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SUMMARY

The addition of allylboranes to monosubstituted acetylenic compounds
followed by protolysis of the resulting vinylboranes is a general method for synthesxs
of 1,4-substituted pentadienes.

a-Alkoksystyrenes are obtained via the reaction of benzylboran&s with
alkoxyacetylenes.

The reaction of triallylborane with acetylene and its derivatives (allylboron—
acetylene condensation) leading to 3-borabicyclo[3.3.1]non-6-ene derivatives' ™’
involves three consequent stages®~ 38711,

The first stage of this condensatlon is cis-addition of the allylboroa fragment
of allylborane molecule to the triple bond of the acetylenic compound?®->-8-1%-11,
which occurs with allyl rearrangement!2-13,
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[R = H.D,alkyl, RO, CH=CH , CgHg , (CH4)3Si 5 CHg = allyl]

The boron atom and the substituent R are trans-situated at double bond in the
compounds of type (I).

The addition of triallylborane to monosubstituted acetylenes occurs at room
temperature or on cooling depending upon the nature of R.

The vinylboranes of type (I) may be used to prepare 2-substituted 1,4-penta-
dienes and some of their derivatives.

The interaction of triallylborane with alkoxyacetylenes (proceeding at
—50-20° and being dependent on the ratio of reagents) results in (trans-2-alkoxy-
1,4-pentadienyl)diallylborane (II), bis(trans-2-alkoxy-1,4-pentadienyl)allylborane (III)
or tris(trans-2-alkoxy-1,4-pentadienyl)borane (IV) with 85, 80 and 657 yield,
respectively.
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The reaction should be performed in an inert solvent (such as isopentane) by

adding the solution of the alkoxyacetylene te a cooled solution of triallylborane
(—70-40°) followed by heatmg of the reaction mixture to room temperature.

ROC: \(\! ROC CH O\C\l ROC_CH
CH C_,H
(o) RO

()

(CH,=CHCH,),B

The B—sp”C bond of these compounds [(II)—(IV)] can be readily cleaved by
alcohols, water and bases at 20-100° yielding 2-alkoxy-1,4-pentadienes (V).

RO R RO,
m Fou o\“/\" Chaom %om
B () (§119)
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T
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(R = CH3, CHg s R’ = alkyt)

In the case of tris(2-alkoxy-1,4-pentadienyl)boranes (IV) only two B—C
bonds are readily splitted by the action of alcohols (20-100°). Protolysis of the third
B-C bond hardly occurred on prolonged heating with alcohols. Quantitative yields of
2-alkoxy-1,4-pentadienes (V) are obtained by alcoholysis of unsymmetrical boranes
[ (IT)and (III), one mole of (III) giving rise to two moles of diene ] 1% 14 The mechanism
of the alcoholysis of (trans-2-alkoxyvinyl)boranes has been reported in a previous
communication4

The use of higher alcohols for alcoholysis is more convenient for the simulta-
neous distillation of the diene (V) from the reaction mixture.

The prolonged heating of the boranes of type (II)}-(IV) with alcohols gives rise
to ketals of methyl allyl ketone. Thus methyl ethyl ketal of methyl allyl ketone (VI)
has been obtained by refluxing compound (II) or (IV) (R=C,H;) in methanol.

The acid hydrolysis of vinylboranes [ (II}-(IV)] as well as of the compounds of
type (V) and (VI) yields methyl allyl ketone (VII) identified as its 2,4-dinitrophenyl-
hydrazone. It should be pointed out that pure methyl allyl ketone (VII) can be ob-
tained by hydrolysis using 19 solution of hydrochioric acid; the use of more con-
centrated solution of HCI results in a mixture containing (VII) and methyl trans-
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propenyl ketone, the proportion of the latter in the mixture increases with increasing
acid concentration [acid isomerization of (VII) into conjugated ketone].

The interaction of 2-butenyl derivatives of boron [such as 1-(2-butenyl)-
boracyclopentane and tri(2-butenyl) borane] with ethoxyacetylene gives (2-ethoxy-3-
methyl-1,4-pentadienyl)boranes (VIII) through allyl rearrangement'® which quanti-
tatively yield 2-ethcxy-3-methyl-1,4-pentadiene (IX) after alcoholysis.

CH,
CH

éH or © CHy . a CH,
A | ORr '/Kron '/Kfo
oM C : R'OH hot
Dy A e T e
N _®

~

(X (IX) [8-¢)

Compound (IX) was found to be free from any 2-butenyl! derivative (estabtished
by gas chromatography) and in acid hydrolysis gave 3-metayl-4-penten-2-one (X)
identified as its 2,4-dinitrophenylhydrazone.

The terminal and non-terminal double bonds of the diene compounds of
boron [(II}-(IV), (VIII)] behave quite differently on catalytic hydrogenolysis.
Terminal double bonds are hydrogenated over technical Pt-black whereas the other

double bond remains uneffected.®-10-12, R’
f\ TH
/ ~ \ o
XD

(R = CH;, CHg i R’ = H. CHy)

The vinylboranes (XI) obtained by hydrogenation yield vinylic ethers (XII)
after alcoholysis and corresponding ketones (XIII) on acid hydrolysis.

The alkylacetylenes quite differently from alkoxyacetylenes react very slowly
with triallylborane at 20° (from 20 h to 2 or 3 days) yielding only mono-addition
products [(I) or {XIV)] which undergo slow cyclization to give 3-alkyl-1,5-diallyl-
1-bora-2-cyclohexenes>:%:11,
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Similar reaction with n-butylacetylene has been described earlier>-!!

It is of interesi to note that the boron—vinyl bond in the product (XIV) is
much more stable to alcoholysis than that in corresponding 2-alkoxy derivatives
[(IDAIV)]. Because of this difference the reaction of borane (XIV) with an alcohol
gives esters of (2-methyl-1,4-pentadienyl)boronic acid (XV) with the elimination of
two moles of propylene. The compounds (XIV)and (XV) give 2-methyl-1,4-pentadiene
(XVI) in 78Y%; yield on heating at 80-100° with organic acids or with a mixture of
methanol and acetic acid (in the last case the solvolysis occurs considerably faster).

The oxidation of (XIV) or (XV) by hydrogen peroxide in acidic medium yields
2-methyl-4-penten-1-al (XVI) identified as its 2,4-dinitrophenylhydrazone.

I

Thus carboboronation of mono-substituted acetylenic compounds using
allylboranes followed by protolysis of the obtained vinylboranes [ (I}~IV), (VIII),
(XI), (X1V), (XV)] seems to be a general method for the synthesis of difficuitly ob-
tainable 1,4-substituted pentadienes.

Benzyl derivatives were found to be quite similar to allyl compounds. Thus the
reaction of tribenzylborane with ethoxyacetylene in ether, THF, isopentane or
without any solvent gave the tolyl derivative and not the benzyl derivative of the type
R,BCH=C(OC,H)CH,CsH; indicating the process of organoboronation to occur
with allyl rearrangement!2-13.

?CZHE’ H | = _OCH, )
X C %" | rou = 278 ot
— —— —_——
¢ I ] e

c:i\) CH CH, —>B—OR

> C. Hy CH,
UK 2 |
AN AL CH; CHy
(X (XIX) (XX

The formation of 1-ethoxy-1-o-tolylethylene (XIX) obtained by ethanolysis of
the product of the reaction of tribenzylborane with ethoxyacetylene (in ratio 1/1 and
1/2) is due to the protolytic fission of boron~vinyi bond. The acid hydrolysis of vinyl
ether (XIX) gave o-methylacetophenone (XX).

The structure of 1,4-dienes [ (V), (IX), (XVI)], ketal (VI), ketone (VII) as well
as of vinyl ethers of type (XII) and (XIX) is confirmed by IR and PMR spectra (Table 1).
The melting points of 2,4-dinitrophenylhydrazones of the carbony! compounds ob-
tained in this work are listed in Table 2.

EXPERIMENTAL

General comments

All reactions of organoboron compounds and alkoxy-1,4-pentadienes were
performed under an atmosphere of dry argon.

Triallylborane, b.p. 51-52° (20 mm), was prepared from allylbromide, alumi-
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TABLE 1

Compcund

B.p.
[°C (mm)]

20
D

IR spectra
(cm™%)

PMR spectra
(3, ppm)’

"/\l'/cu3

OCH5
m

OC,Hg
m

OCH;,
[ Tocwn

OCHs

CHs

57-58
(746)

45-46
(130)

542-543
(100)

36-38
(15)
60-62
(39)

56-57
(130)

70-70.5
(120)

81-82
®

1.4067

1.4257

1.4299

1.4152

1.4145

1.4262

1.5141

1646, 1655 (sh), 1790, 1833,

3008, 3081

1608, 1645, 1660, 1810,
3004, 3080, 3118

1604, 1646, 1661, 3010,
3080, 3120

1647, 3008, 3080

1646, 1728, 1850, 3008,
3087

1605, 1645 (sh), 1653,
1833, 3080, 3120

1580 (sh), 1610, 1650,
3023, 3066, 3101, 3122

1.65(CH3;, 3 H),2.67(d,J 7 Hz,
=C-CH,-C=, 2 H), 4.66

(CH2=Cig, 2 H), 470-5.18

(m, CH2=C£, 2 H), 5.38-6.07

(m, C=CH-C, 1 H) -

2.77 (d, J 7 Hz, =C-CH,—C=,
2 H),3.42 (s, CH3-0,3 H), 3.82
(CH,=C-0, 2 H), 480-523

(m, CH,=C{G 2 H), 5.50-6.25

(m. C=CH-C, L H)

125 (t, J 7 Hz, CH,~C-O, 3
H), 2.75(d, J 7 Hz,
=C-CH,-C=, 2 H), 3.78
(CHZ——C:g, 2 H),3.63 (g, J

7 Hz, CH,-0, 2 H), 485-5.38
(m, CH,=CZC, 2 H).547-6.22
(m, C=CH-C, 1 H)

108 (t, CH;-CS2C, 3 H),

1.15 (s, CH3;-C-O, 3 H), 2.32
(d, =C-CH,—C=, 2 H), 308
(s, CH;-0O, 3 H), 3.38 (q,
O-CH.~C, 2 H), 4.72-5.18 (m,
CH,=C, 2 H), 535622 (m,
C=CH-C, | H)

205 (s. CH;, 3 H), 3.12 (4, J
7 Hz, CH,-C= 2 H), 4.85-5.20
(m, CH,=C, 2 H), 5.50-6.25
(m, C=CH-C, 1 H)

113(d, J 7 Hz, CH3—C:S),

3H), 1.24(t,J 7 Hz, CH,~C-O,
3 H), 2.50 (d-q, ~C-CH-C=.
1 H), 367 {q, J 7 Hz, CH,0,
2 H),3.82 (cp.z:c:g, 2 H),
475-522 (m, CH,=C~C, 2 H),
5.43-6.10 (m, C=CH-C, 1 H)
125(t,J 7Hz CH,-C-0, 3 H),
225 (s, CH;-Ar, 3 H), 3.70 (g,
J7Hz CH.-0,2 H),4.03,4.13
(two d, J 2 Hz, CH,=C, 2 H),
6.85-7.25 (m, C¢H,, 4 HY

¢ Downfield from TMS; m=multiplet, s=singlet, d=doublet, t=triplet, g=quartet. ® In CCl, solution

(25%).
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TABLE 2
2,4-DINITROPHENYLHYDRAZONES

Carbonyl Empirical M.p. °C) of hydrazones Analysis found (caled.) (%)

compound formula of
hydrazone Observed Lit. data (ref) C H N
0 C,;H;,N;0,  157.5-1585  157(15) s045 480 2198
| (5000) (4.58) (21.20)
o C11H;4N,O, 144-145 144 (16) 49.76 5.34 21.21
. (49.63) (530) (21.04)

Ci;HsN,O,  84-86 80 (17) 5163 505
(5179) (507

C1 H gN4O,  74.2-745 73 (18) 5140 571
(5142) (5.75)

. CHy Ci,H (N0,  102-103 98 (19) 5178 490
| 104-105 (20) (51.79)  (5.07)
/
C;sH, N,O,  167.5-168 164-166 (21) 57129 440
5732) (449
o -CHa (57132) (449)
C

nium and n-butyl borate?2. 1-(2-Butenyl)boracyclopentane, b.p. 41-41.2° (15 mm),
2° 1.4490, was prepared from 2-butenyl bromlde and l-butoxyboracyclopentane

under analogous conditions?3.

Methoxyacetylene, b.p. 22°, and ethoxyacetylene, b.p. 51-52°, were prepared
from the corresponding vinyl ethers following the known method?*.

The compounds of type (IT}—(IiI) (R = CH;, C,H ) and (VIII) were synthesized
from the corresponding allylboranes and alkoxyacetylenes at —70-20° 8-10-12:14,

To prepare 24-dinitrophenylhydrazones a solution containing 2 g of 2,4
dinitrophenylhydrazine, 15 ml of H,SOy4, 50 ml of H,O and 100 ml of CH;0H was
used.

2-Methoxy-1,4-pentadiene [ (V) R=CH,]

To 110 g of bis(Z-methoxy-l ,4-pentadienyl)allylborane [(III), R=CH,],
b.p. 92-93° (1 mm) n® 1.5081, d2° 0.92211°, in a Favorsky flask was added dropwise
24 ml of n—nonanol The temperature being kept at 20°. Distallation (bath-tempera-
ture 20-180°) gave 8.12 g (91.8%) of 2-methoxy-1,4-pentadiene {(V), R=CHj;],
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b.p. 45-46° (130 mm). (Found: C, 73.10; H, 10.01. C4H,,0 caled.: C, 73.43; H,
10.27°.) , , o

The compound (V) (R =CH;) was obtained by a similar procedure starting
with tris(2-methoxy-1,4-pentadienyl)borane [ (iV), R=CH;]'°.

2-Ethoxy-1,4-pentadiene [ (V), R=C,H;]

A similar procedure starting with 17 g of bis(2-ethoxy-1,4-pentadienyl)-
allylborane [(III), R=C,H;], b.p. 95.5-97° (2 mm), np° 1.5050, dZ° 0.9012'°, gave
compound (V) [13.1 g (87.1%), b.p. 48-50° (90 mm)]. (Found: C, 74.98; H, 10.40.
C,H,,0 caled: C, 74.95; H, 10.799,.)] It was also prepared from tris(2-ethoxy-1,4-
pentadienyl)borane [(IV), R=C,H,)]"°. :

2-Ethoxy-3-methyl-1,4-pentadiene (1 X)

Reaction between 9.5 g of 1-(2-ethoxy-3-methyl-1.4-pentadienyl)boracyclo-
pentane [(VIII), b.p. 61-61.5° (2.5 mm), #3>> 1.4810"*] and 8.7 g of n-nonanol gave
6.15 g (98.7%) of (IX), b.p. 50° (50 mm). (Found: C, 76.16; H, 11.32. CgH, 4O calcd.:
C, 76.14; H, 11.18%7.

Methyl ethyl ketal of methyl allyl ketone (V)

(1). From (2-ethoxy-1,4-pentadienyl)diallyborane [(II), R=C,H;s], b.p.
65-66° (3 mm), n3° 1.4885, d3° 0.8561°.

To 16.1 g of (II) (R=C,H;) in a two-necked flask equipped with a dropping
funnei and a condenser was added 10 ml! of abs. methanol at 0°. Evolution of pro-
pylene was observed. The mixture was refluxed for 10 h, treated with 0.1 N NaOH
(three times) and dist. H,O. Upper (organic) layer was dried over K,CO,. Distilla-
tion gave 7.5 g (77.8%;) of ketal (VI), b.p. 36-38° (15 mm). (Found: C, 66.20; H, 11.10.
CgH, 0, calcd.: C, 66.63; H, 11.19%)

(2). From tris(2-ethoxy-1,4-pentadienyl)borane [ (IV), R=C,H, b.p. 137-139°
(0.5 mm), n3° 1.5210, d2° 0.9446]*°.

A mixture of 545 g of (IV) and 7 ml of CH,OH was kept for three weeks.
The completion of reaction was checked by disappearance of an absorption band
characteristic of the _"B—CH=C double bond (1580 or 1612 cm ™) in the IR spectrum
of the reaction mixture. The latter was shaken several times with 0.1 N NaOH and
dist. H,O (portions 5 ml). The organic layer was dried over K,CO;. Distillation gave
2.65 g (50%;) of ketal (VI), b.p. 60-62° (44 mm), which contained 3% of impurities
(GLC).

Methyl aliyl ketone (VII)

A cooled mixture of 20.3 g of 2-ethoxy-1,4-pentadiene [(V), R=C,H;] and
10 ml of 1% HCl was stirred vigorously for 15 min. After the mixture became homo-
geneous the solution was extracted with n-decane (4 x 20 ml) and dried over K,CO;
and MgSO,. Distillation gave 8.94 g of pure methyl allyl ketone (VII) (GLC, PMR),
b.p. 56.5-57° (130 mm), n® 1.4145.

2,4-Dinitrophenylhydrazone of methyl allyl ketone (VII)
To a stirred solution of 0.6 g of (IV) (R=C,H;) in 10 m! of CH;OH was added
80 ml of a solution of 2,4-DNPH. After a period of 2 h the formed precipitate was
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filtered, washed with water and 30%/ methanol and chromatographed on a column
with alumina (methanol/hexane). After crystallization the hydrazone had m.p.
157.5-158.5°. The same hydrazone was obtained using identical procedure from
compounds (II), (ITI), (V}~(VII).

The other 2,4-dinitrophenylhydrazones (Table 2) were obtained as described
above.

2-Methyl-1,4-pentadiene (X VI)

A mixture of 156 g of dlmethoxy(Z—methyl-l 4—pentad1enyl)borane [(XV),
b.p. 61-61.5° (18 mm), n3° 1.4418, d2° 0.8796%] and 60 ml of glacial acetic acid was
heated for 6 h (98°). Distillation yielded 8.3 g (85%) of compound (XVI), b.p. 57.5-
58.5° (750 mm), n3° 1.4067.

2,4-Dinitrophenylhydrazone of 2-methyl-4-penten-1-al (XVII)

2.5 ml of 30%, H,0, was added to a cooled mixture (—30°) of 0.68 g of dime-
thoxy(2-methyl-1.4-pentadienyl)borane (XV) and 90 ml of a solution of DNPH.
The temperature of the mixture was gradually raised to 20°, the mixture being con-
tinuously shaken. After stirring for 2 h the precipitate was filtered and recrystallized
from methanol. 9.4 g of 2,4-dinitrophenylhydrazone was obtained, m.p. 102-103°.
(Found: C, 51.76; H, 5.00. C,,H,,N,0O, calcd.: C, 51.79; H, 5.07%.)

1-Ethoxy-1-o-tolylethylene (X1X)

To a solution of 9.8 g of tribenzylborane in 25 ml of THF at 0-5° was added
6.3 ml of ethoxyacetylene. The mixture became black and then (on stirring) became
more clear. After stirring overnight the solvent was removed ard to the residue 42 ml
of ethanol was added, the temperature having raised simultaneousiy to 80°. The mix-
ture was refluxed for 10 h; fractionation gave 9.1 g (78.6%) of (XIX), b.p. 81-82°
(8 mm), n3° 1.5141. (Found: C, 81.40; H, 8.78. C;,H,,0 calcd.: C, 81.44: H, 8.69%,.)

2,4-Dinitrophenylhydrazone of o-methylacetophenone (X X)

Reaction of 0.24 g of (XIX) and 35 ml of a solution of 2,4-DNPH yielded
dinitrophenylhydrazone of o-methylacetophenone (XX), m.p. 167.5-168° (after
having been chromatographed on alumina and recrystallized from methanol).
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