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The reac t ion  of a lkoxyacetylenes with t r ia l ly lboranes  in a 1:1 ra t io  at -50-20~ leads to dial lyl-(2-  
a lkoxypen ta - l , 4 -d ien - l -y l )bo ranes  (I) in which the boron atom and the allyl group are  located in a cis pos i -  
tion at the double bond [1]. Compounds of type (I) cycl ize  into 3-subst i tuted 1 , 5 - d i a l l y I - l - b o r a - 2 - c y c l o -  
hexenes  (II) [2], which in the i r  turn  a re  t r ans fo rmed  upon heat ing into 7-subst i tuted 3 -a l ly l -3 -boracye lo -  
[3.3.1]non-6-enes (III). This  work is devoted to the study of cycl izat ion of alkoxy der iva t ives  of type (I) into 
1 -bora -2 -cyc lohexene  der iva t ives  (If) and was ca r r i ed  out in para l le l  with the investigation of condensation 
of t r ia l ly lborane  with a lkylacetylenes  [3]. It was found that the l inear  compounds, d ia l ly l - (2-alkoxypenta-  
1 ,4 -d ien - l -y l )bo ranes  (I), a re  thermal ly  more  stable than the corresponding 2-alkyl  der iva t ives  [3], and in 
con t ras t  to them, are  t r ans fo rmed  into 3 - a l k o x y - l , 5 - d i a l l y l - l - b o r a - 2 - c y c l o h e x e n e s  (II) only upon heating 
(120-130~ i . e . ,  under  conditions where the condensation of t r ia l ly lborane  with acetylene and alkylacetyl-  
enes  leads to bicycl ic  compounds [4]. In the case  of alkoxy der iva t ives  the fur ther  t r ans fo rmat ion  (II)-~{III) 
is only accomplished at a still  h igher  t empera tu re  (170-180~ The p repara t ion  of compounds of type (II) 

RO 
--50-200 ~ 120-130~ (CH2~CH--CH2}3B + ROC~-~---CH-- ~ 

"B(CH~--CH~CH~)~ 
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(11) R :CH3~ C2H 5 
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can be c a r r i e d  out by both heating the 1,4-pentadienyl der ivat ive  (I) and without its p r e l imina ry  isolation. 
In the la t te r  case  1 mole o f  the alkoxyacetylene is added init ial ly at - 5 0  to -30~ to a solution of t r i a l ly l -  
borane in an iner t  solvent  (isopentane). After  r emova l  of the solvent the res idue is heated for  3-3.5 h at 
120-130~ during which the yield of (II) r eaches  80%. In ce r ta in  exper iments  the cyclohexene compound 
(II) obtained in this way contains 5-10% of the bicycl ic  der ivat ive  (II1) f rom NMR spect roscopic  data.  The 
s t ruc tu re  of the 3 - a l k o x y - l , 5 - d i a l l y l - l - b o r a - 2 - c y c l o h e x e n e  (II) was demonst ra ted  by a s e r i e s  of chemical  
t ransformat ions  p resen ted  above and also confi rmed by spec t ra l  methods.  Two types of double bonds 
a re  p r e se n t  in the cycl ic  compounds (II); a te rminal  allyl and a cycl ic  vinylboron. The i r  IR spec t ra  contain 
intense absorpt ion bands at 1569 (R = C2H~) and 1573 cm - t  (R = CH3) due to the double bond of the B - CH 

/ O R  
= C ~  fragment ,  and also absorpt ion bands charac te r i z ing  the terminal  double bonds (1638, 3075 cm-t ) .  
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The PMR s p e c t r a  of these  compounds also conf i rm the i r  s t ruc tu re .  F o r  example ,  the s p e c t r u m  of (II, R 
= C2H5) contains:  a mul t ip le t  of the al iphat ic  p ro tons  at  0.95-2.25 p p m  with an e x p r e s s e d  t r ip le t  cen te red  
at  1.22 p p m  (O - C - CH3) and a doubiet  (J = 8 Hz) cen te red  at 1.95 ppm ( - O  - C -  CH 2 and - B  - CH2); a 

quar te t  cen te red  a t  3.68 p p m  (C - CH20); a mul t ip le t  at  4.45-5.08 p p m  (C = CH2) with an e x p r e s s e d  s ingle t  

at  4.95 p p m  (vinyl p ro ton  B - CH = C ( )  and a mul t ip le t  at 5.25-6.20 p p m  ( - C H  = C), with re la t ive  in tegra l  

in tens i t ies  of 12 : 2 : 5 : 2. 

Only the t e r m i n a l  double bonds of the 1 -boracyc lohexene  compounds (II) a r e  hydrogenated on ca ta lys t s  

of the p la t inum group (the vinyl  bond ~ B - CH = C <  is not affected);  during t h i s 2  moles  of H 2 a r e  a b s o r b -  

ed and 3 - a l k o x y - l , 5 - d i - n - p r o p y l - l - b o r a - 2 - c y c l o h e x e n e s  (IV) a r e  obtained. Heating (2 h) the eyclohexene 
compound (II) with methanol  leads  to d i m e t h o x y - ( 4 - a l k o x y - 2 - a l l y l p e n t - 4 - e n - l - y l ) b o r a n e  (V, R = C2H6), which 
is  f o r m e d  as a r e s u l t  of '  p ro to ly t i c  c leavage of the B - vinyl and B - a l lyl  bonds.  The r eac t i on  is  accompanied  
by l ibera t ion  of 1 mole  o fp ropy lene ,  which indicates  the p r e s e n c e  in the compound of one a t ly l  group on the 
bo ron  a tom.  The 1 -boracyc lohexene  s y s t e m  of compound (II) is  a lso  c leaved  upon heat ing with ethylene 
glycol .  H e r e  2 - ( 4 , , 4 , - e t h y l e n e d i o x o - 2 ' - a l l y l - l ' - p e n t y l ) - l , 3 , 2 - d i o x a b o r o l a n e  (VIII) is  fo rmed  via  the step 
(VI)  -* (VII). Although the B - C bond in al lyl  boron  compounds is  c leaved  v e r y  eas i ly  by alcohols [5], we 
unexpectedly  ob s e rved  in the study of a leoholys is  of compounds (II) by LR spec t roscopy  that  upon reac t ion  
with alcohols the B - v inylbond is  c leaved  f i r s t ,  followed by  the B-a l l y l  bond. The compet ing c leavages  of 
these  two types  of B - C bonds can be judged, on one hand, f r o m  the d i sappea rance  in the IR s p e c t r u m  of 

_ j O R  
the intense absorpt ion  band in the 1570 cm -1 region due to the double bond of the fragmentoR B - CH = c ~  

and the appearance  of an absorp t ion  band at 1653 cm -1 cor responding  to the CH 2 = C ~  , and, on the 

other  hand, f r o m  l ibera t ion  of p ropy lene .  I t  was found that  the B - vinyl  bond is  c leaved quite rap id ly  [with 
fo rma t ion  of a s y m m e t r i c  compounds of type ( ~ ]  upon addition of alcohol or  glycol to (II), and propylene  is  
l ibe ra ted  only upon heat ing.  The fact  that upon heat ing (tI) with ethylene glycol the 1 ,3 ,2-dioxaborolane s y s -  
t e m  [compound (VII)] is f o rm ed  at  20-100~ and the alkoxyvinyl group of (VII) is t r a n s f o r m e d  into the keta l  
group of (VIII) at 100-180~ also d e s e r v e s  attention. Since it  is  known that  organic  ke ta l s  a r e  s table  in 
neu t ra l  and bas ic  med ia  and give ketones  in the p r e s e n c e  of acids [6], we subsequent ly  used these  p r o p e r t i e s .  

Upon hydrogenat ion  of (VIII) ove r  P t - b l a c k  in hexane 1 mole  of hydrogen is  absorbed  and 2-(4'  , 4 ' -  
e t h y l e n e d i o x y - 2 ' - p r o p y l - l ' - p e n t y l ) - l , 3 , 2 - d i o x a b o r o l a n e  (IX) is  fo rmed .  Oxidation of dioxaborolane (VII) 
with H202 in bas ic  med ium leads to 4 ,4 - e thy l ened ioxy -2 -a l l y l - l -pen t ano l  (X), the ketal  group of which is 
r e m o v e d  by reac t ion  with 0.3 N phosphor ic  or  7% hydrochlor ic  acid. The fo rmed  4-ketoalcohol  (XI) was 
hydrogenated  (P t -b lack ,  1 mole  of H 2 absorbed)  into 4 - o x o - 2 - n - p r o p y l - l - p e n t a n o l  (XII). The la t t e r  was 
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oxidized with CrO s in CHaCO2H to the known 2-n-propyllevutinie acid (XIII), identified in the individual state 
and as the semicarbazone, phenylhydrazone, and 2,4-dinitrophenylhydrazone. 

Tile 4-hydroxyketal (XIV) was synthesized by oxidation (H202 in basic medium) of the saturated organo- 
boron ketal (IX). Hydrogenation of the unsaturated alcohol (X) with absorption of 1 mole of hydrogen also 
gives (XtV), tn acid media compound (XIV) gives the ketoalcohol (XII), f rom which 2-propyllevulinic acid 
(XII) was also obtained by oxidation. Reduction of 4-oxo-2-n-propyt- t -pentanol  (XII} with LiAIH~ leads to 
diol (XW), the bis-tosylate of which (XVI) gives 4-methylheptane {XVID upon boiling with LiAIH4 i~. ether  

0 OH TsO 

o~H 1 1 OH OTs . 
(xH) (xv) (xvi) (xvli} 

The described ser ies  of transformations leading to the Imowzl 2-n-propyllevulinic acid (XXII) mid 4- 
methylheptane (XVII) is chemical evidence for the s tructure of the 3 -a lkoxy- l ,5 -d ia l ly l - l -bora - l -cycIo-  
hexenes (tI). IR and PMR spectra  of compounds (IV):(:~) confirm the presented s tructures  and are par t ia l -  
ly presented in the experimental section. 

To supplement the above, we carr ied  out certain other reactions with the compounds obtained in the 
transformations (ID -~ (XIII). As do other 4-ketoalcohols [7], 4-oxo-2-al lyl- i -pentanol  (XD and its cyclic 
ketal (X) give the dihydrofuran derivative, 2-methyl-4-allyl-4,5-dlhydrofuran (XVIII), upon heating (180- 
195~ in the presence of a catalytic amount of phosphoric acid. The IR spectrum of (X~ZIH) contains absorp- 
tion bands of the terminal douMe bond (1642, 3077 cm -I) mxd an intense band at 1673 cm -i, characteristic 
for  a~aiogous 2-methyl-4,5-dihydrofuran derivatives [8]. The Pt~R spectrum of (XVII~ is extraordinari ly 
complex and confirms its s tructure 

Oi H 0 }" CH~ 0 ~ H 
OH (~} 

(xtx) (xi) (xvI~r) 

2-Allyl-l ,4-pentanediol (XIX) was obtained from ketoaleohot (XI) by reaction with lithium aInminnm 
hydride. 

Ear l ie r  [3] we discussed the mechanism of transformation of the l inear eompotmd (t) into the oyelo- 
hexene derivative (II), Which consisted of addition of the B -  altyl fragment to the terminal double bond of fhe 
1,4-pentadienyl system of (I). The more severe conditions necessary  for the cyctization (I) -~ (II) in the ease 
of alkoxyaeetylene derivatives in comparison with alkylacetylene derivatives are probably due to comptex 
formation of the ether oxygen with the boron atom. The la t ter  hinders formation of a ~r-complex between the 
terminal double bond of the 1,4-pentadienyl system and the boron atom, which precedes addition to it of f~he 
B - allyl fragment. 

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

All operations with organoboron compounds were carr ied out under an atmosphere of dry argon. 

Alkoxyacetylenes were obtained from the corresponding vinyI ethers by the method of Nazarov, Kras-  
naya, and Vinogradov [9]. 

IR spectra  were taken on a UR-10 instrument, and PMR spectra were taken on a Varian DA-60-tL or  
a RS-60 [10] instrument; hexamethyldisiloxane was used as internal standard; the scale of the spectra  is 
presented relative to tetramethylsflane. Integral intensities of signals of groups of protons in the PMR 
spectra  .presented betow correspond to the theoretical,  

3-Methoxy-l .5-dia l ly l - l -bora-2-cyetohexene (It, R -- CHa). I~ a three-necked flask fitted with a cold- 
finger condenser, thermometer ,  magnetic s t i r r e r ,  and gas inlet was placed a solution of 25.3 g of t r ia t lyl :  
borane in 40 ml of isopentane. At a temperature  of -50~176 to the flask was added over 2 h 10.3 g of 
methoxyaeetylene, after which the mixture was gradually warmed to room temperature mud the solvent was 
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dis t i l led .  The res idue  was heated  for  3.5 h at  120-125~ Frac t iona l  dis t i l la t ion yielded 19.9 g (56%) of 
(II) (R = CH3) having bp 72-73~ (3 ram); n~  1.4932; d420 0.8989. Found: C 75.64; H 10.07; B 5.72%. C12H19 
�9 BO. Calculated:  C 75.82; H 10.07; B 5.69%. 

PMR s p e c t r u m  (5, ppm):  mul t ip le t  in the 0.28-2.71 region with an e x p r e s s e d  doublet  (J = 7 Hz) cen-  
t e r ed  at  2.05 ( - O  - C - CH 2 and B - CH2); s ingle t  at 3.48 ppm ( - O  - CH3); s ingle t  at 4.93 (B - CH = C); 
mul t ip le ts  in the regions  4.32-5.12 ( - C  = CH2) and 5.25-6.25 ( -CH = C). 

3 - E t h o x y - l , 5 - d i a l l y l - l - b o r a - 2 - c y c l o h e x e n e  (II, R = C2H5). With s t i r r i ng  and cooling ( -50~176  
to a solution of 27.4 g of t r i a l ly lborane  in 30 ml  of isopentane over  i h was added a solution of 14.3 g of 
e thoxyacetylene in 20 ml  of  isopentane.  The t e m p e r a t u r e  of the mix tu re  was brought  to room t e m p e r a t u r e  
and the solvent  was dis t i l led .  The res idue  was heated  to 125-130~ ove r  3.5 h. Dist i l la t ion in vacuum 
yielded 33.1 g (79.4%) of (II) (R = C2H5) having bp 81-82~ (3 ram); n~  1.4918; d 2~ 0.8920. Found: C 76.75; 
H 10.52; B 5.42%. Ct3H21BO. Calculated:  C 76.49 H 10.37 B 5.31%. 

3 - E t h o x y - l , 5 - d i - n - p r o p y i - l - b o r a - 2 - c y c l o h e x e n e  (IV, R = C~Hs). In a long-necked hydrogenat ion f lask  
were  p laced  8.1 g of (II) (R = C2H5) , 0.1 g of technical  P t -b lack ,  and 10 ml  of hexane.  Over  3 h was a b s o r b -  
ed 1.98 l i t e r s  of hydrogen,  a f t e r  which absorp t ion  of hydrogen stopped.  We obatalned 7.5 g (91.5%) of (IV) 
(R = C2H5) having bp 84-85.5~ (2 ram); n~  1.4694, d 2~ 0.8901. Found: C 75.13; H 12.24; B 5.19%. Ct3H25BO. 
Calculated:  C 75.01; H 12.20; B 5.19%. 

PMR s p e c t r u m  (6, ppm):  mul t ip le t  of al iphatic protons  at 0-1.40 with an e x p r e s s e d  t r ip le t  centered  at 
0.90 (OC - CH3); quar te t  cen te red  at 3.81 ppm (O - CH2C); s inglet  at  4.98 (B - CH = C). 

D i m e t h o x y - ( 4 - e t h o x y - 2 - a l l y l p e n t - 4 - e n - l - y l ) b o r a n e .  (V, R = C2H5).  To 3.9 g of compound (II) (R 
= C2H5) at  r o o m  t e m p e r a t u r e  was added 3 mt  of methanol ;  during this 80 ml  of propylene  was l ibera ted .  
Boiling the mix tu re  for  2 h led to l ibera t ion  of 1 mole  (430 ml) of gas .  Dist i l la t ion of the liquid reac t ion  
products  yielded 2.2 g (51%) of compound (V) (R = C2H5) with bp 90-92~ (4.5 ram); n~ 1.4498; d 2~ 0.9217. 
Found: C 63.65; H 10.38; B 5.12%. CI2H23BO 3. Calculated:  C 63.74; H 10.25; B 4.79%. 

2 - ( 4 , - M e t h o x y - 2 , - a l l y l p e n t - 4 ' - e n - l ' - y l ) - l , 3 , 2 - d i o x a b o r o l a n e  (VII, R = CH3). To 8.2 g of (II) (R = CH 3) 
a t  70-80~ was ca re fu l ly  added 2.5 ml  of e thylene glycol,  during which 966 ml  of propylene  was l ibera ted .  
Dis t i l la t ion in vacuum of the liquid reac t ion  p roduc t s  isolated 7.0 g (77.3%7 of compound (VII) (R = CH 3) having 
bp 79-80.5~ (2 mm);  n~  1.4651; d 2~ 0.9892. Found: C 62.85; H 9.06; B 4.87%. CllH19BO3 . Calculated: 
C 62.89; H 9.12; B 5.15%. 

IR s p e c t r u m  (v, c m - ' ) :  intense absorpt ion  in the region 1180-1420 - " ( - -B/0~  ; 1610; 1658 ~double- bond 
\ %] \ 

\ ; 1641 (double bond C = ell2); 3O73, 3115 �9 

2 - ( 4 ' , 4 ' - E t h y l e n e d i o x y - 2 ' - a l l y l - l ' - p e n t y l ) - l , 3 , 2 - d i o x a b o r o l a n e  (VIII). To 22.3 g of (tI) (R = C2I-I 5) at 
70-80~ in smal l  por t ions  was added 13.1 g of ethylene glycol dur ing which 2.45 l i t e r s  of propylene was 
l ibera ted .  The r e s idue  was hea ted  over  1.5 h (170-180~ in a vacuum of 135 m m  with s imul taneous  d i s t i l -  
lat ion of ethanol; 6.5 ml  of ethanol was dis t i l led.  Dist i l la t ion of the res idue  yielded 19.83 g (75;5%) of (VIII) 
having bp 87-88 ~ (1.5 ram);  n~  1.4641; d~ ~ 1.0319. Found C 59.98~ It 8.90; B 4.39%. C~2H2~BO 4. Calculated:  

H ~ O  

mult ip le t s  ill the regions  4.60-5.05 ( - C  = CH2); 5.27-5.88 ( -  CH -- C), and 0.68-2.20 ( remain ing  aliphatie o) 
protons)  with an e x p r e s s e d  s ingle t  at 1.22 p p m  g3--C �9 

\ Q~ 

2-(4 '  ,4' -E thylenedioxy-  2 ' - p r o p y l -  l 'penty l )  -1 ,3 ,2-d ioxaboro lane  (IX). Upon shaking a mix tu re  of 14.8 
g of (VIII), 0.3 g of P t -b l ack ,  and 25 ml  of n-hexane  in a long-necked hydrogenat ion f lask  1.4 l i t e r s  of hy-  
drogen  was absorbed  in 1 h. After  r e m o v a l  of the so lvent  dis t i l la t ion of the res idue  yielded 12.43 g (83.5%) 
of compound (IX) having bp 82-83~ (2 mm);  n ~  1.4532. Found: C 59.82; H 9.77; B 4.44%. C12H23BO 4. Ca l -  
culated: C 59.52; H 9.57; B 4.47%. 
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0 

oMR  peotrum ppm,: si. let 1.20 

\ O/  

supe r imposed  on the complex s p e c t r u m  of the 

(i ) (i ) al iphat ie  p ro tons  in the reg ion  0.42-2.05; s ingie t  at 3.72 \ c  ; s ingle t  at 3.98 \ B  

\ ( ~ _ o  / \~,~-o / ,, 

4 , 4 - E t h y l e n e d i o x y - 2 - a l l y i - l - n - p e n t a n o l  (X). To a mix tu re  of 14.5 of compound (VIII) and 24 ml of 10% 
NaOH at 0-5~ was added 12 ml  of 30% H202. After  s t i r r i ng  for  4 h at r o o m  t e m p e r a t u r e  the oxidation p rod -  
ucts  were  ex t rac ted  th ree  t imes  with benzene (in 40-ml  por t ions) .  The solvent  was dis t i l led and the res idue  
was dis t i l led in vacuum.  We obtained 10.6 g (94.2%) of (X) having bp 98-99~ (3 ram); n~ 1.4661; d~ ~ 1.0559. 
Found: C 64.50; H 10,01%. C10HisO 3. Calculated:  C 64.49; H 9.74%. 

PMR s p e c t r u m  (6, ppm);  doublet  (J = 5 Hz) cen te red  at 3.45 ( - C H  2 - O  - ) ;  s ingle t  at 3.68 ( - O -  H); 
, c~q~--o' \ 

/ 

singlet  at 3.92~ "~c| ; mul t ip le ts  in the regions  4.78-5.25 (C = CH2) , 5.42-6.15 ( -  C = C), and 1.1-2.37 
/ / 

(al iphatic protons) with an e x p r e s s e d  s ingie t  at 1.28 c~t~-c 

\ o /  

4 , 4 - E t h y l e n e d i o x y - 2 - p r o p y l - l - n - p e n t a n o l  (XIV). In a long-necked hydrogenat ion f lask  were  p laced 
15.3 g of (X), 0.15 g of P t -b l ack ,  and 25 ml  of n-hexane .  In 3 h 1.85 l i t e r s  of H 2 was  absorbed .  Dist i l la t ion 
yielded 13.6 g (88.5%) of compound (XIV), bp 77-78~ (2 ram); n~  1.4528; d 2~ 1.007. Found: C 64.23; H 
10.84%. Ct0H2003. Calculated:  C 63.80; H 10.71%. 

4 - O x o - 2 - a l l y l - l - n - p e n t a n o l  (XI). A mix tu re  of 6.5 g of alcohol (X) and 30 ml  of 0.3 N phosphor ic  acid 
was s t i r r e d  for  8 h at  30-40~ The e ther  ex t r ac t  was dr ied with K2CO 3. Dist i l lat ion i so la ted  3.7 g of (XI) 
having bp 64-66~ (2 mm);  n~  1.4573. Found: C 67.68; H 9.98%. C8H1402; Calculated:  C 67.52; H 9.92%. 

Intense absorp t ion  bands at 1715 ( ~ C  = O), 1641 (C = C), and a broad  band at 3460 cm -1 (OH) a re  
p r e s e n t  in the IR s p e c t r u m  of (XI). 

To 20.4 g of (II), (R = C2H5) was added at 20-30~ 9 ml  of methanol  (s t rong evolution of hea t  observed)  
and then 50 ml  of 10% NaOH (propylene is l ibera ted) .  At 0-5~ was added 17 ml  of 30% H202 and the m i x -  
ture  was left  overnight .  The next  day the mix tu re  was sa tu ra ted  with K2CO 3 and ex t rac ted  with e ther .  Af ter  
d is t i l la t ion in vacuum of the e ther  and obtained allyl  alcohol to the res idue  was added 70 ml  of 10% HC1 and 
the mix tu re  was heated  for  1 h at 70~ The mix tu re  was neut ra l ized ,  sa tu ra ted  with K2CO3, and ex t rac ted  
with e ther ;  the e ther  was dr ied over  K2CO 3. Dis t i l la t ion yielded 7 g of ketoalcohol  (XI) having bp 103-105~ 
(8 mm);  n~  1.4578. 

2 -Propyl levu l in ic  Acid (XIII). Upon hydrogenat ion of 2.84 g of (XI) in 20 ml  of n-hexane  in the p r e s -  
ence of 0.1 g of P t - b l a c k  480 ml  of hydrogen was absorbed  in 3 h. After  f i l t ra t ion  the n-hexane  was d i s t i l -  
led. The IR s p e c t r u m  of the res idue  contained the following: an intense band at 1715 cm - t  (C = O) and a 
b road  band at  3460 cm -1 (OH group).  The res idue  (2.7 g) of c rude  (XII) was dissolved in 100 ml  of 70% 
CH3COOH and with s t i r r i ng  and cooling (10~ was added 12 g of CrO3; heat ing up of the mix tu re  was ob-  
s e rved .  The mix tu re  was s t i r r e d  for  1 h at  10~ and then lef t  overnight .  The next  day the mixt~tre was 
evapora ted  in vacuum to a volume of N50 ml  and diluted with wa te r  to 300 ml.  The mix tu re  was ex t rac ted  
with e the r  and dr ied  ove r  Na2SO 4. We isola ted  1.75 g of (XIII) having bp 134-137~ (5 mm);  a f te r  a repea ted  
dis t i l la t ion the m a t e r i a l  had bp 110-111~ (1.5 ram); n ~  1.4439 (data of [11]: b_p 162-163~ (15 ram), [12]: bp 
165~ (20 mm)) .  

F r o m  0.2 g of acid (XIII) was obtained 0.3 g of the 2 ,4-dini t rophenylhydrazone,  which af ter  c r y s t a l -  
l izat ion f r o m  a mix tu re  of benzene - hexane (1 : 3) had mp 173-173.5~ (data of [12]: mp 174~ Found: 
C 49.81; H 5.47%. C14H18N406. Calculated:  C 49.70; H 5.36%. 

2067 



The phenyihydrazone of acid (XItI) had mp 124-126~ (data of [13]: rap 126-128~ From 0.29 g of 
acid (XIII), 0.21 g of semicarbazide h ydroclfloride, and 0.5 g of CH3COONa in 2 ml of ethanol was obtained 
the semicarbazone, which was crystal l ized from ethanol, mp 161-161.3~ (data of [11]: mp 165~ Found: 
C 50.46; H 7.90%. C~HnN303. Calculated: C 50.221 H 96%. 

2-Propyl- l ,4-pentanediot  (XV). Upon hydrogenation in a long-necked hydrogenation flask of a solution 
of 10.7 g of compound (VHI) in 21 ml of hexane in the presence of 0.1 g of Pt-black 1 l i ter  (100%) of H 2 was 
absorbed. To the residue obtained after filtration and distillation of hexane was added 30 ml of 7% NaOH 
and then at 0-5~ 12 ml of 30% HzO 2. The next day the mixture was heated to 60~ and after cooling ex- 
tracted with ether.  The ether  was distilled in vacuum and the residue was heated for 20 rain at 60~ with 
30 ml of 7% HC1. The acid was neutralized and the solution was sat~2rated with K2CO 3 and extracted with 
ether .  The ether  ext rac t  was concentrated in vacuum to approximately 15 mt and to the solution was added 
5 g of LiA1H 4 in 50 ml of e ther .  The mixture was boiled for I h and after normal decomposition (water and 
H2SO 4 solution) extraction with ether yielded 4.01 g of 2-propyl-l ,4-pentanediol  (XV) having bp 105-107~ 
(2 ram); n~ "5 1.4508. From 3.6 g of diol (XV) by the usual method (in pyridine) was obtained the bis-tosylate 
(XVI), which after crystal l izat ion from 200 ml of methanol had mp 93.5-94.5~ Found: C 58.44; H 6.66; S 
13.81%. C22H300~S 2. Calculated: C 58.12; H 6.65; S 14.11%. 

2-Allylpentanediol (XIX). Analogously to that described f rom 7.11 g of (X) (after hydrolysis and r e -  
duction with LiA1H4) was obtained 3.65 g of diol (XIX) having bp 96-97~ (3 mm); n~ 1.4641. Found: C 67.11; 
H 11.20%. C8H1602, Calculated: C 66.63; H 11.19%. From 3 g of dtol (XIX) was obtained (after crystal l iza-  
tion from methanol) 3.65 g of the bis-tosylate having mp 78.5-79.1~ Found: C 58.14; H 6.32%. C22H2806S 2. 
Calculated: C 58.38; H 6.24%. 

4-Methylheptane (X~qI). A solution of 3.4 g of bis-tosylate (XVI) and 2 g of LiA1H4 in 50 mI of ether 
was boiled for 7 h. The mixture was decomposed with 8 ml of water and after filtration the ether solution 
was dried over Na2SO 4. We obtained 0.5 g of 4-methylheptane (XVID having bp 115-118~ which had reten-  
tion time (GLC) equal to that of an authentic sample kindly submitted by O. V. Bragin. 

2-Methyl-4-al lyl-4,5-dihydrofuran (XVIH). The reaction was car r ied  out by the method of Norman 
[7] in a slightly simplified apparatus. A mixture of 3.4 g of eompotmd (X) and 0.04 m! of a 0.3 N solution 
of H3PO 4 was heated in a Favorskii  flask. At a temperature of ,~190~ dehydration of the alcohol began. 
We isolated 1.67 g of a fraction having bp 144-157~ ; the vat temperature at the end of the reaction increased 
to 199~ The distillate was dried over K2CO 3 and distilled. We obtained 1.50 g (75%) of (XVIII) having bp 
47-48~ (19 ram); n~ 1.4566; d 2~ 0.8975. Found: C 77.06; H 9.62%. C8H220. Calculated: C 77.37; H 9,74%. 

U 
PMR spectrum (6, ppra): singlet at 1.62 {CH 3 - C  - O ) ;  t r iplet  (t~vo doublets with equal constants) 

centered at 2.05 (C - CH 2 - C --); a multiplet of the cyclic proton ~O--C--CH / centered at 2.95; the AB 
\ 

port ion of the ABX s p e e t ~  of (O - CH~ - )  at 6 A = 4.00 and 6 B = 4.12; a broadened singlet at 4.48 (cycl ic 

C = C ~ " ~ ) ;  multiplets of the allyl protons in the regions 4.72-5.15 and 5.32-6.05. proton 
~ C  

C O N C L U S I O N S  

1. Dial!yt-(2-alkoxypenta- l ,4-dien-l-yl)boranes,  obtained by" reaction of alkoxyacetylenes and t r ia l -  
lylborane, cyclize upon heating to 3-a lkoxy- l ,5-dia l ly l - l -bora-2-cyclohexenes .  

2. 3-Alkoxy- l ,5-dia l ly l - l -bora-2-cyclohexenes  were used as starting materials  for synthesis of sub- 
stituted 4-ketoalcohols, 1,4-diols, dihydrofuran derivatives, hydrocarbons, and also certain functional 
boron compounds. 

3. The possibili ty was shown of using the ketal-protocted carbonyl group in organoboron compounds. 
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