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Summary : Aldehydes undergo preferentlal al lyla=ion ~n the presence of ketones by che c~n 

or zinc mediated method, easily effected in aqueous media. 

Allylacions of carbonyl compounds co homoallyllc alcohols ~s an important syn~hecic 

pathway 2. i ts hlgh potential in the build-up of some natural compounds has sc~mulaceo nume- 

rous studles and me=hods uc l l lz lng organometalllcs derlvea from alumlnum , boron, chromlum, 

t in ,  titanium 2 ano cerlum 3 have been developed. 

We recently reported the unexpected reaction of a l l y l l c  halides wlzh aldehydes ana kezones 

~n the presence of zinc in aqueous mem~a I. Homoallylic alcohols are obtained in yields of 

synthetic value by chls mechanistically intr iguing process. Since then, we have found chat 

zhis reac~lon can also be eff lc ien~ly performed by using mecalllc ~in under sonlcaclon In 

a wacer-~etranydrofuran mixture to afford the rearranged homoallylic alcohol 4. 

R1 R (1)  or ( 2 ) R3 R4 

R2 R4 X 
( 1 ) :  Zn , s a t . a q .  N H 4 C I - T H F  ( 5 : 1 )  , room temperature stirr ing R2 OH 

(2 ) :  Sn , H20-THF (S:1) ,$onicat ion 

Although ~hese reactlons occur In good yields from aldehydes and kezones as well, we inves- 

tigated the poss ib i l i ty  of a kinet~c se lect iv i ty  permicclng a discrlmina~ion between these 

zwo funcclonnalizles. 

Incermolecular competitive experiments revealed ~hac such a selecnivizy is easily obzalned, 

as demonstrazed in %he following examples : 

l -  An equirnolar mix cure of benzaldehyde and ace~ophenone was reacted wl~h a l ly l  bromlae and 

zlnc6(l.2 equlv each) in saturated aqueous NH4CI : THF t5 : l ,v  : v) ac room temperature for 

30 min. VPC analysis 7 revealed ~ha[ l-phenyl-3-butene-l-ol l was formed in 86% yield whe- 

reas acetophenone was recovered praclcal ly unaffected (4% reaction only). 
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OH 

1 2 3 4 

Table 

Aldehyde Ketone Hal ide (equ iv )  Metal  (equ iv )  
~o Addition a 

to aldehyde to ketone 

CliO J~ COCH3 

7j,, ,~Br (1.2) Zn (,1.2) 86 4 

ar ( 1 . 2 )  Sn { 1 . 2 )  90 0 

Br (I .5) Zn ( , 1 . 5 )  87 0 
/ - - %  

¢ CliO ~.~;:=O 7j,,,,,,,/Br (1.2~ Sn (1.2) 98 11 

~,__~Br (1.2) Zn (1 .2 )  8"/ 0 

~ C H O  ~ j f , ,v,,Br (1.2) Sn (1.2) 100 0 
0 

~_.y~CHO / , , , ~ , B ,  ( 12 ) Z. (1 Z ) 94 b 0 ~/ 
~ '  / , , ~ a ,  {1.2) S. { 1 2 )  99 b t,.c. 

~ - - C l  { 1.2 ) Zn (1.2) b 
100 0 

OCH',,,I O Y :LBr ( 1 . 5 )  Zn ( 1 . 5 )  94 (92 ' )  c 0 

= ~ - - - e r  ( 1 . 2 )  Sn ( 1 . 2 )  100 ( 9 8 )  c 0 

OCH O ~  7/,~,,,/,Br ( 1.2 ) Zn (1.2)  (55) d'e 0 

/ ~ B r  (1.2) Sn ( 1 2 )  (-/0) e' 0 

-aAddicion produces were laenclfied by comparlson with auchenzic samples. Yields were cal- 

culazed from VPC dlagrams. Figures in parenLheses refer co Isolated yields of purlfled ma- 

.~erial. bM1x~ure of szereoisomers w1~h al ly l lc transposition. CA single stereolsomer was ob- 

talned (unknown configurat~on), dMa~erlel balance cons~scs only in a gummy polymer, elsola- 

ted as a ca_ l : l  mixture of scereoisomeric hemiketals 4, which can be resolved by colJ,m chro- 
matography. 
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2- An equlmolar  mlxzure of benzaldehyde and acetophenone was sonlcaced ~ in cl~e presence of 

aIlylbrom]de and t i n  t l . 2  equiv, eachj ]n d i s t i l l e d  w~zer : THF ~5 : l )  at room cemperaLure 

for  30 mln. Again, a highly selecc]ve reac~lon was observed ~s 90% of the ald~hyue was con- 

verced co the desired a]cohol with no crace of react ion on the ketone. 

in both cases, no reduccion produces such as benzy] a]cohol, l-pheny] ethanol, or the p]na- 

cols corresponding ~o the ] n ] - i a l  carbonyl compounds were detected ]n the react ion m]xLure. 

]hat the observed se lec t l v ]  £y cowards the aldehyde function ~s probably due co a k lnet ]c  control 

~s supported by tl le fo l lowing observation . ace~ophenone was reacted w~th a l l y ]  bro,nde arid 

zinc as described above. Af ter  coh~ple~]on of che react ion I equ]v of benza]debyde was added. 

Under such condl t lons,  one aldehyde componenc of ~he mlxcure was lefc unchanged, and com- 

pound 2 was formed in 50% y i e l d .  

General izat ion of the process was attempted and several aldehyde ketone pairs were submitted 

co the procedures, kesu]ts are glven in zhe :db]e 9. 

Uf greater importance are the in t ramolecular competit ion experiments. We have shown chac a 

high degree of seIecciv lcy Is also obtained, ~n agreement to the resuI~s obT.alned from mix- 

cures. As typ ica l  examples, the reactions w]ch pinon~Idehyde were performeo as fo l lows : 

p]nonaldehyoe lo ~U40 rag, 5 drool), a l l y l  bromide ~900 rag, 7,5 m, noI~ and zinc powder ~490 rag, 

7,5 drool) were s , l r r ed  ~n 5 mL of aq. sac. NH4CI and I ,,L of THF for  30 m]n. Exzraccion w~ch 

ether and usual work-up of the organic phase gave an o~lwhich was chromatographed ISi025. 

Compound _3 was obtained as an o~l in 92% y l e l d  I I  

P~nonaldehyde (I,bSg, I0 drool), a l l y ]  bromide (1,36g, 12 mmoll and sin powder I I,4g, 12drool) 

were son]caced for  30 mln ac room cemperacure in 5 mL of dlsc~IIed water and 1 h,L of InF. 

The while can viscous m~xture was trea~ed with aq. HCI dnd sot. aq. NH4C], extracted w~sn 

ether" and werked-,.,p as u.-ua. ~o g ive  2.529 of an e l ! .  Pur~f~c.,,]or: nn a s i l i c a  gel column 

gave 2,08g of pure 3 ~98%). 

Suchh]g~qly preferenL1dl reacc1on have noc frequencly b~en deScrlbeo. Seebac~i ec a] have dis- 

cussed th]s polnt and shown chat clcanlum der iva t ives  dre able to react se lec t i ve l y  with a l -  

dehydes In ~he presence of kecones 12. Our resul ts  show that  equivalent se ]ec t ] v ] t ] es  can be 

reached with great ease using unexpensive conunon metals ~n a_c~u_eo__u_s - media. AIchough the pre- 

sent resul ts are l]m~ted to ~he addi t ion of a l l y l i c  group, appllcazlons In synthesis are un- 

der fu r ther  deve]opment. 

Acknowledgements : The authors thank Dr. A.E. Greene fo r  f r u I L f u l  d iscuss ions ,  and CNRS ~ATP 

Chlmie F1nel f o r  f l n d n c l a ]  suppor t .  

L1 ceracure 

I .  C. Pearler, J.L. Lucne J. 0rg. Chem. 1985 In press. 

2. For recenc rev lews,  see Hoffmann, R.W. _An~ew C_he_ii/J_nt .E_d_Fng] 1982 21 555-506. Ya,lamo[o, 

Y. ; Maruyama , K. I1e_te,~oc_ycles 1982 I._8_ 357-386. 
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3. Imamoto, T. ; Kusumo~o, T. ; Tawarayama, Y. ; Suglura, Y. ; Mica, T. ; Hatanaka, Y. ; YoKo- 

yama, M. J. Org..Chem. 1984 49 3904-3912. 

4. Several recent papers repor t  the a l l y l a c i o n  of C=O groups, using a ,nxzure of alunnnum 

ano cln in a two phase system cons is t ing  in d ie thy lecher  and aqueous hydrogen bromlae 5. 

The method chat we presenzly develop makes use of t i n  powder under neut ra l  condi t lons 

wlch an improved e f f i c i e n c y .  I ts  se lecc iw~y  and gene ra l i t y  w i l l  be discussed in a fu tu re  

paper. 

5. Nokami, J. ; Wakabayashi, S. i Okawana, R. Chem Le~ecs 1984 869-870 and re f .  c lced. 

See also : Uneyama, K. ; blatsuao, H. ; Tort1, S. Teu'ahedron Le~t 1984 25 6017-bU20. 
- _ _  

6. Zinc powaer tMerck, <60 Nm) was used as received.  

7. Erba Science Fraccovap 2100 chromatograph, equlpped Wlt.h a Carbowax 20 M t2m x 2,im) co- 

lumn. Peaks were ~dentifled by coinject ion wIch authenc1c samples. 

8. Ulcrason Annemasse 30 KHz probe sonicator. Satisfactory results are also obtalned with a 

Sonoclean 50 KHz u1~rasouna cleaning bach. Tin tpowder from Fluka) was used as received. 

9. All new compounds gave sat isfactory spectral and ana]ytlcal data. 

lO.Prepared by ozonolysis of e-pinene according to : Eshlnazl, H.E.J.  Org Cnem 1961 26 

3072-3076. 

If.Compound 3 : IR(neac) 3450, 3060, 1700, 1640, 910 cm - I .  NMRtCDCI 3) : 6.3-5.5(m,IHJ, 

5.3-4.9(m,2H), 3.6(quint, IH), 2 .9( t , IH) ,  2.4-I .0 (m,8H), 2.05(s,3HJ, 1.3(s,3H), 0.9 
, +  

ts,3H)ppm M.S.m/e 211(M+lJ , 193, 119, 99, 71. 

Compounds 4 were obtained by the same procedures : 4a (less polar isomerJ m.p. 44-44.5 

tpencane, -40~C).I.R.tKBr) : 3350, 3060, 2900, 2830, 1640, 1440 cm - l .  NMRtCDCI 3, 80MHz 

Brucker spectrometer) : 6.2-5.5(m, lH), 5.3-4.8(m,2H), 4.2-3.51m, IH), 2.5-1.0tm,16H).M.S. 

m/e : 196tM+J, 179,98,87,81,72,69,59. 4b_(more polar isomer) m.p. 46.5-47.5tpentane, -40°C). 

I.R.tKBr) : 3300, 3060, 2900, 2850, 1635, 1440 cm - l .  NMR : p r a c t i c a l l y  Identical co the 

spectrum of 4a. M.S m/e : 196, 178, 155, 137, I l l ,  98, 81, 68. 

12.Weldmann, B. ; Seebach, D. Angew Chem In t .  Ed En~_l 1983 22 31-45. For a recent example of 

se lecc lve a l k y l a t l o n  using organoCltanium compounds see : Koscova, K. ; Hesse, M. Helv. 

Chlm. Acta 1984 67 1713-1724. 
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