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178. A Chemical Study of Burley Tobacco Flavour (Nicotiuna 
tabucum L.) VI. Identification and Synthesis of Four Irregular 

Terpenoids Related to Solanone, Including a ' Prenylsolanone' 1) 
by Edouard Demole and Paul Pnpgist 

Firmenich SA, Research LA boratory, 123 1 CZncva 8 
(26. V. 75) 

Summauy. Four novel constituents of Burley tobacco condematc have becn identified as 
(E)-S-isopropyl-7-(2-mcthyl-tetrahydrofur-2-yl)-hep~-6-cn-Z-onc (G), (E)-S-isapropyl-7-(2-me- 
thyl-tetrahydrofur-2-yl)-hept-G-ea-2-01 (H), (E)-4-m~thyl-7-isoprcipyl-lO-oxo-undcc-5-cn~~1li~e 
(I), and (I?, E)-6,12-dimethyl-9-isopropyltri~icca-5,10,1.2-tricn-2-onc (J) or 'prenylsolanonc'. 
Compounds G, H, and I werc synthesized from norsoIanadionc (1). compound J Irom solanone (A). 
Thcse substances belong to a growing family of tobacco rrictaboIitcs structurally relatcd to solanonc 
(A). Their possible formation from ccmbrcnc-typc precursors is briefly outlincd. 

Among othcr results, our continuing investigation of I3wley tobacco flavour has 
permitted the identification in this essential oil of tl number of new constituents 
related to solanone (A) 1.21. Typical examples of such irregular terpenoids, 
that presumably arise from thc breakdown of some ccmbrenc-typc precursor (s) 
during thc tobacco proccssing (fermentation, curing, aging), are solanofuran (B) [3] 
as well as the 7,8-dioxabicyclo~3.2.1]octane- arid 2,9-dioxabicyclo[3.3.l]nonane dc- 
rivatives C.-F [4]2). We now add four further representatives, G-JZ) (Scheme 7), to 
this class of compounds. 'niese constituents were isolatcd 5) by subjecting rnisccl- 
laneous Burby tobacco condensates) subfractions') to GLC. separations. 
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For the 5th publication of this =sics see [l]. 
Compounds C and E wcrc also detected in Turkish ~O~YACCO [IS], and compounds B [61, W), 
and I [7a]4) in Greek tobacco. 
Private communication from Dr. A. J. Aasrrt (Swedish Tvbcrcco Cornpamy). 
Keto-lactone I was simultaneously and indepcndentl y identified in tobacco by EnzeJZ rt al. 
(Swedish Tobacco Company) and by ouruelvcs. We arc inde1)tcd to  nr. A.  J. A asen Im informing 
us of this result prior to publication. 
We thank Mr. D. I l c h e t  for this isolation work. 
B w b y  tobacco condenuatc was prcpared as previonsly describcd [HI. 
The preparation and study of RurJcy totncco condcnsrrtc subfractions I33-PN-a to -i will 
bc describcd in a future paper. 



HELVETICA CHIMICA ACTA - Vol. 58, Fasc. CJ (1975) - Nr. 178 1603 

1. (E)-5- I so~~o~y l -7 - (Z-mc t~yZ-~ t ra~ydrufu~-2 -yZ) -h~~t -G-e~-~-o~e  (G), Subfrac- 
tions €33-PNg7) and -h were found to contain respcctively 0.89 and 1.39% of keto- 
cther G, this corresponding to a total concentration nf 0.03y0 in the B d e y  tobacco 
condensatea). The synthesis of this substance was easily accornplishcd by reaction of 
norsolanadionc (1) monoacctal2 with lithio-acctal3 [9] followed by treatment of the 
resulting lrydroxy-diacetal4 with dilute acid (Scheme 7). The synthetic material thus 
obtained was a -1:l mixture of diastereoisorncrs (GLC., Ucon HB 5100, 140", 
20 rn X0.3 mrn capillary column) that had b.p. S4-Xd0/O.002 Tom; di0 = 0.925; 
n? -- 1.4629. - IR. (neat, bands with decreasing intensities): 1705, 1360, 1030, 
I t G O  z 970, 1085, 1450 crn -1. -MS. (m/e (yo relativc abundance)): 43 (loo), 55 (lZ), 
69 (8), 85 (20), 97 (30), 111 (ZZ), 121 (9), 1.37 (16), 165 (7), 223 (4), M+ = 238 (very 
weak). - NMR. (CDC13): S 0.83 (3 H, d ,  J -- 6 Hz); 0.87 (3 H ,  d,  J = 6 Hi.,); 1.28 

(2 H, narrow m). 
(3 H, S) ; 2.09 (3 H, 3); 1.0-2.2 (8 H, HZ) ; 2.40 (2 H, t ,  J = 6.5 Hz) ; 3.85 (2 H, m);  5.40 

Synthetic and natural G exhibitcd identical spectral properties. 
2. ( ~ ) - . 5 - l s o ~ o ~ ~ l - 7 - ( 2 - ~ ~ ~ Z - t e t r a h y d ~ o ~ ~ ~ - Z - ~ Z ) - ~ ~ t - 6 - e ~ - 2 - o l  (H). Subfractiori 

R3-PN-i was found to contajn 2.26% of hydroxy-cther H, this representing 0.17% in 
the whole RurZey tobacco condensate. Cornpound H synthcsized by direct Lil l lII~ 

Scheme 1. Rurley tobacco cnnstiluents 0 - J  und their synthesis 
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reduction of G (above) had b.p. 97-98"/0.001 Torr; di0 c 0.921 ; ng = 1.4687. - 113. 
(neat) : 3450, 3025, 1360, 1085,970, 1110, 1450 cm-1.. - MS.: 43 (lOO), 55 (36). 69 (29), 
85 (63), 97 (45), 111 (46), 123 (14), 137 (131, 181 (16), 225 (7), NI+ = 240 (3). NMR. 
(CUCh) : S = 0.82 (3 H, d,  J = 6 Hz) ; 0.88 (3 H, d,  J = 6 Hz); 1.18 (3 HI d, J = 6 Hz); 
1.30 (3 H, s); 1.0-2.2 (11 H, m); 3.88 (3 1% m); 5.42 (2 H, narrow m). 

Synthetic and natural H exhibitcd identical spectra. 

3. (E) -~-~e~izyl-7-isopropyC IU-oxu-undec-5-en-4-oZ~~e (I)4), Subfrac t ion B3-PN-11 
was found to contain 1.12% of keto-lactonc I, corresponding to O.Ol.% in the whole 
3avley tobacco condensate. This constituent was synthesized in the same way as 
kcto-ether G, except that the intermediate hydroxy-diacetal4 was hydrolyzcd under 
oxidative conditions (Scheme 7). A moderate yield of I was thus obtained as a -1: 1 
mixture of diastcreoisomers (GLC., Llcon HB 5100, 180", 20 m x0.3 mm capillary 
column) that had b.p. 134-137"/0.001 Torr; cl;O = 1.005; n:: = l.4719. - IK. (neat) : 

93 (W), 107 (14), 121 (15), 135 (7), 149 (6), 194 (3), 234 (lS), M+ = 252 (very weak). - 

1.0-1.9 (5 H, m); 2.09 (3 H, s); 1.9-2.9 (5 H, m); 5.50 (2 H, narrow m), 

1770, 1705, 1235, 1360, 1160, 930, 975 c111-1. .- MS.: 43 (300), 55 (17), 69 (8), 81 (9), 

NMR. (CDCI,): S = 0.82 (3 H, d, 1 = 6 Hz); 0.87 (3 H, d, J ... : 6 Hz); 1.49 (3 H, s); 

L Synthetic and natural I exhibited identical spcctm. 

4. (E, E)-6,12-D~methy~~-isu~ropy1-t~~eca-5,70, 12-trien-2-one (J). Subfractions 
B3-PN-c and -d wcre found to contain rcsyectively 2.13 and 0.31% of trienone J, 
this corrcsponding to a total concentratiori of 0.04% in the whole Burby tobacco 
condensate. The synthesis of this ketone was carried out by allowing solanone (A) to 
react with vinylmagnesium bromide, treating thc rcsulting tertiary ally1 alcohol 5 
with dikctenc to form the corresponding acetoacetate ester L1.01; and heating the 
latter for 30 min at 180-190' (CarroZZ reaction Cll.1) (Scheme I ) .  Thcre was thus 
obtained a 1..7:1..0 mixture of E,E and Z , E  stereoisomers of the desired kctone 
(yield 33%,), accompanied by several more volatjle by-products. The stereoisomers 
were separated by GLC. (5% Carbowax, ZOO", 2.5 m column). 

(Z,E)6,72-Dimethyl-Y-iso~o~yLtrideca-5,7Q,12-trien-Z-ons (6) : relative RT = 

(3 H, s); 1.87 (3 H, 9); 2.15 (3 H, s); 1.1-2.1 (6 H, nz); 2.1-2.6 (4 H, m ) ;  4.89 (2 H, s); 

(X, E)d, IZ-l)imethyl-!l-isopro~yZ-~idecad, 70,72-trien-2-one (J) : relative RT = 
1.24. - IK. (CC14): 1715, 1360, 965, 1450, 1155,880, 1605, 3100, 1635 cm-J. - MS.: 43 
(100), 55 (12), 69 (12.5), 81 (25), 93 (28), 105 (1,2.5), 121 (22), 136 (21.5), 161. (14), 

1.00. - NMR. (ClK1.j): S = 0.85 (3 El, d ,  J = 6 HK); 0.89 (3 H, d ,  J = 6 HA); 1.69 

5.06 (I H, WZ) ; 5.44 (I H, d xd,  J = 16, J' = 8 I€z) ; 6.12 (1 H, d ,  J = 16 Hz). 

189 (4), 204 ( 3 4 ,  219 (3.5), M +  = 262 (<l). - NMK. (CDC13): B = 0.82 (3 H, d ,  
J = 6 Hz) ; 0.86 (3 H, d ,  J * 6 Hz) ; 1.60 (3 H, S) ; 1.85 (3 H, S) ; 2.14 (3 K, S) ; 1.1-2.1 
(6H, m); 2.1-2.6 (4H, m ) ;  4.87 (2 H, s); 5.05 (I H, m ) ;  5.39 (1 H, d x d ,  J=16, 
J' = 8 Hz); 6.06 (1 H, d ,  J = 36 Hz). 

Synthetic and natural J exhibited identical spectra. This ketone rcpresents the 
first C18 cembrene-type metabolite found in tobacco. Since it contains one mow 
isoprene unit than solanonc (A), we propose to call it prenylsolanone. 

5. Possible o r i g i ~  of comfiounds G-J ha tobacco. 'I'hcsc four metabolites are likely 
to originate from the breakdown of ditcrpeTic alcoliols structurally related to cem- 
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brene, scveral represcntatives of which arc well-known tobacco constituents ( i .4 .  a- 
and /?-duva4,8,23-triene-l, 3-diols 1121). Such a process is formally summarized in 
Scheme 2. Accordingly, all the solanone-related tobacco constituents might well have 
the same S-configuration as this kctone 1151 [73 at the carbon atom bearing the 
isopropyl group, as advocated by Enzell et al. (:7]. 'I'hesc authors found their proposal 
to be indeed correct in the cases of keto-lactone I [7a]4), norsokdnadione (l)*), and 
( E ,  E)-3-methyl-6-isopropyl-9-oxo-deca-2,4-dienoic acid I 7b]. 

We thank Miss Monika Hugw?,am for hcr valuable tcchrlicnl assistance. 

Schcmc 2. Possible formation of compounds G-J urzd (+)-S-soEanorce (A) in Lobacco via cleavage 
of cembvene-type PYflCUYSOVS 

(+)+solanone (A) 

a I oxidative cl,nvgge of the ?[?2 dauble band 

b = oxidative cleavagr of the 7 8  double band 

c = acid-crta&~ed fragmentation el the 1.3-dioI group 

Experfmental Part 
The spectra were obtained with the instrunicnts alrcady clescrikd [3] (the mass spectra werc 

measured at 70 eV, 20 PA, inlet temperature 150"). The LLC. separations wcre performed UII gas 
chromatographs Aerogreh.  Model 1820 -3 (Varian Aevopafih AG), and Carlo E~bu.  Model 2301. RC. 

1. (E)-5- Isupropyl-7-(2-me~hyl-tet~uhyd~af~~-Z-yZ)-hept-6-sn-Z-one (G). A mixture of 23 g 
(0.217 mol) of norsolanadione (1) [2] [1G]9), 750 mg p-tolucnosulfonic acid, and 80 ml Z-methyl-2- 
ethyl-tiioxolan was stirrcd for 3 h at 20" [I 71. It was t hen  slo~vly tlistillcd at 50-550 undcr reduced 
prcssure tlirough a 20 crn Vigymz column, while kccping Chc vvlunie constant by adding portions 
of fresh 2-mcthyl-2-ethyl-dioxalan at regular intervals. From time to  timc, a sample of thc mixturc! 
was examincd by GLC. (5% Carbowax, 220°, 2.5 in column). About 90% of thc norsolanadionc 
had reactcd after 2.- 3 h. The coolcd mixturc was pourcrl into cxccss 50/, sodium hydrogencarbonatc 
and extracted twicc with ether. Usual work up afforded 20.9 g (74%) of rnonoacctal2, b.p. 94.-.sK0/ 
0.001 'hr, -95% pure. A stmple further yurifictl by  silica gel chmmatographylo) (cthsr/light 
petrolcuni 1: 1 to 311) had b.p. 1)4-95"/0.001 'l'orr; cly = 0.987; ny! -5 1.4712. - Ili. (ncat): 166.5, 
1245, 1045, 1360, 1615, 980, 850 cm-1. - MS.: 43 (50),  55 (4), 59 (5), 73 (ll), 87 (loo), 99 (9). 

8) Privatc communication from Dr. A.  J. Arrsen, Swdish  Tobacco ComFany. 
9) Norsolanadione (1) can be efficicntly synthcsized from 2-isopropyl-5-oxo-hex,znal and tri- 

phcnyl-acetonylidenephosphorane (yidd HOO/,) ( E .  Demols & C. Dewzob, to bc publishcd). 
10) B Kieselgcl 0.05-0.2 mm fur die S~ulenchromalogr~~]~hi(~r (Mevck AG). 



1606 HELVXTXCA CHIMICA ACTA - Vol. 58, Pasc. 6 (1975) - Nr. 178 

225 ( 2 3 ) .  - NMR. (CDClS) : 8 = 0.86 (3 H, d ,  J 7 6.5 Hz); 0.91 (3 H, d, J -- 6.5 Hz); 1.27 (3 H, s); 
1..4-2.0 (6 H, tlp); 2.23 (3 H, s); 3.90 (4 H, s); 6.0 (1 H, d,  J 3 16 Hz); 6.63 (1 H, d x d .  J = 16, 
.J' = 8 132). 

C14Hi4Os (240.34) Calc. C 69.96 H 10.07% Found C G9A4 11 10.09% 
A solution (5 ml) 01 acctaldehyde ethyl-3-l~romopropylacctal [!I] (15.8 g, 0.074 mol, in 50 ml 

anhydrous cther) was addcd at  20" under Ns to a stirred suspension of granulatcd lithium (1.045 g, 
0.150 mol) in anhydrous ether (30 ml). The mixture was coolcd to - loo as soon as the reaction 
started (cloudiness), and the remainder of the bromo-acctal solution was atldcd dropwise at this 
temperature. Aftcr 2 11 of additional stirring at -So, the organolithium reagcnt 3 was introduced 
into a stirred solution of monoaeetal 2 (12 g, 0.0.50 rnol) in anhydrous ethcr (50 ml). ovcr 10 min 
at 0". After further stirring for 2 h at  0' and 15 t i  at 20°, the rcaction mixture was pnurcd into 
100 ml of chilled, saturatcd ammonium chloritlo solution, and workccl up as usual. Thcre was 
obtained 19.5 g of crude hydroxy-diacetal4. l3lis product was takcn up in acetonc (150 rnl) ant1 
10% hydrochloric acid (30 ml). The rcsultiug solution was sct aside for 18 h at rooni tcmperiiture, 
sodium hydrogcncarbonate (10 g) was added. the mixture was stirred for 15 min, evaporated to 
dryness in vacuum, arid the residue extracted twice with ethcr. Usual work up affortlcd 12.5 g 
of a crudc product from which pure keto-ctlier G was isolated hy chromatography (silica gell"), 
300 g; ethcr/light petrolcum 2:1), Yield after distillalion 4.81 g (40%). "he properties of this 
compound have alrcady hm described in the theoretical part. 

C1sIi&a (238.37) Calc. C 75.58 11 ll.OOU/, Found C 75.48 H 10.94% 
2. (E)-5- Tsa~ro~yE7-(2-me#~~Z-fctrahydrofur-2-yl)-he~t-~i-~?n-2-o2 (H). Keto-cther G (2.95 g,  

12.3 mmol. iii 15 in1 mhydrous ethcr) was added dropwise to a stirrcd suspension of lithium 
aluminium hydride (0.235 g, 6.2 mmol) in anhy~lr~iis cther (40 ml) at 20". Aftcr 1 h rcfluxing, 
a slight cxccss of water was cautiously addcd at 0" and the rnixturc was stirrcd for 15 min. The 
precipitated salts were removed by filtration, and the ethorcal solution was dried ovcr sodium 
sulfate and evaporated to dryncss. There was obtaincd 2.45 g (83%) of bydroxy-ether H, cxhitiiting 
the properties dcscrihed in thc thcoretical part. 

CisHae02 (240.38) Calc. C 74.95 k1 11.74% Found C 75.08 1.1 11.84% 
3. ( E ) - / l - M e l h y ~ - ~ - ~ s o ~ r i ~ ~ y ~ - 7 ~ - 1 ~ x o - u l r d e c - 5 - ~ n - ~ - o Z ~ d e  (I). f h v J W N  C181 chromic acid reagcnt 

(90 ml) was added dropwise ovcr l l / a  h at 20" to a stirred solutiom of crude hydroxy-diacctal 4 
(8.5 g) in ether (85 ml). After 2 h of Iurthcr stirring at Z O O ,  thc inixturc was extracted tyke with 
ether and the organic laycr washed with loo/, sodium carbonatc and watcr. The crude product 
(5.7 g) obtained after solvcnt reuioval was taken up in acctone (150 mL) and 10% sulfuric acid 
(10 ml). After 3 h at 20". cxcess solid sodium hytlrugcncarbonatc was added, the mixture was 
stirred for 1.5 min, evaporated to dryness iq  vacuum, tho residiic was takcn up in cther, and the 
ethereal solution washcd with 5 % sodium h ydrogcncarbonatc and watcr. The product finally 
obtained (5.0 g) was chromatographed on silica gello) (150 g), affording a first fraction repre- 
senting recovcred norsolanadionc (1) (2.0 g, eluted with ether/light petroleum 1 : 1 to 9: 1). follo- 
wed by keto-lactonc I. Yield of the lattcr 1.10 g (20%) aftcr distillation. 'Ihe properties of this 
compound have alrcxidy been described in the thcoretical part. 

C15H~403 (252.35) Calc. C, 71..39 H 9.59% Found C 71.13 H 9.43% 
4. (E, E) -6,12-Dimelkyl-!~-isopropyl-tr~deca-5,7O,72-trien-2-oae (J) . X vinylinagncsium bromide 

solution was prepared 1191 lroiri vinyl bromidc (5.04 g, 47 rnniol) and magncaiurn (0.94 g, 39 mmol) 
in anhydrous tctraliydrofuran (5 ml). The rcaction mixturc, which had been hcated for ll/a h at 
70430", was coolcd to +5" when solanone (A) (6.0 6, 31 mmol, in 7.5 ml anhydrous ethcr) was 
added at this temperature. AIter standing overnight at 20", the mixture was dccomposcd at 0" 
with saturated ammonium chloridc solution and workcd up as usual (ethcroal cxtraction). Therc 
was thus obtained 5.88 g of a product consisting of 39% o f  rc:covcred solanonc (A) and 61% of 
dcsired alcoliol 5 (52%), as indicated by GLC. (5y" Carbowax, 180". 2.5 m column). This mixture 
(4.1 g) was chromatograplied OR silica gello) (1 00 g) in thc presence of hcxane containing incrcasing 
amounts of ether, whcreby purc alcohol 5 (1.61 g) was clutcd aftcr solanone (A) (1.05 g) and miscel- 
laneous solanc'mc-coniaining fractions. Alco?iol 5 had (1:' v- 0.883. - IR. (neat): 965, 920. 880, 
1370, 3450, 1455, 995, 1605, 3200, 1640 cm.1. - MS.: 41 (57). 43 (80). 55 (43, 71 (6'4, 81 (93). 
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93 ( l O O ) ,  1U5 (M), 121 (73), 136 (1001, 161 (45), M-18 at w/e 204 (7.5). no discernible parent 
ion. - NMR. (CDCIa) : 6 =: 0,247 (6 H, IPYL) ; 1.25 (3  H, 5 )  ; 1.87 (3 H, s) ; 1 .O-2.2 (7 H, an) ; 4.90 (2 H, s) ; 
4.90440 (5 H, m).  

ClcH& (222.37) Calc. C 81.02 11 11.79% Found C 81.29 H 11.80% 

C a r d  reaction [lo] [ll]. A mixture of sodium (1 mg, O,U4 mmol) and alcohol 5 (1.10 g, 
4.95 mmul) was stirrcd for 511% h at Z O O ,  when almost all thu sodium had reacted. Diketenc (0.625 g, 
7.45 rnrnol) was thcn added and the mixture further stirred for 3 clays at 20". Usual work-up 
(ethcrcal extraction, 5% sodium carbonate washings) :iffordcd 1.51 g of crude S-acctoacetate, 
which was heated at 180-190" in a small distillation flask. 4 s  soon a5 the Cog cvolution subsided 
(-112 h), thc product was allowed to cool and was distilled: b.p. ~100-130"/0.001 Torr, 800 mg. 
C;T.C. (Ucon HB 5100, 130", 50 rn x 0.3 min capillary column) indicated the distillatc to contain 
about 34% of prenylsolaaone (J), 20% of the 2, E-stereojsomer 6, and 46% of miscellaneous. 
rclatively volatile impurities. Chromatography of this iiiixturc 011 silica gello) {30 g) in the presence 
of hexanc containing increasing amounts of ether afforded 439 mg of a product still containing 
some solanonc (A), which was removed by very slow fractional di~t i l latjo~~ under 0.001 Ton. Tlic 
spcctral propertics of prenylsulanone (J) and its stereojsomcr 6 havo already been duscribcd in thc 
thcorctical part. The mixtuve of both compounds had b.p. --320"~0.001 Torr; dza = 0.880; 
nbo = 1.4859. 

Cl8HsdO (262.43) Cdc. C 82.38 H 11.520/; Found C 82.07 H 11.36% 
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