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The r e su l t s  of r e s e a r c h  c a r r i e d  out in the Sc ien t i f i c -Research  Insti tute of Medicinals  (Buda- 
pes t ,  Hungary) a re  co r re l a t ed .  The s t r u c t u r e s  of 2 -aminoth iazo l ines ,  which can exis t  in the 
t au tomer ic  2- iminothiazol id ine  fo rm,  and of the cor responding  analogs of the thiazine s e r i e s  
and the i r  acyl de r iva t ives  a re  d iscussed .  A new method for  the synthes is  of 3 - a r y l - s u b s t i -  
tuted 2- iminoth iazo l id ines  and 2 - i m i n o p e r h y d r o - l , 3 - t h i a z i n e s  is examined.  Data on the bio-  
logical act ivi ty of some of the invest igated compounds a re  p resen ted .  

The enormous  amount  of r e s e a r c h  devoted to the study of the biological  act ivi ty of th iourea  and i ts  cycl ic  
analogs make it imposs ib le  to give an exhaust ive  review of the s tudies in this a r ea  within the f r a m e w o r k  of the 
p r e s e n t  paper .  Of the advances  made in recen t  y e a r s ,  one should mention the d i scovery  of the v a s c u l a r  ac t iv i -  
ty of 2- (2 ,6-dimethylphenyl imino) th iazol id ine  [2] and the many- s ided  biological  ac t iv i ty  of i ts  thiazine analogs 
[3-5]. The la t ter  compound has found applicat ion as an analget ic  in v e t e r i n a r y  medicine under the name R o m -  
pun (Bayer  A.-G.).  

At the beginning of our  s tudies  in 1964 the amount of r e s e a r c h  that had been devoted to the study of the 
biological  act ivi ty of compounds containing the th iourea  skeleton in the i r  molecu les  was quite inadequate. We 
hoped that  de r iva t ives  of this type would p rove  to be b io i sos t e r i c  with the biologically act ive de r iva t ives  of 
u r ea  or  guanidine.* 

It mus t  be notedthat  the in te res t  in the pha rmaceu t i ca l  chemis t ry  of compounds containing the th iourea  
skeleton has not waned inthe  las t  decade.  F o r  example ,  new ant ihyper tens ive  p repa ra t ions  based on 1 - a r y l -  
and 1 - a r y l - 3 - a l k y l t h i o u r e a s  [9, 10], as well  as ant iphlogist ic  p repa ra t ions  in the 1 -a ry l -3 - (hydroxye thy l ) -  
th iourea  s e r i e s  [11], have been desc r ibed .  Of the cycl ic  analogs,  one mus t  mention 2 - a r y l i m i n o - 3 - a l k y l t h i a -  
zol idines,  which have an t i ec toparas i t i c  p r o p e r t i e s  [12], and 2 -a ry l imino - subs t i t u t ed  thiazol idines and pe rhy -  
dro th iaz ines  [13], and analogs of the an t ihyper tens ive  p repa ra t ion  klonidin [2 ,6-dichlorophenyl iminoimidazol i -  
dine (Catapresan) ]. 

Our f i r s t  s tudies involved a s ea rch  for  ant i tuberculous p repa ra t ions  s t ruc tura l ly  s i m i l a r  to Isoxyl  [bis- 
(4- isoamyloxyphenyl) thiourea]  [14], which is not a lways effect ive,  poss ib ly  because  of poor  absorpt ion.  The 
cor responding  thiohydantoins were  synthes ized f r o m  4- i soamyloxyphenyl  isothiocyanate  through the th ioca r -  
b a m o y l - a - a m i n o  acid, and the analogous s ix-  and s e v e n - m e m b e r e d  he te roeyc l ic  compounds were  synthesized 
f r o m  fl- and y - a m i n o  acids [15-17]. 

{ R - H C) . -  j.NH n : ~ ; R : H ~ substituent in the amino-acid residue 
O i "N, "":S n=2,3 ;R=H 

i 
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The synthes ized thiohydantoins displayed in v i t ro  act ivi ty  (their s ix-  and s e v e n - m e m b e r e d  analogs were  
not active) but we re  found to be toxic in expe r imen t s  with mice .  

* F o r  example ,  it is known that 2-  (oc tahydro- l -azocinyl )e thylguanid ine  (guanethidine) has excel lent  ant ihyper-  
tens ive  p r o p e r t i e s  [6-8]. 
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S y n t h e s i s  o f  2 - S u b s t i t u t e d  2 - A m i n o t h i a z o l i n e s  a n d  T h e i r  A n a l o g s  

One of the t rends  in our studies was the synthes is  of 2 -amino- subs t i t u t ed  he te rocyc les  f r o m  th iourea  
der iva t ives :  

H + N--(CH ) RNH--C--NH--(CH2)2_t, --OH ~ ~J~, ~ 2 2-t, ~ ~ ) ~  HN~(CH2)2-/, 
S R--NH" "S-- R -- N:~'" S" 

! II 
RNH--C-- NHCH.CHCH. 

Or CH2X ~ R - - N  CH2X RNH--C~NHCH2CH-~CH 2 R--NH $ 

S l a  I1,~ 
I~ ~11o X -'. H 1 Br'~ I' 

N--(CH~}. 1,,r R,I ~ ~ ~ " ' - ~  YI-"~I 

(X--H) RR j N" ~S-- RR ~ N "~ 'S / "CH3  
fb Ic 

acylation N-- (CH2)2 3 R'--N--(CH2)2 " 
,,~II m,, RR, N~S ) - R__ N~L.~S J -;, 

R* Id II d 
I 

- - C - - N - -  (CH2)2.4 OH 
S or H + R I - -N - -  (CH2)2 4 Rt - -  N- '~L"  

--ICI - N -  CH2CIHCH~ " lie |If 
S OH 

I,I a - d , .  a - f  R = substituted phenyl or ben~.yl~ l b , c ,  R'= CH 3 ~ %H s , 
C3H ~ ; t d, Hd R'=CH3CO ,COOC2Hs~CH3SO2 ~ substituted benzoy];  
. e , f  R'= a lkyl ,  c y c l o a l k y l ,  hydroxyalkyl ,  d i a l k y l a m i n o a l k y l  

�9 - CH 3 -- N----) 
ArNH- -C- -NH2  + BPCH2CH2NHCH3 A t - -  Nr sj 

$ 

Methods s i m i l a r  to those desc r ibed  in the l i t e ra tu re  [1] we re  used fo r  the synthes is  of the s ta r t ing  thio-  
u rea  der iva t ives .  The i r  cycl izat ion and subsequent  alkylation or  acylat ion were  also accompl ished  in analogy 
with the l i t e ra tu re  data [3, 18-20]. Thiazepines  of the I ~- II and Tie type were  also obtained f r o m  subst i tuted 
(4-hydroxybutyl) thioureas by cycl izat ion in acidic media  [21], although according to the data in [22], this r e a c -  
t ion does not lead to the expected r e su l t s .  

The r e su l t s  of the r e s e a r c h  as a whole have been the subject  of two cor re la t ions  [23, 24]. The synthes is  
of the s ta r t ing  th ioureas  has  been desc r ibed  in patents  [25, 26]; the synthes is  of I, Ia, II, IIa [27], Ib and Ic [28- 
30], Id and IId [31-33], and IIe and IIh [28-30, 34-36] has also been desc r ibed .  At this point two in teres t ing 
f ea tu res  of these  synthetic  s tudies  [37, 38] can  be noted. A diquaternary  p ipe raz in ium salt ,  which is probably 
f o r m e d  as a r e su l t  of decomposi t ion of the in te rmedia te  th iourea  der iva t ive ,  was obtained when a solution of 
2-d ibenzylaminoethyl  isothiocyanate  and aminoethanol  in benzene was refluxed.  It might  have been expected 
that  cycl izat ion of the s imul taneous ly  fo rm ed  cyanamide  would lead to a 2- iminooxazol id ine  or  2 - imidazo l i -  
done; however ,  these  compounds could not be isolated.  

(C6HsCH2)2 NCH2CHTNCS + CH3NHCHzCH2OH �9 

1 ] ~  c., " 
CgHsCH2\ ~ /CH~CGH5 -p H 3 - - N - ~  ' m- ? 

C6HsCH~ ~ /  "CH2C6H5 L H N ~ O ' f l  O 
2"SH 

The chlor inat ion of 2 -a ry l imino-3- (hydroxye thy l ) th iazo l id ines  with thionyl chloride also led to in teres t ing 
resu l t s ;  7 -a ry l -2 ,3 ,5 ,6 - t e t r ahydro imidazo[2 ,1 -b ] th iazo l ium sa l t s  were  obtained in this case .  The f luorinat ion 
of the above- indica ted  thiazol idines with the Yarovenko reagent  [ t r i f luorochloro t r ie thylamine  (fluoramine)] 
leads to the s a m e  sa l t s .  The synthes is  of these  th iazol ium sa l t s  by a different  method was previous ly  de- 
sc r ibed  [39, 40]: 

* A sma l l  amount of a 3 -a lky l  der iva t ive  of the II type (IIb or  IIc) is f o rmed  in some cases .  
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HOCHTCH 2 - - N ~ ' ~  N 

A r  

S t r u c t u r e  o f  2 - A r y l a m i n o t h i a z o l i d i n e s  ( 2 - a _ r y l i m i n o t h i a z o l i d i n e s )  a n d  T h e i r  S i x -  

a n d  S e v e n - M e m b e r e d  A n a l o g s  

The s t ruc tu res  of thiazolines, thiazines,  and thiazepines, which can exist in two tautomeric  fo rms  I and 
II when R = H, and of their  acyl derivat ives,  which have s t ructure  I or  II (R = acetyl, carbethoxy, benzoyl, and 
mesyl),  have been studied by many r e s e a r c h  groups (the s t ruc tures  of the acylated derivat ives have been 
studied p r imar i ly  by our  group): 

N - -  (~H;~) 2 ~ R - -  N - - ( C H .  }_ 

Ar.~N ~ S / }  - Ar__ NGL~S J . . . .  
I 
R I I1 

However, up until mos t  recently the resul ts  of these studies have not been f ree  of contradict ions.  The 
chief reason for  the contradict ions is the fact  that pr imar i l~  the spectra l  cha rac te r i s t i c s  of the corresponding 
compounds have been examined. Since these spect ra l  charac te r i s t i cs  are  also associa ted with the nature of the 
substituents in the ring, the ring size, the conformational  pecul iar i t ies  of the molecule, and, in the NMR spec-  
t ra ,  with the anisotropic  effects of the substituents,  the differences in them that are  due prec is ly  to s t ructura l  
i somer i sm can hardly always be revealed.  

The use of model derivat ives of the I and II type (usually R = CHa) o r  the isolation of two i somer ic  acyla-  
tion products  of the I and II type does not aid in overcoming these difficulties. 

We will not consider  here  those studies in which UV spect roscopy was used to solve the s t ruc tura l  prob-  
lems [20, 28, 41-43], since they were la ter  subjected to cr i t ic i sm.  It was la ter  found that mass  spec t romet ry  
[24, 44] was also unsuitable for the solution of this problem. 

Data obtained by means of IR and NMR spect roscopy for  the bases  of this se r ies  and their  N-acyl  der iva-  
t ives will be cor re la ted  below. Only one i somer  was obtained in the acetylation and benzoylation of the bases;  
in some cases  two i somers  were obtained as a resul t  of introduction of carbethoxy groups,  whereas  the i somer  
(in the individual state or  containing only a small  amount of the second isomer)  that could be thermal ly  con- 
ver ted  to the other  i somer  was obtained in the case  of mesylat ion [31-33]. The ionic mechanism of this mig ra -  
tion of the mesyl  grouping was confirmed in [45-47]. 

The s t ruc tures  of thiazone der ivat ives  were f i r s t  studied by IR spect roscopy by Najer  and co-workers  
[20]. By examining the Vc= N frequencies  and using model compounds they were  able to express  the opinion 
that compounds of this type exist  in 2-phenylaminothiazine tautomeric  form I. Engoyan mud co-workers  [43] 
la ter  a r r ived  at the same conclusion. 

In the course  of our  studies we obtainedphenylamino-subst i tuted thiazolines and thiazones labeled with 
15N in both the endo and exo posit ions and compared  the VNH and Vc= N frequencies  for  the labeled and un- 
labeled compounds (solutions in chloroform).  The resul ts  obtained in the case of the thiazine derivative were 
in exact  agreement  with the values calculated f rom Hooke' s law (with allowance for  the charac te r  of the group 
vibrations) of the frequencies for  tan tomer ic  s t ruc ture  II, whereas  only a small  difference in the frequencies 
of the corresponding tautomeric  s t ruc tures  was noted in the case of thiazoline [48]. 

In this connection, we undertook a study of the Vc= N frequencies of a large number  of compounds in o rder  
to ascer ta in  how charac te r i s t i c  the ~ 3 0 - c m - l d e c r e a s e  in the case of i somers  II, as compared with i somers  I, 
is [49]. 

Examination of the data for  model compounds with a fixed s t ruc ture  or  with a s t ruc ture  established by 
other  methods makes it possible to note that the VC= N values are  unsuitable for  establishment of the position 
of the double bond in these molecules  (Table 1). Fo r  example, it is apparent f rom a comparison of the model 
pa i rs  4-5 and 10-11 that the direct ions of the shift of the Vc= N frequencies  are  just  the opposite; the frequen- 
cies for  the pai r  of i somer ic  mesylamides  29-30 do not differ, and the difference for  the 20-21 pair  is very  
low, although for  i somer ic  thiazepines with analogous s t ruc tures  this difference may be extremely large. It is 
thus evident that the position of the Vc= N bands changes ambiguously as the s t ructure  changes. 

Cherbuliez [50] and Rabinovitz [51] were the f i r s t  to use PMR spectroscopy for  the identification of s t ruc-  
tures  of the I and H type. It might be expected that the chemical  shift of the protons of the methylene group in 
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TABLE i. Spectral Charac te r i s t i cs  of 2-Aminothiazolines,  2 - Imino-  

~ R  R~N-- (CH:,)n ,,=L.~) 

~c a 5, ppm o 
R' em: ~ ~ ~ 5, ppm 

Nc. ,  c o . ,  ~, (i) (nO ~-~ Cpara [ c'(5) ~, 

/ R  N--(CH2), ~ 
thiazolidines, and Their  Analogs ~R--[~--~--~r 

0 

9 
10 e 
!1 e 
12 
13 { 
14 e 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 

30 
31 
32e 

1 CH~ 
2 CHa, 3-NO~ 
3 2-C~Ha, 6-Br, 

3-Br 

CHa 
CH~ 
CHs 
ella 
Cl 
C1 
Cl 
Cl 
el 
Cl 
CHa 
CHa 
CHa 
CHa 
C1 
CI 
Cl 
CHa 
CHa 
CHs 
CHa 
CHa 
CHa 

CH3 
CHa 

(]Ha 
CI 
Cl 

H 
H 
H 

CHs 
CHs 
H 
CHs 
CHs 
H 
CHa 
CHs 
H 
CH3 
CHa 
CHACO 
CHsCO 
COOC~H5 
COOC2Ha 
COOCaHs 
COOC~Ha 
COOC2Ha 
C6HaCO 
C6HaCO 

o-CHaC6H4CO 
o-CHaC6H4CO 
o-CICaH4CO 

CHaSOa 

CHaSOa 
CHsSO2 

CHaSO2 
H 
CHa 

1,90 
1,78 
2,12 

1,95 
1,80 
2,15 

2,10 

1,80 
2,10 

iid 

I 
II 
Ii d 
I 

II 
II 
I 

II 
I1 
I 

tI 
II 
II 
II 
II 
II 

I 
I1 
II 
II d 
II 
II 
Ild 

dd 
II 
II 

aIn KBr pellets,  bwith a JEOL 60-HL spec t rometer  and solutions in 
CDCls. cwith a Varian XL-100 spec t romete r  and solutions in CDCI 3 
or  d~-DMSO, dThe s t ruc ture  was also confirmed by x - r ay  dif f rac-  
tion. eThis is a model compound with unambiguous s t ructure .  
fThis compound was also investigated by Jackman and Jen [42]. 

the 4 position of the heteror ing (SNCH2) would be higher  for  i somer  I than for  compounds of the II type because 
of the large - I  effect of the sp 2 nitrogen atom. In fact, it was found that the regular i ty  5NCH2 (I) > 6NCH2 (II) 
is followed very  distinctly for  pairs  of model compounds 4-5, 7-8, 10-11, and 13-14 and that ~his difference 
may serve  as a basis  for  the identification of the tautomeric  or  i somer ic  s t ruc tures  of other compounds (Table 
1) [29]. 

We used this method to ass ign tautomeric  s t ruc ture  I to thiazoline derivat ives  and s t ructure  II to thiazine 
derivat ives [27], s t ruc tures  H-I  to i somer ic  carbethoxy derivat ives  20-21 [31], and s t ruc tures  H-I to i somer ic  
mesylamides  27-28 with simultaneous establ ishment  of the direct ion of migra t ion of the mesyl group (II ~ I) 
[33]. In the case of those acetyl,  carbethoxy, andbenzoyl  derivat ives for  which only one i somer  could be iso- 
lated s t ructure  I could be assigned with high probabili ty with allowance for  the relat ively high 5NCH2 values 
[32, 33]. 

However, we cannot fail to point out cer ta in  anomalies.  Fo r  example, as the ring size changes the dif- 
fe rence  in the chemical  shifts for  i somers  of the same type may change to a g rea t e r  degree than on passing 
f rom one i somer  to another with the same ring size (compare 19-21 and 20-21). The 6NCH2 values are identi- 
cal for  the i somer ic  mesylamides  29-30, whereas  the 5NC u difference is very small  for  27-28, and a very  

�9 s  . , 

small  6NCH2 value for  thiazolines 2 and 3, which indicates s t ruc ture  II, m also evident. All of these resul ts  
constitute evidence for  the inadequacy of the PMR method, the general  reason for  which is the strong effect of 
the anisotropy of the substituents on the chemical  shift of the protons of the methylene group. In addition, one 
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must take into accountthe fact  that in the case of acyl derivat ives the sp 2 nitrogen atom in the i somer  of the II 
t~-pe is replaced by an amide nitrogen atom, which is also an e lectron-def ic ient  atom and therefore  acts as a 
substituent with a - I  effect. 

A new method developed in our institute and involving the different effect of solvents (chloroform and 
~rifluoroacetic acid) on the shift of the protons of the heteror ing also led to fur ther  contradict ions.  The meth- 
od, which is based on the difference in 5NCtt and 5SCHz in these solvents, conf i rms the previously determined 

2 
s t ruc tu res  of some acetamides,  mesylamides ,  and benzamides but also indicates al ternative s t ruc tures  for  o- 
substituted benzamides (Table 1, compounds 24-26 and the o-chlorobenzamide analog of compound 24), and 
s t ruc ture  II was therefore  assigned to these compounds [52-54]. 

To solve this problem we used x - ray-d i f f r ac t ion  analysis,  which confirmed s t ructure  II of the benzam-  
ides [55-57]. 

With allowance for  a l lof  the resul ts  it is c lear  that the 6NC H shifts are  unsuitable for  the determination 
of the s t ruc tures .  Engoyan and co -worke r s  [43] recently a r r ived  a~ the same conclusion; however,  they feel 
t;nat it is possible to use the position of the signal of the 5-CH 2 (CCH 2) group for  the determination of the s t ruc-  
ture.  Although in the course  of our  studies for  model compounds 7-8 and 13-14 we noted an appreciable dif- 
fe rence  in 6CCH2 [hCCH2 (II) > 6CCH2 (I)] whereas  the 6CCH2 signal of thiazine 6 differed only slightly (~ 0.1 
ppm) with respec t  to its position f rom the signal of model compound 7 with s t ruc ture  I [23] (see also the ex- 
t r emely  s imi lar  data for  thiazine 12), on the whole we were unable to use this insubstantial difference as a 
basis  for  the determinat ion of the s t ruc tures .  

However, Engoyan and co -worke r s  in a study of a large number of mode l  compounds expressed  the 
opinion that 2-arhdamino-5 ,6-d ihydro-4H-1,3- th iaz ine  derivat ives  exist  in tautomeric  fo rm I.* 

Since it was found that the chemical  shifts of the protons of the heteror ing can be used for  the determina-  
tion of tautomeric  s t ruc tu res  only with g rea t  caution, we decided to ascer ta in  how suitable the expected differ-  
ence in the e lec t ron-dens i tyd is t r ibu t ion  in the a romat ic  r ings of i somer ic  s t ruc tures  I and II is for  the solu- 
tion of this problem. It was established that the multiplets of the a romat ic  protons in the PMR spect ra  of the 
i somer ic  5-6, 7-8, 10-11, and 12-13pai rs  have charac te r i s t i c  differences that do not depend on the size of the 
he teror ing  [29]. Since this effect  is associa ted  with an increase  in the electron density in the ortho and para  
posit ions of the a romat ic  ring in i somer  H as a consequence of an increase  in conjugation, it seemed expedient 
to again turn to the solution of this problem by means of 13C NMR spectroscopy.  

This method was used by Jackman and Jen to prove the s t ructure  of var ious tautomeric  cyclic amidines, 
guanidines, and related compounds, including two 2-arylaminothiaz ines  [42] [compound 6 (Table 1) and its 
phenyl analog]. During a study of two i somer ic  N-methyl-subst i tu ted  2-phenvlaminothiazines as model com- 
pounds it was shown that in the spect rum of i somer  I the chemical  shift of the carbon atom in the para  position 
of the a romat ic  ring is the same as in the spec t rum of benzene (6 128 ppm), whereas  in the spect rum of i somer  
II it dec reases  to 123 ppm. The same value was found for the two investigated thiazines,  and this conf i rms their  
tautomeric  s t ruc ture  (ID. 

Although this resu l t  was in agreement  with the resul ts  of PMR studies [27, 50, 51], we decided to again 
ver i fy  the s t ruc tures  of some charac te r i s t i c  representa t ives  of var ious types of compounds that we had p re -  
viously investigated by means of 13C NMR spectroscopy [58]. In some cases  we also used x - ray-d i f f r ac t ion  
analysis  as a control method [59]. The latter method confirmed a s t ructure  of the II type for  thiazine 6. 

It is apparent  f rom Table 1 that thiazolines also exist in tautomeric  form II. All of the acetyl and benzoyl 
der ivat ives  have the same II s t ructure ,  so that in some cases  the previously assigned I s t ructure  must  be r e -  
jected. A s imi la r  situation also a r i s e s  for  carbethoxy i somers  20-21, as well as for i somer ic  mesyIamides  
27-28 and 29-30. The direct ion of migrat ion of the mesyl  grouping (I - -  II) should also be simultaneously cor -  
rected.  The s t ruc ture  ofthiazepine 31 cor responds  to the previously established II s t ructure .  

In conclusion, it can be stated that not only inductive but also anisotropic effects of substituents influence 
the position of the signals in the PMR spec t ra  of the investigated types of compounds; the effects are so strong 
that in a number of cases  the chemical  shifts cannot be unambiguously related to the tautomeric  I and II s t ruc-  
tures .  Only 13C NMR spect roscopy supplemented bythe  resul ts  of x - r ay -d i f f r ac t ionana lys i s  gives reliable r e -  
suits. Both of these methods indicate the higher stability of s t ruc tures  of the II type. 

* It must  be noted that conclusions of this sor t  cannot be drawn from s imular  data published by Jackman and 
Jen [42], since the position of the 6C~ H signal of 2-phenylaminothiazine differs identically f rom the position 

'%J 2 
of the corresponding signals of the i somer ic  N-methyl  derivat ives (0.17 and 0.18 ppm). 
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S y n t h e s i s  o f  3 - S u b s t i t u t e d  2 - I m i n e t h i a z o l i d i n e s  a n d  2 - I m i n o p e r h y d r o t h i a z i n e s  

Within the f r a m e w o r k  of our  study of the p rob lem of the in ter re la t ionship  between the s t ruc tu re  and 
physiological  act ivi ty,  it s eemed  of in te res t  to synthes ize  3-subs t i tu ted  2- tminoth iazol id ines  and the i r  s ix-  
m e m b e r e d  analogs,  which a r e  i s o m e r s  of the prev ious ly  invest igated he te rocyc les :  

R- -  N R' I ' ~  

PIN HN 

III IIIQ 
R --substituted phenyl and some other groups, R'=H, CFI;~, CH2OH 

Thiazolidines III could be synthesized by a known method f r o m  N-ary le thy lene imines  and th loureas  [60], 
but the s ta r t ing  compounds with the appropr ia te  s t r uc tu r e s  neces sa ry  for  this a re  difficult to obtain. F o r  the 
same  r eason  we obtained only a few compounds by means  of another  known method for  the synthesis  of thia-  
zolidines based on cycl izat ion of 1 ,3-disubst i tu ted 1-(hydroxyethyl) thioureas  to subst i tuted imino der iva t ives  
IIIb in acidic media  [61], although this reac t ion  has been invest igated more  extensively for  3-unsubst i tu ted 
th ioureas  [62]. 

APNHCH2CH;,OH + C6HsCONC~ ~ C~H CONH--C--N~CH CH OH -OH 5 tl J 2 ~ 
$ AP 

H + �9 - H.N-- C - -  bl - -  CH2CH2OH .~- III �9 II I 
S Ar 

In our  s ea r ch  for  a genera l  method for  the synthes is  of compounds of this type that would also be suitable 
for  the p repa ra t ion  of the st i l l  unknown thiazines  IIIa, we turned to a previous ly  desc r ibed  method based  on the 
reac t ion  of 3 -subs t i tu ted  1 -a ry l th iou reas  with dihalo de r iva t ives  [41, 61, 63-67]. In this case  one might have 
expected the fo rmat ion  of subst i tuted (at the exocycl ic  ni t rogen atom) iminothiazolidines Till) o r  iminoperhy-  
d r o - l , 3 - t h i a z i n e s  Hie. 

AP--N--~ Ar--NA~I 

III b III C 
R : aryL aralkyl, alkyl 

However,  the l i t e ra tu re  data indicated the inapplicabil i ty of this method to monoary l th ioureas ,  since in 
this case  e thylenebis( isothiuronium) sa l t s  r a t h e r  than 2 - imino-3 -a ry l th i azo l id ines  a re  f o rmed  in the react ion  
with l~2-dibromoethane  [6l, 64].  A s i m i l a r  reac t ion  with other  dihaloalkanes has  also been repor ted  [68], a l -  
though in the opinion e x p r e s s e d  in [3], the reac t ion  of 1 -a ry l th iou reas  with 1 ,3-dihalopropanes  leads to 2 - a r y l -  
im inope rhyd ro - l , 3 - t h i az ine s .  During a ver i f ica t ion  of this reac t ion  in the example  indicated below it was 
es tab l i shed  that  the product  in this case  does not have the 2 - a ry l im ino  der iva t ive  s t ruc tu re  6 as indicated in 
[3] but r a t h e r  is 3 - a ry l - s ubs t i t u t ed  perhydroth iaz ine  33.* The reac t ion  of many other  1 -a ry l th iou reas  with 
1 ,3-dihalopropane also led to the s a m e  resu l t .  After  this,  by using a la rge  excess  of the corresponding 1,2- 
diha!o compounds we were  able to synthesize  2- iminoth iazol id ines  of the 34 type [69, 70]. 

The weak and v e r y  nar row VNH band in the IR spec t r a  of compounds of the HI and Il ia type dif fers  m a r k -  
edly f r o m  the intense and diffuse VNH band in the spec t r a  of he te rocyc les  of the I and II type,  A dependence of 
the ~NCH chemica l  shift  on the number  of a toms  in the he te ro r ing  is obse rved  in the PMR spec t r a  of these  
compounds [23]. 

CI (CH2) 3 Br H , , ~  

S ~ A r - -  N ~ S  ~ 

I BrCH2CHBr R ~ 6( , , )  

A r - - N - - ~  R A r - -  N ' ~  

, H N ~ S  ~j HN~kS 

Ar = 2mS-dimethylphenyl~ R =H, CH3, CH~Ott 
34 (R=H, III); 33 (Ilia). 
vN~ 3270cm "~ (KBr); 3305 cm TM 

NCH= (CDCI3) 3,85ppm, 3,55 ppm 

* It mus t  be noted that s i m i l a r  r e su l t s  were  also obtained by o thers  for  a number  of naphthyl de r iva t ives  [71]. 
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TABLE 2. P r inc ipa l  Absorpt ion Bands (cm -i)  in the IR Spectra  of 
Cyanamides  37 :nd 38 and Cyclic Sulfonylformamidines  41 and 42* 

COlI1-  v . os vS()~ s 6SO: 
p o u n d  v c  ~_ N vc = N SO= 

37 
~8 
41 
42 

223(I 

2220 
1600 

1375 
1350, 1320 

1370 
1340, 1320 

i170 
I180, 1155 

t180 
1180,1150 

570, 530 
570 

600, 530 
571 

* Spectra  were  obtained f r o m  KBr pel le ts .  

The s t ruc tu r e s  of HI and HIa were  proved unambiguously (in addition to the fact  that iminothiazolidine 34 
was a lso  synthes ized  by a di f ferent  method [61]) by oxidative reac t ions  [69], which were  accompl ished  b y m e a n s  
of po t a s s ium chlora te  in hydrochlor ic  acid under  conditions s i m i l a r  to the l i t e ra tu re  conditions for  th iazol i -  
dines of the IIIb type [63, 64, 72]. However,  in this case  oxidation led to different  reac t ion  products .  Thus, in- 
s tead of the expected oxothiadiazine der iva t ive  36, compound 35 initially gives cyano compound 37, which under-  
goes t h e r m a l  cycl izat ion to chlorothiadiazine der iva t ive  38. Compounds of the la t te r  .type r eac t  readi ly  with 
amines  to give cycl ic  sulfaguanidines (for example ,  compound 39). 

Pe rhydro th iaz ines  a r e  s imi l a r ly  oxidized, but we obse rved  subsequent  cycl izat ion of the resul t ing cyano 
compounds in only one case :  

. . . .  

3 5  
3 6  

iH;*__CH2 CH3\ CH3 ~ _  ./----,\ / \ 
Ar---{'~ SOzCI .~ Ar--N SO 2 - ~  A r - -  N SO 2 

C~N Cl/k-~- N ~N' 

35-39 At'= 2,6-dichlorophenyl 3s 39  

Ar__N/"~} /(CH2)3\ /-'-N 
HN 5~L~S,,j . A F - - N \ c ~ N  502CI - Ar--Ncl ~ S O "  

40 ,41 d2 
40- 42 Ar = 2,6-dichlorophenyl 

The 37 - -  38 and 4 1 -  42 convers ions  i l lus t ra te  a new type of addition o fa  sulfonyl chloride to the cyanam-  
ide grouping, regard ing  which only negat ive  r e su l t s  had been p resen ted  in the l i t e ra tu re  up to this t ime [73]. 

Compounds 38 and 42 const i tute  a new type of cyclic  su i fonylformamidine ,  and compound 42 is a new type 
of 1 ,2 ,4- thiadiazepine.  

The s t r u c t u r e s  of the oxidation products  were  conf i rmed by the i r  IR spec t r a  (Table 2). 

The absence  of VNH , vOH' and Vc=o bands also co r re sponds  to the p roposed  s t ruc tu res .  The split t ing of 
the VSO 2 band is due to the conjugation of the C----N bond [74]. 

B i o l o g i c a l  A c t i v i t y  o f  2 - I m i n o t h i a z o l i d i n e s ~  2 - A m i n o t h i a z o l i n e s ,  a n d  T h e i r  

S i x - M e m b e r e d  A n a l o g s  

Many of the compounds desc r ibed  in this review have displayed d ive r se  types  of biological  act ivi ty.  In 
pa r t i cu l a r ,  hydroxyalkyl th ioureas ,  which are  used as s ta r t ing  compounds in the synthes is  of he te rocyc les ,  were  
act ive .  F o r  example ,  s t rong diuret ic  act ivi ty is cha r ac t e r i s t i c  for  compound 43, whereas  hypotensive act ivi ty 
is c h a r a c t e r i s t i c  for  compound 44. 

o-  o - r 1 6 2  
CH 3 S S CH 3 

,43 .4,,4 

Of the he te rocyc l ic  der iva t ives ,  2 - imino- subs t i t u t ed  he te rocyc les  were  par t i cu la r ly  biological ly active.  
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CH3-- N-""  ~ CH3--N/~ 
5 8 

A r - -  N A 

CH 3 CH3 4 7 

Ar --  2.6-dimethylphenyl 

Compounds 5 and 8 have displayed diuretic activity similar to the activity of dihydrochlorothiazide with 
sedative-hypnotic character .  A sedative-hypnotic effect was the principal effect for isomeric compounds 4 
and 7. 

Compound 45, which increases the activity of the centers that transmit  stimuli to the brain by means of 
noradrenaline, was of interest.  

O S J ~ c H 2 ~ N ~ L ~ $ )  

4 5  

Iminothiazolidines 46 and 47 display antihypertensive properties,  and their activity is approximately an 
order  of magnitude higher than the activity of guanethidine. Thus we observed a new type of prosthetic group- 
ing (compound 48) with antihypertensive activity. 

2 ~ 6 - (CH3) 2 C6H 3 - - N  ~---r-CH 3 

46 
4 7  48 

unfortunately, these compounds also had neurotoxic activity of the strychnine type. However, this fact 
directed our attention to a study of the CNS activity of iminothiazolidines. Compounds 49 and 50, which are 
capable of shielding muscular relaxation induced by CNS depressants and intensifying the polysynaptic reflexes 
of the spinal chord, are most interesting from this point of view. Thus this group of compounds constitutes a 
new type of CNS stimulator. 

AP ~ N --'--r-- R' 
.R__N.~S~ j 49 R,R'=CH3~ Ar'= 2,6-dichlorophenyl 

50 R .= H,  AP = 2,6-dichlorophenyl R' = CHIOH 
49~50 

All of these results show that heterocyclic compounds with a thiourea skeleton are interesting subjects 
for pharmacological studies. 
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S Y N T H E S I S  OF N - H E T E R O A R O M A T I C  

OF I N D A N E - 1 , 3 - D I O N E  

I .  K .  R a i s k u m a ,  G .  G .  P u k i t i s ,  
a n d  O . Y a .  N e i l a n d  

ON I U M  B E T A I N E S  

UDC 547.665 

Betaines  a r e  f o rm ed  in good yie lds  in the reac t ion  of N - h e t e r o a r o m a t i c  compounds with 
2 -d icyanomethy lene indane- l ,3 -d ione  oxide and its 4- and 5-halo de r iva t ives  in dioxane. 
The cor responding  oxides we re  obtained by oxidation of 2 -d icyanomethy lene indane- l ,3 -d ione  
and its 4-  and 5-subs t i tu ted  de r iva t ives  with hydrogen peroxide  in dioxane. Data f r o m  the 
IR s p e c t r a  of the compounds a r e  p resen ted .  

Onium beta ines  in the indane- l ,3 -d ione  s e r i e s  were  d i scovered  recent ly .  They have also recent ly  been 
the subject  of intensive study in view of the i r  pecu l ia r  e lec t rophys ica l  and photoelec t r ic  p r o p e r t i e s  [1] and 
the i r  abili ty to f o r m  c h a r g e - t r a n s f e r  complexes  (CTC) [2]. 

Severa l  methods fo r  the synthes is  of N - h e t e r o a r o m a t i c  onium beta ines  of indane- l ,3 -d ione  a r e  known. 
2 - N - P y r i d i n i a i n d a n e - l , 3 - d i o n e  betaine was f i r s t  obtained in 1951 [3] by a method that  s e e m s  of lit t le in te res t  
fo r  p r e p a r a t i v e  purposes .  Another method consis t ing in the reac t ion  of indane- l ,3 -d ione  with pyr idine and b r o -  
mine was p roposed  in1952 [4]. The reac t ion  r equ i r e s  a la rge  excess  of the N - h e t e r o a r o m a t i c  base ,  and it is 
t he re fo re  of little p r o m i s e  fo r  the p repa ra t ion  of indane- l ,3 -d ione  onium beta ines  f r o m  other  he t e roa roma t i c  
compounds that  a r e  l ess  a cce s s ib l e  thanpyr id ine .  In 1965 one of us [5] showed that  c leavage of an i ndane - l , 3 -  
dione 2-phenyl iodonium betaine in the p r e s ence  of an N - h e t e r o a r o m a t i c  base  is sui table for  the p repa ra t ion  of 
indane- l ,3 -d ione  onium beta ines .  Somewhat l a t e r  one of us [6] showed that  indane- l ,3 -d ione  onium be t a ines  
can be obtained by reac t ion  of phthalic anhydride with he te ron ia - subs t i tu ted  acet ic  acids in the p r e s e n c e  of 
acet ic  anhydride and t r i e thy lamine .  

The methods indicated above a re  not un iversa l ,  and it t he r e fo re  became  n e c e s s a r y  to develop a gene ra l  
method fo r  the p r epa ra t i on  of N - h e t e r o a r o m a t i c  indane- l ,3 -d ione  onium beta ines .  It o ccu r r ed  to us to use 

TABLE 1. 2 -Dicyanomethy lene indane- l ,3 -d iones  (I) and C o r r e -  
sponding Oxides (H) 

Corn- nap, ~ ] 
pound x Y (dec.) 

Ia H [ Lit, .7.8 
Ib 1 H 250~. 
le ] CI 248Y 

IIb CI 208 a 
l l c  CHt 212 e 
lid Br 207 e 

Found, % 

c H 

59,5 L-,I 
59,2 1,1 
50,4 1,0 
64,5 1,8 

Cl 13,5 -- 
C1 14,0 
Br 26,0 

Empirical 
fdrmula 

N 

1,4 C12113CIN20~ 
1,5 C,2H3CIN~O~ 
0,0 CI2H3BrN202 
2,5 CI2H4N20~ 
0.6 C,2I-I3CIN~O~ 
0,9 Cl2I I3CIN~O3 
9,2 Ct~I-I3BrN~O3 

Calculated, q0 

C II N 

1,2 | 1,6 
1,2 11,6 
1,1 9,8 
1,7 12,5 
- - 10,8 

10,8 
92 

59,4 
59,4 
502 
64,3 

C113,7 
C113,7 
Br 26,4 

Yield, 
qo 

70 
70 
65 
92 
88 
88 
85 

a F r o m  d i oxane -e t hano l  (1 : 1). b F r o m  dioxane. CFrom ch loro-  
benzene,  d F r o m  d i o x a n e - b e n z e n e  (1:2) .  e F r o m  d ioxane -  
ch lo ro fo rm (1_ : 2). 
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