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SYLVAIU t2OTIENS and MAMaED scHLx)ssER* 

ImtitutdcChimie~ de PUniv*nsitt 

Roe de la Barre 2, CH-lOOSLaosanue, SwitzerIand 

(Received in Germany 10 Jrute 1988) 

1 38: R = CR3 (Cinerin I) 4a:R * CHB fCiYl?win II) 2 (Pyrethtic acid: 

(Chrysantheatc 3b: R = C2H5 (Jasmoib~ I) 4b:R = C2H5 (Jasmolfn II) chrysantkmun 

acid) 3~: R - W=CHZ (Pyrethrin I) 4C:R - CH=Ct$ (Pyrethrtn II) dicarboxylic acid 

3d: R - H (Allethrin) mmnmthyl ‘ester) 

The pyrethrum constituents barn the big advantage of being innocuous to mammak and biids. They suffer, 

however, from a serious drawbadc. Both, the acid and the alcohol component of the esters are extremely sensi- 

tivetopbotodtimuiaUdo~degnaatiokTb~aa.~applkationcouldbe~~struc- 

tttral modiiicatiob ,pmvidtd srdhitnt ehepaial s&&y. S&S attempts were undertaken by !StaWr and 

RuEicior~aPtathavhadfomplete&,JimaIburtoPJywithR.Yuauraoto [‘I, the sttwtwe eiu&tatiw R of 

the chrysantbemk a&l as well as a f%st synthesis. Unfortunately, when they replaced the cyclopentenone moiety 
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by a benxyl or p-anisyi group aii biological activity was Iost and with a piperonyl group @a) it was retained only 

to a small extent i4! In contrast, esterification with modified five-membered ring alcohols such as racemic 

ahethrolone and S-ben@u&rol @ading to 3d (4 and 6 @IS respe&&) was rewarded with considerable 

success. Thus, benzybtype srrb&uGon was negkcted as a dead end until the introduction of a chlorine atom into 

position 6 of the piperonyl group (5h) i71 showed very encouraging resuits. Fiiy, the disckxwe of the m- 

phen~~i and a-cyancw-phemxyberuyi chrysaathcmates (SC iaI and &I i9# “1) marked a breakthrough in 

the field of synthetic, photore&tam pyrethro& 

J-%+&j J-O> d-;qo 

3 
- 

c5 \I 

6s: X-H 6 [Resmethrin) 6C: R = H (Phenothrfn) 

Sb: X - Cl (Barthtin) Sd: R = CR (Cypkenothrfn) 

In the meantime, another important progress had been a&wed as far as the acid wmponent was conarncd. 

When the terminaI mtthyI groups at the side chain were replaced by ehzctronegative snb&wnts the metabolic 

or photooxidative degrwUmwassub&nMy retarded if n& compieteIy grewrued. In this re&pecr the per 

methriic acid, tirst desaibed by &m et aI. inI, ~~o~to~~~~~~~rn~~~ 

m-phenoxybcnzyi alcohol and a-cyarwm-phen- alcohol new esters 7a i’& WI ‘dnd 7h ia ‘9, haying most 

impressive properties, wtre obtained. Ahhough similar in toxicity towards mammals, they outperformed the 

natural pyrethroids as insecticides by orders of magnitude, The dibromo amdogs (such as the famous 

Deltamethrin 7c [**I) showed quai or slightly enhanced activitics. Amazingiy, howewr, one stereocenter had to 

be inverted compared with the naturai modeI. HaIogenated synthetic pyrethroids of type 7 have little effect 

unless their side chain occupies a &r position with resped to the ester &r&ion. 

7a: X - Cl, R = H (Pennethrtn) 

7b: X = Cl, R = CN (Cupemcthrfn) 

7C: X = Br. R = CN (Deltamethrin) 

Fmaiiy, the unsaturated side chain can be compIetcIy removed. “Primitive derivatives* of a&i& cyclopropaaes 

(such as 8) or ring opened mimics (such as 90 or 9b) stiIi conserve an exceptionaNy high insccticidai activity as 

long as they remain ester&d with the (~-~ohy~ of ~-ph~o~-~~deh~e. 

8 

(Fanpropathrfn) 

)q;qo 

- 

d \/ 

Qa: x - cl (Fenvalerate) 

Qb: x - F2CH0 

ThestandarQbcingashiebasnowclday5itsbwldbecomemoteand~~~dtsign.orfindpyrethroids 

haying superior activities and selectivitiek Our ambiions did not tea& aaf& $vbut tm decided to synthesize 

a-, B- and +y-monofh&nated analogs 10,lI and 12 of the duysa&emie acid. 3% aim was a modest one. We 
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At this stage we learned that another laboratory had znuxekd in the prepamtion of a-tluorochrysanthemic acid 

1Oa [r9). We abandoned our goal and focussed on the remaining hvo regioisomers 11 and 12. As an access to the 

former, again we simply thought to modify a method which had aheady been elaborated for the halogen-free 

series and again we failed. The copper- 12a), palladium- in] or rhodium [%atalyzed decompositkm of ethyi 

diazoacetate in the presence of fmethyl-Z-butenal dimethyl aatal does afford 3-methoxycarbonyI-2,2dimethyl- 

cyclopropancuubaldehyde dimethyl ace&J (lg caronaldeh$e dimethyl acetal methyl ester), ahhough the yield is 

only moderate and unidentified by-products are formed. The same reaction carried out with the fluoro-analog of 

the acetal 18 takes a different route. Rather than to attack the ole6nic double bond in a [2+l]cycloaddition 

mode, the ethoxycarbonykarbene gets attached at one of the oxygen atoms. The resulting oxonia ylid immedia- 

tely reananges by l,2- and l,Cmigrations giving ethyl Cfluor&Z,3dimethoxy-5-methyl4hexenoate (19, 

erythro/lhteo mixture) and ethyl (2)4fluoro-2,S-dimethoxy-3,3-dimcth~4pentenoate (Zo). 

(R’O&H 
-Y 

“““_“__, OZCH~“: m-e &fooR 

j-iq l8 

/ 
R’O = H&O; OR = OC& 

R’OF + R’O$OOR ---* R,O COOR 

19 20 

Sterically hindered acetals such as 2-(1-fluoro-2-methyl-l-p~~)~,4~~-~~e~~-~~~~ (21) do not 

react at all. Ethyl maleate and ethyl fumarate were the only products detected. 

F 

21 0 - t( 
0 

% 

:CH-CQQR 

-II- 

COOR 

In order to understand the perturbation caused by the fluorine substituent, we may consider the cycloaddition 

transition state 22 as a superposition of bonding, non-bonding, biiadical and zwitterionic resonance structures. 

We believe the latter to contribute substantially to the overall electro& situation. A fluorine atom should 

destabilize an adjacent positively charged center due to its inductive cl&on-withdrawing effect and thus retard 

the reaction. 

22 

This model of a polar state predicts an enhanced reactivity of dienes compared with simple olefins. This expec- 

tation is nicely corroborated by an intramokular competition experiments l,3t7-o&atriene 23 adds ethoxy- 
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OR 
To our satisfaction, also fluorodienes were found to combbm with allra*yaatbonylcarbe Alkyi groups, which 

can lower the Fred energy of the transition state, plai a crucial role and dictate the sit? at wbicb the w&addition 

process occurs. ‘I&e rhodium a&atGcatatytcd decomposition of ter?-butyl diazoacctate in the prcswx of 

~-~~~2-rne~~-~~~~e t2G51 only gave rise to a pair of diastcrcomtrs 24 (Jyn/Mti-ratio fxl 1 : I). 

No regioisomcr 25 having the gcminal me&y4 groups attached to tbc three-membered ring was detected. In 

other words, tbe clmrge s@iWng inductive effect of a m&by1 group optareigbs the donor capacity of a fluorine 

r 

~~ 

-L 

Wii ~fl~~~e~~-~~~~~e if4 as the substrate and ethyl diazoaeetate as the carbcne source both 

rcgioisomcrs, llc (38%) and UC @I%), were formed in roughly equal quantities. The rep&cement of the diazo 

compound by tbc corresponding methyi or re+butyI ester did not alter tbesc proportions wry mu& (39% lib + 

28% Gb and 25% lid f 29% Ud, mpetively). 

lib: OR 

tic: OR 

lid: OR 

12~: OR 

12d: OR 

= OH 

= OCH, 

= 0C2H, 
= OCtCH,f, 

= OH 
= 0CH3 

= OC,H, 

= O~(&H~~~ 
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Inacompetitimwrperimantmethyl~wss~to~inthepresenceofanequimdar 

mixture of 3-fluoro-2,5-dhnethyl-2,4-thyl-24bQBdiene and its hakgen-free anakg, After staMenI aur&on (two idea- 

tical double bonds iu 2+dimetllyI-2+hw I) the prodI& compo5ition allow6 to eakulate paitsal r&e 

factors (see tabk). As these reveal, the fluorine deactivates both doubk bonds. However, thedoauone,to 

which the heteroatom ‘i directly attached, is less affected. Apparu@, the ame~pondiElg tmmition state offers to 

the fluorine substitwnt the po&bUy to compensate its adwse elecbon withdrawing inductive effect, to some 

extent at least, by a mesomcric ek&ron Aeasing effect [V. The &/bww ratio6 appr&mate 2 : 3 for the 

halogen-free duysmthemate standard as well as for its 74h~xi~ted derivative, but are revwsed for the /Muo- 

rinated isomer. The opposite stere1~4cctivity may refkct an electrostatic repukion of the halogen and the 

neighbor& ester function in the buns-isomer of llb. (To faciUate the comparison with the &udural analogs 10 

and If, also in the case of compounds 11 “cis” and “buns” continue to denote the position of the isobutenyl chain 

relative to the ester function regardkss of the ordinary sequence priority of fluorine over carbon in 

nomendature.) 

Table. Cyd&dditii of m eethykne to &Sdimethyl-24Ae.xadiine 

and its 3-fluoro duivative giving cis- and &uwdkstereomers : relative reactivity of 

the three &erent doubk bonds. 

under 

cuso; 

catalysis 

under 

RhlOCOCH,I1 
catalysis 

compound x X’ CiS tram cis truns 
I I , I I 1 I -4 

methyl chrysanthcmatc H H 0.66 i 1.00 0.63 0 1.00 

llb F H 0.36 0.17 0.25 0.25 

To obtain four desired products in a single, one-stage reaction looks quite attractive provided the components 

can afterwards be readily separated. We had to proceed stepwise. As dewihed for the non-fluorinated methyl 

chrysanthemate [m1, pig liver esterase promoted the complete hydrolysis of the buns-isomers llb and 12b while 

the &isomers remained unchanged (By the way, when the enzymatic hydrolysis was interrupted after 50% 

conversion, only a 17% cnantjosclcctivity had been achieved for &wt.r-llb). 

r-----l r---- -1 
I I ’ I , 

I I I 
I 

+ ; tranr- ; 
I 

Cl& *_+___ C/t- 
* 

; trenr- i 

lla llb ; llb i 1 110 I 

I I 
I I I I 

I I 
l ’ + l 1 + I 

I I I 
I 

I 
I I 

Clt- *_+___ ClS- I trem- I 

*I 12b ; 
m 

: trarm- ! 

12a 12b I 12a I 

I I 
I 

I I I 

L--_--J L--v--_ J 
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c/r-l 2 b: 

X = H, X’= F 

trans-11 b: 

X=H,X’=F ’ ” 
I 

X' 

Under proton catalysis the ~-ftw emates Uh, l2e and l2d can be readily hydrolyzed to afford the 

free acids 121. In am@ast, the ~-fluorinated derivative$ lib, llc and lld prove to be very fhgile in acidic 

medium. The three~membered ring breaks up and under loss of fluorine the triply Gsaturated S-methyl-f(l- 

mcthjMhenyi)-2,4kxadienoic acid (26) is formed. ‘The c&somers, for example ck-114 are cleaved 

considerably faster than the frans-isomers. This differena in reactivity adwxates against a common intermediie 

such as the allyiic cation 27. Presumably the proton assisted departure of the fluoride ion and the rupture of the 

carbon-carbon bond across the ring occur simultaneously generating immediately the tertiary carbenium ion 28. 

(-&+cooR’) 
27 

f I 
1’ 

/’ i 

c/s-l Id 

OR = OCICH& ; OR’ x OCiCH~l, or OH 

The new compounds llc and 12e were submitted to ten standard biological tests. As expected, the cis-isomers 

were more or less inefkctive while the Drmr-isomers showed a simii activity profile as the corresponding 

halogen-free parent compound SC (“phenothrix?). 
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EXPERIMEHTAL PART 

1. General remarks 

Stating mote&Is have been purchased from Fluka AG, Buck, Aldrich- Sk&him, or Muck- 

Schubdt, Darmstadt, unless literature sources or details for the preparation are given. All commercial 

reagents were used without further purification. 

Butyllithium was supplied by CheMetall, F&kfurt. Air and moistwe sensidvc CMpaundp were stored in Schlenk 

tubes or Schknk burettes. They were protected by and handled under an atmosphere of 99.995% pure nitrogen. 

Anhydrous dieihyl ether and leinrhydrofumn were obtained by distihation after the characteristic blue color of in 

situ generated sodium diphenylketyl fm) was found to persist 

Ethercal &mcts were &ied with sodium sulfate. Before distillation of compounds prone to radical polyme&ation 

or sensitive to acids a spatula tip of hy&v@ww or, ret3pectiveiy,potah4m cc&on& was added. 

The temperature of dry ice-methanol baths is consistently indicated as -7% Voom temperature. (22 - 26YZ) as 

25°C. A4eiling mn@.r (mp) are reproducible after resolidiScation, unless otherwise stated (“dec.“), and are cor- 

rectcd using a calibration curve which was established with authentic standards. 

Whenever reaction products were not isolated, their yields were determined by gpr v comparing 

their peak areas with that of an internal standard and corre&g the ratios by calibration factors. The purity of 

distilled compounds was checked on at least two columns loaded witb stationary phases of d&rent polarity. 

Chromosorb G-AW of SO - 100 and, rcspcctively, 60 - 80 mesh particle size were chosen as the support for 

packed analytical or preparative columns (2 or 3 m long, 2 mm inner diameter and 3 or 6 m long, 1 cm inner 

diameter, respectively). All packed columns were ma& of h while quartz was chosen as the material for 

coated, GROB-type capillary columns (r: 10 m long). The type of the stationary phase used is abbreviated as SE- 

30 (silicone rubber), DEGS (diethylene glycol succinate polyester), and C-2OM (polyethylene glycol). 

Infrared specbn were recorded of films if the sample was liquid at room temperature, while solid substances were 

embedded in potassium bromide pellets The intensities of absorption bands are abbreviated as s (strong), m 

(moderate), w (weak) and b (broad). 

Nuclear mqgetic twonance spctm of hydrogen nuclei were recorded in the 360 MHz field, of carbon-13 nuclei 

in the 90.6 MHz field (either under broad band or Sated decoupliq) and of fluorincl9 nuclei in the 188 MHz 

field. Unless otherwise stated, deuterochloroform was used as the solvent. Chemical shifts refer to the signal of 

tetramethylsilane (6 = 0 ppm), which served as an internal standard for ‘H and ‘% spectra and of a,a,a-tdlua- 

rotoluene for 19F spectra. Coupling constants (J) arc measured in Hz. Coupling patterns are descrii by abbre- 

viations : s (siagulet), d (doublet), I (triplet), q (quadruplet), pent (pentuplct), &of (heptuplet), act (octuplet), td 

(triplet of a doublet) and m (multiplet). 

In general, muss spccaa were obtained at a 70 eV ionization potential. Whenever no molecular peak was obser- 

ved under standard conditions, chemical ionization (“ci.“) in an ammonia atmosphere was applied. 

2. Starting materials 

2-Pluoro-3-methyl3-batenat dimeth~I acetaf 

A mixture of l-chloro-l-fluoro-3-me~o~-~-~~h~~pro~e fm) (9.0 g, 66 mmol) and tricthylamine (9.6 

mL, 7.0 g, 69 mmol) in methanol (SO mL) were heated 14 h to retbtx. After dilution with a saturated aqueous 

solution of sodium bicarbonate (25 mL) the product was extra&d with pentane (3 x SO mL) and distill& 7.8 g 

(SO%), bp 49 - SloC/lO mmHg (lit. t30) bp 54’c/17 mmHg). 
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A mixture of l-chlor~l-fluw+~methoxy-2,2dimeth~ VI (7.2 & 53 mmol), tri&+k (7.7 mL, 

5.6 80 55 mmol) and pinacol(2,3dimetbyI-&3&wuW, 24.0 g, 200 mmoi) wtrt heated 4 h to 1lO’C. Extraction 

and dWlation afforded a akrless lisaid; 7.7 g (72%), bp 90 : 92T/lO mmHg, n; 1.4452. 

‘H-NMR : 5.76 (1 H, 4 J 22), 1.73 (3 H, 4 J 2), 1.68 (3 H, 4 J 2), 1.26 (6 H, s), 1.24 (6 H, s). 
(80 Mw 

‘9F-NMR : -72 (dm, J 23). 

MS: 202 (196, M+), 187 (nk), 101(86%), g5 (loo%). 

Analysis: talc. for C,,H,,FO, (202.27) C 6532%, H 9.4796; found C 65.171, H 9.1s%. 

Methyl 24lnomt3.methyl3-buteuoate 

A mixture prepared of 2-fluoro-3-methyl-2-butenal(45 g, 0.44 mol),~potassium cyanide (65 g, 1.00 mmol), acetic 

acid(57mL,6Og,UOmol)and ~diarride(05Lg,6mol)inmetharrd(OSL)~stirredU’hat2PC, 

The suspension was filtered and the insoluble matwial washed with methanol (2 x 0.1 L). The combined 

solutions were diluted with water (0.5 L) and extracted with pentane (4 x 02 L). A colorless liquid was collected 

upon dktillatioo under reduced pressure; 41 g (71%), bp 78 - WC/70 mmHg. 

IR: 1730 (s, l&-on, 1300 (3, Y[C-oj), l240 (s, v[C-O]), 1150 (s, I&-O]). 

‘H-NhfR : 3.6l3(3H,s),2.11(3H,4J4),1.tB(3H,~f4). 
(80 =) 

‘?=-Nh4R : -66 (he@, 14). 

Analysis: cak for C+i.$O~ (UZl3) C 5454%, H 6.8696; found C 54.&3%, H 7.m. 

At -75’T, 2-fluoro-3-methyl-2-butenal (102 g, 100 mmol) was added dropwke to a solution of (triphenyl- 

phosphonio)ethanide (100 mmol, prepared by the G&ant yiid” technique 1311) in dietbyl ether (Xl0 mL). As soon 

asthem~hadrcached250C,the~~ntwas~~atcdandtheproductdistilled;g.Og(3996),bp50- 

53”C/ 65 mmHg. 

MS: 114 (16%, M+), 99 (59%), 79 (W%). 

Analysis : talc. for C&F (114.16) C 73.65%, ‘H 9.71% found C 73.56%, H 10.18%. 

The product consisted of two stereoisomers in the approximate cis/buns ratio of 90 : 10. They wtre separated by 

preparative gas chromatography (3 m, 10% SE-30, WC). 

Q-Isomer : 

‘H-NMR : 5% (1 I-I, &I, J 29.0,11.2), 5.55 (1 H, dq, J 11.2,7.0), 1.90 (3 H, 4 J 7.0), 1.76 

(3 H, & J 3.0,15), L69 (3 H, d, J 3.0). 

‘?wMR : -53 (doct, J 285,3.0). 

Q-Isomer : 

‘H-NMR :, 6.U (1 H, &fq, J 27.0, lS.S,15), 591 (1 H, dq, J l55,6.0), 1.83 (3 H, @ J 6.0, l.O), 

1.75 (3 H, 4 J 3.0). 1.71(3 H, ri, J 3.0). 

19F-NMR : -62 (dm, J 265). 
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An analagous reactian with Nriphel&kphoni&prop&de (100 mmd, ‘mEtant yw P’ preparation) gaw 
. 

8.4g(66%)ofthe~flwokne * ;bp64-6Yc/65llmHg. 

‘H-NMR : 5,68(1H,4122),~~(6H,s),1~(3H,4~3),1J9(3H,412). 
(80 MHz) 

‘9p-NMR : -51(4 122.0). 

MS: 128 (lOO%, M+), 113 (97%), 93 (74%). 

Alla@&: cak for C&F (l28.19) C 749696, H lOZB& found C 752296, H 996%. 

3. Attempted synthesis of methyl a-fiaorochrysanthemate 

Under nitrogen atmosphere, pat&mu re&utouida (0.45 g, 4.0 mmol) WBI added to a sotution of 3methyI-Z 

butenylp-tdyl sulfone (0.90 g, 4.0 mmol) in tetrah@ofurau (20 mL). An arange color and, 5 min later, a preci- 

pitate appeared After 15 min methyl ~~uoro-3-methyl-Zbutenoate (053 g, 4.0 mmol) was added under stirring. 

The reaction mixture rapidly turned brown and became homogeneolls, but a short while later a new precipitate 

had formed. After 2 h the mixture was poured into water (50 mL) and extracted with dicthyi ether (3 x 

20 mL). When the solvent was dried and evaporated, a &id residue (1.1 g) remained. Elution from a silica gel 

(60 g) cdumn with ethyl acetate-kane (1 : 10 v/v) gave 0.6 g (l5%) of 14 (followed by 0.4 g of the sulfone 

starting material); mp 90 - 91T (after reay&hktion from isopropano~ and sublimation). 

IR: 1700 (m, v[C=O]), 1630 (s, Y[C&J), 1320 (3, I@=on, 1150 (s, v[S-01). 

‘H-NMR : 7.73 (2 H, 4 J 8). 7.40 (2 H, 4 I8), 5.6 (1 H, m), 52 (1 H, m), 245 (3 H, s), 

210 (3 H, 4 J3), 1.86 (3 H, 4 I4), 1.76 (3 H, s), 1.54 (3 H, 8). 

*9F-NMR : -63 (s, broad). 

MS: 3% (14% M+), 169 (loo%), 141(24% 91(45%). 

A&ySiS: talc. for C#.$O~S (324.41) C 6294%, H 6.52%, found C 62.9596, H 6.68%. 

Methyl 2,24i.tmethyl3-(2-mathyt-2-propen;vUdeac)cycloproplae (17) 

An otherwise identical reaction was carried out in anhydrous dimcthylformamide (20 mL) rather than in tetra- 

hydrofuran. When, after evaporation of the solvents, the extract was distilled under reduced pressure (10 

mmHg), 0.35 g of a colorless liquid was collected which contained 0.18 g (25%) of 17 while 0.40 g (44%) of the 

starting material 3-methyl-2-butenylp-tolyl sulfone remained as a residue. The ester 17 was purified by prepara- 

tive gas chromatography (3 m, 10% SE-30,140 -, l8O”C [lU’C/min]). 

IR : 1725 (s, v[C=O)), 1618 (nr, v[C=Cl), 1310 (s, v[C-O~. 

‘H-NMR : 6.43 (1 H, s), 4.99 (2 H, s), 3.68 (3 H, s), 219 (1 H, s), 1.8g (3 H, s); 136 (6 H, s). 

(80 =) 

uc-NMR : 171.6 (s), 141.6 (s), 1343 (s), 123.6 (4 I 158.6). 116.4 (I, J 158.6). 51.5 (q, I 143.5) 28.9 

(4 / 17x1), 27.5 (s), 26.7 (q, J 1283), 19.5 (q, J l23.8), 19.4 (4: I lz3.8). 

With excess potassium &vr-butoxide (8.0 rather than 4.0 mmol) only little stdfone starting material (22%) was 

recovered and the yield of ester 17 raised to 49%. 
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Ethyldiazoacetate(21mL,23g,.mmmol)indiethyldher(8nlL)w~adQd,intbeco~o of2handunder 

vigorous stining to 2&om-3-methyl-~bntenal dhthyl a&al (3.0 g, 20 mmol), in which copper powder (0.05 

g08mmol)wass~aadwhichwaskepCat12SC(tbesohrtntbeiqe~~ranoved).Distillatton 

un&rreducedpressure@p73-78’C/lmmHg)~~dadacal~~liqvidcamposedoEulualamwntsan 

ayrJuv/&Jw-mixture (again 1: 1) of 19 (1.2 &25%) and of Q-20 (1.2 & 25%). Consealtivz prrqawive gas 

chromatography allowed first to separate the pair of regioisomers(3m,1096SE30,15ooc)aad~thtpairof 

diastereoisomers (3 m XI% C-2oM, 175T). 

19:Theconfigurationalaaairmmant~olltheargrrrble~~ths~couplineconstantof a 

mu-compound is larger than that of the m a+ro-isomer P1. The combwtion an&is has been 

executed with the diastereomeric mixture. 

uylhro-19: 

IR: 

‘H-NMR : 

19F-NIKR : 

MS: 

Analysis: 

thr?zo-19 : 

IR: 

‘H-NMR : 

%NMR : 

MS: 

1750 (s, v[C=OJ), 1115 (s, V[Go]). 

4.31(1 H, U, J 26.0,75), 4.2 (2 H, m), 3.99 (1 H, & J 75,0.9), 3.45 (3 H, s), 

336(3H,s),1.70(3H,4~35),1.66(3H,~J3.0),L26(3H,1,J7.0). 

-64 (dhcpt, I26.0,33). 

161(2%), 117 (100%). 

Gk.. for CIIH#O, (234.27) C MAO%, H 8.1796; found C 56.3796, H 8.09%. 

1745 (s, y(C- On, 1325 (8, HC-Ol), 1095 (s, v[GOJ). 

43(3H,m),3~(lH,4~87),336(3~s),3~(3H,s),1.76(3H,~~35), 

1.73 (3 H, d J 3.0), 1.45 (3 H, I, J 72). 

-68 (rlhcpr, i 27.0,33). 

234 (0396, M+), 161(3%), 117 (100%). 

20 : The (Z)-contigmatiosl of the double bond was asigned on the basis of the Iw-coupkg constant IpI. 

IR : 

‘H-NMR : 
w -1 

13C-NMR : 

‘%Nh4R : 

MS: 

Analysis: 

1750 (s, Y[c=o])( 1130 (m, Y[C-o]), 1110 (s, Y[C-oJ). 

5.52 (1 H, 4 J 22), 4.22 (2 H, Q I7), 3.75 (1 H, s), 3.63 (3 Ii, s), 3.35 (3 H, s), 1.29 

(3 H, 5 J 7), 1.14 (3 9 s), 1.10 (3 H, s). 

170.8 (s), 149.9 (4 J 2X0), 1293 (a J 171.9, lO.O), 84.3 (4 J 144.8), 60.6 (r, I 147.5), 

60.4 (q J 143.3), 58.6 (q, I 141.7), 40.5 (4 J 20.0), 21.3 (q, I l283), 205 (% / l283), 143 

(4: J l2w 

-80 (d I23.0). 

234 (2% M+), 161(%), 117 (100%). 

talc for C,,H,$O, (234.27) C &IO%, H 8.17%. found C Sti.l8%, H 8.14%. 

rertlutyi 3-(l-tleam2-methyt-l-propemyl) -2-=wwW(W 

In the cmursc of 1 h, rcrt-butyl diazoacetate P41 (0.71 g, 5.0 mmol) in diethyl ether (1 mL) was added to the 

vigorously stirred suspension of rhodium diacetate (6 mg, 0.03 mmol) in cis-~fluoro_2_methe~~ne 
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(1.1g,l0mmol).UpondistiWionuuderredueedpwsmrea1:1mixtnreofisomers of24wa6colketed(gas 

chromatography : 3 m, 5% SE30,145 4 l!vC [lo’c/min]; 3 m, 5% c-2OM, 145 h l!wC [lWC/nlin]); 0.90 g 

(79%); hp 64 - WC/l mmH& 

Atlaly&: cak for C&&p02 (22831) C 6839%, H 927%, found C 68.4296, H 9.11%. 

After separation by preparatiw gas chromatography (3 m, 2096 CXOM, 175 4 190°C) they were identified, in 

the order of their elution, as &N-buQi I-3-(ldo~~n-~~~-~~-l_knctb 

(‘buns-24.) rind rat-butylc-3-(1dooro2-~-1-~~~~-~~~-1~o~~ (“cis-24’). 

cis-24: n; 1.4508. 

IR: 1730 (s, v[C=OD, 1145 (s, @x]). 

‘H-NMR : 2.07 (1 H, bn, I9), L81(1 H, dr, J 8.5,2x2), 1.68 (3 Ii, &f, J 3.0,20), 1.60 (3 H, &f, 

I3.0,l.l). 15 (1 I-I, m), L44 (9 I-i, s), 1.34 (3 H, a J65,12). 

‘PF-rwR : -45 (8, broad). 

MS: 172 (26%), 127 (45%), 57 (100%). 

buns-24 : n~1.4479. 

IR : 1730 (s, v[C=OD, 1155 (s, v[C-OD. 

‘H-NMR : 2.20 (1 H, & J 17.0,9.0,45), 1.66 (6 Ii, 4 J 3.0), 1.6 (2 H, m), 1.45 (9 H, s), 1.11 

(3H,drl,16J,l.8). 

WNMR : -48(dm,J17). 

MS: 228 (1%. iv+), 172 (ll%), 127 (23%), 57 (10096). 

FIuoro-sobstituted methyl ehrysanthanatea (llb and l2b) 

In the course of 10 h, methyl diazoaeetate ~1 (6.0 g, 60 mmol) indiethylether(5mL)wasaddedtothe 

vigorously stirred suspension of rhodium diacetate (0.06 g, 03 mmol) in 3-fluoro-2,5dimethyK!,4-he.xadiene 

(14.1 g, 110 mmol). Distillation allowed to recover nnconsumed fhmrodiene (73 g) and to isolate a mixture 

co&sting of methyl c-~~u~2f-dimetbyl~~-(2-methyl-1-~~~~0~~~ (brmr-llb), r-3- 

fluoro-2~-dimethylc-3-(2-metb;yl-l-propcny (cis-llb), methyl c-3-(l-fluoro-2-methyihyl- 

l-propenyl)-2S-dime~~o~~~~ (ck12b) and f-~(lduoro-tmetbgl-l-propcnyl)-2~-dimethyl- 

cycloproete (0unA2b) in the approximate ratio of 1.0 : 21: 1.1: 13 (according to gas chromato- 

graphy : 3 m, 5% SE-30 or CXZOM, l2.0 h l9CPC [lWC/minl); 8.0 g (67%). hp 58 - 6X/l mmHg. 

Analysis : talc for C,,H,,FQ2 (ZiW25j C 65.9896, H 8.5696, found C 66.0596, H 8.63%. 

The four components were separated hy preparative gas chromatography lirst pahwk into regioisomers (3 m, 

10% SE-3O,l3YC) and then, in a second run (3 m, 10% CXOM, 135°C) into individual stereoisomers. 

ck-llb : n; 1.4498. 

IR : 1740 (s, v[C=O]), 1205 (m, v[C-Ol), 1160 (s, #Z-O]). 

‘H-NMR : 5.56 (1 H, 4 J 8.8), 3.65 (3 H, s), 1.91(1 H, 4 I 195). 1.84 (3 I-& &, I6.0,12), 1.76 

(3 H, &f, J 45,0.8), 1.38 (3 H, 4 J 1.5). 1.18 (3 H, d, J 1.9). 

19F-NMR : -98 (m). 

MS: 200 (7%. M+), 185 (14%), 165 (21%), 141(100%). 
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fmns-llb : I$ 1.4551. 

IR: 1750 (8, v(C=O]), l2OO (m, y[C-OJ), ll50 (m, z#XD. 

‘H-NMR : 5.43 (1 H, d, J 7X)), 3.69 (3 H, s), L82 (3 H, 4 J 4.0), L80 (3 Ii, &i J 6.0,1@, 1.48 

(1H,4~55),1.46(3H,4~15),1.10(3~4J22). 

‘9F-NMR : -117 (m). 

MS: xm (3%. M+), 185 (9%), 165 (ll%), 141(100%). 

cP-l2b : nfjl.4543. 

‘H-NMR : 3.64 (3 H, s), 1% (1 H, &I, I9.0). 1.74 (1 H, & J 9.0,1.9), 1.66 (.3 Ii, 4 J 20), 155 

(3 H, &f, 127, L3), 135 (3 I-I, 4 J 12). L22 (3 H, s). 

‘?wMR : -45 (8, broad). 

MS: 200 (17%, M+), 141 (MO%), l21(41%). 

tmtwl2b : XI; 1.4485. 

IR: 1740 (s, v[C=O]), 1235 (m, #Z-O]), 1170 (s, Y[C-01). 

‘H-NMR : 3.70 (3 H, s), 2.21 (1 H, &i, Ill.4 KS), 189 (1 H, 4 J 5.8), 1.65 (3 I-I, d, / 3.Q 162 

(3 I-J 4 J 3.0), 1x7 (3 y s), 1.15 (3 I& d I 1.1). 

WNMR : -48 (d, broad, I 10). 

MS: 200 (26%. M+), 141 (lOO%), l21(36%). 

The same molar quantities were used and the same wart-up umdikms applied when the diazo decomposition 

weJ~withaobydrouscoppersullate.Thereactioncoaditions~~modifiedinonercJped:atempera- 

ture of WC, rather than WC, was chosen. The reaction mixture rapidly huned black. 

Fluoro-substituted eshyi duyanntbematcs (11~ and l2e) 

From the exude reaction mixWe obtained after rhodinm catalyzed decompositkm of ethyl diazoacetate only two 

components wwe obtained as pure isomers by preparative gas chromatography (3 m, 10% SE-30,140”C). 

cis-llc : 

‘H-NMR : 

“F-NMR : 

MS: 

tmns-12c : 

‘H-NMR : 

5.59 (1 H, dm, J 93), 4.1(2 H, m), 1.90 (1 H, 4 I203), 182 (3 Ii, &i, J 6.2,12), 1.76 

(3 H, d4 J 4.6, l.l), 139 (3 H, 4 J 1.4), 1~ (3 I-& r, / 73), 1.18 (3 H, (i, I21). 

-98 (m). 

214 (3%, M+), 199 (S%), 141(100%). 

19F-NMR : 

MS: 

42 (2 H, m), 221(1 H, d4 Ill.4,5.8), 1~ (1 H, 4 J 5.8), 1.66 (3 H, 4 I26), 1.63 (3 H, 4 

I-.9), 1.28 (3 H, 1, I73), 1~ (3 H, s), 1.15 (3 H, 4 I 1.1). 

-48 (m). 

214 (42%, M+), 199 (l%), 141 (B%), 61(100%). 

Flno~ tar-w w (lid aad 126) 

The rhodinm+ataly& decomposition of te&utyl dkoaeetate M in the +seaee of Wluoro-2,Mimethyl-2,4- 

hexadieoe gave a mixture containing four components, 5496, bp Sz - W/O.5 mmHg. It was first split by prepa- 
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rative gas chromatography (3 m, 15% DEGS, LXX) into two-component mixtures and subeequentty into indivi- 

dual isomers (6 m, 10% SE-30, lXPC for the pair ck-lld and @awl22d; 3 a~, 15% DEGS, l3OT for the pair 

buns-lld and cis-Ud). 

cis-lld : 

IR : 

‘H-NMR : 

‘9F-NMR : 

MS: 

A&y&: 

m-lld : 

IR: 

‘H-NMR : 

‘%NMR : 

MS: 

Analysis : 

ci.s-12d : 

IR: 

‘H-NMR : 

‘%NMR : 

MS: 

Adysia: 

tmns-12d : 

IR : 

1730 (3, v[C=O]), lL50 (s, V[COl). 

5.59 (1 H, cfm, I8.9), 183 (3 H, &f, I6.0,15), L81(1 H, 4 J20.0), L78 (3 H, & 

145, l.O), 1.43 (9 H, s), 136 (3 H, 4 J 25), 1.16 (3 H, 4 120). 

-98 (m). 

186 (16%), 141(93%), 1.21(39%), 57 (100%). 

talc. for C14HtJpo2 (20233) C 69.39%, H 957%, found C 69X3%, H 9.73%. 

1760 (4 v[C=O]), 1165 (s, V[C-q). 

5.46 (1 H, dm, I7.5), 185 (3 H, & / 4.3,0.9), 180 (3 H, d4 I6.0, l.l), 1.47 (9 H, s), 

1.43 (3 H, (I, 1 L8), 138 (1 H, d, J 6.0), 1.07 (3 H, ci, J 1.2). 

-118 (m). 

186 (ll%), 141(91%), 121 @I%), 57 (100%). 

talc. for C,H&G, (24233) C 6939%. H 9.57%; found C 6938%, H 9.98%. 

1735 (s, v[C=Ol), 1140 (3, u[C-G]). 

1.9 (1 H,m), 1~ (3 H, c I2.5), 1.63 (1 H, &% J9.0,22), 156 (3 H, d4 I2.5,15), 1.43 

(9 H, s), 133 (3 H, 4 I 13), 1~ (3 H, 8). 

-44 (s). 

242 (l%, M+), 186 (16%), 141(72%), 57 (108%). 

talc. for C&.& (24233) C 693996, H 9.57%; found C 69.28%, H 9.78%. 

1730 (s, IqC=O]), 1150 (8, u[C-01). 

‘H-NMR : 2l3 (1 H, &$ J 11.7,5.8), L8l(l H, 4 J S.8), 1.66 (3 H, 4 J 3.0), 1.63 (3 H, 4 13.0), 

1.46 (9 H, s), 1~ (3 H, s), 1.13 (3 H, 4 112). 

‘?wMR : -48 (dnl, J 10). 

MS: 242 (l%, Aft), 186 (lo%), 141(64%), 57 (180%). 

Analysis: talc. for C,,GFO, (24233) C 6939%, H 9.57%; found C 69.16%, H 9.74%. 

Competftion experiment 

In the course of 10 min methyl diazoacetate [W was added to the vigorously stirred slurry of rhodium diacetate 

(0.08 & 0.4 mmol) or cupric sulfate (3 mg, 0.02 mmol) in a 1 . * 1 mixture of 2,!idimethyl-2.4hexadiene and its 

ffluoro analog (both 20 mmol) containing some decane (0.07 g) as an internal reference (“standard’). Before 

and after the reaction, a sample was taken and the relative amounts of the fluorinated and halogen-free diene 

determined by gas chromatographic comparison of peak areas (3 m, 1% AgNOs + 30% diethylene glycol, WC). 

Insertion into the w&l-known logarithmic expression [q gave the total conversion rate of the fluorinated diene 

relative to that of the h&en-free diene. The knowledge of product compositions, as determined by gas 
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chromatographic analysis, allowed finally to atkulate the paxtial rates for all reac&I elmmA leading to 

individual regio- and s&reoisomers. 

5. Hydrolysis and transesteri&ations offiuorochysaathemates 

Add cleavage d the tur-betyl j94lum tbematw lld 

A solution of the cis-isomer cis-lld (0.27 g, 1.1 mmol) andptoluenesdfonic acid (30 mg, 0.16 mmol) in benzene 

(10 mL) was heated 1 h under reflux. After dilution with diethyi ether (10 mL), e&m&n with a 2% aqueous 

solution of sodium bicarbonate (3 x 10 mL), reacidikation (pH l), new extraction with diethyl ether (3 x 10 

mL), washing, drying and evaporation, 5-metbyl4-(1-wtbyktbeayl)-2,4-bexadknok add (M,O.l3 g, 71%) was 

left as an oily residue. 

‘H-NMR : 6.06 (1 H, s, broadened), 5&g (1 H, 4 J LO), 5.3!I (1 H, 4 J l.O), 5.26 (1 H, 4 Il.2, 

broadened), 1.95 (3 I-I, 4 J 1.1). 1.86 (3 H, 4 IS), 155 (3 H, s, broadened). 

Treatment with etheral diazomethane kd to the comspoading methyl ester. 

MS: 180 (996, M+), 165 (2S%), l21(62%), 105 (100%). 

Under identical conditions the tmn&somer bruu-lld gave a 1:l mixture of Imetbyl-3-(1-me~l~n~)-~~ 

hexadienoic acid (26) and ~-3-tln~2f~etbyl-13(2-methyl-l-prope add (fww 

lla). 

‘H-NMR: 5.45 (1 H, &n, I6.8), 1.84 (3 H, &, 14.0, l.O), 1.81(3 H, & J 6.0, 1.2), 1.49 (1 H, 

4 J 55), 1.46 (3 H, 4 I 1.8), 1.12 (3 H, 4 J 12). 

EsteriEcati~ with diazomethane conwxted it to the methyl &fluorochrysanthcm ate twt.r-llb (identified by 

gaschromatographic comparison with authentic material : 3 m, 5% SE-30, lm, 3 m, 5% C-2OM, 170°C). 

Add cleavage of tbe tti-butyl74luwochrgsaot l2d 

The ester cis-l2d (0.50 g, 2.1 mmol) andptoluenesulfonic acid (0.06 g, 03 mmol) were dissolwd in benzene (Zo 

mL). After 90 min of heating to reflux temperature, the mixture was diluted with ditthyl ether (10 mL) and 

extracted with 2% aqueous sodium bicarbonate (3 x 15 ml.). The combined aqueous layers were acidified to pH 

1 and rapidly extracted with diethyl ether (3 x 10 mL). Upon evaporation of the dried solution the c-3-(lduoro- 

2-meth;vl-l-pr)-2~m~~o~~~k rid (cis42a) was collected as a solid residue; 0.26 g 

(66%). mp 91- WC (after recrystallization from a 1: 1 mixture of diethyl ether and hexane). 

‘H-NMR : 203 (1 H, dkn, I9.0), 1.74 (1 H, ~4 I9.0,2.2), 1.65 (3 H, dci I3.0,2.0), 1.56 

(3 H, & J 3.0, 1.2), 1.35 (3 H, 4 / 1.2), 123 (3 H, s). 

In the same way, the ~-S(l-fluoro-2-methyl-l-propcayl)-LJ-dfmetc add (truw12a) was 

obtained, 0.2S g (71%), mp 56 - 58°C. 

‘H-NMR : 9.1 (1 H, s, broad), 223 (1 H, dci J 10,6), 1.89 (1 H, 4 / 6), 1.6 (6 H, m), 1.31(3 H, s), 
(80 MHz) 

1.18 (3 H, s). 

Treatment of the acids cb-l2a and tmns-12a with an ethereal solution of diazomethane converted them quanti- 

tatively to the methyl esters cis-l2b and tmns-l2b es ewidcnced by gas chromatographk comparison with 

authentic samples. 
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Ellxpaucll~ortbemcthglflo~ tta buns-llb and bms42b 

Asuspensionofa2:1:1:1mixtureofthemethyIfluotochrysant hemates dr-llb, ttwu-lib, cis-l2b and bwrs- 

Ub (1.80 g. 8.9 mmol) and pig Iiver eaterase I=q (0.01 g in LO mL of water) in a buffer sob&ion (15 mL), 0.2 M 

in both phosphoric acid and sodium phosphate, was stirred at 2!iT while an automatic device (Metrohm, 

Herisau) kept the pH constant at 8.0 by feeding in 1 N aqueous sodium hydroxide. ABer 24 h a new portion (0.5 

mL) of the enzyme solution was added and the stirring continued for another period of 24 IL Extra&on with 

diethyl ether (3 x 28 mL), foIhnved by washing of the combined organic layers with 2% aqueous sodium 

bicarbonate (3 x XI mL), drying and evaporation a&wed to reuwer the methyl eaters dr-llb and ciM2b almost 

quantitatively (1.0 g, 93%). They were read@ separated by preparative gas chromatography (3 m, 10% SE-30, 

USC). 

The combiied aqueous layers were acidified to pH 1 and extracted with diet.hyI ether (3 x 20 mL). After drying 

and evaporation a 1: 1 mixture of the acids banr-lla and bwrs-l2a was obtained, 0.44 g (61%). Reesterification 

converted them to a mixture of methyi fluoro&ysanthemates buns-llb and tmns-Ub which was again separated 

by preparative gas chromatography (3 m, 10% WOM, 13X). 

In a paraIIe1 run the reaction was stopped after 50% hydrolysis of the &fluoro&rywthemate &ws-llb. An nmr 

analysis by means of the chiraI shift reagent Eufhfc), tris-[o,0’3(~~,4,4,4_hepl~~~l_axobutyl)-~7,7- 

trimethylbicycIo[221]heptan-2-onato]europium, allowed to determine the enantiomeric excess in the recovered 

esters. It was found to be fairIy weak, approximately 17% in the case of ester fmwllb. 

Preparation of the m-pbenoxyben@uerecbrysanUu~~tes llc and l2.e 

ButyM.ium (0.8 L, 1.2 mmoI, 15 M in hexane) and methyl fhrorochrysantbemate cir-llb (0.20 g, 1.0 mmol) 

were added in consecutive order to a solution of m-phenoxybenyf alcohol (20 g, 10 mmor) in diethyl ether (1.5 

mL). After 36 h at 2ST the mixture (wmaimng about M% of crude product) was concentrated and separated by 

chromatography on s&a gel (using a type B ‘Lobar’ column of Merck GmbH and UV detection). EIution (fknv 

rate 450 mL/h) with a 1 : 50 (v/v) mixture of ethyl acetate and hexane aBorded the pure ester cis-lle (0.16 g 

43%). In the same way the isomers ounr-lle (0.20 g, 54%), cis-12~ (0.17 g, 46%) and tmrts-l2e (0.19 g, 52%) 

were obtained. 

cis-lle : nt 1.5386. 

IR : 1740 (s, v[C=O]), 1260 (s, #z-O]), ll50 (s, V[C-01). 

‘H-NMR : 73 (4 H, m), 7.1 ( 2 H, m), 7.0 (2 H, m), 6.9 (1 H, m), 5.54 (1 H, rtm, J 8.5), 

5.06 (1 H, d, J l2.8), 5.04 (1 H, 4 I KU), l.% 1 H, 4 J 195),1.80 (3 II, &, J 6.0,l.l). 

1.74 (3 I-I, &f, J 45,1.0), 137 (3 H, d, J 15), 1.17 (3 H, d, J 1.5). 

‘9F-NMR : -98 (m). 

MS: 368 (la%, M+), 348 (11%). 183 (ltM%), 141(90%). 

Analysis : talc. for C#$C13 (368.45) C 74.98%, H 6.84%; found C 74.91%, H 7.06%. 

0mr.r-lle : n: 1.5378. 

IR : 1740 (s @z=O]), 1260 (s, V[C-O)), 1140 (s, V[C-01). 

‘H-IWR : 73 (4 H, m), 7.1 (2 H, m), 7.0 (2 H, m), 6.9 (1 H, m), 5.43 (1 H, &r, J 7.0), 

5.11(1 H, d, J l3.0), 5B!l(l I-I, d J l3.0), 1.79 (6 H,,m); 153 (1 I-I, d, I55), 

1.45 (3 H, 4 / 20), 1.09 (3 H, 4 11.2). 

19F-Nh4R : -116 (m). 

MS: 368 (24%, M’), 183 (loo%), 141(282%). 





7144 S. COTTENS and M. SCZH- 

Pll 
WI 

PI 
WI 
PI 

PI 

PI 
WI 
1311 

WI 

PI 

WI 
WI 

J.FarlLa;sP.Koo;im,F.Sorm,CO&iXt~~cammun. 24 ww, 2230. 

Bit. Patent 1’413’991 (fikd 25 May 1972/15 Au& 1973, hued 23 March l!?77) to Nat. Retwrch Dev. 

Corp. @venters : M. EILott, N.F. Jancs, dA. Pulman); Qla. Abse 8Q (l974), l32’901f; M. Eltiou, A. 

W. Famham, N.F. Janea, P.H. N&ham, DA. Pulmau, Nufutv 248 (1974), 710. 

Comm~aaamixtnrcofstereoisomas. 

S.~e~thtsa&doctorat,EcdeP~~Ftdtrak&~~1wu,p.20-21. 

Uschlossu,Tctmhcdnn 34 (lm, 3. 

T. Narahashi, P&c. Sd 7 (1976), 26% Chin. Abstr. 8S (1976), 1?2%3q hut. Biochem. Physid 

(Editor : CF. Wikhson), Pkmm Press, New York 1916, p. 327; Ckm. Absrr. 86 (l977), 51’3S6p. 

J.MarteZCHlrynh,~Soc~i;Z.,~,M.Julia,kGuy-Ro~~Bull.Soc~Fr.1967, 

1411; P.F. Schatz# J. c&m. E&z 55 (l!nS), 46% 

Amdo& : WE Bihps, T.C. Shields, W.Y. Chow, NC. DeqJ. Chg. C&m. 37 (l!XQ), 36X. 

J.-L Brayx @towel-Udaf, Romainvk), private communicatioa (May 1985). 

I.G.M. Campbell, S.H. Harper, I. C&m. Sac. l!US, 283; T. katani, Y. Yoqwhi, T. Nagasc, Tsbo- 

hcdrw, Z.&r. 23 (m2), 685. 

R. Paulisscn, AJ. Hubert, P. Teyssi6, Te L.&r. 13 (19n), 1465, U. h4eoQq B. Radfkhel, W. 

Sk&alla, H. VohrQgpq Tk Let& I3 (l9l2). 1465. 

AJ. Hubert, A.F. Nacls, A.J. An&n, P. Teys&, Qwfksis 1976, aoo; MP. Doyle, J.H. Grifh. MS. 

Chinn, D. van Leuscn, I. Oq. C&m. 49 (l!%4), 1917; HJ. Callot, E Metz, Teztmh&m 41 (l9Ss), 44%. 

AJ. Anciaux, A. Demonceau, A.F. Noels, R. Warh, AJ. Hubert, p. Teyd,,Tdmhednm 39 (1%3), 

2169. 

B. Spahi~, M. Scldoaer, Hdv. C7th Ada 63 (l980), lZ42. 

K. Kondo, S. Cottens, M. S&loser, CiKm Left. l!JS4,1470. 

M. Schloaser, G. Heinz, Lc Van Chau, QIcm. Ber. 104 (l971), 1921. 

See, e.g., H;G. Kuivih, A.R. Hendrickson, I. Am. C-km. Sue 74 (1%2), 5068; G. Ihmiad, G. Mar& 

J. Am. Chum Sot. 78 (1956). 4975; L.M. Stock, HC Brawn, &iv. Phys. 09. C3em 1 (l%3), 35, apec 

74; GA. Glah, Y.K. MO, Y. Halpun, Z. C7tcm. Sot 94 (l972), 3551; H. Vah, W-D. Mayer, w@ Ann. 

C&em. 1975,835; H. Volz, HJ. Sireich, T- 33 (19n), 3133. 

MSchneider,N.EngtZH.Boensmann,Angmt.Cha.%(19&)),52;Angnv.Chmt.Znc.Ed~U 

(19%0,64* 

Y. Be&he, Dang Ngoc-Hut? Savary, M. Schlosw, Hciv. O&I. Acfu 60 (1977), 1739. 

F. Camps, J. Cd, A. Mu, MA. Perk&L HetemyJ. C7wm. 17 (1980). 1377. 

M. schlosscr, B. Schaub, C%imia 46 (1982). 396. 

For comparhm, we : R.E.A. Dear, L 0~ Ckn. 35 (1970), lm, J.W. Emdey, L. m V. Wny, 

%v-=b-Mqgncblc &wnunce S’cupy (editors : J.W. Em&y, J. Feeney, L.H. Sutcliffe), 

VOL 14 p. 109, Pergamam Prcss# Gxfard, l977. 

See, e.g., CA. Khgsbmy, W. B. Thornton, Z. Org C&em. 31 (l%6), looo; M. -, K.F. 

czhrhmq~AnnQIcm7Q8(1%7),L 

M. Rcgitq J. Hock, A.M. Lkdheger, Org h?,p. Pmcd 1 (m), 99, Chm. A~J& 7l(1969), 6(y64oj. 

RHuisgen,in:McPhadq,daorgPnlrclratChunic(editor:EM~),Vd3/~,~.99-~specl44, 

G. Thieme Verlag, Shit@ 1955; M. schlossu, V. Ladehqx, Ckm. Ber. loo (1%7), 3901. 

Supplied by Boehr@z GmbH, D-68 Mannheh. 


