyl p- 
toluenesulfonate were unsuccessful. Furthermore, 

attempts to react I with two moles of methyl p-  
toluenesulfonate were unsuccessful. Only 1-5 was 
isolated. 
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TABLE I11 
COMPARISON OR ULTRAVIOLET SPECTRA OR MONO- AND DITHIOCARBAMATES 

Res. Contr. Rea. Contr. 
No. Structure Xmax(lO-8e) Involved Xmax(1O-a.) Involved 

S 
I /  

I/ 

o s  
I1 I1 

II ll 

XIV ( CHa)2NCSCH2CH2C&Ib 249 (10.8) XXVIIIa 276 (10.1) XXVIIIb 
S 

xx (CzHa)zNCOCzH6 249 (14.2) XXIXa ... ... 

259 (13.7) XXVIIIa 310 ( 11.7) XXVIIIb XVIII CH&Xi'HCSCzH6 
o s  

XIX CHaCNHCOCzHa 261 (12.6) XXIXa ... . . .  

(CHahNCSz C&CH&HZ@H~ 

p-CH3CsH0S0B :CH3Cr&SO3CHa -+* 
This showed that the dimethylthiocarbamate 

moiety is inert under the conditions of quaterni- 
zation employed. 

(2) The infrared spectrum of the free base (I) has 
a peak at 6.25 mp, while the salt absorbs at  6.1 mp; 
both are characteristic of a pyridine base and its 
quaternary salt. a 

(3) The ease of quaternization (insofar as re- 
action time and temperature are concerned) paral- 
leled that of the basic group involved, i.e., pyridine 
in the case of I. 

(4) The ultraviolet spectra, which are discussed 
presently, also are in agreement with a I-S type of 
structure. 

Attempted quaternization of the basic dithio- 
carbamate esters with bismethanesulfonates or 
bis-p-toluenesulfonates was unsuccessful since, at 
the higher temperatures required for quaternization 
with these reagents, extensive decomposition oc- 
curred. The only successful synthesis of a true bis- 
quaternary dithiocarbamate was effected by the use 
of p-xylylene dibromide to give XI-S' (Table I). 

Attempts to form a sulfonium salt analogous to 
the quaternary salts by heating P-(methylmer- 
capto)ethyl dimethyldithiocarbamate (XV) with 
methyl p-toluenesulfonate, with or without a sol- 
vent, were unsuccessful. Similarly, 2-benzothiazolyl 
diethyldithiocarbamate (XVI) was not quaternized 
successfully. 

Ultraviolet spectra. The resonance contributors 
for dialkyldithiocarbamates are as shown, the un- 
charged XXVIII being selected as the ground state. 

S S- S- 
RzN1lsR - R z h = L s R  - R&=+SR/ 
XXVIII XXVIIIa XXVIIIb 

(2) Unpublished observations of Thelma Davis, of these 
Laboratories. 

The ultraviolet spectrum of a dithiocarbamate is 
thus expected to show two peaks, representing the 
electronic transitions to XXVIIIa and XXVIIIb.8 
Inspection of Table I shows this to be the case. 

The ultraviolet peak a t  lower energy (higher 
X,,,) is assigned to XXVIIIb, while that at higher 
edergy level (lower A,,) is assigned to XXVIIIa. 
This is in agreement with the spectrum of thiourea 
which shows the transition to 

S 
HaNA=&H2 

at about 255 mp.8 
This assignment has also been confirmed by the 

spectra of thionocarbamates (XXIX) (work done 
in these Laboratories). Since oxygen does not 
participate in electronic transitions as readily as 
sulfur, a structure such as XXIXb is not expected 

S- 1- + 
RzN OR' +-+ Rz~=A-oR +--+ R2N =OR' 

XXIXb XXIXa 

to absorb in the quartz ultraviolet region. The peak 
related to XXIXa, however, should and does cor- 
respond to that caused by XXVIIIa. These facts 
are clearly illustrated by the data presented in 
Table 111. 

The acyldithiocarbamate (XVIII) and the acyl- 
thionocarbamate (XIX) absorb a t  a different wave 
length from that of the corresponding dblkyl ana- 
logs because of their different structure. The simi- 
larity of absorption in each series, however, is 
significant and lends support to the theory. 

The ultraviolet spectra of the three sulfides 
(XXII, XXIII, and XXIV) show broad, less dis- 
tinct peaks than the dithiocarbamate esters and for 
this reason are difficult to interpret. The broad 
peaks may be a fusion of several peaks which nor- 
mally would be resolved. In  any case, the three 
sulfides show an apparent single absorption at 
275-280 mp. 

d 
XXIX 

(3) H. P. Koch, J. Chem. Xoc., 401 (1949). 
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The discussion of the possible electronic transi- 
tions of the dithiocarbamates can presumably be 
extended to include the dithiocarbazates. In  accord 
with the theory, benzyl dithiocarbazate (XXV) , 
the only such compound available, showed absorp- 
tion maxima at 274 mp and 299 mp. 

EXPERIMENTAL 

A detailed description of the steps leading to 7-[3-(di- 
methyldithiocarbamato)propyl]-N-methylpyridinium p-tol- 
uenesulfonate (I-S) is illustrative of the methods used in 
the preparation of these compounds. Significant variations 
in the procedures are noted subsequently or'in the tables, and 
all the data of value in the characterization of the compounds 
are collected in Tables I and 11. 

In  those cases in which the intermediate dithiocarbamate 
bases were oils, it was sometimes necessary (as noted in 
Table I )  to purify them further, after distillation. This was 
done by passing an ether solution of the distillate through a 
short column (ca. 1 X 10 in.) of activated alumina and 
elution with fresh ether. Removal of the solvent by warm- 
ing in  vacuo produced the pure product. 

Occasionally, the p-toluenesulfonate salts were hygro- 
scopic, in which event they were converted to the perchlo- 
rates by an excess of aqueous sodium perchlorate. 

7-3-Chloropropylpyrrzdine. Thionyl chloride (90 g.) waa 
added dropwise to 68.5 g. of 4-pyridinepropanol (Eastman 
Kodak Co. No. P5702) in 250 ml. of chloroform over a 25- 
min. period. When the initial exothermic reaction had 
ceased, the solution was heated at reflux temperature for 1 
hr. The black reaction mixture was poured onto ice, the 
aqueous layer was made basic to  litmus by the addition of 
50% KOH solution, and, after thorough shaking in a sepa- 
ratory funnel, the chloroform layer was removed. The aqueous 
layer was extracted with 150 ml. of chloroform, and the 
combined chloroform extracts were decolorized with Pitts- 
burgh Type R B  activated carbon and dried over mbgnesium 
sulfate. The volatiles were then removed in vacuo, and the 
residue was distilled, giving 8 0 4 5 %  of 7-3-chloropropylpyri- 
dine: 

bo.8 57-8'; nY 1.5230 

Anal. Calcd. for CaH&lN: N, 9.0 Found: N, 9.2. 
This compound was stored at -20' to  prevent poly- 

merization which occurs slowly a t  room temperature. Al- 
though a larger quantity may be prepared in one experi- 
ment, attempts to distill more than about 125 g. a t  one time 
resulted in a lower yield and occasionally led to a violent, 
exothermic polymerization in the distillation flask. 

(4) Melting and boiling points are uncorrected. 

9-(y-Pyridyl)propyl dimethyldithiocarbamate (I). To 10.1 
g. of sodium dissolved in 500 ml. of dry methanol was added 
73 g. of dimethylammonium dimethyldithiocarbamate 
(Eastman Kodak Co. No. 812), with stirring. The yellow- 
to-green solution was treated with 45 g. of r-3-chloropropyl- 
pyridine, and the reaction mixture was heated, with stirring, 
for 6.5 hr. The volatiles were removed on the steam bath 
until the volume of solution was about 250 ml. This boiling 
residue was treated with Pittsburgh Type RB activated 
carbon and filtered. The filtrate was cooled, and 250 ml. 
of water was added, with cooling and scratching of the flask 
with a glass rod. After standing in the refrigerator over- 
night, the light-brown crystals were filtered and recrys- 
tallized from hexane chloroform solution, yielding 41.5 g. 
(60%) of 3-( 7-pyridy1)propyl dimethyldithiocarbamate 
which melted at 60.5-63'. Further recrystallization from the 
same solvent afforded an analytical sample, m.p. 62-64'. 

7434 Dimethg1dithiocarbamato)prop yl] -N-methylpyridinium 
p-toluenesulfonate (I-S). To 3.8 g. of 3-( 7-pyridy1)propyl 
dimethyldithiocarbamate in 50 ml. of dry ether was added 
3.5 g. of freshly distilled methyl p-toluenesulfonate, and the 
solution was heated under reflux for 3-6 hr. The precipitate 
was filtered and recrystallized twice from acetone: m.p. 
109.5-111'; yield, 4.8 g. (71'%). 

Benzyl methyl@-7-pyridylethy1)dithiocarbamate (XII). To 
a solution of 27.2 g. of 4( 2-methylaminoethyl)pyridine6 
and 8 g. of sodium hydroxide in 75 ml. of water was added 
15.2 g. of carbon disulfide. The solution was cooled and 
100 ml. of methanol added, followed by 25.2 g. of benzyl 
chloride. After 15 min. a t  25', the mixture was filtered and 
recrystallized from methanol (see Table I). 

Diethylthiocarbamoyl diphenylphosphinothioyl suljide 
(XXIV). A mixture of 25 g. of diphenyldithiophosphinic 
acid6 and 5.4 g. of sodium methoxide in 600 ml. of benzene 
was heated under reflux for 15 min., then 200 ml. of benzene 
methanol azeotrope was distilled off. An additional 400 ml. 
of benzene was added, followed by a solution of diethylthio- 
carbamoyl chloride in benzene. The solution cleared, and 
sodium chloride gradually separated. The mixture was 
filtered, concentrated, and ligroin was added to the residual 
oil. The resulting crystalline solid was recrystallized from 
benzene-ligroin: yield, 28 g.; m.p. 130-132.5'. 

Anal. Calcd. for C I ~ H ~ Q N P S ~ :  C, 56.0; H, 5.5; N, 3.8; S, 
26.3. Found: C, 56.2; H, 5.8; N, 3.6; 5, 26.1. 
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