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Abstract

As a preliminary examination of the studies on synthesis of a-olefin from its internal
isomers by means of hydroboration technique, the preparation of starting materials such
as pentene, diborane and l-pentylborane, and the analysis of alkylboranes were studied.

(1) Pentene was prepared by dehydration of pentanocl-1 in the presence of bentonite
and molecularsieve-13 X as catalyst. The pentene mixture thus obtained was analyzed
by vapor phase chromatography. Although bentonite gave lower yields of pentene and
lower contents of 2-pentene than molecularsieve-13 X, the former was superior in a point
of inertness to isomerize the carbon skeletons.

(2) The vapor phase chromatographic analysis of alcohols which should be obtained
in the alkaline hydrogenperoxide oxidation of alkylboranes was examined in detail. Suf-
ficient accuracies were obtained for propanol-1, propanol-2, pentanol-1 and pentanol-2, and
it was also found that the method was effective for the analysis of alkylboranes.

(3) A mixture of pentenes (l-pentene 26.29%, 2-pentene 73.8%) was quantitatively
hydroborated to pentylboranes with diborane in THF. Finally, it was demonstrated that
95.2 per cent of the borane is found in the 1l-position with 4.8 per cent in the 2-position
by heating the pentylborane mixture at 185°C.
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L, Zhamnb lpentene #8570 THh 575, AWML 2 0P EER M5 B0, 7
PFEC DLW CEL DL DTHS,

(1) BBt 2-pentene (% pentanol-1 #i/K L C# & 5 pentene BAWHD FEH o I+
B, ZOBKGEEEBER L,

@ TaFiA T VEIHCHmERL LTS EEE TR T OB RIEHETT 27,

R,B+ -5 0, PO A R BOR

R,B+ 0, 91Y 2 ppoR),
DD TAFART VHEEEFNAI e < b7 74 ~IZL->THHT 52 LIXEHEZHL
HP, TAFAR T Ve ORE O AL, 7o VKR CBBR LK SRR R
FCERANC R REANE O E EFRF-OH &2, o TTArFART VORE
e, EREBIBANC BRI LK RS MEEN T 2 LD F A R b ST T 4~ LD fTTe
72, I Z Tk propylborane & UF pentyborane 75 42§ X ¥ propanol, pentanol FHIZ D\« T
HAZB= NI T 74 —ICLBHMERCZE OREE X BRT L,
(3) l-pentyborane ™4 it Brown 2§43 1-pentene % diborane 12 X - T hydroboration
L T l-pentylborane % 8T\ %%, #FEH41315%3 diborane # &L, = I AT pentene
EA&4 D hydroboration UM 4:# pentylborane &4 1l-pentylborane ~ D (LA Hia
L7z,
2. EBR OB
2-1 pentanol-1 @ Kk E IS
pentanol-1; FOEFEHIEA v, FAZ e~ 2T 74 —I2X2>T99% OFIETH S
E DT,
itk 1t
1) =vFa3y—713X (HEE3mm, &3 4mm OMEIR)
2) BRBEINv b a b (EE 3mm, & X 4mm OMEIR)
# BB
SIS SR8 A L, BUSER R ORBUE T v = — Aokl LIcZ 3Tl L, &
DZEHOH AL —70°CiZffk > T pentene Ok A B 72, RIGHEKEZSEEL, Wik~ 27 x>
Y A IR, HZERIC I - T pentene (b.p. 31°~39°C) A M X7,

HAZr~< 7574 —D&f

B o2, I KGL2WyARze~< sy
515 A& ; U-45 (Squalane, 45 m, ¢ 0.25 mm)
Temp. 25°C
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Carrier Gas H, 0.4 kg/cm®
2-2 FIFIRSOSFE
N E
propanol-1, propanol-2, pentanol-3 1%, FDE 1 # 4, butanol-1, pentanol-1, 3-methyl-
butanol-1 vEFIFEE M2 FHL e,
Bo& ®
butanol-1 % PU¥EEEE & L, (HFEIL peak O filE & x OF TR, Bim ik
Fig. 5 iwm 3 i < B ERME AR LI,
5y BTk O BUE
TOHBOBERR Y > Y, SheliEs ) v s TR T BB Y0P L,
HBUEIR O AL
MBBER O 7 v 2 =L 54 3mé
30%-MIRKEK: 1 md
3N-NaOH KW ; 3m/l
DG (diethylene glycol dimethyl ether); 2m¢
HAZ R 27T 74 —D%kLk
B o KEGT-3600MyAze< 2737
# 5 A ; Carbowax 20 M-15% (Diasolid M}
2m, ¢ 4mm
Temp. 100°C
Carrier Gas H, 50 m#/min.
2-3 diborane 0 4R ¥ pentene ;E&4 0 hydroboration
Y #
BF:Et,0; BF, i3 ethylether SRR L T2 lN 18 1 oW RE B S Ha <
BHo W AR TEKKS) o BF, 25 v~ L RO L, WREEEMEEIKE Ui ethylether
i o, RESR BF, oW AD hic<le-7c b 2 A THENL, 18 1 OB 4 4
HLOTH1, ZObOEHEHERMCRIERY L CHL e (75°~857/40 mm),
DG; &JE> bV v ading TRME, Fi LIAIH, o, 8L CH 7 (62~63°/
15 mm),
THF; DG &g U TF%E L (bp. 64~65°),
BF;:DG; DG 250m¢ & BF,: Et,0 125mé (141 g, 0.99mole) % 7 54 €7 5 A 2T
ED I@Zf A 25°C i - T 30 A BIEUE (5 mm) 12 LT ethylether AR\ T 275 mé © BF,;: DG

g K
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Fig. 1  Apparatus for the preparation of BH; THF sobution.

1) BH, &% & #o THF g o 355

RIGEEE L Fig. LR RINCE T » TREZEZBESFLBR L 205 b oL
B, = RF v s AX—F—Z L LEPF 20°C 12 & - 72 NaBH, » DG %% (NaBH, 187 g,
0.495 mole, DG 50 m¥é) = BF,: DG (BF, 0.99 mole, 50% excess) &8 T L7z, &4 L7 BH,
1% NaBH, DG ¥ %5 U Ch$E Uic BE, % & 0°CiZfr - fc THE IR S ¥ic, IR T
%, FIGERRE 4 100°C i 2 B HmB L CRIS A Sef & efe, THE BKiie—7 A%+ »
AL TETCEEL TR E, FHCEL TR —F 4%y v 728 L CHESHHIC L > T
b LT,

2) B,H, THF #K OEE

Fig. 2 0 X 57842 AV CRAE LKL H, o4 WE LL, t~FaFr vy 7H LA
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Fig. 2 Apparatas for the standavi-gation of BH;-THF Solution.
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73 A=i2, K5, THE2, 27V «) v50RELORAK 10ml & A, 7 AA4—&—il
L ThbET asxyy ThMLCEHRBO BH, THE Ba AL, 3kt 5 Hy o /A
A— & =TT,

3) pentene &4 7 hydroboration

A 500 ce oA — P2 v — TG, TP Y 10 mm BRI OMIT U Bl L
ToEIR R FEA T L CHIC R 2 & 2 4 R VR L CEFREMAIC Lic, BVRET T BH,
THF %% (0.03 mole 50% excess) 3 A% v v P L CHEA LR, HE DG 10mé,
pentene {E&4% 6.4 mé (0.6 mole) Z[ABE D Fik CHEA L, R THIEC L CHLEHITRRIE X%
foo LBYROEHE, F— b2 v —TFBE, AR PIT T4 ~ORNEEEDHE LTD
butanol-1 % 0.06 mole Iz, T L Thb 7 5 A2 1B L AR, Org Reac 3o ik
THRELK S LT, DBEREH ) v A TENTL T, FAZr~< 7574 =0
L7,

4) 1-pentylborane & B

3) »Jjk T8 pentylborane %7 @ ¥ ¥ 185°C i 2 pMnE L 7o, SUGEA — 27 L —
TP Lie M AR IO M UOHT Ui, KA — b2 v— 7% &, 3) ofd & R o
U7, BB 250°C o %6 b4 < R Lic,

3. EBERRUEZ
3-1 pentanol-1 ;& pentene D E Y

pentanol-1 pxfiid il oo VE B ClioK LU pentene w435 Z &AL TV AY, Bk
L LTEvEa 5o — 718X, ROME Y L4 R &L C pentanol-l &K L,
pentene IV, pentene Ttk o> HHKIZ D\~ T fbIl o LB TGRS, SV o8 A BE Ui,
BUEOZHEF A2 B~ 7T 74 =i L o> TR 1 HAZ B b 7T 8Dk
Fig. 3 1=nsd,

SEEpLE B A Table 117”7,

Table 1. Dehydration data of pentanol-1.

! 1
Temp. . 2-pentene | 2-methyl | 3-methyl | 2-methyl | lowboiling
No. Cat. LSV | Yield | 1-pentene butene-1 | butene-1 | butene-2 | materials
(°C) | (cis, trans)
1Y T2 300 02| 89| 444 50.0 — — 5.6 —
2 " 3501 02 | 814 16.2 70.9 2.9 — 8.8 1.2
3 ” 400 | 0.2 | 845 9.1 78.8 2.7 . 85 0.9
~N v

41, 7 .| 380 03 329 337 59.5 — — 4.9 1.0
5 4 | 380 | 02 | 462 26.9 67.8 0.9 0.4 4.0
6 1 420 | 0.2 | 471 30.6 63.2 29 —_ 3.1 0.2
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Fig. 3 Gaschromatogram of the dehydration product of pentanol-1.
@ low boling materials (® cis-pentene-1
(@ 3-methyl pentene-1 (@ 2-methyl butene-2
® pentene-1 Column; U-45 (squarane ¢ 0.25 mm, 45 m)
@ 2-methyl butene-1 Column Temp; 25°C
(3) trans-pentene-2 Carrien gas; H, 04 kg/cm?

ElFaFy—713XK Al Lo a2, 31TRansd & 5 HEmEEE Tl
IR MNB S B A3, pentene O HLNIL EIRIZ 7o A 124t » T l-pentene D4, 2-pentene D3
s B C 2-methyl butene-2 OEREBE LML T %, Z 02 LGFEAKEIGEC I-pentene
75 2-pentene ~ 0D B {LIZ £ > T 2-methyl butene-2 ~OE B OBEILPHETTH &2 E
Bl T B, XV b MARELEREERR 4, 6 TR XD X O I ER T UKL 50% BUF
T, HURIZ DU TL 2-pentene ~ D B L L R D fevs, LSV T2, %84, 5 T/RENAD &
31 LSV 2y & R U 2-pentene DEFRITMAKT 57 02~03 BE TIHRFAFHO
BRI 34z 0 A I, T 4507 O UG ES Traful o b2 U <SRN 2 7oy,

3-2 ZIFIRS VORBESE

TAFART VEBBILKESB L TERT L7 a—A R EET 2D TH L0, —HRIC
FAA—ADHAZ RIS ALT =V VI RRLUEESIICEAEL 2 0%, EH
%43 Carbowax 20 M-15% (Diasolid M) # 5 A% Ml Tl THFREOBEN I L DX B,
HALZ m=< b 7T a0—% Fig. 4 12759, butanol-1 #NHEEHEL T2 L1L, Th
VZ%¢9 % propanol, pentanol DB EM AR DI Fig. 5 RTM I EBIEO RV D2
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Fig. 4 Gaschromatogram of the alcohols.
@ propanol-2 ® pentanol-1
® propanol-1 Column; Carbowax 20 M-15%
® pentanol-3 (Diasolid M)
@ Dbutanol-1 Column Temp.; 10°C
® 3-methylbutanol-1  Garrier gas; 50 m¢/min
propanol —1 propanol-2z
~N ,‘
[ -
~ t
Q|
33
I
s M
2|3
sls
£12
s !a
1 1
maleojpmpanol—; 1 mole of ,Drﬂpanol-z [
mofe of butanol~1 mole of butanol—1
L pentanol— inol —
pentanol . L pentanol—2
ST
§ s
3
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S
RSEES
23
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mole of pentanol— i

mole of pentanol-z |

nole of butanol-i
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Fig 5. Working curves of alcohols in the cases using
butanol-1 as the internal standard.
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SrHTRSE O BOE RO L RS T L F AR T Vg S & & LI UIREO L o 2B L <
Wore, REROBROEI ARG AR 7 v = — D B F o MR LK, NaOH, K,
FAVCEIEE LTna THH DG EL T B, ZHICRES Y 7 2 2 ffIEeC7 b o~
LEENL, TOLRBEESTAOTH L, Mo THEBRKE L THBEEmMD 7 v 2 — Ll

P

EWC R0 B ES MR, R Y v A TEN LT 2T e o, 530k Table

2UTART N W F A & SR AE IR TR D R T LT B,

Table 2. Reproducibility of the analytical data.

mole of alc. s/mole of butanol-1

alcohols A — H
(,dl(,d . found caled. found
propanol-2 1.00 1.06 0.25 0.28
propanol-1 2.00 ‘ 2.06 0.50 : 0.50
pentanol-3 200 210 050 051
pentanol-l | 200 200 050 | 049

pentanol-2 (XA &A% pentanol-3 D% L T\ TH B D T pentanol-3 DR A
AL TLRERLDEEND,

RO X SWCREREEA VY A TRMSSSHCHER LG, AR Y LEOR
ey s &BL (FFE; 112%), X EBERAHE 2GRS Qb iew, ZOEFE
EHET 5 FH Y 218 5 7o®ic, propanol-1 KU pentanol 73 0.5, butanol 731 ® & AL [LORE
WA TR DI E RO S HTBE L Ao Lo a2, KEEH ) v o & EHRR 2
AL, AWfEE RIE» Y 7 A0 INE OB % Fig. 6 1W/R,

Fig. 6 o R Cla 4 U L SRS e b 7  THLERMREF o b R, 90y

unsaturated
Sta te
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] i L]
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Fig. 6 Effect of the amount of K;CO, on the separation
of abcohols from water.
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S TCHRMTBRE S V) o A OBIIEEAE Lo EE LB I, NENKEhOEET L2 —
AAEH AV B b 7T 7 4 —ORRRA EWHWIR S B TH o Ao,

PELEOHEMLS 7T A FA RS vOSIIIDRAER 7 v o — L A REH vy A THlRIL, LE
WhHA2v< N 7574 =TT AHZ LTl THaMLEPLOTHDEELLNA,

2-3 diborane OE MR U pentene ;BS540 hydroboration

Bl Lo X S8 B, M4 v 74 v aet U 7 4 vl 5o %
LTV B, Fo—2k U THBEEERIC 1-pentyborane #182 Ha T L 5L T
A

pentene {54 + B,H,

»pentylborane { & 4%——1-pentylborane

diborane O FHIXE O DOFELH 50, FERoOBLI s 2HEL T TRk M
[V AR

3NaBH, + 4BF, 25, 3NaBF, 4 2B,H,

FALU S B o THE el & B & L CR L 1o, ZoBROMmER, BH, TR0k 5
WARERIGL CERBNCKFELZRETE20T, TOKEOEREN»LRD I L I ABH L LT

2.3~2.5 mole B E S i,

BH;+3H,0—H,BO,+3H,

pentene JE&4 & L T l-pentene 26.2%9, 2-pentene 73.8% DK O L D& FHL, 4 — b2
v 7H T 50% i o> diborane & G X @i, SUGH Org. Reac., SR LY Tl Lk #
GRELAERT v 2~ kg i Ui, I &R LT pentylborane # &K LcEE, BEH
W NEAIE % LT Ll-pentylborane ~ o BMAL A K, BB OHIIEE LR Ui, #
R Table 3 a3 Lz,

Table 3. Composition of alcohols obtained by hydroboration
and isomerization.

yield of total 2-pentanol

alcohol 1-pentanol 3-pentanol
hydroboration product at 20°C 94.7 \ 286 714
isomerization product at 185°C 914 95.2 4.8
isomerization product at 250°C 91.2 ! 93.1 6.9

B> pentene &1L 2-methyl butene-1, 2-methyl-butene-2, 3-methyl butene-1 »%
2R T13% & F Ty 7225, hydroboration RO L7 v LA 7 v BEALKIG (Hlz
¥ 2-pentene——1l-pentene) Kk Tlx, REEBOBEAIARE LG EBAILERTVLED
TN FERDO L DD THOLREES A, Brown %% 1-pentene % 20°C ¢ hydroboration »
L € 94% o pentanol-1, 6% ® pentanol-2 %, ™ 2-pentene 75 (% 55~51% @ pentanol-2,
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45~492% 0> 3-pentanol #H T\ 2P, FEHEFOM I pentene HEWIC 2T I & W UE
& CRIEH T & T % & pentanol-1 % 24.9%, pentanol-2 & pentanol-3 D&EFHA75.1% &
5 {EiZ7c s, Table 3 L = D& KENL O T, Brown oz 5E& CTRIELAL D
LEZILEND, XIOBAEONEL4T% THDHH, TAFAET VvORBBBILKFES LR
T BEOT L2 — LR TH SO T, I Offiit hydroborattion 2MTIEEBEMNIC T e T
VBT AR LT A, AV A L4 185°C T 95.2%, 250°C ¢ 93.1% o 1-pentanol 0
B A B oY, S AULINELENT X > T 93~095% @ l-pentylborane & 75 2 & AVHBL, UK
BEHTHLENEY LTS, ZORRLREEA — F 7 v~ 7T ethylene propylene 73 i
P LT o B R OSBER LK 5 R 7 v = — e dbic 2 v d ZNE o> ethanol, propanol @
b o 2 & Ave, pentylborane W LiciodnEEL B RS,
LLEoO#E S pentene AW A5 EE I FRIC Lpentylborane 2 & % & & AV HSkE,
pentylborane O %% l-pentene ¢ hydroboration Tz H& L ITFREOL D TH D L #
WA ENEERSD,

hydroboration #F|H L THEEA LV 7 4 Vinh, ad v 714 YEEARTHMEO—RE L
T, AT AERA VT4 v (R T V) OEK, TAFART YOERR, diborane
DER E T A BV 7 hydroboration {220 TH#iE L7z, Blb

(1) pentanol-1 27K L C pentene &7, fliEs LT v rF 4 MielLvHF 2T v —
F3X T LTRSS 20 REEHE ORIV I LR B TERTL 5,

2) TR T VERERILKET LU TERT 270 a2 - DGR » ) 7 AT
B L, FoO Y% butanol-1 2 NEHHEEME L T AT A IR~ T 7 4 =1 L > T+5
CHHIDARETH D Z L vbo T,

(3) diborane o THF % ¥ % i\ T pentene {E&4® hydroboration #{77c\, (IEEE
f{v= pentyborane J& &4 & E 7> . 5L = o pentylborane % jn#h L € (kL X 8T 1-pentylborane
E8 93~95% D L D xRE I,

X 3
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