
R I N G - C H A I N  T A U T O M E R I S M  O F  S U B S T I T U T E D  H Y D R A Z O N E S  

II.* DERIVATIVES OF 1-HYDRAZINO- AND 1-(N-ALKYLHYDRAZINO)-2-PROPANOLS 

A .  A .  P o t e k h i n  a n d  B .  D .  Z a i t s e v  UDC 541.623:547.875 

1 -Hydraz ino -2 -p ropano l  r e ac t s  with al iphatic  carbonyl  compounds to f o r m  the cor responding  
(2-hydroxypropyl )hydrazones .  1 - (N-Alky lhydraz ino) -2-propanols ,  on the other  hand, give 
t au tomer ic  m i x t u r e s  of a lky l - subs t i tu ted  p e r h y d r o - l , 3 , 4 - o x a d i a z i n e s  and N-a lky l -N- (2 -  
hydroxypropy l )hydrazones .  As c o m p a r e d  with de r iva t ives  of 2- (N-alkylhydrazino)e thanols ,  
the posit ion of the equi l ibr ium in the inves t iga ted  cases  is shif ted to favor  the cycl ic  f o r m s .  

It  was es tab l i shed  in [1] that  the products  of the condensat ion of 2- (N-alkylhydrazino)e thanols  with 
aliphatic carbonyl  compounds are  t au tomer ic  mix tu re s  of a lky lpe rhydro - l , 3 ,4 -oxad iaz ines  and the c o r r e -  
sponding hydrazones .  We inves t iga ted  de r iva t ives  of (2-hydroxypropyl) -subs t i tu ted  hydraz ines  for  a fu r the r  
study of the effect  of the s t r u c t u r e  of the s t a r t ing  hydraz ine  on the equi l ibr ium posit ion in this t au tomer ic  
s y s t e m .  

The s ta r t ing  1 -hydraz ino- ,  1- (N-methylhydrazino)- ,  and 1- (N-e thy lhydraz ino) -2-propanols  were  ob-  
tained by the reac t ion  of hydraz ine  hydra te  and, r e spec t ive ly ,  a lkylhydrazines  with propylene oxide. It 
turned out that the p rope r t i e s  of the products  of condensat ion of these  hydrazinoalcohols  with acetaldehyde 
and sa tu ra ted  ketones  a re  bas ica l ly  s i m i l a r  to the p rope r t i e s  of p repa ra t ions  obtained f r o m  2-hydraz ino-  
subst i tu ted ethanols  [1], although there  a re  some  d i f fe rences  in the behavior  of individual r e p r e s e n t a t i v e s  
of these  two groups  of compounds .  The c h a r a c t e r i s t i c s  of the twice-d is t i l l ed  reac t ion  products  are  p r e -  
sented in Table  1. 

1 -Hydraz ino -2 -p ropano l  r e ac t s  with aceta ldehyde and acetone to give 2 -hydroxypropy l - subs t i tu ted  
hydrazones  IB and l iB. The hydrazone s t ruc tu re  of these compounds is conf i rmed  by the i r  r e f r a e t o m e t r i c  
constants  (exaltation of the m o l e c u l a r  r e f rac t ion  pecu l i a r  to monosubst i tu ted  hydrazones  and high d i s p e r -  
sions) and the data of IR and PMR spec t roscopy  (see Table 2). The IR s p e c t r a  of both p repa ra t ions  con-  
tain bands of med ium intensi ty  f r o m  the valence v ibra t ions  of the C = N  bonds (1615-1630 cm -1) and broad,  
intense bands f rom the valence  v ibra t ions  of the O - H  and N - H  bonds (3170-3500 cm- l ) .  In the PMR spec -  
t r a  the s ignals  of the methyl  groups are  obse rved  at T 8.20-8.40 ppm, which is c h a r a c t e r i s t i c  for  the 
CH3-C  =N grouping.  According to the PMR spec t rum,  the hydrazone of acetaldehyde (I) is a mix tu re  of 
syn and anti i s o m e r s  (57:43).  The co r respond ing  cycl ic  t au tomer s  cannot be detected by means  of spec t ra l  
methods ,  and hydrazones  IB and IIB are  consequently comple te ly  analogous to 2-hydrazinoethanol  de r i v a -  
t ives ,  which a lso  do not mani fes t  any tendency for  cycl iza t ion [1]. 

However ,  in the case  of the products  of condensat ion (III-IX) of 1 - (N-a lky lhydraz ino) -2 -p ropano l s  
with aldehydes and ketones  this  tendency is m o r e  apprec iably  mani fes ted  than for  de r iva t ives  of 2- 
hydroxye thy l - subs t i tu ted  hydraz ines :  

R' 
R' R' I 

fl3G'~C__ O 1 -H20 H C I H N'~'N'~ 
+ H2NNCH2~HCH ~ 3R~C~NNCfI2(~HCH ~ ~ f l 3 C ~ / l ~ .  

OH OH R / ~ ~CH3 
B t q x  A 

! R=R'=H: I! R=CH~,R'-H, I l l  R-H, R'=CH.3, IV R=R'=cH~ V R=i-C~ffT, R'=CHCd 
VI R=t-C,}H~, R'=CH~: Vll R=H, R" C:~H:,: VIH R-C.%, R'-:C~Hc~; IX R=/-C~Hg, R'=C2H ~ 

* See [1] for  communica t ion  I.  
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Fig.  1. PMR spec t ra :  1) N-e thy l -N- (2 -hydroxy-  
propyl)hydrazone of pinacoline (IXB); 2) equil ib-  
r ium mixture of IXB and 2 - t e r t -bu ty l -2 ,6 -d i -  
methyl-  4-e thylperhydro-  1,3,4-oxadiazine (IXA). 

TABLE 3. Composit ion of Equilibrium Mixtures 
of (2-Hydroxypropyl)-hydrazone (]3) and P e r -  
hydro- l ,3 ,4 -oxadiaz ine  (A) 

Mixture 

I 
II 

III 
IV 
V 

V I  
VII 

VIII 
IX 

A: B form from 
MR, r) (20 ~ 

0 : 100 
0:100 

90 : 10" 
73 : 27 

0 ..--I oo 
97 : 3* 

o: 100 
0 : 100 

88 : 12 
76 : 24 
40 : 60 
5:95 

100 :o 
80 : 20 
9:91 

* Allowing for  exaltation of the molecu la r  r e f r a c -  
tion (0.47 [1]. 

spec t rum.  (A weak singlet is observed at ~" 8.67 ppm, 
the 2-posit ion of cycl ic  form VIA.) 

Thus, in preparat ion III, obtained from ace t -  
aldehyde and 1-(N-methylhydrazino)-2-propanol ,  the 
percentage of hydrazone IIIB reaches  only about 10% 
after  achieving equilibrium, while the analogous 2- 
(N-methylhydrazino)ethanol derivative contains 
about 50% of the chain form [1]. The concentrat ion 
of the hydrazone tautomer  was also depressed  in the 
products of condensation of acetone with both 1-(N- 
alkylhydrazino) -2-propanols .  

In cont ras t  to the hydrazinoethanol derivatives 
the r e f r ac tomet r i c  method was not suitable enough 
to study the in terconvers ion  of the ring and chain 
forms in a number  of the cases  investigated here .  
The reason for  this consists  in the higher rate of 
establishment of equilibrium between the tau tomers .  
In the prepara t ion obtained, for example, f rom ace-  
tone and 1- (N-ethylhydrazino)-2-propanol  the con-  
centration of hydrazone VI~B is close to the equilib- 
r ium concentrat ion immediately after  distillation, 
and the r e f r ac tomet r i c  charac te r i s t i c s  of the c o m -  
pound remain  vir tually constant.  The charac te r i s t i c  
band of the C ~ N  bond (1630 cm -1) is present  in the 
IR spec t rum of a f resh ly  distilled sample,  and signals 
of methyl groups attached to the azomethine carbon 
atom tT 8.17 and 8.20 ppm) are observed in its PMR 
spect rum.  The ref rac t ive  index and density of the 
product of react ion of methyl isopropyl ketone with 
1-(N-methylhydrazino)-2-propanol  also remain  
vir tually constant,  but it is e r roneous  to conclude 
that there  is a low concentrat ion of the chain form 
(VB) in the equilibrium mixture on the basis  of this .  
The PMR spec t rum of equilibrium preparat ion V in- 
dicates the predominance of p rec i se ly  the chain 
form (VB): there  are  an intense singlet at 8,16 ppm 
(C H3C ~--N) and two singlets of considerably lower in- 
tensi ty at 8.76 and 8.65 ppm (2-CH 3 in s t e r e o i s o m e r -  
ic cyclic forms VA). 

The r e f r ac tomet r i c  cha rac te r i s t i c s  of the 
product of condensation of pinacoline with 1-(N- 
methylhydrazino)-2-propanol  also remain  absolutely 
unchanged. However, here  the equilibrium is almost  
completely shifted to favor hydrazone tautomer  VIB, 
and only an insignificant t r ace  of pe rhyd ro - l , 3 , 4 -  
oxadiazine VIA can be detected by means of the I~MR 
which is charac te r i s t i c  for  an axial methyl group in 

The product of the condensation of pinacoline with 2-(N-ethylhydrazino)-2-propanol  behaves anomalous-  
ly. Its constants  and IR and PMR spect ra  (Fig. 1, curve a) immediately after  distil lation indicate the pina- 
coline N-e thyl -N-(2-hydroxypropyl)hydrazone  s t ruc ture  (IXB). However, its molecular  refract ion and d is -  
pers ion  decrease  ra the r  than increase  with t ime, as was observed until now for all labile products of the r e -  
action of carbonyl  compounds with hydroxyalkyl-subst i tuted hydrazines (Table 1). A singlet at 8.67 ppm 
simultaneously appears in its PMR spect rum (Fig. lb); this singlet should be ascr ibed to the 2-methyl 
group in 2 - t e r t -bu ty l -2 -me thy l -4 -e thy lpe rhydro - l , 3 ,4 -oxad iaz ine  (IXA). Thus, for  the f i rs t  t ime it was 
here  possible to observe  the format ion of an equil ibrium mixture f rom the chain tautomer  ra the r  than from 
the cyclic tau tomer .  The point is that in vapors  at about 100 ~ the equilibrium is apparently shifted to favor 
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5-He 6-H 2-H 
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Fig.  2. PMR s p e c t r u m  of 2 ,4 ,6 - t r ime thy lpe rhyd ro - l , 3 ,4 -oxad iaz ine .  

the hydrazone,  while in the liquid phase at 20 ~ the equi l ibr ium p repa ra t ion  contains an apprec iable  amount 
of the cycl ic  f o rm .  Even by changing the dis t i l la t ion conditions we st i l l  could not i so la te  the low-boil ing 
cycl ic  fo rm,  apparent ly  as a consequence of the high ra te  of convers ion  of it to the hydrazone .  

The approx imate  composi t ion  of equi l ibr ium tau tomer ic  mix tu re s ,  de te rmined  f rom molecu l a r  r e f r a c -  
tion data [1] (in those cases  where  the f resh ly  dis t i l led p r epa ra t i on  was v i r tua l ly  f ree  of the second tau-  
tomer)  and f r o m  PMR spec t r a ,  is p r e sen t ed  in Table  3. It is apparent  f r o m  Table  3 that all of the r e g u l a r i -  
t ies  p rev ious ly  obse rved  for  de r iva t ives  of 2 -hydroxye thy l - subs t i tu ted  hydraz ines  [1] a re  p r e s e r v e d  in this 
s e r i e s  of compounds (the i nc r ea s e  in the equi l ibr ium concentra t ion  of the hydrazone on pass ing f rom a lde-  
hyde de r iva t ives  to ketone de r iva t ives ,  on inc reas ing  the bulk of the subst i tuents  at tached to the azomethine 
carbon a tom,  and on dec reas ing  the bulk of the subst i tuent  in the hydraz ine  f ragment ) .  A compar i son  with 
the data in [1] leads  to the conclusion that  the introduct ion of a methyl  group into the ~ posit ion of the p -  
hydroxyethyl  group p romotes  s tabi l iza t ion of the r ing t au tomer .  A genera l  p rope r ty  of r ing-cha in  t a u t o m e r -  
ie s y s t e m s ,  which is e x p r e s s e d  in a shift  in the equi l ibr ium to favor  the cycl ic  fo rm on inc reas ing  the num-  
b e r  of r ing subst i tuents  [2], is apparent ly  man i fes t ed  he re .  

In cons ider ing  the t au tomer ic  conver s ion  of the 2-hydroxypropylhydrazone  to 6 - m e t h y l p e r h y d r o - l , 3 , 4 -  
oxadiazine,  the equi l ibr ium between two s t e r e o i s o m e r i c  chain fo rms ,  on the one hand, and two s t e r e o i s o -  
m e r l e  cycl ic  f o rm s ,  on the other ,  should be  taken into account in the genera l  case .  Each of the l a t t e r  in 
turn  can exis t  as a pa i r  of c o n f o r m e r s .  

In the case  of disubst i tu ted hydrazones  of aldehydes (X, R = H), only one configuration,  viz.,  the syn 
configurat ion {Xa), is  rea l ized ;  the s tab i l i ty  of Xa i s  due to the fact  that  only h e r e  is it poss ib le  to p r e s e r v e  
the p - ~  conjugation chain in the s y s t e m  of C = N - N  bonds [3]. ,In fact ,  s ignals  of only one chain fo rm (III 
and VII, Table  2) a re  obse rved  in the PMR s pec t r a  of acetaldehyde de r iva t ives .  As for  the cor responding  
cycl ic  f o r m s  (IILA and VIIA), c o n f o r m e r  XHa with two axial methyl  groups  in the 2- and 6-posi t ions  should 
su re ly  be excluded f r o m  considera t ion ,  and only conformat ion  XIIb is consequently pecu l ia r  to the cis  i so -  
m e r .  Moreove r ,  the PMR s p e c t r a  of 2 ,6 -d imethylperhydrohydroxydiaz ines  IIIA and VIIA suggest  the ab-  
sence of both conformat ions  of t r ans  i s o m e r  XI in the t au tomer ic  s y s t e m .  The la t t e r ,  having e i the r  a 2- 
{XIb) or  6 -methyl  group (XIa) in the axial pos i t ion , i s  na tura l ly  t he rmodynamica l ly  l ess  s table  than diequa-  
to r ia l  c o n f o r m e r  XIIb.  Excluding a rapid  i somer i za t i on  (XI ~ XII), the s ignals  of th ree  cycl ic  f o r m s  
should have been obse rved  in the PMR s pec t r a  of IIIA and VIIA. The PMR spec t r a ,  however ,  indicate the 
p r e sence  of only one fo rm (Table 2 and Fig. 2). As seen  f rom a c o m p a r i s o n  of the chemica l  shif ts  of the 
2 -methy l  group in 2 -mono-  and 2 ,2-disubs t i tu ted  perhydroxad iaz ines ,  in the f i r s t  case  this group is  found 
exc lus ive ly  in the equator ia l  posi t ion.  A c o m p a r i s o n  with the data for  2 ,4-disubst i tu ted p e r h y d r o - l , 3 , 4 -  
oxadiazines [1] conf i rms  the val idi ty  of the assumpt ion  of the p rac t i ca l ly  comple te  absence  of the c o n f o r m e r  
with an axial  2 -methy l  group in p rev ious ly  inves t iga ted  t au tomer i c  m i x t u r e s .  

The C - 5  and C - 6  protons in the PMR spec t r a  of 2 ,4 ,6- t r i subs t i tu ted  perhydrooxadiaz ines  IIIA and 
VIIA give th ree  groups  of s ignals ;  this  made  it poss ib le  to e s t ima t e  the sp in - sp in  spli t t ing cons tants .  As 
seen  f r o m  Table  2, the vieinal  in te rac t ion  constants  amount to approx imate ly  10 and 2.5 Hz, which also in-  
d ica tes  the exis tence  of cycl ic  t a u t o m e r s  in the cha i r  fo rm.  These  values a re  c lose  to the analogous con-  
s tants  in p e r h y d r o - l , 3 - o x a z i n e s  [4] for  which the cha i r  conformat ion  was also de te rmined  by other  methods .  
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/NH~NR, ~ 

R xla CH3 
R\C~N/N R,CH2CH(OH)CH 3 

1 r~c=N. 

L. xb 
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/ N H~-NR,.- ~ 

CH3 Xlla CH3 

// 

R H3C~NH/NR~ 
Xllb CH3 

In the general  case  the disubstituted hydrazones  of ketones are  formed as a mixture of geometr ica l  
i somer s ,  the rat io between which depends on the nature of the substituents attached to the azomethine c a r -  
bon atom. In the PMR spect ra  of the compounds that we obtained, however,  we were able to identify the 
signals of only one of these,  apparently the syn i somer  (Xb). The concentrat ion of anti form Xa is probably 
ex t remely  insignificant.  A rapid, d i rec t  i somer iza t ion  (Xa ~-~ Xb), which would lead to averaging of the 
spec t rum,  is excluded on the basis  of the fact that the PMR spect ra  of acetone derivatives IVB and VIIIB 
contain the signals of two nonequivalent methyl  groups in the isopropylidene radical .  

Of the four possible conformers  of the 2,2-disubsti tuted perhydrooxadiazines (XIa, b and XIIa, b), 
two - with an axial methyl group attached to C - 6  - can be d is regarded  as a consequence of their  t he rmo-  
dynamic instabili ty due to the diaxial interact ion of the two alkyl groups.  Both of the remaining conformers  
in the case  of 2,2-dimethyl  derivatives XIb and XIIb (R = CH 3) turn out to be identical.  It might have been 
expected that in these cases  the cycl ic  form would exist as one conformer  in the tautomeric  mixture.  In 
fact,  only two signals of equal intensity, which cor respond  to both methyl groups attached to C - 2  (equa- 
tor ia l  at 8.85 ppm and axial at 8.68 ppm), are observed in the PMR spect ra  of preparat ions  IVA and VIII. 
The signal of only the axial methyl group in 2- te r t -bu ty l -2-methylperhydrooxadiaz ines  (8.65-8.70 ppm) can 
be observed in the PMR spect ra  of pinacoline derivat ives VI and IX, which should have been expected, con-  
s ider ing t h e  considerably  higher conformational  energy  of the ter t -butyl  substituent. On the other hand, 
2 - i sopropy l -2 ,4 ,6 - t r ime thy lpe rhydro- l ,3 ,4 -oxad iaz ine  (VA) is present  in the tantomeric  mixture as both 
s t e r eo i somer s  (XIb and XIIb), and the ma jo r  i somer  is natural ly the t rans-2 ,6-d imethyl  i somer  (XIIb). 

The s p i n - s p i n  interact ion constants for  the C - 5  and C - 6  protons in 2 ,2-dimethylperhydrooxadiazines  
IVA and VIIIA remain  at the same o rde r  of magnitude as in the 2-monosubst i tuted compounds, which once 
more  conf i rms their  s te reochemica l  affinity. These constants could not be determined for the remaining 
2,2-dialkylperhydrooxadiazines because of the low equilibrium concentrat ion of the cycl ic  form.  

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

The PMR spect ra  were obtained with a YaMR-5535 spec t romete r  (40 MHz) with hexamethyldisiloxane 
as the internal s tandard.  In the case of viscous hydrazones IB and IIB, their  solutions (25-30%) in CC14 
were investigated; the sPect ra  of the remaining compounds were obtained without a solvent.  The IR spec t ra  
(thin layer) were obtained with a UR-10 spec t rome te r .  

1 -Hydraz ino-2-propanol .  Propylene oxide (1 mole) was added with s t i r r ing  at 0 ~ to 10 moles of a 25% 
solution of hydrazine hydrate,  and the react ion mixture  was held at room tempera ture  for  12 h and vacuum 
distil led to give 76% of a product with bp 95-97 ~ (4 ram), d 2~ 1.0433, n~ 1.4774, n~ 1.4747, AFC 70.8, and 
r D 14.8 0op 92-93 ~ (2 ram) [5]). 

1- (N-Methylhydrazino)-2-propanol .  An aqueous solution of methylhydrazine sulfate [6] was made al-  
kaline with a fivefold excess  of solid potass ium hydroxide and distilled almost  to dryness .  The methyl-  
hydrazine concentrat ion in the distillate was determined by t i t rat ion with hydrochlor ic  acid, af ter  which 
propylene oxide (907c of the calculated amount) was added dropwise with s t i r r ing  and ice cooling. The mix-  
ture  was worked up as descr ibed for the synthesis  of 1-hydraz ino-2-propanol  to give 44% of a product with 
bp 90-92 ~ (25 ram), d~ 0 0.9528, n~ 1.4511, n~ 1.4485, AFC 89.9, and oJFC D 19.9. IR spect rum:  1610 cm -I 
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(medium, 5NH2), 3260-3360 cm -1 (strong, vOH , VNH2). Found %: N 26.7, 26.8; tool.  wt. 102, 106; MRD 
29.44. C4HI2N20. Calcula ted  %: N 26.9; tool .  wt. 104; MR D 29.53. 

1 - (N-Ethy lhydraz ino) -2 -p ropano l .  P ropy lene  oxide (0.95 mole) was added dropwise with s t i r r ing  and 
ice cooling to a solution of 1 mole  of e thylhydrazine  in an equal volume of ethanol.  The mix tu re  was a l -  
lowed to stand for  24 h, heated for  2 h at 50 ~ and vacuum dist i l led to give 60% of the hydrazinoalcohol  with 
bp 86-87 ~ (14 ram),  d 2~ 0.9360, n~ 1.4512, n~  1.4487, AFC 88.1, and wFC D 19.5. IR spec t rum:  1610 cm -1 
(SNH2), 3280-3360 cm - t  (VOH, VNH2). Found %: N 23.7, 23.4; tool.  wt. 119, 121; MR D 34.02. CsHI4N20. 
Calcula ted  70: N 23.7; tool .  wt. 118; MR D 34.17. 

(2-Hydroxypropyl)hydrazone of Acetaldehyde (IB). Acetaldehyde [13.5 g (0.31 mole)] was added d rop-  
wise  with v igorous  s t i r r i ng  and ice cooling to 27 g (0.3 mole)  of 1 -hydraz ino -2 -p ropano l .  The reac t ion  m i x -  
ture  was heated  at 75 o fo r  1 h, and the reac t ion  product  was i so la ted  by vacuum dis t i l la t ion.  

Acetone hydrazone  JIB (see Table  17 was s i m i l a r l y  obtained. 

2 , 4 , 6 - T r i m e t h y l p e r h y d r o - l , 3 , 4 - o x a d i a z i n e  (HI/k). The re  action of acetaldehyde with 1-  (N-methyl -  
hydrazino ) -2 -p ropano l  was c a r r i e d  out as desc r ibed  for  the synthes is  of hydrazone IB. The reac t ion  m i x -  
tu re  was sa tu ra ted  with solid po ta s s ium hydroxide,  and the organic  l a y e r  was dr ied with solid alkali  and 
dis t i l led.  

Pe rhydrooxad iaz ines  IVA, VIIA, and VIIIA (Table 17 were  s i m i l a r l y  obtained.  

N-Methy l -N- (2 -hydroxypropy l )hydrazone  of Pinacol ine (VIB). A solution of 26 g (0.26 mole) of 
pinacoline and 26 g (0.25 mole)  of 1 - (N-methy lhydraz ino ) -2 -p ropano l  in 50 ml  of benzene was ref luxed in a 
f lask  equipped with a D e a n - S t a r k  t r ap  until the dis t i l la t ion of w a t e r  ceased .  The benzene was r emo v ed  by 
dis t i l la t ion at a tmosphe r i c  p r e s s u r e ,  and the res idue  was vacuum dist i l led.  

Pinacol ine  N-e thy l -N- (2 -hydroxypropy l )hydrazone  (IXB) and a mix tu re  of 2 - i s o p r o p y I - 2 , 4 , 6 - t r i m e t h y l -  
p e r h y d r o - l , 3 , 4 - o x a d i a z i n e  (VA) and methyl  i sopropyl  ketone N-methy l -N- (2 -hydroxypropy l )hydrazone  (VB) 
(Table 1) were  s i m i l a r l y  obtained.  

I. 

2. 
3. 
4. 
5. 
6. 
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