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179 (2.9), 137 ( loo) ,  136 (l5),  135 (22), 130 (7.1), 109 (5.8), 102 
(12), 77 (5.7); mass measurement by high-resolution mass spec- 
troscopy m/e 266.0807 (calcd for ClsHlrOe, 266.0790). 

A n a l .  Calcd for CI3Hl4O6: C, 58.65; H, 5.30. Found: C, 
58.80; H,  5.43. 

Hydrogenolysis of 7.-Lactone 7 (889 mg, 3.3 mmol) and 300 
mg of 10% Pd/C in CHsOH (50 ml) was treated with H2 (3.7 a t m )  
for 9 days. The solution was filtered and evaporated in vacuo. 
Chromatography of the residue on silica gel (Et20-hexane elution) 
gave 586 mg of an oil which, although homogeneous by tlc, was 
shown b y  nmr and uv spectra to be a mixture of 3 and another 
component, provisionally assigned as 8. Preparative tlc, pre- 
parative glc, distillation, and further column chromatography 
failed to separate the components, but an adequate separation on 
an analytical scale could be obtained by glc. Direct introduction 
of the glc column effluent into the mass spectrometer gave spectra 
of the two components.8 The spectrum of 3 was identical with 
the spectrum of trimethylated 1. The spectrum of the second 
component was consistent with the assignment as dimethyl 244- 
methoxycyclohexy1methyl)malate (8): mass spectrum m/e 288 
(0.9%, m . + ) ,  270 (1.3), 266 (13), 229 ( E ) ,  197 (77), 179 (l5),  165 
(16), 161 (16), 123 (72), 117 (36), 101 (34), 95 (%), 81 (1001, 71 
(78). 

Assay of Germination Inhibition .-The test consisted of placing 
100 Arenaria patula seeds on Whatman No. 1 filter paper in each 
of three Petri plates. Each plate was moistened with 5 ml of an 
aqueous solution of 1. Controls employed 5 ml of distilled, 
deionized H,O. After 2 weeks at 20" under a 12/12 photoperiod, 
germination counts were made. In a test using a 0.4 mM soh-  
tion of 1, germination in both the control and the test samples was 
7 5 % ;  however, with a 5 mM solution of 1,227, germination was 
observed as compared with 737, in the control samples. The 
latter represents an inhibition of 70%. 
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(8) A trace of a third component ( m / e  296) was observed; i t  is probably 
an ethyl analog of 7. 
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Many syntheses of eudesmane sesquiterpenes have 
been accomplished within the past 10 years.* Most 
approaches have involved constructing the bicyclic 
carbon framework of the decalin system via Robinson 
annelation reactions.2 Although such annelation re- 
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actions have been thoroughly studied and reviewed, 
they are often low-yield procedures which require sub- 
stantial experimentation before optimum conditions 
can be achieved, and they may be subject to atereo- 
chemical complications when substituents are present 
in either the i\lichael donor or the nlichael acceptor. 
Recently P-eudesmol, a simple member of the eudesmane 
class of sesquiterpenes, has been prepared via a stereo- 
selective nonannelation approach starting with a naph- 
thalene derivative. We have extended and generalized 
this type of approach so that various oxygenated (e.g., 
furan and lactone) eudesmane sesquiterpenes can be 
prepared stereoselectively from naphthalene precursors. 

Our primary synthetic effort involved developing 
a direct nonannelation synthesis of keto enol ether 1. 
This compound was attractive for several reasons: (1) 
the C-1 carbonyl group would allow epimerization (and 
possibly alkylation) a t  C-9; (2) the C-1 carbonyl group 
could be easily transformed into a variety of other 
functional groups (e.g., methylene or tertiary alcohol) ; 
(3) the masked C-6 carbonyl group would allow regio- 
selective alkylation of the trans-decalin system a t  C-7 ; 
and (4) the C-6 oxygen atom could be removed or in- 
corporated into furan or lactone rings as, for example, 
in atractylon (6)4 or alantolactone (7).5 We selected 
dienone 2 as immediate precursor to keto enol ether 1 
because dienone 2 is easily prepared from 6-methoxy-l- 
tetralone16 and it was expected to undergo a conjugate 
addition reaction with lithium dimethylcuprate(1) 
to  produce enol ether 1 (Scheme I) .7 

Dienone 2, prepared in 40% yield from 6-methoxy- 
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l-t,ctralonc,G \vas found to  be contaminated by about, 
6% of a conjugated dienone.8b9 

Conjugat.c addition reactions of organocoppcr rc- 
agents have been used effect,ivctly to attach a n-ide 
variety of hydrocarbon groups to the @-carbon atom 
of many typcs of cr,p-cthylciiic kctonesS7,lO Dienone 
2 ,  howctver, poses an unusual problem; thc C-5 hydro- 
gen atoms, which are allylic and vinylogously (Y t o  the 
C-1 carbonyl group, may be sufficiently acidic to bc 
abstrnctcd by thc organocoppcr reagcnt. I t  \vas 
gratifying, therefore, that  r~eactiori of dienonc 2 ui th  a 

of lithium dimotliylcupratc produccd con- 
jugstc adduct 1, which ~ V M  isolatod in approxiniatcly 
5OL;/c \.ictlti by prcparativc tlc u,qiiig gH 7 buffttrcd platcs. 
Tlic nitturc of  tho  rc~rnaiiiing matcrial formed i n  this 
rctact io i i  \vas clusivc; dcutcrium oxitlo qucnching of 
thc rciictioii i i i  tho hope of rccovering deutcratcddicrioiio 
2 Icd t,o adduct, 1 and fir1 unstable oil arid treating the 
crud(: rwct ior i  products with lithium dinicthylcugrato 
lcd to i i o  dramatic iricroaw in  the amount, of conjugatc 
adduct 1. I t  should bc noted that enolatct iona formcld 
via oi’g:iiiocoi)l)c1. conjug:itc a d d i t h  to crioiics have 
bccm tr:ippcd as (mol acotntcs and cuol silyl cthcrslOf ‘ I 1  

ivhich cim bc convctintcd to  litliium e n o l a t c ~ ; ~ ~ ~ ~ ~ ~  thus 
indirc!ct alkyhtjon ill c-9  may be j)ossibk. i 3 , 1 4  

To corifirrn tlic gross structuro of corijugatc adduct 
1, this liquid enol cttlicr \ Y ~ R  liydrolyzcd i ~ i  good yield 
to crystalline tlilici one 3.  1,ti-Dccnldionc 3 has not 
bccn rcl)ort,od prctviously. 

~~liciiyl~~lios~~hornnc’” lcd upon acidic \vork-up directly 
to ci ior ic  4, \\,liich had spcctral properties identical ~vi th  
those of cnonc 4 prepa r~ t l  previously by ,1Iinat,o and 
Iioribc.491fi l tcacthn of adduct 1 with mcthyllithium 
and t,hcn thionyl chloridc in lod directly to 
cnonc 5 ,  n.hicl-i had spectral data identical with those 
01 cnoiio 5 proparcd previously by Alarshall, Cohen, 
and €Tochs to t lc r .~~~~ 

r ’ . , ‘  1 icating conjugatc adduct 1 with mcthyleriet’ri- 

(8) A .  ,J, Ilirch nnd I<. 1’. l)aslur,  T e t r d i e d r o n  Lelt . ,  4196 (1972). 
(9) 31. V. I t .  I<otesu.ara llao, ( i ,  S. Khrishna Kao, and S. Dev, T e l r c i -  

h e d r o a ,  23, 1!)77 (1966). 
(10) Several orpanoeopger conjugatc additions to  octalones I I R V ~  lieen 

reported (a) A .  J .  13irch and K .  Roliiniion, J .  Chsm. Soc.,  501 (1943) ;  
( I , )  ;I, .J. I3ircli and hi. Smith. I’roc. Chem. Soc., London, 356 (1962): (c) ,J. 
A hIarsliall and 11. Roelike, .I. Org. Chsm.,  38, 840 (1968); (d) J. .1. Mar-  
shall, 11‘. I. Fantn.  and 11. Huelike, ibid., 37, 1016 (1966); (e) R. E. Ireland, 
31. I .  Llnirson, ,J, Hurdncr, and 11. E .  Ilickerson, .I. Amar. Chem. Soc., 92, 
25GR (1970); ( f )  1’. I’icrs, \V, 118 Xvaal, and 11. Rritton, ib id . ,  93, 5113 (1971); 
(a )  11. S. hIattlieirs rind II. Fi, Me tcye r ,  Chem. Commun., 1576 (1971) .  

(11) (a) I<. IIciislcr, J .  Kcl~rlc ,  C, Meystre, 11. Ueber\vasser., P. n’ielanil, 
Q .  Anner, and .I. Ivettstein, F l e h .  Chim. A c t o ,  42, 2043 (1899); (11) G. Stork 
nnrl r. lliidrlick. J .  Amer. Chem. Soc., 90, 4402 (1968). 

(12)  (a) 1.1. 0.  House, “R,Iodern Syntlietic Reactions,” 2nd ed,  tV. A. 
Hriijiunin. S e ~ r  Sork, S .  Y,, 1972, (:hapter 0; (I>) €1. 0. IIoiise, A’1. Gall, 
and 11. 0.  Olimsleud, J .  Ovn.  Chem., 36, 2361 (lt171),  and references therein. 

(13) 1)cpcnding on the stereocliemistry of C-9 alkylation, an ent,ry might 
lie avaiiulilr into t h e  cia-!~,l0-~iimetliplilecaiin system, w11icl1 is characteristic 
of valcranc smqiiiterpcnes. 

(1.1) El>oxidkitiun of  the initial enol acetate, rearrangement, and  elimina- 
tion of 110.Ir might lead ultimately to  C;-8 functionnliaed decalins. 

(15) 31. Sclilossrr nnd  I<. 1:. Clirislmann, Anoew. Chem., In t .  E d .  Bnol., 

(16) \Vc t l i u t ~ i i  1’rofcs.ior Alliliato fur providing us with a col)y of his ir 

(17) Tli ionyl  cliliiride in pyridine is known t o  favor formation of cndo- 
R, hI .  Coatcs and H.  L. S o w r b y ,  J .  

(18) \Ve tllnnk I’rofcbsor hlnrslinll for providing us wit11 copies o f  his i r  

3, 838 (19131). 

spectrum of enone 4. 

cyclic rat i ier  thnn cxor,yclic olcfins: 
Amer. Circm. Sur., 94, 586G (1972). 

and ~ i r n r  hliectra of ono~ io  6. 

Thc stercochcmistry of corijugatc adduct 1, of the. 
corresponding dil<etonc 3, arid of mcthylcrlc dcrivativc 
4 was determined by nuclcar magnetic rcsonarw (nmr) 
spcctral data according to thc mcthod of \.l’illiamson, 
HoiwlI, and S p c r i c ~ r . ~ ~  Thc data arc summarized in 
Table I. Sincc tho A V ’ i , L  valucs arc substantiall!. 

TAULE I 
K h I R  I).\Th FOR A N G U L A I I  hIETHYI, GllOCI’S 

IN &Toms 1, 3, .\XI) 4 

1 0.80 1 .01  
3 0 78 1 .58 
4 0 .72  1 , 03 

values wcre determined hy using the  forrniih 
A1.I7i I ?  = l V i ~ ~ ~ C 1 - 1 ~ )  - JVi,’?(TlIS), where I V I , ~ ( C H ~ )  is the 
half band width of the arigiilar methyl group and l ,17i ,  2(ThIS) is 
the half band width of the TIIS  signal. 

ATTI,’?,“ 1Iz Chemical shift, ppm Ketone 

“ The Alt ’ i  

largcr than 0.25 awociatcd ivith cis-1)-mctliyldccalins 
arid arc in the range of thaw reported for~~~arrs-l)-mcthyl- 
decalins, thc mcthylc~~~csliris 1, 3, arid 4 arc assigncd 
trans ring fusions. I t  is notc\vorthy that tiairs-10- 
mcth*\rldccaliii (1) i3 formed stcrcosclcctivrly undcr  the 
co~iditions of  the conj ugatc addit’iori rctaction. 

Hccauso cnonc 4 has previously bcm convcrtcd t o  
isoalaritolactoiic arid atractylon (6)4 arid cnoric 5 has 
previously bacri tranrformc:d to  tclcliiri and alnnto- 
lactonc (7),5 our syiithc o f  4 arid 5 constitutw a for- 
mal t’otal Synt hcsis of thctsct four furaiiocudcsmarit? and 
c?udcsmanolidc scsquitcrpcnca. Iri addition, licfo enol 
cthw 1 might be a useful intcrmcdiatc i n  syiitlit>sis of 
otlicr acsquitc?rpcncr?wx containing the IO-mctth\~l-l,(i- 
decaldioric. functionality or derivatives thereof. 

Experimental Section 

General.---llclt irig poitits :ire ~ i n c o r r w t  cd. The ir spec’tra 
were dcterniincd with 21 I’erkin-I!~liiier ;\Iode1 4:7 ir spectropho- 
tometer. Nmr spccnlrii nere  dc:tcrniined \vi1 ti either $1 \.:iri;iii 

A 4 0  or  ti Jeol A111-100 spec-tromet er .  T h e  ni:ihs spec1 r:i \vert 

determilied on :L Ilit acnhi hlodel l < ~ l l ~ O  high-resolut ion niass 
spcctrornctci. J1ic:roana 1 were pci.fornied by Cheiiialyt ips, 
Inc. ,  Tcinpe, Ariz. .h tical gas-liquid chlomaiogr:iI)}iy 
utilized a Vsri;in .\lode1 1$)0 pis chroiriatogrnph with flttme 
ioriizat iori detector. I’repiiiativc giis-liqiiid chloniiil ogi ciphy 
lit ilized a Y:iri:~n lIodcl 90-1’ g:ts chroniatogriipli a i t h  :L t hernial 
cwnduct ivity detect or. Thin layer c~hroniatography pliitcs were 
prep:tred froln Yilica gel 1’1?-‘2,54 a h i c h  \V:LS obt :lined froln 1,:lI 
I>:tboratories, In?. 

llethyliithiiim was obtained tis it -2.0 .II solution i n  e( her 
from Alpha Inorganics :ind \ v w  titratedm before ench use. 
Cuprous iodide was obtained fioln Fisher Scientific Co. arid was 
ex1 meted with letrahydrofuran and then dried i t i  m c u o  before 
use. Tiiphenylmet hylphosphonium broniide WBS obt h i e d  from 
Aldrich Cherriical Co. arid was used without further purification. 
I’otassiuni krl-butoxide was obtained from A1ph:i Inorgarlics and 
w w  siiblimcd before use. 

Preparation of Keto Enol Ether 1 .- -’To :I r)O-nd t hrw-ncck 
flajk fitted with two reriini st oppera and ii T-joint wi th  a nitrogen 
filled b:tlloon atttiched was added 3.03 g (2G.8 ~ninol )  of cuproils 
iodide. T h e  flask was :ill ern:ttelg evacuated while being flamed 
and purged with nitrogen f ro in  thc balloon. To the flask was 
added 19.0 nil of anh~drous  et her  in hypodermic sy 
flask \viis cooled t o  0 ’ .  To this stirred suspensio 
iodide in  ether was added 27.0 1111 of :L L.!)8 .I1 
mcthyllithiiim, followed by ti00 nig (3.37 niimol j of enone 2 in 2.0  
ml of anhydrous ether. The rea~t ion niixttuc was allowed to 

(19) K. I,. \!‘illiarnson, 1’. I I o \ ~ e l l .  and ‘T. Spencer. J .  A m e r .  Chem. SOC., 

(20) G .  A I .  \Yliitesirles, C. 1’. Cagey, arid .J. I< ,  lirieger, .I. A m e r .  Chem. 

. . _. - 

88, 325 (196G). 

Soc., 93, 1379 (1971). 
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stir for 2.0 hr at 0" after which t,ime it was quenched by cautiously 
pouring it into 100 ml of saturated aqueous sodium bicarbonate. 
The entire mixture was vacuum filtered to remove all solids, the 
ether layer was separated, and the aqueous portion was extracted 
with two additional 20-ml portions of ether. The combined 
ethereal solutions were washed with 50 ml of brine, dried (an- 
hydrous potassium carbonate), and concentrated in vacuo to 
afford 654 mg of a yellow oil. Preparative tlc on pH 7 buffered 
silica plates21 eluted with 9 :  1 carbon tetrachloride: ethyl acetate 
gave three distinct bands. The fastest' migrating band (Rr = 
0.5) was collected to afford 307 mg (48y0) of ket,one 1 as a pale 
yellow oil. This material was not further purified for use in 
subsequent, reactions: nmr (CDCl,) 6 0.80 (s, 3 H) ,  1.20-2.80 
(m, 11 H) ,  3.45 (s, 3 H ) ,  4.52 (unresolved m, 1 H); ir (CHClI) 
1715 cm-' ((2-0). 

lO-Methyldecal-l,6-dione (3).-Preparative tlc of ketone 1 
o n  a nonbuffered silica plate yielded white crystalline material 
of mp 74-77'. Three recrystallizations from hexane containing 
a trace of ether afforded an analytical sample of dione 3 as white 
needles: mp 84-83'; ir (CHCl,) 1710 (C=O), 1378 (CHI bend) 
cni-1; nmr (CDCl,) 6 0.78 (s, 3 €I), 1.50-2.82 (m, 13 H); mass 
;spectrum (70 eV) m/e 180 (>I+), 165 ( A I +  - CHI), 137 (165 - 
CO), 124, 111,96,93,35. 

A n a l .  Calcd for CllHI6O2: C, 73.30; H,  8.95. Found: 
C, 73.32; 13, 8.98. 

Preparation of Ketone 4.-In a 10-ml three-neck flask 555 
mg (1.55 mmol) of triphenylmethylphosphonium bromide and 
150 mg (1.34 mmol) of freshly sublimed potassium tert-butoxide 
were intimately mixed under a nitrogen atmosphere. Anhydrous 
ether (6.0 ml) mas introduced and the mixture turned bright 
yellow. To  thid solution of methylene triphenylphosphorane 
was added 60 mg (0.31 mmol) of ketone 1 in 3.0 nil of anhydrous 
ether and the reaction was allowed to stir a t  room temperature 
for 10 hr. The reaction was quenched by the addit,iori of 5 ml 
of 1 X hydrochloric acid followed by 3 ml of water. The ether 
layer was separated and the aqueous port,ion was washed with 
two addilional portions of ether. The combined ethereal ex- 
tracts were washed with saturated aqueous bicarbonate and 
brine, dried (magnesium sulfate), and concentrated in vacuo 
to afford 293 mg of an oil with traces of solid.22 The yield of 
ketone 4 as determined by glpc23 using hexadecane as an added 
calibrat'ed internal standard was 487,. A pure sample (24 mg, 
4373 yield) was obtained by preparative silica gel tlc which was 
eluted with 9 : l  hexane:ether (Rf = 0.30): ir (thin film) 3090, 
1713, 1645, 893, 887 cni-I; nnir (CC1,) 6 4.48 (s, 1 H) ,  4.78 (s, 
1 H),  0.72 (s, 3 H), 2.3-0.90 (m, all other protons); mass spec- 
trum (70 eV) m/r: 178 (AI+, base), 163 (M+ - CHI), 150 ( A I +  - 
CO), 133, 79. 

Preparation of Ketone 5.-Into a 10-ml three-neck flask in 
which a nitrogen atmosphere mas maintained was introduced 60 
mg (0.31 mniol) of ketone 1 in 2.0 ml of anhydrous ether. The 
solution was cooled to 0" and 0.5 ml of 2.0 M (1.0 mmol) methyl- 
lithium was added. After ing for 20 min at O", the reaction 
was allowed to warm to  room temperature, and 5.0 ml of satu- 
rated aqueous sodium bicarbonate was cautiously added. An 
additional 10 ml of ether was added and the organic layer was 
separated. The aqueous phase was extracted with two additional 
10-ml portions of ether. The combined extracts were washed 
with 10 ml of brine, dried (anhydrous potassium carbonate), and 
concentrated in vacuo to afford 64 nig of an oil. This crude 
met~hyllithium adduct was dissolved in 2.0 ml of freshly dried 
pyridine and to  this solution was added 2.0 nil of a solution 
made from 0.4 ml of thionyl chloride in 20 nil of pyridine. The 
reaction mixture was allowed to stir at room temperature for 15 
min after which time it was poured into 15 g of ice and acidified 
with 1 The mixture was extracted 
with two 13-ml portions of ether. The combined ether extracts 
were washed with water, saturat,ed aqueous sodium bicarbonate, 
and brine, dried (magnesium sulfate), and concentrated in vacuo 
to afford 35 nig (70%) of ketone 5 as an oil. A pure sample of 5 
was obtained via preparative gas-liquid chromatography:24 nmr 

hydrochloric acid to pH 2. 

(21) Plates xere  prepared in the standard manner except tha t  a n  aqueous 
solution containing 1% of a standard p H  7 buffer solution was used in place 
of pure water. These plates were dried a t  room temperature for a t  least 24 
hr prior t o  use. 

(22) Most of this crude material consists of phosphine oxides. 
(23) I n  a 7 Et X ' 1 s  in. SE-30 column a t  160° with a helium flow rate of 

(24) I n  a 20 X 2 / 8  in. QF-1 column a t  175' x i th  a helium flow rate of 100 
45 mlimin. 

ml/min. A smaller peak (< 10%) was also detected but was not isolated. 

(CCl,) 6 1.70 (s, CHI), 1.00 (8, CHS); ir (thin film) 1712, 1455, 
1265; mass spectrum (70 eV) m/e 178 (&I+), 163 (AT+ - CHI),  
150 (&I+ - CO), 135, 121, 107, 105,93,79. 
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The preparation of 2-pyridylacetylenes has becn 
besieged by sporadic results; for example, dehydro- 
bromination of stilbazole dibromide (2a) has been 
shown to give stilbazole, bromostilbazole, and/or 2- 
phenylethynylpyridinc, depending upon reaction con- 
ditions. Scheuing and Winterhalder* were the first to 
isolate 2-phenylethynylpyridine (3a) by treatment of 
the dibromide 2a with refluxing ethanolic potassium 
hydroxide. Attempted repetition of this reaction af- 
forded, in one caseJ3 only stilbazole ( la)  and an un- 
stipulated bromostilbazole, whereas others4 obtained 
3a, bromostilbazole, and a-(2-pyridyl)ac~tophenone.~ 
Recently, Acheson and Bridson,? utilizing these re- 
action conditions,2 obtained 2-phenylethynylpyridine 
(3a) containing a t  best approximately 30% of bromo- 
stilbazole, which was identified as 2-(l-bromo-cis-2- 
phenylviny1)pyridine. The purc acetylene 3a was 
prepared' (83y0) by using potassium tert-butoxide, as 
the dehydrobromination reagent, in refluxing tert- 
butyl alcohol. 

During the course of our studies, we needed the pre- 
viously prepared di(2-pyridy1)acetylme (7a)* and di(6- 
methyl-2-pyridy1)acetylene (7b). We herein describe 
the preparation of pure 7, as well as the structural 
determination of the major side products, which arise 
when more rigorous conditions2 are utilized. 
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