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Reaction of Organoboranes with @, 5-Unsaturated
Carbonyl Compound
—Convenient New Syntheses of Saturated and

a, B-Unsaturated Carbonyl Derivatives
from Olefins via Hydroboration—

Akira Suzuki, Mitsuomi IToH

Abstract

Studies on the reactions of organoboranes with «, f-unsaturated ketones, which
provide convenient new syntheses of saturated and «, S-unsaturated ketones from olefins
via hydroboration were described. Trialkylboranes, readily available wia hydroboration,
undergo a remarkably fast 1.4-addition to methyl vinyl ketone. Hydrolysis of the initially
formed intermediate, produces the corresponding methyl ketone. The cyclic organoboranes
obtained from dienes also undergo the 1.4-addition to produce w-hydroxy ketones after
alkaline hydrogen peroxide oxidation. At the beginning, this interesting reaction seemed
to proceed through a co-ordination process [2]. However, it was recently confirmed that
the reaction is catalyzed with oxygen, and goes on through a radical chain mechanism [6].
According to the latter mechanism, it is expected that organoboranes would react with
acetylacetylene. Actually, 4-alkyl-3-buten-2-ones were obtained from the corresponding
trialkylboranes in good yields by such oxygen-induced reaction.
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Olefin Product®, % Yielded, %

s, LA b ST B IR TR Propylene 2-Heptanone? 100
R e 1-Butene 2-Octanone, 85
G2 L a AL T 5-Methyl-2-heptanone, 15 99 (86)
Bo 13EAEHHRFLCLTAHL 2-Butene 5-Methyl-2-heptanone 80 (70)
HRT e~ LR FE D E Isobutylene 6-Methyl-2-heptanone 65 (50
5O AP Gy 5 LOctene 2-Dodecanone, 85
. N . e 5-Methyl-2-undecanone, 15 93 (85.5)
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2All products were either compared with authentic sam-
3. BRFNTF /KRS EXATF ples or exhibited analytical data and spectra in accordance
ILE =T PO RIED with the assigned structures. PAnalysis for the two iso-
mers was not made. ¢By glpc analysis. dNumbers in
sV, Pzl l, 3-8 parentheses are isolated yields. °¢Reaction relatively slow;
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Table 2. Synthesis of w-hydroxyalkan-2-ones by reaction of the
organoboranes derived from buta-1, 3-diene and penta-
1, 4-diene with methyl vinyl ketone
Diene tfehaetinmeillt 1\/\[7?;1}1371 Prz?(}))ﬁn- Temp.P Product, % Yield
(hr) ketone® ©) (D) (15 %
Buta-1, 3-diene 0 2 68 78 22 74
0 2 25 68 72 28 85
0 4 25 25 73 27 84
6 2 0 68 94 6 52
6 2 25 68 95 5 62
6 4 0 25 94 6 64
6 4 25 25 94 6 74
Penta-1, 4-diene 0 2 0 68 39 61 66
0 2 25 68 24 76 73
0 4 25 25 35 65 92
6 2 0 68 94 6 51
6 2 25 68 88 12 65
6 4 0 25 89 11 58
6 4 25 25 92 8 66

aMoles per atom boron. PRefluxing THF solution was approximately 68°. All reactions were
run for 24 hr,, although many were complete sooner. ¢8-Hydroxyoctan-2-one from buta-1, 3-
diene or 9-hydroxynonan-2-one from penta-l, 4-diene, 97-Hydroxy-5-methylheptan-2-one
(presumably) from buta-1, 3-diene or 8-hydroxy-5-methyloctane-2-one from penta--diene.



5 ANH I ET L a, BRI FE =B E ORIG 49

DRGSO O BRI AN 7 EF vk AF L=y b v e RIS EE SR 170°
(A7 ETVORMERE) TMBMIET 2 2 0k » CTRELBIET A LM
oo TbbEOBEEHETORIEE®Z2 E L3720 2y nbBohb 8o 7 4
V2-F VOB T0% 525 90% ~, Fho 1,4V 2o 2 U bk EARHAHEEL -6 K e
Fo S VLA piB2% D 2% DB THER Lz, ORI, BB X hBRRy LA
RT V@) N O TRMEAT B EERL B, EREEEDO—% Table 210R/T,

COREA V7 4 R HBEFER L L To TR TR AROLF L v o it BREL
ANR=AALEYOEREE L CEHTH 5,

4, HRANTF I RS EPEFATEFLVYORE
2T LS ATI LD T a, p-AERAN R = A bEWTHTDHAAT /7 KT VD
LA MEEERERL L e X 0%, 72784 (9%, Mannich 1Y, a-B b7 71 A v
(10, -2 F 17 7 m L A v (L1PD FiZ T H AR T e IR CRIEMHETTT 5 & & 2% Brown
ik S THES R,

Blr CIHg
CH,=CH-CHO CH,=C-CHO CH,=C-CHO
9 10 11
CH, H CH* H
b Nood \b—é/
CH,=C-COCH, PR SR
12 H CHO H COCH,
13 14

a2 b TAFABERA FAE 2L PV EF K 2 ET VY ORIEOEAMMA MRS

Hi T, AV FaeX=pa31yr b v (12), =F IV Fv7e by (4), 2oF1tdFvA4F, 2,3,

4,5-7 P T FRT7 7=/ VECODWTONI KT - 7o, FOME, Rigfs b v ofi
Table 3. Conversion of Olefins into 3-Methyl-4-alkyl-2-butano-

nes by Reaction of the Corresponding Organoboranes
with Isopropenyl Methyl Ketone2

Organoborane Yield of
from olefint product, %°¢ Product?
1-Pentene 96 73% 3-methyl-2-nonanone

27% 3, 5-dimethyl-2-octanone
1-Hexene 78 83% 3-methyl-2-decanone

17% 3,5-dimethyl-2-nonanone
1-Octene 77 88% 3-methyl-2-dodecanone

12% 3, 5-dimethyl-2-undecanone
Cyclopentene 88 100% 3-methyl-4-cyclopentyl-2-butanone
Cyclohexene 100 100% 3-methyl-4-cyclohexyl-2-butanone

aReaction conditions: 2hr at 20° in THF. b»The authors are indebted to
the Phillips Petroleum Company, Bartlesville, Okla., for a generous gift
of pure olefins which facilitated this study. ¢By glpc analysis. d4All
products were either compared with authentic samples or exhibited
analytical and spectral data in accordance with the assigned structures.
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Fig. 1. Reaction of acrolein (2.0 M) with Fig. 2. Reaction of methyl vinyl ketone
triethylboron (1.0M) in diglyme (2.0M) with triethylboron (1.0 M)
at 25° The effect of added gal- in diglyme at 25°. The effect of
vinoxyl (in mol %). added galvinoxyl (in mol %).
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Table 4. Conversion of Olefins into 4-Alkyl-3-buten-2-ones
by Reaction of the Corresponding Organoboranes
with Acetylacetylene

s Produc: N
Ethylene 3-Hexen-2-one 77
1-Butene 3-Octen-2-one 72
2-Butene 5-Methyl-3 hepten-2-one 47
Isobutylene 6-Methyl-3-hepten-2-one 34
Cyclopentene 4-Cyclopentyl-3-buten-2-one 63
Cyclohexene 4-Cyclohexyl-3-buten-2-one 65
Norbornene 4-(exo-Norbornyl)-3-buten-2-one 67

2All products exhibited analytical data and spectra in accordance with
assigned structures. bPBy glpc analysis.
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