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COMMUNICATION 227.* REACTION OF TRIALLYLBORANE 

WITH PHENYLACETYLENE 

B . M .  M i k h a i l o v  a n d  K . L .  C h e r k a s o v a  UDC 542.91:547.344+547.538.241 

Tr ia l ly lborane  r e a c t s  with acetylene and its homologs  to fo rm the b icycl ic  s y s t e m  3 - a l l y l - 3 - b o r a b i -  
cyclo[3,3,1]-6-nonene,  in which the alkyl group occupies  the 7 -pos i t ionwhen  1-a lkynes  a re  used [3-7]. 

A study of the reac t ion  of t r i a l ly lborane  with phenylacetylene disc losed that  rep lac ing  the alkyl group 
by phenyl  in the acetyIenic  hydroca rbon  fai ls  to change the or ienta t ion  of the condensation reac t ion ,  s ince 
3 -a l ly l -7 -pheny l -3 -borab icyc lo [3 ,3 ,1 ] -6 -nonene  (1) is obtained 

CH~--CH =CH2 

C3HsB / -}- CH~CCoH5 --, C3HsI3/'-7--~C6H5 
\CH~--CH=CH2 \ \ / / ~  (I) 

The reac t ion  p roceeds  at r o o m  t e m p e r a t u r e  with the spontaneous evolution of heat ,  and compound (1) 
is obtained in up to 96% yield when the reac t ion  m a s s  is dist i l led.  The s t ruc tu re  of compound (1) was proved  
chemical ly  and was co r robo ra t ed  by the IR and NMR spec t ra .  One mole of propylene is l ibe ra ted  when com-  
pound (1) is r eac t ed  with methanol  and 3 -methoxy-7-pheny l -3 -borab icyc lo [3 ,3 ,1 ] -6 -nonene  (11) is fo rmed  

CH a CH 3 
CHaOH ~ C ~  CaHs__B/~__C6H, ~ CHaOB/~'~_C6H5 RCOOH pt/c X____~J/ -can6 ~ c6H~ 

(1) (II) C/H3 (III) 

Compound (I1) is conver ted  to 3 , 5 - d i m e t h y l - l - p h e n y l - l - c y c l o h e x e n e  (m) when subjected to ac idolys is  
with butyr ic  acid,  which when dehydrogenated on P t /C  gives the known 3,5-dimethylbiphenyl  (IV) [8]. In the 
UV s p e c t r u m  of hydrocarbon  (IV) the absorpt ion  min imum and max imum are  r e spec t ive ly  found at 231 cm -1 
(e = 6850) and 251.5 cm -1 (e = 16,100), which is in ha rmony  with the l i t e ra tu re  data for  3,5-dimethylbiphenyl .  
The oxidation of hydrocarbon  (IV) with po t a s s ium pe rmangana te  in alkaline medium leads to the known 3,5- 
b iphenyldicarboxyl ic  acid (V). The IR spec t rum of acid (V) proved  to be identical  with the spec t rum of the 
3 ,5-biphenyldicarboxyl ic  acid that was  obtained by us using the l i t e r a tu re  p rocedure  [9]. 

In the IR s p e c t r u m  of compound (1) the absorpt ion  band at 1638 c m '  1 co r r e sponds  to the s t re tching v i -  
b ra t ions  of the C = C bond of the allyl  radical .  The absorpt ion  band at 1642 cm -1 in the IR spec t rum of 
compound (II) must  be ass igned to the s t re tch ing  v ibra t ions  of the r ing C = C bond. The NMR spec t r a  show 
that in compound (1) a re  p re sen t  one allyl rad ica l ,  phenyl and a pro ton  at the double bond in the r ing,  c o r -  
responding to a doublet 5 = 5.85 ppm (g = 5 Hz) (s tandard = te t ramethy ls i l ane) .  The signal f r o m  the allyl 
pro tons  is absent  in the s p e c t r u m  of compound (I1), and a signal is obse rved  f r o m  the OCH a group (5 = 3.40 
ppm).  In the NMR spec t r a  of compounds (1) and (I1) the s ignals  f r o m  the protons  of the cyclic  double bond 
have the shape of a doublet, f r o m  which it follows that the double bond in the r ing is  found in the 6-7 pos i -  
tion, while the phenyl group is found in the 7-posi t ion.  

In cont ras t  to 3 - m e t h o x y - 7 - m e t h y l - 3 - b o r a b i c y c l o [ 3 , 3 , 1 ] - 6 - 6 - n o n e  [4], compound (I1) does not hydro-  
genate  in an autoclave over  Raney nickel ,  but it smoothly adds hydrogen in the p re sence  of pal ladium de-  
posi ted on s t ron t ium carbonate  at r oom t empera tu r e .  Here ,  with the absorpt ion  of one mole of hydrogen,  

*See [1, 2] for  Communicat ions  221 and 226. 
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3- methoxy-  7 -phenyl -3-borob icy lo  [3,3,1]nonane (VI) is for  med 

C H a O B ~  --c6H5 pd/srcOaH2 :~ C H a O B / ' - - ~ % H 6  
(vD 

Cleavage of the boron-conta in ing  r ing occurs  when (VI) is ref luxed for  a long t ime with methyl  bora te  
in the p r e s e n c e  of t e t r ap ropy ld iborane  and 1 ,3-b is (d imethoxybory lmethyl ) -5-phenylcyc lohexane  (VII) is 
fo rmed  

C6H~ 
I 

)B--H (CH30)2 B--CH~--()--CH2--B (0CHs)~ CHaOB~__N_j C~}q +(CHsO)3B 
(VII) 

The reac t ion  p roceeds  much more  slowly than with the analogous monocyel ic  compounds [10]. Com-  
pound (V1), s im i l a r  to the e s t e r s  of dialkylboronic  acids [11], r e a c t s  with phosphorus  pentaehlor ide  to 
give 3 -ch lo ro -  7 -pheny l -3 -borab icy  clo [3,3,1] nonane (VIII) 

C H s O B ~/~ -~6H 5  + PCl 5 :1~ CIB CsH 5 + POCIa 4- CH,CI 
lid 

The oxidation of compound (VI) with hydrogen peroxide  in alkaline medium gives the c rys ta l l ine  diol 
c i s - l , 3 -d ihyd roxyme thy l -5 -pheny lcye lohexane  (IX), while c i s - l , 3 -d ime thy l -5 -pheny lcyc lohexane  (X) is 
fo rmed  when cleavage is with s t e a r i e  acid 

NaOH -{- H202 
F- 

C H a O B Q ~ - C 6 H 5  ' ~1 

[_ RCOOtt 

C61-I5 
l 

, HOH~C--()--CH~OH (IX) 

CH3 

' ~--C8H5 
C/H8 (X) 

Compound (1) is the product  of the t he rma l  t r ans fo rma t ion  of the substances  (in the dis t i l la t ion p r o -  
cess)  that a r e  initially fo rmed  during the reac t ion  of t r i a l ly lborane  with phenylacetylene.  Based on the data 
of the NMR s p e c t r u m ,  the reac t ion  m a s s  that is obtained when the reac t ion  is run at 10-15~ does not con- 
ta in  compound (1). In the s pec t rum  of the reac t ion  mixture  is absent  the doublet  with 5 = 5.85 ppm,  which 
is cha r ac t e r i s t i c  for compound (1), instead there  a re  p r e sen t  a s inglet  with 5 = 6.39 ppm and the signal 
f r o m  the protons  of the two allyl  groups 

C6H5 
} 

CCH~C--CH + (CH~= CH--CH2)3 B --~ CH2=CH--CH2--C=CH--B (CH~--CH=CH2)~- C6Hs--~"~--CH~--CH'-CHz 
(XI) \ )  

B 
I CH2--CH =CH.z 

(xii) 

By analogy with the reaction of triallylborane with methyl- and butylacetylene [5, 6], it is possible to 
assume that also in the given case the triallylborane adds to the triple bond in the first step of the reaction, 
and then the formed diallyl- (2-phenyl-l,4-pentadien- l-yl)-bor ane (XI) is cycliz ed to 1,5-diallyl-3-phenyl- 
l-bora-2-eyclohexene (XI1). Compound (XI1) could not be isolated in the pure state, since during distilla- 
tion it undergoes eyelization to compound (1). Compound (XII) was identified as the methoxyl derivative, 
namely l-methoxy-5-ally1-3-phenylbora-2-cyelohexene (XII1), which was formed by the action of methanol 
on the crude reaction product as the result of replacing the a11yl radical attached to the boron atom by the 
methoxyl group, similar to what occurs in the series of the alkyl analogs [5, 6]. 

The NMR spectrum indicates that compound (XIII) contains one methoxyl group (5 = 3.62 ppm), one 

allyl group (6CH 2 = 4.83-5.1, 6CH = 5.45-6 ppm), and one vinyl proton (5 = 6.13 ppm). In the IR spectrum 
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/ 
of compounds.  (XIl) and (XlI1) are  present  the intense absorption bands of the bonds of - C = C ~ f ragment  
" ~ B - C  = C Q ( r e s p e e t i v e l y  1566 and 1575 cm-t).  11 

The stepwise hydrogenation of the double bonds in compound (XII1) can be accomplished in hexane 
solution. The allyl double bond is the f i rs t  to hydrogenate on platinum black, and then the react ion rate 
drops sharply.  Then the hydrogenation of the vinyl double bond of 1 -methoxy-5-n-propy l -3 -pheny lbora -2 -  
cyclohexene (XIV) proceeds  on 30% palladium deposited on s tront ium carbonate,  as a resul t  of which 1- 
methoxy-5-n-propyl -3-phenylboracyclohexane  (XV) is obtained 

H5C6 CH2--CH=CH~ H~C6 CH2--CHz--CH~ H~C~ n-C~H7 

[] ] zM H~ II l zM H~ [\B t 2 
\ B /  pt-black * \B/ PafSrCO3" 

OICH 3 hexane I hexane [ 
OCH3 OCH3 

(xm) (xiv) (xv) 

The absorption band with v 1638 cm -1 (-CH=CH2) is absent in the IR spect rum of compound (XIV). 

In the NMR spec t rum are absent the multiplets f rom the methylene and methine protons of the ally1 
radical ,  and there  are  present  a singlet f rom the vinyl proton C0 = 6.13 ppm), a singlet f rom the methoxyl 
protons (0 = 3.64 ppm}, and a multiplet f rom the phenyl protons (8 = 7.14-7.54 ppm). The absorption band 
with v 1570 cm -1 (~B--C-----C~) is absent in the IR spec t rum of compound (XV}, while the signal f rom the 
vinyl proton is absent in the NMR spectrum. 

EXPERIMENTAL METHOD 

All of the operations with the organoboron compounds were carried out in a dry N 2 atmosphere. The 
phenylaeetylene was obtained as described in [12]. 

3-Allyl-7-phenyl-3-borobieyclo[3,3,1]-6-nonene (1). With stirring and cooling with water, to 15 g 
of triallylborane was added 11.5 g of phenylaeetylene at such a rate that the temperature of the reaction 
mixture remained below 35 ~ The reaction mixture was stirred for 2 h at 20 ~ and for 1 h at 80 ~ Distilla- 
tion gave 25.5 g (96%) of (l) as a colorless liquid with bp 131-132 ~ (1.5 ram); n~ 1.5662; d 2~ 0.9894. Found- 
C 86.58; H 8.82; B 4.53%. CI~H21B. Calculated- C 86.45; H 8.96; B 4.58%. 

3-Methoxy-7-phenyl-3-borabicyclo[3,3,1]-6-nonene (Il). To 13.7 g of (l) was added 5 ml of methanol 
in 20 rain. Marked heating up was observed, accompanied by the evolution of a gas. Then the mixture was 
heated at reflux for 15 rain. A total of 1.3 liters of propylene was evolved. Distillation gave 11.7 g (89.5%) 
of (If) with bp 114-115 ~ (I ram); n~ 1.5650; d 2~ 1.0513. Found" C 76.69; H 8.38; B 4.74%. CIsHIgBO. Cal- 

culated 79.67; H 8.47; B 4.78%. 

3,5-Dimethyl-l-phenyl-l-eyclohexene (IIl)~ A mixture of 15.8 g of (ll) and 20 ml of butyric acid was 
reflux'ed for 9 h. Distillation gave 5 g of CH3(CH2)2COOCH 3 and9.5 g (71%) of (Ill) with bp 110-112 ~ (4.5 ram); 
n~ 1.5496; d 2~ 0.9505. Found. C 89.90; H 9.87%; mol. wt. 178. CI4HIs. Calculated- C 90.26; H 9.74%; mol. 
wt. 186. An absorption band at 1635 em -I (stretching vibrations of ~C = C~). 

3,5-Dimethylbiphenyl (IV). A mixture of 8.6 g of compound (Ill) and 0.2 of 20% Pt/C was refluxed for 
5 h (260-285~ here 1.95 liters of H 2 was evolved. Distillation gave 6.37 g (80.4%) of 3,5-dimethylbiphenyl 
with bp 118-119.5 ~ (2 mm); n~ 1.5942; d24 ~ 0.9980. Found. C 91.90; H 7.83%. CI4HI4. Calculated. C 92.26; 
h 7.74%. The following absorption bands are present in the IR spectrum: 843 cm -I (vibrations of phenyl 
r ing with 1,3,5-substitution), 697 and 771 cm -I (vibrations of monosubstituted phenyl ring). 

3,5-Biphenyldicarboxylic Acid (V). To an emulsion of 0.5 g of (IV) in 23 ml of 0.6% NaOH solution was 
added 1.31 g of KMnO 4 in four port ions,  at intervals  of 20 rain. Then the s t i r red  mixture was heated at 90- 
98 ~ until decolor izat ion of the solution occur red  (18.5 h). The MnO~ was fi l tered,  and washed on the fi l ter  
with hot water;  the fi l trate under cooling was acidified with HC1. The white flocculent precipitate was fil- 
te red  and dried. We obtained 0.32 g (48.4%) of (V). After recrys ta l l iza t ion  f rom glacial acetic acid the sub- 
stance decomposes  around 320% According to the data given in [9], the melting point of the acid is above 
311 ~ . 

3-Methoxy-7-phenyl-3-borabicyclo[3,3,1]nonane (V1). In a hydrogenation vessel  were placed 18.2 g of 
(II), 0.67 g of 30% Pd/SrCO 3 [13] and t0 ml of methanol. The amount of H 2 absorbed in 4 h was 1.8 l i te rs .  
The catalyst  was fi l tered,  and the solvent was distilled off. Distillation of the residue gave 15.8 g (86%) of 
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(VI) with bp 122-122.5 ~ (0.5 ram); n~1.5435;d~~ Found: C 78.67; H 9.15; B 4.38%; tool. wt. 227. 
CIsH21BO. Calculated: C 78.96; H 9.28; B 4.74%; tool. wt. 228.1. 

1 ,3 -b i s -  (DimethoxyborylmethY!)-5-phenylcyclohexane (VII). A mixture  of 28 g of 3- methoxy-7-  
phenyl-3-borabicyclo[3 ,3 ,1]nonane (X), 13 ml of methyl  bora te  and 1.28 g of t e t rapropy ld iborane  was r e -  
fluxed for  24 h. Here  the t e m p e r a t u r e  ro se  f r o m  82 up to 105 ~ Then new por t ions  of methyl bora te  were  
gradual ly  added until  the boiling point of the mix ture  ceased  to r i s e  when the next por t ion was added. A 
total  of 9 ml of methyl  bora te  was added. The compound, containing ~?. B - H  bonds,  was decomposed  with 
methanol.  A c o l o r l e s s  v iscous  liquid remained  in the f lask  a f t e r  dist i l l ing off 13.2 g of subs tance  with bp 
140-160 ~ (0.2 ram), which is apparent ly  the t r iboron  compound 

C~Hs C~H5 

(CH30)~ B--CH2--(~--CH~--B--CH2--(~--CH~--B (OCHs)z 

(found tool. wt. 570.1; calc. mol. wt. 590). The additional refluxing of this liquid with methyl  bora te  in the 
p r e s e n c e  of t e t r ap ropy ld iborane  for  five days  gave an additional 15.2 g (a total of 28.46 g, 70%) of sub-  
s tance with bp 149-155 ~ (0.08 ram). When subjected to f rac t ional  red is t i l la t ion  the subs tance  boiled at 130- 
132 ~ (0.04 ram). Found: C 65.63; H 9.07; B 6.58%. ClsH~0B204. Calculated: C 65.10; H 9.11; B 6.51%. 

3 -Chloro-7-phenyl -3-borab icyc lo[3 ,3 ,1 ]nonane  (VIII). To 15.5 g of compound (II1), p laced in a F a v o r -  
skii f lask ,  was  added 14.7 g of PC15 in por t ions .  The reac t ion  p roceeded  with the evolution of heat.  Dis-  
t i l lat ion gave 3.6 g of CH3C1, 7 g of POC13, and 9 g {57%7 of (VIII) as  a co lo r l e s s  liquid, which c rys ta l l i zed  
on standing. Compound (VIII) has bp 126-128 ~ (1.5 ram) and mp 49~50 ~ Found: C 72.44; H 7.78; B 4.48; 
C1 14.85%. C14H18BC1. Calculated: C 72.30; H 7.80; B 4.65; C1 15.25%. 

c i s - l , 3 -D ime t hy l -5 -pheny l cyc l ohexane  (X). A mixture  of 7 g of (V1) and 31 g of s t e a r i c  acid was 
heated  in a Favorsk i i  f lask  in vacuo (10 ram). At a t e m p e r a t u r e  of 190-200 ~ in the f lask the amount  of d i s -  
t i l led (X) was 5 g (81.5%). The hydroca rbon  was washed with 20% NaOH solution, then with wa te r ,  and was 
dr ied over  CaC12; bp 116.5-118.5 ~ (9 mm); n~  1.5098; d~ ~ 0.9171. GLC indicates  the absence  of impur i t i es .  
Found: C 89.46; H 10.40%; tool. wt. 186.6. C14H20. Calculated: C 89.30; H 10.70%; tool. wt. 188. 

c i s - l , 3 -Dihydroxyme thy l -5 -pheny lcyc lohexane  (IX). To a mixture  of 9.2 g of (VII and 23 ml of 20% 
NaOH solution, with cooling at 0 to 5 ~ was added 13 ml of 30% H202 solution and themix tu re  was allowed 
to stand overnight .  The obtained white p rec ip i t a te  was f i l te red ,  washed with water ,  and dr ied.  

We obtained 8.11 g (91.2%) of (IX). The substance  c ry s t a l l i z e s  f rom a mix tu re  of ethanol and water  
as c o l o r l e s s  p r i s m s  with mp 100.5-101.8 ~ Found: C 76.56; H 9.07%. C14H2002. Calculated: C 76.32; H 
9.15%. 

1 - M e t h o x y - 5 - a l l y l - 3 - p h e n y l - l - b o r a - 2 - c y c l o h e x e n e  (XIlI). To 8.90 g of t r i a l ly lborane ,  with s t i r r ing  
and cooling with an i ce -wa te r  mix ture ,  was  added 6.77 g of phenylaeetylene at such a r a t e  that the t e m -  
p e r a t u r e  of the reac t ion  mix tu re  r ema ined  below 10 ~ Then the reac t ion  mixture  was allowed to stand 
at 10-17 ~ until r eac t ion  was  comple te  (d isappearance  of the 3300 cm -1 band in the IR spect rum)  (10 h). To 
the reac t ion  m a s s ,  with s t i r r i ng  and cooling in an i c e - w a t e r  mix ture ,  was gradual ly  added 5.4 ml of meth-  
anol at such a r a t e  that  the t e m p e r a t u r e  in the f lask r ema ined  below 17 ~ Here  1.46 l i t e r s  of propylene was 
evolved. Dist i l la t ion gave 10.32 g (66%) of (XIII) with bp 106.5-107.5 ~ (2 ram); n~  1.5610; d 2~ 0.9978. Found: 
C 79.62; H 8.72; B 4.62%. C15H19BO. Calculated:  C 79.67; H 8.47; B 4.78%. 

1 - M e t h o x y - 5 - p r o p y l - 3 - p h e n y l - l - b o r a - 2 - e y c l o h e x e n e  (XIV). A solution of 10.15 g of (XIII) in absolute 
hexane was hydrogenated in a hydrogenat ion ve s se l  ove r  Pt black.  One l i te r  of H 2 was absorbed  in 2 h. 
Dist i l la t ion gave 7.66 g (74.8%) of (XIV) with bp 113 ~ (3 ram); n~  "5 1.5490; d~ ~ 0.9857. Found: C 78.74; H 
9.11; B 5.00%. C15H21BO. Calculated:  C 78.96; H 9.28; B 4.74%. 

_ l -Me thoxy-5 -p ropy l -3 -pheny l - l -bo racyc lohexane  (XV). A solution of 3.55 g of (XIV) in absolute 
hexane was hydrogenated in a hydrogenat ion ve s se l  over  30% Pd /S rCO 3. The amount of H 2 absorbed in 50 
rain was 350 ml. Dist i l la t ion gave 2.75 g (77.5%) of (XV) with bp 110-111 ~ (3 ram); n~ 1.5125; d 2~ 0.9604. 
Found: C 78.86; H 10.27; B 4.67%. C15H23BO. Calculated: C 78.28; H 10.07; B 4.70%. 
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C O N C L U S I O N S  

1. Triallylborane reacts with phenylacetylene at 7-10 ~ to give 1,5-diallyl-3-phenylbora-2-cyclo- 
hexene, which when heated is converted to 3-allyl-7-phenyl-3-borabicyclo[3,3,1]-6-nonene. 

2. The transition from derivatives of 7-phenyl-3-borabicyclo[3,3,1]-6-nonene to the 3,5-derivatives 
of phenylcyclohexene and biphenyl was accomplished. 
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