
O R G A N O B O R O N  C O M P O U N D S  

COMMUNICATION 197. REACTION OF TRIALLYLBORON 

WITH ~,fl-UNSATURATED ALDEHYDES 

G .  S .  T e r - S a r k i s y a n ,  N.  A. N i k o l a e v a ,  
a n d  B .  M. M i k h a i l o v  

UDC 542.91 + 547.244 

As is known, Gr ignard  reagents  a re  obtained f rom allyl  halides with g r e a t e r  difficulty than a re  the 
o rganomagnes ium compounds of the al iphatic  and a r o m a t i c  se r i e s ,  while the i r  reac t ions  with o6fi-unsat-  
ura ted  aldehydes p roceed  success fu l ly  only if ce r ta in  precaut ions  a r e  obse rved  (s t rong dilution, s imu l -  
taneous addition of the r eac tan t s  to the Mg, etc.). As a continuation of our study of the reac t ions  of al lyl  
de r iva t ives  of boron with carbonyl  compounds [1-3] we studied in the p resen t  paper  the reac t ion  between 
t r ia l ly lboron  and some  ~ , f l -unsa tura ted  aldehydes,  and specif ical ly:  with acrole in ,  crotonaldehyde,  cin-  
namaldehyde,  c i t ra l  and/3-cyc loc i t ra l ,  and also with o~-cyclocitral.  Tr ia l ly lboron  adds smoothly  to ~,fi- 
unsa tura ted  aldehydes by the organometa l l i c  synthes is  scheme  to the carbonyl  group in the 1, 2 position. 
In those cases  where the reac t ion  was run using equimolar  ra t ios  of the aldehyde and t r ia l ly lboron  the in t e r -  
media te  organoboron compounds were  not isolated,  and instead were  immedia te ly  hydrolyzed to the c o r -  
responding unsa tura ted  alcohols,  the yie lds  of which in some  cases  exceeded the yields of the alcohols that 
were  synthes ized  using a l ly lmagnes ium bromide:  

RCIIO d- (CsHs)3 B ~--> RCH:-C3H~ 
T 
OH 

(I)--(VI) 

(1) R ~ CII2=CI-I~-; (If) R = CII3--C~I=C[I~; (Ill) R]= C6HsCH~---CII--; 

HsC CII8 HsC CHa H~C CH3 

(X O" (IV) R = (V) ; R =  l \  : (VI) R :  

CH~ C I-Is CHs 

1 ,5 -Hexad ien-3-o l  (I), 1 ,5 -hep tad ien-3-o l  (II), and 1 -pheny i - l , 5 -hexad i en -3 -o l  (HI) a r e  obtained in 
yields of 75-78%, whereas  the yield of (III) f rom cirmamaldehyde and a l ly lmagnes ium bromide  is only 37.7% 
[4]. Alcohols (1) and (II) were  obtained prev ious ly  in high yie lds  by the reac t ion  of acro le in  and c ro tona lde-  
hyde with a l ly lmagnes ium bromide  [4, 5] and dial lylzinc [6]. Ci t ra l  r e ac t s  smoothly  with t r ia l ly lboron,  
fo rming  6 , 1 0 - d i m e t h y l - l , 5 , 9 - u n d e c a t r i e n - 4 - o l  (IV), which was p rev ious ly  synthes ized  as the c i s -  and t r a n s -  
i s o m e r s  by the reac t ion  of c i t ra l  with aUylmagnes ium bromide  [7]. It was espec ia l ly  in teres t ing  to study 
the reac t ion  of t r i a l ly lboron  with the ~ -  and f i -eyc loc i t ra l s ,  a reac t ion  that has hardly been studied with 
o rganometaI l i c  compounds.  Only the r eac t ion  of f i -cyc loc i t ra l  with me thy lmagnes ium bromide  has been 
desc r ibed  [8], in which connection the yield of the obtained alcohol was indicated and i ts  p r o p e r t i e s  were  
not descr ibed.  The r eac t ion  of equimolar  amounts  of f i -cyc loc i t ra l  and t r ia l ly lboron  gives ,  af ter  hydrolys is ,  
4 - ( 2 , 6 , 6 - ~ t r i m e t h y l - l - c y c l o h e x e n - l - y l ) - l - b u t e n - 4 - o l  (V) in 73% yield. The reac t ion  of t r i a l ly lboron  with 
o~-cyclocitral  a lso  goes easi ly,  but in this case ,  together  with the alcohol 4 - (2 ,6 ,6 - t r ime thy l -2 -cyc lohexen-  
1 - y l ) - l - b u t e n - 4 - o l  (VI), was isolated bora te  (VIIa), the format ion  of which tes t i f ies  to the c leavage  of the 
th ree  b o r o n -  carbon bonds in (C3H~)sB. 
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3 RCHO + (C~H,),B - ~ .  |RCH\  , | B (vii) 

L 0 Js 
H~C CH8 H3C CHa 

R ~ ; R = 

(a) = \CHs CH3 

Bora te  (VIIb) can be isolated by the reac t ion  of 3 mo le s  of fi - c y c l o c i t r a l  with 1 mole  of t r ia l ly lboron.  The 
in te rmedia te  organoboron compound, as the 1 ,5-d ihexadien-3-y l  e s t e r  of a l iy lboronic  acid (VIII), was i so -  
lated f r o m  the reac t ion  of 2 m o l e s  of ac ro le in  with 1 mole  of t r ia l ly lboron:  

0 

2 C~I~=CH--CHO + (C3I-I~)~B /CH~=CH,CH | BC~Ho ---~ (I). 

/ L ClsHs j ~ / 
(VIII) 

EXPERIMENTAL 

Preparation of Unsaturated Alcohols from oz,fi-Unsaturated Aldehydes. To an ether solution of the 
aldehyde was added an equimolar amount of triallylboron in 20-30 min. The reaction mass was kept at room 
temperature: for acrolein and crotonaldehyde 1.5 h, einnamaldehyde 0.5 h, and eitral 1.5 h (35~ In the 
case of o~ - and p -cyclocitral an equimolar amount of triallylboron was added to a benzene solution of the 
aldehyde in 35 rain and the mixture was heated at 80-86 ~ for 3 h. In all cases the reaction mass was de- 
composed with aqueous ethanolamine solution, after which the organic layer was washed with water, then 
with aqueous bicarbonate solution, and dried over Na2SO 4. Removal of the solvent, followed by fractional 
distillation of the residue, gave the corresponding secondary unsaturated alcohols, the yields and prop- 
erties of which are given in Table i. 

[Tri-4-(2,6,6-trimethyl-2-cyclohexen-l-yl)-l-butenyl]borate(VIIa). To a benzene solution of 41.2 g 
of o~-eyclocitra[ was added 36.3 g of triallylboron in 30 min. The mixture was refluxed for 3 h and, after 
cooling to 20 ~ was decomposed with aqueous ethanolamine solution. The benzene solution was washed with 
water, then with aqueous NaHCO 3 solution, and dried over MgSO 4. After removal of the benzene and frac- 

tional distillation of the residue we obtained 15 g (28.3%) of (VI) with bp 62-64 ~ (2 ram) ;nD 2~ 1.4880; IR spec- 
trum (v, cm-1): 1642 (-CH =CH2), 3440-3480 (OH group), and 10.5 g (19.7%) of borate (VIIa); bp 222-224 ~ 

(0.02 ram); nD 2~ 1.5020. Found: C 79.05; H 10.56; B 1.75%. C39H~sOsB. Calculated: C 79.27; H 10.75; B 
1.86%. IR spectrum (v, era-l): 1645 (-CH=CH2), 1330 (B-O). 

[Tri-4-(2,6,6-trimethyl-l-cyclohexen-l-yl)-l-butenyl]borate (VIIb). To an ether solution of 10.26 g 

of triallylboron was added 35.4 g of p-cyciocitral in 1 h. The reaction mass was kept at 20 ~ for 24 h, the 
ether was distilled off, and the residual viscous mass was decomposed with aqueous diethanolamine solu- 
tion, after which ether was added and the mixture was worked up in the usual manner. After removal of 

the solvent and fractional distillation of the residue we obtained 8.2 g (17.6%) of (V) ; IR spectrum (~, era-i): 
1645 (--CH --CH2), 3440-3480 (OH group), and 20.1 g of borate (VIIb), which after distillation represented 
a viscous liquid with bp 235-236 ~ (0.03 mm); nD 2~ 1.5030. IR spectrum (v, cm-i): 1642 (-CH =CH2); 1430- 
1455 (B-O). Found: C 79.56; H 10.70; B 1.66%. C39H63OsB. Calculated: C 79.27; H 10.75; B 1.86%. 

1,5-Dihexadien-3-yl Ester of Allylboronic Acid (VIII). To an ether solution of 13.3 g of triallylboron 
was added in 30 min, at 15-20 ~ a solution of 9.9 g of acrolein in 20 m[ of absolute ether, and the mixture 
was kept at 20 ~ for 24 h. After removal of the solvent and fractional distillation of the residue we obtained 
15.8 g (83%) of (VIII), bp 87-89 ~ (4 ram); nD 2~ 1.4530. IR spectrum (~, cm-i): 1645 (CH=CH2); 1300-1400 
(B-O). Found: C 73.27; H 9.51; B 4.46%. C15H2302 B. Calculated. C 73.13; H 9.41; B 4.46%. 

C O N C  L U S I O N S  

Tr ia l ly lboron  adds smoothly  to the carbonyl  group of acrolein,  e i t ra l ,  G- and f i -eycloci t ra l ,  c ro ton-  
aldehyde and c innamaldehyde with the fo rmat ion  (after  hydrolysis)  of the co r respond ing  secondary  unsa t -  
u ra ted  alcohols.  
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