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206. A Chemical Study of Burby Tobacco Flavour (Nicotiano tabacum L.) 
VIL Identification and Synthesis of Twelve Irregular Terpenoids a 

Related to Solanone, Including 7,8-Dioxabicyclo[3.2. lloctane 
and 4,9-Dioxabicyclo[3.3. llnonane Derivative@)*) 

by Edouard Demole and CBcile Demole 
Firmnlch S A ,  Research Laboratory, 1211 Gencva 8 

(11. VTII. 75) 

Suttawaaty. Twelve novel constituents isolated from Uuvley tObdCC0 condensatc by semi- 
preparative GLC. have bcen identified as (E)-3.4-epoxy-5-isopr0pyl-nonane-2,8-dione (A), em- 
(1-methyl-4-iwpropyl-f, B-dioxabicyclo[3.2.l]oct-6-yl)methyl ketonc (B), e m -  1 - (l-methyl-4- 
isopropyl-7,8-dioxabicyclo[3.2.l~oct-Byl)-cthanol (,C), (13)-5-isopropyl-X-hyclroxy-X-mcthyl-non- 
6-en-2- one (D), (E)-5-isopropyl-li,7-epoxy-8-hydroxy-8-methyl-nonan-2-one (E), a%do-Z-(l- 
methyl-4-isopropyl-7,8-dioxabicyclo[3.2.l]oct-fi-yl) -propan-2-01 (F) , 3,3,5-trimcthyl-8-isopropyl- 
4,9-dioxabicyclt~[3.3.1]nonan-2-01 (a), (E) -5-jsopro~yl-nt,n-3-cne-2,S-diol (H), S-isopropyl-nonane- 
2,B-diol (I), (E)-5-iwpropyl-8-hydroxy-non-6-en-2-onc (J), 5-jsopropyl-8-hydroxy-nonan-2-one 
(K), and (E)-3-isopropyl-6-methyl-hepta-4.6-dicn-l-o1 (L). Compounds A-K wcre synthcsized 
from norsolanadione (2), and compound L from 2-isoprop yl-5-0x0-hexanal (15). 'l'he rclativc 
configuration of the bicyclic internal acetals 3, C, F, G and tlicir 8-kcto-epoxidc precursors A and 
E is discussed. All these Burley tubacco flavour components helong to  a growing family of nictabo- 
lites structurally related to solanone (1). Thcy arc belicvetl tn arise from the breakdown of cernhre- 
ne-type precursors. 

The number of solanone-related constituents isolated from tobacco is currcntly 
increasing [l]. Twelve further novel representatives (A-L) of this class of compounds 
have now been identified in miscellaneous Burley tobacco flavour subfractions. As 
assumed for solanone (1) itself L3], these irregular c11-13 terpenoids presumably arise 
from the ring cleavage and degradation of some ccmbrcne-type precursor(s) (e.g. the 
a- andB-duva3,8,13-triene-l, 3-diols [4]) during the tobacco processing (fermentation, 
curing, ageing). 

According to Enzell at al. [5] ,  all the solanone-related tobacco metabolites should 
logically have the same $-configuration as solanone (1) [5] (61 at thc carbon atom 
bearing the isopropyl group if they do originate from a common, cernbrene-type 
precursor. This proposal was found to be indced correct in the cases of (E)-Cmethyl- 
7-isopropyl-lO-oxo-undec-5-en-4-olide L5a] 11 3, norsolanadione (2) [5b] , and (E, E) -3- 
methyl-6-isopropyl-9-oxo-deca-2,4-dienoic acid [5c]. Our compounds A-L wcre un- 

1) 

*) 
For the 6th publication of this wries scc [l]. 
Part of this work was the subject rnattcr of a preliminary communication with D. Uuthet [2]3), 
and of a paper presented by E. D. at thc VIth Intcrnational Congress of Essential Oils (San 
Francisco, California, Sept. 8-12, 1974). 
We thank Mr. D. Berlhet for thc isolation of compounds A-L. 8) 
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fortunately isolated .in amounts too small to permit their absolute configuration to k 
investigated (scmi-preparativc GIX.)3). For instance, only the mass 'spectra of 
C, F, and G werc availablc to us. 

1. (E)-3, cl-Epoxy-~-iso~ro~yZ-nona~e-Z,8-dione (A). Two stereoisomeric diketo- 
eyoxides A were isolatcd from I3wZey tobacco condcnsate4) subfractions R3-PN-g 
and -h5). Since these substances could be cither E or 2 and threo or erythm isomcrs, 
we undFrtook tlic following synthesis to determine their configuration (Scheme I ) .  
Norsolanadione-monoacetal (3) was reduced by lithium aluminium hydride and the 
resulting liydmxy-acetal 4 epoxidized with wwhloropmoxybenzoic acid. Successive 
manganese dioxide oxidation6) and acid hydrolysis of the resulting 5 completed the 
synthesis. affording dikcto-epoxidc A (overall yicld 69%) as a -1:3 mixture of 
diastercoisomers that could be separated by GLC. [15% Carbowax, 2204, 2.5 rn 
colutnn; relative RT = 3 .OO, I .05-3 .Or) (minor, major diastereoisomers)!. Thc E-threo 
(Ai) and E-erytku (As) configurations wcre respectively assigned to the major and 
minor diastercoisomers, according to thc evidence later provided by the NMX. study 
of the four related stereoisomeric hydroxy-acetals 

Comparison of spectral data (IR., MS., NMK.) indicated that the nmjor synthetic 
diastereoisomer A1 was identical with the major tiatural isomer, and that thc samc 
was also true lor the two corresponding minor isomers. Thus, diketo-epoxidc A 
occurs in tobacco as E-Clzmo-(A1) and E-erythro-(A~) diastereoisorners, and not as E- 
and 2-stercoisomers as formerly indicated 121. 

2. Exo-( l -MethyZ~-iso~ro~y~7,8-d~oxabicycZ~o(.f .2 .  'I Joct-6-yl) methyl Icetone (B) was 
isolated from Bwky tobacco condcnsatc4) subfractions BZ-PN-fd) and B3-PN-cl5). 
The synthesis of this compound was easily accomplislied by acid-cat alyzed isomeriza- 
tion of thrco- and eryth9+o-(E)-3,4-epoxy-5-i~opropyl-nonane-2,8-diones (A1 and Az) , 
a stereospecific reactionv) that may procecd through the following formal steps in 
the particular case of the ~--~hreo-diastereoisomer A1 (Scheme 7) : the protonatad 
oxirane group in 6 would first undergo ring opening via the 'modified SNZ path' 11 lJ, 
producing intermediate 7 (note that the incipient positive charge develops exclusively 
at the /?-position with rcspect to thc destabilizing carhonyl group [Ill) ; pseudo-chair 
inversion and -3.80" rotation about the 3,4 bond would then lead to 8 which finally 
undergoes cyclization/deprotonation to endo keto-acetal 9. In fact, the latter com- 
pound suffers immediate enolization and epimerization to the more stable e m  isomer 
B1, the reaction product (yield 63%). If such an enolization is not allowed, the out- 
come of the process appears to be the expected elzdo isomer as observed in the E + F 
isomerization (Scheme 2). 

'L"he NMR. spctrum of synthetic keto-acetal B revealed no coupling bctween 
H4.45) and H-C(6), thereby establishing the exo configuration of the acetyl side- 
chain (cxpzcted dihedral angle ? 90"). However, all major NMR. signals were split 

4, D d e y  tobacco condens&,c and sublrrrctions R2-P'N-a to -j were iibtained and ifivcstigatcd 2s 
prcviobdy describcd 171. 

5) The prcparntion and study of subfractions B3-PN-a to -i will be dcscribed in a future ppcr. 
6) This seems to bc tlic lirst cxarnplc of rnangancsc dioxidc oxidation of n secondary u,P-epoxy- 

alcohol to t h c  corrcsponding ketonc, a reaction which should  offer some gencrality. 
7) Similar acid-catalyzccl isomcrizutione of 0,  wq.mxycaxt)onyl compounds are known, for in- 

stance in thr. manool r8], brcvicornin [?], and l-aceloxy-3,4-epoxy-pcntnne [lo] scrim. 

(.Sectio* 3). 

.- - 
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in the presence of Eu(fod)38), indicating the product to lie a -1.33 mixture of both 
epiniers at C(4). This result, confirmed by GJ,C. (2  ycaks clearly separated L n  a 50 M 
capillary column), was not unexpected since the (E)-3,4-cpoxy-5-isopropyJ-nonanr- 
2,8-dione (A) used for the synthesis was itself a -1:3 mixture of diastermisomcrs. 
If isomerization A 4 B proceeds stercosyecifically, as assumed in Scheme ’I, exulexo 
keto-acetal B1 would indeed be formed from E-thwu diketo-epoxidc A1 and cndolexo 
keto-acetal Bz from E-erytho diketo-epoxidc Az. The exolexo configuration Br could 
be attributed to the major epimer of B owing to the cvidencc provided by the NMR. 
study of the four stereoisomeric hydroxy-acetnls CI C4 described in the ncxt section 
(all steric rclationships between C O ~ I ~ ~ ~ U T I ~ S  A, B, and C are depicted in Scheme 1 ) .  

Scksmp I 

A B 

3 4 

* C 

P S 

6 7 8 

9 

+ c3 c2+ c4 
All compounds cxccyt I arc racemic. 

t 

8) We are much indebted to Dr. B.  Willhalm and to Mr. W. Thnmmcn (Fivmertich SA, Geneva) 
for having conducted this experimcnt. 
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Despite its lack of steric homogeneity at C(4), synthetic exo-(l-methyl4-isopropyl- 
7,8-dioxabicyclo[3.2.1]0ct-6-y1) methyl ketone (B) exhibited IR. and mass spectra 
identical with those of the natural isolatc, the NMR. spectrum of which was not 
available. This suggests natural B to be also a mixture of epimers BI and Bz, in 
accordance with the fact that both corresponding diketo-epoxide 'precursors' A1 and 
A2 occur in Hurley tobacco condensatc (Section 1 )  9). 

3. Exo-l-( 7-~et~yL-4-iso~ro~y~-7,8-dioxab~cycZo[3.2.l]oct-d-yZ)-ethanoZ (C) was 
isolated from Burley tobacco condensate4) subfraction B2-PN-id) and synthesized 
by sodium borohydride reduction of a -1 : 3 mixture of keto-acetal epimers B2 and 
B1. This reaction afforded four stereoisomeric hydroxy-acetals Cl-Cd in a ratio of 
2.2:6:1:1.9 [GLC., 5% Carbowax, 180", 2,5 m column; relative KT 3 1.00 (GI), 
1.22 (C2),1.33 (Cg), 1 S O  (Cd)]. The NMR. data of these stereoisomers are summarized 
in the Tuble. It is irnmcdiately obvious that the signal duc to the slowly exchangcable 
OH proton appears at 6 = 2.5 in the case of C1 and C2, and at 8 = 1.8 for the Cs and 
C4 compounds. This suggests that the exo-l-h ydroxy-cthyl side-chain has the same 
configuration (respectivcly threo and erythro) in each of these pairs of compounds. 
Similarly, the fact that the isopropyl methyl-groups give rise to rehtively similar 

Table. N M I t .  spectral churacterislics of hydvoxy-ucetads CI-CI (90 MHz, 8 values, CDC13) 

GI c2 cs (34 

CHa-C(l) 1.48 1.48 1.42 1.46 

1 .oo 
1.05 } 0.92 0.95 

1.03 
0.92 
0.98 

1.19 1.15 1.18 1.21 
I 

CHa-C4- 
I 

)CH-O-- - 3.7 - 3.7 N 3.7 - 3.7 
OH 2.54, d 2.58, d 1.81, d 1.85 

(2 Hz) (2 132) (4 Hz) 
H-C(5) 
H-C(6) 

4.30 
3.74 

4.25 

3.7.5 
4.49 
3.80 

4.49 
3.85 

signals in the cases of C1+ C3 ( A  - 0.95-1.05, 2 d,  J =-: 6.5-7 Hz) and C2 + C4 
(8 = 0.92-0.98, m or t, 5 5 Hz) stereoisomers suggests that the isopropyl group 
has the same Configuration (respectivcly endo and em) in each of thesc alternative 
pairs of compounds. More reliable evidence for C1 and CZ being indeed C(4)-epimers 
was obtained from their NMR. spectra rneasurcd in the presence of Eu(fod)#). In 
these conditions, the isopropyl methyl protons wcre relatively more deshielded in 
isomer C1, whereas the other protons examined exhibited similar or identical para- 
magnetic shifts in both compounds (Fig. 1) .  This led us to assign thc endolexo con- 
figuration to  stercoisomer C1, since that configuration allows the shortest possible 
intramolecular distance between the isopropyl group and the OH function. 

8)  

- - 
Kcto-acetal B was also i(1i:ntified in Grcck tobacco (private cominunication from I k .  A .  J. 
Aasalz, Swcdish Tobacco Company), as well as In Turkish tobacco [12]. 
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Molar ratio Eu(fod)3 /substrate 

Fig. 1 .  NMR.  lantharide-induced s h a h  for kydroxy-acetals 4 and CZ 

From all these results it follows that the C1+ c;ls and C.L + C4 pairs of stereo- 
-isomers should have the respective endolexo and exolexo configurations indicated in 
Scheme 1 .  Hence, the exolexo configuration B1 can in turn be assigned to the major 
stereoisomer of synthetic keto-acetal B, and the E-threo structure A1 to tlie cor- 
responding diastereoisomer of diketo-epoxide A. 

Synthetic hydroxy-acetals CI and Cz exhibited mass spectra identical with that 
of the natural tobacco isolate, the exact configuration of which could not be in- 
vestigated due to  material shortage. 

4. (El-5- Iso~ro~yE-8-hydroxy~-~ethy~-~on-(i-en-Z-one (D) was isolated from 
Bzlrley-tobacco-condensate4) subfractions B2-PN-id) and B3-PN-is). The synthesis 
of this solanonc hydrate was carried out according to S c h e  2, by.allowing norsola- 
nadione-monoacetal3 to react with methylmagnesium bromide and then subjecting 
the resulting hydroxy-acetal 10 to acid hydrolysis (yield 80%). Natural and synthetic 
ketol D exhibited identical IK., mass, and NMR. spectra. This fairly unstable com- 
pound was easily dehydrated to racemic 1 upon heating in the prescnce of minute 
amounts of acids. 

5. (E)-5-lso~ro~yZ-6,7-e~oxy-8-hydroxy~-met/~y&-~onan-2-o~e (E) , identified in 
Bzcrdey tobacco condensated) subfraction H3-PN-i5), was synthesized by direct 
epoxidation of solanone hydrate D with m-chloroperoxybenzoic acid (yield 79%). 
CLC. indicated the product thus obtained to consist of a -1 : 9 mixture of diastcreo- 
isomers [Ucon HB 5100, 170°, 53 m x0.3 mm capillary column; relative RT = 1 .OO, 
1.01 (major, minor diastereoisomers)]. Despite this steric heterogeneity, no signal 
splitting was observed when the NMR. spcctrum of epoxy-ketol E was measured in 
the presence of Eu(fod)#). We assigned the E-threo structure El to the major dia- 
stereoisomer, in accordance with tlie result of the similar cpoxidation of hydroxy- 
acetal 4 (Section ? and Sckwe 7). Synthetic and natural epoxy-ketol E exhibited 
identical IR., mass, and NMR. spectra. 
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6a. Endo-2-(1-MethyZ-4-iso~ro~yZ-7,S-dioxabicyclo[d.2.l]oct~-yZ)-~ropalz-2-ol (F) 
isolated from BwZey tobacco condensatc4) subfractions B2-PN-ha) and R3-PN-h5), 
was synthesized by acid-catalyzed isomerization of epoxy-ketol E. This reaction led 
to a -1.9:7.4:1.0 mixturelo) of hydroxy-acetals F, G, and 1111) as major products 
CGLC., 5% Carbowax, 190", 2.5 m column; relative KT = LOO (F), 2.03 (G), 2.29 
(ll)]. Hydroxy-acetal F was separated from the synthetic mixture as a single stereo- 
isomer (CLC., OV 101,115", 50 m xO.3 mm capillary column), in the NMR. spectrum 
of which H(5) and H(6) appeared as a pair of doublets (J = 4 Hz) at 6 = 4.28 and 
3.80 respectively. This demonstratcs thc endo configuration of the hydroxypropyl 
sidechain (cxpectcd dilicdral angle N 20"). The e m  configuration was considcrcd to 
be the most probable for the isopropyl group, assuming that the isomerization of 
epoxy-ketol E (mainly as E-threo isomer El) followed the same stereospecific course 
as that of A1 to 9 (Scheme I) and led to IF;. In any event, formation of the alternative, 
highly crowded endolendo structure F2 would appear questionable. 

E F G 11 

El f E  - f hred 

e H 

12 

* H W" H 

13 01 
A11 compouncls are racemic. 

-_--. . . . . 

10) Quite diffcrunt ratins between compounds F, G,  and 11 can be obtainfd by altering the ex 
perimental proccdurc. 

11) This isomer has not so far bccn detected in tobacco. 
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Synthetic and natural hydroxy-acetnl F exhibited idcntical mass spectral2), 
which clearly differed from those of cithcr C(4)-cpimers of exo-Z-(l-rnethyl-4-iso- 
propyl-7,8-dioxabicyclo[3.2. I] oct-6-y l) -propan-2-ol ( 12 arid 13) synthesized below. 

6b. Non-rtatzcral cxo-2-( 7 -metlzyl-4-iso~vopyl-7,N-dioxabicyclu[3.2.1 ]oct-O'-yZ)-$ropun- 
2-01s (12) and (13), needed to make certain the endo configuration assigned to natural 
hydroxy-acctal F, were synthesized by allowing tnethylmagnesium bromide to react 
with exo-(l-metl~yl-4-isopropyl-7,8-dioxabicyclo~3.2.1 Ioct-6-yl) methyl kctone (B) 
(as a -3:l B1/B2 mixture). This reaction aifordcd a -7:3 mixture of cpimers 12 
and 13 in 90% yield [GLC., 5% Carbowax, M O O ,  2.5 m coluniti; relativc KT = 1.00 
(13), 1.25 (12) I. Each isomer proved to be homogericous (GLC. on a capillary column) 
arid was cxdmincd by NMR. in the presence of ll;u(fod)38). The isopropyl rncthyl 
protons exhibited relative paramagnctic shirts quite analogous to those observed in 
the related pair of hydroxy-acetals C1 and C213) described in Section3, and were more 
deshielded in epirncr 13 (Fig. 2). This led us to assigri thc e m b l e m  configuration to 
this minor epimcr. Incidentally, the exo/exo isomer 12 apycared to bc thermodynanii- 
cally preferred since it was selectivcly fnrrricd via acid-catalyzed isomerization of a 
mixturc of hydroxy-acctals G and 11 under relativcly drastic conditions (see cx- 
perimental part), 

The mass spectra of both exo-epimers 12 and 13 were clearly different horn that 
of the natural endo hydroxy-acetal F. 

- 
-A 

PPm - 
5 ,  

4- 

3-  

2, 

1 -  

0.1 0.2 0.3 a4 0.5 0.6 
Molar ratio Eu(fod&/substrate 

Fig. 2. NMR. lantbanide-indaced shafts ,/oy hydraxy-metals 12 and 13 

18) IIydroxy-acetal B has also been idcntificrl in Turkish tobacco [12]. 
13) Fig. 2 suggests that complcxation of epimcrs 12 and 13 by Eu(fod)a took place on both the 

acetal group and the relatively hindcred OII function. This not unexpected hehaviour [I31 
does not appear to upset the relative paramegnctic shiIts exhibited by the isopropyl group in 
these compounds. 

118 
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7.3,3,5- Trime~kyt-8-isopro~yGB. 9-dioxabicyclo[,3.3.7]nonan-2-ol (G), isolated from 
Rwrley tobacco condansate4) subfraction B3-YN-h5), was obtained together with 
isomers F and 11 as described in Sectiolz 6a. Synthetic G melted at 67" and proved 
to be a single stereoisomer (GLC., OV 101, 115", 50 m x0.3 mm capillary column), 
the most probable configuration of which should be GI (ex0 OH), assuming that this 
compound resulted from kinetically-controlled isvmcrization of El or Fl without 
steric inversion at C(2). The chairlboat conformation shown appears to fit our NMR. 
data best (11,~ = 3 Hz, corresponding to an expected dihedral angle of ~ 1 2 5 ~ ) .  

Synthetic and natural hydroxy-acetal G presented identical mass spectra. 
8. (E)-5-lsopropyl-nolz-3-ene-2,8-diol (H) was isolated from Burley tobacco con- 

densate4) subfraction B3-PN-is) and synthesized by lithium aluminium hydride 
reduction of norsolanadione (2) (yield 60% after purification by chromatography). 
Natural and synthetic diol H exhibited identical IK.. mass, and NMR. spectra. 

9. 5-Isopropyl-lconune-2,8-~~ol (I), identified in subfraction B3-PN-iS) was 
synthesized by catalytically hydrogenating norsalanadione (2) to 5-isopropylnnnane- 
2.8-dione (14), and reducing the latter by lithium alurninillm hydride (overall yield 
79%). Natural and synthetic did  I exhibited identical IR. and mass spectra. 

10. (E)-5-lsopo~y/-8-loydroxy-nolt-6-en-Z-~~e (J) was isolated from subfraction 
B3-PN-is) and synthesized by lithium aluminium hydride reduction of norsolana- 
dione-monoacetal 3 followed by acid hydrolysis (yield 9h%), Natural and synthetic 
ketol J exhibited identical IR., mass, and NMR. spectra. 

H I J 

1 14 15 16 

K 

F 
17 

11. 5-lso~ropyl-g-hydroy-nol~n-2-one (K) occurred in subfraction B3-PN-is) and 
was prepared by lithium aluminium hydride reduction of the monoethylene acetal of 
5-isopropylnonane-2,S-dione (14) followed by acid hydrolysis (yield 34% after 
purification by chromatography). Natural and synthetic ketol K had identical IR. 
and mass spectra. 

12. ( E ) - 3 - l s o p r o p y l - 6 - m e ~ ~ y l - ~ ~ ~ ~ ~ - ~ , 6 - d i - I - o l  (L) was isolated from B d e y  
tobacco condensates) subfractions €32-PN-f, -g, -114). and B3-PN-f, -9). Dienol L was 
synthesized via successive Baeyer- Villigfir oxidation and acid hydrolysis of 2-iso- 
propyl-5-oxo-hexanal monoacetal 16, Wittig reaction of the resulting acetoxy-al- 
dehyde 17 with PhsP=CH-C(CH+CH#, and alkaline saponification. The overall 
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yield was low (-15v0), because the acetal group in 16 was partly oxidized to an ester 
during the Baeyev-ViZZigev reaction [14]. Natural and synthetic dienol L exhibited 
identical IR., mass, and NMR. spectra. 

Experimental Part 

The spectra were obtaincd with the instruments already dcscribed 1151 (the mass spectra 
were measured at 70 eV, inlet temperature 150'; the NMR. epcctra were mcaeured in CUCls unlcss 
otherwise stated). The GLC. separations were pcrformed on gas chromatographs Acrogmfilr, Model 
1820-3 (Varian Aevogvaph AG). and Carlo Erba, Model 2301 AC. All liquid/solid chromatographic 
separations were carried uut using 0.05-0.2 mm silica gel for column chromatography (McrcR A C ) .  
The melting points are not corrected. 

1. 2-Zsopropyl - l i -oxo-ku~~ (15). Methyl vinyl ketone (5.0 g, 71.5 mmol, in 10 ml anhydrous 
ether) waa added over 45 min at - 2" to a stirrcd solution of 1-pyrrolidino-3-methyl-1-butcne [lo] 
(9.0 g, 65 rnmol) in anhydrous ether (50 ml) (nitrogcn atrnospherc). The rcaction mixture was set 
aside for 24 b at.2Oo. Water (1.95 ml) was added with stirring, followed by sufficicnt 6~ HCI (about 
11.2 ml) to adjust the pH of the solution between 5 and 6 [17]. hftcr 1 h additional stirring at 20" 
under Na. the mixture was extracted twice with ether and the organic layers washed successively 
with 1 % hydrochloric acid (1 x , quickly), 5% sodium hydrogencarbonate (1 x ), and brim. 'tkual 
work up and rapid distillation afforded 6.6 g (65%) of 2-isopro~yl-5-oao-)exanal (15), b.p. 47-49"/ 
0.001 Ton; dto = 0.940; nf,' = 1.4401. - IR. (neat, bands with decreasing intensities) : 1715,1.360, 
2900, 2730 crn-l. - MS. : m/e 43 (base peak), 58, 138 (M-18), no discernible parent ion. - NMK. 
(CClr): O.% (6H, d,  J =I 6 ) ;  2.07 (3W, 5 ) ;  1.5-2.6 (6H, m ) ;  9.55 (IH, d. J N 2). 

GHlaOs (156.22) Calc. C 69.19 1.i 10.32% Found C 69.46 I1 10.12% 

2. N w s o l u ~ d i m s  (2). A mixture of 2-isopropyl-5-0x0-hexanal (15) (10.1 g, 64.7 mmol), tri- 
phenylphosphhe-acetylmethylidene [18] (22.2 g, 69.7 mrnol) and anhydrous bcnzene (75 ml) was 
refluxed for 4 days under nitrogen. The solvent was removed in vacuum, the residuc taken up in 
about 200 ml of light petroleum, and the precipitated triph.enylphosphine oxide removed by 
filtration. The solution was evaporated to dryncss and the rcsiduc distilled (0.001 Torr) : Fr. 1, 
b.p. 50-70". 1 g: Ft. 2, b.p. 70-84", 10.9 g. CLC. indicated Fr. 2 to bc 94% pure norsolanadione (2)  
(yield 80%). After a further distillation, 2 had b.p. 74"/0.001 Tom; diO = 0.940; nbo = 1.4704. - IH. 
(neat): 1675, 1710, 1250, 1360, 1620, 1160, 985 cm-1. - MS.: 43 (base peak), 97, 178 ( M - U ) ,  no 
discernibleparent ion. -NMR. (CC4): 0.89 (3H, d ,  J = 6.5);  0.93 (3H, d ,  J = 6.5); 2.04 (3H. s); 

I' = 8) .  GLC. indicated the product to bc homogeneous (Ucan HI? 5100, 160°, 50 m x 0.3 m m  
capillary column). 

~ I H S O O S  (196.29) Calc. C 73.43 H 10.27% Found C 73.67 H 10.32% 

2.17(3H,s);2.36(ZH,t,] -7?);1.4-2.6(4H,m);S.IH)(lH,d, J =16) ;6 .52 (1H,dxd ,J  I. 16, 

3. ( E ) - 5 - ~ ~ o p r o ~ y Z - 8 - c t h y ~ ~ r ~ ~ o % y - n o * - 3 - e ~ - 2 - ~ ~ e  (3). Regio-selective monoacetalization 01 
nomlanadione (2) was carried out as formerly dcscribctl [1 j. yielding 74% of 95% pure 3. 

4. (E)-5-lso~o~~Z-8-~~ydro~~y-non-6-cn-2-arc (J). Norsolanadione-monoafetal 3 (4.50 g, 95% 
pure, 17.8 mmol, in 50 ml anhydrous ether) was addcd over 50 min at 20" (water cooling) to a slurry 
Of lithium aluminium hydride (0.455 g, 12 mmol) in anhydrous ether (30 ml). Aftcr 4 h furthcr 
stirring. sufficient moist ether was added to destroy cxcess hydride and the mixture was quenched 
with ammonium chloride solution. Usual work up afforded 4.5 g ul an oil that was hydrolyzed by 
overnight stirring at 20" with ether (50 ml) and 5% sulfuric acid (50 ml) under nitrogcn. The 
rMUlting product was chromatographed on silica gel (LOO g) using EtOAc/benzenc 5:95 as initial 
eluent. Ketol J (3.4 g, 96%) was eluted with EtOhclbonzcne 2:3 and had b.p. 8O0/0.001 Torr; 
d r  = 0.9%; n e  = 1.4608. - IR. (ncat) : 1710. 1360, 975, 3450 cm-1. - MS. (m/e (% relative abun- 
dance)): 43 (100). 55 ( l l ) ,  71 (20). 74 (P), 95 (IS), 107 (11). 122 (7), 131 (J), 180 (1) (M-1.9). no 
dkernibleparention.-NMR.:0.85(3H.d,] =6 .5 ) ;0 .90 (3H,d . j  =6.5);1.29(3Hd.J = 6.5) ;  

GaHmO!j (19830) Calc. C 72.68 H 11.18% Found C 72.89 H 11.34% 

1.0-2-0 (5W m); 2-13 (3H, s); 2.40 (214. t ,  J = 7) : 4.30 (1 H, WZ) ; 5.45 (2H. m). 
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5. (E)-3,4-lipoxy-5-isopvo~yl-nonana-2.8-dione (A). Norsolanadivne-riionoacet;al 3 (10.2 g, 
95% purc, 40 mmol, in 125 ml anhydrous ether) was rcdbccd 1)yIitbiurn aluminium hydride (1.14 g, 
30 mmol, in 75 ml anhydrous ethor) as describcd above, cxcept that the f i n d  acid hydrolysis was 
omittcd. Therc was thus obtaincd a h a t  10 g o f  crudc hydroxy-acctal 4, a samplo of which had, 
after G 1x3. purification siliconc oil, 20O0, 2.5 m ctiluinri), I l l .  (CCl4) : 1050, 1365,965,3450 mi-1. 

- MS.: 43, 73, 87 (base pcak), 227 (M-15), no disccrnihlc parent ion. - NMK. (CC4) : 0.90 (GH, n) ; 

Crude hydroxy-acetal4 (10 g, - 40 mmol) was adtlcd to a solution of vn-chloropcroxybenzoic acid 
(20.4 g, 85% purc, 100 rnmol) in chloroform (380 ml). The mixture was sct aside for 24 h a t  20", 
thc solvent rernoved in vacuum, €hc residue taken u p  in light petroleum, and thc Iiltcred solution 
washed with 5% sodium carbonate axid brinc. IJsual work up dforded 11.2 8; of crude (E)-3,4- 
epoxy-5-isopropyl-S-cthylcnedioxy-nonirn-2-al (5). This product was stirred €or 2 days at 20° with 
manganeac (112 g, prcviously activated for 20 h at 120") in tolucne (980 ml) under 
nitrogen. 'llic mixture was filtercd, evapcirated to tlryness, thc residuc: was takm u p  in clioxan 
(100 ml), 25 ml of 3% sulfuric acid wcre added, and the solution was abandoned overnight at 20". 
I t  was then dilutcd with water (400 ml), saturdtcd with sodium chloricle, and cxtracted twicc with 
ether. After washing the organic laycrs with brine, usual work lip afforded - 7 g o f  a crude product 
which was chromatographcd on silica gel (140 g). Relatively unpolar impurities wcre eluted f i rst  
(with cthcr/light petroleum 1 :9 to 1 :4), Eollowecl by 5.92 g (69%) of (E)-3,4-@-~xy-5-isopvopyyE- 
~onarre-2,8-diune (A) (with cthcr/light petroleum 1 : 1). This conipnund had t1.p. S0"/0.001 Torr; 
dt0 = 1.010; n g  = 1.45M. - IR. (CCl4): 1700, 135S,1.240,1160,1410,860 cm-1. -MS.: 43 (IOU) ,  
55 (ll), 71 (5),  85 (18.5), 97 ( 4 4 ,  100 (4), 123 (3.5). 151 (<:l), 169 (IM-43) ( < l ) ,  no disccrniMo 
parcnt h n .  - NMR.: 0.95 (3'tI, d , J  - 7); 0.97 (3H, d, J - 7); 1.0-2.0 (41f. m);  2.09 (3H, s); 

C&suO3 (21.2.28) Calc. C 67.89 H 9.50% Fmnd C 68.10 H 9.73% 

TXketo-epoxide A wa.5 a ry 1. : 3 mixture of diastc:rcoisomers A2 and A1, as cvidcncecl by G1.C. (OV 
101, 125O, 50 m x 0.3 inIn capillary column) arid by NMR. : both CHaCO- signals at 0 = 2.09 and 
2.18 werc split iu the prcsencc of Eu(fod)s8). 'Kliesc isomcrs could bc scparatcd by prcpwdtive 
GLC. using thc conditiom indicated in thc tliecirotical part (ssctzon I). 

Threo-(E)-d, # - ~ ~ o x y - 5 - i u u ~ ~ o ~ y ~ - ~ o ~ ~ f l ~ - 2 , 8 - d i o n e  (A],). IR. (neat) : 1700, 1355, 1240, 1160, 

no discernible parent ion. -- NMK.: 0.Y4 (31.1, d, ./ - 7);  0.97 (311, d, ./ - 7); 1.3-2.0 (4H, m); 
2.08(3H,s);2.17(3H,s);2.63(21I,t,J = 7 . 5 ) : 2 . 8 8 ( l l S , d ~ d , J = 8 , J " ~ 2 ) ; 3 . 1 . 7  ( l ' l I , d ,  ./ s! 

Erythro-(E)-3,4-e~o~y-~-- isopro~~~-~onu~e-Z,  8-&0'ia?z~ (As). IK. (noat) : 1.700, 13.55, 1240, 11 60, 
1410. 865 cm-1. - MS.: 43 (loo), 55 (12), 71 (6) ,  85 (13), 97 (8), 109 (6) .  123 (4.3, 151 (1.5), 169 
(h), no discernible parent ion. - NMK.: 1-00 (6t1, d. J = 7) ;  1.3-2.0 (4H. m); 2.08 (3H, 5 ) ;  2.17 
(3H, s); 2.48 (211, t ,  ./ - 7.5); 2.92 ( IH,  d x d ,  

6. Exc1-(7-MethyZ-~--iso~ropyC7,d-d~onabicyclo[3.2.~~oct-6-yl) methyl Retonr (B). (E)-XCEpoxy- 
5-isopropyl-nonane-2,tl-dionc (A) (as N 1: 3 mixture o f  A2 and Ai) (0.50 g, 2.35 tnmol), in tolucnc 
(10 ml), was stirred at  SO-90D with fi-tolucnesulfonic acid (20 ~ng)  uIidcr nitrogcn. Aftcr 4 h ,  a 
scconcl portion of 20 mg of 9-toluenosulfonic acid was added a t 1  thc etirriilg at 80YO" rcsunlcd IOT 
furthcr 3 h .  Usual work up (cthercal extraction, S o / ,  sodinin hpdrogcncarbonato washings) and 
distillation aiIordcd 0.315 g (S30/,) oi 95"/, purc keto-acxtal B. Rcdistillcd, this compound had b.p. 
B5"/0.001 Torr; dy = 1.032; n g  . 1.4608. - IK. (CClr): 1700. 137.5. 1345, 1025, 1190, 840, 1165, 
1220 cm-1. -- MS.: 43 (loo), 5.5 (12). 71 (8 .5 ) ,  81 (13), 39 (ZO), 1.09 (Y), 127 (5 ) .  141 (4), 169 (38), 
very weak parent ion at m/e 212. - NMR.: 1.00 (6H, m) : 1.57 (311, s); 1.2-2.0 (6F1, n ~ ) ;  2.25 (3H, 
s); 4.25 (114, 5 ) ;  4.55 (IH, narrow m). 

C;~zI12uc)3 (21 2.28) Calc. C 67.89 11 9.50% Pound C 67.70 1.1 9.62% 

CLC. (OV 10.1., 11 5", 50 m x 0.3 tnm capillary column) idcatet i  that kcto-acctd B was a .- 1 : 3 
mixtnre of CpiiklcrS Bz and El [relative RT = 1 .00 (Bl), 1.01 (Ba)J, a rcsult that was ccinfiniic:d by 
measuring its NMR. spectrum in the prcsencc of Eil(fOd)3*). 

1.20 (3H, d, J 2 6); 1.20 (3H, S); 1.0-2.3 (7H, m ) ;  3.80 (4H, s ) ;  3.W.5 (1.11, m); 5.35 (211, m). 

2.18 (3H, 9); 2.65 (2H. t, J i 7.5); 2 8 5  ( lH ,  d x d ,  J = 8.5, J' 2); 3.20 ( lH,  d , J  2). 

1410, 860~111-1,.--MS.: 43 (loo), 55 (Il), 71 (5). 85 (lo), 97 (4.5), 109 (5), 123 (6). 151 (2), 169 (l.S), 

2) - 

=- 8, J' 2: 2); 3.16 (1.14, d ,  J N 2). 

.- - 
14) Merck AG. 
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7 . ~ x ~ d - (  I-n/lethyl-U-z'aopropyl-7. R-d~oxuhi[;~t:111r,7.2.7 ]oct-b'-yl) - a 6 k a ~ i ~ l  (C) . Sodium borohytlritle 
(10 nig, 0.26 rnmol) was atlrlcrl to  a solution of kcto-acetal B (1.00 ing, 0.47 mmol, m a - 1:3 
mixture of Ba and Ill) irl mc:tlianol (3 nil). hftcr 3 h at Z O O ,  thr so1vc:nt was rcmovr:cl and t.hc rcsiduc! 
taken up in 10% hydrtxhloric x i d .  Usual work up (cth(:rcal cxtraclion, 5% sodium bydrogen- 
carbonate washings) affordcd a ncarly quantitative yicltl of a 2.2:ti: 1 : 1.9 rnixturc ol stevsoisnnzevic 
hydrtroxy-accluls C1 -Ca. l'hcs;c isomcrs WCI-C scparatc:tl by C.; l.C. as inilicatcd in the thcorctical part 

Hydroxy-ucetal C1. MS.:  43 (100). 55 (13.5), 69 (8 .5 ) .  82 (17.5), 99 (15.5), 111 (13.5). 129 (32), 
159 (Xi), 171 (13.5). notlisccrriiblcparcntion. NMR.: 1.00 (311. d, .I = 7); 1.05 (3H, d,  .I .i 7); 
1.19 (311, d .  J - 0 ) ;  1.18 (3I.1, s); 1.35-2.20 ( O H ,  m); 2.54 (1.11, d, J 'c 2, OH); 3.74 ( Z H .  nt);  
4.30 (1 I I ,  broad s). 

Hydroxy-acclul Cz. MS.: 1.3 (loo), 55 (14), G!) (3 l ) ,  82 (22), 99 ('1.7.5), 111 (16..5), 128 (33). 160 
( 3 4 3 ,  I71 (13.5). no  tlisccrniblcparcnt ion. - N M N . :  0.92 ( 6 1 1 ,  narrow m ) ;  1.15 (3H, d, ,T = 7); 
1.48 (3H, s); 1.3 2.0 (011, m ) ;  2.58 (lH, d, J N 2, OH): 3.75 (21-1, m);  4.25 ( lH,  broads). 

Hydvoxv-cccctal Cs. R1.p. 45"; NMH.: 0.98 (011, pseudo t ,  J y~ 6.5 Hz);  1.18 (3H. d ,  J I- 0 ) ;  
1.42 (3H, .s); 1.81 (111, d, J = 4, OH); 1.3-2.2 (BH, P I ) ;  3.80 (ZH, m); 4.49 (1 H, broad s) .  

Hydroxy-acrlulC4. M . p .  102-103O; NMR.: (1.90 (6H, pseudo 1, A= 5 ) ;  1.21 (3H, d ,  J ' 7 6 . 5 ) ;  
1.46 (311, s); 1.1-2.0 (61.1, i n ) ;  1.85 ( IH,  S, 011); 3-85 (211, nt);4.49 (ll.J, broads). 

8. (l<)-.%f soprop-yl-X-hytlroxy-X-msthyl .nola-(i-en-2 m a 8  (D) . Norsolanadione-mtiIloacetal3 (4.5.; g, 
95% p y e ,  18 mmol) in anhydrou:; cthcr (20 nil) was atltlcd a t  20' to  a stirred solution of mcthyl- 
magnesium bromide (40 mmol, in 60 in1 anhydrous elhcr). After 1 h rcfluxing, tho mixturc was set 
aside ovcrnight at 20". quenched with chilled, saturatcd aiiiinoniurri chloridc solution, and workotl 
Ilp US Usual. 'I'hc rcsultiIkg product was iakon up in 40 in1 o f  dioxa11/3% sulIuric acid 2:1, tho 
solution was stirred ovi:rrii#ht at 20' undor nitrugen, $aturatcil with sodium chloride, and extractctl 
with cther. This aflortled 4.3 g of crude ll that  was chrtri~~nto~raptied on silica gcl (8.5 g), using 
cthcr/light pctrolcuni 1 : 4 as starting cluent. Ketol D W:I.S el tittic1 with piirc ethcr aftcr miscellaneous 
impuritics. This acid-scnsitivc SubstiLIIct was cautiouely clislill(:cl over a small ~mnu111. of solid 
sodium cart)onatc: b.p, 8So/0.001 I'nrr, 3.06 g (80%). h saniplc furlhor purified b y  GLC. (5% sili- 
cone oil, 200", 2.5 m column) had d%,O =. 0.917 ; n F  -- 3..4hO0.- I R .  (CCl4) : 1700, 1 355, 'Wig, 1 1 SO, 
1450, 3450, 1220 cm-1. - MS.: 43 (IOO),  5.5 (8), 60 ( IS) ,  H I  (7.5), 93 (34),  t09 (13.5), 121 (22), 136 
(17), 151 (2), 194 (64, no disccrniblo parcnt ion. ... NMK. ((:C14) : 0.83 (3H,  d ,  = 6) : 0.88 (3 H, 

5.40 (2H, m). 

(SbCfitJH 3) .  

(2, J' - 6); 1.22 (611, s); 1.3-2.0 (4N, W Z ) ;  2.03 (3H. s); 2.30 (211, t. J 6.5): 2.53 (1 H, S, 011); 

C13HY.2(.)2 (212.33) Calc. C 73.53 11 11.39% Found C 73.28 H lJ,.ZOYu 

9. (E) ~5-Iso~vo~y~-6,7-epoxy-8-hyd~ox,~~-h-~neth~~l-~~o~~u~-Z-ona (E). A mixture of ketol D (2.% g, 
13.9 nirnol) ant1 m-chloropcroxyheneoic acid (3.4 g.  85% purt:, 16.7 nimol) in chloroform ("I nil) 
was dlowcci to stand for 3 clays at 20". Aftr:r soIvt:nt rcrrioval in vacuum, the product was takcn up 
in light pctroleum, the solutiori was Ii1tcrt:tl and wvashctl successively with 5% sorlium carbrinalc 
(2 x ) and brinc (3 x ). The crude prodact (3 g) rcsulting from t h e  usual work up was chromato- 
graphed on silica gcl (60 g )  using cthcr/light pctroleum 1 :4  as starting clucnt. 15poxy-ketoE E. 
cluted with yurc cther. rcyrescntacl 2.51 g (73%,), b.p. 100"/O.OOl Trim. A sample further purifirxl 
by GLC. (5% silicone oil, ZOO", 2.5 m colurrinl hat1 d:' 4 0.990; n;" = l.4572, - l.H. (neat): 170.5, 
1360, 1160, 3500, 905 cm-1. - MS. : 43 (100). 59 (3O), 69 (18.5). 81 (20!, 97 (23), 112 (18), 1.23 (2.5). 
139 (3), 169 (<: l), no disccrniblc parcnt ion. - NMIC.: 0.95 (6H, d, ,I = 7); 1.25 (311, s ) ;  1.29 (3H, 
s ) ; 1 . 4  2.0(5H,m);2.15(3H,s);2.G2(2H,~,J -8),2.Ci7 ( 1 . 1 1 . d , J ~ 2 ) ; 2 . H 2 ( 1 H , d x d , J  = 9, 

Ci~Ha4C)a (228.33) Calc. C 68.38 H 10.59:il Found C 68.41. H 10.570/, 

GLC. indicated cpoxy-ketol E to  be a N 1 :9  rnixture of tliastcreoisorners (seu: theoretical part, 

10a. Endo-2-(l-MethyEyl-Q-iso~rop~l-7, X-d~oxu~ic~cEo~,3. ,7 .1 ]oct-6-yl)-~rr~pan-Z-oZ (F). A rnixture 
of epoxy-ketol E ,(25 mg), anhydrous tolusnc: (0.5 ml) and p-toluencsulfonic acid (0.5 rng) wits 
hcdted at 80" for 2 h under nitrogcn. Aftcr sliming with some solid sodium hydrogencarbonate, thc 

J' N 2). 

SeGtion 5). 
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solution was filtercd and evaporated t o  dryncss. C1.C. (5% Carbowax, 190", 2.5 m column) in- 
dicated that the rcsulting product was a mixture of threc: major constituents, each of which gave a 
singlepcak,upon re-injection on a capillary column (i>v 101, 115". 50 m x 0.3 mm). Hydrozy-MetaS 
F had the shorter RT (sec theorctical part, section 6a) and w;ls collected: IR. (CC14): 1030, 855, 
1380, 1165, 1250, 1465, 3500 crn-l. - MS.: 43 (loo), 59 (51). 71 (13.5), 82 (30), 97 (52.5), 112 (8), 
125 (6), 141) (31.5), 169 (32), no disccrniblc parent ion. - NMH.: 1.00 (6H, d ,  J = 6.5); 1.23 (3H, 
s); 1.37 (3H, s); 146 (3H, s); 1.3-2.3 (633, m); 213 (IH, S, OH); 3.80 (lH, d ,  J = 4); 4.28 (1H. 
br. d ,  J = 4). 

lob. Exo-2-(7-Methyl-4-iso~~o~yL7,8-dio~ubicycl0[3.2.~]oct-6-y~)-~ro#an-2-oki (12 and 13). 
Mcthylmagnesium bromide (4.5 mmol, in 10 ml anhydrous ether) was added to a stirred solution 
of kcto-acctal B (0.85 g, 4 mrnol, as a - 1 :3 mixture of BS and BI) in anhydrous ether (5 ml) at 
20°. After 1 h refluxing, the reaction mixture was quenched with chilled, saturated ammonium 
chloride solution, cxtractcd with ether, and the product distilled: b.p. 70°/0.001 Torr, 0.82 g (90%). 
GLC. indicated that it consistcd of a - 7:3 mixture of cpimers 12 and 13 (see theoretical part, 
section 6 b) . 

Hydroxy-acelall2. - IR. (neat) : 1020, 1380,1170, 855,1200, 1140,3500 cm-1, - MS.: 43 (loo), 
59 (31.5). 71 (10). 82 (17), 97 (18). 112 (14). 125 (13..5), 143 (18).  169 (43). 185 (1.5), no discernible 
parention.-NMR.:0.95(6H,pseudoI,J =5);1.19(GH,s);1.47(3H,s);1.1-2.0(6H,m);2.10 
(1H. S, OH); 3.82 (lH, s); 4.38 (1H. br. s). 

lfydroxy-acefal13. - IR. (neat) : 1380. 1020,845, 1240, 1160. 1460, 3475 cm-1. - MS.: 43 (1 00). 
59 (36), 71 (11..5), 82 (17), 97 (19). 112 (13). 12.5 (17.5), I43 (21), 160 (45), 185 (3). no disccrniblc 
parent ion. - NMR.: 1.01 (6H, pscudo t, J = 6; 1.20 (611, 5 ) ;  1.45 (3H. s); 1.3-2.2 (6R, m); 2.06 
( lH,  s, OH); 3.80 (lH, s); 4.4-4 (lH, br. s). 

11.3,3.5-T~imethyZ-8-i5o~ro#yi-4,0-dzoxabicyc~o[3.3.7]nonan-2-oZ (G) . This compound was 
obtained togcther with isomers B and 11 by acid-catalyzed isnmerization of epoxy-kctol E (sce 
theoretical part, sectaolr 6a). M.p. 67". - IR. (neat) : 1025, 1180, 1155, 1375, 56.5, 3475 crn-1. - MS.: 
43 (100). 55 (14). 70 (21), 81 (32.5), 97 (15.5). 112 (57), 127 (12). 170 (ll), 185 (< 1)' no discerniblc 
parent ion. - NMR.: 0.97 (6H. pseudo t ,  J - 6); 1.28 (3H, s); 1.36 (3H, s); 1.47 (3N, s); 1.1-1.9 
(6H. m); 2.05 (IH, d, J = 8, OH); 3.56 ( lH ,  d x d ,  J = 8. J' = 3): 4.05 (lH, br. s). 

CldI&a (228.33) Calc, C 68.38 H 10.52% Pound C 68.43 H 10.72% 

12.3-Zsopropyt-6-msthyl-7, %dioxobicyclo[4.2. I]nora~-2-ol (11). This non-natural hydroxy- 
acetal WW obtained togcther with the natural isomcrs P and G by acid-catalyzed isornerization 
of epoxy-ketol E (see above and theoretical part, secticwt 64. 
' Hydroxy-acetaZl1. - IR. (CCl4) : 1210, 1370, 1160, 1020. 975, 1060, 3475 cm-1. - MS.: 43 (100). 
55 (13), 72 (42), 83 (34), 101 (38), 143 (21). 186 (6.9, no disccrnible parent ion. - NMR. : 0.82 (3 H, 
d, J = 7); 0.95 (3H, d,  J = 7); 1.38 (GH, s); 1.47 (313, 5 ) :  1.1.-1.9 (611. m); 2.12 (lH, m); 3.72 
(1 H, pseudo 1, J = 8.5);  4.10 (1 H, s). Structure 11 was confirmed by decoupling experiments. 

13. Acid-mldyzed isomeriau~ion of hydroxy-aceials G and 11. A 3: 2 mixture of hydroxy-acctals 
G and 11 (120 mg) was heated for 48 h at 80° in 1 ml tolucne containing 10 mg of p-toluenesulfonic 
acid and 40 mg of water (nitrogcn atmosphere). After ncutralization with solid sodium hydrogen- 
carbonate, solvent removal aJld distillation under 0.001 Torr, there was obtained 87 mg (72.5%) 
of a product consisting of 77% of starting hydroxy-acetals G and 11 in a practically unchanged 
ratio, and of 23% of 6~0-2-(1-methyl~-isopropyl~7,8-dioxabicyclo[3.2.l]oct~yl)-propan-2-0~ 
(12) [identification by NMR. and GLC. (5% Carbowax, 200", 2.5 m column)]. 

14. (E)-5-Zsopvopyl-ron-3-ce-Z, &did (H). Norsolanadionc (2) (19.6 g, 100 mmol. in 80 ml 
anhydrous tctrahydrofuran) was addcd at 20° to a stirred susponsion of lithium aluminium hydridc 
(2.85 g, 75 mmol) in anhydrous ethcr (160 ml). Aftcr further addition of 80 ml of anhydrous tetra- 
hydrofuran, thc mixture was stirrcd for 2 h at zoo, pourcd into an excess of ammonium chloridc 
solution, and subjectcd to usual work up. The crude product was distilled @.p. 50-101"/0.001 Ton. 
18.8 g) and chromatographod on silica gel (360 g) using cthcrllight petroleum 4 : 1 as starting eluent. 
Bio lH (12 g, 60%) was elutcd with pure ethcr: h.p. 102°/0.001 Torr: 
IR. (,neat): 3360, 1365, 1060, 970, 1120, 1455 cm. 1. - MS.: 43 (100). 55 (351, 69 (29). 71 (331, 81 

= 0.927: n r  = 1.4645. 
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(24), 95 (14), 109 (12), 139 (lo), no discernible parent ion. - NMR. (CCl4) : 0.85 (6H, m);  1.13 (6H. 
pseudo I, J = 6); 1.0-2.0 (6H, m); 3.50 (3H, m); 4.15 (lH, m); 5.33 (2H, m). 

CLIH&$ (200.32) Calc. C 71.95 H 12.08% Found C 72.03 H 12.01% 

15. ~-ls0~ropyl-rronu#~-2.8-diol(~). Norsolanadione (2) (1.96 g. 10 mmol, in 20 mi ethyl acetate) 
was hydrogenated at 20" under atmospheric prwurc  in thc presence of 1% mg of Pd/C (10%). As 
soon as the hydrogen uptake reached 0.99 equivalent ( M  30 min). the product was isolated, distillcd 
(b.p. 80°/0.001 Torr, 1.77 g), and chromatographed on silica gel (36 g). Pure 5-isopropyl-nonane- 
2,8-dione (14) was elutcd with benzenelcthyl acetate % : 5 :  c I i o  = 0.929; nF = 1.4501. - NMH. 
(CCla): 0.85 (6H, d ,  J = 6.5); 1.0-1.9 (6H, m); 2.05 (6H, s); 2.36 (4H. t, J = 7.5). 

C&#& (198.30) Cdc. c 72.68 H 11.18% Found c 72.59 H 11.26% 

5-180propyl-nonane-Z.S-dione(14) (2.5 g, 12.6 mmol, in 10 ml anhydrous ether) was added at 
20" to a stirred suspension of lithium aluminium hydridc (0.57 g. 15 mmol) in 20 ml of etherjtetra- 
hydrofuran 1: 1. After usual work up, there was obtained 2.3 g (90%) of 5-isopuopyl-rrolra~e-2.X- 
diol (I) : b.p. - 120"/0.001 Tort; di0 = 0.938; ng = 1.4631. - IR. (neat): 3360, 14G0, 1370, 1120, 
1065,935 cm-1. -MS.: 43 (96), 45 (QE), 55 (100),69 (93), 81 (66). 85 (70). 95 (26), 109 (19), 123 (19), 
141 (13), 151 (6), no discernible parent ion. - NMR. (CCl4): 0.85 (611, d, J = 6.5); 1.13 (6H, d,  J 

C ~ B H ~ O ~  (202.33) Calc. C 71.23 H 12.95% Found C 71.14 H 12.94% 
16.5-Iso~r~pyl-8-hyd~oxy-lconan-2-one (K). A mixturc of 5-isopropylnonanc-2,8-dione (14) 

(1.74 g, 8.7 mmol), ethylcneglycol (0.545 g, 8.7 mmol). and #-tolucnesulfonic acid (20 mg) was 
refluxed for l l / a  h in benzene (20 ml) (Dean & Stark separator). Neutralization followed by usual 
work up gave 2.2 g of a mixture containing the mono(ethy1ene-acctal) of 14 aa major component. 
This crude product was successively reduced with lithium aluminium hydrida (175 mg, 4.6 mmol) 
in ether at 20" (20 h). and hydrolyzed overnight at  20° in dioxan (20 ml) and 5% sulfuric acid 
(6 ml). The resulting product was chtomatographcd on silica gal (40 g), using bcnzene/cthyl acetate 
95:5 as starting eluent. Rccovercd dikctone 14 (490 mg) was first eluted with bemenelethyl 
acetate 9: 1, followed by 5-is~~prop~l-8-hydro%y-~onan-2-one (K) (600 mg, 34%) with a 4: 1 mixture 
of the 8ame solvents. Ketol K had b.p. - 90"/0.001 Torr; d:" 7 0.936; ng = 1.4589, - IR. (neat) : 
1705, 1360, 3450, 1460 cm-l. .- MS.: 43 (loo), 55 (28). 69 (34). 71 (27), 81 (20), 95 (13), 109 (10). 
125 (7). 143 (6). no discernible parent ion. - NMR.: 0.85 (6H, d, J = 7); 1.20 (3H, d,  J = 6.5); 
1.0-1.8 (9H. m); 2.15 (3H. s); 2.44 (2H. t, J = 8); 3.75 (lH, m). 

C13H14Clg (200.32) Calc. C 71.95 H 12.08% Found C 72.08 H 12.31% 
17. ( E ) 3 - l s o p r o ~ y 1 - 6 ~ e ~ h y ~ - ~ ~ ~ a - 4 ,  6-dim-I-ol (L). A mixture of 2-isopropyl-5-oxo-hexanal 

(15) (23.4 g, 0.15 mol, prepared as indicated in sectiorr 1 above), ethylene-glycol (15.4 g, 0.24 mol), 
and #-toluenesulfonic acid (150 mg) in benzene (150 ml) was refluxed for 30 min (Dean & S t w k  
separator). The product obtained after neutralization and usual work up was distilled under 
0.001 Tom: Fr. 1, b.p. 5 60". 0.5 g; Fr. 2, b.p. 6061', 21.2 g; Fr. 3, b.p. 65', 5.9 g; Ft. 4, b.p. 
65-75', 2.5 g. Fraction 2 represented 70% pure monoacetall6 (containing unreacted keto-aldehyde 
15 and its diacetal). A sample of monoacetal 16 purified by GLC. (5% Carbowax, lW", 2.5 m 
column) had IR. (neat) : 1710, 1120,1360 an-'. - MS. : base peak m/e 73, weak parent peak m/e 

2.46 (2H. t ,  J = 6.5); 3.80 (4H. m); 4.65 (1H. d, J = 4.5). 
A solution of monoacetal 16 (21.2 g, 84 mmol, containing - 20% of corresponding diacetal) 

and m-chbropcroxybenroic acid (52 g, 256 mmol. 85% pure) in chloroform (1 1) was set aside for 
12 days at  20" in the dark. The mixturc was evaporated to dryness in vacuum, the residue taken 
up in light petroleum, the precipitate removed tiy filtration, and thc solution washed with 5% 
sodium carbanatc (3 x ) and water (2 Y ). Thc crude product thus obtained (18 g) was hydrolyzed 
for 24 h a t  20' in dioxan (100 ml) containing 5% sulfuric acid (40 nil), isolated by ethereal extrac- 
tion of the solution saturated with sodium chloride, and distillcd: b.p. 50-65"/0.001 Tom, 6.5 g. 
GLC. (15% silicone oil, 200". 2.5 m column) indicatcd the product to be 53% pure acetoxy-alde- 
hyde 17 (yield 24%), containing starting keto-aldehyde 15 as major impurity. A sample of 17 
purified by GLC. had IR. (neat): 1740, 1720, 1240, 1370, 1035, 2730 cm-1. - MS.: base peak Iw/e 

= 6); 1.0-2.0 (10H. m); 3.34.4 (4H. m). 

200. -NMR. (CQ): 0.90 (3H. d, J = 6.5); 0.95 (311, d, J 5;; 6.5); 1.2-1.8 (4H. m);  2.03 (3H. s); 
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43, M-86 at m[e 86, no parent peak. - NMR. ( 0 3 4 )  : 0.(35 (311, d, J = 6.5) ; 0.99 (3H, d, J I: 6.5) ; 

A 14% solution of n-butyl-].ithiurn in hcxane (5.5 g, 12 mmol) was added ovcr 45 min. at + 6 /  
+ 10" to a stirrcd sliirry Of triphenylmethallylphosphonium chloride (4.65 g, 13 mmol) 11 91 in 
anhydrous ether (40 ml) undcr nitmgcn.. Thc rccwtion mixture was further stirred for 4 h at 20' 
and coolcd to -7O", when a solution 01 acctoxy-aldohytlo 17 (1.72 g, 5.3 mmoI, 53% pure) in 
anhydrous ethcr (5 ml) was added ovcr 5 min at t h i s  lempcraturc. AIter 3 h further stirring at 
- 50", the mixture was kept overnight at 20", yourcd inlo water, and subjected to usual work up. 
Tlle rcsulting crude product was thcn relluxed for 1 h in 50 ml of 1 N ethanolicpotassium hydroxidc, 
isolated again by etht:rcal extraction (1..5 g).  and chromatographed on silica gel (30 g). Sorno 
solanonc (1, raccmic) was elutcd firat with hmene. followed by ( E ) - 3 - i s o ~ ~ o ~ y Z - 6 - s n e ~ ~ y l - ~ ~ ~ ~ a -  
/1,6-dielp-l-ol (L) (579 mg. 65%, - 95% purc) with bcnzene/cthyl acctnte 4;l. lXenol Lha(1b.p. 
-GO*/O.OOl Torr; dp 5 0.883; n c  = 1.4805. - TK. (neat) : 960, 870, 3340, 1040,1360,1375, 14.55, 
1600, 3090, 1630 cm-l. - UV.: dmax = 230 nm (d = 24200, EtOlI). - MS.: 41 (56), 55 (39). 67 

1.93 (3H, S); 3.3-2.4 (4H, m); 3.96 (211, t,  J = 6); 9.57 (1.11, d, 3 = 1+5). 

{35), 79 (65), 81 (loo), 91. (69). 107 (78..5), 123 (18), 135 (7), 153 (4), 168 (25). - N M R .  (CCJ4): 0.85 
(311. d ,  J = 6); 0.89 (3H,  d, J - 6 ) ;  1.81 (3H, 3); 1.2-2.4 (4H. m); 3.47 (211, t ,  J == 6.5); 3.80 
(lH, S, OH); 4.81 (213, s ) ;  5.33 (lH, d x d ,  .I = 16. .I' = 8); 6.05 (1 [I, d, J = 16). 

C1.1HzoO (168.28) Calc. C 78.51 H 11.98% Found C 78.73 H 12.05% 
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