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Abstract 

Two approaches to the synthesis of key intermediates 

in the tbtal Eynthesis of alnusenone has been outlined and 

the synthesis of several of these intermediates has been 

accom~lished. 
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rntroduction 

The -pentacyclic triterpenes are conveniently sub-div­

ided into three froups, based on inter-relationships which 

have been e stabli!:=hed with one of th:eee membsrs, ~ -ar..:iyrin, 

~-arnyrin, and lupeol. 

~-arnyrin, c
30

H50o, is widely distributed in the lat­

ex anc1 re !:=in of many plants, and in uarti cular is a me j or 

constituent of manila e:: cmi resin. Prel:.rnin2.ry studies 

show that it is a uentacyclic se ~ondary a 1 cohol containing 

a sinple ethylenic linkage, resistant to hydrogenation. 

The nresence of this grouning is shown by the formation of 

an epoxide with per-acids, ad by the nositive color reac­

tion with tetramitromethane. As a result of a comulicated 

series of defradations, ~-amvrin is now known to have the 

co~stitution (I). 

HO 

I 

It turns out that ~am.yrin is very important in biosynthe-

tic schenes, thus urovides partia,ly some ~mnetus for attemp­

ting to synthesize it. 

A possible precursor to the f-amyrin skeleton is alnu­

senone (III). 

0 

III 
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If a V/olff-Kishner reduction of alnusenone (III) is 

carried out, alnusene (II) results. 

0 

III II 

From (II) it might be possible to synthestne a skeleton 

(V) -closely rese~nbJ.ing the basic structure. of ~-arnyrin by 

treatment of (II) with hydrochloric acid. 

The mecha,.ism 

migrations. 1 

that result. 

V IV 

is a~ extraordinary series of methyl-hydropen 

Chart A de~icts the cationic intermediates 
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Alnus e none now becomes the tarPet molecule, since 

~-amyrin might be obtained from it. 



Discussion 

A possible intermediate for the total synthesis of 

alnusenone is tr2ns-4,5-dimethyl-4,8-nonadienyl-~-eth­

oxyben~ene (VI). 

VI 

Work was first done on a model system to see if an eff­

icient synthetic sequence could be develoued to get into 

a benzenoid system similer to (VI), If such a method could 

be developed, then it might be possible to synthesize (VI) 

along the s2Jne route. The prouosed sequence on the model 

system is shown in Chart B, and its ap~11 i ca ti on to the 

synthesis of (VI) is shown in Chart C. 
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Chart B 
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The hydroalumination reaction2 -to form trans-l-iodo-
1-hentene (B&2) went in 53.6% yield. A S 7 ifhtly colored 
liquid wes obtained which wes about 92% pure by VPC. 

The formation of the boronic ester (B-3) proved to ~e 
unsuccessful, ho,,,ever, Four attempts under various con5i­
tions were tried without success. The exact reason or rea­
sons are stil~ n~t C7 ear at this time. 

The prob1em in the first two attempts w2.s for:.12. ti on 

of the vinyl Grignard itself. Duri·0g the forrr·e.tion of the 

Grignard, lrrge asounts of white urecinitate were formed, 

·~hich were faun~ to be soluble in water. This indicated 

that it v; ·s a megnesium sel t of some sort. It W~'s not tb--:-,ught 

that the salt was M"gI0H which ,,,·ould result from the reaction 

of the Gripn°rd with water, because the anparatus was dried 

thoroufhly in the oven, and too much nrecini tate v;as formed. 

The only other -possibility is the -r-orr.c:a ti on of r,TgI 
2 

which w~uld result from Grignard coupling. 

In both attemnts, the addition of trimethyl borate 
to the Grifnard solution was carried out any··,ay, th the 
hopes of forDing so~e of the desired boronic ester (B-3). 

None was ever isolated. 
Later, it was discovered in a naper by Matt?son3 that 

CH2= 6H-B(OCH3 )~T~Cl is converted to CH2 =CH-B(0H) 2 , CR30H, 
and MgCl0H upon addition of acid. The boronic acid is soih.­

uble in nater, and polymerizes inc short time. 

Consequently, even if the desired boronic este~ (B-3) 

were for□ed, it was lost in the ~ark-up of the reaction. 

Also, Matteson found thE:t if the aq_ueous layer contain­

inp the vinyl boronic acid w2.s shaken with n-butanol, the 

corresnonding butyl ester v12.s re2'"'ily formed. dissolving 
in the organic layer, and w,0 s stable. Anparently, the methyl 

ester is quite :_mstable end therefore, cannot be formed. 

If the Grienard could be forr:2ea., it would now be attempted 

tofform the butyl boronic ester by Ita t teson' s procedure. 
It was found tbat if excess Mg, excess solvent, and 

vig,;rous stirrine: were errrnloyed, in an cdteY":ut to minimi7,e 
Gripnard counling, the Grignard could indeed be formed. 

The presence of Grign2.rd ·_r:as confirmed by adding a crystal 

of 1, 10-phenanthroline to the reaction mixture. A red~ish 
soluti~n resulted. 
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Matteson's nrocedure wes now follo~ed in a n attempt 

to form the butyl boronic ester. After t TT o attem~ts, it 

was found to be unsuccessful. The seQuence in ·Chart Band 

consequently Chart C was abandoned. 

The sequence ~rouosed in Chart B was very attractive 

because comnound (C-1) can, and has been synthesin:ed in our 

lab by Dr. Chris Lipins~d 2.':1.d Dr. Kin Cheng. 'rbeir synthesis 

is shovm in Chart D belov,. 
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2 
~ 

e <£> 
t\\::.. l t\\l \'I.\\ 'v:,y 

4 
""' 

Cl) 
~ 

\.'i \"k 

r'i· ~ 3 ~ l\'\i'lD, !Eio\ 
~ ,U 1.\ y;,.e:,N I \1,.() 

s \ \-/\~3 

6 
~ 

du 
C-1 

"""" 



-11-

An alterna,e synthetic route was then considered. The 
first part of this route has been performed before by Ireland 
2.nd Dawson 7 , and to date has been successfully duplicated 
in this work. The scheme is shown in Chart E below. 

t 
D-1 

t \\_::: \., ~ c., ''2. i-\" 

1 

D-2 

Chart E 

D-2 

4 

3 

There was no particular problem in any of the steps 

in Chart E, except for the forrrati~n of the alcohol (E-4). 

5 

The uroblem arose during the chromatograuhy of the product m~­
ture. The triene (E-3) ,-as eluted with netroleum ether. 

The column fractions vvers monitored by V?C. The VPC was not 
working w·ell at the time, hO'.'.rever, and very ambiruous VPC 

traces were obt r0 ined. :E'or example, peaks would apDear wher~ 

none should have ap7eared, and vice versa. Consequently, 

after collecting fractions e,uted with 20% ether-~et. ether, 
at which time the VP~ w&s indicating no more "major peaks," 
it was thought that all of the alcohol hc:d been eJ.u ted. 
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When the solvent was removed, no oroducts were found. It 

was then decided to eJute the column with 1ou;i ether and 

recover '''hatever was left on the column. J3y thrt time the 

VPC was fixed, and VPC analysis of the ether fractions showed 

one major ~roduct. This was Jater confirmed to be the alco­

hol (E-4). 

It ~ill be attempted to comnlete the sequence for the syn­

thesis of the benzenoid sy.stem (Vl before June, 1970. The 

rem2inder of the sequence au~ears in Chart F. 

6P 

Cl 
E-5 
'"""' 

~ (_ \\1.~ ~\, ~~\(, \ 
----'----~ . 

I\\~ 

i\ N \,"' l\ 

3 -

Ch2.rt F 

d0 
1 -

4 ....._ 

\.\)==('\0\3u\ 

\\ \-\ 
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0 

) 
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Ex neri:oe YJ. t2.l 

Infrared snectra were take n on a Perkin-Elmer 237B 
Grating Infrared Spectrophoto~eter. Nuclear m~gnetic res­
on2nce s-pectra were tatcen on a Varian T-60 lTI.':R Suectrometer. 
All gas chromatoprauhic analysis were run on an F and M 
Model 810 Gas Chromatoeraph using a silicon gum rubber (SE-30) 

coJ..umn. 
The term "d;vy THF" refers to tetrahyclrofuran which hs,s 

been distilled fron lithium aluminum hydride under anhydrous 
conditions. The term "dry ether 11 refers to ether which has 
been distilled from lithium aluminum hydride under a,nhydrous 

conditions. Petroleum ether ( or -pet. ether), unille ss other­

wise stated, is the fraction boiling bet~een 30° and 6o 0 c. 
Finally, the term "Mg SO 4 

11 refers to anhydrous no\-vder mae::­

nesium sulf2.te. 
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trans-l-Iodo-l-hentene (B-2) 

This ma teri 2.l was nrepared according .t o the feneral 
proc edure of Zvreifel a.n ~ ·:hi t ney?. To a S '.") lution of 

36.76g (0.383 mole) of 1-heptyne in 75rrJ. of hept a:'"! e was 
added 51. 78 g (0. 375 mo 7 e) of diisobutyl aluminum hydride 
in 100 ml of heptane droDwise maintaining the temperature 

below 40° C. The re c ction mixture wa s heated to 50°c. for 

two hours. The heptane wa s removed a t reduced pressure, a n~ 

150 ml of dry THF was adde ~ to the crude vinylalane. To 

this solution cooled to -50°c. wa s a dded 92.50 g (0.365 mole) 
of I 2 in 120 ml of ar~ THF. The re a ction mixture was stirred 

and allowed to warm to room tempera ture. Diisobutyl2l2ne 
was decomnosed by dronwise a ddition of 20~ H2so4 until evol­
ution of isobut2.ne ce2.ses. The re a c t ion mix t ure was then 
poured .into ice-20o/o H2so4 , and ex t r a cted with nentane. 

The combined extra cts were vrashed vii th sodium thio sulfate, 
followed b s atura ted sod i um bita r bonate un t il pH 7. Fin­
al~y, the organic nha se wa s washed three times with brine 

and dried over MgS04. Distillation at 40°C./3nun p.ave 49. 2295g 

(58.6%) of the vinyl iodide. 

Infrar ed: ~;~m 6.24(m)(e=c)~ 

• 5 6 l-Hentene-1-(trimethyl borona te) (B- 3) '-1st a ttempt 

Attempted t o nrepare 1-he pt eny.l m2"pr: esiu.Jn io,:l ide p-'J 

the clas sic ~l method of Ramsden4. To 1.0074 g (0.0415 mole) 

of Mg was added dropwise a solution of 6.0147 g (0.0268 mo1e) 

of the iodoheptene (B-2) in 10 ml of dry TI-IF v,i th stirrinf 
under N2. The re a ction ha d to be initiated with 2-3 drops 
of ethyl bromide. Reflux occurs, and the temner a ture vms 

ma intained a t 70°c. Large a;·ounts of v:hi te ureci t)i t a te then 
for ::r.ed during the reflux. As ~uch o-:P tl:le cl ear 11Gripn2.ra_ 11 

solution as poesible was transferred to an adcli tion funnel, 
and it was added to a stirred so 1 ution of 3,1200 g (0.03 mole) 

of trimethyl borate in 15 ml of dry ether. cooled to -50°c. 

The re a ction mixture ~as a l 7 owed to warm to room t emnera ture 

a nd was then cooled to -so 0 c. aga in. The re a ct i on was worked 

u--o b y addition of 'Nater followed by 10% N1-I4::Cl at -50°c. 

The mixture 0as then extre cted with 1-1 benze ne-ether, then 



-15-

washed with saturated sodium bicarbonate to pH 7, followed 

by brine, and dried over M~so4. When th~ solvent was removed 

under reduced _nressure, no product ,,,.as found. The aqueous 

layer was then extracted with 3 x 100 ml nortions of g-but­

anol. The extracts were washed with sa·urated sodium bicar­

bonate, brine, and dried over 1·.1gso
4

. When the so]vent was 

removed under reduced pressure, a cloudy residue remained. 

Disti1·1 ation was attempted, but during the distillation, the 

residue in the flask becarre solid. 

l-Hentene-1-(trimethyl coronate) (B-))-2nd attemnt 

The sa..'Il.e nrocedure vms used as in the 1st attempt to 

form the G-rignard reafent. To 0.4701 g (0.01933 mole) of 

Mg vras added a solution of 4.1692 g (0. 0186 mole) of t:1e iodo­

heptene (B-2) in dry THF. Freshly scraped magnesium filings 

v,ere used. Again, 12.rge amounts of the v:hi te precini tate formed. 

The re2ction was ,3iscontinued. 

l-Hentene-1-( tribu tyl ·r1oroncL te) ( B-3 )-3rd 2 ttempt 

To s stirred mixture of 0.7425 g (0.0306 mole) of Mg 

filings in 20 ml of dry THF, was added dronwise 2.2067 g 

(0.00985 mo,e) of the iodo-hentene (B-2) in 10 ml of dry 

THF. A cloudy solut~o~ resulted. A crystal of 1,10-phen­

anthroline was added to the reaction mixture, which unon 

turning red indicated the nresence of Grignard. A so 7 ution 

of trimethyl borate in dry ether was added to the Grignard 

solution drom·.rise. The reaction .c.ixture soon co.agulated, 

but gentle heating seemed t0 restore the homogeneity of the 

solution. The reaction mixture was heated to gentle reflux 

for one hour. The reaction was worked up by addition of 

water follo~ed by HC1/H
3
Po4. The mixture ~as extracted 

with n-butanol three times, the orranic extracts washed 

with saturated sodium bicarbo0.ate to nH 5, the washed three 

ti:nes nith brine, and dried over MgS04 . Removal of solvent 

~t reduced nressure;afforded no _nro1uct. 

l-Hentene-1-(tributvl boronate) (B-3)-4th attempt 

The same proctdure was used in this attemut as used in 

the 3rd atternnt to form t~e boronate. The only difference 
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\Vas in the t--. tep forming the butyl ester. Insteac1 of sim!)ly 

extractinB: vli th _g-butanol, the reaction mixture was heated with 

the butanol. Work-up afforded no product. 

trans-2,3-Dimethyl-l,4-dibrorao-2butene (D-2) 

To a stirred solution of 106.47 g (1.296 mo~es) of 

trans-2,3-dimethyl-l,3-butadiene (D-1) in 1000ml of chloro­

form v'laS ad::ed 206. 74 g (1. 295 moles) of br ::mine in 360 ml 

of chloroform over a -eriod ::,f 6 hours and 4c, minmtes under 

N2 . Stirrinf was continued for one additional hour, ant 

the reaction mixture was stored in the ice box under N2 over­

night. Removal of ch , oroform under reduc e d uressure and re­

crystallizatmon of the dibromide (D-2) from absolute methanol 

afforded a 34.7% yield baEed on the first croD. The dibrom­

ide (D-2) is Eensitive to light, so it was usually handled 

in the dark. It is also a strong lachrymator, and fhould be 

ha ndled in the hood. 

cCDC13 n. ID. r. : O~-,,,.S 
l'L 

1.85 p.p.m. (s), (methyl) 
4.00 p.p.m. (s), (methylene) 

trans-5,6-~i~ethyl-l,~,9-decatriene (E-3) 

Allyl mnp-nesium bromide (E-2) was --orenared in a con­

vention2_l manner. Allyl bromide (E-1) was redistilled, and 

the fr2ction boili~g at 69-71°C was collected and stored 

oveY molecular sieves u~der N2 for 9 hours. To a stirred 

mixture of 97. 25 g ( 4 mo·1 es) of Mg in 800 ml of dry TEF 

\v2.s added a so 7.ution of 86. 5 ml (1 .D.ole) of redictilled 

allyl br 0mide in 120 ml of dry THF dropwise under N2 over 

a period of 19 hours. Grignerd counlinf was a major problem, 

which requires the lon~ addition t i me~ The reection mixture 

wc::1 s !-cent at ref l ux during the addition, a :~ d refluxed for 

one hour and 35 minutes after additon was comnlete. The 

Grignard ~es then cooled to room temuerature, 8nd decanted 

into another flask. To t his solution was added u~der N2 
35.00 g (0.1446 mo 7.e) of the d:.bromide (D-2) in 50 ml of 

dry THF at a fairly fast rete. The reaction was quite 

exotherr ic, a-,d reflux co.rmnences within 30 seconds frora the 
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t·me o~ addition. After the a~dition the react i on mixture 

was then heated to reflux for one hour. The mixture was then 

cooled in 2.n ice b 2 th to -J °C. and eatura 1ed NH4c1 was added 

until the r e 0 ction mixture turn e white. Anhy drous MpS04 
was then added and stirri !1 g commences for 30 minutes. The 

misture was then filtered, and the fu,1nel w E. 1·, ed vTi th ether. 

The fil trete was diluted vv'i th ether, washed tv:ice with water, 

ths n brine, and dried over LlgS04. The triene (E-3) was 

volatile, so ether was removed at atmosnheric nreseure through 

a Vigeraux column. A nonviscous yello'N • iquid rema ined. 

Vacuum distil l 2. t ion produced 2 clear co • or! ess liquid boiling 

at 47-8°C/lmm. There was obta ined 21. 95 g (92. 51, ) of the 

triene (E-3). 

-f. 7 
Infrared: /\ _ i __ m 

msx 6 . o 9 ( m ) ( c=c ) >4 
11.0 (s)(C;CH 2 )~ 

1. 6 3 n. p. m. ( s) , ( me th:vl) 
4.95 p.p.m. (compiex), (C=CH?.) 
5.80 p.p.m. (b comnl ex), (int olefin H) 

trans-5,6-Dimethyl-5,9-decadiene-l-ol (E-4) 

Disiamyl borane was first g e ners.ted. To a suspension 

of 0.78 g (0.0206 mole) of eodium borohydr i de in 30 ml of 

dry THF cooled to o0 c. was added dronwiee a solution of 

3.9 g (0.0275 mole) of boron trifluoride etherate, which 

wa s redistilled over calcium hy dride, in 5 ml of dry THF, 

over a neriod of 25 minutes. '.Che reaction mixture vms e.tirred 

at o0 c. for an additional hour, and finaJly stored in the 

freezer overnight to allow NaBH4 and HaBF4 to settle. To 

a stirred solutio~ of 7.71 g (0.11 mole) of 2-methvl-2-bu­

tene in dry THF cooled between -10° and -20°c. wa s added 

under n2 the BH3, '1.'BF soi ution -prepared above, drorr.,iee over 

a ueri od of one hour. The reaction mixture wa s stirred 

for an ad ~itiona l fonr hours at o0 c. To a stirred s0 1 ution 

of 13.53 g (0.0824 mole) of the triene (E-3) in 50 ml of 
"1 

dry THF coole d to o0 c. under N2 , was e dded dro ~wise, the 

disiamylborane so J. ution Drene red a bove. Addition '.'18.S accom-

1)lished in 2 hours. The reaction mixture was then e lJ owed 

to stir overni f ht at room temperature. The re r ction mix t ure 



-115-

was again coo~ed to o0 c. and then the ice bath wa~ removed. 

To the cooled r e action mixture was tirst added dropwise 

3 equivalents of NaOH with resnect to the 'disi amylborane, 

followed by an equiv ;, lent amount of H2o2 . Stirring was 

continued at room tem~erature for 90 minutes. The reaction 

was then worked up by diluting with water, extracting·with 

ether, the n wa shed with water. followed by brine, and dried 

over Mgso4 . The solvent was removed at atmosuheric pressure 

through a Vigeraux column, 2.n d the residue chroma tofra-phed 

on 1000g of florisil. The tri e ne (E-3) was eluted with 

pet. ether, e.nd the alcohol (E-4) was eluted with 1 00% ether. 

There was 9.25 g of recovered triene (68.4~1,,) and 0.5278 g 

(L0.5%) of recovered &Jcohol, after distillation at reduced 

nreseure. 

r CDCL 
n. m. r. : o .,,r ·"S 3 .L .,, .. 

2 . 9 8 ( s ) ( OH ) l 
6.09(m)(C:C),u. 

11.0 (s)(C:::CH2 )» 
1. 6 5 p. p. m. ( s ) , ( me thy 1 ) 
3.6 p.p.m. (t), (C-1 CH 2 J=6 Hz) 

4.96 p.p.m. (com1)1ex), (C::CH 2 ) 

5.80 p.p.m. (b comnlex), (int olefin H) 

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

To 2 stirred suspen Eion of 5.0973 g of pyridinium d±­

chromate in dichloromethane distil ~ed from P2o5 , was edded 

under N2 0. 5278 g (0. 00289 mo 7- e) of the alcoho 1 . (E-4) in 

60 ml of CH 2Cl 2 via s:vrinfe. The mixture ··:as stirred at room 

temperature for 50 hours. The reaction mixture wa ~ then 

filtered through 2.5 g of florisil on a sintered g l ass fun­

nel, and the florisil was washed ~ith CH2c1 2 . J he clear 

fil tr2.te '\"!8.S distilled. throug: h a Viger2.ux colu.nn1 t o remove 

the solvent, and the resi due was vacuum di Ftilled. There 

wa s obta ined 0.2301 g (44.2%) of a slif htly green colored 

oil, found to be the desired a ldehyde (E-5). 

~ ~film Infra reu: ,, 
---- max· 

5.77(s)( a ldehyde c~o)~ 
6. 10 ( m) ( c1:.c)-"-

ll. o . (m) ( c=cH2 ) u. 
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Dibutvl vinyl b0ronnte (F-5) 

Vinyl magnesium chlori de was 9reDBred in the usu::.:l 

To 16. 67 g (0. 685 mole) of l:Ig in 70 ml of r1ry THF 1 uas 
added drouwise under N2 38.86 g (0.622 mole) of vinyl 

chloride in dry TTTF. The reaction ~as initi a ted with about 
1 ml of bromoeth2.ne. After initiati on of the reaction, 
the vinyl chlor jde-TEF solution ~as ad~ed as raDi dlv as 70s­

s t ble to ma intain reflux. After the addition, the reaction 

mixture was he ated at 50-60°c. for 4 hours. The re a ction 

mixture ~es cooled to room temuer ature. To~ so 7 uti8n of 

67.9 g (0.654 mole) of trimethyl borate in 300 ~l of dry 

ether cooled to -6o 0 c., w2s added the Gr~gn2rd so ~ution 

drop·:: ise under N2 . At the end of th<=''. addition, the reaction 

mixture v'as a llO'Ned to ':12rm slovrly to room ter:1nerature. 

To the re s ction mixture was added 300 ml o~ 3M HCl dro9wise 

with vic orous stirrinp , ma intainin~ the tenner a ture between 

o0 and 10°c. The mixture was extrs.cted with three 100 ml 

nortions of g-bu ta.nol, the o:::'g2.ni c 12.yer washed 1::i th two 
100 ml nort-;_ ons of 10,;; NaCl. then w2.she d with 50 ml of sa -t.. ­

ura ted NaCl, followed by ss,turated sodiu.m bic8rbonate until 

a nH of 6 was re ~ched. Th ~ extra ct w2 s w-shed once ar~in 

with sa tu:rated N2.Cl, s.na. dried o-.;er M_gSO 4 . The soJ vent 
was re mov ed under reduced uressure, and the resi due ~~s 

v a cuum distilled. There was obt2ined 42.25 g (36.9%) of 

a clear colorless oil. 

~ ~film. Infr2.rea: m?...x 

cCDCl 
n.m.r.: OT?-:I S 3 

6.19(s)(C::C)JJ 

o.g5 p.p.m. (s), (methyl) 
3.86 p.p.m. (t), (-OCH 2- J=6 Hz) 
6.00 p.p.m. (b s), ( Olefin H) 



References 

1. F. S. Spring, J.M. Beaton, R. Stevenson, J.M. Stewart, 

Chem. _ Ind., 1054(1956). 

2. G. Zweifel, C. C. Whitney, J. Am. Chem. Soc., ~- 2753(1967). 
3. D. S. Matteson, Orpanometal. Ch~m. Re~., 1, 1(1966). 

4. H. E. Ramsden, et. al., J. Org. Chem., ~' 1602(1957). 
5. D. S. Katteson, J. Ar.1. Chem. Soc., 82, 4228(1960). 

- - -- -- V' 
6. H. I. Schlesinper, J. ·Am. Chem. Soc., 75, 213(1953). 

-· ------"" 
7. R. El Ireland, M. I. Dawson, J. Bordner, R. E. Dickerson, 

J. Am. Chem. Soc., ~' 2568(1970). 




