
react in part  with KBH 4 to form K2BI2H12. It is known that at 120" 9-pentaborane reacts with NaBH 4 to form 
Na2B12Hi2 [6]. Probably when I decomposes without releasing gaseous products [t, 2], the evolved 9-pentabo- 
rane also reacts with hydridoborate to form a mixture of B12Hi22- and B10H102- satts. Evidently the pyrolysis 
equations of [1]: 

5KB3Hs ~ 3KBH~ + K~BI~HI~ + 8H~ 
1 8 5  ~ 

4KB3Hs --~ 2KBH~ + K~BloHlo + 7H~ 

include the intermediate stages of 9-pentaborane formation and the subsequent formation of polyhedral arAons 
by the reaction of 9-pentaborane with KBH4. 

CONCLUSIONS 

The thermal decomposition of KB3H 8 in vacuum at 150 ~ forms 9-pentaborane and potassium hydridoborate, 
followed by partial reaction between the latter to form K2BI2HI2. 

2. 
3~ 
4. 
5. 

6. 
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O R T H O - E S T E R S  BASED ON 3, 6 - D I - T E R T -  

B U T Y L P Y R O C A T E  CHOL 

V. B. V o l l e v a ,  T.  I .  P r o k o f ~ e v a ,  
I .  Ao N o v i k o v a ,  I .  So B e l o s t o t s k a y a ,  
a n d  Vo V. E r s h o v  

UDC 542.91:547o565.2 

The H atoms of the methylene unit of 3,6-di-tert-butylpyrocatechot methylene ether (t), which can be ob- 
tained from 3,6-di-tert-butylpyrocatechol ffI) by synthesis in a two-phase catalytic system [1], have high hy- 
dride mobility, so that (I) can be used in the synthesis of various ortho-esters of sterically hindered pyrocat- 
echol, for example, by hydride cleavage in reactions with triphenylmethane derivatives. 

R R 
l 0 I 0 

~x'h'/ \CH, + P h3CX --, PhaCH + ~ ' ~  \CHX 
/ / 

I o f o 
R (I) R (III) 

R = C(CHs)s; X ~ C104, C1.ZnC|~ C1.HgC|~. 

Ether fflD formed in these reactions was converted, without isolation, by Mcoholysis with atiphatic alco- 
hols (CH3OH , C2H~OH) into mixed orthoformates (IVa, b), by treatment with 20% aqueous NaOH into orthofor- 
mate (V), and by the action of 3,6-di-tert-butylpyrocatechol (II) into orthoformate (VI) 
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(III) 

R '=  CHa (a), C2Hs (b). 

I 0 

g ' o H  i ~ o  \ 
C H O R '  

/ 

n (iv) 
tt It 
I o o I 

NaOH/~t,o ~ /  \ C H _ O _ H C /  ~ )  

/ % o /  No I 
It (v) " R 
R R 
I 0 0 I 

(VI) R 

Compound (VI) has also been direct ly  synthesized by react ion of (II) with chloroform in the CHC13- 50% 
aqueous NaOH two-phase  sys tem,  using (C4H~4NBr as an interphase t r ans fe r  catalyst .  Orthocarbonate (VII) 
could not be obtained under  s imi l a r  conditions using CC14 or  benzene as the organic phase.  Increase  in the 
contact  t ime of the reagents  (up to 10 days) leads to noticeable oxidation of (II) into a related quinone (VIII) and 

i O -  

/ / \ /  R 
R I l l  I o 

] OH I " - v \  

I oR i I o R 
R R R 

(II) (viii) (ix) 

to the appearaace  of product  (IX) as the resul t  of the react ion of (VIII) with the dianion of the initial (II). Or tho-  
carbonate  (VII} could be obtained in the p resence  of CuC1 as a cocatalyst  under  the conditions of interphase 
c a t a l y s i s  

R R 
I 0 o I 

(II) > c 
Bu4NBr 

0 ' 0  
R R 

(VII) 

It is  natural  to assume that t ransformat ions  with the par t ic ipat ion of CHC13 and CC14 leading to or tho-  
e s t e r s  differ  in the i r  mechan i sms .  With CC14, a nueleophilic substitution activated by the copper  catalyst  takes 
place.  In the case  of CHCls, probably a carbenium mechanism takes place,  whose key stages are the format ion 

of d ichloromethylene  and its introduction at the O - H  bond of the hydroxyl group of {II). 

R 
I OH 

CHC13 ~ CC13 : CC12 

I OCCI2H 
R 
~ --]:ICl 

R R R 
] 0 0 L I 0 

f o , H 0  I .  1 0 
R R R 

The format ion  of the :CC12 group in the react ion sys tem was conf i rmed by the isolation of its adducts with 
quinone (VIID with a 1 : 1 (X) and 1 : 2 (XI) composit ion 

1498 



R R CI2C R 

, o + c~c13 ~ +. 

0 
R C12C 

(x) IxI) 

EXPERIMENTAL 

Reaction of 3,6-Di-tert-butylpyrocatechol Methylene Ether (1) with Triphenylmethane Derivatives~ Tri- 
phenylmethyl  pe rch lo ra t e  Ph3CC104 was added to a solution of 1 mmole  of (I) in t0 ml of CH2C12. The reac t ion  
mix tu re  was held until  complete  dece lera t ion .  The d isappearance  of initial (I) and the format ion  of Ph3CH was 
es tabl ished by the TLC method on Silufol UV-254 in var ious  sys t ems  of solvents (identified by compar i son  with 
a s tandard  sample,  and isola ted p repa ra t ive ly  by chromatography in hexane, yield 87%, mp 93-94"C)o The r e -  
actions of if) with Ph3CC1 o MC12 (M = Zn, Hg) were  ca r r i ed  out in a s imi l a r  way. The reac t ion  mix ture  was 
fu r the r  t r ea t ed  with a) excess  of alcohol (CH3OH , C2HsOI1) , b) 20% aqueous NaOH, c) a solution of pyrocatechol  
(ID in CH2C12. The following compounds were  isolated by p repa ra t ive  TLC in the h e x a n e - e t h e r  (8 : 1) sys tem:  
a) e s t e r s  (IVa) and (IVb); (iVa): Rf 0~ co lor less  oily liquid. Found~ C 72.70; H 9~ CleH2~LO 3. Calculated." 
C 72~ H 9.09%~ UV spec t rum:  kma x 285 nm. (IVb): Rf 0.6, mp 52-53~ (from acetone).  Found: C 73.46; 
H 9.38% ~ C17H2603o Calculated; C 73~ H 9.35%o UV spectrum~ kmax 285 nm; b) o r thoformate  (V): Rf 0~ 
mp 156-158~ (from acetone).  Found". C 75.00; H 8.71%. C30H4205. Calculated: C 74.69; H 8.70. PMR spec-  
t rum (5, ppm)~ 1.11 s (18H), 5.33 s (2H), 3.60 s (1H); c) o r thoformate  (VI). ~ Rf 0.7, nap 228~ (from aeetone).  
Found." C 76.56; H 9o41%. C2~H4204. Calculate&. C 76.48; H 9.26%. E s t e r  (VI) was oxidized by Ag20 in ben- 
zene into the cor responding  phenoxyl radical~ 

React ion of 3 ,6 -Di - te r t -bu ty lpyroca techo l  (II} with Chloroform~ A 2--mmole por t ion  of Bu4NBr and 1 ml 
of 50% aqueous NaOH were added to a solution of i mmole of (iI) in i0 ml of CHCIs, and the mixture was stirred 
for 7 days at ~20~ The organic phase was separated, washed with water to a neutral reaction, and partially 
evaporated~ The ortho-ester (VD was isolated by preparative TLC on Silufol UV-254 in the hexane-ether 
(6 ~ 1) system, Rf 0~ mp 222-223~ yield 10%; no depression of a mixed melting point with a sample obtained 
by the preceding method was observed. 

Reaction of 3,6-Di-tert-butylpyrocatechol with Carbon Tetrachlorideo A 2 ~ 10-~znole portion of Bu4NBr 
and 1 ml of 50% aqueous NaOH solution were added to a solution of I mmole of (If) in I0 ml of CC14. The re~ 
action was carried out in the presence of CuCI catalyst at ~20~ for seven days, with vigorous stirring~ The 
organic phase was separated, washed with water, CCI 4 was partially evaporated, and the residue was chromate- 
graphed on Silufol UV-254 in the hexane-water (6 ~ I) system. The layer with Rf 0~ was eluted by hexaneo The 
yield of ortho-ester (VH) was I0%, mp 254-255~ (from hexane). Found: C 77.06; H 8.70%. C2~4004o Caleu- 
lated~ C 77.0~ H 8o84%. PMR spectrum (6, ppm): 1.25 s (gH), 5.43 s (1H). 

A 2-mmole poI~ion of Bu4NBr and i ml of 50% aqueous NaOH were added to a solution of 1 mmole of (If) 
in I0 ml of CCI 4. The reaction was carried out in the absence of a catalyst. By chromatography on Silufol 
UV'-254 in the hexane-ether (6 ~ I) system, a lemon-yellow layer was collected with Rf 0.8, which was eluted 
by hexane, and hexane was evaporated. The yield of (IX) was 20%, mp 253~ (from acetone). Found". C 76.50~ 
H 9.09%~ C14H2002o Calculated C 76o36~ H 9.09%. PMR spec t rum (6, ppm)~ tol  s (9H), 1.2 s (9H)~ 1.4 s (18H), 
7.1 s (IH), 7.35 s (2H), 8.1 s (IH). 

Reaction of 3,6-Di-tert-butyl-o-benzoquinone with Chloroform~ A solution of 1 mmole of quinone (VEI) 
and 2 o 10 -3 mole of Bu4NBr in i0 ml of CHCI s was vigorously shaken for 2 rain with 1 ml of 50% aqueous NaOH. 
The gray-brown color of the solution turned lemon-yellow. The organic phase was separated, washed with 
water, CHCI 3 was partially evaporated, and the residue was ehromatographed on Silufol UV-254 in the hexane- 
ether system. Two layers were collected." a pale yellow one with Rf 0~8 and lemon-yellow one with Rf 0.55. 
Elution by hexane gave (X) (Rf 0.55) and (XI) (Rf 0.8). Compound (X)~ yield 30%, mp 130-132~ (from hexane). 
Found" C 59.63; H 6.52%. C15H2002C12. Calculated~ C 59.45~ H 6~176 PMR spectrum (5, ppm): i.2 s (9H), 
1.25 s (9H), 2~ d (IH, J = 6 Hz), 6~ d (IH, J = 6 Hz). Compound (XIh yield 60%, rap 149-150~ Found" 
C 50.02; H 5.3270 ~ CIsH2002C14o Calculated~ C 49o71; H 5.18% o PMR spectrum (5, ppm)~ 1o14 s (9H), 2.60 s 
(1H). 
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C O N C L U S I O N S  

1. Methods for  the synthes is  of o r t h o - e s t e r s  based  on 3 ,6 -d i - t e r t - bu ty lpy roea t echo l  have been developed.  

2. Concepts on the m e c h a n i s m s  of fo rma t ion  of o r tho fo rmate  and or thocarbona te  in the reac t ion  of 
3 ,6 -d i - t e r t -bu ty lpy roca t echo l  with ch lo ro fo rm and ca rbon  t e t r aeh lo r ide  in two-phase ca ta ly t ic  s y s t e m s  have 
been fo~nulated~ 
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We found that  the composi t ion  of p roduc t s  of the r eac t i on  of 3 ,6 -d i - t e r t - bu ty lpy roca t echo l  (I) with thionyl 
chlor ide (TC) in the p r e s e n c e  of d ime thy l fo rmamide  (DMFA) in e the r  depends on the ra t io  between the r e -  
agents .  At an equ imola r  ra t io ,  the m a i n  p roduc t  is 3 , 6 - d i - t e r t - b u t y l - o - p h e n y l e n e  sulfi te  (II). 3 , 6 -D i - t e r t - b u ty l -  

R R R 
I O H  I o ! o 

I O H  I 0 I O 
R R R 

(I) (II) (III) 
R ~ CMea 

pyroca techo l  d imethylaminomethylene  e the r  hydrochlor ide  (HI) is  f o r m e d  in pa ra l l e l  in a low yield toge ther  
with DMFA hydroch lor ide .  The fo rma t ion  of ffl]j i s  the r e su l t  of the fo rma t ion  of V i l s m e i e r  r eagen t  (VR)-  
d ichloro-N,N-dimethylaminometha~m,  followed by i t s  r eac t ion  with (D. This  was conf i rmed  by the reac t ion  of 

R 
[ o 

MezNC(O)tt > Me2NCHC|z - -~  (III) ~CHNMes 
�9 % / ~  / 

i O 
a (iv) 

(I) with the spec ia l ly  p r e p a r e d  VR, leading to the fo rma t ion  of (III). When (IID is  t r ea t ed  with an acetone so lu -  
t ion of KOH, the f r e e  base  (IV) is  i so la ted .  An unusual  type of t r a n s f o r m a t i o n  p r o c e e d s  in the r eac t ion  of (I) 
with TC in DMFA at a ra t io  (I) : TC = 2 ~ 1. In this case ,  the fo rmat ion  of not only sulfi te (II) is  observed ,  but 
a lso  of e lementa l  su l fur  and 3 ,6 -d i - t e r t -bu ty l -o -benzoqu inone  (V). I t  is  poss ib le  that  su l fur  and quinone (V) a re  

i 0 I O H  I O 

7Ao 7 o. o \o , o 
R I4 

(w) (v) 

p roduc t s  of the s imul taneous  f ragmenta t ion  of the uns table  su l furan  (VI), f o r m e d  by the act ion of excess  of (I) 
on sulfi te  ~II). This  s e r v e s  as an ind i rec t  conf i rmat ion  of the p rev ious ly  d i s cove red  [1, 2] tendency of (D, as  a 
bidentate  ligand, to subst i tute  a m ax i m a l  number  of coordinat ional  vacanc ies  of the e lement  in compounds of 
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