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= 5 Hz, CH3-21), 0.96 (s, CH3-4), 1.10 (s, CH3-4), 1.34 (s, CH.-19),
6.06 (d, J = 6 Hz, CH-2), 7.72 (d, J = 6 Hz, CH-1); near ir (CCly)
1.85 u; uv Amax (EtOH) 263 nm (¢ 9400); mass spectrum m/e (rel in-
tensity) 410 (40), 395 (26), 297 (70), 275 (100); CD (c 4.6 X 1074
cyclohexane) [f]ag70 +6800, [6]ss +13500, [6]sas +14100, [6]ass
+10300.

Anal. Caled for CogHugO: C, 84.88; H, 11.22, Found: C, 84.80; H,
11,49,

C. 68,10-Cyclo-(58)-1(10—5)-abeo-4,4-dimethyicholest-1-
en-3-one (2). Elution with 2.5 1. of 30% benzene in hexane gave
370 mg (37%) of photoisomer 2: mp 72-72.5° from ethanol; [o]&s
~10.80° (¢ 0.148); ir (CCly) 1711 (C==0), 1681 (C==C), and 1591
em~! (C==C); 1H NMR (CCly) 6 0.72 (s, CH3-18), 0.89 (d, J = 7 He,
CH;-26, -27), 0.94 (d, J = 6 Hz, CH3-21), 1.06 (s, CHj3-4), 1.17 (s,
CHs-4), 1.37 (s, CHy-19), 598 (d, J = 6 Hz, CH-2), 7.03 (d,J = 6
Hz, CH-1); uv Amax (EtOH) 263 nm (¢ 8800); mass spectrum m/e
(rel intensity) 410 (25), 395 (15), 297 (70), and 275 (100); CD (¢ 4.7
X 1074, cyclohexane) [flass +520, (6]asz +1040, [6]aze +1080, [f]a10
+1765.

Anal. Caled for CogHyg0: C, 84.88; H, 11.22. Found: C, 84.31; H,
11,25,

Photolysis of Dienone 1 at 300 nm in Dioxane-Water. Di-
enone 1 (1.08 g) was dissolved in 100 ml of pure dioxane and 5 ml
of water. The solution was deoxygenated with nitrogen and photo-
lyzed for 20 hr in a Pyrex tube using the 300-nm source. Isolation
and separation as previously described afforded 700 mg of starting
material, 200 mg of photoisomer 2 and a trace of unidentified ma-
terial,

Photolysis of Photoisomer 2. A solution of 2 (41 mg, 0.10
mmol) in 1,4-dioxane (15.0 ml) and glacial acetic acid (0.90 ml) was
placed in a 25 X 200 mm Pyrex test tube and degassed by purging
with nitrogen for 30 min. The solution was then irradiated at 3500
A and 6°C under nitrogen. The progress of the reaction was fol-
lowed by TLC. After 4 hr TLC showed that approximately half the
starting material had been consumed. The mixture was evaporated
under reduced pressure to approximately 20% of its original vol-
ume, taken up in 30 ml of toluene, and evaporated to a yellow gum.
A 'H NMR spectrum of this material showed only enone protons
of 2 and 4.

This material was separated by preparative thin layer chroma-
tography (silica gel GF, 50:50:4.5 benzene-heptane-2-propanol).
Two bands were observed and photoisomer 4 (6 mg) was obtained
from the more mobile band and identified by 'H NMR and in-
frared spectroscopy. Photoisomer 2 (7 mg) was recovered from the
less mobile band.

4,4-Dimethyl-1(10—5)~abeo-10(5->6a H)-abeo-cholesta-
1(5),9-dien-3-one (9). Photoisomer 2 (100 mg) was taken up in 15
ml of glacial acetic acid and refluxed under nitrogen for 1.5 hr.
Over this time, a new compound (9) was observed by TLC. Build-
up of an impurity caused the solution to turn red and eventually
dark. The acetic acid was removed with toluene on the rotatory
evaporator and the 100 mg of gum was chromatographed on 3 g of
silica gel. Elution with 300 ml of 10% benzene in hexane gave 94
mg (94%) of 9: mp 61.5-62.5° from ethanol; ir (CCly) 1750 (C==0)
and 1637 cm™! (C==C); 1H NMR (CCly) 5 0.76 (s, CH3-18), 0.89 (d,
J =7 Hz, CH3-26, -27), 0.95 (d, J = 8 Hz, CHj-21), 1.07 (s, gem-
CHj-4), 1.52 (br s, CHg-19), 2.04~3.00 (unstructured, miscella-
neous peaks), 2.78 AX; pattern (d, J = 2 Hz, ~-CH2C=0), 5.40 (t,
J = 2 Hz, =CHCHyC=0); uv showed only end absorption; mass
spectrum m/e (rel intensity) 410 (100), 395 (44), 382 (186), 367 (15),
353 (2), 340 (15), 325 (28), 297 (38).

Anal. Caled for CopHygO: C, 84.88; H, 11.22. Found: C, 84.53; H,
11.39.

Deuterium Exchange of Ketone 9. A sample of 9 (100 mg) was
taken up in dry THF (2 ml) and 0.3 ml of D3O was added. After
the addition of two drops of acetyl chloride, the mixture was re-
fluxed under nitrogen for 5.5 min. The solvent was removed on the
rotatory evaporator, and the residue was taken up in 10 ml of ether
and washed with deuterium oxide. The 100 mg of yellow gum re-
sulting from evaporation of the ether was chromatographed on sili-
ca gel (2 g). Elution with 200 ml of hexane gave 80 mg of an oil
whose *H NMR spectrum indicated the incorporation of deuteri-
um at the o-methylene position: 1H NMR (CCly) 8 0.76 (s, CHs-
18), 0.85, 0.91, 0.98 (m, CH3-26, -27, -21), 1.06 (s, gem-CH3-4), 1.50
(s, CH3-19), 5.40 (s, CH-1).

4,4-Dimethyl-1(10—5)-abeo-10(5—6a H)-abeo-cholesta-
1,9-dien-3-one (10). To a solution of 9 (147 mg) in 3 ml of 95%
ethanol under nitrogen was added 1.1 ml of 0.4 N aqueous sodium
hydroxide. This mixture was stirred at reflux for 14 hr, cooled,
poured into ether, washed with water until neutral, and dried over
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magnesium sulfate. Removal of the solvent gave 125 mg of & red
gum. Chromatography of 5 g of silica gel gave 100 mg of starting
material and 23 mg of 10: mp 100-101.5°; ir (CCly) 1716 (C==0),
1591 em™! (C==C); IH NMR (CCl,) 4 0.72 (s, CH3-18), 0.88 (d, / =
7 Hz, CH;-26, -27),0.93 (d, J = 6 Hz, CH3-21), 0.99 (s, CH3-4), 1.04
(s, CH3-4), 1.67 (br s, CHs-19), 1.72 (complex m, -CHC==), 2,69
(complex m, CH-5), 6.08 (dd, CH-2), 7.14 (dd, CH-1); decoupling
experiments of the sample in CCly-MeySi gave J1 3 = 6 and Jg5 =
2 Hz; uv showed only end absorption; mass spectrum m/e (rel in-
tensity) 410 (20), 395 (18), 316 (13), 301 (100).

Anal. Calcd for CooHygO: C, 84.88; H, 11.22. Found: C, 84.54; H,
11.45.

Deuteration of 10, Sodium deuterioxide was prepared by treat-
ing 150 mg of freshly cut sodium with 8 ml of ethanol-O-d contain-
ing 1 m!} of deuterium oxide. T'o this solution was added 100 mg of
9 in 1 ml of ethanol-O-d. The solution under nitrogen was refluxed
for 3 hr, taken up in 8 ml of ether, and washed to neutrality with 3
m] of D20 in three portions. The excess D20 was removed on the
rotatory evaporator using dioxane and the resulting yellow oil
chromatographed on 6 g of silica gel. Elution with 200 ml of 30%
benzene-hexane gave 15 mg of 10, isolated as an oil: ir (CCly) 1712
(C==0) and 1569 cm™~! (C==C); 1H NMR (CCly) 6 0.72 (s, CH;3-18),
0.84, 0.90 (complex m, CHg-21, -26, -27), 0.98 (s, CHs-4), 1.02 (s,
CH3-4), 1.87 (br s, CH3-19), 7.183 (s, CH-1); mass spectrum m/e (rel
intensity) 412 (16), 411 (8), 410 (), 397 (8), 318 (5), 310 (100). Re-
covered 9 showed incorporation of two deuterium atoms: 'H NMR
(CCly) 6 0.76 (s, CH3-18), 0.85, 0.91, 0.98 (complex m, CHz-21, -26,
-27), 1.50 (br s, CH3-19), 5.40 (s, CH-1).

Registry No.—1, 6384-44.7; 2, 56761-43-4; 4, 56782-71-9; 5
56761-44.5; 9, 56761-45-6; 9 dideuterio, 56782-72-0; 10, 56761-46-7;
10 dideuterio, 56761-47-8.
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Recently we have described the use of trans-1,2-bis(tri-
n-butylstannyl)ethylene (1) as a reagent for the synthesis



Notes

of acetylenes including some types which are not otherwise
accessible.l A number of other applications of this valuable
reagent are presently being investigated in these laborato-
ries, especially in connection with total synthesis of natural
products. Because of the potentially broad range of utility
of 1 a convenient, large-scale preparation was desirable. Al-
though 1 is prepared by simply heating a neat mixture of 1
equiv of tri-n-butyltin hydride with 1 equiv of tri-n-butyl-
ethynylstannane (2),1-3 the preparation of 2 in quantity by
current procedures is complicated and cumbersome.

SnBu,
BusSn Bu,SnC=CH
1 2
Bu,SnC==CSnBu; Bu,SnC==C(l
3 4

Reaction of tri-n-butyltin halides with ethynylmagne-
sium halides? or with sodium acetylide in ether® results in
only a very low yield of 2, the major side product being bis-
(tri-n-butylstannyl)acetylene (3).6 A modification of the
latter process has been described” in which 1 equiv of tri-
n-butyltin chloride in ether is added to a solution of sodi-
um acetylide prepared in liquid ammonia. Although this
procedure results in a higher yield of 2, the reaction in our
hands was found to be very capricious and usually resulted
in large amounts of the side product 3.

A new method has been developed for the synthesis of 1
which possesses the advantages of (1) high yield, (2) appli-
cability on a large scale, (3) avoidance of low temperatures
or the use of liquid ammonia, and (4) elimination of further
reaction of 2 and specifically the by-product 3. Tri-n-butyl-
tin chloride was added to the readily prepared anion, lithi-
um chloroacetylide,® and the product, tri-n-butylchlo-
roethynylstannane (4), was isolated in 83% yield by distilla-
tion. Treatment of 4 with 2 equiv of tri-n-butyltin hydride
afforded tri-n-butyltin chloride (99%) and trans-1,2-bis-
(tri-n-butylstannyl)ethylene (1, 86%) by direct distillation
of the reaction mixture. The readily separated tri-n-butyl-
tin chloride was very pure and could be recycled for the
preparation of more 1.

Experimental Section

trans-1,2-Bis(tri-n-butylstannyl)ethylene (1). To a cooled
(0°) solution of 50.0 ml (82.4 mmol) of 1.65 M methyllithium in
ether under an argon atmosphere was added dropwise a solution of
3.2 ml (42 mmol) of trans-1,2-dichloroethylene in 15 ml of ether
during 1 br (gas evolution). The mixture was warmed to room tem-
perature, stirred for 90 min, then recooled (0°), and 11.1 ml (41.2
mmol) of tri-n-butyltin chloride was added. After stirring for 1 hr
at room temperature, 1 ml of methyl iodide was added and stirring
was continued for 30 min. The mixture was filtered (quickly in the
air) through a pad of Celite and concentrated in vacuo. Distillation
at bp 100-105° (0.01 mm) afforded 12.0 g (83%) of pure chloro-
acetylene 4, ir (neat) 4.72 u. This material could be used in the
next step; redistillation did not change the spectra.

A neat mixture of 17.8 g (50.9 mmol) of tri-n-butylchloroethyn-
ylstannane, 29.7 g (102 mmol) of tri-n-butyltin hydride, and 0.18 g
of azobisisobutyronitrile were heated at 90° for 4 hr. Distillation
afforded 16.4 g (99%) of tri-n-butyltin chloride, bp 102-105° (0.1
mm), and 26.4 g (86%) of trans-bis(tri-n-butylstannyl)ethylene
(1)1 bp 175-195° (0.07 mm); ir (neat, partial) 6.83 and 10.4
NMR (CCly) 5 0.50-1.90 (br m, 54 H) and 6.85 (s, 2 H, Jurgy.p =
106, J119,.. 4 = 110 Hz). The NMR, ir, and near ir spectra of 1 were
identical with those of material prepared as previously de-
scribed.1:?

Registry No.—1, 14275-61-7; trans-1,2-dichloroethylene, 156-
60-5; tri-n-butyltin chloride, 1461-22-9.
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A study of the heartwood constituents of the New Zea-
land podocarp Podocarpus hallii Kirk has revealed the
presence of the terpenic substances sugiol, podocarpic acid,
totarol, its 19-hydroxy and 19-oxo derivatives,? sellowin A,?
and a compound (B, mp 204°) of unknown constitution.?
The following discussion shows the latter, herewith named
hallol, to be 8(14)-sandaracopimaren-2«,15¢£,16,18-tetrol
(1).

Both elemental and mass spectral analyses indicate the
compound to possess a CgoH3404 molecular framework,
while the mass spectrum of a sample exposed to deuterium
oxide reveals the incorporation of four deuteriums and
hence the presence of a hydrogen on each of the oxygens.
The 'H NMR spectrum of a deuteriomethanol solution
contains three methyl singlets at 0.82, 0.87, and 0.97 ppm, a
six-hydrogen multiplet at 2.9-4.0 ppm corresponding to
two oxymethylenes and two oxymethines, and an olefinic
hydrogen multiplet at 5.32 ppm. These facts are accommo-



