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Abstract: 1-(p-Substituted benzyl)-2,4,6-triphenylpyridiniun catims react withB-diketone 
‘YGGiT66 mechanismel which depend on the para-substituent. The p-met -1 derivative 
undergoes $ql diapl acemnt yielding 0- awl C-bemylated products. Ihe pnitrobemyl 
ccmpmrl reacts by a chain radicalold mechanimu and gives high yields of C-p- 
nitrobenzylated diketomzs. Ths parent benzyl canpomd forms Baas C- and sane 0-benzylated 
products, together with bibenzyl, probably by a radical chain reaction which was 
suppressed by redical traps. 

B.- Nucleophilic substitutims at saturated carbon atoma utilizing a neutral 

substituted pyridine ring as the leaving group have provided both useful synthetic 

methods1 and a source of fumhmental mechanistic informatim.2*3 The spectrun of 

mwhmism operating in these reactions ranges from the classical .S+ type, through 

classical sh2 displ acemant, to an electron transfer fran the nucleophile to the pyridiniun 

ring followed by a non-chain radical-pair collapse. Examples at or war each of the 

possible borderlines have been reported. 

M&mates and acetoacetatea, but not hitherto B-diketmes, have received some 

attention as nucleophiles in such reactions of pyridiniun salts.4 (he of our groups haa 

been involved in the stwly of the C-alkylatim of +dicarbonyl caqounds in the fom of 

their nickel(II)5 and cobalt(I1) 6s7s8 caaplexes both fran the preparative5-8 and from the 

mechanistic9 viewpoints. We now present a synthetic study of the reactions of b-dilcetonas 

with N-substituted pyrid.inim salts together with preliminary but informative experiments 

which indicate that the mechanistic spectrun of nucleophilic substitutions on pyridiniun 

salts should be extended to include two radical-chain mechanisms (a) resulting from 

electron transfer to the pyridinim moiety and (b) of !3& type1o resulting from electron 

transfer to the aryl group of the banzyl moiety. 

-.- our attempts to use l-benzyl-2,4,6-tripkmylpyridiniun 

tetraflwxoborate, lb, as an alkylating agent towards Co(acac)2 failed (refluxiug 

chloroform, or chlorobenzene, or IRS0 at 8VC) showing that benzylpyridinium salts behave 

differently from beuzyl halides. 

B-Dkarbouyl cawomis can be alkylated with benzyl halides in refluxing chloroform in 

the presence of potassium carbmate, aud these alkylatioes are accelerated by the preseme 

of cobalt(II) chloride bistriphenylphosphins which is assuoad to initiate a chain 
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mechanism by electroo transfer.11. The results obtained in similar reactianewith salts 

la, lb and Id are collected in Table 1. Iheae reactions of Ia and Id were only elightly 

inhibited by 0.1 moles of the cobalt canplex (Runs 1, 2, 6 end 7). However, the reactioo 

of lb was caupletely prevented in the presence of the cobalt caupoml (Rms 3, 4 and 5). 

In no case was acceleration or enhaucement of reactivity observed. In addition, the 

reaction of lb shoped a strong dependence on the presence of light. Normal laboratory 

light was enough, but the reaction 3, carried out inthedark, led to the recovery of the 

starting material. 

Important to the following discussioo is the nature of the side products identified: 

1,2-diphenylethme, 13b (Run 41, which probably arises from benzyl radical dimerizatim, 

and structure 14 (Run 3) tentatively attributed on the basis of lif-Ma( sod FE3 

spectroscopic evidence. Canpouod 14 exhibited singlets of equal intensity at 4.0 

(shovinglow3ran~ecowling)aud 5.5which are assi@edtothebensylmethylene and the 

enemine ring protons, respectively. l'hs !Ql shows only intense peaks at 398(88) (which is 

exactly half of the molecular weight) and at 91(100). The mnsll amunt available prevented 

further characterization. The best hypothesis to explain the fomation of 14 is again a 

raclicaldimerizatim. 

Tablel.Reactions of land 2inreflu~ingchlorofo~ 

Run Pyridiniun 2 CoCl,@I'h& Time 6 (X1 Other productsb (X1 

1 la 0.2M 0.2M - 41 h 6a (29) 

2 la 0.2M 0.2M 0.02M 41 h Q (21) 

3 lb 0.29M 0.29M - 41 h 6b (30) 14 (4) 

4 lb 0.2M 0.m - 69h 6b(30) 13b (5) 

5 lbO.37M 0.37M 0.037 M 41 h 6b (traces) 

6 Id 0.2M 0.2M - 41 h 66 (7.5) lid (20) 

7 Id 0.2M 0.2M o.om 41 h 6d (7) lld (111, 15d (22) 

a Potassiun carbonate was introduced in a fourfold excess with respect 

to 2. All the reactions were carriedout undernotmal laboratory light. 

bTriphsnylpyridine,lO,was isolated inmre than 6O%yield inkunal- 

4, 6 and 7. In kun 5 the isolated yield was 7%. 

Ihe C-dialkylated diketone lid is normally produced under radical mechanism conditions 

from47titrobenzylsystems.~ Stilbene 1M (Run 7) can be interpreted as a camqeme of 

the alkylation inhibition thus allowing the 4-nitrobenzyl moiety to be transferred to a 

different ionic reaction pathway. Moreover, qualitative results based on W mmitoring 

proved that 0.1 mole ~alvinoxyl practically stopped the reaction of lb with acetylacetone 

inDP5Oatroantemperatureand in the presence of potassiun carbonate. 

The yields of products 6 under the conditions of Table 1 were too low for the 
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reactlone to be syntlEtically useful, and we -ted to iaprove *. Sllrprisingly, 
thesodiunaaltof2inteflrnringethanolwylinerttollardalbbothinthedarkand~r 

irradiation. However, salts la-d reacted efficiently with diketones 2-5 in tha dark in 

anhydmmt-burnlandinthe preseme of three equivalents of DIKE, a bass with electrcm 

rxfmsfer abi1itp.l2*13J4 These results are gathered in Table 2. 

The typs of ths reactioo prodwts is related to the electronic nature of ths 

substitumt in the beozyl moiety of the pyridiniun salts lmL Ttms, salt la (X = OMs), 

carqing a 4mrethoxy substituant, reacts with pentane-2,4*one, 2, with l-phsnyl-1,3- 

mmediooe, 3, and with 1,3-diphenylpxwpme- 1,3-diooe, 4, to afford moderate yields of 

products Q, 7a, and 8e arising fraa umoreaction at the activated methyl- groups of 

the diketones (Runs 1, 2 and 3). Significant amounts of prfxlucts 1Q and 17a fran O- 

alkylation ware also isolated, as ~11 as alcohol l9a sod ether aOa. Ihe alcohol could 

originate by hydrolysis of 1&3-l& during the uwking up. Ihe ether 2Q can ariss from 

direct attack of the solvent or its conjugate base. No ottmr prodmts vme detected in the 

reactiam of le. 

Table 2.- Reactions of 1 with 2-5 in the presence of D@ 

C-Alkylated 

Rm Salt Diket. T’ Time 6+. 11-l2(%) U(X) 

0-Alkylated 

lb18(%).19-20(X1 

1 la 2 

2 la 3 

3 la 4 

4 lb 2 

5 lb 3 

6 lb 4 

7 lc 2 

8 lc 3 

9 lc 4 

10 lc 5 

11 Id 2 

12 ld 3 

13 ld 4 

14 Id 5 

15d lb 2 

16d Id 2 

Refl. 

Refl. 

Refl. 

Refl. 

Refl. 

Refl. 

R&l. 

Refl. 

Refl. 

Refl. 

R.t. 

R.t. 

R.t. 

R.t. 

Refl. 

R.t 

0.5h 

0.5h 

0.5h 

7h 

7h 

6h 

3h 

3h 

3h 

3h 

15m 

lh 

lh 

3h 

7h 

15m 

f&w 
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M31) 
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7M21) 

tW27) 
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7c(17) 

W13) 

9c(O) 
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7dW), M(l) 

86032) 
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6b09) 
- 

13b(ll) 
1MlO) 
I.3481 
13c(6) 

B(6) 

13c(2) 

13c(14) 

13b(32) 

16a(33), l%(4) * 2Qa(l5) 

17a(12), WaW), m(18)’ 
ml(22)) 2Qaw)c 

16Ml7)b 

17bU6) 

lW20) 

Mc(15) 

wc(18) 

r&(21), lM8) 

19~06) 

e 

aConcentratim of 1, 2 aml DEBT: lM, 3M and 3M in anhydrous t-hutanol. Yields of isolated 

products unless otharwise stated. bProducts Pb(28)’ and 22(13) also formed. CYields 

calculated from ZH-IWR spectra. din the presence of 0.2 mole of galvinoxgl. %ot 

i.nvestigated. 
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m array of products formed in the reactions of the salt lb (X = A) (Rum 4, 5 and 6) 

shoted a significant difference. The C-alkylatioo products, 6b, 7b and a vere also 

isolated in reasooable yields. The O-alkylatial ptoducts Mb-118 were also formed. 

Iiowver, 1,2-dip&mylet, 13b, the radical dimar was also formed. The phenol 22 iS the 

result of aldol type lxmiematials betveen tvo Iwlecule.9 of diketone 2. 

Salt lc (X - Cl) was used in Runs 7, 8, 9 and 10. The C-alkylation products M uere 

again isolated ezcept for Rm 13 in the reactitm with 2,2,6,6-tetraraethylhzptam-3,5- 

dime, 5. &waver, in Rms 7 and 9 wxe the O-alkylated 16c and 18c isolated. In general, 

products of attack at the oxygen atans of the diketones are now quantitatively 1eSS 

important. 1,2-Bis(4-chlorophenyl)et~, UC, was isolated in each of the four 

ezperimmts. 

The reactions of salt Id with a 4dtro substitwnt were clearly the fastest and 

afforded the highest yields of C-alkylated products 6d-M (Runs 11, 12, 13 and 14). They 

were also the cleanest reactims, ths only by-products isolated being the C-dialkylation 

diketones lid and l&L 

Reactions 15 and 16 (Table 2), carried out in the presence of Calvinoql (powerful 

radical scavenger) led to partial inhibition in the case of lb (exp. 15) and complete 

inhibition in the case of Id (exp. 16). In addition, an increase of the amnmt of the 

produced radical dimer 1% was observed in ezp. 15. 

B.- Important changes in the nature of products, required times and temperatures 

and in colcura are observed in the reactions of 8+.iketooes 2-S with W~mzyl-2,4,6 

triphsnylpyridinim salts in t_butauol and in the presence of DW as a base (Table 2) 

which are related to the electronic features of the substihwznte in the aryl ring of the 

benzyl moiety of the pyridiniun salts. Thus, Rms 1, 2, and 3 share the starting salt is 

la (CHe substituent) show the typical array of products caning from a polar mechanism: 

similar amounts of C- and 0-alkylation, benzyl alcohol, Wa, t-butyl ether, 2Oa. On the 

other hand none of the features typical of radical reactions are present (no strong 

colours, no dimers, no sensitivity to radical scavenger s). Therefore we classify Runs 1, 

2, and 3 of Table 2 as examples of SRl processes already well known in this field, when 

substituents in the group attached to nitrogen can help stabilize the positive charge.15 

At the other end of the machanietic epectnnn we have the reactions of Id (N32 

substituent) (Runs 11, 12, 13, and 14 of Table 2). These reactions are by far the cleanest 

and the fastest among the studied in the present work. Relevant features are the isolation 

of only the C-alkylation products in high yields, the no appearance of products of ionic 

origin (such as O-alkylation products, or the correqaxliq ether or alcohol), the fact 

that the reactions occur at room temperature, and the intense red colour that develops 

upon mixing of the reactants. We have canpared these with the similar reacti- using 

branide as leaving group. The results are slwvn in Table 3. The reaction of 4-nitrobenzgl 

bromide (Run 3 in Table 3) under the identical conditions used for the correaponiing 
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pyridiniunsalt ld(RmllinTable2)shonstheveryeimil.aroutcam of bothreactione. 

No~~tionproductearef~,etrongredcolourersatedeveloped,andtharequired 

reaction tirnesare of the -order. 

%e of our groupa haa reported16 that N-(4nitro&zy1)-2,4,6_tripheny1pgridinilml 

tetrafluxoborate, Id, reacts with nitronatee through a mn-&ain radicaloid mechanism 

(Sclmnel). Thismchanian involves a aingleelectrontrrmefer fmmthe mcleophileto the 

pyridinim ring followed by C-N bond hamlytic breaking and radical pair collapse in the 

solventcage. 

Table 3. Reactiona of bemyl halidea with acetylacetone in the presence of 

DXJa, or potaaaiun carbonatea. 

c-alkylated o-alkylated 

Run Halide Base T' Time 6(%) U(X) la(X) 

1 c6%cK2Rr DlUJ Refl. 2h 6b(23) llb(l5) N&(31) 

2b 4'cl+$4m2Br DlUJ Refl. 2h 6c(35) llc(9) 

3b 4*2+jii4qRr DBlJ R.t. 15lU 6d(48) lld(14) 

4 ~_NO~+$,Q&JBI: K2CO3 R-t. 15~1 - - - 

a) Concentrations of benzylhalide, acetylacetme and base: lM, 3?J and 

3M in anhydmm t-butaml. For potassiun carbonate an equimolar amunt 

with respect to acetylacetone was suspended in the solvent. Yields of 

isolated pm&.&e. b) Intense red colour. 

In the case of Rm 3, in Table 3 no electron transfer from the nucleophile to the 

leaving group ia possible and the substract is known to react well through the radical 

chain%& mechani~m~~ (Scheme 2). The similarity of Run 3 of Table 3 and Rm 11 of Table 

2 forces us to believe that, contrary to the nitronate case, electron transfer to the 

pyridiniun ring in Rm 11 of Table 2 does not operate: instead, electron transfer to the 

471itrobemylm1bstituent induces a radical chain mchanim of SR$ type. As expected 

complete inhibition is observed when the reaction is carried out in the presence of 

galvinoxyl (20% molar), (run 16, Table2). Another important feature of this type of 

mechanism is the possibility of entraiment17 amI we think the reaction of Id with 

diketcnes in the presence of DLU (Rum 11, 12, 13 and 14 of Table 2) constitute examples 

of it. This cxmcluaion is reinforced by canparing these results with those obtained using 

potassim carbonate as a base (Run 6, Table 1). Although llmrethan 70% of starting 

pyrid.lniunhadbeenrzommed, thelouC-alkylatimyieldobtainedinRun6 ofTable lina 

relatively slav reaction was not affected by the presence of radical scavengers such as 

cobalt(U) chloride bistriphenylphosphine (soluble inchloroform)andthe rundidnotshow 

any strong colour. These features correspond to a s mchanim, probably %2 considering 

the substrate. This interpretation is strongly supported by the results obtained with 

branide as leaving group (Run 4, Table 3). 'Ihe ent raimmt effect of DWie evident since 
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M reaction at all was achieved in this case. Ths elactrm donor prqmrties of DWJ are 

uell established.12* 13, l4 ‘lhs co- reactians using Wbensyl-2,4,b 

triphenyl~idinim tetrafluoroborate, lb, show pet motbr &Lath& hehaviam (Rmm 4, 5, 

6, and 15 Table 2). ‘I&se reactions are slmer than the preceding aws indicating a clear 

curvature in a hypothetical Ram&t plot, but the reaction times are of ths sam order as 

tlmse reported for related reactims using diethyl ethylmalmates4 and nitronates18 as 

nucleophiles which are believed to occur through the mwchain radicalold mxhsnim 

(S&ems 1). The main features of our reacti- are: tbs appsarmce of C- sod O-alkylation 

products (the first predaninating); the isolation in all the cases of the radical dimer 

1,2-dipbsnylethtxq 13b; the abssme of the corretqxmdhg ether and alcohol; the absence 

of strong colours; and the partial inhibition, with simultaoeous yield increase of the 

radical dimsr 1,2-dipbenylethfms, when the reaction is carried out in the presence of 

galvinoxyl. The parallel reaction using bmnide as leaving group (Run 1, Table 3) sbws a 

different behaviour. m, almost ths sms amount of ealkylatim (31%) arxl C-alkylation 

(38%) is obtained, and no radical dimx could bs detected. Benzyl bras& is a well 

established s2 reactant and probably this is the operating mechrmism with benzyl bromide 

(Run 1, Table 3). Coneidering the systematic differences and the similar cases previously 

described by one of OUT groups4J6J9 ws believe that lb reacts with diketones in the 

presence of DHJ, in part ( the 0-alkylation product would cass through a s2 mechanism), 

through the non chain radicaloid m&anism that includes electron transfer to the 

pyridiniun moiety (scheme 1). The difference in electronic affinity between the. pyri~ua 

and the bemyl moieties in this case nust be too large to achieve enough bemyl radical 

snion to elicit the chain S& mechanic. Particularly interesting is the observed partial 

inhibition in this reaction in the presence of radical mwengers(run 15, Table 21, since 

similar results have been reported for the corresponding reactions with nitramtes and 

this datum was camidered important in proposing the non chain radicaloid mschanimn 

(S&ems 1) for those reactimslg. 

Ths results reported in Table 1 (Runs 3, 4, and 5) support the previms interpretation 

snd add new data. Thus, reaction in ths presence of potassiun carbonate as a base is shown 

to be less efficient (reaction times in Table 1 are not optimized) but the difference was 

not so marked as in the 4-q case. More relevant, the reaction showed a strong depernience 

on the presence of light, and its relative inefficiency alloved us to isolate in low yield 

a new dimer 14 most probably resulting fran the canbinatim of two pyridiniun radicals and 

thulp confirming the latter’s existence in these reactions. Ths radical dimer 13b was also 

obtained. Another interesting feature of this reaction (Runs 3 snd 4 of Table 1) is the 

fact that it was completely supresssd (Run 5 of Table 1) when it was carried out in the 

presence of a 10% molar amcnmt of cobalt(X) chloride bistriphenylphoqMne (rsdicaloid 

species with good electron transfer properties and soluble in chloroform).” Kornblu~~~ 

has demmstrated that the electronically related cupric salts strongly inhibit radical 

chain processes like S&. Dur results suggest m.z have mcovered a new radical chain 
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mechantslavlaalectroatransfertothe~~wiety(Schaaa3).~nthetcaae 

thaeol~tischlotoforra,sndtheaol~tcageinitehauldbeaeakertheninpolarand 

hydmgen bond forming solver&e. The inefficiemy of the process wst be attrilam3d to the 

difficult N-c bond banolytic bmaking, Qld to the mo partiallarly favoured caunatim 

betmen the poorly elec~c bemyl radical sod tlm nwlewbile anion (probably 

leading to a ketyl radical anim). That, em makea the reaction through other pathwfgm 

(!$l or %2) preferred in the cam3 both of a strong electrm dam (OBk), end of a strcmg 

electrcm acceptor (9) substitwnt in tbe aryl ring of the benzyl moiety. 

phQpl, A ph~p;~ph~ph + PhCHI 
I 

CH,Ph CH,Ph 

Fjchenle 3 PhCH; + Nu- - [PhCHpNuf 

Ph Ph 

IPhCtIr-Uu j + 
’ phQph - phQph, + ““c”isu 

I 
CH,Ph CH,Ph 

The reactions betoRen N-(4-chlorobenzyl)-2,4,6-triphenylpyridiniun tetrafluoroborate 

lc end ~-diketooes in t-butanol and in the presence of DBO (Rum 7, 8, and 9, Table 2) 

&YW many atilaritiea with the reactima of lb just cameoted on. Nevertheless, reactiona 

of lc how strong red coloura that probably indicate incteased lmxhanletic capplexky. 

The results defm%xd in tk premnt paper demo&rate tbe faIorw.nla medlaoietic 

variety and complexity of the reactiam involved (!3$, s+!, in chain radicaloid 

mmhanim, radical chain mcbanim through electrcm tranafer to the pyrid.in.im ring, 

radicalchein medmnian through electron transfer to the aryl ring in the benzyl moiety), 

andtbe narnm borderlines involved. A deeper alack&Btic study ie ntm in progress. 
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RRwmBE&.- 1-(4-x-Benzyl)-2,4,6-tripbenylpyridiniuQ tetrafllMxobxatea, la+ lSEre 

pqxlred as previouElly described.16 nb3t-kltano1r3o1ventwaa dried byrefluring over 

calciunoxide. 

A ~bture of DRI (2.74 g, 18.0 nnol), pentane-2,4-dlone (1.80 g, 18.0 mmol) and t- 

tutan (6 mL) wan stirred for five minutes. 1-(4-t kx#enzyl)-2,4,6-trphenylpyridiniuQ 

tetrafluoroborate, la, (3.09 g, 6.0 nm01) was then introduced. Themixtweuaatefluxed 

for 30 minutea monitoring the dieappaarcmce of la by tic, diluted with chloroform (!N mL) 

and partitioned withlM Zl (2 x100 ml). zhe organic layer was wa~hedwlthwater, dried 

andevaporated. TlE reeidue was chraQatogra#ledthroughsilica geltoaffordtbe following 

products in order of elutioo: (i) 2,4,6-triphenylwridine, 10, (1.765 g, WX). Kp. 137- 

9QC (ethanol) (Lit. m.p. 139QC).21 (ii) t-Butyl 41wthoWenwl ether, 2aa, (0.178 8, 

15%). m-ram (fx13): d 1.31 (a, 9H), 3.67 (8, 3H), 4.10 (a, 2H), 6.6W7.34 (M'BB' 

syet=, 4H); MS: q le 194(M, 22), 121(100), 109(27), 43(22). (iii) 3-(4- 

Me~l)penta~-2.4-dione, 6a, (0.504 g, 38%). M.p. 65-8QC (Lit. m.p. 69-70QC);22; 

IR(K&): enol form 3430 (brnad), 1610, 1585 cm-'. 1H-MR (CDC13): d enol form 2.08 (e, 

6H), 3.58 (a, 2H), 3.77 (ES, 3H), 6.77-7.12 (AA'BB' system, 4H), 16.74 (8, 1H). The keto 

form presents signale at 2.15 (a, 6H), 3.09 (d, J = 7.1 Hz, 2H) and 3.95 (t, J - 7.1 Hz, 

lH). (iv) 4-(4-&?tlw@enwl)o3-Pent~2~, Ma, (0.438 g, 33%). H.p. 75-6QC 

(acetonehexsne); III(~): 1666, 1579 cm-'; lH-NEIR(cDc13): d 2.19 (e, 3H), 2.33 (6, 3H), 

3.84 (s, 3ri), 4.79 (s, 2H), 5.62 (a, lH), 6.88-7.47 (M'BB' -tam, 4H); 13C*(cDcL3):6 

19.7, 31.9, 55.2, 69.9, 100.3, 114.0, 127.5, 129.3, 159.7, 171.5, 196.6; MS: m/e 1210X), 

78(6O), 52(21), 51(25), 43(100). Calcd. for Cl3Hl603: C, 70.97; H, 7.33; Rnmd: C, 7l.m; 

H, 7.29. (v) 4-Methoxybenzyl alcohol, 19a, (36 mg, 4%). It was canpared with an 

independent aample. 

~of~2and3.AZlofthemwereruninthe~~. some of the 

C~QIX& were isolated in low annmts and their characterization was made by 

spectnxcopic techniques. Ihe O-alkylation products 16-18 wre frequently unstable slwwing 

propensity to hydrolysis. The physical constants for the ieolated pnxhxta 6-22 or the 

literature references were as follavs: 

3-Benzylpentane-2.4-dione, 6b. Oil, canpared with an independent txwple.5 

3-(4-Chlorobenzyl)pentaoe-2,4-dicme, 6c. 'M@@WXC13): d enol form 1.94 (8, 6H), 3.51 (a, 

2H), 6.92-7.27 (M'BB' system, 4H), 16.71 (8, lH), d keto form 2.05 (8, 6H), 3.00 (d, J - 

7.0 Hz, 2H), 3.85 (t, J - 7.0 HZ, 1~). The m-m epectrun vas coincident with the 

previouely described.23 

3-(4-Nitrobenzyl)pentam-2.4-dicne, 6d. M.p. 89-91QC (ethanol) (Lit. m.p. 90-1QC (24). 

2-(4-Methoxgbenzyl)-lelbutane-l,Wm, 7a. M.p. 60-1QC (acetone-hexlme ); INKBr): 

1721, 1674 a& ~I?-~R(cDC~~):~ keto form 2.09 (e, 3H), 3.23 (d, J = 7.3 Hz, 2H), 3.70 

(e, 3H), 4.72 (t, J - 7.3 Hz, lH), 6.68- 7.15 (AA'BB' system, 4H), 7.4-7.7 (m, Ur), 7.85- 

8.0 (m, 2~); lX-~t~(cDcl3): d 28.4, 33.8, 55.0, 64.8, 113.9, 128.5, 128.6, 129.6, 130.2, 
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133.4, 136.4, 158.2, 195.7, 203.0; KS: m/e 282Of, 3), 239(38), l21(100), 77(32). calcd. 

for c&$803: C, 76.67; A, 6.43. RXI& c, 76.42; & 6.60. 

2-Benzyl-l-ptmyl~l*3-diale, 7b. N.p. 51-3*c (herrme) (Lit. m.p. 55+x)25; rmk): 

1709, 1688 cm-l; ~.~i+n(cm~): d keto form 2.15 (8, 3R), 3.33 (d, J - 7.0 Hz, 2F0, 4.78 

(t, J - 7.0 HZ, Ui), 7.18 (e, 5E), 7.W7.63 (m, 3H), 7.85-8.Ol (m, m). 

2-(4~0~~1)-1-~1,~~, 7c. H.p. 39-40*c (=tN ); IR(KBr): 

17l1, 1674 an -l; M(QIIX~): 6 keto form 2.17 (a, 3H), 3.25 (d, J - 7.0 Hz, m), 4.71 

(t, J 7.0 HZ, lH), 7.13-7.60 (m, 7H), 7.8-8.0 (m, 2H); NS: m/e 288(0.2), 2860% O-7), 

105(55), 77(69), 51(42), 43(100). Calcd. for Cl7Hl5C102: C, n-21; H, 5.27; CL 12.36. 

Found: c, 71.47; H, 5.31; Cl, 12.34. 

2-(4-~i~i~en&)-l~lb~ta1~-l.3-di0ne, 7d. M.p. 8l-2W (ethabf)l); IR(lOk): 1707, 

1672, 1514, 1342 cm-'; lm(c~c1~): rF keto form 2.15 (a, 3H), 3.42 (d, J = 7.7 Hz, 2H), 

4.79 (t, J = 7.7 HZ, UI), 7.25-8.15(m, 9~); 13C-?Wm3): d 28.6, 34.2, 63.8, 123.7, 

128.6, 129.0, 129.8, 134.0, 136.1, 146.2, 195.0, 202.0; FE: m/e 298(g), 297(M, 4), 

254(59), 105(x10), 77(88), 43(46). Calcd. for (+7%5lW4: C, 68.75; H, 5.09; N, 4.72. 

Found: C, 68.68; H, 5.09; N, 4.64. 

2-(4+k~l)-l,3-diphenylworcae-l,3-di~, 8~. M.p. 97-9QC (ethanol) (Lit. m.p. 

95+c)26; IR(KBIF): 1688, 1670 an-l; ui-iw(C~~a~): 4 keto form 3.40 (d, J - 7.0 Hz, 2H), 

3.75 (EI, 3H), 5.48 (t, J = 7.0 Hz, IH), 6.74-7.99(m, 14H). 

2-Benzyl-l,~&enylpropmFl,3-dione, RL M.p. 102-4QC (acetone) (Lit. m.p. 105-79C)27; 

IR(KBr): 1695, 1664 an-'; 1~a~(Crzc1~): d keto form 3.45 (d, J = 6.7 Hz, 2H), 5.50 (t, J 

- 6.7 Hz, lH), 7.19-7.99 (m, 15H). 

2-(4-Chlorobenzyl)-1,3-dipbnylpropane-l,~ow, 8c. M.p. 117-8QC (ethanol); IR(KBr): 

1679 an-l; 1RMa((cDc13): d keto form 3.41 (d, J - 7.0 Hz, ZH), 5.46 (t, J = 7.0 Hz, la), 

7.20-7.96 (m, 14H); 13+~(cDc13): 6 34.5, 58.8, 128.5, 128.6, 128.8, 130.3, 132.4, 

133.5, 135.9, 137.4, 195.1; IS: m/e 350(0.1), 348(M, 0.5), 245(25), 24X77), 105(100), 

77(88). calcd. for ~~q7cl~: c, 75.7l; H, 4.91; Cl, 10.16. bmd: H, 4.91 d 4.82; Cl, 

10.32 awl 10.18. No good carbon elemental analyeia could be obtained. 

2-(4-Nitrobenzyl)-1,3-diphenylpropane-1,3~Bone, 8d. M.p. 122-3QC (ethanol) (Lit. m.p. 

125QC)26; I'R(RBr): 1693, 1664, 1514, 1343 cm-'; 1H-Epp((CLIC13): d keto form 3.56 (d, J = 

7.0 HZ, UI), 5.51 (t, J = 7.0 Hz, lH), 7.27-8.17 (m, 14H). 

2,2,6,6TetrameehJrl_4-(4llitrobenzyl)h3,5_di~, w. M-p. 117-8*C (ethanol); 

In: 1720, 1684, 1517, 1346 an-l; 1H-W@DC13): .f keto form 1.15 (s, 18H), 3.23 (d, J 

= 7.0 Hz, 2H), 4.73 (t, J - 7.0 Hz, lH), 7.32, 7.41, 8.08, 8.18 (M'BB' system, 4H); 13C- 

NMR(c~c~~): d 27.0, 35.0, 44.5, 56.6, 123.6, 129.8, 146.6, 208.6; KS: m/e 319(M, O.l), 

57(100). Calcd. for C18H25W4: c, 67.77; H, 7.90; N, 4.39. Famd: C, 67.96; H, 7.96; N, 

4.31. 

3.3-Dibenzylpentene-2,4*one, llb. N.p. llO-2% (Lit. m.p. 112-4QC).5 

3,3_Bia(4_chlorobenzyl)~~2,4~~, llc. M.p. 107-8*C (ethenol); IR(KBr): 1717, 1690 

m-l; W(cDc13): d 2.14 (a, 6H), 3.22 (a, 4H), 6.83-7.28 (AA'BB' syetem, 8H); 13+ 
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~(CuCl,):d 28.1, 36.8, 71.8, 128.5, 130.9, 132.8, 134.2, 205.8. &bI. for C&8C1202: 

c, 65.34; H, 5.20. Panxk C, 65.23; H, 5.19. 

3,+Bis(4~trobenyl)pentan~-2,4-di~, lid. l4.p. 226-30% (Lit. m.p. 225-7pC).11 

2,2-Bis(4~tto~l)-l~l~~l.~~, 126. M.P. 2124% (e with e*); 

IR(KBJT): 1712, 1669, 1518, 1346 a~-'; I.H-FsR(CDC~~): d 1.92 (a, 3H), 3.51 (canter of ehe 

eignals of the d.iaateLwtoPic methyl- prot=, 4H), 7.10-8.15 (m, 13H); ES: m/e 
105(100), 77(46), 43(85). Cal& for Ca+#206: C, 66.73; H, 4.69; NS 6.48. FLU& C, 

66.54; H, 4.75; N, 6.22. 

1.2~Dicknylethane, l.S. M.p. 48-50QC (Lit. m.p. 52QC).28 lH+WCtXZl3): 4 2.86 (a, 4H), 

7.21 (e, 1CH). 

1,2-Bie(4+oro&enyl)ethane, UC. M.p. 98-9QC (Lit. m.p. '100-lQC).2g; W(m3):d 

2.85 (e, 4H), 6.96-7.31 (AA'BB' ayst=, 8H). 
l,l'-all-2,2',4,4'.6.6'~1-1.4.1',4'-tat~.4'-bipvtidine, 14. M*P* 

155-7QC; lR(KBr): 1650, 755, 740, 730, 690 m-l; l~-r@~rt(CDCl~): d 4.0 (8, 4H), 5.5 (8, 

4H), 6.0-7.5 (m, 4ClH); FS: m/e 400(5), 399(29), m(m), 307(z), 91(1~)* 
4,4’-~~tfl~, 15. M.p. 297-300QC (Lit. m.p. 292.5-293.5eC)30; m(m): 1600, 151% 

1350 cm-l; lH-iw~(c~cl~): d 7.20 (e, 210, 7.57 (d, J - 7.3 Hz, Za), 8.20 (d, J - 7.3 a, 

2~); MS: m/e 270(100), 165(30). 

4-~lw3-pentar2-one, I&. ofl; J.H-~(~IIxx~): d 2.15 (e, 3A), 2.32 (8, 3H), 4.85 

(8, 2~), 5.55 (s, UT), 7.34 (s, 5~); PLS: m/e 91(54); 65(23), 43(100). '&b product dd 

Ilotbe Wfied furtIEr. 

4-(4+%lorobenWov)-3-pentar2-one, 16~. bqure sample showd signals in the J.H- 

m(m3) ~pectru~ at d 2.12 (8, 3H), 2.31 (8, 3I0, 4.69 (8, m), 5-49 (8, m)n 7*14 (a, 

w. 
3-(4_~e~i)o~y-1-pheQ1~1-2+~~1-a~,3, 17a or its iamer 4-(4+kWDq-4- 

pbenyl+-buten-2lme, m.p. 107-9*C (aces ); JR(-): 1649, 1614, 1571 cm-'; 1Ff- 
m(m3): d 2.45 (e, 3~), 3.82 (8, 3H), 4.90 (8, 2H), 6.28 (8, lH), 6.88-8.Ol(m, 9H); 

~fi: m/e 282(M, traw), 121(100). Calcd. for q&&: C, 76.67; H, 6.43. F-z CS 76.74; 

H, 6.67. 

3-n~~l~l+enyl-2~ten-l~, 17b or its isaw 4-Benzyl~-pheIYl-~t~2-one= 

in impae srPmple exhibited eignds in the lH-WBk(m3) apectNQ at d 2.38 (8, ~H)P 4*96 

(s, ZH), 5.10 (a, lo), 7.1-7.6 (m, 10 H). 

3-~enzyl~1,3-di~1-2-~noperl-one, la. M.p. 92-3*C ket UE+SUXE); IR(KB~): 1657 

ccl; 1H-IwR(Clx13): d 4.68 (8, 2~), 6.86 (a, lo), 7.34-8.08(m, 15H); m: m/e 314(M, 

a), 105(77), gl(loo), 77(40). C&d. for C22Hl8q!: C, 84.15; H, 5.78. Found: CV 

83.48; H, 5.78. 
~(4-QllorobenzJrl)~l,.~l-2-propan-l~, 18~. M.P. 1~lo*C (~chlOr~- 

hexme); m(m): 1656 an-'; ~m(cDc1~): cf 4.67 (s, 2H), 6.81 (a, lH), 7*25_8m (m, 

14~); pps: m/e 35o(o.9), 348(M, 2.8), 208(22), 127(54), 1250oo), lo5(35), 77(21)* 

md.for (&,q7Clo2: C, 75.7l; Ii, 4.91; Cl, 10.16. Fd: C, 75.02; A, 4.84; an 9.97. 
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4+kthxybelw1 alcohol, 1% Oil; IR(fllm): 3345 (broad) cm-l; lH-rH(CDCl3): 4 3.75 (8, 

3~), 4.49 (s, ~II), 6.72-7.30 (M'BB' system, m). 

4-Cblorobenzyl alcohol, 1% W.p. 70-72% (Lit. m.p. 75QC).28 

4-Phenyl-2+utanone, Zlb. Oil; lH+U@DC13): d 2.07 (s, 3H), 2.63-2.90 (m, 4H), 7.14 (s, 

5H). 

2-A~etyl-3,5-dimetbylpher1ol, 22. H.p. 54-7QC (Lit. m.p. 55-6QC)31; lH-m(CDCl3): d 2.27 

(s, 3~), 2.55 (s, 3~), 2.63 (s, 3f0, 6.55 (8, lH), 6.65 (a, lH), 12.57 (s, m). 

m.- Financial support from DGICXT (Project 0030/87) and USA-Spain Joint 

Cannittee (Project CCB8504+l40) is gratefully acknowledged. 
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