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The reac t ion  of 2 -ch lo ro -4 -methoxy- (benzy loxy ,  me thy l th io ) -6 -a lky lamino-sym- t r i az ines  
with N-alkylhydroxylamine to give the cor responding  N-alkylhydroxylamino der iva t ives  of 
sym- t r i az ine  has been examined.  The IR spec t ra  of the compounds p repa red  are  d iscussed.  

We have previous ly  noted [1,2] the inc reased  reac t iv i ty  of N-methy l ,  N-phenyl,  and unsubsti tuted 
hydroxylamines  in the i r  reac t ions  with cyanur ic  chlor ide and 2 ,4 -d ich lo ro-6- (d i )a lky lamino-sym- t r i az ines  
The e x t r e m e  labil i ty of the main products  of these reac t ions  [2-chioro-4-(dOalkylamino-6-aryl (a lkyl)hy-  
d roxy lamino- sym- t r i az ines ]  was demonstrated~ and some reac t ions  charac te r iz ing  these compounds as 
N-hydroxylamino der iva t ives  were  ca r r i ed  out. 

In this paper ,  the react ion of 2 -ch lo ro -4 -RV-6-a lky lamino-sym- t r i az ines  (RI=OCH3, OCH2C6Hs, or  
SCH3) with hydroxylamines  (R 2= CH3, C2I-I5, or i-C3H 7) is  cons idered .  This reac t ion  p roceeds  under some-  
what mi lde r  conditions than those descr ibed  fo r  the rep lacement  of the third chlorine atom in s y m - t r i -  
azines  by the more  basic alkylamine res idues .  The reac t ion  was ca r r i ed  out in aqueous dioxane at pH," 
7-8 in a s t r e a m of ni t rogen at 50-80 ~ C for  2-3 hr to give the N-alkylhydroxylamino-  sym- t r i az ines  in 
quite good yields,  in some ins tances  exceeding 80% despite the diff icult ies in purif icat ion f ro m  par t ia l ly  
res in i f ied  products .  

All the compounds p repa red  (see Table l)  have the same p rope r t i e s  as those r eco rded  fo r  2 -ch loro-  
4 -d i a lky l amino -6 -N-a ry lhyd roxy lamino - sym- t r i a z ine s  [2]. They dissolve readi ly  in dilute alkalis  and are  
r ep rec ip i t a t ed  unchanged on acidification to pH 7, they give intense blue-viole t  co lo rs  with FeC13, and on 
thin l aye r  ch roma tog rams  a r e r e a d i l y  visual ized as blue spots without the use of a developing agent. The 
main d i f ference  between the 2-alkylthio der iva t ives  and the corresponding 2-chloro  analogs l ies  in thei r  
t he rma l  stability, especia l ly  toward dist i l lat ion in a high vacuum. Thus, in eve ry  case  which we have e x -  
amined, the N- t r iaz inyl  der iva t ives  of the N-a lkylhydroxylamines  obtained were  in agreement  with the r e -  
sults obtained in an investigation of the reac t ion  of N-subst i tuted hydroxylamines  with other  acylating 
agents [3,4]. 

The s t ruc tu re  of the 2 -R-4 -a lky lamino-6 -N-a lky lhydroxy lamino- sym- t r i az ines  has been conf i rmed 
by thei r  IR spec t ra  (Fig. 1). We see f rom the spec t ra  of 2 -a lkoxy-4-a lky lamino-6-N-methy lhydroxylamino-  
s y m - t r i a z i n e s  (II and III) that bands due to the s t r e tch ing  vibrat ions  of the f r ee  OH group, as  in N-phenyl-  
hydroxylamine der iva t ives  of s y m - t r i a z i n e s  (I) [2], appear  indirect ly .  At the same t ime, the spec t ra  of 
II and HI in the 3000-3500-cm-I  region are  more  complex than that of I due to the p resence  of the addi- 
t ional Nil group in the 4-posi t ion.  Compar ison of these spec t ra  with those of the model  i so m er i c  com-  
pounds IV and V [5], however,  shows the p resence  of a hydroxyl group in the molecules  of these com-  
pounds. 
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Fig .  1. IR Absorp t ion  spec t r a  of  h y d r o x y l a m i n o - s y m -  
t r i az ines :  I) 2 - c h l o r o - 4 - d i - n - p r o p y l a m i n o - 6 - N - p h e n y l -  
h y d r o x y l a m i n o - s y m - t r i a z i n e ,  II) 2 - m e t h o x y - 4 - n - p r o p y l -  
a m i n o - 6 - N - m e t h y l h y d r o x y l a m i n o - s y m - t r i a z i n e ,  III) 2 -  
met  hoxy-4- i  sopr  opytamino-  6 - N - m e t h y l h y d r o x y l a m i n o -  
s y m - t r i a z i n e ,  IV) 2 - m e t h o x y - 4 - n - p r o p y l a m i n o - 6 - m e t h -  
o x y a m i n o - s y m - t r i a z i n e ,  and V} 2 - m e t h o x y - 4 - d i - n - p r o -  
py lamino-  6 -me thoxyamino-  s y m - t r i a z  ine. 

In the spec t rum  of V, bands a re  obse rved  in the 3000-3500-cm -1 region with f requenc ies  of 3392 
and 3200 cm -1, which a re  c h a r a c t e r i s t i c ,  r e spec t ive ly ,  of the s t re tching f requenc ies  of the NH group in the 
f r ee  state,  and when involved in i n t e r m o l e c u l a r  hydrogen bonding, since in dilute solutions the l o w e r - f r e -  
quency band a lmos t  d i s appea r s .  By analogy with the spec t rum of V, in the s ame  region,  the bands at 3175 
and 3392 cm -1 in the s p e c t r u m  of IV mus t  be due to the s t re tch ing  v ib ra t ions  of the NH(OCH3)group, and 
those band with f r equenc ie s  3454 and 3267 c m  -1, to the s t re tch ing  v ib ra t ions  of the NHC3H?-n group, both 
f r ee  and involved in hydrogen bonding. Compar i son  of the spec t r a  of II and III with that of IV shows that 
the 3450 cm -1 band mus t  be due to the s t re tch ing  v ib ra t ions  of the f r ee  NHC3HT-n group.  In the spec t r a  
of these  compounds,  the bands at 3271 cm - I  (for II) and 3283 cm - I  (for III), by analogy with the s p e c t r u m  
of I [2], a re  ass igned  to i n t r a m o l e c u l a r  hydrogen bonding involving the OH group.  This  band is  also p r e -  
sent in the spec t r a  of dilute solut ions.  

In the spec t r a  of II and III, as  well  as in that of I, s t rong absorp t ion  occu r s  in the alkyl CH s t re tching 
region,  but this  band is  absent  in the s p e c t r a  of dilute solutions of these  s ame  compounds and in the spec-  
t r a  r e co rded  at 70 ~ C (Fig. 2), and a lso  in the co r respond ing  i s o m e r s ,  for  example ,  in the spec t rum of IV. 
This  absorp t ion  i s  explained by the f o r m a t i o n  of s t rong i n t e r m o l e c u l a r  hydrogen bonds with the pa r t i c i pa -  
t ion of the OH group, as  in compounds of type I.  

The 3142-cm -1 band in II and III i s  ass igned,  by analogy with the spec t rum of IV, to i n t e r m o l e c u l a r  
hydrogen bonding involving the NHC3HT-ngrou p. The in tens i ty  of this  band is  substant ia l ly  reduced both 
in dilute solution, and in the s p e c t r a  obtained at 70 ~ C (Fig. 2). 

The shift  of theband  for  the s t re tch ing  v ib ra t ions  of NHC3HT-n under  the inf luences  of hydrogen bond- 
ing amounts  to 312 cm -1 for  II and III, while fo r  the i s o m e r i c  compounds with the NH(OAlk) group (IV), it 
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Fig.  2. IR absorp t ion  s pec t r a  
of a solution of 2 - m e t h o x y - 4 - n -  
p ropy l amino -  6 -N-me thy lhyd rox -  
y l a m i n o - s y m - t r i a z i n e  (II) at 
25.50 and 70 ~ C. 

i s  187 cm -1. The i n c r e a s e  in the shift of the band for  the NHC3H~-n 
s t re tching v ib ra t ions  amounts  to 1.7 t imes ,  and the p r e sence  of a 
s t rongly  hydrogen bonded OH group also sugges ts  the i nc rea se  in 
accep tor  p r o p e r t i e s  of d i a m i n o - s y m - t r i a z i n e s  on r ep l acemen t  o f  
the (RO)NH group by the i s o m e r i c  (HO)(R)N group. Thus, the hy- 
droxyl  g roups  in II and III appear  in the spec t r a  as two bands, each 
co r respond ing  to the type of hydrogen bonding (intra-  and i n t e r -  
molecu la r )  in which it pa r t i c ipa t e s .  The p r e sence  of a f r ee  hydroxyl 
group in II and III i s  also shown by the independent synthesis  of 2- 
m e t h o x y - 4 -  n -p ropy lamino-  6 - N - m e t  hoxymet hylamino-  s y m - t r i  a~ ;he 
(VI) by methyla t ion of the cor responding  methoxyamino (IV) and N- 
methylhydroxylamino  de r iva t ives  (II). Methylation of II p r o c e e d s  
in quanti tat ive yield.  Methylation of IV has been c a r r i e d  out p r e -  
v ious ly  [5]. The identi ty of VI as obtained by the two methods  was 

es tab l i shed  by the i r  constants ,  e l e m e n t a r y  ana lyses ,  thin l ayer  chromatography ,  and IR spec t r a .  

E X P E R I M E N T A L  

2 - C h l o r o - 4 - R - 6 - a l k y l a m i n o - s y m - t r i a z i n e s  (R= OCH3, SCH3) were  obtained by the reac t ion  between 
2 , 4 - d i c h l o r o - 6 - R - s y m - t r i a z i n e s  (R=OCH3, SCHs) [6] and the amines ,  by the method ~ver~ in [7]. 2 -Ch lo ro -  
4 -benzy loxy-6 -a lky lamino-sym-~ t r i az ine  obtained in a s i m i l a r  manner ,  yield 70%, mp 64-65 ~ C. Found, %: 
C 56.7; H 5.6; C1 12.8; N 20.1. Calculated for  CI3HIsC1N40, %: C 56.0; H 5.4; C1 12.7; N 20.1. 

2 - R - 4 - A l k y l a m i n o - 6 - N - a l k y l h y d r o x y l a m i n o - s y m - t r i a z i n e s  (R=OCH3, SCH3, OCH2CsHs). A 0 .1-mole  
quantity of N-a lky lhydroxylamine  hydrochlor ide  in 10 ml of wa te r  at a t e m p e r a t u r e  of - 1 0 - - 5  ~ C was 
neut ra l ized  with 0.1 mole  of NaHCO 3 in 25 ml of wa te r .  To the resu l t ing  solution of the a lkythydroxylamine 
were  added s imul taneous ly  at 5-10 ~ C over  10 min 0.05 mole  of 2 - c h l o r o - 4 - R - 6 - a l k y l a m i n o - s y m - t r i a z i n e  
in 40 ml  of dioxane and 0.2 mole  of NaHCO 3 in 60 ml  of wa te r .  The pH of the mix tu re  a f t e r  the addition 
was 8. The mix tu re  was  s t i r r ed  for  2 hr  at 55-60 ~ C and 1 hr at 80 ~ C (pH of mix tu re  ~ 7). On heating, the 
initial  suspension becam e  g reen i sh -v io le t  in color .  A s t r e a m  of n i t rogen was pas sed  through the mix ture  
during the en t i re  react ion~ The hot reac t ion  mix tu re  was cooled, half i t s  volume of wa te r  was added, and 
acet ic  acid o r  dilute HC1 was  then added to pH 7. The mix ture  was cooled, sa tura ted  with sodium chloride,  
and ex t rac ted  with benzene or e ther  (3 • 70 ml).  The organic  l aye r  was  dr ied over  MgSO4, the solvent r e -  
moved,  and the res idue  cooled to ~ v e  2 - R - 4 - a l k y l a m i n o - 6 - N - a l k y l h y d r o x y l a m i n o - s y m - t r i a z i n e ,  con tami -  
nated with an oily impur i ty  which was r em o ved  by the method given in the Table 1. 

2 - M e t h o x y - 4 - n - p r o p y l a m i n o - 6 - N - m e t h o x y m e t h y l a m i n o - s y m - t r i a z i n e  (VI). To 3.8 g (0.0178 mole) 
of 2 - m e t h o x y - 4 - n - p r o p y l a m i n o - 6 - N - m e t h y l h y d r o x y l a m i n o - s y m - t r i a z i n e  (II) in 70 ml  of dioxane was added 
2.9 g (0.072 mole) of NaOH in 50 ml of water ,  followed by 4.52 g (0.036 mole) of dimethyl  sulfate.  The 
t e m p e r a t u r e  of the mix tu re  ro se  to 38 ~ C. The mix tu re  was  heated at 45-50 ~ C fo r  1 hr, and for  15 min at 
70 ~ C. Complet ion of the reac t ion  was  de te rmined  by chromatography .  The s ta r t ing  ma te r i a l ,  when sub-  
jected to thin l aye r  ch roma tog raphy  on s i l ica  gel with gypsum as  the binder,  using an acetone + n-hexane  
mix tu re  (1 : 3) as the solvent,  gave a blue spot with R /  0.15 (before development) ,  while VI was  well  v i su -  
al ized by development  with Dragendor f f ' s  reagent  as an orange spot, R /  0.42. The mix tu re  was cooled, 
acidified with acet ic  acid to pH 7, and ex t rac ted  with e ther .  After drying the e ther  solution over  MgSO4, 
the solvent  was r e m o v e d  to give 4 g (quantitative yield) of VI, bp 127-130 ~ C (0.05 mm),  n~ 1.5260, iden-  
t ica l  with the compound obtained p rev ious ly  [5] f r o m  the cor responding  methoxyamino der iva t ive .  IR spec-  
t r um (in solution in CC14 and CH3CN): 3454 and 3267 c m  - I  (s t retching f r equenc ie s  of the f r e e  and bound 
NH groups  in NHC3Hy-n ). 

The IR spec t r a  (Fig. l) we re  taken on a UR-10 spec t ropho tomete r  in KBr  disks  and in solution in 
CCl 4 (700-400 and 3800-900-cm -1 regions) ,  and in CH3CN (900-700-cm - i  region).  Constant  th ickness  cel ls  
having KBr  windows w e r e  used, the l aye r  th ickness  being 0.1 and 0.4 ram, and also dismountable  ce l l s  
having quar tz  windows with l aye r  th ickness  20.1 m m  fo r  m e a s u r i n g  the s p e c t r a  of dilute solutions.  Method 
of recording:  s l i t  p r o g r a m  4, r ecord ing  speed 150 cm-~/min ,  t ime  fo r  r ecord ing  full d i f f ract ion 32 see,  
r ecord ing  ra te  12 m m / 1 0 0  cm - i ,  r ecord ing  c a r r i e d  out using a r e t a r d e r .  The following concent ra t ions  
and l ayer  th i cknesses  were  used: I KBr  disks ,  0.0014 M in CC14, d 20.1 ram; II 0.1051 M in CCl4, d 0.1 and 
0.4 mm,  0.0021 M in CC14, d 20.1 mm,  and 0.0165 M in CH3CN , d 0.4 mm; III 0.1100 M in CC14, d 0.1 and 
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0.4 ram, 0.0022 M in CC14, d 20.1 ram, and 0.0163 M in CHsCN , d 0.4 mm; IV 0.1040 M in CC14, d 0.1 and 
0.4 mm, 0.0021 M,  d 20.1 ram, and 0.0418 M, d 0.4 ram; V 0.0935 M, d 0.1 and 0.4 mm, 0.0019 M, d 20.1 
mm, and 0.0134 M, d 0.4 ram. 

The spectra in Fig. 2 were taken on an IKS-14 spectrophotometer in sealed quartz ceils, layer thick- 
ness 0.1 ram, solution concentrations 0.0840 M in CC14. The cells were placed in a cylindrical oven, 
whose temperature was regulated and measured by means of an EPP-09 No. 2 potentiometer with a 
ehromel dropping thermocouple. 
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