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The possible use of te t rabutylammonium borohydride andits  ehloro derivat ives  for the select ive reduction 
of poiyfunctional compounds was studied in the present  paper.  It is known that borohydrides  are  very  efficient, 
mild, and select ive reducing agents for aldehydes that contain other functional groups (epoxide, es ter ,  lactone, 
nitr i le,  etc.). 

When fumaraldehyde acetal (CHaO)2CHCH=CHCHO (I), which contains an aldehyde and an acetal group, 
and also an c~,fi double bond, is reduced by Bu4NBH 4 (IIa), Bu~NBH~C14 (lib) or  Bu4NBHC1 a (lie) in var ious  solvents 
(THF, CH2C12, C~H~), in the range f r o m - 5  to 20~ the s tar t ing aldehyde underwent complete tarr ing.  

In o rder  to ascer ta in  the effect of the c~,fi double bond on the reduction of the aldehyde and the acetal 
group we studied the react ion of ci tral  oxide (III), maIonaldehyde bis(diethyl acetal) (IV), and crotonaldehyde 
diethyl acetal  (V) with (IIa) and (IIb): 
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It proved that the reduction of (]2I) by ei ther  (IIa) or (lib) proceeds  with retention of the oxide r ing and leads to 
epoxygeraniol  (VD, which is found to agree with the data given in [1] on the reduction of (]II) by NaBH 4. 

When diacetal (IV) is t rea ted  with either (IIb) or (IIc), it is reduced to 1,3-diethoxypropane C2H5OCH 2- 
CH2CH2OC2H 5 (VII). Such p r o g r e s s  of the react ion can serve  to explain the known fact that the a lumchydrides  
or borohydrides  of the alkali metals  in admixture  with the Lewis acids A1C13 or BF 3 [2-5] cause the ceductive 
cleavage of saturated acetals ,  in which connection the yield of the formed e thers  increases  with increase  in 
the amount of A1 or  B halides added to the react ion relative to the complex hydrides.  The react ion of the 
complex hydrides with Lewis acids probably leads to replacement  of hydride hydrogen by halogen atoms and 
the formation of halo-subst i tuted a lumo-  and borohydrides ,  which evidently are  the reagents  for the eeductive 
cleavage of acetals .  Such an assumption is also supported by the fact that (IIa) does not reduce (IV). 

Like in the case of (I), only t a r r ing  of the s tar t ing product occur red  when (V) is reduced by (IIb) in v a r i -  
ous solvents and at different t empera tu re s .  

As a resul t ,  the p resence  of a double bond, conjugated with either an aldehyde or an acetal group, p r e -  
vents the reduction of c~,fl-unsaturated aldehydes and aeetals  using the chloro derivat ives of te t rabutylammonium 
borohydrides .  

The treatment of l-formyl-2,2-dichloro-3-methylcyclopropane diethyl acetal (VIII) with (IIa) in either 
THF or C6H 6 gave a mixture of several products (GLC) with close retention times. Reduction using (lib) led to 
l,l-dichloro-2- (ethoxymethyl)-3-methylcyclopr opane (IX): 

CHaHC-----CHCH(0C~.Hs)2 -* CHaHC CHCH~OC2H5 

(VIII) (IX) 
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TABLE 1. Yields and Characteristics of Obtained Products 

Yield, 
Compound % 

(VI) 47 

(u 35 

(ix) $ 88 

bp, ~ 
(p, mm Hg) 

ti8-i20(8) * 

67-68 (50) "~ 

75-77(t5) 

*of. [1]. 
?cf.  [7]. 

1,4655 * 

t,4115 ~ 

tA505 

PivlR spectrum (5, ppm, 7, Hz) 

1,22 d (3H, CHa, 1=2) ; 1,55s, 1,64 s (6H, 
(CHa) 2C=); t,8-t,2 m(4H, CHzCH2) ; 
2,5-2,9 m(IH, CHcvcl) ; 3,4-4,0 m(3H, 
CH2OH) ; 4,9-5,2 n~(1H, CH=) 

t,08 t (6H, 2CHa, 1=7) ; 1,65 q (2H, CHz, 
]=6) ; 3,3i t (4H, 2CH20, I=7) ; 3,35 t 
(4H, 2CHzO, ]=6) 

1,t5 t (3H, CH3 etker, ]=7); t,2-i,4 m(5H, 
CHa, 2Hcycl) ; 3,30-3,55 m(4H, 2CH20) 

$ Found:  C 45.83; H 6.97; C1 38.94%. C7H12C120. Calcula ted :  C 
45.92; H 6.65; C1 38.73%. 

The s t r u c t u r e  of the ob ta ined  compounds  was p roved  by the e l e m e n t a l  a n a l y s i s  and PMR s p e c t r a .  The 
pu r i t y  of the ob ta ined  p roduc t s  was v e r i f i e d  by GLC. 

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

The GLC a n a l y s i s  was run  on an LKhM-8 MD-5 c h r o m a t o g r a p h ,  u s i ng  a f l a m e - i o n i z a t i o n  de tec tor ,  
n i t r o g e n  as  the c a r r i e r  gas ,  and a 1.4 m • 0.003 m g lass  co lumn packed with 5% SE-30 depos i ted  on C h r o m a t o n  
N-AW-DMCS.  The PMR s p e c t r a  were  r e c o r d e d  on a V a r i a n  D A - 6 0 - I L  i n s t r u m e n t  (60 MHz), u s ing  CC14 as the 
so lven t  and TMS as  the i n t e r n a l  s t a n d a r d ,  while the c h e m i c a l  sh i f t s  a r e  g iven on the 5 sca le .  

The s t a r t i n g  (IIb) and (IIc) were  ob ta ined  a s  d e s c r i b e d  in [6]. 

Epoxyge ran io l  (VI). a) With s i t r r i n g ,  to a s u s p e n s i o n  of 9.9 g of (IIa) in 100 ml  of abs .  benzene  at 5-7 ~ 
was added in 30-40 min  a so lu t ion  of 6.6 g of (III) in 30 ml  of abs .  benzene ,  a f te r  which the m i x t u r e  was  brought  
up to ~20 ~ and kept for 5 h. Then  the r e a c t i o n  m i x t u r e  was added to a 3 : 1  a c e t o n e - w a t e r  m i x t u r e ,  cooled 
to - 5  ~ to 0 ~ brought  up to ~20 ~ and s t i r r e d  for 3 -4  h. The o r g a n i c  l a y e r  was s epa ra t ed ,  while  the aqueous  
l a y e r  was e x t r a c t e d  with e the r .  The combined  o r g a n i c  e x t r a c t  was d r i e d  over  K2CO3, the so lvent  was evapora t ed  
in a r o to r  e v a p o r a t o r ,  and the r e s i d u e  was d i s t i l l ed .  

b) To 26.6 g of (IIb) in 100 ml  of abs .  benzene  was  added at 5 ~ a so lu t ion  of 6.6 g of (III) in 50 ml  of abs .  
b e n z e n e ,  and then the m i x t u r e  was w a r m e d  up to ~20 ~ and kept  for a day. Then the r e a c t i o n  m i x t u r e  was 
poured  into an a lcohol  so lu t ion  of caus t i c ,  cooled to 0 ~ and s t i r r e d  for  3 h. W a t e r  was added and the o rgan i c  

l a y e r  was  s e p a r a t e d .  

The aqueous  l a y e r  was e x t r a c t e d  with e t h e r .  The c o m b i n e d  o r ga n i c  f r a c t i ons  were  d r i ed  over  K~COa, 
the so lvent  was r e m o v e d  in a r o to r  e v a p o r a t o r ,  and the r e s i d u e  was d i s t i l l ed .  The y ie ld  and c h a r a c t e r i s t i c s  

of (IV) a r e  g iven in  Tab le  1. 

G e n e r a l  Method for Reduc t ion  of (I), {IV), (V), and (VIII). With s t i r r i n g ,  to a s u s p e n s i o n  of 0.025 mole  
of (IIa-c)  in 50 ml  of abs .  b e n z e n e  at  0-5  ~ was added in d rops  a so lu t ion  of 0.025 mole  of (I), (IV), (V), o r  
(VIII) in 30 ml  of abs .  b e n z e n e .  The m i x t u r e  was g r a dua l l y  heated to 65-70 ~ and then kept at th i s  t e m p e r a t u r e  
for 6 h. Then m o s t  of the so lven t  was  evapo ra t ed  in vacuo  u s i n g  a w a t e r - j e t  pump un t i l  a p r e c i p i t a t e  began 
to depos i t .  The ob ta ined  c o n c e n t r a t e d  so lu t ion  was t r e a t e d  with pen tane  and the p r e c i p i t a t e  was f i l t e r ed  and 
washed  with pen tane .  The combined  pen tane  e x t r a c t s  were  d r i ed  over  Na2SO 4, the so lvent  was r e m o v e d ,  and the 
r e s i d u e  was d i s t i l l ed .  The y ie lds  and c h a r a c t e r i s t i c s  of the ob ta ined  p roduc t s  (VI), (VII), and (IX) a re  given in 
Tab le  1. 

C O N C L U S I O N S  

1. The r educ t i on  of c i t r a l  oxide us ing  t e t r a b u t y l a m m o n i u m  borohydr ide  and i ts  eh loro  d e r i v a t i v e s  
p r o c e e d s  with r e t e n t i o n  of the oxide r i n g  and l eads  to epoxygeran io l .  

2. The ch loro  d e r i v a t i v e s  of t e t r a b u t y l a m m o n i u m  bo rohydr ide  can be used for the r educ t ive  c leavage  
of s a t u r a t e d  a c e t a l s .  
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PREPARATION OF HALO-SUBSTITUTED ESTERS 

OF CARBOXYLIC ACIDS 

A. I. Yurtanov and I. V. Martynov UDC 542.97:547.464,547.722.3  

It is known that cyclic ethers when treated with hydrogen halides and the anhydrides and acid halides of 
cacboxylic acids undergo cleavage at the C-O bond to give halo-substituted esters [1-3], which can be used as 
plasticizers and intermediates in the synthesis of detergents, alcohols, amines, and quaternary ammonium 
salts. 

Methods were described in [4-6] for cleaving THF by carboxylic acids in the presence of inorg:anic acid 
halides and Lewis acids as the catalysts. As a rule, the reaction is run by heating the reaction mixture for a 
long time above 100~ The use of a catalyst hinders the isolation of the desired product. 

We obtain the 4-chlorobutyl esters of carboxylic acids by refluxing THF, the carboxylic acid, and either 
SOCI 2 or POCI 3 at 65 ~ for 4-6 h and then keeping the reaction mixture at room temperature. The reaction 
products distilled completely as the pure compounds, except 4-chlorobutyl acetate, which contained up to 30% 
of h i g h - b o i l i n g  u n i d e n t i f i e d  p r o d u c t s :  

(Ia--c) 0 (Ha--c) 
R = H ,  n = i  (~); R~=CI, n = i  (b); R = B r ,  n = 2  (c). 

HCh 
Apparently, SOCI 2 and POCI 3 first react with the carboxylic acids to give the acid chlorides (Eli) and 

(la-c) q- SOCI.(POCIs) -* R(CH~)nCOCI 4-. HCI 
(Ilia-- c) 

The HCI cleaves THF via the intermediate carbonium cation [7] to give 4-chlorobutanol (IV): 

l:ICl > 

"N / ~/---Nx~ ~ HO(CH2)~CI (IV) 
o OH CI | 

The acylation of (IV) by acid chloride (Ill) leads to ester (II). The cleavage of the THF ring by a proton 
is more probable than by an acyl cation, due to more rapid and milder cleavage, than under conditions that 
exclude the entrance of hydrogen halides into the reaction mixture [8]. 

1,4-Dioxane was not cleaved under the indicated conditions after 6 h of refluxing. 
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