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Heating of t r i a l iy lborane  with acetylene [1, 2] and with propyne [2] leads to der iva t ives  of 3 - b o r a b i -  
cyclo[3.3.1]non-6-ene.  We have r ecen t ly  d i scovered  th ree  success ive  s tages  of the reac t ion  of t r i a l ly lborane  
with an alkylacetylene.  The f i r s t  s tage cons i s t s  in the cis addition of t r i a l ly lborane  at the t r iple  bond of the 
1-alkyne,  which resu l t s  in the fo rmat ion  of the (2-a lkyl - l ,4 -pentad ienyl )d ia l ly lborane  (I). In the second 
stage the addition product  (I) is cycl ized into the 5 - a l k y l - l , 3 - d i a l l y l - l , 2 , 3 , 4 - t e t r a h y d r o b o r i n  (II). The th i rd  
s tage of the p roce s s  cons is t s  in the i s om er i za t i on  of the cycl ic  compound (iI) into the 7 - a l k y l - 3 - a t l y l - 3 -  
borab icyc lo  [3.3.1] non-6-ene (III) 
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This paper  is concerned with the study of the in te rmedia te  s tages  of the reac t ion  of t r i a l ly lborane  with 
propyne.  

Unlike acetylene [1, 2], propyne r e a c t s  with t r i a l ly lborane  at room t e m p e r a t u r e .  The compound (I) 
f o rmed  in the f i r s t  stage is converted,  s lowly at room t e m p e r a t u r e  and more  rapidly  with gentle heating 
(40-60~ into the monocycl ic  compound (II). The re fo re ,  if  the reac t ion  products ,  which consis t  mainly  of 
(I), a r e  dis t i l led the only subs tance  which can be i so la ted  is  1 ,3 -d i a l l y l - l , 2 ,3 ,4 - t e t r ahyd ro -5 -me thy lbo r in  
(II); p rev ious ly  [2, 3] we did not obse rve  that  this occurred ,  and we e r roneous ly  took the cycl ic  compound 
(II) to be the addition product  (I). Although we were  unable to isolate  d ia l ly l (2 -methy l - l , 4 -pen tad ieny l ) -  
borane  (I) in a homogeneous state,  i ts  fo rma t ion  was proved  fa i r ly  re l iably .  Thus,  as a r e su l t  of the oxida-  
tion of the products  of the reac t ion  (6 days, 20 ~ of t r i a l ly lborane  with propyne (without the i r  distillation) by 
means  of hydrogen peroxide in an acid med ium we obtained 2 -me thy l -4 -pen tena l  (IV), which was identified 
as i ts  2 ,4-dini t rophenylhydrazone.  We found that with t ime  the yield of the hydrazone diminishes ,  which 
mus t  be a t t r ibuted to the gradual  conver s ion  of the l inear  compound (I) into the cyclic  compound (II) at 20~ 
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*This  a r t i c le  is published in accordance  with a resolut ion of the Conference of Ed i to r s - in -Ch ie f  of the 
Journa ls  of the Academy of Sciences of the USSR, held July 12, 1962, as a d i s se r ta t ion  paper  by S. I. F r o -  
lov. 
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When the undistilled reaction products were treated with methanol we obtained not only 3-allyl-l,2, 3, 
4-tetrahydro-l-methoxy-5-methylborin (V), but also dimethyl 2-methyl-l,4-pentadiene-l-boronate (VI) in 
10-20% yield. * When oxidized with hydrogen peroxide in an acid mediam, the linear compound (VI) also 
gives 2-methyl-4-pentenal (IV). The formation of an aldehyde in the oxidation of (I) and (VI) indicates that 
the boron atom in these compounds is linked to a vinyl group B-CH = C [4]. The IR spectrum of (VI) con- 
tains a strong absorption band at 1628 cm -i due to the double bond of B-CH = C and bands characterizing 
the group-CH= CH 2 (915, 997, 1643, 3075 era-i). The PMR spectrum contains: a signal at 1.77 ppm (-- C 
-CH3); a doublet (ICH2_CH= 6.5 Hz) with its center at 3.04 ppm (= C-CH2-C=); a singlet at 3.48 ppm (B 
-OCH3); a multiplet in the range 4.65-5.33 ppm (terminal C= CH 2 protons and a singlet from the vinyl pro- 
ton of B-CH = C at 5.25 ppm); multiplet from a methine proton in the range 5.37-6.11 ppm (-C-CH = C). 
The integral-intensity ratio for the signals of these groups of protons is 3:2:6:3:1. Some linear derivatives 
of types (I) and (VI) prepared from monosubstituted acetylenes (C4H9C- CH, C2H5OC- CH, and (CH3)3Si - C 
-= CH) have been described by us previously [5]. 1,3-Diallyl-l,2,3,4-tetrahydro-5-methylborin (II) is more 
stable thermally than the linear compound (I) and can be obtained in about 70% yield by distilling the reaction 
products. The structure of (II) was proved by a series of chemical transformations, leading finally to the 
known 2 , 4 - d i m e t h y l h e p t a n e  (XIII) 
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In the action of methanol (20-30 ~ on (If) an exothermic reaction led to the liberation of one molecular 
proportion of propene and the formation of 3-a!lyl-l,2,3,4-tetrahydro-l-methoxy-5-methylborin (V); at the 
same time the compound (VII) was also formed in about 3% yield. The IR spectra of (If) and (V) contain 
very strong absorption bands due to the double band of B-  CH = C [1600 cm -I in the case of (If) and 1615 em -I 
in the case of (V)], and also bands characterizing the group -CH= CH 2 (915, 1000, 1640, 3075 era-i). The 
PIVITt spectrum of (If) contains: a multiplet due to aliphatic protons (CH2-CH-CH2) in the range 0~ 
ppm, which includes a singlet at L88 ppm (C= C-CH3) and a doublet (ICH 2 CH = 8 Hz) with its center at 
2.02 ppm (B-CH2); a multiplet in the range 4.55-5.15 ppm (-C = CH2); a mu~tiplet due to the methine protons 
of two allyl groups (-C-CH = C) in the range 5.35-6.28 ppm, which is superimposed on the singlet of the 
vinyl proton (B-CH = C) at 5.93 ppm. The PMR spectrum of (V) contains: a multiplet due to aliphatic pro- 
tons (-CH2-CH-CH2) in the range 0.13-2.82 ppm, which includes a singlet at 1.88 ppm (C= C-CH3) ~nd a 
doublet (ICH CH = 6.5 Hz) with its Center at 1.95 ppm (probably B-CH2); a singlet at 3.6 2 ppm (B-OCH3); 
a multiplet i2n-therange 4.62-5.15 ppm (-C = CH2); and a multiplet due to a methine proton (-C-CH= C) in 
the range 5.38-6.22 ppm, which is superimposed on the singlet of the vinyl proton (B- CH = C) at 5.52 ppm~ 
The integral-intensity ratios for these groups of protons are: for (II), 12:4:2; for (VI), i0:3:2:2. 

Prolonged boiling of (V) with methanol leads to the protolytie cleavage of the B-vinyl bond with for- 
mation of dimethyl 2-allyl-4-methyl-4-pentene-l-boronate (VII). (V) is decyclized much more rapidly 
when it is heated (80 ~ with a mixture of methanol and acetic acid. In this case the product is a mixture of 

* When liquid 1-alkynes are used, the yields of compounds of type (VI) are considerably higher, for the 
exothermic reaction of these alkynes with trially[borane is easier to control than the reaction with gaseous 
propyne (in a hydrogenation flask). 
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the e s t e r  (VII) and 2 - a I l y l - 4 - m e t h y l - 4 - p e n t e n e - l - b o r o n i c  anhydride t r i m e r  (VIII), or  only the t r i m e r i e  an-  
hydr ide  (VIII) ff a f t e r  the c leavage the mix tu re  is left for  1 day at room t e m p e r a t u r e .  The comple teness  of 
the protolyt ic  c leavage of the B-vinyl  bond in (V) was checked f r o m  the d i sappearance  of the absorpt ion  band 
at 1615 cm -1. Under the act ion of glacial  acet ic  acid the opening of the r ing in (V) goes only a f t e r  prolonged 
heat ing (100~ the t r i m e r i c  anhydride (VIII) and methyl  aceta te  a re  then fo rmed  

CHz 
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As a r e su l t  of the oxidation of the e s t e r  (VII) and the anhydride (VIII) with hydrogen peroxide in an 
alkal ine med ium 2 - a l l y l - 4 - m e t h y l - 4 - p e n t e n - l - o l  (IX) was obtained in about 90% yield. The mos t  convenient 
method for  the synthesis  of the alcohol (IX) is  provided by the oxidation of the crude  product  of the acid 
- a l c o h o l  c leavage  of (V). By the action of p- toluenesulfonyl  chlor ide on the alcohol (IX) in pyridine we ob- 
tained the tosyla te  (X), which without isolat ion was reduced with l i thium te t rahydroa lumina te  to 2 ,4 -d imethy l -  
1,6-heptadiene (XI). When hydrogenated  over  PtO2, the dienic hydrocarbon  (XI) abso rbs  two molecules  of 
hydrogen  with fo rmat ion  of 2 ,4-d imethylheptane  (XIII). The phys icochemica l  p r o p e r t i e s  and re tent ion t ime 
(GLC) of the hydrocarbon  obtained ag reed  with these  p rope r t i e s  of the 2 ,4-dimethylheptane synthes ized by 
N a z a r o v ' s  method [6]. The fo rmat ion  of 2 ,4-dimethylheptane (XIII) conf i rms  the s t ruc tu re  of the carbon 
skele ton of the 1-subst i tu ted 3 - a l l y l - l , 2 , 3 , 4 - t e t r a h y d r o - 5 - m e t h y l b o r i n s  (II) and (V)~ Fur the r  proof  of the i r  
s t ruc tu re  was obtained as follows. In the hydrogenat ion of 3 - a l l y l - l , 2 , 3 , 4 - t e t r a h y d r o - l - m e t h o x y - 5 - m e t h y l -  
bor in  (V) over  plat inum two molecu les  of hydrogen a re  absorbed (two double bonds) with fo rmat ion  of 1- 
m e t h o x y - 3 - m e t h y l - 5 - p r o p y l b o r i n a n e  (XII), which when heated  with s t ea r i c  acid also gives 2 ,4 -d imethy l -  
heptane (XIII). The  IR and PMR spec t r a  of (VII)-(XI) conf i rm the p roposed  s t r u c t u r e s  (see Exper imenta l ) .  
At 125-140 ~ 1 , 3 - d i a l l y l - l , 2 , 3 , 4 - t e t r a h y d r o - 5 - m e t h y l b o r i n  (II) is i s o m e r i z e d  quanti tat ively with l ibera t ion 
of heat  into 3 -a l ly l -7 -me thy l -3 -bo rab icyc lo [3 .3 .1 ]non-6 -ene  (III). We p r e p a r e d  the l a t t e r  p rev ious ly  in 
83.5% yield by the reac t ion  of t r i a l ly lborane  with propyne at 130 ~ [2]. 

As we now have additional data on the s t ruc tu re  of the in te rmedia te  products ,  in pa r t i cu la r  (II), we 
can improve  the accuracy  of the m e c h a n i s m  proposed  e a r l i e r  [2] for  the reac t ions  of t r i a l ly lborane  with 
acetylenie  compounds.  In the f i r s t  s tage of the reac t ion  the re  occurs  the addition of the allyl  and dia l Iyl -  
bo ry l  groups of the t r i a l ly lborane  molecule  to the t r ip le  bond of the acetylenic  compound with fo rmat ion  of 
a d ia l ly l (2-subst i tu ted  1 ,4-pentadienyl)borane (1). Such addition is p robably  p receded  by the fo rmat ion  of a 
7r-complexo The  convers ion  of the l a t t e r  into the vinyl compound goes with allyl  r e a r r a n g e m e n t  through a 
s i x - m e m b e r e d  t rans i t ion  s ta te  (A) : 

R \  C.H2 R .  CH~ . CH~ ,~ 7 f ~  

.c=--c-R c.lll--" / cIllk' b cu''t " - - ' -  / -  B ,\_..?__ ,,, ,"  
H / g ~  H 6 9 

CaH~C~H5 I CaH 5 [ I 
k Call5 (II) Call5 

(D (HI) 

The abil i ty of (I) to be cycl ized  into the subst i tu ted 1 ,2 ,3 ,4- te t rahydrobor in  (II) indicates  that the al lyl  
group and the boron  a tom at the double bond in [1] a r e  in cis  posi t ions re la t ive  to each other,  i . e . ,  that the 
a l ly lbora t ion  of the t r ip le  bond in acetylene  der iva t ives  goes by cis addition. The second s tage of the con-  
densation is the cycl izat ion of (I) into (II). Th is  p roces s  amounts to the addition of the 3 -bory lp ropene  f r a g -  
ment  to the t e rmi na l  double bond of the 1,4-pentadienyl  group. It should be noted that, according to our 
data, t r i a l ly lborane  is  able to add at an ac t ivated double bond, e .g . ,  in vinyl e thers ,  with subsequent  e l i -  
minat ion of 1,4-pentadiene,  The thi rd  s tage of the reac t ion  - the convers ion  of the monocycl ic  compound 
(II) into the b icycl ic  compound ( I I I ) -  is explained by the i n t r amolecu la r  addition of the f ragment  B -  C 2 to 
the t e r m i n a l  double bond C 8 - C  s. Here  the boron a tom adds at the t e rmina l  ca rbon  a tom (C~, while the 
ca rbon  a tom (C 2) adds at the nonterminal  ca rbon  a tom C 8. 
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It should be noted that, when heated,  the methoxy compound (V) does not . form a b icycl ic  compound. 
According to our r e su l t s ,  which will be published short ly,  a n e c e s s a r y  condition for  the convers ion  of a 
3-a l ly l -1 ,2 ,3 ,  4 - t e t r ahyd robo r in  into a bicycl ic  compound of the type did  is the p re sence  of ce r t a in  subs t i -  
tuents on the boron  a tom in the bor in  sys t em.  

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

All opera t ions  with organoboron compounds were  conducted in an a t m o s p h e r e  of d ry  argon. The ch ro -  
matographic  analys is  of hydroca rbons  was conducted on a Khrom-2  ins t rumen t  with a 50-m cap i l l a ry  col -  
umn, s t a t ionary  phase t r ie thylene  glycol dibutyrate;  for  alcohols Tween  20 was used as s t a t ionary  phase.  

The IR sp ec t r a  were  de te rmined  on the undiluted subs tances  with a UR-10 ins t rument .  PMR spec t ra  
were  de te rmined  with an RS-60 [7] or  Varian DA-60- IL  ins t rumen t  with hexamethyldis i loxane as in ternal  
s tandard .  The chemica l  shif ts  given in the text  a re  e x p r e s s e d  re la t ive  to te t ra rne thyls i lane .  The in tegra l  
in tens i t ies  of s ignals  of groups of protons in the PMR spec t r a  given bellow co r re spond  to the theore t ica l  
va lues .  P ropyne  was p r e p a r e d  f r o m  1 ,2-d ibromopropane  [8] and purif ied f r o m  allene via the sodium d e r i v a -  
t ive  [9]. F o r  the p r epa ra t i on  of 2 ,4-dini t rophenylhydrazones  (2,4-DNPH) we used a solution of the following 
composi t ion:  10 g of 2 ,4-din i t rophenylhydrazine  (DNPH), 100 ml  of conc. H2SO4, 400 ml of methanol ,  and 
200 ml  of wa te r  (1 g of DNPH is contained in about 85 ml  of the solution). 

React ion  of T r i a i ly lbo rane  with Propyne .  A hydrogenat ion f lask was charged  with 56.7 g of t r i a l l y l -  
boraneo Propyne ,  which pas sed  to the f lask  f r o m  a gas holder  under a p r e s s u r e  of about 50 m m  of water ,  
was dr ied  by pas sage  over  soda - l ime  and P2Os. The f lask  was shaken for  6 days at 20 ~ and in this t ime  
9.5 l i t e r s  of propyne was absorbed.  A 1 -ml  sample  of the reac t ion  product  was taken for  the p repa ra t ion  
of the 2,4-DNPH (see below). After  12 days the reac t ion  mix tu re  was t r a n s f e r r e d  to a dist i l l ing f lask and 
d isso lved  in 160 ml  of isopentane; 30 ml  of methanol  was added dropwise with s t i r r ing .  When no more  p r o -  
pene came  off, the mix tu re  was f rac t ional ly  dist i l led.  We obtained: 1) 4 g (6%) of dimethy[ 2 - m e t h y l - l , 4 -  
p e n t a d i e n e - l - b o r o n a t e  (VI), bp 61-61.5 ~ (18 rnm); nD2~ 1.4418; d42~ 0.879. Found: C 62.65; H 10.03; B 7.11%. 
CsHI~BO 2. Calculated: C 62.38; H 9.82; B 7.02%. 2) 44 g (63.5%) of 3 - a l l y l - l , 2 , 3 , 4 - t e t r a h y d r o - l - m e t h o x y -  
5 -me thy lbo r in  (V), bp 93-95 ~ (18 ram). The sample  analyzed had bp 91-92 o (15 ram); nD2~ 1.4722; d4 ~~ 0.889. 
Found: C 73.22; H 10.65; B 6.36%. C10H17BO. Calculated C 73.20; H 10.44; B 6.60%. 

(V) and (VI) a r e  co lo r l e s s  mobile  liquids, read i ly  soluble in carbon te t raeh lor ide ,  ch loroform,  ben-  
zene, and other  organic  solvents;  in a i r  they a re  oxidized and hydrolyzed.  

We condensed 18.6 g of propyne in a g lass  ampoule at -80% and a solution of 62 g of t r i a l ly lborane  in 
160 ml  of isopentane which had been cooled to -80 ~ was added. The ampoule was sea led  and left  for  4 days 
at 20~176 The  mix tu re  was then t r ea t ed  with 40 ml  of methanol  and dist i l led.  We isola ted  12 g (17%) of (VI), 
hp 61-62 ~ (18 ram) and aD2~ 1o4415, and 15 g (19%) of the methoxy der iva t ive  (V), bp 94.5-95.5 ~ (19 turn}; 

2o 1.4719. n D 

2-Methyl-4-pentenal 2,4-Dinitrophenylhydrazone, Oxidation of Reaction Mixture. Methanol (2 ml) 
was added at -70 ~ to I rnl of the undistilled product of the reaction (20 ~ 6 days) of triallylborane with pro- 
pyne, and at a residual pressure of 2 mrn low-boiling substances were distilled off with gradual warming 
of the contents of the flask to 20 ~ The residue was cooled (-70~ 80 ml of DNPH solution was added, and 
then 8 ml of 30% H202 was added. The mixture was shaken vigorously with gradual warming to room tem- 
perature. The precipitate formed was filtered off (0.6 g; mp 97-98~ After chromatography on alumina 
and crystallization from methanol we obtained 0.4 g of 2-methyi-4-pentenal 2,4-DNPH, rap 99~5-100 ~ ([I0] 

gives mp 98~ [Ii] gives mp I04-I05~ Found: C 51.78; H 4.90%. CI2HI4NdO 4. Calculated: C 51.79; H 5.07%. 

Oxidation of Dimethy] 2-Methyl-l,4-pentadiene-l-boronate (VI). To a mixture of 0.68 g of (VI) and 90 
ml of DNPH solution cooled to -30 ~ we added 2.5 ml of 30% H202, and with shaking the temperature was 
gradually raised to 20~176 The mixture was stirred for 2 h at room temperature, and then 2-methyl-4-pen- 
tenal 2,4-DNPH was filtered off and recrystallized from 100 ml of methanol; we isolated 0.9 g (74%), rnp 
102-103 ~ (corr.). 

l~3-Diallyl-l,2,3,4-tetrahydro-5-methylborin (If). In the course of 6 days at 20 ~ with shaking in a 
hydrogenation flask 37.5 g of triallylborane absorbed 6.5 liters of propyne. The reaction mixture was kept 
at 20 ~ for 2 months. By distillation we isolated 35 g (70%) of (If), bp 54-55 ~ (I ram); nD2~ 1.4879; d420 0.844. 
Found: C 82~91; H 10.99; B 6.17%. CI2HIgB. Calculated C 82.78; H ii.00; B 6.21%. The allyl derivative 
(If) is a clear mobile liquid which fumes in air; it is readily soluble in benzene and other solvents. 

1849 



3-Al ly l z ! , 2 ,3 ,4 - t e t r ahydro - l -me thoxy-5 -me thy lbo r in  (V). To a solution of 12 g of (II) 10 ml of meth-  
anol was added dropwise.  Heat was liberated, and 1.65 l i ters  of propene came off. Distillation gave 9~ g 
(90%) of (V), bp 90-91 ~ (14 mm); riD2~ 1.4720; d42~ 0.886. 

Dimethyl 2 -Al ly t -4 -me thy l -4 -pen tene - l -bo rona te  (VII) and 2 -Al ly l -4 -me thy l -4 -pen tene - l -bo ron ic  
Anhydride T r i m e r  (VIII). To 31.3 g of (V) we added 77 ml of methanol and 77 ml of glacial acetic acid, and 
the mixture was boiled (78 ~ for  3.5 h. Volatile products  were removed at a residual  p r e s su re  of 8 mm, and 
by distil lation we obtained: 1) 14 g (41%) of (VII), bp 81,5-82 ~ (8 mm); nD 2~ 1.4425; d420 0.8742. Found: C 
67.50; H 11.08; B 5.34%. CllH21BO 2. Calculated: C 67.37; H 10.80; B 5.51%. 

IR spec t rum (y, cm-l) :  895, 915, 1000, 1640, 3075 (C=CH 2 and -CH--CH2) .  PMR spect rum (6, ppm): 
singlet 1.68 (= C-CH3) , s inglet3.48 (-B (OCH3) 2) , complex signal at 0.68 (probably B-CH2); multiplets:  1.85- 
2.23 ( -CH2-CH-CH2- ) ;  4.58-5.15 ( - C =  CH 2 and C= CH2); 5.43-6.03 ( - C H =  C). 2) 11.8 g (41.1%) of the 
t r i m e r  (VIII), bp 155-157 ~ (0.03 ram); nD2~ 1.4737; d420 0.9097. Found: C 72.08; H 10.07; B 7.19%. C27H45B 3 
�9 O 8. Calculated: C 73.05; H 10.08; B 7.21%. 

IR spec t rum (v, cm-1): 895, 920, 1000, 1640, 3075 (C = CH 2 and -HC = CH2) , 1380 (B-O) .  PMR spec-  
t rum (6, ppm): signal at 0.82 (B-CH2), singlet at 1.65 (= C-CH3) , multiplets at 1.35-2.48 (-CH2-CH~-CH2), 
4.58-5.15 ( -C = CH 2 andC=CH2), 5.43-6.03 (-CH =C)o 

The anhydride (VIII) is a co lor less  r a the r  viscous liquid, soluble 
to a tmospher ic  oxygen and mosi ture  than the e s t e r  (VII). If a mixture 
boiled and then left for  1 day at room tempera ture ,  only the t r ime t r i c  

in organic solvents; it is more  stable 
of (V), methanol, and acetic acid is 
anhydride is obtained. The same 

anhydride is formed also by the action of glacial  acetic acid. Heating of a mixture of 19 g of (V) and 28 ml 
of glacial  acetic acid for  8 h at 98 ~ led to the disappearance of the band at 1615 cm -1 in the IR spect rum.  
Volatile products  were vacuum-dis t i l led off (9 g of propyne and excess of acetic acid), and the residue,  "ac- 
cording to the IR and PMR spectra ,  was the t r imer i e  anhydride (VIII). 

2 - A l l y l - 4 - m e t h y l - 4 - p e n t e n - l - o l  (IX). To 12 g of (VII) we added 60 ml of 20% l~aOH. To the white 
precipi ta te  fo rmed 11 ml of 30% H202 was  added dropwise at 0-5 ~ and the mixture was left overnight.  The 
react ion product  was extracted with four 50-ml  port ions of ether,  and the extract  was dried over  Na2SO4~ 
Distillation gave 7.7 g (83.3%) of (IX), bp 48-48.5 ~ (2 mm); nD 20 1.4614; d42~ 0.8684. Found: C 77.20; H 11.30%. 
C9H160. Calculated: C 77.09; H 11.50%. 

IR spec t rum (v, cm-l) :  895, 915, 995, 1640, 1825, 3000, 3075 (C=CH 2 a n d - H C =  CH2), 3360 (OH). 
PMR spect rum (6, ppm): singlet 1.68 (= C-CH3)  , singlet 2.9 (OH), doublet  with its center  at 3.46 (ICH2_CH 
= 5 Hz) (- CH20); multiplets: 1.45-2.25 (-CH 2 -  C H -  CH2-), 4.54-5.20 (C = CH 2 and - C = CH2) , 5.44-6.07 
( - C - C H  = C). According to GLC, the alcohol obtained was a homogeneous compound. 

Under analogous conditions by the oxidation of 9 g of the anhydride (VIII) we obtained 5.2 g (92%) of 
the alcohol (IX), bp 88-89 ~ (13 ram); nD 20 1.4613. 

A mixture of 18.3 g of (V), 38 ml of methanol, and 38 ml of acetic acid was boiled for  3 h, Low-boi l -  
ing substances were removed in a vacuum, 80 ml of 20% NaOH was added to the residue, and then at 0-5 ~ 
19 ml of 30% H202 was added. By procedure  s imi la r  to that descr ibed above we isolated 13.9 g (89%) of 
(IX), bp 86-87.5 ~ (12 mm). 

2 ,4-Dimethyl- l ,6-heptadiene  (XI). A solution of 16.4 g of p-toluenesulfonyl chloride in 30 ml of py-  
ridine was added dropwise at 10-15 ~ to a solution of 11.4 g of (IX) in 20 ml of pyridine. The mixture was 
s t i r red  for  3 h at 20 ~ The contents of the flask were then poured into a mixture of 150 g of ice and 50 ml 
of conc. HCI. The precipitated oil was extracted with benzene, and the ext rac t  was washed with 2 N HCI, 
neutral ized with sodium carbonate solution, and dried with potassium carbonate.  Solvent was vacuum-d i s -  
tilled off, the liquid tosylate (X) then obtained was dissolved in 100 ml of ether, and at -70 ~ a solution of 
9 g of LiAIH 4 in 100 ml of ether  was added. At room tempera ture  a vigorous react ion occurred.  The mix-  
ture  was boiled for 2 h and then t rea ted  with water.  The precipitate formed was f i l tered off and washed 
with ether.  The ethereal  solution was dried with K2CO 3. A~ a resul t  of distil lation over sodium we iso-  
lated 8 g (81%) of the diene (XI), bp 65-65.5 ~ (71 mm); n 20 d420 D 1.4300; 0.7501. Found: C 87.08; H 12.90%. 
CsH16. Calculated: C 87.01; H 12.99%. According to GLC, the diene (XI) was a homogeneous compound. 

Il~ spec t rum (v, cm-1): 895, 915, 996, 1645, 3075 ( -HC= CH 2 and C= CH2). PMR spect rum (5, ppm): 
singlet 1.66 (= C-CH3), doublet ( ICH3_CH_= 6 Hz) with its center  at 0.83 (C-CH~); multiplets:  1.35-2.31 
(-CH 2-  CH-CH2-) ,  4.44-5.22 (C = CH 2 and - C  = CH2), and 5.38-6.12 (C-CH = C). 
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1-Methoxy-3-methyl -5-propylbor inane  (XII). In the hydrogenation of 8.9 g of (V) dissolved in 20 ml 
of hexane over  platinum black (0.15 g) for  5 h 2.47 l i t e rs  of hydrogen was absorbed.  After f i l t rat ion and 
removal  of solvent the res idue was distil led. We obtained 8.44 g (94%) of (XII), bp 69~69.5 (4 ram); nD 2~ 
1.4430; d420 0.8532. Found: C 71.33; H 12.60; B 6.40%. C10H21BO. Calculated: C 71.45; H t2.59; B 6.44%. 

The compound (XII) is more  sensi t ive to a tmospher ic  oxygen than its unhydrogenated analog (catches 
f i re  in air) .  

2 ,4-Dimethylheptane (XIII). Hydrogenat ion of 2 ,4-Dimethyl - l ,6 -heptadiene  (XI). A mixture  of 4 g of 
(X-I), 0.1 g of PtO2, and 15 ml of glacial acetic acid was shaken with hydrogen in a hydrogenation flask, and 
1.4 l i t e rs  of hydrogen was absorbed.  After  the neutral izat ion of acid with 20% NaOH, the hydrocarbon was 
ex t rac ted  with e ther .  The ex t rac t  was dr ied with Na2SO 4. By dist i l lat ion over  sodium we isolated 3.72 g 
(91%) of (XIII), bp 64.5-65 ~ (74 ram); nD 2~ 1.4022; d42~ 0.7131 ([6] gives: nD 2~ 1.4021; dr 2~ 0.7130). Found: 
C 84.43; H 15.49%. C9H20. Calculated: C 84.28; H 15.72%. According to GLC (XIII) was f ree  f rom impurity; 
the re tent ion t ime of the compound obtained was the same as that of 2,4-dimethylheptane synthesized as de-  
scr ibed in [6]. 

Cleavage of (XII) with Stearic Acid. A Favorski i  flask was charged with 6.7 g of (XII) and 34 g of 
s tea r ie  acid. The mixture  was heated (bath t empera tu re  290-350~ and 4.5 g of crude hydrocarbon,  bp 129- 
130 ~ dist i l led off. The hydrocarbon was washed with 20% NaOH and water  and then dist i l led over  sodium. 
We isolated 4 g (80%) of (XIII), bp 130-130.5 ~ (748 ram); riD2~ 1.4040; de 2~ 0.7175. According to GLC the 
substance contained about 0.5% of unidentified impuri ty .  

The rma l  I somer iza t ion  of 1 ,3 -Dia l ly l - l , 2 ,3 ,4 - t e t r ahydro-5 -methy lbor in  (II) into 3 -Al ly l -7 -methy l -3 -  
borabicyclo[3.3 .1]non-6-ene (III). The  compound (II) (16 g) was heated to 135 ~ af ter  which the t empera tu re  
rose  spontaneously to 150~ it was then kept at 140 ~ for  4 h (the product  had nD 20 1.4930)o Disti l lation gave 
14.1 g (88%) of (III), bp 97-98 ~ (12 ram); nD 2~ 1.4930. The compound (III) was p repared  by us previously,  
and it then had bp 88-89 ~ (10 ram); nD2~ 1.4930. 

We thank V. G. Kiselev for  constant ass is tance  in the chromatographic  investigations and V. S. Bog 7 
danov and I. P.  Yakovlev for  valuable advice in the examination of the spec t ra l  data. 

CONCLUSIONS 

1. It was shown that there  are  th ree  success ive  stages in the reac t ion  of t r ia l ly lborane  with a 1-alkyne: 
a) the addition of t r ia l ly lborane  at the t r ip le  bond of the alkyne with format ion of a (2-aIkyl - l ,4-pentadienyl) -  
dial lylborane;  b) the cycl izat ion of the (2-alkyl- l ,4-pentadienyl)dia l ly lborane into a 5 -a lky l - l ,3 -d~a l ly l - l ,2 ,  
3 ,4- te t rahydrobor in ;  c) the the rma l  i somer iza t ion  of the 5 -a lky l - l , 3 -d i a l l y l - l , 2 ,3 ,4 - t e t r ahydrobor in  into a 
7 -a lky l -3 -a l ly l -3 -borab icyc lo  [3.3.1] non: 6-ene.  

2. Some chemical properties of the intermediate reaction products were investigated. 
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