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Hydroboration and thermal isomerization of undecenols (1, 2, and 3), pentenol (11), and 2,2-dimethyl-3-
nonenol-1 (21) were studied. Undecane-1,3- and -1,4-diols were obtained from undecenols via oxaborolane and

oxaborinane.

w-Complex mechanism for thermal isomerization (mechanism 1) was supposed and was confirmed

by the studies using diborane-ds and 5-ethyl-4-heptenol-1 (39).

Hydroboration and successive thermal isomeriza-
tion of simple olefing have been studied and have be-
come useful synthetic methods.! On the other hand,
few examples have been reported in the case of olefins
bearing functional groups.? From the viewpoint of
mechanistic studies and of synthetic applications, the
hydroboration and thermal isomerization of unsatu-
rated alcohols were reinvestigated.

Hydroboration and Thermal Isomenzatlon.——Three
undecenols, 10-undecenol-1 (1), 6-undecenol-1 (2), and
3-undecenol—1 (3), were chosen and were hydroborated
at room temperature and thermally isomerized at 160°
followed by the wusual oxidation. Products were
converted into trimethylsilyl ethers and analyzed by

CH2=CH (CHz )gOH
1

CH;(CH,),CH=CH(CH,),0H HO(CH,),0H
2m=3;, n=>5 4
3, m =6, n=2
CH;(CH,)»CH(0OH)(CH,).OH CH;(CH,),,OH
S, m=0;n=9 8
6,m=26n=3
,m="7n=2

gle and mass spectrometry.®? The results of such

analyses are shown in Table I.

Tasre I

HyproBorATION AND THERMAL ISOMERIZATION OF
UNDECENOLS AT 160°

Yield
~———=Yield of undecanediol, %~——  of un-
Reaction 1,3- 1,4- 1,10- 1,11~ decanol

Undecenol time, hr () (6) 1,6- 1,7 ) (4) %), %
10-Undecenol-1 0 0 0 0 0 8 92 0
(1) 3 1 56 0 o] 1 40 1
7 11 66 0 0 1 19 1
10 12 67 0 0 1 18 1
22 12 70 0 0 1 15 1
34 13 70 0 0 <i 15 2
6-Undecenol.1 0 0 0 51 49 0 0 0
2) 2 27 BT <1 <1 <1 1 9
5 27 B8 <1 <1 <1 1 9
10 26 55 <1 <1 <1 1 11
3-Undecenol-1 [ 61 33 0 0 0 [ 6
3 0.5 60 34 0 0 0 0 6
2 60 32 0 0 0 4] 7
5 58 32 0 0 0 0 10
10 53 31 0 0 0 0 16

Inspect?on of Table I indicates that undecane-1,3-
and 1,4-diol (7 and 6) are the main products in each

(1) H. C. Brown, “Hydroboration,” W. A, Benjamin, New York, N. Y.,
1962; G. Zweifel and H. C. Brown, Org. React., 18, 1 (1963); H. C. Brown
and M. V. Bhatt, J. Amer. Chem. Soc., 88, 1440 (19686).

(2) (a) 8. P. Fore and W. G. Bickford, J. Org. Chem., 24, 920 (1959); (b)
T. J, Logan, ¢bid., 26, 3657 (1961),

(3) (a) J. Diekman, J. B. Thomson, and C. Djerassi, ibid., 82, 3904
(1967); 88, 2271 (1968); (b) G. H. Draffan, R. N. Stillwell, and J. A.
MecCloskey, Org. Mass Spectrom., 1, 669 (1968).

case. The formation of the diols, 6 and 7, suggests
that the boron atom was trapped on C; or Cs. This
might be explained by the formation of oxaborolane
(10)* and oxaborinane (9) derivatives. Forexperimental
convenience,’ 4-pentenol-1 (11) was chosen to confirm
the intermediary oxaborolane and oxaborinane for-

mation. Hydroboration of 11 at room temperature
(CHz)n\
1528 | CH{(CH)nCH CH,| — 6and?
Np—0”
B—O
/
9,m=6n=2
10,m="T,n=1

1 &Hs

BHOBD + Bu OB )
1

CH,==CH(CH,),CH.0H S 558> 2,(BuO);B

Csz

I —2t— 1z + 13 + BuOE
3.(BuO):B 0
14

and successive treatment with tributyl borate gave a
mixture of 12 and 13. Similarly, 11 gave a mixture
of 12, 13, and 14 by hydroboration, thermal isomeriza-
tion, and successive treatment with tributyl borate.
The structure of 12, 13, and 14 were determined by
ir, mass spectral, and elemental analyses and by the
analyses of their oxidation products. These results
indicated the formation of oxaborinane during thermal
isomerization.

The assumption of coordinate bond formation be-
tween boron and oxygen?® also might explain the trap-
ping of boron on C; or C.. Provided that such a co-
ordinate bond does exist, the oxygen atom of the

CH,=CH(CH,),CH,0CH, CH,(CH,){CH==CHCH,CH,0CH,

15 16
(CHz)n\
15 1.B.H, CH;(CHp»CH CH, .
2.4
' B<Q
CH,

[CH,(CH,),CH(OH)(CH,),CH,0CH;]
19,m=6n=2
20,m=T,n=1

(4) Isolation of oxaborolane: B. M. Mikhailov and V. A, Dorohov, .
Akad. Nouk SSSR, 1661 (1964).

(5) The method used in this experiment is conveniently applicable when
the boiling point of the organoboron compound is lower than that of tributyl
barate,
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methoxy group, instead of the hydroxy group, may sim-
ilarly trap the boron atom at the C; or C, position.
From the results of hydroboration and thermal iso-
merization of methyl 10- and 3-undecenyl ether (15
and 16), no evidence of intramolecular coordinate bond
formation was obtained (Table 11).

Tasre I1

HyproBorATION AND THERMAL ISOMERIZATION OoF METHYL
UnpeceNYL ETHER AT 160° (CH,OR)
Yield of hydroxyundecyl Yield

Reac- ——methyl ether, %=—— of un-

tion 3- 4- decanol

R time, hr Solvent (20 (19  10-  11- (8), %
10-Undecenyl 0 Diglyme 0 0 16 84 0
(18) 20 Diglyme 0 0 3 29 59
20 Decalin 0 0 5 74 17
3-Undecenyl 0 Diglyme 51 43 0 0 6
(16) 8 Diglyme <1 <1 <1 7 93

The formation of the monofunctional aleohol, un-
decanol-1, may be explained by rehydroboration of
1-undecene, produced by 1,2 elimination of a hydroxyl
group and the vicinally situated boron, by a mechanism
similar to that of Brown and Cope.® This considera-

R(I}H(CHﬂnCHzOB — R(CHz)uOIH—CHz i
B B —B
VAR VAN N
N B—H-
AN S/
——

R(CH,),CH=CH, + B—O0—B
/ N

/0]
R(CHg)nCHQCHg——B\ —> R(CH,),CH:CH,0H

tion was supported by the reaetion of 2,2-dimethyl-
3-nonenol-1 (21) with diborane. Hydroboration and
thermal isomerization of 21 gave a mixture of 22 (8%,

1. BsHs
21 :
CH;(CH,),CH,CH(OH)C(CH;);,CH.OH
22
+
CH,(CH,),CH(OH )CH,C(CH,),CH:OH
23
é. %QHG
21 E_[Bi’ 22 + 23 + HOCH,(CH,);C(CH;),CH,0H
' 24
[CH;3(CH,)sC(CH;3):CH0H]
25

23 (909%,), and 24 (29%), but 2,2-dimethylnonancl-1
(25) could not be detected. Considering these facts,
as well as Brown’s thermal isomerization mechanism,’
the above-mentioned explanation for the formation
of undecanol seems plausible.

A comparison between entries 3 (10-undecenol-1,
7-hr thermal isomerization) and 12 (3-undecenol-1,
0.5-hr thermal isomerization) of Table I shows that
the yield of 1,3-diol was only 119, in the former case
and 609 in the latter case. This difference may be
explained by the following considerations. In the case
of 10-undecenol-1, 199, of 1,11-diol was obtained.

(6) H.C.Brownand O.J. Cope, J. Amer. Chem. Soc., 86, 1801 (1964).
(7) H, C. Brown and G. Zweifel, 1bid., 82, 1504 (1960).
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The organoboron compound which gave rise to un-
decane-1,11-diol might be compound 26 rather than

C7H15
/0 /CH2
O/B— CHZ(CHg)chgo'—B H—B (CHz)m
; \
0
CH
26 e 27
C7Hl5
- 9
C7H15 8r117 B
07
HE H—B _]|3 CHy
0 0 [
28 29 30

27. The reaction mixture from 10-undecenol-1 was
considered to be a mixture of compounds 26, 28, and
29, On the other hand, the reaction mixture from
3-undecenol-1 was considered to be a mixture of 28 and
29. Formation of 29 from 1 also indicated that 28 was
the precursor of 29,

From these considerations, migration of the boron
atom from the C, position to the C; position was con-
sidered to be explained by the following mechanism
(using as an analogy a previously proposed mech-
anism).»® The thermal isomerization of organoboron
compounds seems to proceed via dehydroboration to
form a 7 complex (32 — 33) followed by rehydrobora-
tion (33 —» 34 — 35). The boron atom eliminated
from the C, position of the six-membered eyclic organo-
boron compound forms a 7 complex with the newly
produced olefinic linkage, and the rotation around the
= complex results in the original hydrogen atom (H,)
being situated close to the C, position (34). Then
rehydroboration gives the five-membered cyclie or-
ganoboron compound (35). Thus, the isomerization
from oxaborinane to oxaborolane proceeds without
difficulty, and is also considered to be reversible. This
thermal isomerization is considered to be rather diffi-
cult when the boron atom of complex 37 has only one
hydrogen on boron, as in the case of 36 (R’ = alkyl
or alkoxy). In this case, the transformation of 36
into 41 is considered to be rather difficult without first
destroying the intramolecular = complex (37). Upon
destroying the = complex followed by rotation around
the Co—Cs bond or the B-O bond, the complex 39 would
be reconstructed and oxaborolane (41) would be
formed via 40. This rotation around the C-C or B-O
bond is, however, hindered by the bulkiness of the alkyl
or alkoxy group attached to the boron atom and/or of the
remaining alkyl residue of the olefinic group. Using
this reasoning, rehydroboration from the complex 37
is considered to give oxaborinane 36 rather than oxa-
borolane 41.

Mechanistic Studies.—In order to obtain further
evidence for the thermal isomerization mechanism
(mechanism 1), deuterium-labeling experiments were
undertaken. Taking account of the conceivable facility
of oxaborinane formation, 5-ethyl-4-heptenol-1 (42)

(8) A. Streitwieser, Jr., L. Verbit, and R, Bittman, J. Org. Chem., 82,
1530 (1987).
(9) F. M. Rossi, P. A, McCusker, and G. F. Hennion, ibid., 83, 450

(1967).
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was chosen and was treated with diborane-ds (deuterium
content 869,1°).

Reaction of 42 and diborane-ds in the molar ratio
of 2:1 at room temperature afforded a mixture of 1,4-
diol 43 (99%) and 1,5-diol 44 (19,). Deuterium
analysis showed that the total deuterium content in
43 was 87%, and the deuterium was exclusively located
at Cs. Thermal isomerization of the reaction mixture
at 160° for 2 hr gave 1,4-diol 43 (649,), 1,3-diol 45
(26%,), 1,7-diol 46 (49), and 5-ethylheptanol-1 (47)
(69%). From this mixture, 1,3-diol 45 was isolated
via the six-membered cyclic butaneborinic ester 49.11

(10) Diborane-ds was generated from sodium borodeuteride and boron
trifluoride etherate in Diglyme and used in THF solution. Deuterium con~
tent of the diborane-ds was calculated from that of the cyclohexanol pro-
duced by the reaction of diborane-ds with excess cyclohexene followed by
oxidation.

(11) G. M. Anthony, C. J. W. Brooks, I. Maclean and I. Sangster, J.
Chromatogr. Sei., T, 628 (1969).
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Figure 1.—60-MHz nmr spectrum of deuterated 45 (12 mg) in
CCl, (150 ul) after addition of Eu(dpm)s (30 mg).

Since mass spectrometric determination of the deu-
terium distribution in 45 was considered to be unre-
liable,'? it was performed by nmr and mass spectrom-
etry.

1 >BD
7
(CHy),.C=CH(CH),CHOH —%5m
42 3.[0)
(C,H;),CCHD(CH,),CH,0H
OH
44

(CH;),CDCH(CH,),CH,0H  (C,H;),CDCHDCHCH,CH,0H

OH OH
43 45
HOCHzCHQ(‘jHCHQ(CHz)ZCHon (C.H,),CHCH,(CH,),CH,0H
47
CHg
46
45 "‘—“’éﬁ[—ocjoz (C,H;),CDCH,COCH,
3. ~O0H 48
(‘34H9
oB~o

I [
(C,H;),CDCHDHC~. _.-CH;
CH,
49

Total deuterium content at C, and C; was deter-
mined by the nmr spectrum (Figure 1) of a carbon
tetrachloride solution of 45 and tris(dipivaloylmeth-
anato)europium.’* The protons situated on C-Cs,
Cy—Cs, Cs, and C; were assigned!4 as shown in Figure

(12) Because the mass spectra of the TMS derivative of 45 showed a very
small parent peak (0.07%) and large M — 1 peak (0.15%), the total deu-
terium content in 48 was difficult to determine using the molecular ion peak.
The M ~ 15 ion was prominent and considered to be possible to use for the
determination of deuterium content, but was less accurate, for this fragment
is said to be the one due to methyl group loss from the trimethylsilyl group,
but there is no evidence that there is no intramolecular hydrogen~hydrogen
exchange before fragmentation.

(13) (a) A. F. Cockerill and D. M. Rackham, Tetrahedron Lett., 5153
(1970); (b) J. K. M, Sanders and D. H. Williams, J. Amer. Chem. Soc., 98,
641 (1971), and references cited therein.

(14) The assignment of the signals shown in Figure 1 was sufficient for the
ealeulation of the deuterium content on Ci and Cs.
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1, analogously to the case of 2-hydroxy-1-(2-hydroy-
ethyl)adamantane.’® The integration of the hydro-
gen atoms at C;, Gy, and C; was used for deuterium
analyses, because the deuterium content at these posi-
tions was considered to be negligible. The total deu-
terium content on C, and C; was observed to be 1.56
from the integral of Figure 1. The 1,3-diol 45 was
converted into 4-ethyl-2-hexanone (48) by oxidation
and decarboxylation. After complete deuterium-
hydrogen exchange of the hydrogens « to the carbonyl
group by aqueous base treatment, the deuterium con-
tent on C, and Cs—Cs (C; and Ce—C; positions, respec-
tively, in the precursor 45) was determined to be 0.72
and 0.06, respectively, by mass spectrometry. The
deuterium distribution in 45 was calculated from the
above described data, and is summarized in Table 1I1.

TasLe 111

DruteriuM CONTENT IN 45
Amount of deuterium atom at position

4 5 6
Observed 0.84 0.72 0.06
Mechanism 1 0.86 0.86 a
Mechanism 2 0.43 0.86 a

¢ Deuterium content on Cs could not be obtained by mechanism
1 and 2.

As described in the above section, hydroboration
and thermal isomerization of 5-ethyl-4-heptenol-1 (42)
was considered to proceed mainly from oxaborinane
31 to oxaborolane 35, since 999, of 43 was obtained
by hydroboration and successive oxidation. The ex-
pected deuterium distribution for each of the mech-
anisms, mechanism 1 and 2, is shown in Table 111,

Inspection of the data shown in Table I1I indicates
that mechanism 1 is considered to be the probable one
because of the good agreement between the observed
values and the expected ones. Mechanism 2 is not
considered to be suitable for this case since the deuter-
ium content on C,is too small.

mB~o

(mechanism 2)

The above-mentioned inspection for each mechanism
indicated that thermal isomerization of oxaborinane
31 to oxaborolane 35 proceeds via an intramolecular
= complex (mechanism 1).1

(15) Williams' mechanismi¢ (A = B) was omitted. Inspection of Dreid-

ing models indicated that the application of this mechanism to oxaborinane
was considered to be difficult.

R\ /H
R  H H-
N
C J W\ H
H\?\\ _H = R”~B——c<R,
Rn/ \H/ Np/ \H/
A B

(16) R. E, Williams, Inorg. Chem., 1, 971 (1962).
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Experimental Section

Gas chromatography was performed on a Shimazu GC-4APT
and a Hitachi K-23 with a 3 m X 3 mm column packed with 159,
polyethylene glycol and 109 HVSG on Chromosorb W (80-
100 mesh), and with a 45 m X 0.5 mm BDS Golay column.
Mass spectra were obtained with an Hitachi RMS-4 spectrom-
eter with 70 eV ionization potential. Nuclear magnetic reso-
nance spectra were recorded with a Jeoleco CL-60 spectrometer,
with tetramethylsilane as internal standard and carbon tetra-
chloride as solvent.

6-Undecenol-1 (2).—6-Undeconic acid was prepared by the
Wittig reaction between valeraldehyde and the phosphonium
salt made from triphenylphosphine and 6-bromohexenoic acid.
Methyl esterification of 6-undecenoic acid followed by lithium
aluminum hydride reduction gave 2: bp 130° (16 mm); mass
spectrum m/e (rel intensity) 170 (M™*, 1); ir 3330 and 1655
cm™t.

Anal. Caled for C,H.0O: C, 77.58; H, 13.02.
C,77.31; H, 12.90.

3-Undecenol-1 (3).—3-Undecenoic acid was prepared vig the
Knoevenagel reaction of malonic acid, nonyl aldehyde, and
triethanolamine, Methyl esterification of 3-undecenoic acid
followed by lithium aluminum hydride reduction gave 3: bp
121° (12 mm); ir 3320 cm™?'; mass spectrum m/e (rel intensity)
170 (M *, 0.9).

Methyl 10-Undecenyl Ether (15).—Excess sodium hydride
treatment of a THF solution of 1 followed by excess methyl
iodide treatment gave 15: bp 116-119° (18 mm); ir 3100,
1640, 1110 em ™.

Anal. Caled for CpH,0: C, 78.19; H, 13.13. Found:
C, 78.28; H, 13.35.

Methyl 3-Undecenyl Ether (16).—This ether was prepared as
described above: bp 124° (35 mm); ir 1110 cm™!; mass
spectrum m/e (rel intensity) 184 (M+, 1), 55 (100).

Anal. Caled for CpH,©0O: C, 78.19; H, 13.13. Found:
¢, 78.26; H, 13.36.

2,2-Dimethyl-3-nonenol-1 (21).—Wittig reaction between
n-hexylidenetriphenylphosphorane and 2,2-dimethyl-3-tetrahy-
dropyranyloxypropanal gave 1-tetrahydropyranyloxy-2,2-dimeth-
yl-3-nonene. Acid-catalyzed hydrolysis of this tetrahydro-
pyranyl ether gave 21: bp 114° (19 mm); ir 3350, 1640 em™%;
mass spectrum m/e (rel intensity) 170 (M *, 1), 69 (100).

Anal. Qaled for CuHs0: C, 77.538; H, 13.02. Found:
C, 77.43; H, 13.03.

General Procedure for Hydroboration-Isomerization. A.—To
the ice-cooled solution of unsaturated alcohol in diglyme a THF
solution of diborane (molar ratio aleohol/diborane = 2) was
added during 5 min under nitrogen. The mixture was stirred at
room temperature for over 4 hr. THF was distilled off in
vacuo and the mixture was refluxed. A 5-ml portion of the
reaction mixture was periodically taken out and treated with
excess alkaline hydrogen peroxide. The resulting mixture was
extracted with ether and dried (NasSQ,), and ether and diglyme
were distilled off. The crude product was converted to the
trimethylsilyl ether derivative® and analyzed by gle.

B.—For the purpose of confirming the yield of reaction
product, heat treatment was continued for 20 br.  After alkaline
hydrogen peroxide oxidation the reaction mixture was extrapted
with ether and dried (NasS0,), ether and diglyme were distilled
off, and then distillation gave the product mixture. The product
mixture was converted to the trimethylsilyl derivatives and
analyzed by gle.

Hydroboration-Isomerization of 10-Undecenol-1 (1). A.—
Besides the general procedure, 1 (4.25 g, 25 mmol) was hydro-
borated internally with sodium borohydride (0.71 g, 18.8 mmol)
and boron trifiuoride etherate (3.55 g, 25 mmol) in diglyme (120
ml). After completion of hydroboration at room temperature
(overnight), the reaction mixture was refluxed and a 20-m] portion
of the mixture was taken out after 3, 7, 10, 22, 34, and 48 h.r,
and was treated as described above. The results are shown in
Table 1. .

B.—Hydroboration-isomerization of 1 (1.7 g, 10 mmol)_ in
diglyme (20 ml) was performed by general procedure B, yxpld
1.76 g, bp 140-145° (4 mm). Gle analysis of the tnmgthylsﬂyl
ether of the product showed that the product was a mixture of
4 (239%), 6 (55%), 7 (15%), 8 (2%), and other diols (5%).

Hydroboration-Isomerization of 6-Undecenol—} (2). A—
Hydroboration-isomerization and work-up of 2 (500 mg, 2.93

Found:
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mmol) in diglyme (25 ml) was performed by general procedure
A. The resuits are shown in Table I.

B.—Hydroboration-isomerization of 2 (340 mg, 2 mmol) in
diglyme (15 ml) was performed by general procedure B, yield 301
mg, bp 146° (4 mm). Gle analysis of the trimethylsilyl ether of
the product showed that the product was a mixture of 4 (2%), 6
(77%), 8 (3%), 7 (17%), and other diols (1%).

Hydroboration-Isomerization of 3-Undecenol-l1 (3). A.—
3-Undecenol-1 (3) was hydroborated and isomerized by general
procedure A. The results are shown in Table I.

B.—Hydroboration-isomerization of 3 (340 mg, 2 mmol) in
diglyme (15 ml) was performed by general procedure B, yield
306 mg, bp 142° (4 mm). Glc analysis of trimethylsilyl ethers
of the products showed that the products were 6 (42%), 7 (562%),
and 8 (6%,).

Hydroboration-Isomerization of Methyl 10-Undecenyl Ether
(15). A. In Diglyme.—Methyl 10-undecenyl ether (15)
(0.43 g, 11.3 mmol) was hydroborated internally with sodium
borohydride (0.43 g, 11.3 mmol) and boron trifluoride etherate
(2.17 g, 15 mmol) in diglyme (50 ml) at 0°. After completion
of the hydroboration at room temperature, a half of the mixture
was taken out. Usual work-up and distillation gave 0.90 g of a
mixture, bp 136-143° (8 mm). The residue was refluxed for 20
hr. Usual work-up and distillation of this isomerization product
gave 0.89 g of a product mixture, bp 110-134° (10 mm). The
results are shown in Table 1.

B. In Decalin.—To the solution of 15 (0.81 g, 4.4 mmol) in
decalin (50 ml), a THF solution of diborane (4.2 mmol in 4.0 ml)
was added at 0°. The reaction mixture was stirred overnight,
THF was distilled off, and the mixture was heated at 160° for
20 hr. General work-up and distillation of this resulting mixture
gave 0.71 g of product mixture, bp 136-140° (6 mm). The
results are shown in Table II.

Hydroboration of Methyl 3-Undecenyl Ether (16).—To the
solution of 16 (461 mg, 2.5 mmol) in diglyme (10 ml), a THF
solution of diborane (0.62 mmol in 0.5 ml) was added at 0°.
The reaction mixture was stirred at room temperature for 3 hr
and allowed to stand overnight. After the general work-up,
the crude product was analyzed. The results are shown in
Table 1I.

Hydroboration-Isomerization of Methyl 3-Undecenyl Ether
(16).—To the solution of 16 (461 mg, 2.5 mmol) in diglyme (10
ml), a THF solution of diborane (1.25 mmol in 1.1 ml) was added
at 0°. The reaction mixture was stirred for 6 hr at room temper-
ature, and the mixture was refluxed for 8 hr. General work-up
and distillation gave 393 mg of product mixture, bp 110-125°
(10mm). The results are shown in Table II,

l-n-Butoxy-2-oxaborepane (12), l.n-Butoxy-2-oxa-6-methyl-
borinane (13), and l-n-Butoxy-2-oxa-5-ethylborolane (14).
A.—To a solution of 11 (2.15 g, 25 mmol) in THF (15 ml), a
THF solution of diborane (12.5 mmol in 10 ml) was added at 0°.
The reaction mixture was stirred overnight at room temperature,
and the solvent and excess of diborane were removed in vacuo.
To the residue, tributyl borate (3.3 g, 14.3 mmol) was added.
About 4 g of liquid was distilled out during heating at 210-225°
for 10 hr. Redistillation gave a mixture of boron compounds:
yield 3.12 g (73%) from 4-pentenol-1; bp 80-96° (16.5 mm);
ir 1330 em™, absence of -OH absorption; mass spectrum m/e
(vel intensity) 170 (M, 1), 56 (100).

Anal. Caled for CoHps0,B: C, 63.57; H, 11.26. Found:
C,63.68; H, 11.37.

The components of this organoboron mixture were deter-
mined by alkaline hydrogen peroxide oxidation of these argano-
boron compounds. Gle analysis of the oxidation products, with
n-octyl aleohol as internal standard, showed that these oxidation
products were n-butyl alecohol (519) and some pentanediols
(total 49%). Yield of the oxidation reaction was 89%, (by gle),
and diols were pentane-1,5-diol (75%) and pentane-1,4-diol
(25%). These results showed that the initial organoboron com-
pounds were 12 (75%) and 13 (25%).

B.—To a solution of 11 (2.15 g, 25 mmol) in diglyme (20 ml),
a THF solution of diborane (12.5 mmol in 10 ml) was added at
0°, the mixture was stirred at room temperature, and THF was
removed and then refluxed for 6 hr. Then the solvent was re-
moved in vacuo. To the residue, tributyl borate (3.3 g, 14.3
mmol) was added and the mixture was heated to 220-225° for
7 hr. The distilled liquid was redistilled, bp 90-96° (15 mm),
yield 1.5 g (35%) from 11. Product analysis as described above
showed that the products were 12 (76%,), 13 (23%), and 14 (19).
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Hydroboration-Isomerization of 2,2-Dimethyl-3-nonenol-1 (21).
A.—Hydroboration—isomerization and work-up was performed
by general procedure A. The products are (i) before heating, 22
(449,) and 23 (569%,); and (ii) after heating, 22 (8%), 23 (90%,),
and 24 (29).

B.—Hydroboration-isomerization of 21 (340 mg, 2 mmol) in
diglyme (15 ml) was performed by general procedure B, yield
293 mg, bp 122° (3.5 mm). The products were 22, 23 (total
999), and 24 (1%).

Anal. Caled for CyHsO,:
70.02; H, 12.95.

5-Ethyl-4-heptenol-1 (42).—5-Ethyl-4-heptenal was prepared
by the reported method" from 15 g of 3-vinyl-3-pentanol and
19.7 g of ethyl vinyl ether, yield 5.4 g (24%). Lithium alu-
minum hydride reduction of this aldehyde gave 42 in quantitative
yield: bp 106° (21 mm); ir 3370, 2950, 2890, 1660 cm™3;
mass spectrum m/e (rel intensity) 55 (100), 142 (M+, 24).

Anal. Caled for C;HO: C, 75.99; H, 12.76. Found: C,
75.87; H, 13.00.

Hydroboration-Isomerization of 5-Ethyl-4-heptenol-1 (42).—
Hydroboration-isomerization of 42 (0.71 g, 5 mmol) in diglyme
(20 ml) was performed by general procedure A. The products
were (a) before heating, 43 (99%), 44 (19%); (b) 20 min, 43
(85%), 45 (15%); (c) 60 min, 43 (83%), 45 (17%); (d) 120
min, 43 (82%), 45 (18%).

Deuterioboration of 5-Ethyl-4-heptenol-1 (42).—To the
stirred solution of 42 (710 mg, 5 mmol) in diglyme (20 ml), THF
solution of diborane-ds (2.5 mmol in 2.7 ml) was added at 0°
under nitrogen. The mixture was stirred for 3 hr at room
temperature. Then a quarter portion of this mixture was taken
out. Usual work-up followed by distillation of this portion gave
187 mg of a mixture of 43 (999,) and 44 (1%). The mass
spectrum of the trimethylsilyl derivative of 43 follows: m/e
(rel intensity) 305 (M *, 0.01), 304 (0.04), 290 (0.07), 233 (17.8),
143 (100), 73 (57); relative abundance of M — 15 fragments,!®
289 (15.5), 290 (100), 291 (28.8), 292 (12.0).

Deuterioboration-Isomerization of 5-Ethyl-4-heptenol-1 (42).—
To the stirred solution of 42 (1.14 g, 8 mimnol) in diglyme (23 ml),
a THF solution of diborane-ds (4 mmolin 6.4 ml) was added at 0°
under nitrogen. The mixture was stirred for 4 hr at room tem-
perature. Then the mixture was heated and THF was distilled
off after 30 min refluxing, and the mixture was refluxed for a
further 1.5 hr. After general work-up, the crude yield was 1.10
g. The products were 43 (649,), 45 (26%,), 46 (4%), and 47
6%).

Isolation of B5-Ethylheptane-1,3-diol (45).—To the crude
produet (1.10 g) obtained above, 0.95 g of n-butaneboronic acid
and 5 ml of pyridine were added. After standing for 30 min,
pyridine was distilled off under nitrogen. The residue was
chromatographed on silica gel by elution with ethyl acetate-
carbon tetrachloride (1:1). The cyclic boronate 49 was iso-
lated. The boronate 49 was oxidized by alkaline hydrogen
peroxide, extracted with ether, and dried (Na:80:). Distil-
lation and preparative gle gave 40 mg of pure 45.

Deuterioboration of Cyclohexene.—To a solution of diborane-ds
in THF, a large excess of cyclohexene was added at 0° under
nitrogen. The reaction mixture was stirred for 10 hr at room
temperature, oxidized by alkaline hydrogen peroxide, extracted
with ether, and dried (Na,80,); ether and THF were distilled
off under reduced pressure and the residue was separated by gle.
The deuterium content of cyclohexanol was determined by mass
spectrography at 70 eV using molecular ion: masgs spectrum
m/e (rel intensity) 57 (100), 83 (55), 101 (M*, 4); relative
abundance of molecular ions,'® 99 (7.0), 100 (58.2), 101 (100),
102 (8.9).

4-Ethyl-2-hexanone (48).—To the stirred solution of diols
obtained by deuterioboration and thermal isomerization of 42,
Jones reagent (8 N) was added dropwise until the reddish-brown
color remained. The stirring was continued for a further 15
min, the organic layer was decanted, diluted with ether; and
washed with water, and the solvents were removed under reduced
pressure. The remainder was stirred with about 20% aqueous

C,70.16; 1, 12.85. Found: C,

(17) R. Marbet and G. 8aucy, Helv. Chim. Acta, 50, 2095 (1967).

(18) Relative abundances of M — 15 fragments of trimethylsilyl deriva-
tives of undeuterated 48 were as follows: m/e (rel intensity) 289 (100), 290
(23.8), 291 (15.9). Relative abundances of M — 3-pentyl fragments of tri-
methylsilated 48 (m/e 233-235) were superimposable with those of un-
deuterated 483.

(19) Relative abundances of molecular ions of undeuterated cyclohexanol
were as follows: m/e (rel intensity) 99 (42.8), 100 (100), 101 (9.1).
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sodium carbonate solution for 4 hr, extracted with ether, and
dried (Na,80,), and ether was separated by gle: mass spectrum
m/e (rel intensity) 43 (85), 85 (100), 110 (25), 129 (M, 9);
relative abundance of molecular ions,® 128 (45.5), 129 (100),
130 (17.1), 131 (3.0).

5-Ethylheptane-1,3-diol (45).—Methyl 5-ethyl-3-oxoheptano-
ate was synthesized by the method of Weiler?* from methyl
acetoacetate (3.48 g, 30 mmol) and 3-bromopentane (6.6 g, 33
mmol), bp 116-118° (18 mm), yield 1.4 g, (40%) from methyl
acetoacetate. Reduction of this g-keto ester by the method of
Cope and Wood?? gave 45 in 839, yield: bp 126~130° (8 mm);
ir 3320, 2925, 1460, 1380, 1050 ¢m™*; mass spectrum of tri-
methylsilyl derivative m/e (rel intensity) 304 (M, 0.07), 289
(2), 261 (4), 219 (53), 187 (46), 103 (100), 73 (79).

Anal. Caled for CyHgO,: C, 67.45; H, 12.58. Found:
C, 67.57; H, 12.66.

(20) Relative abundances of molecular ions of undeuterated 48 were as
follows: m/e (rel intensity) 128 (100), 129 (9.3), 130 (0.6).

(21) L. Weiler, J. Amer. Chem. Soc., 92, 6702 (1970).

(22) A.C.Cope and G. W. Wood, ibid., 9, 3885 (1957).

STAROSCIK AND RICKBORN

5-Ethylheptane-1,4-diol (43).—Hydroboration of 42 at 0°
under nitrogen and usual work-up gave 43 (purity 99% by gle):
bp 120-125° (6 mm); mass spectrum of trimethylsilyl deriv-
ative m/e (rel intensity) 304 (M+, 0.05), 289 (1), 247 (2), 233
(19), 143 (100), 73 (57).

Anal. Caled for CoHyO,:

C, 67.45; H, 12.58. Found:
C, 67.48; H, 12.84.

Registry No.—1, 112-43-6; 2, 32970-48-2; 3,

32970-49-3; 12, 32070-50-6; 13, 32970-51-7; 14,
32070-52-8; 15, 7280-47-6; 16, 32070-54-0; 21,
32970-55-1; 22, 32970-56-2; 23, 32070-57-3; 24,

32070-58-4; 42, 998-67-4; 43, 32970-60-8; 45, 33021-
05-5; 48, 6022-26-0.
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A series of substituted 3-cyclohexenols was prepared and subjected to the iodomethylzine iodide methylenation

reaction.
hexenols react through the axial hydroxyl conformer.

Competitive kinetics establish that, in contrast to the allylic 2-cyclohexenols, the homoallylic 3-cyclo-
The compounds examined (k1) are 3-cyclohexenol (1.0),

cis-6-methyl-3-cyclohexenol (5.2), l-methyl-3-cyclohexenol (4.0), trans-6-methyl-3-cyclohexenol (2.6), trans-

1,4,5,6,7,8-4a(8aH )-hexahydronapthol (1.6), and 4-methoxycyclohexene (0.18).

stereospecific methylenation reactions.

Since its introduction in 1958, the Simmons-Smith
methylenation reaction? has been widely used in organie
synthesis, A particularly interesting aspeet is the
directive effect of a neighboring hydroxyl group in the
substrate olefin.® In cyclopentenes and cyclohexenes,
an allylie or homoallylic hydroxyl group leads to stereo-
specific cis introduction of the methylene group.
Higher cyeclic olefins can give trang product with high
selectivity provided the hydroxyl group—organometallic
complex affords more facile access to the trans face of
the olefin.® In our earlier work* it was established that
both allylic and homoallylic hydroxyl groups in cyclo-
hexene cause very large rate enhancement. In fact,
both types of alecohols react immeasurably faster than
the parent unsubstituted olefin, although a significant

factor also separates therates of 1 and 2. Interestingly,
1 2 3
Rre =11 1.0 very slow

when the hydroxyl group is removed to the ¥ position,
as in 3, the rate becomes comparable to that of cyclo-
hexene itself, and the reaction becomes effectively non-
stereoselective. By determining the relative rates of

(1) Author to whom correspondence should be addressed.

(2) H. E. Simmons and R. D. Smith, J. Amer, Chem. Soc., 80, 5323
(1958).

(3) A recent discussion of this phenomenon and references to earlier work
are found in the work of C. D. Poulter, E. C. Friedrich, and 8. Winstein,
ibid., 91, 6892 (1969).

(4) J. H. Chan and B, Rickborn, ibid., 90, 6406 (1968).

All of these olefins exhibited

methyl-substituted 2-cyclohexenols, it was established
that the eis directive effect of the allylic hydroxyl group
is exerted by this group in the pseudoequatorial con-
formation. This result bears on the question of the
structure of the Simmons-Smith reagent in ether
solution; modelsindicate that a monomeric iodomethyl-
zine species, in which the metal is complexed to the
pseudoequatorial hydroxyl oxygen, cannot attain the
necessary geometry for reaction with the double bond.
For this reason a dimeric structure for the reactive
organometallic species was proposed.*

The rate difference between 1 and 2, as well as the
lack of any significant influence (stereochemical or
kinetic) of the hydroxyl group in compound 3, clearly
indicates, that the directive effect of the hydroxyl group
has very specific geometric requirements. It was there-
fore of interest to determine which conformer of the
homoallylic cyclohexenol causes cis selectivity.

Ginsig and Cross,’ in applying the Simmons-Smith
reaction to estr-5(10)-ene-3,17-dio], found that both
the 3a and 38 aleohols gave stereospecific methyl-
enation (cis to the homoallylic 3-OH group in both
cases), but the 3a isomer was quite sluggish in reaction
and required forcing conditions. Levine and co-
workers® have presented convincing evidence that the
preferred half-chair conformation of ring A in estr-
5(10)-ene is such that the 8« hydroxyl group would be
equatorial, and conversely the 38 group would be axial.
The methylenation results® therefore would support the

(6) R. Ginsig and A. D. Cross, ibid., 87, 4629 (1965).
(6) 8. G. Levine, N, H. Eudy, and E. C. Farthing, Tetrahedron Lett., 1517
(1963); 8. G. Levine, D, M. Feigl, and N. H., Eudy, ibid., 4615 (1967).



