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Abstract -- The irradiation of methyl geranate (3) In ether using 254 M lamps produces 

methyl 5-methyl-2-lsopropenyl-4-hexenoate (l3f, 1,6,6-trlmethyl-endo-S-crrbomethoxyblcyclo- 

li'.l.l]hexane (111, methyl 2-lsopropenyl-5-methylcyclopentanecarboxylate (12) and methyl 

(32)-3,7-dimethyl-3,Goctadtenoate (14). Photolysls run in vater or in ether ln the presence 

of base generates tvo additional dienes: methyl 3-~thyle~-?-~thyl-6-octenoate (161 and 

methyl (3E)-3,7-dimethyl-3,6-octadlenoate (17). The photolyslr of methyl (2E, 6E)-3,7-dl- 

methyl-2,6-nonadlenoate (4a) in ether produces all Z/E isomers, la - 4d. 

In 1965 6overs 3 al. reported on the isolation and ldentlflcation of Juvablone, 1, fwn 

paper made frw Canadian Balsam pine.' This conpound was shown to have fnsect growth regu- 

lator properties vithout being closely similar in structure to parent tnsect Juvenile horones, 

2. Since that time hundreds of analogs have been synthesized in order to evaluate the depen- 

dence of biological actlvlty upon structure.' Hovever, in all these studtes, it is rare to 

ftnd detailed studies on the envlrotwmntal fate of the insect grovth regulator or the nature of 

the dec~os}tion products. 

Stnce It is reasonable to expect that Insect grovth regulators that are disseminated Into 

the env!rannmnt vi11 be structurally similar to the parent insect juvenile hormones 2ab, ve 

vere prompted to lnltiate a study of the photochemistry of soma insect juvenile hobo analogs 

beglnnlng vlth model systefbs, 3 and 4a. For the Initial stages of our vork, it vas felt 

that the choice of methyl gWaMte, 3, vould be advantageous. The reactive functional 

groups, substitution patterns and placemant of the tvo double bonds are identical to those of 

insect juvenile hormone ZA, dind, since‘ methyl geranate is a symnetricatly termrnated 

molecule, the problem of E/z lswrlzatlon at the C6-C? double bond vould be avoided in the 

early stages of mechanistic vork. 

Simple allphatic a,B-unsaturated esters have been studfed and mechanistic schemes have 

neen oroposed for E/Z isomerlzation,3 cycllzatlon to cyclopropanes3b-d and photochem- 

ica! deCOn.jugat (on t.0 &r-unsaturated esters_3b*e,',s Likewise, mechanistic studies 

of the photochemistry of citral, 5, the aldrhyde analog of methyl geranate, have been carrlad 

out.6 In additton to the expected E/2 isomerizatton reaction of 5, Cookson and Hudec 

also found tvo products of cyclization, 6 and 7, vhich vere shovn to arise from the triplet 

state. Bzchi and Yt'est took advantage of the stereoselectivity of this cyclizatlon to 7 as 

the ftrst Step in the total synthesis of (%I-furopelargones, 6 and 9.' Agosta, & 

a. have studled the photochemtstry of 5 at elevated terrperatures and have reported that in 
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addltlon to the products already mentioned, two new products, arising from forwryl group 

migration folloved by cyclizatlon, 10, uere formed.Sb_d The results vlth cltral at 

elevated temperatures are in contrast to those obtained from the irradiation of 3 in 

refluxlng chlorobenzene.6C Under these conditions methyl geranate only formed the tvo 

expected products of cyclizatlon, 11 and 12, vith signlflcant loss of starting material by 

decwositlon. 

8 

lo a:R,-CH,.R,-wo 
b:R,-CHO.Ra-C+i, 

It is clear from the results reported for the trlplet sensitized irradiation of methyl 

geranate, 3, that its reactivity parallels that of citral, 5, but is dlfferent enough to 

varrant further Investigation. Furthermore, with the structural similarity between 3 and 

2a the results of our photochemical studies of 3 are being applied to the study of 2a, 

the parent insect juvenile hormone. To date there has been no report in the literature on the 

singlet photochemistry of 3 and what the mechanistic pathvays leadlng to the various 

photolysis products are. In the present paper, and the following one, ve report our results in 

these areas. 

RESULTS AND DISCUSSION 

hethyl geranate vas synthesized on a rrulti-gram scale by the method of Corey. Geranlol 

vas oxidized to cltral vlth r-rranganese dioxldeg in hexane. The crude cltral vas further 

oxidized vith f-manganese dioxide in a solution of methanol, NaCN and acetic acid to provide 

starting ester 3 vlth less than 2% lsanerlzatlon at the C-2-C-3 double bond after silica gel 

chromatography. Irradlation of a 0.1 H solution of methyl geranate, 3, with 254 rvn light for 

18.5 h led to the forrmtlon of seven product components, as determined by glc analysis of the 

photolysis mixture, together vith recovered startlng rnnterial, Scheme 1. The material balance 

was found to be 98%. Each component was collected by preparative glc and identified by 

spectroscopic and chemical means. 
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A GC-tlS spectrun of each component vas obtained which revealed that all the photolysfs 

products (those present in >1.5%) wre Isomers of the starting material, methyl geranate, 3. 

The first canpound to eiute from the gas chromatograph vas found to be methyl 5-methyl-Z-lsopro- 

penyl+hexenoate, 13, (4.2% of the photolysfs mixture). The spectroscopic properties (lli- 

nmr, 13C-mrr, lR, Its, UY) of 13 are consistent vfth the proposed structure. The lli NhR 

(400 mZ) spectrun reveals absorpttons for three vlnyllc protons (6 4.66, 4.87 and 4.99 ppm) 

and the expected dlastereotopic nature of the tvo protons attached to C-3 (tvo lti multlplets 

centered at S 2.24 and 2.46 ppm)i finally, the methine proton on C-2 at 6 3.01 ppm displays 

the expected triplet multlplle~ty. The 13C NhR (100 IlHz) spectrun reveals that the carbonyl 

carbon has shifted dovnffeld from S 166.94 to 173.95 ppm (loss of ~on~u~t~on) yet there are 

still four vfnyllc carbons, two of vhich fS 113.64 and 142.39 ppml have the chemical shtft 

differences characteristfc of an exo-methylene unit. 

Ilethyl S-methyl-2-lsopropenyl-4-hexenoate, 13, vas subjected to ozonolysls, folloved by 

oxidative York-up vfth Jones reagent and methylatfon of the resulting acid vlth dtazunethane, 

to yield 16. This compound has the expected 'H N&R Spectriq displaying a doublet of 

doublets for the methylene protons and a dovnfield shift of the methfne triplet, relative to 

the methIn@ In 13. As a final check on our structural assignment, ve repeated 

Katzenellenbogen and Crunrfne's synthesis," vhich errploys the alkylatlon of the anion of 

methyl senecioate (19) vlth prenyl bromide, and found that the spectra of the synthetic and 

photochemical products matched exactly. 7he fonnatlon of 13 can be explained as the result 

of a photoch~fcal (1,3]-signatropic shift of the terminal prenyl unit. 

Y 0 COpCH~ \ CO,CH~ CO,CH~ 
L 3 H&O& 

c 7 0 

The second component to elute from the gas chromatograph vas 1,6,6-trlmethyl-endo+-carbo- 

methoxyblcycloI2.1.1Ihexane, 11, (5.9% of the photolysis mixture). All spectroscopic data 

vere found to be consistent vlth structure 11. The proton NtR spectrun exhtbtted singlets 

for three methyl groups all attached to qoaternary carbons (S 0.75, 1.10 and 1.11 ppm) and 

provided no evidence of vlnylic protons. The UV spectrum consisted only of end absorption, 

indicating a loss of conjugation. The endo stereochemistry vas deduced by analogy to the 

analysfs by Mlnvald on the S-end0 and 5-exo actds of the b1cyc10l2.1.11hexanes," 

supported by Agosta and Wolff's studfes of the NHR properties of a large ntier of substttuted 

bkyclot2.1.lhxarYls, tncludlng 11.” Comparison of our spectroscopic datp vtth that 

reported shoved that they matched exactly. In all of our studies only the 5-endo isaner vas 

detected vlth no hint of formatton of the S-exo isomer. 

The third component to elute from the gas chromatograph vas methyl 2-lsopropenyl-S-methyl- 

cyclopentanecarboxylate, 12, (6.6% of the photolysts mixture). This compound displays tvo 



5054 P. K. FREEMAN CI al. 

vlnylfc protons In the +i-Nm (6 4.70 and 4.99 pparl and In the 13C-NHR there are tvo vtde- 

ly spaced slgnals, ln the vlnyllc region, at b 109.37 and 146.93 ppm, vhtch are highly Indl- 

catlve of an exo methylerie group,13*" and an absorption for a carbonyl carbon, shtfted 

downfield frcm'~166.9)'to 174.98.ppl,-vhlch lndlcates deconjugatlon. tleconjugat!on of the ester 

vas also supported by the UV spectrun, vhlch shoved only end absorption. Tvo dlmenslonal 'H- 

'li (1H-COSY451 and 1H-13C(HE7CW) shift correlated spectra vere run, vhlch provfded 

reinforcement for the asclgned structure. In addltlon, the structure of 12 produced in the 

irradiation of 3 vas shovn to be ldentlcal, by comparison of spectroscopic data (IR, 'H- 

to 12 obtalned by VOllMky and Eustace from the high tewerature base catalyzed ring 

7he fifth ccqonent to elute from the gas chromstograph vas readlly ldentlfled as methyl 

(ZZl-3,7-dlmethyl-2,6-octadlenoate, 15 (47X of the photolysls mlxturel. Coaparlson of the 

glc retentton times as vell as spectroscopic properties (lH-NM, 13C-N?lR, IR, UV and Ml of 

the photolysfs product and an authentic sample of 15, prepared fra neral, shoved the tvo to 

be identical. 

In the direct lrradlatlon of 3 In ether, vlth scrupulous exclusion of base, only one 

photodeconjugatlon product could be lsolat@.l and Identlfledr methyl (3Z)-3,7-dlmethyl-3,6-octa- 

dlenoate, 14. This product vas formed ln 5.7% yield and vas the fourth component to elute 

from the gas chrcxnatograph. If base was not scrupulously excluded from the photolysls or 11 

the lrradiatlon vas carried out In the presence of a veak, non-nucleophlllc base, 1,2-dlmethyl- 

Im!dazole (I,2-OhI), tvo products vere formed In addltlon to those already mentioned. They are 

both lsomerlc vlth starting mater101 and are the other tvo posstble deconjugatlon products: 

methyl 3-methylene-7-methyl-6-octenoate, 16, and methyl (3El-3,7-dbnethyl-3,6-octadlenoate, 

17. The detalls of the mechanism and kinetics of their fommtlon are discussed In the 

acconpanylng paper. 

ldentlflcatlon of 16 vas stralghtforvard. The UV and IR spectra both shoved 0 loss of 

conjugation and analysis of the mass spectrum shoved that thls compound Is Indeed an +somer of 

starting maternal, exhlbftlng a parent peak at m/e 162. An analysls of the 'H-NHR SPeCtrm 

shoved that there vere three vlnyllc protons vlth a dovnfleld shift of the C-2 methylene 

protons to 3.07 ppm strtce they are both allyllc as wall as alpha to the carbanethoxy group. 

The 13C-NHR spectrun still shovs four alkene carbons, tvo of vhich have the characteristic 

chemical shift differences of an exo-methylene group. Vollnsky and 6edouklan have synthesizec 

16 by deconjugation of geranyl chloride," uslng the method of Ivakura." 

Spectroscopic properties (IR, NW, tl6) In the lfterature all matched those of the product 16 

from the photolysts. 

The remalnlng two dlenes, 14 and 17 vere found to be the result of in-chain deconjuga- 

tion to the Z-and E Isomers. Identlflcatlon of these ccqounds vas readlly accwwllshed. All 

the spectra, IR, NHR (both proton and carbon), )(s and UV, are surprfslngly slm!lar and Could be 

used to asslgn the basic carbon skeleton, but could not, on cursory examlnatlon, be used to dlf- 

ferentlate the E from the Z (sorrier. As stated above, the mass spectra shov that these corn- 

pounds are Isomers of the startlng fmterlal 3. UV, IR and l3 C NM spectroscopic measure- 

ments all lndlcate loss of conjugatton. The UV spectra shov end absorption only, the IR edf- 

blts a carbonyl peak shifted from 1720 to 1730 cm-', and in the 13C NM? Spectra, the car- 

bony1 carbon Is shifted dovnfleld from 166 to 172 ppm. Analysis of the 'H-NR spectra 

reveals the expected features for the proposed structures: tvo IH vlnyllc triplets as vell as 

a triplet for the methylene protons on C-5 (broadened by allyllc coupl!'ngl, three methyl sin- 

glets and the C-2 methylene slnglet at 3.06 ppm vhlch 1s shifted domfleld due to the fact that 



it IS both allylfc and alpha to the csrbwethoxy group. 1H-COSV45 spectra we run on the 2 

and E isomers, 14 and 17, respectively, vhlch alloved for StraightfOrvard aSSigNW9ntS Of 

hydrogen groups. Eraan" has synthesized both the E and Z 1Some~T~ of these deCOnjUfugatlOn 

products: 14 frorr L(1-ocirne, 21~ and 17 froa w-oclmsne, 2lb. The reported NHR 

spectral properties are in reasonable agresnrnt with our data for 14 and 17, but hue to the 

close similarity for the Z/E isomerlc pair, a Z/E assigmnt is not possible on this basis 

alone. Analysis of HETCOR spectra of both isomers revealed that all the carbon lines stay 

essentially fixed in going frm the E (17) to Z (14) except for the methylene Carbon, C-2, 

vhich shifts upfield by 7.6 ppm, and the methyl attached to C-3, which shifts downfield by 7.6 

Ppm. This T-effect also manifests itself in slrrple di- and trlsubstltuted alkenes" and 

has been used to assign the _ _ cts or trans structure tn prostacyclln analogs." Ennan also 

noted that the glc retention time of 14 is several minutes shorter than 17 on a Reoplex 

column; this is the sama behavior exhibited in our glc studios using an W-17 colum. Since 

both are liquid phase activity (polarity) type III 21, it is not expected that the 

retention time order vould be reversed. 

Before a detailed study of the mechanistic pathvays involved in the lrradlatlon of methyl 

g-eranate, 3, vas undertaken, an irradiation of 3 in vater was run. The purpose of thls ir- 

radiation was to assess the environmental slgnlflcance of any subsequent lrradlatlons done in 

ether. The results of lrradlatlons In ether and vater are swcnwlzed In Table 1. The point to 

note is that in vater all the products that are formed in ether are produced in similar ratios 

vith, hovever, an increased formation of deconjugation products. 

Vlth the identity of the products formed during the photolysls of methyl gerahate esta- 

blished, the elucldatlon of the mechanistic pathvays leading to the formation of each of those 

products vas undertaken. The results of an irradiation time versus c~osttlon experiment for 

3, with 254 rwn lsmps, are sunnnrlred in Figure 1. Composltlon versus time curves are plotted 

for 11, 12, 13, 14, 15 and 3. The notable feature of Flgure 1 is the rapid photo- 

equilibration of 15 and 3, relative to the formation of 11, 12, 13 and 14. The 

ratio of 15/3 is 1.23 after photoequilibrlun has been reached and this ratio does not 

change, even out to 48 h. 

Table 1. Relatlve comQosltlon of Photolysis products From D'lrect 
Irradiation of hethyl Geranate.:in Ether and Water 

Relative Cc&&sitlon 

solvent 13 11 12 16 14 15 17 3 

ethera 1.00 1.78 2.18 0 1.61 33.2 0 33.7 

vaterb 1.00 2.18 2.48 1.64 3.75 18.1 3.08 22.2 

a254 ml lamps. b Hanovia 450 vatt, mediun pressure, mercury arc lanp 

Earlier in the course of this project an experiment designed to develop a plot of 

irradiation time versus composition for methyl geranate photolysls vas carried out vithout 

scrupulous exclusion of trace base sources. Under these cwdltions, photodeconjugatlon to 

14, 16 and 17 becones the predominant pathvay. 

In order to begin elucidation of the mechanlsm(sI for the fornatlon of the methyl geranate 

photolysis products, 3 vas irradiated in the presence of acetophenone (ET = 74.1 kcal/mol), 

propiophunone (ET - 74.5 kcal/mol) and kfuene (ET - 84.3 kcal/mol) under condftlons vtwe 

the sensitizers absorbed greater than 95t of the incident light. In accordance vith prior re- 

sults on the triplet sensitized irradiatlon of methyl geranate, the only products formed are 

11, 12 and 15." The photochamlcal E/Z lsomerizatlon of a,&?-unsaturated esters had 

previously been shovn to be a triplet process by Barltrop, &. u." ana 

Jorgenson.3b-d Scheme 2 presents a simple rationale to explain the origln of the products. 



P. K. FEEEUAN CI d. 

Flgure 1. Plot of lrradlatlon tlma versus Flgure 2. Plot of lrradlatlon time versus 
conposltlon for the photolysls of conposltlon of double bond lsomerltatlon 
methyl geranate ln ether at 2% ML products for lrradlatlon of ester 

4a In ether at254 nm. 

Scheme 2 
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Use of acetophenone as the trlplet sonsltlzer proved to be lnconvenlent, since acetophe- 

none and 13 both had ldentlcal rrtentlon times. Therefore, proplophenone was employed, sfnce 

the retentlon time of proplophenone vas greater than that of 12 (the third canponent to elute 

from the gas chromatograph), tilch revealed that 13 vas not formed In detectable anwnts (n 

any of the frradlattons. Thus, It Is clear that 13 Is not formed from a trfplet lntetmad- 

late. Scheme 2 shows the spin state responslble for the formatIon of each product forrmd in 

the lrradlation of 3. The trlplet lntennedlate, 11, !s asswd to have the same structure 

vhether it is formed fran e!ther 3 or 15. 
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In vlevlng the overall mchanlstlc mnlfold for the phototransforat1ons of ethyl 

geranate, It Is perttnent to mntlon that lntrrolecular exclplexes, such as that formed from 

22, are formed rapldly vlth 22 rxhlblttng a rate of trfplet quenchlng vCllch Is 300 tines 

faster than an analogous Intermolecular procest.22 An exalnatlon of the relstlve loca- 

tlons of the fun&tonal groups In methyl geranate, 3, shows that It Is perfectly set up to 

form an Intramolecular l xctplex In the triplet excited state. 

To test this hypothesis a 0.1 H solutlon of 4a was !rrad!ated for 8 h vlth SaIwles remov- 

ed at Intervals and analyzed for the relative corrposltlon rrsultlng from E/Z ~somr~zat~on 

about the tvo double bonds (4a, 4&, 4c, and 4dd). The results of thls are presented In 

FIgwe 2 an4 It can be seen that the C-6 double bond does undergo Isorrrlzatlon, but vlth a 

lover relatlve quantum yield than the corresponding C-2 double bond. The polnt to note In the 

above experlment Is that vlth the 2% rm ll@t source used the isolated double bond does not 

absorb any ltght (absorpt\on Is effectively zero at vavelengths greater than 215 MI) and lsaner- 

lzatlon of this double bond nust proceed by a mechanism other than direct energy absorptlon. 

A I\kely IntermedIate, therefore, ln the IsomerlzatIon about the C-6 alkene unit In 4 Is the 

exclplex formed from the trlplet. If thls 1s the case a slmllar lntermedtate mfght be a key 

lntetmedlate In the photochenlstry of methyl geranate, preslmrably belng formed from 11 

(Scheme 2) and geenerattng cyclic products 11 and 12 as veil as E/Z isomerlzatlon product 

15. Intramolecular radical addltlon of trlplet enoate to the remote double bond Is an 

alternatlve. These mechanlstlc posslbllltles are presently belng Investigated. 

General. Nwlear mgnetlc resonance spectra (M)(R) vere recorded on elthev a Briiker 

AH-400 (lti at 400.14 IWz, 13C at 100.62 Mtz) or Varlan FT-80 (Iii at 79.54 tW2, 13C at 

20.00 Nttz) In CDC13. Infrared spectra (IR) vere obtalned vtth a PerkIn-Elmer tbdel 1258 or 

a Hattson SIrtut 100 spectromter. Ultraviolet spectra vere cMalned using a Cdry 210 spectro- 

meter. CLC analyses vere carrted wt using a Varlan 3700 gas chrwtograph equipped vfth a 

flame lonlratlon detector and Hevlrtt-Packard 33lZB lntegrator using one of the follovlng 

colvnns: (A), 10% (N-17, 20 ft; (61, n (N-17, 20 It; (Cl, 3X OV-17, 20 ft. All ~01~1s vere 

packed !n 0.125 Inch copper tubfng using Chromsorb-V, AV, WCS, 60/60 mesh. Preparative CLC 

vas carried out on a Hevlett-Packard, F and H scfentlftc 700 gas chramtograph egulpped vlth a 

thermal conductivity eatector uslng OM of the follovlng columsr (D), l(rr OV-17, 20 It; (El, 

15% ov-17, 20 ft. Both colons uere packed In 0.25 inch copper tubing vlth Chromasorb-V, AV, 

MS, 60180 msh. ttass spectra wre obtalnad on a Flnnlgan 4023 mss spectrometer equ1ppeU 

vlth a Flnnlgan 9610 gas chrornatograph. Exact mss detemlnatlons vere performd on a Kratos 

HS-50 mass spectrwter. 

All solvents vere used as received from the mnufacturer except as noted. Dfethyl ether 

and tetrahydrofuran were both dlsttlled from sodlunmlbenzophenone ketyl lnnedlately prior to 

use. Cyclohexane, 1,2-dfmethoxyethane (ME) and methylene chloride vere fractionally dlstllled 

from calclin hydride onto 3 A molecular sieves. Tert-Butanol vas fract(onally dlstllled 

from barlun oxide ontd 3 A molecular slews. Hethanol vas predrlad over sodlun sulfate 

folloved by careful fractional dlstlllatlon onto 3 A molecular steves. 

All photolysfs sarrples wre placed In Ace Class Co. 170x15 111 quartz, resealable sample 

tubes and &gassed vlth three freeze/thav cycles on a vacua lfne. All articles of glassvare 

used In nmkWq up ~10s for photolyses (quartz tubes, volunetrlc flasks, etc.) vere 
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rinsed vlth 10% aqueous t+Cl, dlstllled vater and acetone prior to betng oven drled. The light 

source for all photolyses vas a Rayonet Type R5, preparatlw photo~lcal reactor (Southern 

NW England Ultravlolet Co.) equipped vlth rl@t 253.7 m 1-s and a merry-go-round device. 

Tvo-dlllentlonl YR Eqmrlmnts. All tvo-dlnonslonal spectra of 12, 14 and 17 

vere recortid at 297 K vlth a Briater M-400 $Pectronstef equlp~ed vlth an Aspect 3CKNl caputrr 

operating In Fourler transform mode vlth quadrature detection. Stsndard Briker pulse programs 

vere used unless othervlse noted. 

Tvo-dlmenslowl lH - 'Ii shift corn1at.A (COSY-45) vere squired vlth the follovlng 

parameters. For all samples a sinebell molutlon l nhancmsnt vas performed prlor to Fourirr 

transforwtton and other paraaeters are llrted klov for rach scupler for 12 there vere 1024 

data points In the f2 and fl domains, svee~ vldth of 1923 Hz, 256 ewrlmts (8 scans each) 

vlth an lncrernental delay of 0.4 RS~ for 14 there vero 1024 datapoints In tha f2 and 11 

dalns, sveep vldth of 2809 Hz, 258 experiments (6 scans each) vlth an incremental delay of 

0.356 m; for 17 there vere 1024 data points In the f2 and 11 dorrlnr, weep vldth of 2427 

HZ, 256 experiments (8 scans each) vlth an lncrrsntal delay of 0.412 ms. 

Tvo-dlmenslonal hoteronuclew lli - 13C shift correlated (HETCOR) experlments vere 

acquired vlth the follovlng parameters. For 12 there vere 256 and 2000 data points In fl and 

12, respectively, weep vldths vere 2300 Hz and 14286 Hz In fl and f2, respectively, 128 exprl- 

ments (32 scans each) vlth an Incremntal delay of 0.217 M. Gausrlan-Lorentz molutlon 

enhancement (Gaussian factor of 0.8) vlth resolution enchancement (n 12 of -13 Hz and -8 Hz ln 

fl prlor to Fourler transform vas errployed. For 14 there vere 512 and 2000 data polnts (n I1 

and 12 respectively, weep vldths vet-e 1400 Hz and 12500 Hz In fl and 12 respectively, 256 

eXPerlCIWitS (144 scans each) vlth an incremental delay of 0.179 IRS. Gausslan-Lorentz resolu- 

tlOn enhanC@r@nt (husslan factor of 0.8) vlth rerolutlon enhancement of -5 Hz and -12 Hz In fl 

and 12 respectively, prlor to Fourler transform. For 17 there vere 512 and 2000 data polntt 

ln fl and I2 respectively, weep vldthr vere 1250 and 13158 Hz In I1 and f2 respectively, 256 

experiments (144 scans each) vlth an incremental delay of 0.200 ms. Gaurslan- Lorentz resolu- 

tlon enhancermant (Gaussian factor of 0.8) vlth r8sOlUtlOn enhancement In I2 of -6 Hz and -4 Hz 

in I1 prlor to Fourler transform vas used. 

Preparatton of hctlvated krbgwme Dloxldr. A 5% solutlon of aqueous potasslun permnga- 

Mte (79 g In 1.5 L) at 60 'C vas added In three portlons over 5 minutes to a stirred 5% solu- 

tlon of aqueous mmngawse sulfata (113 g In 1.5 L) also at 60 'C. The resultlng brovn suspen- 

slon vas stirred for an addItiona huur at 60 'C. The fine brovn preclpttate vas collected on 

a frltted glass ftlter and vathed vlth 4 L of dlstllled vater to ensure removal of excess salts 

of potasslun and manganese. The preclpltate vas oven dried at 60 'C to yield 120 g of a brovn 

amorphous povder tilch vas ground to a fine povder In a mortar and pestle prlor to use. 

ISethyl Uf)-3,7-dlmthyl-2,8-octad~emoate (3)(prthyl gafanate).8 

Dry methanol (300 d) vas placed into a 1 L round-bottomed flask and cooled to 0 'C. To thlf 

flask vas slovly added, vlth vlgorous stlrrlng, 25 g of activated mnganese dtoxlde. To this 

suspenslon MS added cltral, 6, (5.00 g, 32.9 @rnol), sodtun cyanlda (6.00 g, 122 smol) and 1 

ni of glacial acetic acid. The mixture vas stirred at room teqw-ature for 24 h at tilch tima 

7 ml of saturated sod(u bicarbonate was ad&d to wautrallze any excess hydrogen cyanldr. Th 

manganese dloxlde was removed by flltratlon and washed vlth 600 ti of ether. Ths cmlrwd 

organic portlons vere concentrated In vacua to an orange slurry. The crude product vas extrac- 

ted from 300 rl of vater vlth ether (3 x 200 ml) and the cwblned extracts nre washed vlth 

vater and brine. After drylng over BgSO,, the solvent vas removed In vacua to glvr 4.2 g 

of crude 3 as an orange 011. The crude product vas purlfled vla slllca gel chrcimtography 

(85r15 hexanerethyl acetate) to yleld 3.0 g (50%) of methyl geranate, 3, as a pale yellov 

011: 'H NHR (80 Wz) S 1.60 UH, s), 1.69 (3H, s), 2.16 (7ti, ~1, 3.69 (3H, s), 5.07 (lH, br 

s) and 5.67 (lH, s); 13C NtW (20 w(z) 6 17.67, 18.71, 25.70, 26.36, 41.15, 50.54, 115.59, 

123.39, 132.37, 159.76 and 166.94; IR (flla) 2970 (s, br), 172U ($1, 1650 (ml, 1430 (m), 1220 

(51, 1140 (5) and 1050 (v) cm-'1 tK n/e 182 (H*), 123, 114 and 89 (LOO);UV bnathanol) 
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to the LDA solution. After stirring at 0 'C for 5 mln the solution vas heated at reflux for 2 

h. The reactlon vas cooled to 0 'C and quench vfth saturated NH4Cl. The aqueous phase 

vas separated and extracted tvlce vlth other. The ccwbfned ether portions vere vashed vlth 

saturated NaltCO,, unttl the ether layer vas neutral to lluUs, folloved by brine. The sol- 

went vas removed, after drytng ~4th UgSO4, In vacua to yfeld a viscous yellov oil. The crude 

Product vas purif-)ed by slllca gel chrwatography. Hexanerether (90110) vas used to elute off 

all products vlth a hlghw Rf than the deslred alcohol, vhtch rcwnalned at the basellne, fol- 

loved by elutlon vlth hexanerethyl acetate (75r25). After removal of solvent In vacua 24.2 g 

(95.3%) of the allyllc alcohol 25 vas Isolated as a colorless, viscous 011. lli NHR (400 

flHz) 6 1.48 (W, 31, 1.60 (lli, br 51, 1.87 PM, II), 1.74 (3, 31, 2.06 (2H, ml, 3.66 @I, d J 

l 6.4 Hz), 4.06 (lli, t J l 6.4 Hz), 4.85 (lH, d J l 1.4 Hz), 4.95 (lH, d J = 1.7 Hz), 5.48 (lH, 

t J - 6.3 Hz) and 7.20-7.50 (15H, a)# 13C IfS 6 18.54, 17.60, 32.89, 35.50, 61.20, 75.56, 

66.62, 111.11, 121.70, 126.83, 127.72, 128.68, 138.22, 144.35 and 147.41; IR (film) 3660-3260 

(5, br), 3060 ,(m), 3030 (ml, 2946 ($1, 2860 (5, sh), 1600, (VI, 14% (ml, 1450 (51, 906 (s) 

and 770 (ml cm-l. 

(2E)-8-Acetoxy-3,7-dllsthyl-l-trlphenyhrthxy-2,7-actadfena (28). To a 500 rrl single- 

necked, round-b&toned flask vas added a rnsgnetlc stir bar, 200 rrl of dry pyrldlne, allylic 

alcohol, 25, (24.2 g, 58.7 mnol), 100 ml of acetic anhydrlde and I-N,N-dimethylamlnopyridine 

(MAP) (0.10 g, 0.82 nnol (cat.)). The resulting solution vas stirred for 18 h at room 

tewerature at vhtch time It vas cooled to 0 'C and 100 rrl of methanol vas added to destroy the 

unreacted acetlc anhydrIde. The crude reaction mixture vas diluted vlth 560 rrl ether and 

vashed repeatedly vlth 101 aqueous HCl to remove the pyrldine. The carbined aqueous portlons 

vere extracted tvlce vlth ether then the co&lned organtc portlons vere vashed tvlce vtth 

saturated NaHCO, folloved by brlne. After drying the organic layer vlth HgSO, solvent 

vas removed In vacua to yield 23.5 g (88.2X) of 26 as a VISCOUS, orange 0(1x 'H NtR (406 

l)lz) 6 1.46 (3H, s), 1.70 - 1.79 (5H, m (includes 3H, s 1, 1.99 (2H, q .l = 6.6 HZ), 2.06 (3H, 

s), 3.60 (ZH, d J - 6.3 Hz), 4.90 (lH, 5, br), 4.95 (lH, 11, 5.14 (lH, t J - 6.6 Hz), 5.43 (lH, 

t J = 5.8 Hz) and 7.20 - 7.47 (15H, ml; 13C M (100 mt, S 16.56, 18.08, 21.20, 30.64, 

35.14, 61.17, 77.04, 86.62, 112.68, 121.81, 126.83, 127.72, 128.87, 137.46, 142.99, 144.32 and 

170.27; IR (fllm) 3055 (ml, 3020 (ml, 2930 (51, 1740 (51, 1W (~1, 15% (v), 1490 (ml, 1450 

(s), 1370 (ml, 1240 (51, 1050 (s) and 710 (s) cm-'7 H9 We); 454 (IL*), 395, 259, 226, 

211, I%, 183, 167, 151, 105 (1001, 93, 77, 67 and 55. HI@ resolution H9 m/e calculated for 

C,,H,,O, 454.2408, found 454.2491. 

(ZE,GE)-3,7-Dlae~l-l-trlphenylrsthoxy (27). A dry 1 L, three-necked, 

round-bottomed flask fitted vlth a magnetic stir bar, nitrogen inlet and 250 rrl addltlon funnel 

contalnlng methyl lithlun (207 rd, 311 mnol, 1.50 ?l, Alpha Ventron) vas charged vlth CuI (29.6 

g, 155 mnol) and 300 ml of dry ether. The system vas purged vlth dry nltrogen and kept under 

an inert atmosphere throughout the reactfon. After cooling the flask to -20 'C the methyl 

lithiun solution vas added dropvlse, vith vigorous stlrrlng, until the lnitlally forned yellOV 

turbidity clarified to a falnt brovn solutlon. The lithiun dimethylcuprate vas stfrred an addi- 

tional 5 min. The addltlon funnel vas rinsed vlth 25 ni of dry ether and charged vlth 26 

(23.5 g, 51.7 rrrnol) In 100 nl of dry ether. The acetate solutton vas added dropvlse over a 10 

mln per!od during tilch tlrm the reactlon vent from clear to yellov v!th a yellov/vhlte prect- 

pftate. The reactlon vas stirred for 1 h at -20 'C and then quenched by the addltlon of 300 ml 

of saturated aqueous Nli,Cl. After ffltratlon of the crude reactlon mlxtwe through Cellte, 

the aqueous layer vas dravn off and extracted tvlce vlth ether. The coMlned OrganlC POrtIOnS 

vere vashed repeatedly vlth 10% ennonla In brine untll the blue copper color dlsappeared. The 

organic portlon vas then vashed vtth brtne tvke, and solvent vas reawed In vacua after drying 

over HgSO, to yteld 21.2 g (100%) of crude 27 as a vlscws yellov 011 vhlch vas not PUri- 

fled prior to use in the subsequent reaction: lH NtSI (400 Miz) 6 0.99 (3H, t J l 7.5 Hz), 

1.47 (W, s), 1.61 (W, s), 1.96 -2.13 (6H, ml, 3.59 (2H, d J -6.5 Hz), 5.11 LlH, br t J - 6.5 

HZ), 5.45 (lH, br t J = 6.5 Hz), and 7.20 - 7.48 (EA, m); 13C m (100 Liz) 6 12.79, 
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15.94, 16.54, 26.25, 32.32, 39.61, 61.26, 66.66, 121.34, 122.47, 126.60, 127.71, 128.69, 

137.06, 138.49 and lU.40~ IR (film) 3660 (ml, 3030 (ml, 2980 (s), 2930 (s), 1665 (v), l6@J 

(v), 1500 (ml, 1460 (s), 1390 (VI, 1230 (VI, 1060 (5) and 715 (5) tS. 

~2E,6E)-3,7-Dkttyl-2,8-noMdtsn-l-ol (26). A 250 f& round-bott~ flask ~ntain~ng 

27 (21.2 g, 51.7 asnol) and 175 d of 6% tiC1 tn mathanol vas stirred at room tenperature for 2 

h. The reaction vas quenched by the add!tlon of K,CO,. The reaction mixture vas 

transferred to a separatory funnel and dtluted vith 300 mL of ether. The organic portion vas 

vashed tvice ulth saturated MaHCO, folloved by brine. The solvent vas removed ln vacua, 

after drying over tBgS0,. The crude alcohol vas purifisd by silica gel chromatography 

(75:25 hexaner ether) to yteld 5.2 g (46%) of 26 as 8 colorless oil: 'H NhR (400 IW) 5 

0.98 (3It, t J - 7.5 Hz), 1.60 (3, s), 1.67 (3H, s), 2.01 - 2.14 (6H, ml, 4.14 (2H, d J = 6.9 

HZ), 5.10 (lH, br t J = 6 Hz) and 5.40 (lH, br t J - 6 Hz); 13C Nt!R (100 Htiz) S 12.69, 

15.78, 16.16, 26.17, 29.61, 32.24, 39.50, 59.18, 122.25, 123.34, 137.14 and 139.44; IR (film) 

3320 (br,S), 1670 (v), 14% (ml, 1390 (m) and 1010 ($1 cm-'; IK m/e 168 in'), 150, 137, 

121, 111, 93, 63, 67, 55 flOO), 43 and 41; high resolution t!S m/e calcd for C,,HzoO 

168.1514, found 168.1515. 

(2E,GE)-3,7-Dla~l-2,8-~~d~e~~ (29). To a 1 L round-bottomed flask containing a 

stlrred suspension of 26 g activated mngarwse dioxide In 300 ml of heXOne at 0 'C vas added 

28 (5.20 g, 31.0 mnol). The brovn suspension vas sttrred at 0 'C for 30 min. After removal 

of the manganese dioxide by filtration, lt vas vashed vlth 300 ml of ether and all solvents 

vere removed In vacua to yield 4.1 g (80%) of the aldehyde 29. Aldehyde 29 vas shovn to be 

>98% pure by glc (colunn 6) and vas used vithout further purification: 'H NW (400 tkiz) S 

0.97 (3H, t J - 7.5 Hz), 1.26 (3H, s), 1.81 (SH, s), 1.98 (2H, q J - 7.5 Hz), 2.24 LU, ml, 

5.07 (lH, br t J = 6.8 Hz), 5.88 (lH, d J l 8.1 Hz) and 10.0 (2H, d J - 8.1 Hz); 13C NHR (100 

hHz) 6 12.67, 15.91, 17.66, 25.57, 32.24, 40.62, 120.97, 127.40, 136.43, 163.86 and 191.28; 

TR Ifllm) 2960 (s, shf, 2930 Ls), 2860 15, sh), 1675 fsf, 1635 (m, sh), 1450 (5). 1380 Lm), 

1200 (51, 1125 (sf and 850 (mf cm-'5 ll!S m/e 166 (ti*t, 151, 137, 83, 55 (100) and 41; high 

resolution tiS m/e calcd for CIIH,,O 166.1358, found 166.1356. 

l'kathyl (26,6E)-3,7-dW&hyl-2,6-nonadtenoate (4a). Dry methanol (300 tiL) vas placed 

into a 1 L round-bottcanad flask and cooled to 0 'C. To this flask vas slovly added, vith 

vigorous stirring, 27 g of activated tmnganese dioxide. To this suspension vas added 30 (4.10 

g, 24.7 ~1) , sodiun cyantde (5.00 g, 102 mml) and 1 I& of glacial acettc acid. The mtxture 

vas stirred at room tecrperature for 24 h at vhich tima 7 ml of saturated sodilm bicarbonate vas 

added to neutralize any excess hydrogen cyanide. The nranganese dioxide vas rWrrOVBd by filtra- 

tion and vashed vith 600 rrl of ether. The coa&ined organic portlons vere concentrated In vacua 

to an orange slurry. The Crude product vas extracted from 300 ml of voter vith ether (3 x 200 

mL)* and the ctilned extracts vere vashed vfth voter and brine. After drylng over &SO,, 

the solvent vas removed in vacua to yield, after silica gel chromatography (85:15, hexane ethyl 

acetate), 1.6 g (33%) of the pure ester as a pale yellov oil. Clc analysis of the product 

(collsnn 8) shoved it to be a mixture of the desired (2E,66) isomar, 4a, ()9St)(vith minor 

contamination by the (K,62) and (2Z,6E) isomers, cc&ined (St): 'H NHR (400 tW) 6 0.98 

(3H, t J- 7.4 Hz), 1.60 @H, s), 1.97 (2!+, q J = 7.4 Hz), 2.17 (TH, s), 3.69 (3H, s), 5.07 (lH, 

5, br), and 5.67 (lH, sl; l3 C NhR (100 Mizt 6 12.72, 15.89, 18.82, 25.89, 32.29, 40.95, 

50.75, 115.18, 121.38, 138.05, 166.17 and 167.26;IR (film) 2960 (s), 1720 ($1, 1650 is), 1440 

(51, 1230 (s), 1150 (s) and 870 (m) cm-'; It6 m/e 196 If!*), 165, 137, 114, 63, 67, 55 (100) 

and 41; UV (methanol) Lmax (n-->I') 300 nra csoo l 63, (zs, l 1340; high resolu- 

tion US m/e calcd for C,,H,oOz 196.1463, found 196.1458. 

Photolystt of athy gemnate !n ether. A solution of methyl geranate LO.182 g, 1 ranoil 

and dodecane (O.'OlT g, 0.1 mnol) In 10 ai of dry ether vas &gassed and irradiated for 8 hours 

at 253.7 run. Ether vas removed fn vacua an8 the crude mlxture vas analyzed by glc (colum Al. 

The gas chromatogram revealed five nev product peaks, vhlch vere separated and collected by pre- 

parative glc (colunn El, as veil as starting arterial. 7he identity of each peak (in order of 
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increasing retentlon tbna) was found to ber l3 (4.211, 'H NtS (400 mt) 5 1.66 (3H, s), 

1.65 (W, s), 1.72 (3H, s), 2.24 (lH, p J - 7.3 HZ), 2.46 (lH, p J - 7.3 Hz), 3.01 (lH, t J n 

7.6 HZ), 4.86 (lH, s), 4.87 (lH, la) and 4.99 (lH, tt J = 7.0, 1.0 Hz); 13C N?Ut (100 MI 6 

17.79, 20.39, 25.74, 28.93, 51.78, 53.20, 113.64, 121.95, 131.53, 142.39 and 112.951 IR 

(film) 2920 (ml, ll20 (51, 1650 (VI and 1160 (ml cm-'; H9 (n/e) 182 (H*I, 139, 123, 

122, 114, 107, 63, 82, 81, 69 (100) and 53; W (mathanolI end absorbance. 11 (5.921, 'h 

NflR (400 ttHzI 6 0.75 (3H, s), 1.10 (2, s), 1.11 (3, s), 1.45, (lH, ml, 1.55 (lH, m), 1.69 

(lH, ml, 2.30 (lH, s), 2.74 (lH, sI and 3.66 (3H, s); 13C NhR (100 MizI 6 13.03, 16.97, 

18.58, 23.62, 29.23, 43.18, 46.69, 50.09, 50.64, 53.25 and 112.78; IR (ftln) 2950 (s), ll2U 

(51, 1450 (51, 1440 (51, 1360 (51, 1050 (3) and 900 (ml cm-'1 H9 (m/e) 182 (ff), 123 

(loo), 122, 107, 81, 79, 67 and 55; UV (methanol) end absorbance . 12 (6.8X), 'H m (400 

HHz) 6 0.91 (3H, d J - 7 HZ), 1.35-1.53 (2H, ml, 1.71 (3H, 51, 1.65-2.00 (2H, RI, 2.41 (lH, 

br q J = 7 Hz), 2.78 (lH, t J = 9.2 Hz), 2.99 (lH, br q J - 8.4 Hz(z), 3.67 (3, s), 4.70 (lH, br 

s) and 4.72 (lH, br $1; 13C NM! (100 M&I 6 16.90, 20.75, 30.58, 34.07, 36.94, 48.49, 

51.19, 52.04, 109.37, 146.93 and 174.96; IR (film) 3050 (n-11, 2980 (s), 2675 (m,shI, 1120 (s), 

1650 (s), 1440 (br, s), 1380 (br,sI, 1170 (br, s) and 690 (5) cm-'1 M (m/e) 162 (h*I, 

167, 151, 139, 123, 114, 107, 63, 61, 69 (100) and 55. UV (methanol) end absorbancr. 14 

(5.7aI, 1H NRR (400 )(HzI 6 1.62 (3H, s), 1.69 (3H, s), 1.77 (3H, s), 2.71 QH, t J = 7.2 

Hz), 3.06 (2H, I), 3.68 (W, s), 5.06 (lH, br t J - 7.2 Hz) and 5.33 (lH, br t J = 7.2 Hz); 

13C NRR(100 MzI 6 71.67, 23.91, 25.66, 27.23, 37.33, 51.76, 122.33, 127.76, 127.62, 132.00 

and 171.96; IR (flla) 2975 (51, 2916 (51, 2658 (5, sh), 1125 (~1, 1436 (51, lsO2 (ml, 1259 

(5) and 950 (ml cm-'; H5 (m/e). 15 (41.6X), 'H NW (60 rscZ) 6 1.61 (3, s), 1.67 

(3H, 51, 1.67 (3H, d J - 1.5 Hz), 2.16 (ZH, ml, 2.62 (2H, m), 3.67 (3H, s), 5.12 (lH, br t J l 

7.2 HZ) and 5.63 (lH, s); 13C NtSt (20 MHz) S 17.39, 25.06, 25.50, 26.67, 33.44, 50.33, 

115.91, 123.62, 131.62, 160.66 and 166.29; IR (f!lmI 2970 (br,sI, 172U (s), 1660 (ml, 1430 (ml, 

1220 (51, 1140 (s) and 1050 (VI cm-18 tK (m/e) 182 (ll*), 123, 63, 62, 69 (100) and 53; Uv 

(methanol) +nax 216 MI (I - x'), c - 3040 and 300 nm (n - 1.1, c = 25, czs, - 1350. 

Photolysls of Rethyl Gerahate vlth 1,2-Dk~thyIlnidazole. A solutlon of methyl geranate, 

3, (0.182 g, 1 rnnol) and 1,2-dlmethyllm!dazole (0.024 g, 0.24 mnol) !n 10 ml of dry ether vas 

degassed and lrradlated for 5 h vlth 254 MI light. At thls tima the photolysls mfxture was 

washed vlth 5% tK1, saturated NaHCO, and br!ne. The ether was removed, after drylng with 

ng90., in vacua and the reactlon mfxture analyzed by glc (colum AI. In addlt!on to pro- 

ducts 13, 11, 12, 14, 15 and starting rmterlal 3, tvo nev products vere tsolated by 

preparatlve glc (colum 0) and characterized spectroscopically. 161 1H NhR (4OOMtzI 6 

1.61 (3H, s), 1.69 (3, s), 2.12 (4H, s), 3.06 G+i, s), 3.68 (3, s), 4.91 (lh, s), 4.95 (lh, 

s) and 5.10 (lH, br s); 13C NHR (20 MHz) 6 17.69, 25.69, 26.27, 36.01, 41.93, 51.67, 

113.69, 123.87, 131.65, 142.43 and 171.61; IR (film) 2900 (~1, 1740 (s), 1650 (v), 1440 (ml, 

1160 (ml, 1020 (a11 and 900 (m) cm-'; H6 (m/e) 162 (fl*I, 122, 109 (1001, 107, 95, 63, 81, 

12, 67, 59, 55 and 53; UV (methanol) end absorptton. 17, lH m (400 tRiz, 6 1.63 (3, 

s), 1.69 (3H, d J - 1 HZ), 1.71 (3H, s), 2.12 (ZH, t J = 7.5 Hz), 3.00 G'H, s), 3.68 (3M, 51, 

5.10 (lh, t J = 7.5 Hz) and 5.25 (lti, t J n 7.5 Hz); 13C NRR (100 FHzI 6 16.20, 17.69, 

25.64, 27.17, 44.79, 51.67, 122.41, 126.00, 128.21, 131.95 and 172.48; IR (film) 2975 (51, 2918 

(SI, 2856 (s, sh), 1125 Is), 1436 (3). 1302 (a~), 1259 (sl and 960 (m) cm-'; h6 (m/e) 162 

(n*), 135, 124 (1001, 123, 111, 109, 107,95, 91, 81, 79, 72, 67, 55 and 53; UV (methanol) end 

absorption. 

Photolysls of Methyl Ceranate and Proplophenon in benzene. A SOluttOn of methyl gera- 

note, 3, (0.100 g, 0.55 rmnol) and proplophenone (0.4 g, 3 mnol) in 10 ti of dry benzene vas 

irradtated for 20 h vlth 254 n lfght. After removal of benzene !n vacua the mixture was 

analyzed by glc (column A) and vas found to consist of 11 (19X), 12 (22.6%). 15 (26.6%) 

and startlng material, 3 (26.7%). 
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motolyls of llethyl 6afanat8, (3), In EUw, ltr vwsus Mltlon. A solution of 

methyl geranatr (0.455 g, 2.5 ~1) and do&cane (42 rrg, 0.25 a011 In 25 ti of Other vas dlv(- 

ded among 20 quartz photolysls tubes. After wsslng, tvo tubas were vrappad In alulm foil 

and all vere placed into the Rayonet reactor apd irradiated vlth 254 M light. 7uO tubes vwe 

removed at each of the follovfng time lntervalsr 0.5, 1, 2, 4, 8, 12, 18.5, 30 and 48 IL me 

tubes vrapped In l lu(aum fall w-e in tha reactor for the entfro 48 h. All wles wre anal- 

yzed by glc (calurn El). Analysis nsults are presented In the dlsCusslOn and results SectIon 

(F!gure 1). 

Photolysls of Mthyl (2E,gE)-3,7-Olrthyt-2,8-noMdl~~ (4a) In EthW, TlrS versus 

CaposItlon. A solution of 4a (0.196 g, 0.001 mol) and dodecane (0.019 g, 1.1 x lo+ 

mol) !n 10 mL of ether vas divided among 10 quartz photolysls tubes. After degaSsIng In the 

usual vay, the tubes. vere placed Into the Rayonet reactor and trradlrtad vlth 254 m light. tvo 

tubes vere removed at each of the follovlng t!m Interval; 1.3, 2, 4, 8 and 12 h. mles vere 

analyzed by glc (colon 6). Product 1dant~flcatlon vas achlevad by lH I*cR (400 m), 13C 

NM (100 MHz), lH - 'H (COW-45) and lH - 13C (HETCCR) correlations and DEPT: 4b (22, 

6E methyl ester) *H YfW 6 0.97 (3H, t J n 7.4 Hz), 1.62 (W, 51, 1.89 (3, 51, 1.97 (ZH, q 

J - 7.4 Hz), 2.16 (2H, n), 2.65 (m, t J = 7.8 Hz), 3.67 (3H, s), 5.14 (lH, q ) anu 5.66 (lH, 

5); 13C NllR S 12.68, 15.05, 25.34, 26.60, 32.28, 33.47, 50.73, 115.77, 122.04, 137.66, 

160.55 and 166.75; 4c (2E, 6Z methyl ester) lH HIR 5 0.96 (3H, t J - 7.5 Hz), 1.67 @H, 

s), 2.01 Ml, q J = 7.51, 2.16 (7H, s), 3.68 (W, s), 5.04 (lH, ml and 5.67 (lH, s); 13C NM 

6 12.74, 16.64, 22.62, 24.77, 25.66, 41.24, 50.77, 115.19, 122.54, 138.28, 160.12 and 167.27; 

Id (22, 62 methyl ester) *H NflR 6 0.97 BH, t J - 7.5 Hz), 1.67 (3, s), 1.89 (W, s), 

2.03 (2H, q J - 7.5 HZ), 2.16 (2H, m), 2.53 (2ti, t J = 7.6 Hz), 3.66 (3H, 51, 5.12 (lH, a) and 

5.66 (lH, s); 13C Nm A 12.81, 22.81, 24.69, 25.36, 26.43, 33.76, 50.74, 115.80, 122.55, 

136.26, 160.42 and 167.27. Analysts results are presented In the results and dlscusslon sec- 

tion (Figure 2). 
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