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gate this matter further several sets of isomers of RSOZ- 
SR' and R'S02SR were prepared, as well as a number of 
other iiiixed and syninietrical thiolsulfonates to relate 
structure with antimicrobial activity. 

The unsubstituted S-alkyl members mere prepared by 
alkylation.' 

R S O S  + R'Br + RSOpSR' + NBr 

The S-tosyl and S-trichlorovinyl esters were prepared 
by reacting the sulfenyl chloride with the sulfinate8 

RSOjll + C7H;SCl + RSO?SCiHi + hlCl 

where ;\I is silver or zinc. 
The bactericidal activity of these thiolsulfonates is 

given in Table I. h number of the compounds, namely 
those of lower niolecular weight and the acetylenic 
derivatives, have high activity. Table I1 coinpares the 
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TABLE I1 
BAC~ERIOSTA?IC L ~ L T I \ ~ I T Y  OF THIOLSULFOXATES 

RSOi SR' 
R R '  AfIDO 

Symmetrical 

CH3 CHI 12 
C sHi; CSHI7 40 
Ci& C16H33 200 
C7H7 C7H7 500 

Unsymmetrical 
C& CsHi; 6 
C&l7 CH, 12 
CHI Cl6H3I 1000 
C i J L  CH, > 1000 
CH, CiHi 40 
C7H7 CH, 34 
CSH17 C16H33 250 
C16H.43 CsHiT 1000 
C8H17 CiH7 8 
C;H7 CsHi; 0.3 
C16H33 CiH7 200 
C7H7 C I ~ H I ,  200 

a Minimum inhibitory dose in parts per million to  Staphylococ- 
cus aweus. 

bacteriostatic action of a series of symmetrical thiol- 
sulfonates and mixed isomers. It can be concluded 
from these data that  the whole molecule enters into the 
toxic mechanism and that,  although the toxicity toward 
bacteria of some of the isomers differs, neither the 
RS02- nor the RS- alone can be considered to be the 
active moiety. Table I11 presents data on a series of 
trichlorovinyl thiolsulfonates which were found to have 
very high bactericidal activity. 

TABLE 111 
BACTERICIDAL hCTIVITY O F  TRICHLOROYISI-L TBIOLSULFOSATES 

RSOi SCC1-CClj 

CH, 2 
CsH: 8 

n-GH; Y 
n-C4H, 8 
n-C& 250 

C& 40 

n hILDa 

4 Rlinimum lethal dose in parts per million to  Staphylococcus 
u w e  us. 

( 7 )  R. Otto,  Ber.. 13, 1282 (1880). 
(8) R. 0. Roldyrev, Dokl. B k a d .  Nauk SSSR. 131, 1331 (1960). 

Experimental9 

A.-The preparation of n-butyl p-toluenethiolsulfonate illus- 
trates the general synthesis of the S-alkyl thiolsulfonates. To a 
200-ml. two-necked flask was added a mixture of 12.2 g. (0.05 
mole) of recrystallized potassiuni p-toluenethiolsulfonate,lo 97 nil. 
of acetone, and 3 nil. of water. The salt was rrushed in the sol- 
vents to insure small particle size. The flask was fitted with a 
stirrer, condenser, and heating mantle. To the flask was added 
a t  once 6.85 g. of n-butyl bromide and the mixture stirred and 
heated fur 20 hr. After completion of the reaction the mixture 
was diluted with water and transferred to a 300-nil. separatory 
funnel. The heavy organic layer was removed, diluted with 
ether, and dried over sodium sulfate. Filtration of the ether 
solution and evaporation of the ether gave 10.5 g. of crude prod- 
uct. The cdnipound was purified by thin layer chromatography 
by coating 20-mi. square glass plates to a thickness of 250 
with s i h a  gel. After activation of the plates by heating for 30 
niin. a t  1 lo",  the crude compound was applied by a small pipet 
about 2 cni. from the bottom edge, and the plate developed in a 
solvent mixture of benzene-petroleum ether-chloroform (8: 8: 1 
by volume). After the solvent had risen to the top, the plates 
were removed, and one was sprayed with 10cG sulfuric acid and 
charred a t  110'. The position of the compound on the charred 
plate indicated where to remove the silica from the other plates. 
Ether extraction of the silica from 10-20 such plates and evapora- 
tion of the ether provided a sufficient amount of compound fur 
analysis and microbiological testing. 

B.-The preparation of p-tosyl n-octanethiolsulfonate illus- 
trates the synthesis of the S-tosyl thiolsulfonates. A 250-ml. 
erlenmeyer flask containing 50 ml. of absolute ether was set on a 
magnetic stirrer in the dark and 12.55 g. (0.044 mole, approx. 10% 
excess) of silver octanesulfinatell added. To the stirring sus- 
pension 6.85 g. (0.040 mole) of p-toluenesulfenyl chloride,12 dis- 
solved in 45 ml. of absolute ether, was added in small amounts 
over a period of 2-3 min. During the addition the temperature 
rose, causing the ether to boil and the orange-red solution of ml- 
fenyl chloride to lose some of its color. After standing 15 min. in 
the dark the reaction mixture was filtered giving 9.5 g. of yellow 
solid; the theoretical requirement of silver chloride is 6.87 g. 
The pale yellow filtrate upon evaporation of the ether gave 8.8 g. 
of light yellow oil which was purified, as above, by thin layer 
chromatography. 

The S-trichlorovinyl esters were made by reaction of the zinc 
sulfinate with 1,2,2,2-tetrachloroethanesulfenyl chloride which 
has been described elsewhere.13 

Acknowledgment.-This work was supported by the 
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(9) llicroanalyses were performed by G. Weiler and F. B. Strauss, 
hlicroanalytical Laboratories, Oxford, England. All melting points are 
corrected. 

(10) W. Spring, Ber. ,  7 ,  1157 (1874). 
(11) T. Zinke, Ann., 412, 86 (1918). 
(12)  R. Lecher, with F. Holschneider. K. Iioberle, 15.. Speer. and  P. 

( 1 3 )  9. 8. Block and J. P. Weidner, submitted for publication. 

Infrared spectra were run on a Perkin-Elmer Infracord. 

Stscklin, Ber. ,  68, 409 (1925). 
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I n  previous articles we had recorded the observa- 
tion that  a combination of a proper functional group 
with an  appropriate radical niay lead to conipouiids 
which display in vivo pharmacodynamic activities.2 

(1) (a) Deceased. (b) Author to wiiom inuuiries should be addressed, 

(2) G. Cavallini and E. Xfassarani, .J .  J l e d .  Pharm. Chem., 1, 3fi5 (19571)). 
Research Division, Recordati S.p.A., XIilan, I taly.  
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TABLE I" 
I:tiibr)-unatt.ri e ~ g s * '  ~~ Tissiie < ~ , i I t i i r t ~ ' ~ - - -  

Virucidal Virustatii, Virucidal :irtivity Viruarutii ~~ .-.\licl.. . . . .- 

activity activity AI T I P  I. I ) b ,  SIfI\ .a'  
A-FK8 virus -j/lnl. tjix,,'kg. ('raiC vir()* 

I 0 0 50 0 (1  ( J  0 1000 0 
I1 1 1 100 0 ( J  I )  ( J  > 1500 5!l 
111 0 0 100 (1 ( J  0 (1 > 1500 ?ti 
I 1. 1 0 100 0 I 1  ( J  0 > 1 500 58 
1' 7 A  0 50 0 ?A 0 1 >I500 0 
\'I 7 A  4 4  50 0 2 A  1 (1 > 1.500 3 1 2 A  
1-11 7 A  2 3  100 0 0 0 1 >1500 4 1 
1-111 i A  1 100 0 I) 11 I 1  > 1500 h 6 
I X  5 A  1 100 0 (1 0 I) >1600 0 
X 5 A  S A  100 (1 1 I I > I .NO 16XA 
SI1 5 A  0 ,50 0 0 I) 1 )  1 .;oo :j 7 
SI11 5 P  0 30 I 1  I) 1 1 1 r,oo "1 
XI\-  4 1  1 - 3  0 (I I) 1 1300 1 -LSA 

' 1 1iHereiic.e lxX\vceii averages of  the d v l ( ~ -  
niinations of scirbitol-dehydrogenase avtivity (according to Gerlach) in the plasma of treated aninials and in  that of control sninittls. 
The significance was calculated by Student's "t ." 

.) i 

(' The data xI i i i , l i  are statistically valid are iiidicated by A .  ' llaxiriial tolerated d o y e .  

The values are the difterenves of titers corresponding to logsrithniic units. 

'1'.4BI.I< I1 
SCHIFF'S BASES A S D  s,x-~)IACETALS OF ~TEHOIDAI, c ; l , Y (  

AI. p . ,  SoI\-en t 
Yield, OC'. of A l ~ l e ~ ~ l l ~ l r  - C&(i., ,,; __-. l:iiund, ><----  

xi,. Culllpd. 5; der.  crystri." coInpuPitiol1 ( ,  I 1  s C '  I I  s 
IS ~.4-Pregnen-21-aI3,20-diorle 60 145- 1.: (I;cjHauiY?Oc HL( I W ,  74 i .OY 4 . 6 5  69. SI 7.04 5.02 

N,N-p-carboxyanilino di- 14s 
acetal 

S ~4-Preg1ien-li-ol-21-al- 30 155- I:: C':jsHasSnCJa ." G . 4 5  6 . M  4 .13  6 5 . i O  7.3 I 4.UO 
:3,11,20-trione X,iY-p-car- 1 CeHjOH . HJ)  
hoxyanilirio diacetal 

(iLi.(i6 6.S5 4.14 65.63 6.49 4 .13  - -  SI ~1,4-Pregnadien-1 T-ol-21-aI- ( i l  145- 1; CajH3&&. '' 
3,11,20-trione N,N-p-car- 146 CaHjOH. Hn( ) 
boxyanilino diacetal 

17-glyoxilidene cyclohexyl- 1!J2 
aiuinec 

17-ol-17-glyoxilideiie cyclo- 
hexylamine 

-., -- SI1 ~4-Pregnene-3,11-dioii-1 7-cil- !I2 1:lJ- 1.: C',;Ha;S( J i  I . ) .  i I  h . 4 h  i;, 19 73.51 h , 3 1  :;.I? 

SI11 ~1,4-Pregnadiene-3,Il-dioll- 70 1x; 1,: ('27Ha2i04 74.1 I h .  00 3 .20  X . S O  i . 8 6  :2.33 

SI\ '  34-Pregnene-3,l l-dioii-17-ol- 68 204- (1 C2iH31SOb 7 2 . 1 4  t i .%  3 . 1 2  72.19 6.S2 3.02 
17-glyoxilidene p-aminophenol "5 

" 1: = ethanol. Ancil. Cal(d . :  C,H,O, (j.M, E'ouiid: C?H,O, 6.67. ' The reac,tion \vas cauied out  for 2 hr. '' 'I'he wrnpountl 
was obtained by evaporation I'n u i c i i o  i i o r i i  eth:inol a t  20 ' ;  the residue was w21shed with ethyl ether. 

By attaching suitable fiiiictioiial giaups to Iior1i1oiial 
structures, coiiipouiids with a wide variety of such 
activities were obtaiiied,3 while the horiiioiial propertics 
of thc "supporting inoiety"  ere abolished. Siiicc IVV 
had also iouiid that glyosals derived froiii several 
polycyclic systems are act.ire aiitiviral ageiits in uz'Lv,4 
we have studied a-ketoaldehydes V-VI11 derived froiii 
steroid structures and conipared them to the cor- 
responding a-kehls (I--IT?) whose hornioiial activities 
ai.(' T V V I I  kiionii. 111 additioii. sovcJral Schiff's basos 
a i d  S,S-diacetals of thc  kotoaldcliydes \ ~ c ~ e  also 
pivparcd and tested siiicc a iiiorc pot'eiit aiid specific 
antiviral activity had becii iioted iii other siiiiilarly 
protected glyoxal derivatives i i i  other series.4a 

.\I1 t he  CoiIipouiids \ v ( w  tost8cd iii ctiiihryoiiat"I 
c*liicliwi eggs agaiiist] iiiflueiixa virus A\-l'l<8, iii tissricb 
cultures against type 1 polioiiiyelitis a id  vaccinia 
virus, and in mice against hepatitis hlHT'3 virus 
(Craig strain). Tlie iiicthods eiiiployed have been 

<jr  wfewrl ,~rs  t o  tliir ~ o r k ,  scv ( i .  l ' :~val l i r i i .  / I  I , 'ur imico ,  10, 01 1 

( I )  i i i )  C:. ('>bv:illiiii, 21id lnterii:iti,,ii:il .Syiii imaiii i i i  un t ' l ~ t ~ t ~ ~ ~ , r l ~ ~ r ~ i ~ , ~ . ,  
S> i~ , l e s ,  l $ i O l ,  Vol. I T ,  S .  IGirxcr, Ikiwl, S v i t y . ,  1!lM, p. 36; (131 (;. R i t a  
1). : M ,  

R 

I, R = COCHzOH 11, R = COCHxOH 
V, R = COCHO VI ,  R=COCHO 

&-OH R O@-Oti R 

/ 
0 

111, R = COCH20H I\', R = COCH2OH 
VII ,  R = COCHO VIII ,  R = COCHO 

described previ0usly.4~ The results are listed in Table 
I .  Sone of the ketols (I-IV) exhibited aiitiviral activ- 
ity iuidcr tlicl coiiditioiis of thc tcsts. By contraht, 
all t l iv glyoxal. aiid thoir Schiff's bascs aiid S,S- 
tliacetals provcd to 1 ) ~  very active against iiiflueiisn 
\-1'R8 viru. i i i  chick c.iiihiyos. 'I'hrec of tiic co~ii-  
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pounds (VI, VII ,  and X) were also virustatic. Coni- 
pounds V and VI were virucidal against vaccinia in 
tissue culture; TI, X, aiid XIV showed activity against 
the hepatitis viral strain in &e. These results sup- 
port the soundness of the assuinptioii on which this 
research mas planned, that  ketoaldehydes derived 
from steroidal components would be antiviral. 

Experimental5 

All a-ketoaldehydes discussed in this note have been de- 
scribed in the literature. R e  prepared them in good yield by 
oxidation of the corresponding ketols with oxygen in aqueous 
methanol solution. Chemical and physical characteristics 
(especially infrared frequencies and rotatory indices) were in 
accwrd with literature data. 

Preparation of Schiff's Bases and N,N-Diaceta1s.-A mixture 
of the ketoaldehyde (1 mmole) and the respective primary 
amine (1-2 rnmoles) in 10 nil. of ethanol was stirred a t  20" for 
24 hr., and the solution was concentrated until crystallization 
took place. 

( 5 )  All melting points are corrected. 
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The benzylpenicilloyl (BPO) group has been denion- 
strated to be the major haptenic antigenic determinant 
of benzylpenicilliii (PG) hyper~ensitivity.'-~ Multi- 
valent benzylpeiiicilloyl-polylysine (BPO-PLL) con- 
jugates have been found to  be effective elicitors of 
allergic skin reactions of the wheal-and-flare reactions 
in a significant percentage of patients with histories 
of allergy to PG.2S3 These materials are accordingly 
promising skin test reagents for the clinical evaluation 
of penicillin hypersensitivity. Penicilloyl-PLL con- 
jugates have been prepared previously by reaction of 
penicillenic acids with p~lylysiiie.'-~ This procedure 
is tedious and results in conjugates contaniinated 
with peiiicilleiiic acid groupings and with other ini- 
purities. This paper reports a new aiid simple iiiethod 
for the preparation of comparatively clean succinoyl- 
ated iiiultivaleiit penicilloyl-PLL(S) conjugates of 
diff ereiit extents of conjugation directly froin penicillins. 
This method is based on the known reaction of peni- 
cillins with aliphatic amines a t  high pH to form penicil- 
l o y l a i n i i i e ~ . ~ ~ ~  Parker aiid Thiel have recently pub- 
lished a inethod of preparation of inaxiiiially coupled, 

( 1 )  B. H. Levine and  Z. Ovary, J .  E z p t l .  M r d . ,  114, 875 (1961). 
(2) C. W. Parker,  J .  Shapiro, 11. Kern, and  H. N. Eisen, ibzd . ,  116, 821 

(1962). 
(3) A. R. Levine, and  V. H. Price, Immunology, in press. 
(1) 13. 13. Levine, J .  Ezpi/. . l f e d . .  117, ltil (1963). 
( 3 )  "Cliemistry of  penicilli^^," El.  T. Clarke, J. R. Johnson.  and I<. Rol~in-  

(6) 13. fI. Levine, .I. .\fed. I ' ha rm.  C i w n ~ . ,  5,  1025 (1962). 
sori, Ed.. Princeton Cnixersity Press, Princeton. N. J., 1049. 

unsuccinoylated penicilloyl-PLL conjugates based on 
this react ioi~.~ 

Table I shows the relation between iiiole ratios of 
reactants and the extents of conjugation of penicilloyl- 
PLL(S) conjugates which were prepared froin PLL 
preparations of four different degrees of polyiiierizatioii 
and from four diff ereiit penicillins. Over 100 prepara- 
tioiis have been iiiade with siniilar results. Under the 
saine coiiditions, penicillins were made to  react with 
poly-D-lysine to foriii succinoylated multivalent penicil- 
loyl-poly-D-lysine conjugates. This preparative method 
thus appears to be a general one. 

The extents of conjugation listed in Table I are 7% 
too lorn, as 77, of the penicilloyl groups undergo S4- 
thiazolidiiie acylation during the succinoylation re- 
action. S4-Acylated peiiicilloyl residues do not un- 
dergo the penarnaldate reaction5s6 which is the basis 
of the penicilloyl assay. iiiaxiniuin of only 60% 
of the KHz groups of PLL could be coupled with 
penicilloyl groups, probably because of steric inter- 
ference froin the bulky penicilloyl groups. Succinoyla- 
tion, under the coiiditions given in the Experiiiieiital 
section, coupled at least 9770 of the KHz groups, as 
deterniiiied by forinol titratioiis.8 The conjugate 
solutions were found to be free froin uiireacted penicil- 
lins by bioassayg and free from beiizylpenicilloic acid 
by arsenoiiiolybdate reduction.l0 The ultraviolet ab- 
sorption spectrum of benzylpenicilloyl-PLL(S) coii- 
jugates showed absorption peaks at 278 nip which cor- 
responds to the presence, in the conjugates, of peiiam- 
aldoyl groups5 fornied by rearrangement of peiiicilloyl 
groups.; The optical densities a t  280 inp of soine typi- 
cal conjugate solutioiis indicate that 1 to 3y0 of the 
penicilloyl groups contained in the conjugates exist 
as the tautomeric penanialdate form. The absorp- 
tion spectra show also superimposed peaks a t  X 258 
and 264 nip correspoiidiiig to  the benzyl side chain,j 
aiid another peak a t  X 268 mp which may indic ite trace 
quantities of penaldate groups.b There were no 
detectible benzylpenicillenic acid disulfide chromo- 
phoric groupings detectible in the conjugate solutions 
as evidenced by the absence of absorption iiiaxinia in 
the 310-340 nip regi0n.j 

Optical rotatioils of the conjugate solutions corrected 
for the contribution of succiiioylated PLL yielded [ CY]*~D 
+0.96" for 1 X 10-2-11 beiizylpeiiicilloyl coiitained 
in a typical beiizylpenicilloyl-PLL(S) coiljugate, a 
value in excellent agreement with the molar specific 
rotations of a-diastereoisomeric crystalline univalent 
benzylpenicilloylarnines.6 This finding indicates that 
the penicilloyl groups contained in the conjugates 
prepared by the method given here are entirely, or 
predominantly, a-diastereoisomers, the expected dia- 
stereoisoiiieric product of the reaction of penicillins 
with aiiiiiies at high pH.5 I n  contrast, penicilloyl- 
polylysines prepared froin penicillenic acids are dia- 
stereoisoineric mixtures. l Optical rotations of benzyl- 
peiiicilloyl-PLL(S) solutiolis (BPOso-PLL,oL(S) and 
HI'O&-PLL286(S)) takeii a t  decreasing p H  showed 

( i )  C. W. Parker a n d  J. -4. Thiel. J. Lab. Clin. Med. .  62, 482 (1963). 
(8) A .  W. Kenchington in ".4 Laboratory Manual of Analytic Methods 

iii Protein Chemistry." P. Alexander arid R. J. Rlock. Ed,, Pergarnon Press, 
S e w  T o r k ,  N. \-., l W 0 ,  u.  333.  

( ! I )  11. G .  Grove and LV. H. Randnll, "Assay Iletl iods of Antibiotics," 
Ledical  Encyrlopedia. Inc. ,  S e n  York, S. T., 1'335, py.  l4-lfi. 

(10) S. C. Pan, A n a / .  Clicm., 26, 1438 (1954). 


