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SYNTHESIS WITH ORGANOBORANES. 2.

SYNTHESIS OF - AND } -DAMASCONE™

Marek Zaidlewicz
Institute of Chemistry, Nicolas Copernicus University, 87-100 Torun, Poland

Abstract: Selective syntheses of o« - and J-damascone, using allylic organo-
boranes as the key intermediates, are described.

Damascones and closely related damascenones are important carotenoid aroma
compounds. The isolation of (3-damascenone from Bulgarian rose 0112, stim-
lated a great interest in these compounds. Their occurrence and chemistry
have been reviewed> > o -Damascone /_6_/4-6 and }-damascone /§/4’5’7"13 have
been prepared by various methods. Only recently, however, selective routes to
5 starting from readily available materials have been worked c»utlo"13 In
these preparations the exocyclic double bond formed via ylides and the side

chain are introduced in separate steps.

The synthesis of 5 presented here is based on a new approach involving the
addition of allylic organoborane 3 to crotonic aldehyde. The reaction pro-
ceeding with complete allylic rearrangement makes possible the formation of
the exocyclic double bond and the side chain in one step. The key intermedi-
ate 3 is obtained via metalation of 1,3,3-trimethyl-i-cyclohexene /2/ follow-
ing the general procedure described earlier. This synthesis provides a short
selective access to 5 in overall 18 % yield from 3-methyl-2-cyclohexenone /1/.
None of its seven steps requires separation of mixtures. Acid catalyzed iso-
merization of 5 affords 6 in 87 % yield. Consequently, both 5 and 6 can be
prepared starting from the same precursors. The approach also demonstrates
the synthetic potential of dialkylallylicboranes as useful intermediates for
the acylation of olefins.

The starting ketone 1 was transformed into 214 according to the modified
literature procedure15/Scheme/. The metalation of 2 with trimethylsilyl-
methylpotassium in cyclohexane using 100 % excess of the olefin proceeded in
low yield. Fortunately, carring out the metalation reaction in neat 2, the
organoborane 3 was obtained in 66 % yield. The unreacted olefin was recovered

* Dedicated to Professor George Zweifel on the occasion of his 60th birthday.
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by pumping it off from the solid organopotassium compound. Consequently, no
solvent is required for the metalation and the olefin can be readily recycled.
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Reagents: /a/ MeLi, Et,0; /b/ KHSO,; /e/ HC1, 0°c; /d/ MeMgBr, Et,0; /e/
KCH,SiMes; /f/ C1BEEt,, Et,0; /g/ OHCCH=CHCH;, Et,0; /h/ aq. NaOH; /i/ PDC,
DMF; /3/ TsOH, CgHg; /x/ TsNHNH,, EtOH; /1/ 9-BBR, THF; /m/ HOCH, CH,NH,,,
Et,0
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The addition of 2 to crotonic aldehyde was highly stereoselective giving
exclusively one diastereomer as indicated by 1 C NMR. Diastereomeric J-dama-
scols show chemical shift differences of all carbon atoms and can be readily
differentiated. The addition product was identified by 1H NMR as 4. The spec~-
trum showed a doublet,3=1.65 ppm, J=6.0 Hz, characteristic of this diastereo-
mer? The alcohol 4 was oxidized with pyridinium dichromate tor give 5 which
was isomerized to 6 by refluxing its solution in benzene containing a cata-
lytic amount of p-toluenesulfonic acid for 5h. The physical constants, IR, MS,
and 1H NMR spectra of 5 and & were in agreement with the reported data for
]’-damascone'7 and « -damascone, respectively.

The latter ketone was also prepared starting from 2,4,4-trimethyl-2-cyclo-
hexenone /l/17 which was transformed into 3,5,5-trimethyl-1,3-cyclchexadiene
/§/18’19 by the reaction of its tosylhydrazone /mp. 114-115°C; Anal. cale.
for C,gHy,N,0,8 /306.43/: C 62.72, H 7.24, N 9.14, S 10.46; found: C 62.50,
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H 7.38, N 9.25, S 10.36/ with methyllithium. Hydroboration of 8 with one
equivalent of 9~-BBN in THF was sluggish at room temperature and after 24h
unreacted 9-BBN was still present in the mixture. The reaction was completed
by refluxing the solution for 1h. The hydroboration product was used without
isolation for the reaction with crotonic aldehyde. The alcohol 9 obtained in
18 % yield /diastereomeric composition not established/ was oxidized with
pyridinium dichromate in DMF to give 6.

Following is the procedure for the synthesis of 5.
Bis/trimethylsilylmethyl/mercury20 /37.5 g, 0.1 mole/ was added to a mixture
of 2 /248.5 g, 2.0 moles/ and potassium sand /8.2 g, 0.21 mole/ at 20 - 30°¢
under argon atmosphere. The mixture was stirred at room temperature for 48h,
The olefin and TMS were pumped off at room temperature and the solid organo-
potassium compound was added to a solution of die‘bhylchlc)roboranez1 /20.8 g,
0.2 mole/ in diethyl ether /200 ml/ at -78°C. After stirring for 3h at room
temperature, the solids were filtered off and washed with ether. The organo-
borane 3 was isolated by distillation, 25.3 g, 66 %, bp. 46-47°C/0.01 mm Hg,
n20= 1.4570, 'H WMR /80 MHz/, neat,§, 0.91 /s, 6H, CHy/, 0.91 /%, J= 6 Hz,
CH3/, 1,06 - 1,66 /m, 8H, CH2/, 1.71 /m, 2H, CH,C=C/, 1,95 /s, 2H, BCH,C=C/,
4.94 /bs, 1H, CH=C/; Anal. calc. for C,sH,gB /192.15/: B 5.,63; found: B 5.56

A solution of 3 /19.2 g, 0.1 mole/ in diethyl ether /20 ml/ was added to
a solution of crotonic aldehyde /7.0 g, O.1 mole/ in diethyl ether /80 ml/
at 0°C and the mixture was left for 2h at room temperature. Aqueous 3M sodi-
um hydroxide /37 ml, 0,11 mole/ was added at 0°c. After 1h stirring at room
temperature, the organic layer was separated and the aqueous layer was ex-
tracted with ether. The etheral solution was washed with water and dried
over magnesium sulfate, Distillation gave 4, 16.7 g, 86 %, bp. 60-61°C/0.1
mm Hg, n2C= 1.4906, '°C NMR /25.156 MHz/, CDCls,$ , 148.11 /s/, 135.47 /4/,
126.84 /d/, 112.80 /t/, T1.48 /4, 59.72 /d/, 36.02 /t/, 34.50 /s/, 33.15
/t/, 29.15 /a/, 29.04 /a/, 23.14 /t/, 17.69 /qa/.

PDC /14.1 g, 0.0375 mole/ was added to a solution of 4 /4.9 g, 0.025 mole/
in DMF /25 ml/ at 20-25°C and the mixture was stirred for 5h. Water /200 ml/
was added and the product was extracted with n-pentane. The extracts were
washed with water and dried over magnesium sulfate. Distillation gave 5,

3.1 g, 64 %, bp. 58-60°C/0.1 mm Hg, nil= 1.4940.
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