
(21%) o f V i i w i t h m p l 7 6 - 1 7 7 ~  0.67. Found: C123.47;N9.2%.  C15H10C12N20. Calculated: C123.25; 
N 9.18%. IR spec t rum:  1640 (C----N), 1690 ( C =  O), and 3100-3260 crn -1 (N-H) .  PMR spec t rum:  5.98 (1H, s, 
3-H) and 6.94-7.98 ppm (8H, m, a r o m a t i c  protons) .  

B) A 0.7-g (2 mmole)  sample  of diazepinone V was chlorinated with 0.26 g (2 mmole)  of NCS in 20 ml of 
carbon t e t r ach lo r ide  for  5 h. Workup gave 0.24 g (39%) of diazepinone VII with mp 176-177~ No melt ing-point  
d e p r e s s i o n  was observed  for  a mixture  of this compound with the substance  obtained in exper iment  A. 

3 , 8 - D i c h l o r o - 4 - p h e n y l - 2 , 3 - d i h y d r o - l H - 1 , 5 - b e n z o d i a z e p i n - 2 - o n e  (VIII). A solution of 0.67 g (5 mmole)  of 
su l fury l  chloride in 5 ml  of ace t i c  acid was added dropwise  to a mix ture  of 1.18 g (5 mmole)  of diazepinone I 
and 0.51 g of a luminum chloride in 15 ml  of ace t i c  acid, and the mix ture  was s t i r r e d  for  3 h. Workup gave 0.2 g 
(13%) of yellow chlorodiazepinone VII with rnp 166-167~C and Rf 0.67. The f i l t ra te  was poured into ice wa t e r  and 
worked up by ch roma tog raphy  with a column fi l led with s i l ica  gel to give 0.35 g (23%) of VHI with mp 190-191~ 
( f rom CC14) and Rf 0.72. Found: C1 23.18; N 9.16%. CI~H10C12N20. Calculated: C1 23.23; N 9.18%. IR spec t rum:  
1640 (C~N)  and 3160-3280 cm - I  (N-H) .  PM:R spec t rum:  4.89 (1H, s, 3-H) and 6.89-7.95 ppm (7H, m, a r o m a t i c  
protons) .  Compound VIII was obtained by chlor inat ion of 0.2 g (1.5 mmole)  of 8 -ch lo ro -4 -pheny l -2 ,3 -d ihydro -  
1 ,5-benzodiazepinone [5] with an e q u i m o l a r  amount  of NCS in 15 ml  of carbon t e t rach lo r ide  by the method 
desc r ibed  above. Workup gave 0.15 g (33%) of diazepinone VII with mp 190~ and Rf  0.72. 
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E F F E C T  O F  S U B S T I T U E N T S  ON T H E  C H E M I C A L  S H I F T  

O F  T H E  R I N G  P R O T O N S  I N  T H E  P M R  S P E C T R A  

O F  M O N O S U B S T I T U T E D  s y m - T R I A Z I N E S  
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UDC 543.422.25:547.87 : 541.67 

A co r r e l a t i on  equat ion that  l inks the re la t ive  chemica l  shift  of the protons of the t r i az ine  ring 
with the F and R constants  of the subst i tuents  was obtained on the basis  of data f r o m  the PMR 
s p e c t r a  of solutions of s y m - t r i a z i n e  and i ts  monosubst i tuted de r iva t ives  [OCH 3, N(CII3)2, CH3, 
C6H5, COOC2H5, and CN] in d imethyl  suffoxide (DMSO). The equation was analyzed by c o m p a r i -  
son with the cor responding  equations fo r  monosubst i tu ted benzenes and pyr imidines .  

Apprec iab le  weakening of the inductive ef fec t  of subst i tuents  on the re la t ive  chemica l  shift  of the r ing p ro -  
tons adjacent  to the ni t rogen a tom of the pyr imidine  r ing was prev ious ly  noted [1, 2] during a study of the con-  
duct ivi ty of e l ec t ron ic  e f fec ts  of subst i tuents  in the pyr imidine  r ing by PMR spec t roscopy .  To a s c e r t a i n  the 
common c h a r a c t e r  of this  ef fec t  we studied the dependence of the chemica l  shift  of the protons  of the s y m - t r i -  
azine r ing on the e l ec t ron ic  ef fec ts  of the subst i tuents  in the PMR s p e c t r a  of monosubst i tuted t r i az ines  in 
d imethyl  sulfoxide (DMSO). We se lec ted  only monosubst i tu ted de r iva t ives  as  subjects  of the invest igat ion and 

Novos ib i r sk  Inst i tute of Organic  Chemis t ry ,  Siber ian Branch,  Academy of Sciences of the USSR, Novo- 
s i b i r s k  630090. T rans l a t ed  f r o m  Khimiya Gete ro t s ik l iehesk ikh  Soedinenii, No. 3, pp. 410-414, March, 1982. 
Or ig inal  a r t i c le  submit ted  June 29, 1981. 
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TABLE 1. Chemical  Shifts (Hz) of the Protons of the Tr i -  
azine Ring in the PMR Spectra of Monosubstituted s y m -  
Tr iaz ines  at 60 MHz 

Solvent 

Substituent co1, DMSO 

6 a6 56' 8 a6 a6" 

N(CH~)~ 
OCHa 
CHa 
C6H~ 
H 
COOC~H5 
CN 

501 
527,5 
537,5 
548 
548 
561 
561 

47 
20,5 
10,5 

--13 

44 
17,5 
7,5 

-~ 
--19 

511 
539,5 
550,5 
560 
559 
573,5 
576 

48 
19,5 

_?,5 

0 
--14,5 
--17 

45 
16,5 
5,5 
2 
0 

- -  18,5 
--23 

TABLE 2. Conductivity of the Effects of Substituents in Six-Mem- 
bered Aromat ic  Systems 

Series 

~n 

1 

1,00 
1,00 

2 

0,88 
3,18 

R~ /N.~ ~H 

3 

0,79 
2,00 

R ' ~ N  H 

4 

0,60 
2,98 

5 

1,14 
2,92 

excluded disubsti tuted t r iaz ines  f rom considerat ion because of the fact that, according to the available data [3], 
the effect of substituents on the relat ive chemical  shift of the protons of the t r iazine ring is not always additive, 
par t icu la r ly  when two e lec t ron-donor  substituents such as diethylamino groups a re  present  in the ring. 

The se r ies  of monosubsti tuted sym- t r i a z ine s  descr ibed in the l i terature is limited and includes, as a rule, 
compounds with e l ec t ron -donor  substituents [N(CH3)2, OCH3, and CH3]. Our synthesis of previously unknown 
ethoxyearbonyl  and cyano derivat ives  of t r iazine made it possible to not only substantially expand the scale of 
changes in the chemical  shifts of the protons of the t r iazine ring (up to 1 ppm) but a lso to more adequately 
descr ibe  the i r  dependence on the inductive and conjugation effects of the substituents. 

To synthesize e thoxyca rbony l - sym- t r i az ine  we used the known method for  the introduction of a substituent 
in the t r iazine ring by the react ion of t r iaz ine  with the corresponding C-substi tuted formamidine.  The disad-  
vantage, of this method, viz., the format ion of side disubstitution products,  did not introduce appreciable com-  
plications in the isolation of the monoethoxycarbonyl  derivative,  although it did lead to a decrease  in the yield 
to 40%. By subsequent react ion with ammonia  the product was converted to the carbamoyl  derivative, which was 
subsequently converted to cyano- sym- t r i az ine  by the action of t r i f luoroacet ie  anhydride in the presence of 
pyridine. The cyanotriazine,  which was isolated in only 17% yield, is unstable and darkens even when it is a l -  
lowed to stand in an argon a tmosphere  in the dark. The s t ruc tures  of the synthesized t r iazine derivatives were 
confirmed by data f r o m  the vibrat ional  spectra .  The s t re tching vib rations of the C ----- N group, in par t icular ,  
appear  in the IR spec t rum of the eyanotr iazine in the fo rm of a weak-intensi ty band at 2260 cm -1, which was 
identified dist inctly f r o m  the Raman spectrum.  

To record  the PMR spec t ra  we used solutions of the compounds in DMSO and CC14 (Table 1). It is ap-  
parent  f r o m  the data presented in Table 1 that for der ivat ives  with e lec t ron-donor  substituents the relative 
chemical  shifts of the a romat ic  protons (AS) are  vir tual ly identical  in both solvents and differ reliably only for 
the derivative with a s t rongly e l ec t ron -accep to r  group such as C ~ N. The difference between t r iazine and 
a romat i c  sys tems  of the carbocycl ie  se r ies  is displayed in the low sensit ivity of the relat ive chemical  shifts to 
the solvation effects of aprot ic  solvents (comparative data for  substituted benzene rings are  presented in [4]). 

The specific features  of azine sys tems  in the conductivity of the e lect ronic  effects of substituents are  
displayed most dist inctly when one compares  the relat ive chemical  shifts of the meta -a romat ie  protons found 
for  the same der ivat ives  of the benzene and t r tazine se r ies  in the same solvent (or in solvents with s imi la r  
natures and solvation effects). Thus the relat ive shifts a re  ve ry  close for  ethoxycarbonyltr iazine and cyanotr i -  
azine in DMSO (Table 1) and for  the same der ivat ives  of the benzene se r ies  in dimethylacetamide (DMA) (12.4 
and 17 Hz, respect ively  [5]). However, the relat ive shifts for  methoxy derivat ives of t r iazine (19.5 Hz) and ben- 
zene (4.3 Hz [5]) differ  appreciably.  This difference is even g rea te r  for  dimethylamino derivat ives of t r iazine 
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(48 Hz) and benzene (12.9 Hz [5]), which indicates  s ignif icant  intensif icat ion of the m e s o m o r p h i c  effect  of the 
subst i tuents  in the t r i az ine  r ing as  compared  with the benzene ring. Dec le rk  and c o - w o r k e r s  [3] have p r e -  
v ious ly  a r r i v e d  at a s i m i l a r  conclusion in an examina t ion  of the PMR s p e c t r a  of d ie thylamino-  and methoxy-  
subst i tuted t r i az ines  in CC14. 

We made an ana lys i s  of the dependence of the measu red  (in DMSO) chemica l  shifts  of the protons of the 
t r i a z ine  r ing on the e l ec t ron ic  e f fec ts  of subst i tuents  within the f r a m e w o r k  of the S w a i n - L u p t o n  t w o - p a r a m e t e r  
co r r e l a t i on  equation in the in t e rp re t a t ion  of Hansch and c o - w o r k e r s  [6]. However ,  in the study of this  dependence 
one mus t  take  into account  the contr ibut ion of the purely  e l ec t ron ic  effect  of the subst i tuents  on the local  d ia-  
magnet ic  shielding of the resonat ing  protons ,  excluding the effects  of the magnet ic  an iso t ropy  of the subst i tuents ,  
the effect  of which on the shielding of the meta  protons of the benzene r ing is  e x t r e m e l y  substantial .  The c o r -  
rec t ions  that  take into account the overa l l  effect  of the magne t ic  an i so t ropy  of the subst i tuent  and the change in 
the magnet ic  an iso t ropy  of the benzene r ing when a given subst i tuent  is in t roduced into it  on the shielding of the 
meta  protons  were  e s t ima ted  e m p i r i c a l l y  [4] by compar i son  of t h e i r  chemica l  shifts  measu red  in solvents  with 
marked ly  d i f ferent  po la r i t i es  such as cyelohexane and D I ~ +  

The leg i t imacy  of the use  of these  co r rec t ions  in s e r i e s  of t r i az ine  de r iva t ives  is  based on the concept [7] 
of the sma l l  degree  of pe r tu rba t ion  of the a r o m a t i c  s y s t e m  when methylidyne groups a r e  replaced  by ni t rogen 
a toms  and the data in [8] f r o m  a calculat ion of the induced "r ing  cu r r en t s "  in s i x - m e m b e r e d  ni t rogen h e r e t o -  
cycles .  In the case  of phenyl t r iaz ine  the an i so t rop ic  c o r r e c t i o n  fo r  the phenyl  group was calculated by the 
method in [9] for  the conformat ion  in which the to r s ion  angle is  2W [10] with a l lowance for  the g e o m e t r i c a l  
p a r a m e t e r s  of the t r i az ine  r ing [11]. 

The chemica l  shif ts  of the protons of the t r i az ine  ring in the s p e c t r a  of subst i tuted t r i az ines  sca led  r e l a -  
t ive  to t he i r  shif t  in unsubsti tuted t r i az ine  and co r rec t ed  with al lowance for  e m p i r i c a l  co r rec t ions  (see the AS, 
values  in Table  1) were  co r re l a t ed  with the inductive (F) and conjugation (R) constants  of the subst i tuents :  
A5' = - 2 6 . 4 3 F  -- 51.47R - 0.95 ; r 0.998, s 1.7. T r a n s m i s s i o n  f ac to r s  Ti and 7R, which quanti tat ively c h a r a c t e r i z e  
the change in conductivity of the inductive and conjugation ef fec ts  of a subst i tuent  in the t r i az ine  r ing ( se r i es  2) 
re la t ive  to the benzene r ing  ( se r ies  1), a r e  p resen ted  in Table 2. 

A compar i son  of the t r a n s m i s s i o n  fac to r s  for  the t r i az ine  s e r i e s  (2) and for  the analogous pyr imidine  
s e r i e s  (3-5) [2] indicates  the h igher  t r ansmi t t i ng  capaci ty  of the t r i az ine  ring with r e spec t  to the m e s o m e r i c  
ef fec ts  of subst i tuents .  As r e g a r d s  the conductivity of the inductive effects  ( ser ies  1-4), in the s e r i e s  of s ix -  
m e m b e r e d  a r o m a t i c  s y s t e m s  t r i a z ine  occupies  a posit ion that  is  i n t e rmed ia t e  between benzene and pyr imidine.  
The t r ans i t ion  f r o m  s e r i e s  3 and 4 to s e r i e s  2 (i.e., when the s u c c e s s i v e  posit ion of subst i tuent  R, the ni t rogen 
a tom,  and the resona t ing  proton in the R.T/f~X-~H f r agmen t  is  retained) leads to a s m a l l  i n c r e a s e  in 71; this 

may p robab ly  be due to shor tening of the bonds in the indicated f r agmen t  fo r  the t r i az ine  s e r i e s  (2) and con-  
sequently to an i n c r e a s e  in the field component  of the inductive ef fec t  of the substi tuent .  An absolute ly  different  
s i tuat ioh a r i s e s  when a ni t rogen a tom rep l aces  the r ing methyl idyne group located between the carbon a toms 
that  a r e  d i rec t ly  bonded to the subst i tuent  and the resona t ing  proton (the t rans i t ion  f r o m  s e r i e s  5 to s e r i e s  2), 
which Ieads to an apprec iab le  d e c r e a s e  in 71 f r o m  1.14 to 0.88. The data obtained make it poss ib le  to a s s u m e  
that  the effect  of the f r ee  e l ec t ron  p a i r  of the r ing  ni t rogen a tom on the shielding of the adjacent  proton is  a l so  
mani fes ted  in the t r i az ine  r ing and to the s a m e  extent  as in the pyr imid ine  r ing [2]. 

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

The IR spec t r a  of s am p l e s  of the compounds in KBr pe l le t s  were  r eco rded  with a UR-20 s p e c t r o m e t e r .  
The Raman  s p e c t r u m  of a c rys ta l l ine  sample  was r eco rded  with a Coderg PH-1 appara tus  equipped with a 
h e l i u m - n e o n  lase r .  The PMR s p e c t r a  of solutions (4%) of the compounds in CC14 and DMSO were  r eco rded  with 
a Va r i an  A 56/60 A s p e c t r o m e t e r  with cyclohexane as  the in t e rna l  s tandard  for  solut ions in CC14 [84.5 Hz f r o m  
t e t r ame thy l s i l ane  (TMS)] or  the I 3 C - H  sa te l l i te  of DMSO (221 Hz f r o m  TIvIS) as the in te rna l  s tandard  fo r  so lu-  
t-ions in DMSO. 

Known methods were  used to obtain the following compounds: s y m - t r i a z i n e  with mp 81-82~ (80-82.5~ 
[12]), 2 - p h e n y l - s y m - t r i a z i n e  with mp 66-6WC (64-65~ [13]), 2 - m e t h o x y - s y m - t r i a z i n e  with bp 75-77~ (33 hPa) 
[71-73~C (28 hl=~a) [13]], and 2 - d i m e t h y l a m i n o - s y m - t r i a z i n e  with mp 86-87~ (85-8~C [14]). 

2 - M e t h y I - s y m - t r i a z i n e .  A t 4 . 2 - g  (0.15 mole) sample  of ace tamid ine  hydroehlor ide  was added with s t i r -  
r ing to a solution of 3+2 g (0.14 mole) of sod ium in 40 ml  of methanol,  the l~x tu r e  was f i l tered,  and the f i l t ra te  
was added dropwise  in the course  of 40 min to a s t i r r e d  solution of B.1 g (0.1 mole) of s y m - t r i a z i n e  in 5 ml of 
methanol,  The reac t ion  mixture  was dis t i l led with col lect ion of the f rac t ion  (6 g) with bp 120-130~C [according 
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to gas- l iquid  ch roma tog raphy  (GLC), the f rac t ion  contained 15%tr iaz ine ,  20% dimethyl t r iaz ine ,  and t r a c e s  of 
methanol  as  impur i t i es ] .  The f rac t ion  was s epa ra t ed  with a P r e p a k h r o m  No. 2 ch romatograph  [with a !5  m m  
by 5.6 m column filled with CKTH-1 (20%) on C h r o m o s o r b  W-DMCS at  125 ~ C] in a s t r e a m  of ni t rogen (3 m l /  
sec) to give 1.1 g (11%) of 2 - m e t h y l - s y m - t r i a z i n e  containing 96% of the pr inc ipa l  product.  A reac t ion  product  
with bp 123-124~ (124-124.3~ L15]) and mp 1-3~ (crys ta l l iza t ion  t e m p e r a t u r e  4~ [151) was obtained by the 
f r e e z e - o u t  method. 

2 - E t h o x y c a r b o n y l - s y m - t r i a z i n e .  A mix ture  of 5.0 g (25.4 mmole)  of 1 -e tboxyea rbony l fo rmamid ine  
hydrob romide  [15], 2.06 g (25.4 mmole)  of s y m - t r i a z i n e ,  and 20 ml  of ace toni t r i le  was ref luxed with 
s t i r r i ng  fo r  1 h, a f t e r  which i t  was cooled,  the solution was decanted,  and the ace ton i t r i t e  was r emoved  
by vacuum dist i l la t ion.  The res idue  was t r ea t ed  with t h r ee  20-rot  por t ions  of boiling p e t r o l e u m  e ther  
(bp 70-100~ the ex t rac t  was evapora ted  to one fourth of i ts  or iginal  volume,  and the concentra te  was cooled. 
The resu l t ing  prec ip i ta te  was s epa ra t ed  and dr ied in vacuo to give 1.6 g (40%) of product.  An analy t ica l  sample  
was obtained by c rys ta l l i za t ion  f r o m  p e t r o l e u m  e the r  and subsequent  subl imat ion in vacuo to g~ve a product 
with mp 65.5-66~ IR spec t rum:  1740 (es te r  C--- O) and 1190 e m  -~ (es te r  C - O ) .  PMR s p e c t r u m  (in CCI4): 
9.31 (2H, s, t r i az ine  ring), 4.46 (2H, q, CH2) , and 1.44 ppm (3H, t, CH3, J =7.0 Hz). Found: C 4v.3; H 4.59; N 
27.5%. C~H7N302. Calculated:  C 47.1; H 4.61; N 27.4%. 

2 - C a r b a m o y l - s y m - t r i a z i n e .  A 2 .4-g  (19 mmole)  sample  of 2 - e t h o x y c a r b o n y I - s y m - t r i a z i n e  was added to 
a cooled solution of 2.7 g (160 mmole)  of am mon ia  in 30 mI of ethanol, and the mixture  was allowed to stand 
fo r  2 h. The p rec ip i t a te  was separated, ,  washed with ethanol,  and dr ied  in vacuo to give 1.83 g (94%) of a product  
that  did not mel t  when it  ~,as heated  to 260~ but cha r r ed  above !70~ IR spec t rum:  1640, 1700, 1720, 31v0, 
3330, and 3400 cm - I  (CONH2). Found: C 39.0; H 3.45; N 44.9%. C4H4N40. Calculated:  C 38.7; H 3.25; N45.2%. 

2 - C y a n o - s y m - t r i a z i n e .  A 1 .24-ml  (8.9 mmole)  s ample  of t r i f luoroace~ic  anhydride was added with s t i r r i ng  
in the course  of 1 h to an i ce -coo led  suspens ion  of 1.0 g (8.1 mmole)  of 2 - c a r b a m o y I - s y m - t r i a z i n e  in 20 ml of 
anhydrous  dioxane and 1.3 ml  (16.2 mmole)  of anhydrous pyridine,  a f t e r  which the mixture  was s t i r r ed  at 20~ 
fo r  ano ther  3 h. The p rec ip i t a ted  pyr idine t r i f l uo roace ta t e  was removed  by f i l t rat ion,  and the f i l t ra te  was diluted 
with 20 ml of CHC13 and washed with two 5 - m l  por t ions  of w a t e r  and two 5 -ml  por t ions  of a sa tu ra ted  solution 
of NaCl. I t  was then dr ied  ove r  higSQ and evapora ted  in vacuo. The res idue  was ex t rac ted  with th ree  5-rot  p o r -  
tions of boiling hexane, and the ex t r ac t  was evapora ted  to a volume of 3 ml. The concentra te  was cooled, and 
the p rec ip i ta te  was r emoved  by f i l t ra t ion  to give 0.15 g (17%) of product.  An analy t ica l  sample  was obtained by 
crystallization from hexane and vacuum sublimation to give a substance with mp 69-7(YC. IR spectrum: 2260 
cm -~ (C~N). Ramanspectrum: 2266 em -I (C~N). Found: C 45.0; H2.13; N 53.0%. C4H2N 4. Calculated: C 
45.3; H 1.90; N 52.8%. 
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