
w-BROMOALKAPOLYENYLMETHYL KETONES-II 

USEOFS-BROMO-3-PENTEN-2-ONEETHYLENEKETALASAC,-SYNTHON 

J. CAMPS, J. FONT* and P. DE MARCH 

DeparumentodcQuhniaOrgGca.Universidad Aut6nomxdc Bxrcebnr.E&Ilx~errx.Spain 

(Rmipcd in the UK 5 Lkcemba l!BO) 

Am-The preparationof Ihcpbosphonium sahandlhc dimcthyl-phosphomtcof(~S-bomo-)_ptntcn-2-oM 
elhylt~e kelxl.6 xnd 7. is described. Tbcse C&oprenoid synlhons were corbdcnsed with sevcrxl xldcbydcs and 
ketones giM mixtures of the correspondiq E and Zokfination productl. Reaction of the anion of the 
pbosphomte d&alive with fi-ionone gave 94s xnd 9-fmrs-B-C,,-tctracnonc k&Is. 13 and II. which by 
subscqucnt hydrolysis lllordcd 94 mnd 9-tmns-B-C,,-tetnenones. I5 mad 16. A Ccisoprcaoid syalhon is rlso 
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Witlip and WitI&-Homer reactions are the most general 
approaches towards the synthesis of olefins. Both reac- 
lion.5 have special interest when applied lo Ihe synlhesis 
of isoprenoid compounds, where the number of exam- 
ples of the use of these reactions is very large.’ Many 
natural products are even synthesized in industrial scale 
by these olefination reaclions.’ In the last years several 
papers have been published on the synthesis of polyene 
isoprenoids by the Wittig-Homer reaction’ and some 
C&oprenoid synlbons, none of them of the phos- 
phorousderivalive type. have also been described.’ Liu 
and coworkers’ have prepared many derivatives in the 
viIamin A series utilizing WitIig or Wittig-Homer 
derivatives in some steps. 

We report now the preparation and utility of a pbos- 
pborous C,-synthon. In the preceding paper6 we have 
shown that the first member of u-bromoalkapolyenyl- 
methyl ketones. i.e. 5-bromo-3-penten-2+,ne 1. cannot be 
used directly as a C,-synthon through its conversion IO 
Wirtig or Wit&-Horner derivatives. Therefore. we have 
tried IO mask the carbonyl group in order IO prevent 
abnormal reactions trigged by its presence. Since the 
most frequent and useful method lo protect a carbonyl 
group is its transformation IO a ketal group. we attemp- 
ted IO synthesize first the ethykne kctal of I and this 
proved IO be fruitful as shown in the results reported 
herein. 

Synthesis of (E)_5-bromo-3-penrtn-2-onc ethylene &eta/ 

(2) 
DW 10 the great instability of I its direct ketalization 

was not essayed and the synthesis of 2 was reduced IO 
the synthesis of (03-penten-2-one ethylene ketal’ 3, 
and its allylic brominalion. 
Ketal3 could be prepared by WiIIig or Wittig-Homer 

reaction through the corresponding derivatives of a 
halogenopropanone ecbylene kctal and acetaldehyde. 
Neverthekss. while bromo- and chloropropanone cly- 
lene ketals are well known,’ ~beir conversion IO pbos- 
phonium salts or phosphonates has never been reported 
and in fact we were unaMe lo prepare them. Thus, bromo- 
or chloropropanone etbykrse ketal was reduxed in 
various conditions in Ihe presence of Iripbenylpbosphine 
or trialkylphosphites and the products were always 
recovered unaltered: steric hindrance should be the 
cause of this unreactivility. 

An alternative route to kelrl 3 would be ~hc direct 
ketalization of 3-penten-2-one 4, the di5iculty being the 
possible migration of Use douMe bond as frequently 
encountered. al(bough Ihis can be prevented using a 
weak acid catalyst.' Treatment of 4 with cthyknc glycol 
in the presence of adipic acid gives a mixture of products 
from which 2-methyl-2-[(E)_l-propenyl]-I.3dioxolane, 
i.e. ketal 3, and 2_(2RS)-2_(2dydroxyethoxy)propyl-2- 
methyl-l$-dioxolane (S) were isolated by distillation and 
preparative GLC. 

Dioxolane 5 derives formally from a Michael addition 
of ethylene glycol IO ketone 4 followed by ketalization, 
and was identified by tbc prtsencc of a hydroxyl stretch- 
ing band ar 35 IO cm-’ amI by ‘H NMR data. in particular 
the absence of olefinic protons. II is worthwhile IO men- 
lion the absorption of the diastereotopic protons of (he 
methylene linked to the dioxolane ring a1 6 1.85. that in 
Ihe presence of ti chemical shift reagent Eu(fod), can 
be well resolved. 

The formation of dioxolane 5 did IKU represent an 
importanl loss of material since healing it ac 180°C in the 
presence of adipic acid gave 78% yield of ketal3. There- 
fore, the total yield for the ketalization of 4 was 58%. 

The s&uctural assignment of Letal 3 was based on ‘H 
NMR. showing an olelinic absorplion of two protons, AB 
system centered al 6 5.57 (J,, = I6 Hz), and IR spec- 
troscopy with a weak carbon-carbon double bond 
stretching band at 1675 cm-‘. 

Allylic bromination of ketal 3 with NBS in the 
presence of calcium oxide. sodium hydrogenocar- 
bonale”’ and bcnzoyl peroxide gave in a 70% yield ketal 
2. i.e. 2-[(E)_3-bromo- I-propenyl-2-methyl-I .3dioxo- 
lane. which is significantly more stable than the cor- 
rcspondh bromoketone 1. The structure was charac- 
terised by ‘H NMR, okfinic absorption centered at 6 
5.85 (I,, = I5 Hz), mass spcclrometry and IR in which 
spectrum Ihe carbon-carbon double bond strelchinp band 
is almost not observed. 

Synthesis of W~rig and Wiftig-Homer duioatices of 
k&al 2 

Ke~al 2 was converted, ckanly pnd in high yield, into 
its phosphonium salt 4 by reaction with Iriphenyl- 
phosphine without the problems observed in the analo- 
gous reaction with the bromoketone I.* Its structure was 
confirmed by ‘H NMR &la that allow Ihe assignment of 
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all the protons including the allylic system which 
presents a complex absorption due to virtual coupling” 
among the methylene protons (also coupled with phos- 
phorous. JPH = 14 Hz) at S 4.77 and their fi olefinic 
proton that absorbs jointly with the other one in an 
almost collapsed AB system at 6 5.8. Note that in the 
phosphonium salt 6 no laulomerism takes place in con- 
trast with the behaviour of the phosphonium salt 
produced from bromoketone I.* 

Ketal 2 also was made IO react with trimethyl phos- 
phitc giving the corresponding phosphonate 7 in 86% 
yield. its structure being confirmed by mass spec- 
trometry, IR and ‘H NMR. In this spectrum also the 
protons of the allylic system linked to the phosphorous 
atom show a complex absorption: melhylene protons al 6 
2.45 (J,, = 22 Hz measured by a decoupling experiment 
by irradiaiton at d 5.5, olefinic protons). 

The confIguration of the double bond, not derivable 
from spectral data since the olefinic protons are almost 
synchronous in both compounds, is assumed to be E due 
IO the configuration of the initiaJ bromokctone and the 
stereochemistry of the condensation products (tide 
infm). 

Use of compounds 6 and 7 as C,-rynrhons 
The utility of phosphonium salt 6 and phosphonatc 7 

was proved in a series of Wittig and Wit@Homer 
condensations. (i) Condensations with benzakiehyde and 
Cnitrobcnzaldchyde are summarized in Scheme 1 and 
Table I. 

In all the hexadicnom derivalives the double bond 
initially present into the Crsynthon has been shown to 
have E configuration by ‘H NMR data: H’ proton ab- 
sorbs in all four products cleanly separated uptield from 
the other olefinic bands and in all cases J = l&l6 Hz; i.e. 
no isomerizatiin 01 this double bond occurs through the 
corresponding anion formation. 

On the condensation with the phosphonium salt 6 the 
configuration of the new created double bond varies 
depending on the base and cation used for the formation 
of the ylide being the ratio 2: E from equimolar 
(presence of Li’) to 9: I (absence of Li’). This behaviour 
is the normal for nonstabilized ylides.” This fact seems 
to indicate that in the ylide the canonic form “b” con- 
tributes very little to the resonance hybrid perhaps 
~CMISC the negative charge would interact with the 
non-bonding pairs of electrons of the oxygen atoms. 
Accordingly, the phosphorane deriving from phos- 
phonium salt 6 should be considered as a non-stabilized 
ylide. 

Very littk experience exists on non-stabilized phos- 
phonates. Thomas” in a review on phosphonales indicates 

R-CHO XT Toa 
R-CH~ZCH’-CH’CCH’~~CH 

3 
R-C~‘~CH’-C~‘~CH~~CH~ 

5 R=Ph 

2 R=4-02N-C6Hq 

0’ 
7 + CH3COCH3 - (cH,],c-c~~-c~~c~~~c~~~ 
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T&k 1. _ .--~-- _- 

C5-synttm Base Solvent Aldchyde Pro4ucts I:K ratlo’ VlCld (rjb 
.____- _._._.... -_ 

P PhL I ether knzrldehyde s dl-4 !.!? 1:l 35 

5 It-an cmf benzdldehybe g dnd E 9:lC 40 

6 PhL 1 ether 4-nltrobenzdldehyde 2 dnd 11 1:l 34 

6 NIH Wf 4-nitrobcnzaldehyde 9 and Q 2:ld 63 

1 YIH Wf knzaldehyde fi and LO 1:9C 59 

7 ‘Ian Omf I-nltroknzdldehyde 9 dnd J.1 1:7 35 
--.----._ -... .- .--. .----..- - _..___.__ 

d) ISWWiC rdti0 “dS detem+ned by :H-WV. 

b) YleldS COrreSpOWl LO tSOldtti mfxture Of (ICarS. 

c) The nd~or ~smer wds scwrdted by dirtllldtlon. 
colrrr, 

d) Both ISOners WWF ~SOldted’~fi%&dtOgrdphy w1 S+liCd tJC1. 

n 
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that the anions corresponding IO these compounds attack 
aldehydes or ketones giving anionic intermediates that 
decompose with difficulty to the olefins. However, in an 
article from Corey” quoted by Thomas some conden- 
sations are described from non-stabilized phosphorrates. 
The anion of our phosphonate 7 should be non-stabilized 
for the same reasons as exposed above, but reacts 
efGently with aldehydes and (aide in/m) with ketones. 
Nothing is known on the stereospecificity of the con- 
densations of non-stabilized phosphonatcs. In our case 
an E confIguration predominates on the created doubk 
bond. This can lx due IO the difficult decomposition of 
the anionic intcrmcdiates shifting the equilibrium be- 
tween the carbonyl compound and the phosphonate 
anion to that intermediate which results in the olefin Iv- 
modynamically more stable. However, the observed rritio 
of products an also be explained through kinetic control 
and this possibility can not be excluded. 

The assignment of configuration of the considered 
double bond was made by ‘H NMR. Compound 8 shows 
a sIraigbdorward first order cthyknic absorption, with 
Jw~_ui = IOHt, which points IO the 2 configuration. 
Compounds 9 and II were ass&t by the width of the 
aromatic AA’BB’ system: E conBguraIion with com- 
pklely coplanar conjugation of the benzene ring with tbe 
olefinic system must have Ihc smaller width since Ibe 
electron-withdrawing effect of the nitro group is more 
compensated: 9 has a width of 47Hz and 11 a width of 
41 Hz.” 

(ii) The phospbonate 7. unlike phospbonium salI 6. 
could react with ketones ~iu its anion. The reaction with 
propanone, a saturated ketone, aftordcd a 50% yield of 
(E)-6-mcthyl-3.5-bcptadien-2-one ethylene ketal 12. 

ConfiguraIion of the double bond coming from the 
pbosphonate was deduced unambiguously by ‘H NMR 
data: the three olefinic protons are well resolved and 
J+_“I = 15.3 Hz can be measured directly. 

With u&unsaturated ketones, phosphonates react 
poorly due IO the smaller electrophilicity of the carbonyl 
carbon atom and to the competitive Michael addition, 
among other possibilities.‘* All our attempts IO condense 
the anion of the phosphonate 7 with the a&unsaturated 
ketones 3-buten-2o,ne and 4-methyl-3-pcntcn-2-one were 
negative. Better results were obtained in the Wiltig- 
Homer condensation of phosphonatc 7 with /?-ionone in 
the presence of sodium hydride. This result is another 
example that indicates that b-iononc reacts easier with 
nucleophiles at the carbon atom of the carbonyl group 
than other o./?-unsaturated ketones. The number of 
examples that demonsIrate this exceptional reactivity of 
g&none is large.’ From the crude of the mentioned 
reactiin. in addition IO tiNeaCted B-ionone and decon- 
jugated (El-and (Zl-rclroionone, IWO condensation 
products were isolated: 2-methyl - 2 - [I E.3Z.5E) - 4 - 
methyl - 6 - (2.6.6 - trimethyl - I - cyclohexyl) - I .3.5 - hexa- 
trienyl~l. 3dioxolane 13 and its 3E isomer 14. 

The tolal yield of thii codensation was 36% based on 
the initially present fi-ionone. The ratio of stereoisomers 
3Z:3E was approx. 3:2. isomer Z being the (her- 
modynamically more stabk (CH,-: 1.70kcallmol; 
CHAH-: 1.35 kcallmol)” 

Kctals 13 and 14. partially separated by column 
chromatography, were identiticd by UV (A,, = #M and 
2% nm respectively). mass spcctrometry (M’ = 302) and 
analysis of the oktinic systems in their ‘H NMR spectra: 
stereoisomer 92 gave a straighdorward, first order spcc- 
(rum. Moreover, careful hydrolysis with aqueous oxalic 
acid of tbesc Ltals afforded quantitatively the known 
/7-C,,-teIracnones 1S and 16, identiticd by comparison of 
their spectral data.‘.” 

Since these p-C,,-Ietraenones have been converted IO 
vitamin A methyl ester stereoisomers. the route herein 
described using our C,-synthon pbospbonate of IE)-5- 
bromo-Epcnlen-2-one ethylene ketal- is formally a new 
and facik synthesis of carolenoid compounds, specially 
vitamin A. 

Horn&g&on lo a C,-spnfhon. The described C,- 
syntbon can be homologatcd lo an w-bromoal- 
kapolyenylmc(hyl ketone with eight carbon atoms. one 
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of them BS a branched methyl group, mimicking the 
isoprcnc ruks. 

Ketal 12 was brominatcd with NBS aflording only 
allylic bromination products, i.e. the two possible 
isomers 2_I( 1 E. 32) and 2-I( 1 E, 3E)-Mromodmethyl- 1, 
3-pcntadicnylj-2-methyl-I$dioxolane If. that were 
identitkd by ‘H NMR of the crude. which presents two 
singkts at 6 4.05 and 3.95 for the bromomcthyl groups. 

Conversion of the crude mixture to the corresponding 
Wittig-Homer derivatives was performed through nac- 
tion with trimethyl phosphite giving a 82% yield of the 
phosphorous compound 18, which was identified by ‘H 
NMR and mass spectrometry. 

Condensation of 18 with bcnzaldehyde to prove its 
capability was positive givin8 a 66% of a crude product 
identified as 2-mcthyl-2+l-mcthylbphenyl-l.3J-hcxa- 
tricnyl)_l,3dioxolanc 19 by its ‘H NMR spectrum ad 
mass spcctrometry of he hydrolyzed product, bmethyl- 
8-phcnyl-3. 5. 7-octatrk2-one 26. 

‘H NMR spectra were recadcd in CDCl, or CC& (IIfS as m 
interunl standard) on I Perkin-Elmer R-12 q~~ctrowte~ 
(60 MHz). IR spectra were recorded on a Perkin-Elmer Inhcord 
720 rpectropbotomcter. Mu rpectra were registered on a Hew- 
lett-Packard 5930 A spectrometer at 7OcV. UV spectra were 
recorded on a Perkin-ELwr 5SO spectrophotowter. 

(E)_+pmrcn-2.one (4). This ketone vu obtained by Wittig 
condens8tion or by prep8rativc GLC 8s described in the precediq 
pIpcr’ 

A solution of 42.01 (O.Smol) of (J$)_peaten-2one. 31.01 
(0.5 mol) Of ethykrv ntvcol8lbd 100 au of 8&k 8cid in 150 ad of 

ben?.fine ~8s &&-in 8 Dtr&rk &mMy for 5 d8yr. 
I)lrrins this lime 6.0 ml of w8ter were sepurted. After addition of 
100 rr@ of radium carbo~~tt the benzene w&s dhtitkd OH 8d lbc 
following fractions were collected: (i) b.p. EO-126’/760 torr. 35.6 5; 
73% in wc@t of benzene. 22% of pentenone 8nd 596 of I$- 
dioxohne (3) (NMR). (ii) b.p. 126155’/760 ton. 28.20: 40% in 
wepbt of penteoone. 58% of I3dioxohe (3) and tnces of 
benzene and glycd (NMR). (iii) b.p. S&W/0.3ton. cthyknc 
glycol. (iv) b.p. ~lOYIO.3 ton, 9.3 g of lddioxolane (5). 

The compounds of fnction 2 were wp8r8ted by prepurtivc 
GLC on 8 I m x l/4 in. column, 20% SE-30 on Chromosorb A 
60180 mesh. Tc: WC. llux of NI 17Jmllmin. t&4): 2101, $0): 
500 s. Pure pentenone (7.9 n) 8nd 18.6 g of pure I.Moxohe (3) 
were collected. lbese two products could also be sep~ted by 
dhtillrtion in 8 apinning band column. Anxiytiul umplcs of the 
dioxohnes 3 8rd 5 were obtained by disttihtion of the chronu- 
togaphed product (b.p. l39-l~/7~toa) 8d rcdistdlation of 8 
rrmpk of fraction 4 (b.p. pCw’10.3 torr) respectively. 

I$_tXoxolne I): ‘H NMR (Ccl.): 6 5.80 (dq, CH,C&CH. 
J - I6 Hr. I’ = 6 Hz); 5.35 (d. CH,CH-CH): 3.80 (s. OCH,); 1.70 
(d. CH,): 1.33 (s. CH3. IR (CC&): 3010. 29W 2910. 1675. 1445. 



u-Bromoalbpolyenylmetbyl ketones-II 2497 

1375. 1210, I060,970cm-‘. MS (96): II3 (M-IS, 94), 87 (loo). 69 
(86). 43 (36). Anal. Cak for C,H,& C. 65.60; H. 9.U. Fcad: C. 
65.60; ti. 9.59%. 

l,Dioxdane 5: Iti NMR (Ccl.): 6 3.90 (s, DCHr dioxokn 
ring); 3.84-3.20 (m. 5 OCY aad Olj); I.97 (dd. CHz. I H. 1 = 
14.6 Ht, I’ - 7.3 Hz); I.68 (dd. CH,. I H. J = 14.6 Hr. I’ = 4.6 Hz); 
I.38 (s. CH,); I.20 (d. CH,. J = 7 Hz). IR (CC&): 370&3200 (OH) 
cm I. MS (96): 175 (M-15. 4). 87 WO). 43 (33). Ad Cak for 

C,H,,O,: C. 56.82: H.9.54. Found: C. Sd.73; H.9.74%. 
Tmrsjonarion oj 5 IO 3. Adipic acid (lo0 mg) was added to 

I& product of fnc& 4 (9.00) &d tbc mixture was distilkd II 
19O’C for 8 br collecrirr~ 4.8n 08%) of I3dioxohne 3 with 
&aces of cthykac glycol,-T&i& inlo &count Ihis mnsformrlion 
and the recovered pcnteoone. lhe lotd yidd of kctaliurion was 
58%. 

2-((E)_f-Bromo-l-p~yl)-2-~hy/-l. 3-dioxol0lu (2) 
A mixture of 1.29~ (IOmmd) of dioxolane 3. 1.90~ (II mmol) 

of NBS (Merck). l.lOg (13mmol) of sodium bicnrbona~c. 0.8Sg 
(IS mmol) of CaO ood IO0 mg of (BxOh in I2 ml of anhydrous 
CC& was irradiated for I2 min wilb a SUI W sunlamp. Filtration 
of Ihe cdc mixture. climir&ioo of lhe solvent under vacuum 
and distillation (b.p. 6&65’/0.2ton) DBorded 1.481 (7 mmol; 
70%) of 2 as a colourkss liquid. The product was unslahk after 
standing 81 room lempenture. and was immediately used. ‘H 
NMR (CCL): 6 6.07 (dr. BrCH#+CH. J = IS Hz, I’ = I6 Hz); 
5.63 (d. BrCH,CH=Clj. J = IS Hz): 3.92 (d, BrCy,); 3.88 (s. 
OCH,); I.40 (s. CH,). IR (CCL).: 3010. 2964). 2900. 137s. 128s. 
1200, 1040.970cm-‘. MS (%): lq&l91 (M-IS. 5). 149-147 (3). 127 
(13). 121-l 19 (3). II2 (31). 87 (100). 43 (39). 39 (20). Anal. Calc for 
C,H,,BrO,: C.40.60; H, 5.36; Br. 38.59. Found: C.40.71; H. 5.34; 
Br. 38.18%. 

(E~-4.4-E~hyltntdioxy-2-pm~tnyl~riph~ylphosphoniwn bromide 

(0 
Dry tripbenylpbospbine (5.08g; 19 mmol) was dissolved in 

SOml of onhvdrour ether and 4.009 (19mm0l) of bromo- 
derivative 2 &re added. The mix& was Icf~ under inert 
atmosphere al room lempcnlurc for Iwo months. The precipitate 
was filtered. washed several times with anhydrous efher and 
dried IO afford 7.55 g (I7 mmol; 83%) of fhe pbosphonium sah 6 
(m.p. lS2-ISS’). Re&ystalliz.ation did nol cnbance the purity. 
TIK oroduct was unsr&k IO moisture and above UI’C. ‘H NMR 
(CDi’l,): 6 8.2-7.6 (m. Pb); 6.15-5.40 (m. CH=CH); 4.77 (m. CHI. 
Jpn 1.14 Hz): 3.9-3.6 (m. OCH,): I.25 (s. CH,). IR (KBr): MSO. 
3ax). 2900.2EOO. 166s. 1620. 1580. 1485. 1440. 1220. IIIS. 1030. 
%O;m .‘. Ann/. .Cak ior Ci,H&OIP: C, 63.98: H. 5.58; Br. 
17.02; P. 6.60. Found: C. 63.74: H. 5.79; Br. 16.tU: P. 6.56%. 

A mxture of 1.32 g (6.4 mmd) of bromo compound 2 and I.SOg 
(l2mmol) of trimethyl ptmsphire was beared II IIS” de 
30min. Disldlalion of lbe crude Oaorded a lirsl fnclion (hp. 
IOS-llS’/lS ton) of dimethyl metbbylphospbonatc and a second 
fraction (h.p. IU-13OVO.I ton) of the pbosphonak 7 (1.3Og: 
5.5 mmol; 86%). ‘H NMR (Ccl& 6 6.(X&5.25 (m. CH=CH): 3.80 
(s. OCHJ; 3.63 (d. OCH,. I,_” = IOHt); 2.75-2.20 (m. CH,. 
J,_,, - 22 Hz): I.35 (I. CH,). IR (Ccl.): 3@0. 2960. 2900. 1250. 
IOU). 970.94Ocm I. MS (96): 221 (M-IS. 43). I77 (7). I49 (IO). I27 
(IO). lo9 (33). 96 (IS), 87 (100). 79 (22). Anal. Calc for Cd&P: 
C. 45.76; H. 7.26; P, 13.11. Found: C. 45.90: H. 7.30; P. 12.97%. 

Gentrarioa oj (EM, Ccrh~~edioxy-2-~r~yl~~rprkosphomrr 

(21). and its reaction with benxaldehyde 

(i) Using PhLi a~ baxe. To a suspension of 2.35 g (5 mmol) of 
the pbospboaium salt 6 in 30 ml of anhydrous ether were xided 
Smmol of phcnyllilhium under argon atmosphere. After a few 
minutes O.%g (5 mmol) of heo&dthyde were droppod. The 
mixlure was stirred al room lcmpenlurc overnighl and aftu- 
wards was filtered. The riltnk was wasbed with water. dried 
over Na,.“, and the solvent was removed under vacuum obtain- 
h a crude (I.Ug). which conlained cquimokr mnounU of 
2-[(I E. 3Z)4-phenyl-I, 3-butadienyl]-2-mdbyl-I, 3dDxokoe (8) 
and 2-((IE. 3E)-4-phcnyl-I. 3-butadienyll-!-methyl-l. 3dioxoknc 

(IO) (NMR). This crude material was Pkred throw I2 g of Sio, 
with bexane-elher (Cl) as elucnl 6* a iirsl fraction 
(242 nu) of a yellow liquid. w&b con- as a major isomer 8 
and a second fraction (134mg) of a yellow liquid, which COD- 
tined as a mrpr isomer IO. Yield 35%. MS (96): 216 (M, 49). 201 
(100). I57 (41). I29 (82). I28 (61). I27 (25). II5 (42). 87 (37). 77 
(22). 51 (22). 43 (73). Anal. Cak for C,&,,O,: C. 77.75; H. 7.44. 
Found: C. 77.67: H. 7.6g%. 

(ii) Using NaH ax bare. la Sml of anbydrous DMF were 
dissdvulO.3S g (0.73 mmd) of Lhe phosphonium salt 6 ard 0.161 
(I.5 mmol) of knuldebydc. Then. 0.73 mmol of NaH were ad- 
ded under inert almospbere al room lempenlure and an evolu- 
tion of hydrogen was immediately observed. The reaction mix- 
lure was kft 4 h at ambient temperature and afterwards was 
poured over pentane-water. The aqueous phase was washed 
three mimes with pen-: the organic layer was dried over 
NafiO, and ~hc solvent was removed under vacuum giving a 
residue of 123 mg of 8 and 10 in a 9: I ratio (NMR). Dirlilklion 
(b.p. 9&IOS”/O.Jtorr) of ti cndc afforded 64 mg (029mmol; 
yw6) of 8. ‘H NMR (Ccl,): 6 PhCH’XH’CHti’ system: 7.3 
(s. Ph); 6.8 (dd. H’. J = I6 Hz. I’ = IO Hz): 6.45 (d. H’. J = IO Hz): 
6.10 (I. H’. J = I’ = IO Hz): 5.70 (d. H’. J = I6 Hz); 3.85 (s. OCH& 
1.43 (s. CH,). 

Reaction oj the phosphorare 1 wtih benxa&hyde in the presence 

oj NaH 

for solutionof 0.28g(l.2mmol)of land 0.l6g(l.Smmol)of 
benza!debydc in Sml of DMF were dded under inert rtmo,- 
phere II room tcmpera~ure I2 mmol of NaH observing hydrogen 
evolution. After 4 hr 81 #r the mixlure was powed over penlane- 
wrier. T?be same working up as in lbe preceding openlion 
afforded x pak yellow liquid (224 mg). in which the isomers g and 
10 were observed in a I :9 ratio (NMR). LXstillation of this crude 
allordcd lS3mg (0.7mmol; 59%) of pure IO (hp. I2& 
125’10.2 ton). Ig NMR (Ccl& 6 PbCH’=CH’-CwH’.systcm: 
7.67.0 (m. Ph); 6.76.1 (H’. H’. H’ compkx absorption); 5.58 (d. 
H’. J = I6 Hz): 3.80 (I. OCH*); I.40 (I. CH,). 

Reaction oj the phosphomne 21 with Caitmbnraldehydt 

(i) Using PhLi as base. fbe rucliom wxs carried oul with 
4.77s (IOmmol) of the phosphonium salt 6 under lbe rhove 
conditions obuining a crude (2.61 g). which contained equi- 
molar amounls of 2-methyl.!-[(I &.3i$tG-nitrophenyl)_l.3. 
huradienylj- I. 3dioxolrne 9 and 2-methyl-2-[( I E, 3E)+(4-nitro- 
pbenyltl. 3-butadienyll-I. 3dioxolanc II (NMR). This crude wu 
filtered through SSg of SiO, with bexanexther (l-l) as clueal 
affording 0.901 (3.4mmol; 34%) of a mixture of both 
isomers. MS (96): 261 (M. 26). 246 (100). 202 (23). I28 (51). II5 
(IS). 81 (IS).43 (19). Anal. Cak for C&,,NO.: C. 64.36: H. 5.79: 
N.~.M:Found: C. 64.45; H. 5.62; N.?.l‘jSE. - 

(ii) Using NaH ax base. To a solulion of O.SSg (1.2 mmol) of 
the pbosphonium sah 6 rod 0.181 (1.2mmol) of 
Cnitrobcnza!&hydc in Sml of anbydrous DMF were added, 
under inert atmosphere at 2V. 1.2mmol of NaH. ohserving 
evduticm of hydrogen. The mixture was poured over cbloro- 
form-waler and aflcr the usual working up afforded 8 residue of 
0.52 g. which was filkred through 5.5 g of SQ with bexane-ether 
(S-I) as eluenl. The first colkcled frrctions (S9 mg; m.p. 6c&o3 
comspondcd to lbe isomer 9. The next fnctioas (IO6mg) cor- 
responded lo mixtures of both isomers. and he lasl fncliom 
(26 mg: m.p. IO>1 IT) corresponded to the isomer Il. Yield 63%. 
Isomer 9: ‘H NMR (CDCI,): 6 ArCH’=CH’-CHrH’ system: 
7.85 (AA’BB’ system, AU =-47 Hr. J = 8 Hz): 70-6.3 (m. I?. H’. 
H?: S.90 Id. H’. J = IS Hz): 3.88 (d. OCH,. J = 1.8 Hz): I.43 (s. 
cH& Isomer 11: 1~ NMR mcl,): 6 LCHCCH’CH~H~ 
system: 7.8s (AA’BB’ system. Ar = 41 Hr. J = 8 Hz): 6.9%.25 
(m. H’. H’. H’); 5.90 (d. H’. J - IS Hz); 3.92 (d. OCHz. J - 
1.3 Hz); I.50 (s. CH,). 

Reaction of 16e phosphorare 1 with Cnitmbenraldehyde in the 

pnaence of NaH 

Tk reacfion was carried OUI vitb 283 mg (1.2 mmd) of the 
pbo3pbonate 7 u&r rmlopur conditions as with hennldebyde 
(char& penta=-water for chloroform-water) obtaining MO mg 



24% J. C~vrs d ol. 

of I crude product witb on isomer ntio 9: II of I :7 (NMR). MS 
crude waa f&cd lhm@ 41 of Sio, with bexane-ethcr (5-l) as 
ehrcnl to afford several mixtures of the isomers (Immg; 
0.4 mmol; 3S%). 

TO a solution of l.tXg (4.Smmol) of tbc pbospbonatc 7 and 
O.?Og (I2 mmol) of propanoru in 4 ml of n~ydr~ DMF were 
added, under inrt atmospbcn PI 2U’. 4.6 mmol of NaH observing 
tvolu~ion of hydrogen. Tbc same working up as in the case of 
bcnzaldchyde *donfed a yellow oil (OJS 0). which by distillation 
6.p. 5w/O.2 ton) gave 366 mg (2.2 mmol; 49%) of the dioxo- 
lant 12 as a colourkss liquid. ‘H NMR K?.X,): 6 (CH,)+CH’- 
CHs=CH’ ok5nk system: 6.48 (dd. H’, J = IS Hz, I’ - II Hz); 
5.78 (dm, H’. J = II tit); S.38 (d. H’. J - 15 Hz); 3.75 (s. OCH3; 
I.78 ((CH,s=); I.38 (I. CH,). IR (CCU: 3OlO,29SO. 2900. 1690, 
1660, 1640, llso. 1380. Izoo. IO40.980.96Ocm”. MS (96): 1.68 
(M. 18). IS3 (ItlO), I09 (3S). 87 (29), 81 (Sf), 79 (18). S3 (18). 43 
(73). II (24), 39 (22). Anal. Cak for C,+H,s@: C. 71.39; H. 9.S9. 
Found: C, 71.15; H, 9.6696. 

2 - ~ef~y~ . 2 . [(I E.3ZJE) - 4 - mefhyi .6 - (2.6.6 - trimcfAyI - I - 
~~~ohex~~) - I .3.S _ kxa@imyii) - I3 . d~oxo~a~~ f 13) and its 3E 
isofnrt ( 14) 

Under dark conditions. to a solution of 0.620 (2.6mmol) of 
tbc pt@spborUtC 7 and 0.24g 11.3 mmol) of /?-hone in F.8 ml of 
anbydrous DMF were added. at - W under inert atmospbcre, 
2.6mmol of NaH ob4crving after a few minutes evolution of 
hydrwa. Tbc mixture was kept at this temperature for one hour 
8nd then it was left al #P over*. T& reaction mixture was 
ctmm8togr8phkd on 800 of Sam with hcxanc-cthcr (K0-8) as 
ducnt. From the tractions of this chromatography the following 
pure products were idcntifkd (amortg otbcrs as cnrcactcd fi- 
ionone. (0 and (Zketroiononc): Isomer 13 (6Oml): ‘H NMR 
(CDCI,): 6 688 (dd, H,,, J = IS Hz. I’ = I I Hz); 6.76 (d. Hs, 
J - IS Hz): 6.2S (d, Ht. J - IS Hz); 6.00 (d, H,,, J = II Hz); 5.63 
(d, H,l, J = IS Hz); 3.97 Is, GCH3; t.lS-2.20 (CH,); I.95 (CH’- 
19); 1.73 (CH,18); I.49 (CH,20); 1.U (CH,); 1.03 fCH’-16.17). 
IR KCW: 3000,2%@.2900,14S0,1370,1200, IO@. 97ocm-‘. MS 
(%): 302 (hL0.5). 287 (0.6). IOS (10). 99 (IO), 91 (17). 87 (100). CV 
(EtOH): A,, = 204 and tgg nm. Isomer I4 (4Omg): ‘H NMR 
(CDCI,): 6 6.72 (dd, Hi,. J = IS Hz, I’ = II Hz): 6.10 (s, H, and 
Hs); 6.00 (d. Hlo. J = IOHz); 3.58 (d, HII. J = ISHz); 3.92 (s. 
OCH3; 2.1-29 (CH,); 1.92 (CH,-19); I.67 (CH,-18); I.49 lCH,- 
20): 1.41.2 (CH3; 1.00 (CH,-16. I?). IR (Ccl,): 3oM). 2960,29@3. 
14X. 1370. 1200, IO@. 970cm-‘. MS (R): 302 (M. 3.10. 287 (4), 
ZIS (4). IO7 (21). IOS (25). 99 (21). 91 (33), 87 (100). UV (EtOH): 
rl =29Omll. 

x total yield of condensation products was 36% (I4Omg) 
based on the initially present fl-ionone. 

(3E$Z,?E) -6. Mclhyl- 8 -12.6.6 - rrimrrhyi - t - cyciohexmy0~ 33, 
7.~~a~~n-2-ont (15) und iis SE isomer ftll 

la I.5 ml of ethanol were dissolved 60mg of 13 and a few 
drops of water and SOmg of oxalic acid were added. After one 
week of standing at 20‘ under inert r~mospbcte and protected 
from tbc light the hydrolysis was complete (TLC). The mixture 
was extracted (in absence of light) with bcxane and the solvent 
was eliminated under vacuum a a yellow liquid (49mg; 
96%). that was identiftcd as 15 by thcbcb ‘H NMR and UV ~gectra. 
tbat showed identical to the om described by Mousscron- 
CIncl” and Liu ’ 

l’k same procedure performed with 40mg of I4 tiordtd 
32 m8 (94%) of a yellow liquid. tbat wu identabd as 16 through 
their ‘H NMR and UV spectra, thaf showed idcnlical IO the ones 
described by MousseronCanct” and Liu.’ 

2-((lE.3Z-E)-6. Bromo -4s methy! - I.3 - pnrtadkrtylff 2 - meihyi. 
I.3 . dioxolanr t 17) 

A mixture of 0.370 (2.2 mmol) of dioxolant 12, 0.38~ 
12.1 mmol) of NBS (Merck). 0.U P 13.0 mmol) of NrHCO, and 
o.lOg (I.8 mmol) of CaO in 4 ml gf anhydrous CCI, was i&die 
ared IS0 min with a XXI W sunlamp. A ‘H NMR spectrum of a 
sample showed that the reaction bad taken place in a 75%. 

Longer irradiation nsulted in partial decomportin and Lhc 
reaction mixture became black. Dbtillation of tbc dioxolanc 12 
gave a residue of a yellow oil (0.46 g; 85%) comis~icg of a 1: 2 
mixture of the bromo derivative (I& 32)-17 and (IE. 3!$17 in 
hieb purity, that was dirtctly used for tbe next step. All attempts 
todJtill tkis crude resulted-in &composition of I& product. ‘H 
NMR (CCL): 6 6.7%S.SO fokfinic wotom. at 3.60 H_. d. J = 
IS Hz): 4.05(s, BrCH$; 3.dS (I, BrdHd: 3.iJO (s, OCH2); 2.0 (s. 
CH,); I.35 fs. CH,). MS (%): 231-233 (M-IS. I). 167 (2.S). IS3 
(I I), IO9 (14). 87 (100). 43 (67). 

A mixture of 0.46~ 11.9mmol) of tl~ bromodioxolanc I? mnd 
1.00~ (8mmol) of trimethylphosphite was heated under inert 
atmospbrre at IIS-lZ(r for 3Omin. Distillation of volatiks at 
I lnO.2 ton left a uak vtllow residue (0.42~ 82%). that was 
idcntiBcd as the phphrute IO (NMd). ‘li NMR (Ccl.): 6 
6.65.2 (okhnic protons); 3.85 (s. OCH3; 3.65 (d. OCH,. J = 
IOHz); 2.90-2.30 KH,P); 1.93 (dd, CH,. J = 4 Hz). J’ = I.S Hz); 
I.40 (I, CH,). MS (96): 276 (M, 2’0). 261 (25). 217 (33). II4 (30). 
189 00). I66 (33). IS1 (43). 133 (19). 122 (39). 1 I8 (36). lo9 (M). 
lo7 144). 10s (28). 94 (30). 93 (39). PI 0t-0, 81 (84). 79 (loo), 77 
(31). 43 01). 

TO a solution of 195 mg (0.7 mmol) of the phosphonatt i8 and 
2OOmg (1.9 mmol) of betidehyde in 3 ml of anhydrous DMF 
were added, at 20’ under inert atmosphere, 0.8mmol of NaH. 
The same working up as in the rcactioa of the phosphonate 7 
with betidehyde gave a residue of 120 mg (0.47 mmol: 66%), 
that was identified as the condensation product 2-methyl-244 
methyl .6 phcnyl . I ,3J - hexatrknyl) - I3 - dioxolane I9 by its 
NMR spectrum: ‘H NMR (Ccl,): 6 7.5-7.0 (Ph): 6.8-5.4 (CH-); 
3.85 (s. OCH,); 2.0 (s, CH,); 1.40 (s. CH,). After several days at 
ambient conditions. bydrolysis of this dioxdmne was compktc. 
~mato~~yonO.Sgof Sii~withbcxanc-ethcr (S-l)aselucnt 
a~~ed~mgoft~keto~~.MS~%):212~M~ll).l~~31)~l~ 
(19). 141 (I?). 128(19), llSt22). lOS08).91~42).~~47).6S~l8).Sl 
(29). 43 flOO). 

Ac~now~~d~~rn~~x-~s work bas been done under the aid of 
the “Comisidn Ascsora para la lnvcstigacidn Ckntlfica y Ttc- 
nica’* from the “Prcsidtncia del Gobicro” of Spain. A grant 
from P.F.P.I. (M.E.C.) to one of us (P.M.) and a grant from 
I.N.A.P.E. (M.E.C.) IO another of us (1.0 are 8ntcfully ac. 
knowkdged. 
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