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Chiral Allenes from D(+)-Camphor and Camphene

Jochen Mattay,* Martin Conrads, Jan Runsink

Institut fiir Organische Chemie der Technischen Hochschule, Prof.-Pirlet-StraBe 1. D-5100 Aachen, Federal Republic of Germany

(—)-2-Ethenylidene-1,7,7-trimethylbicyclo[2.2.1]heptane (3), (+)- (5),
and (-)-2.2-dimethyl-3-ethenylidenebicyclo[2.2.1]heptane (6) were
synthesized in good yields starting with compounds from the chiral
pool.

For our investigations of chiral induction in cycloadditions,
we needed enantiomerically pure, sterically hindered allenes.
There are many approaches for the synthesis of these com-
pounds,’ but only few which allow a scale-up to more than 50
mmols. Another disadvantage of some preparations of pure
chiral allenes is the need of expensive or less easily available
starting materials or reagents. Therefore we envisaged that
chiral allenes could be prepared from chiral, naturally occuring
ketones such as camphor or menthone.

Starting from compounds bearing an exo-methylene group,
allenes have been prepared by the addition of a dihalocarbene to
the double bond, followed by elimination of the halogen, and
rearrangement of the carbenoid intermediate.? This reaction is
by no means trivial, since exo-methylene compounds are often
difficult to prepare from sterically hindered ketones and,
moreover, the allenes formed tend to rearrange under these
conditions.

The cyclopropanization of 1,7,7-trimethyl-2-methylenebi-
cyclo[2.2.1]heptane [prepared from D(+)-camphor by Wittig
reaction®] with dibromocarbene generated from bromoform
under phase-transfer catalysis at room temperature, yields the
addition products in 72% yield. By a '3C-NMR investigation
we found two isomers of 2',2'-dibromo-1,7,7-trimethylspiro[ bi-
cyclo[2.2.1]heptane-2,1"-cyclopropane] (2a and 2b) in a 1:3
ratio. This mixture was treated with an ether solution containin g
an excess of methyllithium at — 50°C for 3 h. After hydrolysis at
room temperature (1R)~(—)-2-ethenylidene-1,7,7-trimethylbi-

cyclo[2.2.1]heptane (3) was isolated in 70 % yield. The product
was contaminated with traces (up to 4%) of 2-ethynyl-1,7,7-
trimethylbicyclo[2.2.1Theptane (4) (Scheme A).
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Scheme A

Starting with (4 )- and (—)-camphene two enantiomeric allenes
were prepared. In the case of (+4)-2,2-dimethyl-3-ethenyl-
idenebicyclo[2.2.1Theptane 5 we could optimize the described
yield® from 40% up to 79% by lowering reaction time and
temperature in the second step; the (—)-enantiomer 6 was
prepared in 70% yield by the same procedure.

A second approach to optical active allenic compounds starts
with the transformation of optically pure, or optically enriched
propargylic derivatives.**> The alkynylation of D(+)-camphor
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yields diastereomerically pure propargylic alcohols in yields up
to 85% by reaction of the ketone with sodium acetylide in
morpholine at room temperature® or with lithium alkynides in
refluxing ether (Scheme B).

Vi

First we tried to reduce the (1R,2S4R)-(+)-2-ethynyl-2-
hydroxy-1,7,7-trimethylbicyclo[2.2.1Theptane (7) with two
equivalents of lithium alanate/aluminum trichloride (ratio 3:1)
in refluxing tetrahydrofuran.” After 15 h we isolated 3 in 65%
yield by flash chromatography. Extending the reaction time
decreases the yield, because of hydrogenation of 3. Several
attempts to prepare derivatives of the alcohol 7 by halogen-
ation or mesylation failed. Therefore we applied the method of
the controlled formation of allenes with organocuprates, which
was reported by Crabbe® for simple cyclic and acyclic deriva-
tives. However, the acetate® 13 did not show any reaction with
lithium dimethylcopper up to — 10°C. Only at higher tempera-
tures (0°C-20°C) 13 was converted to the diastereoisomeric
methyl derivatives 14a/b of 3in a 1.1: 1 ratio. GC-MS analysis
showed that the crude product mixture contained 18 % of the
dimethylated allene 15. If this reaction is carried out with five
equivalents of lithium dimethylcopper and with a reaction time
of several days, the part of 15 increases up to 45%, but
attempts to isolate pure 15 or to transform 14 into 15 by
treatment with n-butyllithium and methyl iodide!® failed.

Another well established allene synthesis starts with the reaction
of a propargylic alcohol with an arylsulfenyl chloride in the
presence of excess base at low temperature, yielding initially a
sulfenyl ester. In the course of warming the reaction mixture, a
stereospecific [2,3]-sigmatropic rearrangement leads to the cor-
responding allenyl sulfoxide.!* Here the reaction of 7 with p-
chlorophenylsulfenyl chloride and triethylamine in ether at
—78°C seems to be diastereoselective. Though the sulfoxide
function bears an additional asymmetric centre, the crude
product shows a de > 88 %, according to '*C-NMR analysis.
After recrystallization the (1R, 2R, 4R)-2-[(4"-chlorophenyl)sul-
finylethenylidene]-1,7,7-trimethylbicyclo[2.2.1]heptane  (10)
was isolated in 72 % yield (diastereoisomerically pure according
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SYNTHESIS

to 13C-NMR). Treatment of the sulfoxide 10 with five equiva-
lents of methyllithium at — 10°C in ether gives pure 3 in 60 %
yield after filtration over silica gel.

In order to investigate the limitations of this synthetic approach
we also used the substituted propargylic alcohols, 2-hydroxy-
2-(1-pentynyl)-1,7,7-trimethylbicyclo[2.2.1]Theptane (8) and
2-hydroxy-2-(3-methoxy-1-propynyl)-1,7,7-trimethylbicyclo-
[2.2.1]heptane (9). Only in the case of 8 we succeeded in
synthesizing the sulfoxide 11. We found no way to prepare more
than traces of the sulfoxide from 9 using the procedure described
above. The reaction of 11 with methyllithium in ether leads to a
mixture of two diastereoisomeric products 12a and 12b in a
temperature depending ratio (at — 78°C 1:3, at room tempera-
ture 1:1.6, according to GC and '3C-NMR). This result is in
contrast to the high stereoselectivity found for other examples of
this reaction.’!® (Scheme C)
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All reagents were of commercial quality from freshly opened containers.
Ether and THF were dried over potassium hydroxide and distilled over
LiAlH,. Other solvents were purified by distillation. 'H-NMR spectra
were recorded on either a Varian EM 390 (90 MHz) or Varian VXR 300
(300 MHz) spectrometer and '*C-NMR spectra were recorded on a
Varian VXR 300 (75 MHz) using TMS as an internal standard. IR-
spectra were recorded on a Perkin-Elmer 377 or Perkin-Elmer 1750
spectrophotometer. Observed rotations at the Na-D line were obtained
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at 25°C using a Perkin-Elmer 241 polarimeter. Mass spectra (70 eV)
were recorded on a Varian Mat 212 instrument. Melting points were
taken using a Biichi 510 apparatus and are uncorrected. Microanalyses
were performed at Mikroanalytisches Labor der RWTH Aachen. GC-
analyses were carried out on 4 Siemens Sichromat 3 with 25 m HP Ulira
2. Silica gel 60 (230-400 mesh) was purchased from Machery und
Nagel. Analytical TLC plates Merck were used.
2,2’-Dibromo-1,7,7-trimethylspiro[ bicyclo[ 2.2.1}heptane-2,1'-cyclo-
propane] (2):

A solution of NaOH (50g) in water is added slowly to a vigorously
stirred mixture of 2-methylenebornane® (18g, 120 mmol), CHBr,
(57¢, 230mmol), benzyltriethylammonium chloride (BTEAC; 0.5g,
2.2 mmol, dissolved in 5 mL EtOH) and CH,Cl, (100 mL) cooled in an
ice bath. Stirring is continued at 0°C for 1 h and then for 18 h at room
temperature. The mixture is diluted with ice-water (400 mL), and the
water layer is extracted with pentane (200 mL) and ether (3 x 100 mL).
The combined organic layer is washed with water (2 x 50 mL), dried
(MgS0,), and evaporated. The crude red oil is fractionally distilled in
vacuo; yield 28 g (72 %): bp 114-115°C/0.3 mbar.

C,;HgBr, cale. C44.75 H 5.63

(322.1) found 4504  5.68

MS (70 eV) m/z = 243 (C,,H,,®'Br), 241 (C,,H,57°Br).

IR (neat): v = 2877, 2955, 2980 (CH); 1369, 1379, 1390 (gem CH,);
680 cm !, (CBr).

"H-NMR (300 MHz, CDCl,): Isomer A: 6 = 0.86,0.87,0.92 (3s,9H,
3x CH,); 1.30 (d, 1 H, J = 7.6 Hz); 1.40-1.56 (m, 2H); 1.92 (d, 1 H,
J = 7.6 Hz); 1.78-2.10 (m, 5 H). Isomer B: § = 0.90,0.92,1.01 35,9 H,
3xCH;); 1.67 (d, 1 H, J = 7.6 Hz).

*C-NMR (75 MHz, CDCly): 6 (A/B) = 12.95/14.23 (C-10); 19.91/19.64,
19.96/19.67 (C-8, C-9); 27.88/28.12 (C-3); 30.898/37.00 (C-6);
34.95/29.86 (C-11, 'J = 164 Hz); 35.85/42.25 (quart. C); 40.95/41.06
(quart. C); 43.91/44.21 (C-3); 45.30/45.97 (C-4); 50.49/48.52 (quart. C);
52.57/53.16 (quart. C)

(1R)-(—)-2-Ethenylidene-1,7,7-trimethylbicyclo[2.2.1]heptane (3); Typ-
ical Procedure:

To a solution of the dibromocarbene adduct 2 (20.9 g, 65 mmol) in ether
(150mL), cooled to —50°C, a 1 M ethereal solution of MeLi (100 mL,
100 mmol) is added with stirring during 1 h under an argon atmosphere.
Stirring is continued for 3 h, the cooling bath is removed and the excess
MeLi is destroyed with water (20 mL). The organic layer is diluted with
ether (250 mL) washed alkali frec with water and dried (MgSO,). After
evaporation in vacuo (26 mbar) at room temperature, the crude, yellow
product is fractionally distilled using a 30 cm Vigreux column. There is
only a little forerun, but it is necessary to take two fractions, because the
ethynyl derivative 4 is enriched in the first part of the distillate; yield: 7.4 g
{70%); bp 70.5°C/12 mbar; [2]3* ~ 50.9° (neat).

Ci,Hyy cale. C88.82 H11.18

(162.3) found 88.80  11.10

MS (70 eV): mjz = 162 (M*), 119 (100 %).

IR (neat): v =3050 (=CH), 2950 (CH), 1925 (C=C=C), 848 cm~!
(C=C=CH,).

'H-NMR (300 MHz, CDCl,): 6 = 0.86,0.89,0.90 (35, 3 H each, 3 CH,);
1.23 (m, 1 H, 6-H,,); 1.46 (m, 1 H, 6-H,,); 1.65 (m, 1 H, 5-H,,); 1.73 (m,
1H, 5-H,,); 177 (m. 1 H, 4-H); 1.99 (dt, 1 H, J = 15.2/3.8 Hz, 3-H,,):
2.52 (d quint, 1H, J = 15.2/4 Hz, 3-H,,); 4.66 (dddd, 1 H, J = 8.5, 5.0,
3.5, 1.2 Hz, =CH); 4.72 (dddd, 1 H, J = 8.5, 4.5, 4.0, 1.0 Hz, =<CH).
'*C-NMR (75 MHz, CDCL,): 6 = 13.13 (C-10); 18.78, 19.75 (C-8, C-9):
27.91, 34.95, 35.26 (C-3, C-5, C-6); 45.01 (C-4); 47.84 (C-7); 50.77 (C-1):
77.23 (C-12); 110.35 (C-2); 201.12 (C-11).

( +)-2,2-Dimethyl-3-cthenylidenebicyclo[ 2.2.heptane (5): Use of the
above typical procedure to the dibromocarbene adduct of (4)-camph-
ene’ affords §; yield 79% (Lit.2 40%); bp 59°C/11 mbar (Lit.2 bp
40-42°C/1.3 mbar); [e]3° -+ 23.2° (neat) (Lit.? [o]2° +21.1° (neat)).
The spectroscopic data are according to those of the (— )-enantiomer 6.

( = J-2.2-Dimethyl-3-ethenylidenebicyclo[ 2.2, Theptane (6): (—)-Cam-
phene (31 g, 230 mmol) and CHBr, (95 g, 375 mmol) are reacted accord-
ing to the described procedure. Excess CHBr; and (—)~camphene are
removed at room temperature in vacuo (0.15 mbar). The crude product,
yield: 48 g (68 %), is used without further purification in the next step.
The dibromocarbene adduct (20 g, 65 mmol) is treated with MeLi as
described in the typical procedure to give 6; yield 6.7g (70%). bp
59-60°C/11 mbar; [«]3° — 24.1° (neat).
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C:H,e cale. C89.12 H10.88

(1482) found 89.07  11.09

MS (70 eV): mjz = 148 (M*), 105 (100 %).

IR (neat): v = 3048 (=C—H); 2960, 2870 (C—H); 1955 (C=C=C);
847 cm~! (C=C=CH,).

'H-NMR (300 MHz, CDCl,): § = 1.05, 1.07 (2 s, 3 H, each, CH,): 1.23
(dt, 1H,J = 9.8, 1.3 Hz, 6-H,,); 1.39 (m, 1 H, 6-H,,); 1.6-2.0 (m, SH);
276 (d, 1 H, J = 3.5 Hz, 4-H); 4.67 (s, 2H, =C=CH,).

13C-NMR (75 MHz), CDCl,): 6 = 25.16, 28.50 (C-8, C-9); 23.86, 28.55,
38.14 (C-5, C-6, C-7); 41.86 (C-2); 44.31, 47.51 (C-1, C-4); 77.34 (C-11);
115.93 (C-3); 199.54 (C-10).

2-Hydroxy-2-(1-pentynyl)-1,7,7-trimethyl-2-bicyclo[2.2.1]heptane (8):
To a solution of 1-pentyne (6.8 g, 100 mmol) in ether (100 mL) at 0°C is
added a 1 M solution of MeLi (90 mL, 90 mmol) under an argon
atmosphere. The cooling bath is removed, and D(+ )-camphor (10.2 g,
71 mmol) in ether (70 mL) is added to the colorless solution. The
mixture is heated for 18 h under reflux and after cooling, treated with
water (20mL) to destroy the excess lithium pentynide. The organic
layer is washed with sat. NH,Cl solution (30 mL), dried (MgSO,) and
evaporated; yield: 11.8g (80%); bp 120°C/27 mbar; [«]3° = 8.8°
(c = 0.056, MeOH).

CysH,,0 cale. C81.74 H 1097

(220.4) found 81.85 11.15

MS (70 eV): mfz = 220 (M), 95 (100 %).

IR (neat): v = 3500 (OH); 3010, 2960, 2935 (CH); 2738 cm ™' (C=C).
'H-NMR (300 MHz, CDCl,): 6 = 0.86,0.93,1.05 (35,3 H, each, 3CH,);
0.98 (t,3H,J = 7.2 Hz, 15-CH,); 1.14 (m, 1 H); 1.43 (m, 1 H); 1.52 (sext,
2H, J =7.2Hz 14-CH,); 1.69 (m, 2H); 1.8 (d, 1H, J = 13.2 Hz); 1.90
(m, 1 H); 2.08 (brs, 1 H, OH); 2.18 (t, 2H, J = 7.2 Hz, 13-CH,); 2.21 (ma,
1H, 4-CH).

*C.NMR (75 MHz, CDCly): 6 = 10.32 (C-10); 13.48 (C-15); 20.73,
22.28 (C-13, C-14); 21.06, 21.46 (C-8, C-9); 26.95, 32.58 (C-5, C-6); 45.44
(C-4); 47.78 (C-7); 48.45 (C-3); 53.43 (C-1); 78.02, 83.50, 84.71 (C-2, C-
11, C-12).

2-Hydroxy-2-(3-methoxy-1-propynyl)-1,7,7-
trimethylbicyclo[2.2.1]heptane (9):

This alcohol is prepared according to the procedure mentioned above
from 3-methoxypropyne!® (5.6g, 80 mmol), MeLi (80 mmol) and
D(+)-camphor (9.1 g, 60 mmol). The product is purified by filtration
over silica gel with cyclohexane as eluent; yield 12.1 g (90%); mp
31-32°C; [«J3° +18.0° (¢ = 0.11, MeOH).

Ci4H,,0, cale. C7563 H 997
(2223)  found 7593  10.05

MS: mjz = 175 (M* = OCHs), 95 (100 %).

IR (neat): v = 3450 (OH); 2822, 2878, 2955 (CH); 1105 cm ™! (C—0).
'H-NMR (300 MHz, CDCl,): § = 0.86, 0.94,1.06 (35, 3 H each, 3 CH.);
1.1-1.9 (m, 6H); 2.22 (dt, 1 H, J = 13.4, 3.4 Hz, 4-H); 2.67 (br s, 1 H.
OH); 3.37 (s, 3H, OCH,); 4.14 (s, 2H, OCH,).

13C-NMR (75 MHz, CDCl;): § = 10.35 (C-10); 21.36, 21.0 (C-8, C-9);
26.90, 32.45 (C-5, C-6); 45.33 (C-4); 47.85 (C-7), 48.73 (C-3); 53.45 (C-1);
57.28 (C-14); 59.91 (C-13); 77.66, 78.79, 90.96 (C-2, C-11, C-12).

Reaction of 7 with Lithium Aluminum Hydride/Aluminam Chloride:

To a stirred suspension of LiAIH, (2.4 g, 63 mmol) and AICI, (2.7 g,
20.7 mmol) in dry THF (200 mL) under argon, a solution of 5 (5.4,
30 mmol) in THF (100 mL) is added. After refluxing for 15h, the
mixture is cooled in an ice-bath and the excess of LiAlH,, is decomposed
by slow addition of water (10 mL) after which the precipitated AI(OH),
is separated and extracted with boiling hexane (100 mL). The combined
organic layer is diluted with hexane (200 mL), washed with water until
neutral, dried (MgSO,). and evaporated in vacuo. The residue is purified
by flash chromatography (silicagel, 0.15 bar, EtOAc/cyclohexane 3: 97)
to give 3; yield 3.2 g (65 %); spectroscopic data identical to 3, obtained
as above.

Reaction of 13 with Lithium Dimethylcuprate:

To a magnetically stirred ice-cold suspension of Cul (6.05 g, 32 mmol)
in dry ether (120 mL) is added a 1 M ethereal solution of MeLi (64 mL,
64 mmol) under an argon atmosphere. The clear solution of the cuprate is
cooled to —10°C and 13° (6.4 g, 29 mmol) in ether (70 mL) is added.
After stirring for 5 h at this temperaturc and for 15 h at room tempera-
ture, the mixture is treated with sat. NH,C! solution (60 mL). The
aqueous layer is extracted with ether (3 x 50 mL), the combined organic
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layer is dried (MgSO,) and evaporated in vacuo. The crude product
(3.9 g) contains 78 % of 14 and 18 % of 15 according to GC-analysis. The
product 14isisolated by HPLC (Chromosorb Si60; EtOAc/cyclohexane,
3:97); yield 0.8 g (15%). The product 15 is detected only by GC-MS.

Cy3H,, cale. C88.56 H11.43

(176.3) found 87.62 11.24

MS: mjz =176 (M "), 105 (100 %).

IR (meat): v = 2965, 2938, 2870 (C—H); 1970 cm ™! (C=C=C).
TH-NMR (300 MHz, CDCl,): § = 0.84, 0.86, 0.89 (35, 3 H each, 3CH,);
1.25 (m, 1 H); 1.44 (m, 1 H); 1.62, 1.64, 1.63 (2d, 3 H combined, J = 7 Hz,
=CCHj,); 1.6-1.8 (m, 2H); 1.9-2.0 (m, 1 H, 3-H,,); 24-2.5 (m, 1 H, 3-
H,,); 5.06, 5.15 (2m, 1 H combined, C=C=CH).

B3C-NMR (75 MHz, CDCl,): 6 (A/B) = 13.28/13.23 (C-10); 15.42/15.70
(C-13); 18.86/18.94, 19.82/19.75 (C-8, C-9); 28.01/27.99, 35.13/35.98,
35.12/35.09 (C-3, C-5, C-6); 45.09/45.05 (C-4); 47.63/47.55 (C-7);
51.06/50.58 (C-1): 88.22/88.20 (C-12); 111.11/111.01 (C-2);
196.65/196.93 (C-11).

15: MS: mjz =190 (M* 100%); 175 M —CH3).

(1R, 2R 4R)-2-[(4-Chiorophenyl)sulfinylethenylidene]-1,7,7-trimethyl-
bicyelo[2.2.1Theptane (10):

A solution of 7 (6.1 g, 34 mmol) and Et;N (10.4 mL, 78 mmol, dried
over KOH) in dry CH,Cl, (100mL) is cooled to —78°C. 4-
Chlorophenylsulfeny] chloride'® (6.1 g, 34 mmol) in CH,Cl, (40 mL) is
added carefully making sure that the reaction mixture does not acquire
an orange color. After removal of the cooling bath, stirring is continued
for 2h at room temperature, then water (100 mL) is added, and the
aqueous layer is extracted with CH,Cl, (2x30mL). The combined
organic layer is washed with dil. HC1 (20 mL) and sat. K,CO; solution
(30 mL), dried (MgSO,), and evaporated in vacuo. The dark colored
residue is purified by chromatography (silica gel, EtOAc/n-hexane 1:3)
or crystallized from pentane/ether (9:1) at — 20°C; (colorless needles);
yield 7.5 g (72%); mp 100°C; [a]3° = — 52.8° (¢ = 0.036, MeOH).

CsH,;ClOS cale. C67.38 H6.59

(320.9) found 67.57  6.73

MS: mjz = 320 (M*), 161 (M* — C4H,CISO), 105 (100%).

TR (KBr): v = 3080 ( =C —H); 2950 (C —H); 1950 (C =C =C); 1040 cm " *
(S=0).

H-NMR (300 MHz, CDCL,): § = 0.86,0.91,0.91 (35, 3 H each, 3CH,);
1.25 (m, 1 H, 5-H,.); 1.43 (m, 1 H, 5-H,,); 1.65-1.85 (m, 3H, 4-H, 6-H,,,,
6-H,,); 2.15(dd, 1 H.J = 16.3, 3 Hz, 3-H,,); 2.69 (d quart, 1 H,J = 16.3,
3.5Hz, 3-H,,); 605 (td, 1H, J=3.5, 0.9 Hz, 12-H), 747, 7.59 (2 m,
4Harom)'

13C.NMR (75 MHz, CDCLy): § = 13.39 (C-10); 18.53, 19.65 (C-8, C-9);
27.49, 34.68, 36.38 (C-3, C-5, C-6); 44.80 (C-4); 48.66 (C-7); 53.47 (C-1);
104.57 (C-12); 120.95 (C-2); 125.74, 129.33 (=CH,o,); 136.86, 143.69
(=C,.on); 197.50 (C-11).

Reaction of 10 with Methyllithium:

To a solution of 10 (1 g, 3.3 mmol) in ether (40 mL) is added a 1 M
ethereal solution of MeLi (15 mL) with stirring at — 10°C. The mixture
is warmed to room temperature, treated with water (40 mL), and the
aqueous layer is extracted with ether (50 mL). The combined organic
layer is washed with brine, dried (MgSO,) and evaporated in vacuo. The
residue is chromatographed over silica gel (50 g) with pentane; yield
0.4 g (74%); spectroscopic data identical to 3 as described.

SYNTHESIS

2~(2-Pentenylidene)-1,7,7-trimethylbicyclo[ 2.2.1]heptane (12):
Analogous to the conversion of 7 to 3 via 10 2-hydroxy-2-(1-
pentynyl)bornane (8; 1.7 g, 7.6 mmol) is treated with Et;N (2.2 mL,
15.2 mmol) and 4-chlorophenylsulfenyl chloride. The crude sulfoxide 11
obtained is reacted with a 1 M ethereal solution of MeLi (50 ml,
50 mmol) at — 78°C for 2 h. The 12 is isolated by flash chromatography
(silica gel, n-hexane); yield 0.5 g (32%). According to GC-analysis two
isomers in a 3: 1 ratio.

C,sH,, cale. C88.16 H 11.84
(2044) found 88.19  11.95

MS: m/z = 204 (M), 105 (100 %).

IR (neat): v = 2960, 2930, 2875 (CH); 1970 cm ™! (C=C=C).
'H-NMR (300 MHz, CDCl;): 6 = 0.85-0.95 (m, 12H, 4CH,); 1.26,
1.70, 1.95, 2.47 (4 m, 9H); 1.41 (sext, 2H, J = 7 Hz, 14-H); 5.12, 5.20 (2
m, 1 H combined, =CH).

I3C-NMR (75 MHz, CDCL,): § (A/B) = 13.41/13.29 (C-10); 13.80/14.15
(C-15); 18.89/18.91, 19.78/19.84 (C-8, C-9); 22.34/22.51 (C-14);
32.06/31.85 (C-13); 28.03/28.05, 35.24/35.29, 35.23/35.91 (C-3, C-5, C-6);
45.09/45.14 (C-4); 47.69/47.63 (C-7); 51.02/50.88 (C-1); 93.80/93.73 (C-
12); 111.69/111.73 (C-2); 195.99/195.93 (C-11).

Financial support by the Fonds der Chemischen Industrie and by the
Deutsche Forschungsgemeinschaft is gratefully acknowledged. We also
thank Bayer AG, BASF AG and Chemetall GmbH for generous gifts of
chemicals.

Received: 5 March 1988

(1) Runge, W., in: The Chemisiry of the Allenes, Landor, S.R. (ed.),
Vol. 3, Academic Press, London, 1982, p. 580.
(2) Miihlstidt, M., Thanh, L.Q., Graefe, J. Tetrahedron 1972, 28,
4389.
(3) Greenwald, R., Chaykowsky, M., Corey, E.J. J. Org. Chem. 1963,
28, 1128.
(4) Rossi, R., Diversi, P. Synthesis 1973, 25.
(5) Elsevier, C.J., Mooiweer, H.H. J. Org. Chem. 1987, 52, 1536.
(6) Capmau, M.-L., Chodkiewicz, W., Cadiot, P. Bull. Soc. Chim. Fr.
1968, 3233.
(7) Borden, W.T., Corey, E.J. Tetrahedron Lett. 1969, 313.
(8) Crabbe, P., Barreiro, E., Dollat, J.-M., Luche, J.-L. J. Chem. Soc.
Chem. Commun. 1976, 183,
(9) Britelli, D.R., Boswell, G.A. J. Org. Chem. 1981, 46, 312.
(10) Brandsma, L., Verkruijsse, H.D. Synthesis of Acetylenes, Allenes
and Cumulenes, Elsevier, Amsterdam, 1981, p. 38.
(11) Horner, L., Binder, V. Liebigs Ann. Chem. 1972, 757, 33.
(12) Neef, G., Eder, U., Seeger, A. Tetrahedron Lett. 1980, 21, 903.
(13) Haces, A., van Kruchten, E.M.G.A., Okamura, W.H. Isr. J.
Chem. 1985, 26, 140.
(14) Graefe, J., Thanh, L.Q., Miihlstidt, M. Z. fiir Chem. 1971, 11,
304,
(15) Brandsma, L. Preparative Acetylenic Chemistry, Elsevier, Amster-
dam 1971, p.172.
(16) Harpp, D.N., Friedlander, B.T., Smith, R.A. Synthesis 1979, 181.

Downloaded by: York University libraries. Copyrighted material.



