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Due to i t s  high reac t iv i ty ,  4 -hyd roxy -3 ,5 -d i - t e r t - bu ty lbenza l  chloride can be used successfu l ly  fo r  
the p r e p a r a t i o n  of highly d ive r se  de r iva t ives  of s t e r i ca l ly  hindered phenols  [1]. In the p r e sen t  pape r  we 
studied the reac t ions  of benzal  chloride (I) with a number  of p r i m a r y  al iphatic  and a roma t i c  amines ,  some 
secondary  amines ,  t r i e thy lamine ,  and pyr idine.  

With p r i m a r y  amines  the reac t ion  takes  place by s imply  mixing the reac tan t s  in an ine r t  solvent  
(hexane, ch lo roform,  CC14), and i s  ended in 2-3 h at room t e m p e r a t u r e .  Independent of the nature  of the 
p r i m a r y  amines ,  only the cor responding  Schiff ba se s  a re  fo rmed  in this  reac t ion  (Table 1). With aliphatic 
p r i m a r y  amines  the yield of the Schiff ba se  is  85-90%, while with a r o m a t i c  amines  it  is  65-85%. In the IR 
s p e c t r a  of the compounds obtained in this manne r  a re  p r e sen t  absorpt ion  bands in the regions  1655-1611 
cm - i  skele ta l  v ibra t ions  of C = N) and 3640-3650 em - I  (unassociated hydroxyl  of s t e r i ca l ly  hindered phen-  
ols) 

OH OH 
(CH3)a C,~)/C (CHs)a H2NR_~ (CHs)a C,~)/C (CHs)a 

i i CHCI~ HC=NR 
(I) 

R=Alk, Ar 

4 -Hydroxy-3 ,5 -d i - t e r t -bu ty lbenza ldehyde  is  f o rmed  when the obtained azomethines  a re  t r ea ted  with 
mine ra l  acid solutions.  

With secondary  amines  the reac t ion  also p roceeds  under  mild  conditions. The compounds fo rme d  in 
this case  r e p r e s e n t  subst i tuted methylenequinones  (Table 2), in which connection some of them were  ob-  
tained by us p rev ious ly  by the oxidation of the cor responding  4 -aminomethy l -2 ,6 -d i - t e r t -bu ty lpheno l s  with 
alkaline po ta s s ium fe r r i cyan ide  solution [2] 

O}t 0 OH 
(CHs)~ C\(/~/C]/(CHs)s HNR'R", (CHs)s C\(~/H "C (CHs)a KWeOH_(CNh (CHs), C~/C (CH~)s 

CHCI~ HCNR'R" I 
(I) CH~NR'R" 

When (I) is  reac ted  with morphol ine  the reac t ion  does not stop at the stage of fo rming  the methy lene-  
quinone. In this  case  the obtained methy leneqn inoneforms  a complex  with  excess  morphol ine ,  which is ap-  
pa ren t ly  f o rmed  via  the hydrogen bond of the carbonyl  group of the methylenequinone and the hydrogen of 
morphol ine ,  since the bas ic i ty  of morphol ine ,  when compared  with the other  studied secondary  amines ,  is  
cons iderably  lower.  
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TABLE i. 4 - H y d r o x y - 3 , 5 - d i - t e r t - b u t y l a l k y l ( a r y l ) i m i n e s  

oil 
(cit~)c I c(cH~ h -(y 

V 
H C = N R  

(:Ha 

CH(CH~)e 

n-CtH9 

C~HI1 

C~H~ 

p-C~H~-- 
O Ci{~ 
p-CsH~-- 
O--CIH5 
p-C~Ht-- 
CKa 

Lp, ~ 

1 
158--t59 

t77--t78 

t26--t27 

96 --97 

100--10t 

tt7--tt8 

t31--t32 

tt3--tt4 

t655 

t644 

1635 

t643 

t632 

t630 

1630 

16tt 

Empirical 
,G formula 

91 C16H~50N 

86 ClsH~90N 

89 C19Ha0N 

83 C~H3aON 

73 C~IH~70N 

68 C~H~02N 

76 C~aH3~02N 

76 C2~H~90~N 

._ Found, % 

tt 

77,56 9,99 
77,62 t0,02 
77,09 t0,40 
79,02 t0,3t 
78,16 t0,t6 
78,05 t0,2t 
79,9t t t , t2 
80,01 tt,07 
8t,50 8,75 
8t,59 8,66 
77,90 8,56 
77,8t 8,51 
78,20 8,78 
78,29 8,65 
81,80 9,00 
81,72 9,15 

Calcd., % 

N C H 

6,02 77,7010,t0 
6,t0 
5,2t 78,50 10,52 
5,16 
4,89 79,0010,72 
4,81 
4,69 80,00 t0,50 
4,7t 
4,53 81,96 8,03 
4,49 
4,12 77,63! 8,46 
4,2t 78,35 3,96 8,35 

4,344'04 8t,28 8,80 
4,5t 

5,76 

5,10 

4,85 

4,45 

4,4t 

4,83 

4,54 

4,62 

TABLE 2. o z - A m i n o a l k y l - 2 , 6 - d i - t e r t - b u t y l m e t h y t e n e q u i n o n e s  
o 

(Clt~hC II C(cH~h 

II ( \ /  
H C N R ' R  ~ 

NR'R" Mp, ~ ,~,S 

I 
16t9 I 

t6t5 I 
16t0 t 

t610 ] 

1616 

i 
- -  i 

I 

* From [2]: mp 133-134 ~ 
TFrom [2]: mp 170-171 ~ . 
SFrom [2]: mp 185-168 ~ . 

N (CH3)2 17t--173 

N (C~Hs)~ i34--t35" 
NCsH10 169--t70 ~" 

N (C6Hn)~ tt8--it9 

NC~HsO 164--t655 

N C4Hs0 
HNC4Hs0 102--103 

84 

87 
77 

79 

9t 

Empirical Found, % 
formula c 

G17H270N 78, t3 
78,23 

i 

C~TI-I~sON 8t ,43 
8t,55 

ClgI-I2~ON 75,34 
175/.3 

C~HasO3N 7t ,20 
7t,56 

Calcd., % 
I 

H N C 

78,tlt0,45 

10,8513,55 8t,6010,82 
t0,893,63 
9 , 8 2  75,259,93 
9,75i 
9,69 7,29 70,8t 9,75 
9,78 7,35 

3,52 

7,t8 

When th i s  complex  i s  hea ted  (or in  the p r e s e n c e  of po l a r  solvents)  i t  d e c o m p o s e s  with the l i b e r a t i o n  
of m o r p h o l i n o - 2 , 6 - d i - t e r t - b u t y l m e t h y l e n e q u i n o n e .  In c o n t r a s t  to the Sehiff b a s e s ,  a band  is  p r e s e n t  at 
1600-1610 em -1 in  the IR s p e c t r a  of the ob ta ined  methylene(~uinones ,  which is c h a r a c t e r i s t i c  for  the con-  
jugated  ca rbony l  group of a m i n o m e t h y l e n e a u i n o n e s ,  and the a b s o r p t i o n  band (3640 em -1) of a s t e r i c a l l y  
h i n d e r e d  phenol ic  hydroxyl  i s  absen t .  Based on the data  of the IR s p e c t r u m ,  in  the complex  of ~ - m o r p h o -  
l i n o - 2 , 6 - d i - t e r t - b u t y l m e t h y l e n e q u i n o n e  a r e  p r e s e n t  both the f r equency  of a conjugated  ca rbony l  group  (1620 
em -1) and the a b s o r p t i o n  f r equency  of a s t e r i e a l l y  h i n d e r e d  phenol ic  hydroxyl .  

When b e n z a l  ch lo r ide  (I) i s  r e ac t ed  with t r i e t h y l a m i n e ,  a m m o n i a ,  or  NaHCO 3 the re  o c c u r s  c leavage  of 
a m o l e c u l e  of hydrogen  ha l ide  and c ~ - c h l o r o - 2 , 6 - d i - t e r t - b u t y l m e t h y l e n e q u i n o n e  (II) i s  obta ined.  This  c o m -  
pound is  s t ab le  in  the p u r e  s ta te  and is  a l so  r eac t i ve ,  j u s t  l ike (I). In the IR s p e c t r u m  of m e t h y l e n e q u i n o n e  
(II) i s  p r e s e n t  a double t  at 1610 and 1620 cm -1, and an a b s o r p t i o n  f r e que nc y  in  the 3640 cm -1 r eg ion  i s  
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absent. In addition, in the UV spect rum of methylenequinone (lI) there is p r e s e n t  charac te r i s t ic  absorp-  
tion (Amax 300 nm), which is also inherent to other methylenequinones [3]. The adduct with two molecules 
of pyridine (III) is initially formed in the reaction of benzal chloride (I) with pyridine. This adduct rep-  
resents  a saltlike compound that is soluble in water ,  in which connection all of the halogen is found as the 
anion (see Experimental  Method). On the basis  of the IR spectral  data for  adduct (HI) it is possible to as -  
sume that this compound represen t s  the b i s -qua te rnary  pyridine derivative of the s ter ical ly  hindered phe- 
nol. The appearance in the IR spec t rum of adduct (III) of a band in the 1610 cm -1 region is apparently as -  
sociated with the p resence  of a positive nitrogen, the presence of which in the molecule leads to a sharp 
weakening of  the O - H  bond of the s ter ical ly  hindered phenol 

0 OH 
(CH3)3 C~%/C (CH3)8 N (C2Hs), (CHs)s C~ /C (CHa)s Pyridine_, (CHa)~ C~ /C (CHs)s 

v 
II J 
CHCI CHCI2 ~N--CK--N~,/__ 
(II) (1) 

Cl 
(rH) 

When adduct (III) is treated with water there occurs cleavage of pyridine hydroehloride and the pyridyl 
derivative of the methylenequinone (W) is formed. The IR spectrum of the hydrochloride of c~-pyridyl- 
2,6-di-tert-butylmethylenequinoid structure of this compound (VC= O 1610 and 1630 cm-l). Methyleneqni- 
none (IV) is readily soluble in water, contains chloride ions, and was also obtained by the reaction of (I D 
with pyridine 

OH 0 0 
(CHa)s C \  II /C(CHa)~ 

<3 
r . - ~ +  I + ~ - ~  II . . g - - %  II CHC1 C~NN=/  

ci Ci c1 
(III) (IV) (II) 

It is in terest ing to mention that, as the resul t  of the reaction of (IID with p r ima ry  and secondary 
amines,  the same as in the case of the react ion of (I) with amines,  the same reaction products are formed. 
Thus, for  example, as the resul t  of the react ion of (II) with diethylamine we obtained ~-die thylamino-2,6-  
di - ter t -butylmethylenequinone,  while when react ion was with aniline the corresponding Schiff base was ob- 
tained 

OH 0 

(CHs)sC\ /C (CHa)a C,I-IsNH, (CHa)a • / ~ (CHa)a C\ II /C (CH3)8 

CH=NCsH5 CIICI I] 
(II) CHN (C2Hs)~ 

(II) is quantitatively converted to (I) in the presence  of hydrogen chloride. In connection with what has 
been said, it can be assumed that methylenequinone (H) is an intermediate compound in the reaction o f b e n -  
zal chloride (D with amines. 

The amines and imides of carboxylic acids do not react  with (I} and (lI) under analogous conditions. 

EXPERIMENTAL METHOD 

Reaction of 4-Hydroxy-3,5-di-tert-butylbenzal Chloride (I) with Primary Amines. To a solution of 
0.04 mole of primary amine in 40 ml of CCI 4 was added a solution of 0.01 mole of (I) in 20 ml of CCI 4 at 20 ~ 
After 2 h the obtained precipitate of amine hydrochloride was separated, and from the solution, after eva- 
poration of the solvent and recrystallization of the residue from hexane, were isolated the corresponding 
azomethines. The physical constants, yield, and elemental analysis data for the obtained compounds are 

given in Table i. 
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React ion of 4 - H y d r o x y - 3 , 5 - d i - t e r t - b u t y l b e n z a l  Chloride (I) with Secondary Amines.  To a so]u~ion of 
0.04 mole  of secondary  amine  in 15 ml of hexane at 20 ~ was added 0.01 mole of (I) in 10 ml of hexane. Af- 
t e r  1 h the obtained prec ip i ta te  was  separa ted ,  washed with w a t e r  and dried.  The physical  constants ,  yield,  
and e lementa l  analys is  data for  the obtained compounds are  given in Table 2. 

The r ec rys t a l l i za t ion  of the complex of ~-morphol ino-2 ,6-di - te r t -buty lmethylenequ_inone with m o r -  
pholine f r o m  ethanol gave ~ -morpho l ino -2 ,6 -d i - t e r t -bu ty lme thy lenequ inone .  

~ -Ch lo ro -2 ,6 -d i - t e r t -bu ty lme thy lenequ inone  (II). To a solution of 0.1 mole  of (I) in 20 ml of hexane 
at 0 ~ was added 4 ml  of (C2Hs)3N in 30 mt of hexane.  After  3 h the obtained prec ip i ta te  of (C2Hs)3N'HC1 was 
separa ted ,  and f r o m  the mothe r  l iquor by l o w - t e m p e r a t u r e  c rys ta l l i za t ion  was isola ted 1.83 g (73% of 
theory) of (II), ~ m a x  300 nm (e 3.4.104). Found: C 70.95, 70.88; H 8.17, 8.22; C1 14.35, 14.22%; tool. wt. 
265 (cryoseopica l ly  in benzene).  C15H21C10. Calculated: C 71.37; H 8.32; C1 14.7%; tool. wt. 252.2. 

A solution of 1.45 g of (I) in 30 ml  of dichloroethane was t r ea t ed  with 1.68 g of NaHCO 3 in 20 ml of 
wate r .  After  3 h the organic  l a y e r  was sepa ra ted  and the solvent  was vacuum-dis t i l l ed .  The residue was 
r ec ry s t a l l i z ed  f r o m  hexane. The yield of (II) was 90%, nap 56-57%. The obtained compound was identified 
by IR spec t roscopy .  

The reac t ion  of (II) with methanol  gives  4 -hydroxy-3 ,5 -d i - t e r t -bu ty lbenza ldehyde ;  yield 98%; mp 188- 
189 ~ F r o m  [4]: mp 188-189 ~ (I) is  obtained in quanti tat ive yield by the react ion  of (II) with HC1 in hexane 
solution, mp 97-98 ~ F r o m  [1]: mp 98 ~ 

Dichloride of 4 - (N ,N-Dipyr idy lme thy l ) -2 ,6 -d i - t e r t -bu ty lpheno l  (III). To a solution of 6.6 ml of p y r i -  
dine in 30 ml  of dichloroethane was added 0.02 mole  of (I) in 20 ml of dichloroethane.  After  3 h the obtained 
c r y s t a l s  were  sepa ra ted  to give (III) in 80% yield; mp 139-140 ~ Found: C 67.19, 67.25; H 6.58, 6.55; C1 
15.77, 15.86; N 6.48, 6.44%. C25H32C12ON 2. Calculated: C1 16.40, 16.10%. 

Chloride of a - P y r i d y l - 2 , 6 - d i - t e r t - b u t y l m e t h y l e n e q n i n o n e  (IV). To 7.15 g of (III) was added 50 ml of 
wate r .  After  2 h the p rec ip i t a te  was f i l t e red  and r ec ry s t a l l i z ed  f r o m  dioxane. The yield of (IV) was 85%, 
mp 124-125 ~ Found: C 69.61, 69.54; H 8.10, 8.02; C1 10.71, 10.24; N 4.10, 4.22%. C26H26C1NO. Calcu-  
lated: C 69.20; H 7.50; C1 10.25; N 4.03%. M e r c u r o m e t r i c  t i t ra t ion.  Found: C1 10.09, 10.20%. 

To a solution of 2.5 g of (II) in 20 ml  of diehloroethane was added 3.3 ml  of pyr idine in 30 ml  of di -  
chloroethane.  After  3 h the solvent  was  vacuum-dis t i l l ed ,  and the res idue  was r ee rys t a l l i z ed  f r o m  dioxane. 
The yield of (IV) was 84%, nap 123-124 ~ The substance  was identified by IR spec t roscopy .  

React ion of (II) with Diethylamine.  To a solution of 2.5 ml of (C2tt5)2NH in 50 ml  of CCI~ was added 
1.25 g of (II) in 20 ml  of CC14. The yield of d ie thy lamino-2 ,6 -d i - t e r t -bu ty lmethy lenequinone  was 90%, m p  
138-139 ~ The subs tances  was identified by IR spec t roscopy  (see Table  2). 

React ion of (II) with Aniline. To a solution of 2 ml  of aniline in 20 ml  of CC14 was added 2.5 g of (II) 
in 20 ml of CCI 4. Af ter  3 h the aniline hydrochlor ide  was separa ted ,  and 4 - h y d r o x y - 3 , 5 - d i - t e r t - b ~ t y l b e n -  
za l iminobenzene was i so la ted  in 69% yield f r o m  the solution, mp 100-101 ~ The substance  was identified by 
IR spec t roscopy  (see Table  1). 

The authors  e x p r e s s  the i r  gra t i tude  to N.M. Emanu61 for  his in te res t  in the work during i ts  execu-  
tion. 

C O N C L U S I O N S  

A study was made of the reac t ion  of 4 -hyd roxy -3 ,5 -d i - t e r t - bu ty lbenza l  chloride and ~ - c h l o r c - 2 , 6 -  
d i - t e r t -bu ty lmethy lenequionone  with va r ious  amines .  

I. 

2. 

3. 

4. 
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