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A NEW SYNTHESIS OF SMALL KING CYCLIC 
SULFIDES 

S i r :  
Ll iiew iiietliod for the syiithcsis of  thiiraiics aiid 

thietanes has becii discovered. which promises to 

Iicact lun 
temp , OC Cyclic carbonate uf 

Ethyleiie glycol 95 
1.3-Propanediol 140 

2,3-Ditnethyl-1,3 propAnedio1 175 -180 
2,2-Diethyl-1,3-propnllediol 1UO-195 

1,3-Butariediol 1 7( )- 180 

the formatiori of episuliicles lroiii epoxides and thio- 
cyanate i0n.l Failure to obtxiii an appreciable 
amount of cyclic sulfide froiii the reaction of 44,G- 
trimethyl-1 ,:3-dioxaii-2-one with potassium thio- 
cy>11iatc a t  1S5" may be attributed by this r~iecli- 
ailisin t ( J  the a,  a, oc'-trisubstitutiori. The chief 
product iii the latter C ~ S C  is l-iiiethyl-;3-pentcii- 
2-01. 
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clic c:irboii,ites o f  1 ,::-l)r(,I)a~icdiol~ I ,%butnnediol, 
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3,3-Dimethylthietaii~ 115-116 12U" 1,4738f 1. 473gd,' 58.6 
3,3-Diethylthietanee 170. ;5-17:1 1 . 1838 43 . x 

M. Marcel Delepiiie, Bull. SOC. chiin. France, 742 (19201. \V. E. Haiiics, 11. L', Ilelin, C. L\', Bailey and J. S. Ball, J .  
Griscfikewitscli-Trochirno~ski, J .  Russ. Phys.-Chon. Ges., 48, 893 (Beil., XVII-XIX, 1st 

e Calcd. for C,Hl4S: C, 81.55; H, 10.83; 
Microanalysis by Geller hficroaiicll>-tical Laboratories, West Eiiglewo(d 

I'hys. Chem., 38, 273 (1954). 
supp., p. 5 ) .  
S, 24.02. 
New Jersey. 

H. J. Backer and I<. J. Keuning, Rec. trao. chim., 53, 810 (1931). 
Foulid: C, 64.98; 11, 10.91 ; S, 24.30. 

J Indices of refraction taken at 18". 

have corisiclerable generality. It has beeii fouiid 
that heating the melted cyclic carbonate of a I,?- 
or 1,3-diol with ail equimolar amount of potassiuin 
thiocyanate produces the corresponding cyclic sul- 
fide in most cases. Table I prcsciits typical data. 

' > c ~ o ) C 4  + KSCN + 
' -0 

I 

'This iiletliod iiiay be coniliared with the receiitly 
reported pyrolysis of 1,3-oxathiolaii-2-o1le over 
potassium carbonate to yield ethylene sulfide, but 
the present process is much more convenient be- 
C"IUSC of thc easy preparation of the cyclic carbonate 
froin a 1,8- or 1,3-diol and ethylene carbonate or 
diethyl carbonate. 

- C)CA ,- 0 
11 - ,e;? o r  J L - h  

~ S 3  

The pyrolysis is thought to proceed by '1 iiiech- 
.inism similar to that proposed by van Tainelen for 

(1) D D Reynolds. 'IHIsJUUKNAI , 7 9 ,  -1951 (1957) 

HEMOGLOBIN STUDIES. 11. A SYNTHETIC 
MATERIAL WITH HEMOGLOBIN-LIKE PROPERTY' 
Sir : 

It WAS suggested iroiii the experimental data 011 
hemoglobin and related compounds that the UP 
usual stability of osyheinoglobin and oxymyo- 
globin could be due  to the low dielectric coiistarit 
of the irniiirdidte surrouiidings of the bountl 
oxygen iiioleculcs 111 order t o  check this llypotlie 
sis, a synthetic iiioclel material was iiiadc by 
the followiiig procedure. 
-1 solution of the dietliyl eitcr of lieiiiiii a ~ i d  .i11 

excess of l-(%-I'lieiiyletli~l)-iiiiida~olc in belizelie 
was rcduccd by shaking with an aqueous NagS.04 + KO13 solution in 'L carbon monoxide atmos- 
phere. After centrifugation, the clear, bright-red 
benzene solution was mixed, in CO-atmosphere. 
with a 10% solution of polystyrene in benzene, and 
then dried in a m" stream of CO a t  1 atm. pres- 
sure. The trailspawit, solid-like film, which con- 
taitietl the coiiiple.; iiiolecules of l-(2-pheriyl- 
etl iyl)-i inida~olecar~~~iii i ioii(J~ylicii i~ dicthyl c5ter 
iriibedded in d riicLtri\ Oi dri .tiiiorphous mixture of 
polystyrene a i d  l-(2--phenylethyl)-imidazole, 

(1) Paper I ,  J Ii \ \ \ngBr\  IITak\.h.rra and t B l'leischer. T H I S  
JUUKNAL, 80, 1109 (19;s) 1111s worh wab suppurted in par t  first b y  d 
grant  from Iiesedrch Coryoratiou, aud  later by a gran t  (USPHS- 
RG-4483) from the Division of Research Grants ,  Publlc Health 
Service. 
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showed a carbonmonoxyheme-like absorption spec- 
trum. 

After completely removing the bound CO by 
flushing with nitrogen gas for several hours a t  
room temperature, the film showed a typical hemo- 
chromogen spectrum. With polystyrene and 1 - 
(2-phenylethyl)-imidazole mixture of 1 : 3 weight 
ratio as the matrix, the absorption maxima are a t  
5250 and 5560 A., respectively. When this mate- 
rial was exposed to oxygen or air, it  rapidly com- 
bined with molecular oxygen to give a product which 
showed an oxyhemoglobin-type of spectrum with 
absorption peaks at  5370 and 5630 A. respectively. 
The oxygenation is reversible, because the original 
hemochromogen spectrum can be quantitatively 
restored by flushing the film with nitrogen or by 
evacuating a t  room temperature. The cycle can 
be carried out repeatedly. For a film with more 
than 90% of polystyrene, the hemochromogen-like 
spectrum becomes more diffuse. This film still 
combines rapidly and reversibly with C02 or 02, 
and i t  may also be kept in contact with air-satu- 
rated water for days without being oxidized to 
Fe(II1) state. 

Although reversible oxygen-addition compounds 
of Fe(I1)-complexes have been r e p ~ r t e d , ~ , ~  the 
present synthetic material appears to be the first 
successful hemoglobin model which is stable in 
the presence of water. These results also sub- 

(2) K Kunz and A J Kress Ber , 60, 367 (1927) 
( 3 )  A Corwin dnd Z Reyes, T H I ~  JOURNAL, 78,  2 i37  (1Qjb) 

stantiate our previously suggested picture of the 
binding sites in hemoglobin and myoglobin.’ 

Besides serving as a protective atmosphere, the 
function of CO in the preparative procedure for 
high polystyrene-content films is two-fold: (1) to 
help each Fe(I1) to bind one 1-(2-phenylethyl)- 
imidazole through the stronger ligand-field of 
C04; (2) to create a spatial configuration in the 
matrix near the binding site more favorable to 0% 
than to another 1 - (2-phenylethyl) -imidazole. This 
last function of CO is shown by the following ob- 
servation. 

The oxygenation ability of the high polystyrene- 
content film can be destroyed by heating the filni in 
nitrogen atmosphere. This “denatured” film still 
readily combines with CO. Its oxygenation abil- 
ity can be restored by heating in CO-atmosphere, 
cooling, and subsequently removing the bound CO 
by prolonged flushing with nitrogen. 

A high polystyrene-content film made by the 
above procedure with free heme to replace the di- 
ethyl ester was oxidized immediately to Fe(II1)- 
state on exposure to air. This suggests that, in 
contrast to the ester, the free hemes are not im- 
bedded in the hydrophobic matrix but are quite 
exposed. 

(4) A. Nakahara  Y. N Chiu and J H. Wang, to be published 
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The Spectroscopy of Flames. By A .  G. GAYDON, L).Sc., 
F.R.S., Warren Research Fellow of the Royal Society, 
John Ll‘iley and Sons, Inc., 440 Fourth hvenue, New 
Uork 16, N. Y. 1967. ix + 279 pp. 16 X 31.5 cni. 
Price, $9.00. 

This book aims at replacing “Spectroscopy aud Com- 
bustion Theory” atid “Flames, their Structure, Radiatioti 
and Temperature” from the same author, but covers slightly 
different ground. Sotne regions covered in the other books 
ure not repeated here, but a fuller treatment of more recent 
work is made. 

The last decade has been notable for the development of a 
number of new experimental techniques for controlling flames 
and for exciting flame-type spectra in special sources. 
These techniques include the burners for flat diffusion and 
flat premised flames, low-pressure flames, controlled 
low-temperature flames, flames supported by free atoms, 
flash photolysis, shock-tube excitation and use of isotope 
tracer methods. Dr. Gaydon and his colleagues at Im- 
perial College have been associated with the development 
of mauy of these techniques and he has iiicluded a great deal 
of invaluable experimental information in the first part of 
the book. 

The subject is presented in such a way that  the book may 
be of service to those engaged in research in the field, but so 
that i t  may be read easily by the beginner and the non- 
specialist. It  is with this viewpoint in mind that a chapter is 
devoted to the theory of spectra and gives a condensate of 
the most useful results. 

Hydrogen and carbon monoxide flames are studied in two 
separate chapters and a large extension is given to the appli- 
cation of the spectroscopic results to combustion me- 
chanism. X description of the various band systems en- 
countered in organic flames with a discussion uf the emitting 
species, is followed by sections in which the effect of fuel- 
type, mixture strength and flame conditions are detailed. 

A very interesting and fruitful chap!er exposes thc 
estensive work done during the past few years about tern- 
perature measurements. Electronic, translational, vibr:l- 
tional and rotatioiial temperatures have been determined for 
a great deal of emitting species in a variety of experimental 
conditions. All this information is gathered liere and criti- 
cized very carefully. This work helps elucidate the detailed 
state of the gases in the reaction zone in order to discriminate 
the thermal excitation from the chemical excitation. A long 
discussion includes the author’s hypothesis accounting for 
the chemical reactions involving the different excited free 
radicals. 

The book is niqinly concerned with interpretation of the 
visible and near ultraviolet spectra of flames. The infrared 
region has been shortly treated although this question had 
been the subject of a great deal of work. Esplosions as 
well as flames containing nitrogen, halogens and metals are 
also rapidly reviewed. 

Some very useful tables of emission and absorption spectra, 
molecular constants, and an extensive bibliography are 
convenient references. 
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