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[lower-boiling form; *H NMR 6 7.20 (s, 5, C¢Hy), 5.40 (t, 1, =CH),
0.6-2.7 (m, 20, CHchs)].

Preparation of 6-Phenyl-6-undecanol. The alcohol was
obtained (51%) from the reaction of phenylmagnesium bromide
with 6-undecanone; bp 107-108 °C (0.15 mm); n?; 1.4950; *H
NMR (CCly) § 7.27 (s, 5, CgHj), 1.5-2.0 (s, 4, CH,), 0.6-1.4 (m,
19, CHQCH:;). Anal. Calcd for Cl']HngZ C, 82.20; H, 11.36. Found:
C, 82.10; H, 11.20.

Reaction of 6-Phenyl-6-undecanol with Acid. (a) H;SO,.
A mixture of 4.00 g (0.015 mol) of 6-phenyl-6-undecanol and 50
mL of concentrated H,SO, was stirred until homogeneous, poured
into 500 mL of ice water, and extracted with four 25-mL portions
of petroleum ether (bp 60-65 °C). The combined extracts were
dried (Na,SO,) and distilled through a spinning-band column.
There was obtained 1.46 g (42%) of 6-phenylundecane; bp 88-89
°C (0.20 mm); n%p 1.4812; 'H NMR (CCl,) 6 7.11 (s, 5, CgHj),
2.2-2.6 (s, 1, CH), 0.6-1.9 (m, 23, CH,CH,). Anal. Calcd for
C;Hye: C, 87.86; H, 12.14. Found: C, 88.00; H, 12.14.

(b) KHSO,. A mixture of 1.0 g (4.0 mmol) of 6-phenyl-6-
undecanol and 0.27 g of fused KHSO, was heated at 160 £ 5 °C
for 4 h. The product was distilled to afford 0.87 g (94 %) of mixed
6-phenyl-5-undecenes; bp 93-94 °C (0.15 mm); n%p 1.5040. A
sample, 0.46 g (2.0 mmol) of the latter was hydrogenated over
4 mg of PtO, catalyst to give 0.42 g (100%) of unpurified 6-
phenylundecane; n*, 1.4798.

Saponification of Methyl 2-Pentyl-2-phenylheptanoate.
A solution of 2.9 g (0.1 mol) of the ester and 2.9 g (0.05 mol) of
85% KOH in 265 mL of 95% C,H;OH, containing 1.5 mL of H,0,
was refluxed for 120 h. The reaction mixture was poured into
500 mL of 10% HC], extracted with four 100-mL of ether, dried
(NayS0,), and concentrated. There was obtained 1.18 g (55%)
of 2-pentyl-2-phenylheptanoic acid; mp 81-82 °C (petroleum ether,
bp 60-65 °C); IR 3350-2300 (m), 1790 (s), 1290 (s), 950 (s) cm™;
'H NMR (CCl,) 6 11.91 (s, 1, CO,H), 7.28 (s, 5, C¢Hj), 1.7-2.2 (s,
4, CH,), 0.6-1.4 (m, 18, CH,CH;). Anal. Caled for C;gH,s05: C,
78.21; H, 10.21. Found: C, 78.45; H, 10.43.

Electrolysis of 2-Pentyl-2-phenylheptanoic Acid. A solu-
tion of 0.25 g (0.91 mmol) of 2-pentyl-2-phenylheptanoic acid and
0.20 g (0.91 mmol) of 25 wt % CH30Na in 400 mL of CH,OH was
electrolyzed in the previously described apparatus at an initial

91 V and 1.0 A. The reaction was discontinued after 1 h when
a steady state of 93 V and 0.25 A had been reached. The reaction
mixture was acidified and worked up to afford a residue that was
purified by evaporative distillation (Kugelsrohr) to give 0.215 g
(91%) of 6-methoxy-6-phenylundecane; n?p 1.4851. It was
identified by comparison of its IR and 'H NMR spectra with those
of an authentic sample,

Oxidation of 2-Pentyl-2-phenylheptanal. The aldehyde was
obtained by the titanium(III) cleavage of the corresponding
(2,4-dinitrophenyl)hydrazone by the method of McMurry and
Silvestri.?l The product resulted in 44% yield and distilled at
114-115 °C (0.15 mm); n%; 1.4912.

To a solution of Ag,O, prepared from 1.75 mL (0.56 mmol) of
5% AgNO;, and 0.5 g (1.11 mmol) of NaOH in 5.0 mL of H,0,
was added 70 mg (0.27 mmol) of the aldehyde. The mixture was
stirred at 0 °C for 30 min, filtered, acidified with 10% HC], and
extracted with petroleum ether (bp 60—65 °C). The solvent was
removed to leave 62 mg (83%) of crude 2-pentyl-2-phenyl-
heptanoic acid, which was identified by comparison of its IR and
'H NMR spectra with those of an authentic sample.

Registry No. 1 (acid), 815-17-8; 2 (acid), 26269-42-1; 3 (acid),
89579-45-3; 3 (ethyl ester), 89579-54-4; 4 (acid), 26269-44-3; 4 (ethyl
ester), 89579-55-5; 5 (R, = R, = Ry = CHj,), 598-98-1; 5 (R, = R,
= R; = CgHyy), 89579-46-4; 5 (R, = C,Hy, Ry = CeHy3, Ry = CpHys),
89579-47-5, 5 (R1 = C4H9, R2 = CSH13; R3 = C12H25; aCid),
89579‘56'6; 5 (R‘l = R2 = C5H11, R3 = CGH5); 89579'48'6; 5 (Rl
= R2 = C5H11, R3 = CGHﬁ; acid), 89579'57'7, 6 (Rl = R2 = R3 =
CHS)y 630'19'3; 6 (Rl = R2 = R3 = C5Hu), 26269-54-5; 6 (R1
R2 = C5H11, R3 = CGH5), 89579-49-7; 6 (R1 = R2 = CsHu, R3
C¢Hj; (2,4-dinitrophenyl)hydrazone), 89579-50-0; 7 (R; = R,
R; = CHjy), 4026-20-4; 7 (R, = R, = Ry = C;Hy,), 85613-93-0;
(R1 = RZ = C5H11, R= C4Hg), 51677'36'2; 8 (R1 = C5H11, R2
CGH5, R= C4H9), 89579'51'1, 9 (R1 = R2 = C5H11, R3 = CGH5),
89579-52-2; 10, 942-92-7; dodecyl bromide, 143-15-7; ethyl 3-bu-
tyl-2-cyano-2-nonenoate, 25594-05-2; ethyl 3-butyl-2-cyano-3-
hexylpentadecanoate, 89579-53-3; 6-undecanone, 927-49-1; 6-
phenyl-6-undecanol, 67267-86-1; 6-phenylundecane, 4537-14-8.
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(21) McMurry, J. E.; Silvestri, M. J. Org. Chem, 1975, 40, 1502.

Transition-Metal-Promoted Alkylations of Unsaturated Alcohols: The
Ethylation of 3-Butyn-1-0l and 3-Buten-1-0l via Titanium
Tetrachloride-Organcaluminum Ziegler-Natta Catalyst Systems

F. W. Schultz, G. S. Ferguson, and D. W. Thompson*
Department of Chemistry, The College of William and Mary, Williamsburg, Virginia 23185
Received November 28, 1983

Reaction of 3-butyn-1-ol with diethylaluminum chloride followed by treatment with titanium tetrachloride
under a variety of conditions gave selectively up to 70% yields of (E)-3-hexen-1-ol, the product expected from
a syn ethylmetalation of the multiple bond. No complications arising from in situ 8-hydride elimination were
observed. Similarly, 4-pentyn-2-ol was ethylated to give (E)-4-hepten-1-ol; however, 3-pentyn-1-ol did not give
an ethylated product. Additionally, the effect of “third components”, i.e., Lewis bases, on the ethylation of

3-butyn-1-o0l and 3-buten-1-ol was studied.

Several groups have made progress in adapting Zie-
gler-Natta polymerization catalyst chemistry to effect the
monomethylmetalation of alkene and alkyne functionali-
ties with potential usefulness in organic synthesis.!™

(1) (a) Youngblood, A. V.; Nichols, S. A.; Coleman, R. A.; Thompson,
D. W. J. Organomet. Chem. 1978, 146, 221. (b) Tweedy, H. E.; Hahn, P.
E.; Smedley, L. C.; Youngblood, A. V.; Coleman, R. A.; Thompson, D. W.
J. Molecular Catal., 1978, 3, 239. (c) Harris, T. V.; Coleman, R. A,;
Dickson, R. B.; Thompson, D. W. J. Organomet. Chem. 1974, 69, C27.

Notable in this regard is the work of Negishi and co-
workers who found that (°-C;H;),ZrCl,-AlMe; smoothly

(2) (a) Schiavelli, M. D; Plunkett, J. J.; Thompson, D. W. J. Org.
Chem. 1981, 46, 807 and references therein. (b) Thompson, D. W.; Moore,
D. W.; Ferguson, G. J.; “Abstracts of Papers”, 186th National Meeting
of the American Chemical Society, Washington, DC, Aug 1983; American
Chemical Society: Washington, DC, 1983; ORGN 169.

(3) Negishi, E.; Luo, T.-T.; Rand, C. L. Tetrahedron Lett. 1982, 23,
27 and references therein.

(4) Snider, B. B.; Karras, M. J. Organomet. Chem. 1979, 179, C37.

0022-3263/84/1949-1736$01.50/0 © 1984 American Chemical Society



Alkylations of Unsaturated Alcohols

dJ. Org. Chem., Vol. 49, No. 10, 1984 1737

Table I. Ethylation of Homopropargyl Alcohols via Titanium Tetrachloride-Diethylaluminum Chloride Reagent Systems

starting
alkynol mass
reaction product recovered, balance,
reagents? T, °C time, min products yield, % % %
R = 3-Butyn-1-yl
[ALEt,ClL, + 0 1 (E)-3-hexen-1-ol (I) 13 2 15
ROH] + TiCl, -23 1 I 70 13 83
-29 1 I 68 0 68
—45 1 I 56 31 87
-65 1 I 43 41 84
-78 1 I 10 76 86
[ALEL,ClL, + -100 120 I 23 63 86
ROH] + TiCl, -78 120 I 30 24 54
-45 120 I 12 4 16
0 120 1 3 0 3
R = 4-Pentyn-2-yi
[ALEt,ClL, + -45 1 (E)-4-hepten-1-ol (IIT) 30 61 91
ROH] + TiCl, -29 1 (I1I) 58 34 92
- -23 1 (1II) 51 36 87

@ The stoichiometries are those indicated by the formulae for each reaction.

effects the stereo- and regioselective methylzirconation of
a variety of alkynes that upon functionalization leads to
selectively substituted olefins. However, with higher tri-
alkylaluminums regioselectively is lost and hydrometala-
tion occurs.®” Recently, we found that TiCl,-AlMe;, gives
a high-yield, selective carbometalation of 3-hexyn-1-ol and
similar homopropargyllic alcohols leading to (Z)-4-
methyl-3-alken-1-0ls.? Thus, with a need for selective
carbometalations with alkyl groups containing 8-hydro-
gens, we chose to study the TiCl,-promoted ethylation of
alkynols.

Experimental Section

Materials. The alkynols and 3-buten-1-ol were purchased from
Albany International (Farchan Labs) and Wiley Organics
(Chemical Samples Co.), respectively, and were used without
further purification except for storage over Linde 3-A molecular
sieves. Triphenyl phosphite and triethyl phosphite were obtained
from Aldrich; triphenylphosphine was from Eastman. The
phosphorus bases were used without further purification. Pyridine
and triethylamine were obtained from Fischer and distilled prior
to use. The organoalanes (Ethyl Corp) were obtained as neat
liquids and were transferred to reaction vessels in a nitrogen-filled
Vacuum Atmospheres Dri-Lab. Titanium tetrachloride and
bis(n5-cyclopentadienyl)titanium dichloride were used as obtained
from Aldrich and Alfa-Ventron, respectively.

Methylene chloride was redistilled under nitrogen over P,O;
and stored over nitrogen. All liquids were transferred by using
syringe and/or drybox techniques.

Representative Alkylation Procedure. In a typical reaction,
30 mmol of an organoalane was transferred in a drybox with a
syringe into 75 mL of CH,Cl, contained in a 250-mL round-
bottomed three-necked flask equipped with a gas inlet, magnetic
stirring bar, and two tight-fitting rubber septa. TiCl, (15 mmol)
was transferred in the drybox into 25 mL of CH,Cl, contained
in a 120-mL crown-cap pressure bottle (Lab Glass, Inc.); the bottle
was then capped with a two-hole crown fitted with a Teflon or
neoprene liner. Both the 250-mL flask and the pressure bottle
were removed from the drybox to the bench and attached to a
dry, oxygen-free nitrogen line. The organoalane solution was
cooled to 0 °C, and the alkynol was added dropwise via a gas-tight
syringe (weighed before and after transfer). The alkynoxy-
organoalane solution was stirred for 15 min. (In third component
studies the Lewis base was added to the 250-mL flask at this
point.) Both solutions were cooled to the reaction temperature

(523Eisch, dJ. J.; Manfre, R. J.; Komar, D. A. J. Organomet. Chem. 1978,
159, C13.

(6) Brown, D. A,; Nichols, S. A.; Gilpin, A. B.; Thompson, D. W. J.
Org. Chem. 1979, 44, 3457.

(7) Van Horn, D. E,; Negishi, E. J. Am. Chem. Soc. 1978, 100, 2252.
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Figure 1. Product possibilities from the ethylation of 3-buten-1-o0l
and 3-butyn-1-ol via TiCl~AlEt,Cl (yields for 3-buten-1-ol from
ref 1a; for 3-butyn-1-ol from Table I herein).

after which the TiCl, solution was rapidly transferred under
nitrogen pressure through large-gauge stainless steel tubing to
the well-stirred organoaluminum solution. The reactions were
quenched rapidly by adding cold methanol (10 mL at -23 °C)
followed by 50 mL of 5% aqueous H,SO, saturated with NaCl.
After stirring for ca. 0.5 h at room temperature, the appropriate
internal standard was added for quantitative GL.C analysis. The
organic layer was separated off, and the aqueous layer was ex-
tracted with several portions of diethyl ether. The organic portions
were combined, dried over MgSO,, and analyzed by GLC. When
appropriate, pure samples were isolated by preparative GLC.
Products reported in this study have been previously charac-
terized.?*

Gas Chromatography. Yields were determined by GLC (HP
5711 FID-33808 integrator/HP 5793 FID-3390A integrator) with
the internal standard technique using 3.0 m X 0.32 cm Carbowax
20M and 25 m (0.31 mm) i.d. capillary columns. For all 3-bu-
ten-1-ol and 3-butyn-1-ol alkylations, 1-heptanol was used as the
internal standard. All yields reflect corrections for response factors
determined from authentic samples.

Results and Discussion

We chose to study first the TiCl,-promoted ethylation
of 3-butyn-1-0l incorporated as [Al,Et;Cl,(OCH,CH,C=
CH] in a manner similar to previous studies! with 3-bu-
ten-1-ol to establish trends in the reaction characteristics
of ethylaluminum—TiCl, reagent systems particularly with
regard to the facility of carbometalation, regio- and ste-
reoselectivity, 8-hydride elimination, and hydrometalation.
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Figure 1 summarizes the varied chemistry involved in the
3-buten-1-ol ethylations and the corresponding chemistry
in the ethylation of 3-butyn-1-ol. Selected results of the
3-butyn-1-ol ethylation study are tabulated in Table I.

Relative to our earlier work!® with the analogous
TiCl4_A12Et4CIQ_HOCH20H2CH=CH2 SyStem, the Strikmg
feature of the 3-butyn-1-ol ethylation reactions is that
virtually only a single monoethylated product (after hy-
drolysis) arising from cis metal-ethyl addition, (E)-3-
hexen-1-ol, is observed. Thus the TiCl,-promoted ethy-
lation reaction is stereo- and regioselective. We found no
evidence for more than very small quantities (~1% or less
by GLC) of other ethylated products; 3-buten-1-ol, a hy-
drometalation product, was only a minor constituent (<-
3%) in a few reactions, and no 1-butanol was observed.
This selectivity in the TiCl,~Al,Et,Cl, reactions giving
moderate yields of (E)-3-hexen-1-o0l as the sole product is
rather surprising when compared with the reaction of the
olefinic alcohol 3-buten-1-ol under similar conditions.
Reference to Table Il and Figure 1 shows that the ethy-
lation of 3-buten-1-ol proceeds to an extent of 55% (1, 2,
4) with terminal ethylation predominating (terminal/in-
ternal = 3.2). While there is 42% terminal addition, only
21% 1-hexanol (1) is isolated because half of the terminally
ethylated intermediate eliminates a 4-8-hydrogen to give
mostly (E)-3-hexen-1-0l (2). No S3-hydride elimination
product (5) is observed arising from the ethylated inter-
mediate from which 3-methyl-1-pentanol (4) is derived.
Thus, under conditions similar to the 3-buten-1-o0l reaction
the TiCl-ALEt,Cl, reagent system with 3-butyn-1-ol gives
a stereo- and regioselective product with yields of (E)-3-
hexen-1-0l at various reactions temperatures for 2 h in the
range 10-30%.

The absence of 3-hydride elimination products, namely,
3-hexyn-1-0l (10) and 2,3-hexadien-1-0l (11), is consistent
with the carbometalation of homopropargyl alcohols being
an intramolecular process generating a metallocyclic in-
termediate such as below.

Et H

Ti
No

In this intermediate there are only a trans vinylic 8-hy-
drogen and endocyclic 8-hydrogens. Both of these struc-
tural types have unfavorable dihedral angles for hydride
elimination, and both structural types have been found to
be relatively stable to elimination.®® Consistent with a
crucial role for the oxygen atom of the 3-butyn-1-oxy group
and with an intramolecular alkylation of alkynols is the
fact that we have observed that the TiCl,—AlMes-based
methylation of 1-octyne (an intermolecular reaction) gives
greater than 95% methylated dimers and higher oligom-
ers.!?

Since reactions with TiCl,-Al,Et,Cl, for 2 h from 0 to
—78 °C consume 3-butyn-1-ol but give low yields of the
single carbometallated product, the initial carbometalated
intermediate must react further to give perhaps oligomers
or other higher molecular weight species that we have not
been able to identify. In an attempt to curtail those side
reactions which limit isolation of the monocarbometalated
product, we decided to look at the TiCl,~Al,Et,Cl,—3-bu-
tyn-1-ol system, which gave a maximum of ca. 30% of

(8) (a) McDermott, J. X.; Whitesides, G. M. J. Am. Chem. Soc. 1974,
96, 947. (b) McDermott, J. X.; White, J. F.; Whitesides, G. M. Ibid. 1976,
98, 6521.

(9) Schwartz, J.; Hart, D. W.; McGiffert, B. J. Am. Chem. Soc. 1974,
96, 5613.

(10) D. W. Thompson and J. D. Maimon, unpublished results.

Reaction of 3-Buten-1-0l in the TiCl,-AlEt,C]l Reagent with Added Base®

Table I1.

products (% yield)

Schultz, Ferguson, and Thompson

3-methyl (E)-3 (Z)-3
3-buten-1-ol 1-pentanol 1-hexanol hexen-1-ol hexen-1-ol total mass

1-butanol

Ti/Al/ROH/B

T(C)/time molar ratios
(min)

added base
none

86
76
85
92
95
85

MOSOOoOO

VNN~ —=O
—

21
27
24
15
4
0

NMOOVLOO
i

SQMANN~O
N

1/2/1/1
1/2/1/1
1/2/1/1
1/2/1/1
1/2/1/1
1/2/1/1

45/120
-45/120
—-45/120
-45/120
-45/120
-45/120

P(OEt).
C.H.N
Et,N

P(OPh),
PPh,

¢ These reactions were run in methylene chioride in the same manner as described for 3-butyn-1-ol alkylations in the Experimental Section.
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(E)-3-hexen-1-ol with a 2-h reaction time, under conditions
where the reaction time was on the order of 1 min before
protonolysis. Indeed, as reference to Table I shows, the
carbometalation is remarkably facile with the brief reaction
time very effective at improving the yields and percent
conversions.

The effect of adding a “third-component” to the basic
TiCl,-AL,Et,Cl,-HOCH,CH,C=CH systems was also
studied. The addition of organic bases (third-components)
to Ziegler-Natta polymerization systems has been exten-
sively studied with beneficial effects on poly-a-olefin
formation.!! We examined methoxide (added as CH;OH
to the organocalane) and triphenyl phosphite. Methoxide
addition inhibits the primary carbometalation and sub-
sequent secondary reactions, e.g., oligomerization. At
corresponding temperatures the yields of (E)-3-hexen-1-ol
are low (<5%) but the mass balance is improved. With
the addition of triphenyl phosphite percent conversions
are better at corresponding temperatures, but the overall
yield of (E)-3-hexen-1-ol is still low (<25%). (Specific
reaction data for the base effects as well as reaction data
for several other similar systems is available as supple-
mentary data—see paragraph at the end of the paper.)

The third component data above compares well with the
effects of several Lewis base components added to the
TiCl,-AlLEt,Cl,-HOCH,CH=CH, system. The data for
this system (Table II) indicate clearly that as the ¢ Lewis
base strength increases from phosphites through amines
the overall amount of 3-buten-1-ol which reacts decreases
with the strongest bases, pyridine and triethylamine es-
sentially stopping the carbometalation process. Note also
that the phosphorus-containing bases enhance ethylation
at the terminal carbon of 3-buten-1-ol and that they inhibit
B-hydride elimination so that very little (E or Z)-3-hex-

(11) Boor, J. “Ziegler-Natta Catalysts and Polymerization”; Academic
Press: New York, 1979; pp 213-243.

en-1-ol is formed and little of the hydrogenation product,
1-butanol, is seen. Thus, the base effect is one that en-
hances significantly the selectivity of the carbometalation
reaction; however, it is unfortunate that the factors which
curtail unwanted side reactions and improve selectively
also apparently are those which decrease the facility of the
primary carbometalation reaction.

The ethylation of two substituted homopropargyl alco-
hols, 4-pentyn-2-ol and 3-pentyn-1-ol, was studied. The
terminal alkynol was selectively ethylated, giving (E)-4-
hepten-1-ol in moderate yields. Surprisingly, the internal
alkynol gave none of the expected monoethylated products.

In conclusion, the titanium tetrachloride-diethyl-
aluminum chloride system does hold promise for the
ethylation of terminal homopropargyllic alcohols. At this
point, however, the addition of Lewis bases to Z-N systems
appears to have the major effect of curtailing the primary
carbometalation of the unsaturated carbon—carbon linkage
and thus does not look promising for improving the syn-
thetic usefulness of group 4B organolane reagents.
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Cyclopropane ring openings by organocuprates can be classified into three distinct classes. Mechanistically,
the simplest openings are the direct nucleophilic displacements with enolate leaving groups. In order to be
synthetically useful, these reactions usually require activation by two groups. Substrates that contain vicinal
olefin and activating groups generally are opened by Sy2'-like displacements. Finally, 5-cyclopropyl-a,5-unsaturated
ketones react by a mechanism intimately related to the conjugate addition reaction of «,3-unsaturated ketones.

Introduction

House and his co-workers have reported the results of
a number of experiments supporting an electron-transfer
mechanism for the conjugate addition reaction of lithium

(1) Presented in part by S.H.B. at the Mechanisms Conference, Salt
Lake City, UT, June 21, 1982. New Copper Chemistry, part VII. Part
VI, see ref 36. Part V: Bertz, S. H.; Dabbagh, G.; Villacorta, G. M. J.
Am. Chem. Soc. 1982, 104, 5824.

diorganocuprates to o,3-unsaturated ketones;*® however,
alternative explanations also have been advanced. For
example, Casey and Cesa’ have pointed out that the cis-

(2) House, H. O. Acc. Chem. Res. 1976, 9, 59.

(3) House, H. Q.; Weeks, P. D. J. Am. Chem. Soc. 1975, 97, 2770.

(4) House, H. O.; Weeks, P. D. J. Am. Chem. Soc. 1975, 97, 2778.

(5) House, H. O.; Prabhu, A. V.; Wilkins, J. M.; Lee, L. F. J. Org.
Chem. 1976, 41, 3067.

(6) House, H. O.; Snoble, K. A. J. J. Org. Chem. 1976, 41, 3078.
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