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Abstract
Two approaches to the synthesis of key intermediates
in the total synthesis of alnusenone hzs been outlined and
the synthesis of several of these intermediates has been
accomplished. '
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Introduction

The ventacyclic triterpenes are conveniently sub-div-
ided into three grouvs, based on inter-redationahips which
heve been establicshed with one of theee members, %-amyrin,
d—-anmyrin, and luveol. :

@ —amyrin, C3OH5OO’ is widely distributed in the lat-
ex and resin of many plants, and in varticuler is a mejor
constituent of IManila elcmi resin. Preliminary studies
show that it is a nentacyclic serondary a7cohol containing
a2 sinfle ethylenic linkage, resistant to hydrogenation.
The oresence of this grouving is shown by the formation of
an epoxide with per-acids, a d by the positive color reac-
tion with tetramitromethane. As a result of a complicated
series of degradétions, @-amvrin is now known to have the
constitution (I).

Ho

It turns out thet P—amyrin is very imvnortant in biosynthe—
tic schemes, thus provides partiza®ly some dmvetus for attemp—~
ting to synthesize it.

A possible vrecursor to the P—amyrin skeleton is alnu-
senone (III).
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If a Wolff-Kishner reduction of alnusenone (III) is
carried out, glnusene (II) results.,
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From (II) it might be possible to synthesi,.e a skeleton
(V) closely resembling the basic structure of P-amyrin by
treatment of (II) with hydrochloric acid.

The mecharism is an extraordinary series of methyl-hydrogen
‘migrations.l Chert A denicts the cationic intermediates
that result. ’
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Alnusenone now becomes the tarrcet molecule, since
P—amyrin night be obtained from it.



Discussion

A possible intermediate for the total synthesis of

alnusenone is trans—-4,5-dimethyl-4,8-nonadienyl-m—eth-
oxyven,ene (VI). '

0t M,

VI

Work was first done on a model system to see if an eff-
icient synthetic sequence could be develooed to get into
a benzenoid system similar to (VI), If such a method could
be developed, then it might be vossible to synthesize (VI)
along the same route. The prownosed sequence on the model
gystem is shown in Chart B, and its apwnlication to the
synthesis of (VI) is shown in Chart C.
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The hydroalumination reaction2-to form trans-l-iodo-
l-hentene (B%2) went in 53.6% yield. A slightly colored
1iguid wes obtained which wes about 92% pure by VPC,

- The formation of the boronic ester (B-3) vroved to be
unsuccessful, however, Four attempts under various conii-
tions were tried without success. The exsct reason or rea-—
sons are stil® n>t c’ear at this time.

The problem in the first two attempts was fornution
of the vinyl Grignerd iteself. During the forrmetion of the
Grignard, lrrge amounts of white vrecivnitate were formed,
=hich were found to be soluble in water This indiceted
that it w s a megnesivum selt of some sort. It was not thought
that the salt was MgIOH which wvould result from the reaction
of the Grign-rd with water, because the zyppasratus wes dried
thoroughly in the oven, and too much precivnitate was formed.

The only other vossibility is the formation of Mg12
which would result from Grignerd couvnling.

In both attemots, the addition of trimethyl borate
to the Grignard solution was carried out anyray, Ih the
hopes of forming somre of the desired boronic ester (B-3).
None was ever isolated.

Later, it wes discovered in a vpaper by Matteson3 that
CH,= %—B(O.CHB)?I%CI is converted to CH2==CH~B(OH)2, CH4OH,
and MgClOH upon addition of scid. The boronic acid is soh-
uble in water, and vpolymerizes in = short time. ‘

Consequently, even if the desired boronic estex (B—B)
were fTormed, it was lost in the work-up of the reaction,

Also, Matteson found that if the acueous layer contain-
ing the vinyl boronic acid was shaken with n-butanol, the
corresnonding butvl ester was reesily formed. dissolving
in thé organic layer, and wss stable. Avparently, the methyl
ester is quite unstable end therefore, cannot be formed.

If the Grignard could be formed, it would now be attempted
tofform the butyl boronic ester by liatteson's procedure.

It was found that if excess llg, excess solvent, and
vigorous stirring were emvloyed,in an sttermot to minimige
Grigenard couvling, the Grignard could indeed be formed.

The presence of Grignerd was confirmed by adding a crystal
of 1, 10-phenanthroline to the resction mixture. A reddish
solutisn resul ted.
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Matteson's nrocedure wes now folloved in en attempt
to form the butyl boronic ester. After two attemopts, it
was found to be unsuccessful. The sequencé in Chart B and
consequently Chart C was abandoned.

The secuence vprovnosed in Chart B was very attraciive
because .comnvound (C-1) can, and has been synthesi-ed in our
lab by Dr. Chris Lipinsk%i and Dr. Kin Cheng. Their synthesis

is shown in Chart D below.
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An alternate synthetic route was then considered. The
first part of this route hzs been verformed before by Ireland
7

end Dawson', and to date has been successfully duplicated
in this work. The scheme is shown in Chart E below.
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There was no particular problem in any of the steps
in Chart E, excevot for the formation of the alcohol (E-4).
The voroblem arose during the chromatogravnhy of the product mix -
ture, The triene (E-3) +as eluted with petroleum ether.
The column fractions were monitored by VPC. The VPC was not
working well at the time, however, and very ambiguous VPC
traces were obtrined. TFor example, peaks would apvear where
none should heve apneared, and vice versa, Consequently,
after collecting fractions e’uted with 20% ether—met. ether,
at which time the VPE wes indicating no more "major peaks,"
it was thought that all of the alcohol had been eluted.
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‘When the solvent was removed, no voroducts were found. It
was then decided to elute the columh with 100% ether and
recover vhatever was left on the column. .By thet time the
VPC was fixed, and VPC analysis of the ether frzctions showed
one nmajor product. This was later confirmed to te the alco-
hol (E-4). ‘

It vwill be attempted to comvlete the secuence for the syn-—
thesis of the bengenoid system (V) before June, 1970. The
remeinder of the sequence avnnears in Chart F.
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Exvnerimental

Infrared sv»nectra were taken on a Perkin-Elmer 237B
Grating Infrered Spectrophotoreter. HNuclear megnetic res-—
onznce svectra were taken on a Varian T—6O IR Svectrometer.
All gas chromatogravhic analysis were run on an F and K
lfodel 810 Gas Chromatograph using a silicon gum rubber (SE-30)
coiwmn. v

The term "dypy THF" refers to tetrahydrofuran which has
been distilled from lithiuvm aluminum hydride under anhydrous
conditions. The term "dry ether" refers to ether which has
been distilled from lithiuvm aluminum hydride under anhydrous
conditions. Petroleum ether (or vet. ether), uniess other-
wise stated, is the fraction boiling between 300 and 60°C.
Finally, the term "MgSO4” refers to anhydrous nowder mag-

nesium sulfate,
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trans-l-Jodo-l-hentene (B-2)

This materiasl was nrepared according .to the general
procedure of Zweifel &an-” Yhitney?. To a s~lution of
36.76g (0.383 mole) of l-heptyne in 75ml of hepntane was
added 51.78 g (0.375 mo'e) of diisobutyl aluminum hydride
in 100 ml of heptane droonwise meintaining the temperature
below 40° C. The recction mixture wess heated to 50°C, for
two hours. - The heptans was removed a2t reduced vressure, and
150 ml1 of dry THF was addesd to the crude vinyvlalane. To
this solution cooled to =50°C. was added 92.50 g (0.365 mole)
of 12 in 120 ml of drw THF. The reaction mixture was stirred
and allowed to warm to room temverature. Diisobutyvlslane
was decomvosed by dropwise addition of 20% HZSO4 until evol-
ution of isobutene cezses. The reaction mixture was then
poured into ice=20% H2804, and extracted with nentane.
The combined extracts were washed with sodium thiosulfate,
followed b saturated sodium bi€arbonate until pH 7. Fin-
ally, the organic vhase was washed three times with brine
and dried over Mg804. Distillation at 4OOC./3mm cgave 49.2295g
(58.6%) of the vinyl iodide.

Infrared: N.ii" 6.24(m) (6=C) p

1-Heotene-1—(trimethyl boronate) (B-3)2'%-1st attempt

Attempted to vrepare l-hentenyl megresium iodide by
the clessicsl method of Ramsden4. To 1.0074 g (0.0415 mole)
of Mg wae added droovwise a solution of 6.0147 g (0.0268 mole)
of the iodoheptene (B-2) in 10 ml of dry THF with stirring
under N2. The reaction had to be initiated with 2-3 drops

of ethyl bromide. Reflux occurs, and the temverature was
maintained 2t 70°C. Large arounts of white vreciwnitate then
formed during the reflux. As much of the clear "Grignard"
solution as vossible was transferred to an addition funnel,
and it was a2dded to a stirred so'ution of 3,1200 g (0.03 mole)
of trimethyl borate in 15 ml of dry ether. cooled to -5000,
The reaction mixture was a2l7owed to warm to room temmerature
and was then cooled to —5000. again. The reaction was worked
uv by addition of water followed by 1.0% NH¢Cl at -50°0.

The mixture was then extracted with 1-1 bengene-ether, then
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washed with saturated sodium bicarbonate to pH 7, followed
by brine, and dried over MgSO4. Yhen the solvent was removed
under reduced dressure, no product was foﬁnd. The agueous
layer was then extracted with 3 x 100 ml vportions of n-but-
anol. The extracts were washed with sarurated sodium bicar-
bonate, brine, and dried over MgSO4. When the solvent was
removed under reduced pressure, & cloudy residue remained.
Distil'ation was attempted, but during the distillation, the
residue in the flask becane solid.

1-Heptene-l-(trimethyl boronate) (B-3)~2nd attempt

The same »rocedure was used as in the lst attempt to
form the Grignard reagent. To 0.4701 g (0.01933 mole) of
Mg was added a solution of 4.1692 g (0.0186 mole) of the iodo-

heptene (B-2) in dry THF. TPreshly scraved magnesium filings
were used. Again, large amounts of the white orecivitate formed.

The rezction was “discontinued.

1-Hevntene-1-(tributvl horonate) (B-3)=3rd =ttempt
To s stirred mixture of 0.7425 g (0.0306 mole) of Iig

filings in 70 ml of dry THF, wes added droowise 2.2067 g
(0.00985 roe) of the iodo—heviene (B-2) in 10 ml of dry
THF. A cloudy solution resulted. A crvstal of 1,10-phen-
anthroline was added to the reasction mixture, which uoon
turning red indiceted the »resence of Grignard. A so’ution
of trimethyl borete in dry ether was added to the Grignard
solution drovpwise. The reaction mixture soon coagulsted,
but gentle heating seemed to restore the homogeneity of the
solution. The reaction mixture was heated to gentle reflux
for one hour. - The reaction waé worked up by addition of
water followed by HCl/H3PO4. The mixture was extracted
with n-butanol three times, the orranic extracts washed
with saturated sodium bicarbonate to pH 5, the washed'three‘
times with brine, and dried over MgSO4. Removal of solventm

a2t reduced vpressure: afforded no »roluct.

l-Hentene—l-(tributvl boronate) (B-3)-4th attempt

“he same proceédure was used in this attemvt as used in

the 3rd attemnt to form the boronate. The only difference
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was in the ctep forming the butyl ester. Instead of simoly
extracting with n-butanol, the reaction mixture was heated with
the butanol. Work-up afforded no productf

trans-2,3~-Dimethyl-1,4~dibromo-2butene (D-2)

To a stirred colution of 106.47 g (1.296 moles) of
trans-2,3-dimethyl-1,3-butadiene (D-1) in 1000ml of chloro-
form was adied 206.74 g (1.295 moles) of br:omine in 360 ml
of chloroform over a -eriod >f 6 hours and 40 nmindtes under
NZ' Stirring weas continued for one additional hour, and
the reaction mixture was stored in the ice box under N2 over-—
night. Removel of ch'oroform under reduced pressure and re-
crystalligation of the dibromide (D-2) from absolute methanol
afforded a2 34.7% yield baced on the first cron. The dibrom-
ide (D-2) is censitive to light, so it was usually handled
in the dark. It is also a strong lachrymator, and should be
handled in the hood.

n.m.r.: SgDCl

o 85 p.p.m. (s
13 00 p.p.m. (s

3 ; §
4

:d !d

), (methyl)
), (methylene)

trans-5,6-Digethyl-1l,5,9-decatriene (E-=3)

Allyl magnesium bromide (E-2) was vrevared in a con-
ventional manner. Allyl bromide (E~1) was redistilled, and
the fraction boiling at 69~7100 was collected and stored
over molecular sieves under N2 for 9 hours. To a stirred
mixture of 97.25 g (4 mo'es) of kg in 800 ml of dry TEF
wes added a solution of 86.5 m1 (1 mole) of redicstilled
allyl bromide in 120 ml of dry THF dropwise under N2 over
a nmeriod of 19 hours. Grignerd counling wes a major vnroblem,
vhich recuires the lons addition timel The rezction mixture
was Xept at reflux during the addition, and refluxed for
one hour and 35 minutes after sdditon was comnlete. The
Grignard wes tnen cooled to room temverature, and decanted
into another flask. To this solution was added under N2
35.00 g (0.1446 mo'e) of the dibromide. (D-2) in 50 ml of
dry THF at a fairly fast rste. The reaction was quite

exotherric, a~d reflux commences within 30 seconds from the



t'me of addition. After the addition the reaction mixture
was then heated to reflux for one hour. The mixture was then
cooled in &n ice bath to OOC. and caturaied NH401 was added

until the re-ction mixture turne white. Anhvdrous HgSO4
was then added and stirring commences for 30 minuvtes. The
misture was then filtered, and the funnel wshed with ether.
The filtrete was diluted with ether, washed twice with water,
then brine, and dried over NgS0,. The triene (B=3) wes
volatile, so ether was removed at atmosvheric nressure through
a Vigeraux column. A nonviscous yellow “iquid remained.
Vacuum distil?ation produced & clear co’oriess ligquid boiling
at 47-8°C/1mm. There was obtained 21.95 g (92.5%) of the
triene (E-3).

Infrared: Kfilm 6.09(m) (C=C)
T 11.0 (s) (C=CH,)p
¢DC1 =
n,m.r,: STWQ 3 1.63 »n.p.m. (s), (methyl)
i 4.95 p.p.m. (comvlex), (C=CH,)
5.80 p.p.m. (b comnlex), (in% olefin H)

trens~5,6-Dimethyl-5,9-decadiene-1~0l (E-4)

Disiamyl borane was first genersted. To a suspension
of 0.78 g (0.0206 mole) of sodium borohydride in 30 ml of
dry THF cooled to 0°C. wes added dronwise a solution of
3.9 g (0.0275 mole) of boron trifluoride etherate, which
wzs redistilled over calcium hydride, in 5 ml of dry THF,
over a veriod of 25 minutes. The reaction mixture was stirred
at 0°C. for an additional hour, and finally stored in the
freegzer overnight to allow NaBH4 and HaBF4 to settle. To
a stirred soluticn of 7.71 g (0.11 mole) of 2-methvl-2-bu-
tene in dry THF cooleé between -10° ang -20°C. was added
under N2 the BH3‘THF solution prenared above, droonTise over .
a2 veriod of one hour. The reection mixture wes stirred
for an additional fomr hours at 0°C. To a stirred sd‘ution“
of 13.53 g (0.0824 mole) of the triene (E-3) in 50 ml of ’
dry THF cooled to 0°C. under N2, was cdded drowise, the
disiamylborane solution vrenared above. Addition was accom-
nlished in 2 hours. The reaction mixture was then 2llowed

to stir overnight at room temperature. The recction mixture
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wes again cooed to OOC. and then the ice beth was removed.
To the cooled reaction mixture was first added dropwise
3 equivalents of NaOH with resnect to the disiamylborane,
followed by an equiv:slent amount of H202. Stirring was
continved at room temnerature for 90 minutes. The reaction
‘was then worked up by diluting with water, extracting with
ether, then washed with water. followed by brine, and dried
over MgSO4. The solvent was removed at atmosvheric pressure
through a Vigeraux column, ané the residue chromatographed
on 1000g of florisil. The triene (E-3) was eluted with
pet. ether, and the alcohol (E-4) was eluted with 100% ether.
There was 9,25 g of recovered triene (68.4%) and 0.5278 g
(10.5%) of recovered zlcohol, after distillation at reduced

prescure.
Infrsred: %film 2.98(s)(OI)F
6.09(m) (C=C)p
11,0 (s)(C=cin co Lk
n.m. SC?gL 1.65 p.p.m. (s), (methyl)
L 3.6 p.p.m. (t), (C-1 CHZ-J=6 Hz )
4.96 p.v.m. (commlex), (C:CH2)
5.80 p.p.m. (b comnlex), (int olefin H)

tra trans-5,6-Dimethyl-5,9~decadienal (E-5)

To 2 stirred suspvencion of 5.0973 g of pyridinium ¢i-
chromate in dichloromethane distil“ed from P205, was added
under N, 0.5278 g (0.00289 mole) of the alcoho’ (E-4) in
60 ml of CH2012 via syvringfge. The mixture wss stirred at room
temperature for 50 hours. The reaction mixture war then
filtered through 2.5 g of florisil on a sintered glass fun-—
nel, and the florisil was washed with CH2012. The clear
filtrate was distilled through a Vigeraux colwmn 10 remove
the colvent, and the residue was vacuum distilled. Tbere
was obtained 0.2301 g (44.2%) of a slightly green colored
0il, found to be the desired aldehyde (E-5).

film
Infrared 5.77(s)(aldehyde C=0)
nfraread hmq 6.10( )(C=C§n? M
11.0 (m) (C=CH,)
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Dibutyl vinvl boronate (F-5)

Vinyl magnesiuvm chloride was vnrevwzred in the uvsual way4.
To 16.67 g (0.635 mole) of lig ik 70 ml of dry THF, was
edded droowise under N, 38.86 g (0.622 mole) of vinyl
chloride in dry THF. The reaction was initisted with about
1 ml of bromoethane. After initiation of the reaction,
the vinyl chloride-THF solution vas ad’ed as ranidlv as nos—
sible to meintazin reflux. After the addition, the resction
mixture was heated et 50—6000. for 4 hours. The reaction
nixture wes cooled to room temverasture. To & so’*ution of
67.9 ¢ (0.654 mole) of trimethyl borate in 300 =l of dry
ether cooled to —6OOC., wes added the Grignerd so‘ution
dropvise under NQ. At the end of the addition, the reaction
nixture vas allowed to warm slowly to room temverature.
Yo the rezction mixture wae added 300 ml of 3 HCl dronwise
with vigorous stirring, mazintainine the temmerature between
0° 2nd 10°C. The mixture was extracted with three 100 ml
nortions of n-butanol, the crganic layer washed with two
100 ml vortions of 10% NaCl, then washed with 50 ml of sat-
urated NaCl, followed by saturated sodium bicarbonate until
a pH of 6 was resched. Ths extract wzs w-shed once eg~in
with saturated NaCl, and dried over EgSO4. The solvent
was removed under reduced vrescsure, and the residue weas
vecuum distilled. There was obteined 42.25 g (36.9%) of

e clear colorless oil.

Infrared: )f;im 6.19(s)(C=C)p

5 D s I SSBgl 0.95 p.p.m. (s), (methyl)
3.86 p.p.m. (t), (-OCHz— J=6 Hz)
6.00 p.o.m. (b &), (Olefin H)
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