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INTWWCTION - 

Amnp the various approaches to the synthesis of conjugated enoner, the rcylrtion of orpano- 

mtallic reqents is probably the mst direct one’. The main limitation to this concept is the 

reactivity of thr or9anaetallic rrqont towards the nwly formed ketone. which ham to be less 

reactive than the ecylmting agent. Navarthelers, a plethora of mathods era available bared 

either on an especially reactive ecyl derivativs2, or 00 a nom or9rncmtrllic res9ent3. 

Concerning this latter approach, the rcylrtion of organocoppor drrivativss is considered as one 

of the best ways for the synthesis of ketones'. 

In the case of rlkrnyl copper or cuprate rergonts. houever. this method suffers 

dranbwk : the conjugate addition of the cuprstr to the newly formed ketone’ : 
frca J serious 

It uas our goal to use the l lkrnyl copper A and cuprrto roqonts 8, obtained by carbocuprotion 

of l lkynes6, to thr synthoris of M,&rthylenic krtwr uith a rtrrrodofinod substitution pattorn 

RCU.C)PX2 
R'-CXH 

R’ 

>9 R2CuLi 2 HCiCH 

R A Cu.bx2 l Pm 
I! 

2CuLi 
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ESpecially, the synttnrir of conjugated enones of pure 2 confipuration is not an easy task as 

judpd by a brief survey of the litterature’. Pbceover, they are knoun for their stronp tendency 

to ifomrise into the more stable E is-r, 

amounts of acid’. 

by Simple h68ting or in the presence of trace 

Although w had prepared such a 2 mono accordinp to : 

1 /HCtiH 2 fW.i 

Hept CuLi 
2 

- H6pt COOH - nept 
T 

Me 78% 

t/co* Et*0 0 

This a6thod is limited to Asthyl ketones 2b . 

Ue report. herein. the results of our investipatioos in the field of the synthesis of such 

ketones. 

HOOHOETHYCENXC XETONES 

Alkenyl copper r6a96ntS p are not vsry rbsctivs towards acyl halides and a 25.35% yield of 

iswrized k6tons iS usually obteim?d*. ko conjugate addition to ths obtained, stronpty hind6md 

6non6, is l ith6r observed. On the other hand, cuprates 8 ar6 very rssctivs and the 6Sih product, 

obtained in Et20 or T* solvent, uas the reeddition product to ths enone (see tab16 3). hou6vsr. 

Hept~2CuL i 
-1006 to r.t. 

TABLE 1 - * 2 )4acox - A h6pt n6 
I Ti- 

lh 0 

I Entry I X I solv6nt/cosolv. I Yi6ld ’ 1 2 purity 1 

I I I I 
I I I I 
I 1 I Cl I Et20 or Et20/TH I 10 % 

I I I I 

I 2 I Cl I Et20/THF/WI (4eqjc I 31 a 

I I I (70:30) i 

I 3 I 3r / Et20/T#fwT (469) i 44 I 

I I I (70:30) I 

I 4 I Br I Et20/lIPd/WT (4eql l 61 \ 

I I I f70:30) I 

I I 

I 70 # I 
I I 

I 97 t I 
I I 

I 97 \ I 

I I 

I 96 ct I 

I I 

I i 
I a : yields of isolated kOtOn6, based on both alkonyl proups of th6 cuprate I 

1 b : d6t6rmiMted by pas chroutography oh capillary glass colon (OVlOl, 2k) I 
I c:twT: hexmethyl phosphoric triaide OPWe2)3. Four equivalents per acid1 

I ha1 id6 I 

I d:ThP : t6ttahydropyrm I 

I I 

uhen the r6action afar perfomed with 8 strongly polar coSolv8nt, such as HP7 (4 eq.), in order 
4b 

to 6nhrnCO thr rate of acylation and to slou doun the rat6 of the unddSif6d conjugate 

addition’, 4 Dod6rate to 9ood yi6ld of non-isarrised ketone was obtained. Acetyl chloridr uas 

clsrrly 16s~ reactive than acatyl bromide (ccnparr sntries 2 end 3) which uas abl6 to cleave the 

TW rinp, the menizing cosolvent 
10 , 6ven at a low t66prrsturs. 7h6 us6 of tetrahydropyran in 

its place l llowd sn c&u]. yisld of 60%. based on the use of both aikwtyl groups of th6 

cuprste (sntry 4). 
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Other cabinatiau of cosolvonts o(r2S, MSO, LW, Pyridinr) or acylatinp a9ohtr (anhydrides, 

thioortrrs, acid fluoridor) met with loss success, l ithor buaurr of a lw yield, or irar- 

risation of tha 2 l now, or the prrdainme of ridr rractionr Cpyridina “I. It should be 

aentiooed. however, that a recant publication reported that selsnoasters were wry efficiently 

cwpled with rlkenyl copper re&ntr 
12 . (Only one l lkrnyl proup is used howvor). 

An irprovaaent of the desired couplinp was then sought throupt, tranwtallation of the elkrnyl 

cuprate derivative to a more efficient orpanoretrllic reagent such as the orgenorsngsnese ones 39 

Hspn2CuLi z HeppCu Lil + H4pplhl lkcox HOP-b * 
Et20 Et20 

0 
X:Cl 32% 2 purity >V4% 

X : Br 61% I, > ” 

Although the yield is quite acceptable uith acatyl bromide, it is a lor one based co both 

alkenyl groups of the cuprate (3&l%). 

Amn9 the various acylaticm mthods, the transition metal catalysed 0110s (Fe “, Nila, Pd”j 

attracted our attention, since VI knew froa previous studies that alkenyl Copper derivatives 

undergo Pd” catalysed reactions. such as the coupling with alksnyl and aryl halides. 
lb 

Ue found that alkenyl copper reapants, associated with upnesiu salts A are also acylated in 

the presence of Pd” catalyst to afford the desired a,&ethylenic ketone with a stereodefined 

substitution pattern 

R’CrnCH R’ R”-COX/TW R ’ 

RCu.I@X2 - 
Et20 * 

R &%X2 
3% pdU’Ph31, 

T- 
R R” 

A 0 - 

In the case of lithius dialkrnyl cuprate B, many alternatives are possible to accomplish succes- 

fully this acylation. One of them consists in the tranwtallation of this orpanowtallic 

reapant into the rim species lb which is known to be efficiently acylated under Pd” 

catalysis 13i*j (entries 5 and 6. Table II). 

RTC&i 2nX2 RACu,LiX l Rm2nX 

B 

Another possibility, which has the advantapr of usinp both alkenyl proups of the 2 dialkenyl 

cuprate. is to transform this 

ciated with ugnesirr salt, by 

halide folloued by addition of 

Rm,CuLi mpxZ . 

!! 
L 

species into two equivalents of 2 alkenyl copper rea9ent, asso- 

addition to the lithiu cuprate of tuo rquivalonts of upneriu 

one equivalent of copper halide (entry 7). 

R02CJ19X _x, ’ RACu H9X ’ 2 
A - 

As shorn in Tablo 11, alkenyl ccpprr reaprnts h react rith a great variety of acyl chlorides. to 

produce variously substituted conjugated mwws in hiph yield. The substitution pattrrn of the 

alkenyl copper roa9ent is fully rotaimd, as judged by 9ar chrcmatopraphy on capillary 91ass 

colun COW, 2%). In all the rxamined cases the rtorooisonric purity is exceedingly high 

(>99%). Palladiu catalyzed isaerisation of such l nooos is observed only at high twrature 

(refluxinp TW) for proloopod periods ?” 
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It should bo recalled that it is very easy to isomrisr these kotonn by dilute l cidl7 and, 

thus, to have both ismars for comparativr purposes. It is intorestinp to not0 that, in contrast 

to Q$-disubstituted morms 2-2, Z-mono-rubstitutrd enonos 2-2 are complotrly isonrirrd into 

thr E onos : 

Hept b m O.lN Kl/H20 

1m 0 

1E >9m 

Thus, our l rthod may afford either the 2 or E ethylenic ketone in hiph yirld. 

Table 11 - 
Et2O/TW 

+ I+-COZ 
“CU” nPd’ COA3 

- 
ntrj 
- 

5 

6 

7 

6 

9 

10 

11 

12 

113 I 
I I 

I 

Or9anocopprr rer9ant 

1r*Cu HgX 

ZP’ 

2 

cuJw2 

Et w49X2 

,, 

mh 
iPr ww2 

-l- 
.I_ 

MeCOCl 
(ZnBr2) 

HeptCOcl 
(ZnBr ) 

2 

n0uCvcl 

I: zf?’ 

t&JcOc1 

r(ecoc1 

PhcOCl 

PhcOo-cOMt 

MVCl 

Cl-COOEt 

Acylating agent I 

I- 

Product Isolrtod yield 

nHaptA tOC(ea z I 80 k 

Et-COWspt' 2 / 85 % 
I 

nBu-tORub 

Jr*COtEu 

“h 
Hept Coc(e 

:: -CO-Ph 

II 

:::*,a* 

76 \ 
I 

I 

31 56 % 

: only one rlkenyl proup used 
1 “b : both elkenyl proups enter into reaction 

.I 
I 

I _I 

This possibility of obtaini-, at will, the E or Z encm is exeqlified by the following one-pot 

synthesis of isoegouketcm 9J, a natural fraprence from Perilla Frutascrns '*. This synthesis 

corprres very well with previous ones 
19 in efficiency, as well as in simplicity : 

l/CuX/THF 
Ml - cu,npx 

2/ HGCH 

92 
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Addition of l cotyleaa to isopropylcopper rraqant produced thr Z-alkrnyl copper derivativr which 

WI directly couplrd uith 3-furoyl chloride, in the prrreme of 3% PdWPh3),. The obtainad 

unnaturrl Z-isoaqomakotone E (85% irolatod yield) is readily isowrired quantitativrly to purr 

E-isoaqoaakatona 3. lntrrestinply, the o&our of thr unnatural 2 isowr was uch more plrasant 

than that of thr natural E one. 

In qaneral, any alkenyl copper roaqent qonoratad by carbocupratim may be used in our krtona 

synthesis : non functionalirrd as well as functionrlized ones, such as the ona baarinq an enol 

ether functionality (Table 11, entry 12). On the other hand, the reaction nith ethyl 

chloroforute, l lthouqh less efficient, provides an easy entry to or-kethylanic l stars with a 

knonsubstitution pattern (Table 11, entry 13). 

Anothrr interrstinq feature in this series, is the possibility to use l ixrd carbonic-carboxylic 

anhydrides instead of acid chlorides . Thrro anhydrides are a useful altarnative for thr cases 

uhere the acid chloride cannot be preparrd from the corresponding acid (vido infra). This is the 

first report on acylation with those anhydrides under Pd” catalysis. 

OlEThYLENlC KETONES 

A conceivable extrnsion of our krtona synthesis is its application to the prrparation of 

unsyrrtrical divinyl kotocres. 

l 

Z-OC 
PdO R2-R4 

0 

Such ketones are important synthetic intermediates. For example, the Nararov cyclisation 

reaction” provides an easy entry to variously substituted cyclopentenones. and therefore to 

uny five-me&wed ring natural products. 

A nuber of mathods exists for the synthesis of divinyl ketones, all with their scope rnd 

limitatirms22. Our aproach is based on the easy availability of a- @ unsaturated acids, 

precursors of the acid chlorides or the mixed l nhydridw. One of them, bared on the carbonation 

of l lkenyl copper reaqents, provides thasr acids with a know substitution pattern 23 : 

R’TU” + R’-lx34 -“b-l a “)-, 
R “Cu” R COW 

Acid chlorides of E ethylanic acids are readily prepared in the pure form 24 . On the other hand, 

2 ethylenic acid chlorides are usually isaarised during their preparation. In this case tha 

use of the mixed anhydrides is largely emphasized since they are easily prepared without any 

isamerisation25. 

RAWI" + ClCOOEt 

Et3N 

l RA cOO-COOEt 

CH2C12 or Et20 

100 % 

As show in Table 111, the reaction of l lkanyl coppar raaqents A with etbylenic acid chloridae 

or mixed anhydrides affords the unsymetrical divinyl ketones in hiqh yield and uith coclglete 

steraochrical control C > 99%). Thus, tha four possible rtereoirowrs of 3,6-tridac&ien-S-ona 

have bran rynttwtired. They are clurly aeparatod by qas chromatography l rxl tha 13c m 

sprctru of l mixture of them all, dirplays 16 isolated sp2 carbons. Kotmos 122 2, 122 E and 
&’ CI’ 
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lLE,Z 4ro very prow to isomeriution into their s,E isomer and 411 4ttemptr to isolrte thea 

by colon chromtoqr4phy or dirtill4tim resulted in p4rti41 isorerfutim. Nevertheles4 the 

crude ketone ir sufficiently pure for further ~40s in synthesis. 

Finally, it should br pointed out tht l ixed crrbonic-cerboxylic anhydrides ry be used uith 

orqrnoaet4llic reegents other than orqenocopper ones, such es orqrnorincr (ontry 18) and 

pr&mbly with any other one4 uhich undarqo Pd* c4t4lyred rewtionr. 

Tabla III - 

I’>--\ * R3* 
Rt “CU” % co2 

-37 :,l)?p(:: 
IEntry 

I- 
I 14 

1 

I 
I ‘5 
I 

1 lb 

I 

I 

; 17 

I 
k 
I 
1 18 

/ 

1 19 

I 
! 

Orq4noaetslIx rarqent T- 
_I_ 
I 

f 

I 

I 
I 

/ 
/ 
I 
I 

i 

Acetylstlng sqent 

,F”/ cOcl 

:* COO-COOEt 

H8X Coo-cooEt 

cot 1 

Hex 
/“/ 

coo-CooEt 

0 

Product 

Etvtfex '2*2 

Hsx 

Et; @ 
122.E 

0 

Etyl-“ex “+ * Etk_y “lx ZE,E 

0 0 

F _- 
I 

/ 

I 

I 
I 

I 
I 

I 
-1 

I 
a : Isolated yields m psrontheses 

Another extension of our ketone synthesis is the obtention of ar,p-g,6 dienones for uhich few 

preparations are available. 
7e,26 

Pd" 

R3 - R3 

0 

Acyclic 4s well 4s cyclic 6-halogen0 vinyl &etmar 4re well known compounds and their 

prep4ratiwr is very convenient and high yielding . 

These 8-hrlopeno vinyl ketone4 uy be considrrrd 44 vlnyloquer of l cyl halides, 4nd 4s such, 

they should also ruct, under Pd* catalysis. Diolkyl cuprater derivatives are already know to 

reect with theu h41idmt(l, 4 ruction rhich cm be viewed es 8 conjuqate 4ddition reactfo, 

follorsd by elimination of copper halide. 
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Houever, alkrnyl copper reaqmts are not reactive enouqh, and they decompose thervlly boforo 

any coupling occurs. Only&iodo vinyl ketones could bo used (entry 20) and only uhen no storic 

hindrancr imp&ad the coupling rractior, (rntry 23).ln thr prrrrmr of 3% PdCPPh31, the couplinq 

reaction occured readily and i9 hiqh yield (Tablo IV). The strreoisoaeric purity is eqain >99% 

and acid mediated iromeriution provided cleanly the E,E isomer for synthetic and caQIrativr 

purposes. 

Y- 
BU 

BU I++ 

Me A Me 

0 

loo \ 

Uith the very hindered ketone show in entry 23 it was necessary to carry out 

the iodide instead of the chloride, which, even under Pd” catalysis, afforded 

the diehone 12. Here aqain the olfactive properties of the 2 iscaer were much 

of the E iscmer (obtained by acidic isomerisation). 

Table IV - 

T1 
I- 
intry 

20 

21 

22 

the reaction uith 

only 65% yield of 

qreater than that 

l 

“Cu” 

Orqrnocopper 
reagent 

Rs R5 

haloqeno 1 Isolated 
ketone Product I yield 

I 
I- 

iPr 
>--\ 

cu,ngt 

23 

1 Et- 2CuLi 

ck 

Y 
14 

iPr Gnt 

0 

I 

&4 
t 

lsZ 

b.c 

(ZnBr2) 
1-1 ’ 

a : wthout catalyst 
b : 15% yield without catalyst 
c : 65% yield uith the correspondinq chloride, undrr Pd” catalysis 

Pent 

M 122,E ’ 

I 

89 % 

90 % 

It is clear fror the above results, that the Pd” catalyzed acylstion of slkenyl copper resqents, 

is a mthod of choice for the efficient qeneratiom of M,@ethylenic ketones with a knoun substi- 

tution pattrrn. This synthetic operation is carried out rith nrarly sotechimetric amount of 

reaqents (1.1 to 1.2 eq. of orqanaetallic reaqent), in a one pot procedurr, uhich takes 2-5h 

for the vhola process. The extension of the method to the synthesis of unsymetrical divinyl 

ketones and to conjuqated dienones shows its wide applicability, especially to 2-ethylenic 

ketones and dienones which wre already known for the hiqher quality of their olfactive 

properties. 
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EXPERlMM7AL PART 

‘H NM spectra wore recorded on a Jo01 IWlW apparatus (CC1 
+ 

; 6 pp fra mS), 13c Nm on a 
Jr01 FX90 Q (WC1 ; b pm). IR spoctrr mro cbtaimd on a Pa kin-Elwr m&l 457 spectrometer. 
QPC analyses wr ) porforwd on a Carlo Erba chrorrtogrrph wdrl 6 1 and 2150 using a 3s glass 
colts flO% 5E 30 or 10% UC 850 on silanimd chrowsorb 6 So/l00 mesh) and 2% capillary glass 
colon COV 101). The gas chrartogrrph was cwplrd to an integrator LTT 9400. All reactions arm 
portor& under a nitrogrn rtmspharo in a 250 ml flask equipped with a low-temperature 
therrreter, a mechanical stirrer and a pressure eqwlimd addition funnel. 

6,29 Alkrnyl copper and cuprrte rragmts are prepared according khom procedures . Ethylenic acids 
of E configuration are prepared rccordinp to rrf. 30 ; those of 2 configuration according to 
rrf.23. Acid chlorides are either corercirlly available orprepared according to rrf.24, using 
thionyl chloride in benzene and a catalytic amount ofdirrthylforumide. 

llixod carboxylic-carbonic rnhydrides are preparrd as doscribed in rrf.25. @ -lulogmovinyl 
krtones are prepared according to ref.27. Pd(PPh3), is ccaercially available ; ua usually 
prepared it sccordinp to ref.31. 

Procedure without Pd” catalyst 

A solution of 3-1 of 2-dinmyl lithiu cuprate is prepared in 10011 Et 0 fra n-hoptyl 
lithim (6orolJ, copprr iodide (33-l) and rcrtylene (66mol). Haxmthyl phbrphoric trimida 
(36g. 2OOmol) and 4Oml tetrrhodropyrrn are added to this cuprrts solution, rt -50. .md this 
solution is cooled to -1OOO. A solution of l crtyl braide (6.15g, 5OmolJ in 15ml Et20 IS sloaly 
added and the stirred mixture is allowd to reach room tsclpersturr (lh). A yrllon precipitate 
rpposrs during this tiw. The who10 mixture is hydrolyrrd. at -loo, with 5Oml aqueous rroniu 
chloride and 1Oml l qwous l mmia. The salts are filtered off. tha organic phasr rrshed onto 
uith SOal aqueous nroniu chloride, than dried over sodiu sulfato. The solvents are removed in 
vacua and the residue distilled through a 1Ocn Vigreux ~01~7. 

6onrral procedure with Pd” catalyst 

A solution of 3Omol of elkenyl copper reagent (associated with ugnrsiu salts) is praprred in 
looI1 TW or Et20. In the latter case, 6Oal of lw are added -3O* The .d chloride, or the 
acid anhydride, or the 6 -hrlogeno vinyl ketone (25mol) is $xed uith Pd%h ) 
4Oal TW and the uholo solution added to the rlkenyl copper reagrnt. The re&tio?‘~%~~ ii 
warwd gradually to rota temperature (lh) Jnd, than. hydrolyrrd, et -loo, with 5Oml aqueous 
rmoniu chloride and 1Oml aqueous rmonis. The salts are filtered off and the aqueous phase 
washed once uith 5Oml aqueous amniu chloride. Tha solvents ara rerovod in vacua and the 
residw dissolved in lml pentrne to precipitate the residue1 salts. This organic solution is 
dried over sodiu sulfate. concentrated in vacua end the product distilled. 

For lithiu dirlkenyl cuprrtr reagents the follouing procedure is used. To an l therral solution 
of 3brol of cuprate are added SQml TM and a solution of ZnC!r 

f 
(3Omol) in 3Oml TIF, at -25’C. 

Aftrr 3Cwn the acid chloride (2-l) and the Pd(P(Ph 1 ceta yst (O.-l) in TH are added, 
and the mixture uarnd slowly to room tmporrture Cl&? The remaining of the procedure is the 
sue as above. 

PHYSICAL AND SPECTROSCOPIC DATA OF THE OBlAlNED KETONES 

Product 
t3c Pm 

KDC13, PPaJ 

b C 

%X-&I2 7- d . 

0 
CH3 

49./o-2 1.4371 
12 

1E 
8 8 

c”,_;“2+ ;“2_Hex ; 75e’5*10 
-2 1.4439 

0 

3020 
1700 
1630 

900 
725 

3020 
1705 
1635 

980 

3020 
1695 
1620 
720 

5.92-6.24(r,ZH,Hb 
and HcJ;2.644(dt, 
~$W;2.10(s.3H. 

6.600(dt,lH.Hb) 
5.92Cd.lH.HcJ 
Z.lZCs,U(,HeJ 
Z.lO(dt,ZH.ha) 
J *_“c=‘5”s 

5.96-6.34(~.2H.M 
and McJ;2.57Cdq, 
ZH,)(r);Z.la(t,ZH, 
I+.) 

;9$m; 

127:0(c) 

198.6(d) 
148.6(b) 
131.3(c) 

201.6(d) 
149.7(b) 
126.3(c) 



0 

b e I( f 

P 

CH*-Pent 

55Wl-2 I.4572 

32*/10*' 1.4509 

82Q/5.10-2 1.4443 

lo?~/?O-' 1.5358 

47*/')0-2 1.4589 

7691W2 

52wo-2 

1.4499 

1.5036 

sewo-= I.5058 

S8o/tO'Z 1.4837 

64VlO"2 l.4668 

?8°/t?3-2 i 

3020 5.96-6.32(~,2H,M 
16% and k);z.Blm, 
1620 2~,~);2*~(t,z~~ 
730 He) 

3020 
1680 
1610 
850 

3020 
1690 
lb?5 

3040 
1720 
1660 
1615 
1580 
855 

2990 
1680 
1585 
960 
800 

l715 
1705 
I640 
860 

3130 
3010 
1660 
1610 
9lO 
870 
860 

3120 
3020 
1655 
1650 
1620 
980 
870 

3030 
1660 
1660 
1635 
1610 
970 
86s 

3020 
1675 
1660 
1620 

870 
850 
785 

3010 
lb75 
1660 
1620 

835 
745 

7.4..8.2tr.5H.Hfl; 

5.4ba(s.?H.Md): 

8.07(s,lH,W 
?.48(s,lH,Hb) 
b.Wr,?H,HgI 
6+45fd,lH,Hc? 
b.OS(dd,lH,Hb) 
3.67Cm.lH.ti) 

8.2lIs,lX,He) 
7.5bis.lW.Hk) 
7.2O~dd.lti.W 
6.9O(s,lH,Hg) 
6.62(d.?H.Hc) 

201.4w 
148.2(b) 
126.8(c) 

:Xx; 
119:5(d) 
43.7(f) 

197.71e) 
'159.4cf 
124.0(d) 

190.8(s) 
161.9(cl 
139.3, 
132.2, 
128.4, 
l28.2Cff 
120.6(61 

196.3(e) 
176.0(c) 
99.1 Cdf 
63.?(r) 

169.0(s) 
166.5(c) 
114.1(d) 
5,9*3(f) 

185.5(d) 
156.2(b) 
t46.9<e) 
144.1(h) 
129.3(f) 
122.5(c) 

~~~~~) 

188,7[d) 
158.4(b) 
149.3fef 
145.0(h) 
127.5(f) 
123.8(c) 
108.1(q) 
Jl.8ts) 

189.?(e) 
159.8(c) 
141.3(q) 
133.7(f) 
122.9(d) 

192.2(d) 
fH).O(bf 
148.9(f) 
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w/10-2 
lo-2 

Obe/lO-' 

i 

ii 

i 

11b"/10-2 1.5037 

700/10-2 

ii 

i 

i 

i 

1.5040 

i 

1.5117 

1.5262 

3020 
lb00 
lb65 
1635 
1615 
975 
740 

3020 
1600 
1660 
lb10 
975 
745 

3020 
1600 
1665 
1630 
900 

3OO0 
1665 
1625 
1595 
990 
955 
050 

3020 
lb00 
1660 
1590 
970 
900 

3030 
1600 
1655 
lb20 
1580 
970 
080 

3OOO 
16bO 
1630 
900 
075 
055 

1bbo 
1630 
1590 
970 
900 
000 
055 

6.90(dt,lH.I8) 191.3(d) 
6.30(d,lH,Hc) 140.0(b) 

2.26h.ZH.HI) 125.7(b) 
JHD_k-l bHz 

b.‘?b(dt,lH,Wb) 191.3(d) 
6.3b(d,lH,Hc) 149.0(b) 
6.24(m,ZH,Hb and 147.7(f) 
Hc) ?.bBicw.ZH. 131.7(c) 
HaI i.lZ(or.ZH.~p~ 125.3(e) 
J"e_Hf.16Hz~ - 

7.04(m,ZH,& and 
Hf) 6.40(d,2H,Hc 
end He) 2.32(-, 
4H,Hn and Mg) 

7.53Cdd.lH.M) 190.4(f) 
6.16(dd,lH,Hc) 142.6(d) 
b.l4(d,ZH,k) 137.'?(b) 
S.PZ(dt.lH,Hb) 130.3(c) 
2.3O(m.2H,Hacr) 127.0(r) 

7.5b(dd,lH,He) 
b.O0(d,lH,Hf) 
5.9l(d.lH.H.ffl) 

. 
J”e_Hf=15”x 
JHd_*=l 2Hx 

b.OZ(s.lH.Hb) 
5.04(d,lH,Hd) 

6.30(m.ZH.Hd and 
He) 5.96(r,lH,Hb) 
2.24(m.ZH.Hf) 

109.6(d) 
149.0(b) 
147.0(f) 
120.7(e) 
127.0(b) 

190.9(f) 
145.0(d) 
144.2(b) 
120.9(c) 
120.7(e) 

200.9(g) 
156.2(c) 
137.3(r) 
127.5(f) 
123.4(d) 

199.7(s) 
155.9(c) 
139.9(r) 
120.5(d) 
126.3(b) 

200.5(r) 
156.0(c) 
140.6(o) 
130.5(d) 
124.9(b) 

1 : crude product 
ii: isolated by coluan chrwtqrrphy 
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