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Abrtrwc-Xc-action of trialkylborancs with vinyllithium gives norwobble lithium trialkylvmylborates which react 
with oxirane and methybxuane affording I.4 and ?.S-alkancdiols. respectively. Treatment of rnalkylborams with 
vinylmagnesium bromide produces bromomagncsium trialkylvinylborares uhich aalogousl~ afford alkarwdiols. 
Successive treatment of ~hc boratcs with aqueom alkali and iodmc provides I-alkcnes. 

Kecently lithium trialkyl-I-alkynylborates prepared from 
trialkylboranes and I-lithio-I-alkynes have attracted 
much attention as versatile nucleophiles’ leading to 
acetylenes,’ olefins.’ ketones.’ alcohols.’ and many other 
organic compounds including y-diketones’ and y-hy- 
droxy ketones. Branched chain ydiketones were pre- 
pared in good yields,“.‘ but more important straight chain 
representatives serving as useful intermediates for 2,3- 
disubstituted 2-cyclopcntenones could not be obtained 
satisfactorily.‘ This paper describes the preparation of 
trialkylvinylborates’ !’ and the reaction with oxiranes 
affording I.4 and 2.5alkanediols which are useful pre- 
cursors for straight chain y-dicarbonyl compounds. Fur- 

ther studies will be devoted to the oxidation of the ate 
complexes leading to I-alkenes.” 

Treatment of tributylboranc with ethereal vinyllithium 
afforded a clear solution of lithium tributylvinylborates.” 
Reaction with oxirane or methyloxiranc at rmrn tem- 
perature” followed by oxidative work-up gave l&c- 
tanediol and 2.5~nonancdiol, respectively as shown in 
Table I. cis-l,2-Epoxycyclohexane. an example of 2,3- 
disubstitutcd oxirane, furnished only 30% yield’” of the 
expected diol Sd under the same conditions but heating 
of the reaction mixture at WC improved the yield up IO 
77%.‘” 
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When tctrahydrofuran CTHF) was employed as a 
solvent in the reaction of lithium tributylvinylboratc with 
methyloxirane, the yield of 2.5~nonanediol decreased lo 

only 38%. Furthermore, none of the desired diol was 
obtained in the presence of hexamethylphosphoric tri- 
amide (HMPT) or of N,N,N’.N’-tetra- 
methylethylenediaminc added IO promote strong sol- 
vation or chelation of Li’. These facts arc explained by 
assuming that the important prerequisite of oxirane rcac- 
bon is the coordination of Li’ on the oxygen atom and 
that the free borate ion is not sufficiently nucleophilic to 
attack the oxiranes. 

Grignard reagents are usually more readily accessible 
than organolithium reagents, but they have rarely been 
utilized in the preparation of boron ate complexes.“ We 
have found that vinylmagnesium bromide 6 can be used 
much more conveniently than vinyllithium for the pre- 
paration of boron ate complexes 7 and also of alk- 
anediols 5. 

I * H:C=CHMgBr + RrMg’[R,84H=CH,I d 5 

6 

1 

KXH==CH: 
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Treatment of vinylmagnesium bromide with tripropyl- 
borane” and then with oxirane followed by usual oxida- 
tivc work-up gave 1,4heptancdiol. The yields of the diols 
were dependent upon the reaction temperature: treat- 
ment with oxirane at -78°C gave 61%. -WC 76%. 0°C 
77%. room temperature 32% of the desired diol. Mcthyl- 
oxirane produced 2,Soctanediol in 85% yield. Although 
these yields are a little inferior to those with lithium 
intermediates. the easy accessibility would justify the 
UK of the Grignard reagent 6. 

Alkanediols obtained by the above described pro- 
cedures are useful intermediates for the synthesis of 
ydiketones and 4-oxoalkanoic acids, which are well 
known precursors of furarts.‘* pyrroles.P cy- 
clopentenones.*’ y-IactolKs” and cyclopcntanc- I .3- 
drones.” The reaction of trialkylvinylborates with ox- 
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Table I. AlkamdIols prepared from R,B. H?C=CHLi and oxuanet 
-------_ --- --. 

R Ylrld 

I” R,Da 
Ox1rane Alkancdlol 5 __ 

(81d 

_-__.--- ___. _ 

“_DU OXlra”e l,l-0cta”odlol 5a qaant. ._ 

“-83 .v.ethyloxlronc 2,5-Nooancdlol Sb b 93 -_ 

l-Pr ncthyl0xlra”e 6-Methyl-2,5-bcptanv- :jwnr . 

dial SC b 

“_BU cls-1,2-E~xy- 2- (2-Hydroxyhcxyl) - ;7” -. 
cyclo~exanc cyclohcxa?ol <,<I :: , <: 

Hex ox1ranc 1,4-Decar.cd;ol ::(. 09 

Hex Mcthyloxlrane 2, 5-U”decar:cdro: ‘>f 
b 

91 (85jf 

----_-.-_-__ __ --- 

aPrepared from RHgLlr dnd B?‘) ctherotc. h 
Dlstrrwthylsrlyl ether 

of chc d:ol was gas-chromatoqraphrcally homogc!r.vo\ls ISll~con 

IIVSC and PEG 20.X). Whc:hti!r :tx dlol IY o:~ of ttvz imosslblc two 

dlastcreomers or a mlxt.Jre IS still wcertal”. 
C 

T!IC stereo- 

chcmnlstry was ass.u%ed to be trar.s. 
d 

Yields arc based on crlalkyl- 

boranes. eReact~o” at 5O’C. ‘Trrhexylborane was preporcd by 

hydroboratlon ol 1-hcxcnc r” tctrahydrofuran (THF). The reaction 

of the borate with ncthyloxlrane YJX performed in TEE and ether 

mrxtare. The resu1tlr.g dlol conslated of 2,5-undccanedlol and 

6-methyl-2,5-dccancdrol (89:ll). 

iranes. therefore. opens up a novel approach IO a variety 
of compounds. Following examples are illustrative. 

Chromic acid oxidation (Jones procedurcr of 2,5- 
undecancdiol 51 gave 2.5undecanedione (94% yield) 
which afforded dihydrojasmone in 94% yield upon alk- 
aline treatment.” Overall yield of dihydrojasmone based 
on trihexylborane was 82%. Analogous oxidation of I,4- 
decanediol Se afforded Coxodecanoic acid in 76% yield 
(overall yield from trihexylborane being 68%). 

Filly, it should bc noted that the oxidation of 7 with 
iodine furnished I-alkenes 8 in good yields (R-CH=CHt: 
R = Hex 82%. R = Decyl 67%).” As tri-n-alkylboranes 
can bc prepared from I-alkenes, this procedure opens a 
method for IWO carbon homologation of I-alkenes using 
vinylmagnesium bromide. 

Gas chromatography was performed on a Shimadzu GC4BPT 
WIIJI 3 m x 3 mm glass column packed wtrh 20% Sil~on HV.SG 
and _%% PEG 20M on Chromosorb W-AW @&lo0 mesh). ‘H 
NMR spectra were obtained on a JEOI. JNMPMX60 and a 
Varian AssociaIes EM-MO using Iekimelhylsilane as aa inlcmal 

standard. mass spectra on a Hitachi RMUdL with a chamber 
voltage of 70eV. and IR on a Shim&u IR-27G grating spcc- 
tromcter. Ekmcntal analyses were performed by the Fkmental 
ARalyscs Cenue of Kyoto University. 

l+Ocrancdiol k. Tributylboraoe (1.82g. 10.0 mmol) wa ad- 
ded IO a rtu~cd solution of vmyllithium” (10.0 mmol. 20.0 ml of 
0.5 M ether solution) maintained at (PC under argon atmosphere. 
Yellow colour of vinyllithium wac discharged IO colourkrs. After 
bcmg stirred a! room temp. for 3Omin. the mlxrure was treated 
with oxiranc (I ml. 20 mmol) during IO tin at 0°C. The mixture 
was stirred ovemighr at room temp. The resulting pale yellow 
viscous mixture was oxidized with 3N NaOH (3ml) and 309E 

H:O, (5 ml) at WC for 5 min and room temp. for I h. The organic 
layer uas separated and the aqueous labcr was cxlrdclcd with 
elhcr. The combad organic layer was washed with brine. dried 
(Na.S&). and concentrated under reduced pressure. Disrillatioa 
of the residue in a Kugclrohr gave 1.4-octancdiol a a colourkss 

viscous oil (I.47 g, quantitative). bp l25y (bath tcmp.)/lmm 
(lil.” bp 139%10mm). IR (neat): 3400. 1118. IOWcm I; ‘H 

NMR (CDCI,): 6 0.90 (1. J = 6 Hz. 3Hj. IG2.0 (m. IOH). 2.80 
(broad s, 2H). 3.3-3.9 (m. 3H); MS of bistrimethylrilyl ether: m/e 
(rel. %J 275 (M-IS. 14). 233 (3). I59 (66). 147 (IO). 14; chY). 103 

(23). iS (61). 73 (100). 

25Nonanediol 91. A sol&n of lithium tnbur!lvinylborate 
(S.0 mmol) in ether prepared as described above was treated with 
methyloxiranc (0.67 ml. lO.Ommol) al r’c and the u hole aas 

stirred overmghr at room temp. Oxidation followed b) dlsttllarltm 
gave 2J~nonancdlol (757mg. 93% yield). h.p. 130°C tb.trh 

temp.)/4 mm. IR (neat): 3320, 1190. IO23cm ‘; ‘H NMH (CIX:I,I 
6 0.89 (1. J = 6 Hz. 3Hl. I.23 (d. J 7 7 Hz. 3H). 1.1-1.6 (m. IOH). 
2.84 1s. 2H). 3.H.O (m. 2H); MS of blsrrimethylsilyl ether: mie 

(rcl. %) 289 (M-15. 0.1). 24? (3). IS9 (82). 157 (87). II7 (45). 75 
(3%. 73 (100). The dial Sb was converted IO the corresponding 
dtacerarc (acetIc anhydridc.p)-ridine) which was submitted for 
elemental analysts (Found: C. 63.94; H. 10.06. CaJc. for 

<.,,H,,O.: C. 63.90; H. 9.m). 

Before oxidative work-up a small aliquor of the reaction mix- 
IWC was subjccred ro GLC, which revcakd Ihar two products 
(92:R) were formed upon mjcction. Mass spectral data of the 
major elucnr uas ascribed IO 9: m/e (rel. 5%) 210 (M’ of 9.4). 169 
(5). 126 (57). K4 (90). 70 (40). 69 (52). .S6 (1001. 55 (781. The minor 
one remains undetermined. 

To rhc borate sol&n (3mmol) in crhcr H.MPT (3mI) was 
added at room temp. and the resulting soluuon was trcatcd wtth 

methyloxtrane (4.5 mmol) at 0°C and stirred ovemrght al rwm 
temp. GLC analysis of the oxidized product showed 1hat lhr no 
desired dial was obtained. 

Oti equivalent of N.N.N’.N’~tetramethykthylcncd~inc 
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(0.45 ml. 3.0 mmol) was added IO the borate solution (3.0 mmol) at 

room temp. The same treatment as described above gave no 

desired did. 
2.5.Nonandid 5b. Preparation in THE Tributylboranc 

(0.91 g, 5.0 mmol) was added to a rtrrred solution of vinyllithium 

in THF (5.0 mmol, 3.6 ml of 1.38 M solution. obtained from AJfa 
Products) at 0°C. The resulting solu~ron was stirred at 0°C for 
30 min. treated with mcthyloxir-ant (0.67 ml. 10.0 mmol) at 0°C. 

and stirred ovemigh~ at room temp. After dilution with ether. the 
mixture was onrdirrd with 3N NaOH (2 ml) and 30% H,O, (3 ml). 
Concentratmn. chromatography (silica gel. hexane-ethyl acetate, 
gradient clutmn) and drstihatron us a Kugelrohr of the ethereal 

solutron gave Sb (0.3Og. 38% yreld). 
bhfethjf-2.5-hepfantdiol k. ‘To a surred solution of vinyl- 

lithium (5.0 mmol. 8.1 ml of 0.62 M ether solutmn) was added 
trusopropylboranc (0.708, 5.0 mmol) at WC. Immediately. a whrtc 

precipitate was formed. After betng stirred at room temp. for 
Mmin. the mixture was treated with methylorirane (0.67 ml. 
lO.Ommol) at OC and stirred overnight at room temp. A milky 

turbid slurry rcsuhcd and gave. after oxidativc work-up and 
distillation. the did k (0.748, quantitative). b.p. 110°C (bath 

temp.)/4 mm. IR (aeat): 3380. 1066cm ‘; ‘H NMR (CDCI,): d 

0.92 td. J = 6Hz. 6H) 1.18 (d, J = 6Hz 3HJ. 1.3-2.0 (m. 4H). 
2.g2.6 tm. 1H). 3.00 (broad I. 2HJ. 3.2-3.5 tm. 1H). 3.5-4.0 (m. 

IHJ; MS of brstrimcthvlsilvl ether: de trel. %J 275 (M-15. 0.2). 
247 (7). 157 tl00j. lritl3i. 145 (31). 117 (22). 75 (29). 73 two. 
(Found: C. 66.00; H. 12.65. Calc. for C.H,.O,: C. 65.71; H. 
12.41%). 

?_(2-H~droxyhcrylt~~clohuanol sd. To a stirred solution of 
lithrum tributylvinylborate (5.0 mmol) in ether was added cis- 1.2- 

epoxycyc!&cxar~ 040 mg. 5.5 mmol) at (PC. The mixture was 
heated at reflux for 12 h. Oxidative work-up fdlowed by dis- 

tiUat&’ gave the did sd (1.54g. 77% yield). b.p. 13s 

14tPC10.3mm. fR (neat): 3340. 1038. 1060cm ‘; ‘H NMR 
(CDCI,): 6 0.90 (I. J = 6 Hz. 3HJ. I.&Z.! (m. 17H). 2.9-3.4 (m. 

IH). 3.ti.O (m. IH). 4.33 (s. 2HJ: MS of brstnmcthylsily ether: 
m/e (rd. %E) 344 (M’. 0.3). 287 (15). 197 (89). 170 (28). 159 IIOOJ. 
147 (17). 130 (22). 75 (24). 73 (63). Wound: C. 71.72; H, 11.94. 
Calc. for C,,H,.O,: C. 71.95; H. I?.o(KF). 

When the reaction was performed ovcrrught at room temp.. Lhe 
yvld of the diol decreased as low as 30%. 

1.4lkranediol SC. Tr’nbutylborane was replaced with tri- 

hexylbonnc in the procedure for the preparation of 1.4-oc- 
tarredal. After oxidativc work-up. distillation gave 14decanediol 

@WE yield). b.p. l35-140°C (bath tcmp.)/3mm tlit.” 13l- 
l3_?C/Zmmj. IR (mat): 3310. 1054cm ‘; ‘H NMR (CDCI,): d 

0.88 (I. J T 6Hr. 3HJ. 1.1-1.9 fm. 14Hj. 3.3-4.0 tm. 5H. C(I)H,. 
Ct4JH and 2 OH); MS of bistrimethylsilyl ether: m/e (rd. %J 303 
(M-15. 0.2). 233 (8). 187 (63). 147 (29). I43 (98). 103 (17). 97 (17). 
75 (39). ?3 t1ooj. ?I (27). 

2.5.bidecanediol 51. The did was obtained from tri- 
hexylboranc (1.33 g. 5.0 mmol). vmylhthium (5.0 mmol. lO.Oml of 
0.5 M ether solutron) and mcthyloxiranc (0.67 ml. 10.0 mmol) m 

93% yield by the procedure described us the preparation of 
2.5~nonancdrol. B p 123-126’C/3 mm (lit.” 129W1.5 mm). IR 
(neat): 33tKt. 1123. lO38cm ‘; ‘H NMR (CW,): 6 0.89 tt. J = 

6 Hz, 3Hj. I.16 fd. J L 6 Hz. 3H). 1.1-1.8 (m. 14HJ. 3.28 tbroad s. 
2HJ. 3.4-4.0 (m, 2H); MS of bistnmcthylstlyl ether: m/e trcl. R) 
247(Wts.Y,. In7t60. l’:~lall. 14’(IRj. ll7t4uj.?s137).73t91) 

When trihcxylborane was obtained by hydroboration of l- 
hcxcnc. the following procedure was employed. 

The borate solution uas obtained by hydroboratmn of l- 
hcxcnc (126g. 15.Ommol) with boranc t5.0mmol. 3.8ml of 
1.33 M THJz solution) at 0°C for I h ar~J treatment with vmyl- 
lrthrum (5.0 mmd. 10.0 ml of 0.5 M ether solution) for .Wmm at 
room temp. The reactron of the borate with mcthyloxiranc 
(0.67 ml. 10.0 mmolj ovcmrght at room temp. atforded IJK drol 5f 
(0 8trg. 85% y~cldj (;I.(‘ analysi\ of the histrimcthyl\rlyl ether of 
the product showed thar the did contained 2.5undccanediol and 
bmcthyl-?.Sdecanedrd (89: 1 I). 

?.S.Nonanedione. To a solutron of 2.5~nonancdiol t374mg. 
2 1.t mmolj in Jo ml of azc~onc was added droparsc Jones reagent” 

a1 room ~cmp untrl the orange idour pcrsrstcd. The c~ccrs reagent 
was quenched wth !.propanol. The sol\ cnt uar removed rn L(I~YO. 

and the rcsrduc was cxtractcd with hexanc. The combined organtc 

extracts UE~C sashed. dried tNa,SO,J and concentrated. Column 

chromatography (silica gel. hcxanc-ether 3: I I of the crude product 

gave 2.5~nonancdionc” 034 mg. 91% yield). IR (neat): I71 I cm ‘. 
‘H NMR (CCL): 6 OW (I. J = 6Hc. 3HJ. 1.1-1.7 tm. 4HJ. !.I I (s. 

3H). 2 37 tt. J - 7Hr. !Hj. 2.57 fs.4HJ; MS: m/c rrel. %j 1.56tM’. 
0 7). II4 (57). 99 (701. 8.c (48). 71 (6;). 57 KW. 43 (100). 

2-Prop~l-)_m~hyl-2-cyclopcnfmone. 2.5-Nonancdione 
(293 mg. 1.88 mmol) was converted by pubhshed procedure” to 
2-propyl-3.methyl-2cyclopcntenonc (227 mg. 89% yield). IR 

(neat): 1693, 1643cm ‘; ‘H NMR (CCL) 6 0.88 (I. J = 6 H7,3HJ. 
1.1-1.6 fm. 2H). 2.03 ts. 3H). 2.G2.6 fm. 6H); MS: m/e (rd. %c) 

138 tM’. X2,. I23 (88,. 110 t1Ot-u. 95 (38). ISI) (54). 67 (59). 
2.5-L’ndecanedione. Oxidation of IJR did 62 (403 mg. 

2.14 mmol) was performed as described m preparation of 2.5. 
nonancdrone. Column chromatography Wca gel, benzene) of 
the crude product atTotdcd the dione (370mg. 94% y&I). IR 
(neat): 1709cm ‘; ‘H NMR (CCL): 6 0.89 (I. J 2 6 Hz. 3H). 
1.1-1.8 (m. SH). 2.10 (s. 3H). 2.36 (I, J = 7 Hz. 2H). 2.55 (s. 4H); 

MS: m/e trel. %J 184 CM’. 3). 114 (62). 99 (40). 71 (54). 43 (IOO). 
Dihydrojumone. Tk diketonc t356mg. 1.93 mmol) was cy. 

clued according to the Hunsdiecker procedure.” Extractive 

work-up followed by preparative TLC (silica gel. bcnrenc) affor- 

ded dihydrojasmone (333 mg. 94% yield). 
4Oxodecanoic acid. Jones oxidatror? of l.4dccancdiol (Se. 

470 mg. 2.‘0 mmol) at @‘C gave 4oxodecanoic acid tuu) mg. 76% 

yield) after cdumn chromatography (silica gel, hcxaneithyl 
acetate I : 1). Rccrystahalluatron from hcxane afforded colourless 
plates, m.p. 6&6rC (II.” 66°C). IR (Sujol): 3@0-2300. 1700. 

1237.939 cm ‘: ‘H NMR (CDCI,): 6 0.88 ft. J = 6 Hz. 3H). 1.1-2.0 

tm. SH). 2.44 (I. J = 7 H7, 2H). 2.68 (I. 4HJ. 9.65 (broad s. IH). 
MS of trimcthylsilyl ester: m/e (rd. %) 258 tM’. 0.3). 243 (25). 

188 (26). 173 (29). 147 (40). I I3 (29). 98 (100). 85 (26). 75 (74). 73 

(100). 
14Hepranediol. ‘I’o a stirred sdutron of vinylmagnesium 

bromide (6.0 mmol in 5.5 ml of THF solution) mamtamcd under 
argon atmosphere at 0°C. trrpropylborane (5.0 mmol) was Jdded 
and the resulting solution was stirred for I h at WC and for I h .II 

room temp. Oxuanc (0.40 ml. 8.0 mmd) was added at (TC and the 

whole was stirred for 2 h at O’C then 13 h at room temp. Usual 
work-up with alkaline hydrogen peroxide gave I.4heptanediol 

t506mg. 77% yield). b.p. IOU’C (bath temp.)/3 mm (lit.” II?- 
I lS’c13 mm). IR (neat): 3330. 1125. 1055 cm ‘; ‘H NMR (CCL): d 

0.92 (I. J = 6Hz. 3H). 1.2-1.7 (m. SHJ. 3.3-3.i (m. 3H). 4.67 (I. 
ZH); MS of brstrimethylsilyl ether: m/e (rel. %) 276 (M:‘. 0.4). 261 

(I). 233 (6). 147 (34). 145 (77). 143 (64). I03 (13). 75 (33). 73 (100). 
71 (22). 55 08). 

2.5.Wanediol. Reaction of tripropylboranc (700 mg. 
5.Ommol) with vinylmagmzsmm bromide (6.0mmolJ and methy- 
loxirane (0.44 ml. 6.5 mmol) gave 2.5-octancdiol (581 mg. W% 

yeld). b.p. I15C (bath temp.)/3 mm (lil.’ l44-WCI20 mm). IR 
(neat): 3320, 1125. 1055 cm ‘; ‘H NMR (CCL): 6 0.92 (I. J = 6 H7, 

3H). 1.1s td. J -- 6 Hz. 3H). l.Ll.6 tm. WHJ. 3.2-4.0 tm. 2H). 
4.4-4.8 (m. ?H); MS of bistruncthylsilyl ether: m/e (rcl. %) 290 

tM’. 0.1). 275 (0 I). 247 (3). 157 t55J. 14: (?I). 145 (56). II7 (41). 

75 (40). 73 (loo). 
!.5-NonanedioI Sb. Reaction of tributylboranc (910 mg. 

5.0 mmol) wrth vinylmagnesium bromide (6.0 mmol in 8.6 ml of 
THF solution) and methyloxirane (0.44 ml. 65 mmd) gave 0~ 

did (680 mg. 85% yrld). 
I-Ocmc. To a stirred solution of vinylmagnesium bromide 

t6.0mmol in 8.6ml of THF solution) under argon atmosphere. 
trihexyfboranc (700 mg. 5.0 mmol) was added at WC. The reaction 
mrxture was stirred at room temp. for 2 h and was added with 
Is ml of IS sodrum hydrorrde a~ W’ and 1.27 g of rodroe 
tsolutron in I5ml of THFj successively. GLC analysis of the 
reaction mixture indicated the yield of I-octene was 82%. 

I-Dodrcme. Reaction of tr~Iccylboranc prepared from Ide 
cent (9.0mmol) and boranc (3.0 mmol of BH, in 2.9ml of THF 
solution) wrth vinylmagncsrum bromide (3.6mmol in 5 I ml of 
THP solution) and aq-SaOH-I, gave a 67% yield of rhe oletin 

Aclnowf~dgcrnmf-The authors wish to thank the Ministry of 
Education, Japan. for a Grant-in-Aid (911506). 
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