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174-179". 
ethanol by addition of ether. 
the compound showed [a]D +51.0" ( c  2, water). 

It  was purified by crystallization from absolute 
The m.p. was 175-179", and 

Anal. Calcd. for CnH27OlN (30'3): C, 66.1; K ,  8.S; 
N,4.5. Found: C,66.3; H ,9 .1 ;  K,4.9. 

Methyl 2-0-Benzyl-~-erythro-2,3-dihydroxybutyrate.- 
Two grams of the cyclohexylammonium salt above was dis- 
solved in 10 ml. of 1 N hydrochloric acid and 10 mi. of 
water. The solution was extracted three times with 50-ml. 
portions of ether, the combined ether extract was dried over 
anhydrous sodium sulfate, and then filtered. An ether 
solution containing 0.4 g .  of diazomethane was added to the 
dry ether solution of the carboxylic acid. Esterification 
took place instantaneously. When a slight excess of diazo- 
methane remained, the solution was concentrated to a sirup 
in vacuo, then freed of traces of solvent in a high vacuuni. 
The product weighed 1.4 g. (977,), and showed [aIz50 +56" 
( c  1.5, ethanol). 

A n a l .  Calcd. for ClzHlaO, (224): C, 64.4; I T ,  7.15; 
OCIIJ, 13.5. Found: C, 64.5; H, 7.26; OCHa, 13.5. 

~-crythro-2,3-Dihydroxybutyric Acid 3-Phosphate.-A 
solution of 1.4 g.  of the methyl ester above in 10 ml. of dry 
pyridine was cooled to 5' in ice-water, 1.7 g. of diphenyl- 
phospl~orochloridate was added dropwise, and the mixture 
was left at 5" overnight. A few drops of water mere added 
to  destroy the excess phosphorylating reagent, and most of 
the pyridine was distilled off in vacuo. The residue x-as 
taken up in chloroform, the solution washed with water, 
ice-cold 1 AT hydrochloric acid, ice-cold 1 ill potassium bi- 
carbonate and finally with mater. The chloroform layer 
was dried over sodium sulfate and concentrated to  a sirup 
of crude methyl 2-0-benzyl 3-diphenylphosphonyl D-eryihro- 
2,3-dihydroxybutyrate that  weighed 2.4 g. (86%). 

This intermediate was unblocked by reductive cleavage 
with hydrogen and palladium in absolute ethanol (hydrogen 
uptake 150 ml. in 2 hr.), followed by hydrogen and platinum 
(hydrogen uptake 1450 ml. in 1 hr.).l The catalyst was 
removed and 20 ml.  of 1 As' sodium hydroxide ivas added to  
the ethanol solution. The mixture was concentrated in  
z~acuo to remove the alcohol, 25 nil. of water was addcd and 
the solution was left overnight to complete saponification 
of the methyl ester. 

The alkaline solution was treated n-it11 I>owcx-.jO in thc 
Iiydrogen form to remove all cations, and after renioval of 
the resin, u-as brought to p H  8-0 with cyclohexylamine. 
Concentration of the solution to  dryness left a crystalline 
residue that  was recrystallizcd from absolute ethanol. 
The pure tricyclohexylam~noniuni D-erythro-%,3-dili)droxy- 
hiityrate 3-phosphate showed [a111 -14.5' ( c  1, free acid 
in 1 N hydrochloric acid), and [ Q ] D  -737" ( c  0.2, free acid 
in iieutral molybdate). 

Anal.  Calcd. for C22H4807NJ' (497;: N, 8.47; P, 6.24. 
Found: S, 8.54; P, 6.13. 

1)-erythro-2,3-Dihydroxybutyric Acid 2-Phosphate.-Two 
grams of methyl 2-0-be1izyl-~-er~thro-3,3-d~11ydro.:~butyr- 

ate  was benzoylated in 10 1111. cf dry pyridinc with 2.0 g .  of 
benzoyl chloride. The reaction was left overnight a t  rooni 
temperature, and mas then worked up in the manner of the 
phosphorylation described above, to  give 2.9 g .  (,99%) of 
methyl %-0-benzyl-3-0-benzoyl-~-e~~~hr~-2,3-dihydrosy~11- 
tyrate. 

The benzyl group was removed from this compound, with- 
out further purification, by reductive cleavage in ahmlutc. 
ethanol with hydrogen and palladium . I  The hydrogen n p -  
take was 200 ml. in 2 hr. The catalyst was removed, and 
the alcohol solution was concentrated to  a dry sirup. The 
yield of crude methyl 3-0-benzoyl-o-~r3.thro-2,3-diIiy~rosv- 
butyrate was 2.0 g .  (%';,$). 

This substance (2.0 g.)  was phosphorylated, without fur- 
ther purification, in 10 mi. of dry pyridine a t  5' with 3.75 g .  
of diphenylphosphorochloridate added dropwise. The re- 
action mixture was left overnight a t  5", and was then worked 
up as described for the phosphorylation of the 3-isonicr. 
The yield of methyl 2-O-diphenylphosphonyl 3-0-benzoyl- 
~-erythro-2,3-dihpdrox~ blltyrate was 3.9 g. (!)BC/c). 

This intermediate was unhlocked by reductive cleavagr 
v i th  platinum oside (1 .O g. j and hydrogen a t  atmospheric 
pressure in absolute ethanol .I The hydrogen uptake was 
2450 ml. in one hr. The catalyst nas  removed, and 40 nil. 
of 1 A'xodium hydroxide was added to  the alcoholic solu- 
tion. The mixture \vas concentrated in vacuo t o  rcmovc the 
alcohol, and water was addcd to  :t volume of 25 mi. After 
24 hr. a? room temperature to  complcte saponification, t l ~ c  
solution was freed of cations by treatment with Dowcx-5O 
in the hydrogen form. The resin was removed, and the 
aqueous layer was extracted with ether t o  remove the bcn- 
zoic acid. The aqueous layer was then brought to 011 8-9 
M ith cyclohexylamine, and the solution was concentrated 
to  dryness in vacuo. The solid rcsidue wa$ stirred up with 
cthyl acetate and filtered. It was reprecipitated from soli1- 
tion in absolute ethanol by addition of ethyl acetate. Tlie 
tricyclohexylarninoniuIn D-erythro-2,:j-dihydroxybutyr~tc 2- 
phosphate (2.5 g.) mas dried in a vacuum desiccator a t  rnoiii 
temperature. 
drochloric acid), and had a very slight positive rnt:ltion iil 
the presence of molybdate. 

I t  showed [aln +16" i c  1 free acid, 1 A' 

Acid-catalyzed Isomerization of the Phosphates of 2,3-  
Dihydroxybutyric Acid.---~pi)rosinlatc.ly 1% solutions of 
the compounds in 1 n' hydroclrloric acid were heated a t  100" 
for two hr. After nc~utr:ilization and addition of aIlkn10- 
niuni rnolybdaLe to x f ~ r i : i i  cnnce~~, t r : t t io~i  of 15yc, the specific 
rotations were d~tei.iriixc:rl. Tile 2-i\rinier gnve [a]D -5(\O" 
while the 3-isomc~ gnve jn.1 I )  --1;303. 
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Cyclic Dimercaptals and Dimercaptols from Alkylene Dithiols' 
BY C. S. MARVEL AXD RALPH C. FARRAR, Jiz. 

RECEIVED SEPTEMBER 10, l95G 

'I'he reaction of decaniethylene dithiol with several aldehydes and one ketone has giveii further esxrnplca of 26-11ieiiibcre~l 
These cyclic dimcrcaptals and ditnercaptols have 

n'onamethylene dithiol has also given a cyclic dimercaptal which is a 24-membered ring 
Heptamethylene dithiol and vanillin did not give a crystalline cyclic material, but the 20-membered ring com- 

The cyclic dimercaptal from decamethylene dithiol and vanillin is converted to a polyrner 

ring compounds containing 4 atoms of sulfur and 22 atoms of carbon. 
been oxidized to  tetrasulfones. 
compound. 
pound is formed with acetone. 
of about 13,000 mol. wt. on heating. 

It has been found that a higher alkylene dithiol polymer II.2-5 The present study was under- 
may react with an aldehyde or ketone to produce a (2) w. Autenrieth and A. Geyer, Ber., 41, 4249 (1008). 
cyclic dirnercaptal or dimercaptol I or a 1iIlear 

( I )  T h e  work discussed herein was performed as  a part  of the  syn- 

(3) W. Autenrieth and F. Beuttel, i b i d . ,  42 ,  4346, 4357 (1909). 
(4) C. S. Marvel,  E. 11. €I. Shen and K .  R. Chambers, T H I S  J C ~ U K -  

thetic rubber research project sponsored by the National Science ( 5 )  C. S. Marvel, IC, A.  Sienicki, A I .  Passer and C. N. Robitlson rb id . ,  
Foundation. 7 6 ,  033 (1954). 

N A L ,  7 2 ,  2106 (1950). 
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' Calcd. C 63.48 63.35 
Obsd. C 63.51 63,29 
Calcd. H 8.29 10.63 

987 

Analyses, % 1 Calcd. S 
Obsd. S 
Calcd. mol. wt. 
Obsd. mol. wt.C 

8.45 10.42 
18.83 26.02 
18.93 26.61 

681 493 
659 463 

19 3 
p-Chloroheiizalclcli).de 

diethyl acetal 
20.052 
80 
9 

41 
'1 

0 18 

144-115 

zn.i(so 0%) 

12 08(39.47') 

62.06 
62.28 
7.66 
7.35 
19.50 
19.391 
658 
623 

A t  the end of five days stirring this product precipitated suddenly from the solution. Anal. Calcd.: C1, 10.78 
Found: C1, 10.80. Average of 5 by boiling point elevation method of Menzies and Wright.' 

taken to extend our knowledge of these reactions. 
In this reaction, acetals of aromatic aldehydes 

can be used as well as the aldehydes. The charac- 
ter of the product seems to depend on the value of 
n (that is, the number of methylene groups between 
the sulfur atoms). With decamethylene dithiol 

S-( CHz),-S 

C-R 
/ \ 

I+ R-C 
I \  / I  

I 
H S-(CH2),-S H 

I (R)  
R l  

HS(CHz),, SH+RC - I 
(R. 

' I  
I t  

I 
I 

1 1  (R)'---+ H-S-( CH2)n-S-C- OH 

L 11 cR)J 
which was used in most of the current experiments, 
the major product is usually the large ring dimer- 
captal, and there is a minor yield of polymeric 
material. Autenrieth and Geyer2 showed that 
when n is 5 ,  acetone reacted to give the cyclic di- 
mercaptal. Earlier work in this Laboratory4 
demonstrated that hexamethylene dithiol produces 
linear polymercaptals. Heptamethylene dithiol 
gave a low molecular weight linear product with 
vanillin. Both heptamethylene dithiol and nona- 
methylene dithiol gave good yields of the cyclic 
dimercaptols with acetone. 

It has been found that the cyclic dimercaptal 
prepared from decamethylene dithiol and vanillin 
can be converted to a polymer of a molecular weight 
of about 13,000 when i t  is heated above its melting 
point. The cyclic product from acetone and deca- 
methylene dithiol could not be changed to a 
polymer even though it was heated with acidic cat- 
alysts. 

Most of the cyclic products have been charac- 
terized by analyses, molecular weight determina- 
tions, oxidation to sulfones and by their ultraviolet 
absorption spectra. The ultraviolet spectra of 

these cyclic products showed peaks which have 
been established as characteristic for mercaptals 
and mercaptols by Fehnel and Carmack.* 

The experimental work was terminated earlier 
than had been intended because of a most severe 
skin rash caused by the alkylene dimercaptans. 
Other workers in this Laboratory have found that 
these compounds cause severe rashes. 

Experimental 
Reactions of Decamethylene Dithio1.-The general pro- 

cedure followed was to dissolve the dithiol in purified dioxane 
in a glass stoppered erlenmeyer flask and then add the car- 
bonyl compound (or acetal), stir for a minute or two with a 
magnetic stirrer and finally introduce the catalyst. A ni- 
trogen atmosphere was introduced; then stirring was con- 
tinued as long as the reaction was allowed to proceed a t  30'. 
The solid product was isolated either by direct filtration 
(procedure B)  or by neutralization with solid sodium bicar- 
bonate, then filtration and separation of the organic material 
from the salt by dissolving in benzene and recrystallizing 
(procedure A). In  either case the residual dioxane solution 
from the first filtration was concentrated by evaporation 
and then poured into methanol to precipitate polymeric 
products. The results of some typical experiments are col- 
lected in Table I. 

The reaction of decamethylene dithiol and m-nitrobenzal- 
dehyde was carried out in a slightly different manner. To 
the reaction mixture of 19.3 g. of decamethylene dithiol, 
18.9 g. of m-nitrobenzaldehyde in 250 ml. of dioxane was 
added 25 ml. of dioxane saturated with hydrogen chloride. 
The solution was stirred for 5 days a t  30' and filtered to give 
0.34 g. of product. The filtrate was saturated with dry 
hydrogen chloride and allowed to  stand one day and filtered 
again to yield 3.32 g. of product. After another day 5.1 g. 
of product was removed by filtration and after the ninth day 
3.19 g. Then the filtrate was again saturated with dry 
hydrogen chloride and on the eleventh day 8.63 g. of prod- 
uct was removed by filtration. On the sixteenth day an 
additional 4.14 g. was collected. The total yield of crystal- 
line product after 16 days was 24.42 g. (77%) of the cyclic 
dimercaptal, m.p. 142-143'. No polymeric material was 
isolated from the filtrate. 

Anal. Calcd. for CyrHmNr04S4: C, 60.14; H, 7.42; S, 
18.89; N, 4.13. Found: C, 60.51; H, 7.35; S, 18.57; N, 
4.34. 

(6) E. A. Fehnel and M. Carmack, TEIS JOURNAL, 71, 84 (1949). 
(7) A. W. C. Menzies and S. L. Wright, Jr., ibid., 43, 2315 (1921). 
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Oxidation of Dimercaptals to Tetrasulfones.-The cyclic 
[lirnercaptals and dimercaptol were oxidized t o  the corre- 
.;punding tetrasulfones by the method of Drew.8 The 
vanillin derivative could not be converted to  the sulfone be- 
cause of oxidative attack of the phenolic ring. The oxida- 
tion of the 9-chlorobenzaldehyde derivative is typical. 

A mixture of 4.068 g .  of the cyclic dimercaptal from p -  
~lilorcibc~~zaldeli).tlc and decamethylene diinercaptan in 200 
1111. o f  chloroforiii w:ts stirred with 272 nil. of a cold 0.417 A' 
solution o f  1rionuperphtiia1ic acid in ether. An additional 
100 mi. of ether was added to increasethe volumeof solvent. 
.'ifter three days of stirring an additional 136 ml. of the mono- 
perphthalic acid solution was added, and stirring was coii- 
tinued another three dab-s. The reaction mixture was t i l -  
tered a n d  the precipitate washed repeatedly with 5 5 ;  sodium 
Iiic:irhonate solution and then water to  remove phthalic acid. 
The  white solid tetrasulfone after tlr! ing in a desiccator 
weighed 4.67 g.  (96(7&). The sulfone \vas quite insoluble in 
coninion solvents. A sample was recrystallized repeated1)- 
from a large volume of chloroform t o  give crystals, m.p. 166- 
170" dec. 

Anal. Calcd. for C34HjOC120&: C, 51.96; H ,  6.41; S, 
16.32. Found: C, 52.28; H, 6.53; S, 15.78. 

The acetone cyclic dimercaptol gave a tetrasulfone, m.p. 
213-218". Anal. Calcd. for C ~ C H ~ Z S ~ O ~ :  C ,  50.29; H,  
8.44; S,20.66. Found: C,  50.27; H,8.75; S,20.33. 

The m-nitrobenzaldehyde cyclic dimercaptal gave a 
93.377, yield of a tetrasulfone, m.p. 151-154" dec. Anal. 
C:ilcd. for C34H50012NZS4: C, 50.60; H,  6.24; S, 15.89; 
S, 3.47. Found: C, 50.70; H, 6.40; S, 15.48; N, 3.48. 

Reaction of Heptamethylene Dithiol and Vanillin.-To a 
solution of 6.5 g. of heptamethylene dithiol and 6.02 g. of 
vanillin in 100 nil. of dioxane was added 20 ml. of dioxane 
u tura ted  with dry hydrogen chloride. After 22 days no 
solid had crystallized. Evaporation of the solvent left a 
viscous liquid soluble in benzene but  insoluble in methanol. 
This oil weighed 10.9 g. and had an inherent viscosity in 
henzene of only 0.03. 

Reaction of Heptamethylene Dithiol and Acetone (By 
Eugene D. S'-essel).--To a solution of 16.4 g. of heptamethyl- 
cne dithiol and 5.8 g. of acetone in 80 ml. of dry  dioxane was 
added 20 ml. of dioxane saturated with dry hydrogen chlo- 
ride. The mixture was placed in a closed flask and stirred 
:it room temperature for 8 days. Filtration gave 15.7 g.  of 
crystals, m.p. 128-129". From the mother liquors 3.5 g .  
of viscous material was obtained. On recrystallization from 

It was not further investigated. 

i s !  TI F D r e w  1'11 D Theii-. 1:nirersity of Minnesota, 1951, p 5 2 ,  

dioxane additional crystalline material (about 4-5 g.) was 
obtained until finally less than 0.5 g .  of residual viscous 
polymeric material remained. 

The crystals were recrystallized from beiizeue to give 
beautiful colorless plates, 1n.p. 129-129.5'. 

-4nal. Calcd. for CsoI140Sr: C, 58.76; H, 9.86; S, 31.38; 
mol. wt. ,  408. Found: C,  58.73; 11, 9.84; S, 31.47; mol. 
wt .  hIerizies--SVrigiit t1.p. e1cv:ttioii ni~thotl7 ( 3 x 7 .  of 3 runs), 
-115.5. 

Reaction of Nonamethylene Dithiol and Acetone.-To a 
solution of 9.6191 g. of nonaineth)-lene dithiol and 2.9039 g. 
of acetone in 40 ml. of dioxane was added 8 nil. of dioxane 
saturated with drj. hydrogen chloride. The  svlution was 
stirred for 12 da3.s a t  room temperature and then filtered to  
yield 5.57 g. (48yo) of white crystals which proved to  be the 
cyclic dimercaptol. After recr>-sttillizcLticin from benzene 
the product melted a t  128-129". 

Anal. Calcd. for C2,114&; C, 62.00; H,  10.41; S, 
27.59; mol. wt., 464. F o ~ i ~ i d :  C ,  62.00; €1, 10.37; S ,  
27.20; Menzies-IYriglit b p .  elev'ttion method7 (ax. of 3 
runs), 437. 

The infrared spectrum of this compound showed a C-SC 
band at 673 cm.-', -(CH2)31- bands at 720 cm.-' and (CHI)* 
bands at 1330, 1366 and 1379 cm.-l and aliphatic C-H at 
2900 em.-'. 

Ultraviolet Absorption Spectra of Cyclic Products.-The 
ultraviolet absorption of the cyclic dimercaptals and dimer- 
captols was taken in dioxane solution. 

Tlir rrsults :ire listed in Table 11. 

'rAI3LE I I 
Cyclic dimercaptal from A,,,, nw log 6 

Benzaldeh>-de a n t i  tiecamethylene tlithiol 244" 3.50 
ni-Si t robenzal t lc l i~~l~ m ( 1  t1ec:iniethylene 

250 4.26 
\'anillin :ind decaincthylcric dithiol 235 4 . 2 5  

285 4 0 1  
p-Chlorobcnzaltlcliy~le mid decntnethylene 

cli t hiol 248' 3 . Z  

2.30 3 . 1 6  

tiithiol 

Cyclic dimercaptol from 

.icetone and decarnethb-lene tlithiol 

Slioultlers rather t1i:tii peaks. 
.icetone and tionamcthylene tiithiol 2:; 4 I .-I 
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Synthesis of Isomeric Bromothiazolylamines and the Use of Their Mercurated Derivatives 
as Fungicides and Bactericides 

BY G. K. MAHAPATRA 
RECEIVED MAY 18, 1956 

Fifteen isomeric bromothiazolylatnines containing one, two or three bromine atoms have been synthesized. 
tion between the position of bromine and biological activity has been studied. 
mercurated and the resulting compounds subjected to  fungicidal and bactericidal assay with promising results. 

T h e  rela- 
These bromothiazolylamines have been 

In view of the antibacterial activity and other 
biological properties of 2-aminothiazoles and var- 
ious N-substituted 2-amino it was 
thought worthwhile to synthesize further n'-sub- 

( 1 )  S I .  Perrault and D. Bovet, Lancet, 250,  731 (1946); C. A , ,  42, 
89G9h (1948). 

( 2 )  Y. Tajika, Y .  Nit ta ,  J .  Yomoda and H. Oya. J .  Pharm. SOC. 
JaBa?z, 71, 709 (19313. 

(3) D. Bovet, J. Bablet and J. Fournel, A n n .  Iwst .  Pasteuv, 7 2 ,  105 
(l!XO), Semaine hopilaux Paris,  57, 8 (1945). 

(4 )  C .  \V. Sondern and P. J .  Breivogel, U. S. Patent 2,440,703.  
31ay 4 ( 19-18); U. S Patent 2,519,3?5, Aug. 15 ((1950). 

( 5 )  Shigeya Saijo, J .  Pharm. SOL. J a p a n ,  72, 1009 (1952). 
( 6 )  H. Erlenmeyer, U. S. Pa ten t  2,400,689, May 21 (1946). 

stituted aminothiazoles. As the introduction of 
bromine into thiazolidone' and the thiazole8 nu- 
cleus generally augments the antibacterial as well 
as antifungal activity, bromine has been introduced 
into these thiazole derivatives and the relation be- 
tween the position of bromine in the molecules and 
their biological activity also has been studied. 

Fifteen different phenyl-2-thiazolylamines hav- 
ing one, two or three bromine atoms a t  different 
positions of the molecule have been prepared. 
(7) M. K. Rout and G 

(1955). 
(8) G. N. Mahapatra,  Saturc ,  177, 038 (1956). 

N. Mahapat ra ,  THIS JOURNAL, 77, 2427 


