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A b s t r a c t  - Tlie rcsults obtained by changing ihc oaLurc o f  calnlyst. sulvcni. 
NsOH conccnlralion, naturc or ratio ol rcagcnls and icaction proccdurc are 
discussed for  lhc  aikylalion o f  indnlc by bcnzyl halidc undcr PI'C condilions. 
Besides N-benzyl iadolc  othcr isurncrs arc formcd ii,ith thc inlermediace 3 -  
hcruyl indnle  being dereclcd ;at early reaction s tage .  Formalion of h c r ~ y l  
alcohul(and d m )  and of  tertiary amine occurs in parallel. The r c ln~ iuc  rillc 
constant with ihc  lcilving group chlaridc compiircd lo b ro~n idc  is 1157, hut 
the overall  yield and sclcctivity in l~ i l lkyl indolc  is increased. Rate consmlls 
and aciivatinn paramelcrs arc i c p ~ i t c d .  Butyl and hepryl ihalides show similar 
behavior. Thc rcsulls are discussed in light of the general prohlcm n l  changc 
in nucleaphi i ic  mnbidcnl rcilctivily o f  hcicrocyclcs  induccd undcr  phasc 
l r ans l c r  coirdilions.  

Phasc 1i;msfcr calalysis is one of the mnsr imponant  recent tnethodological dcvclopmcnts in 

organic  s y n l h c ~ i i . ' ~ ~  Rcsidcs praclicai advantages and high vcrsa l i l~ ly  PTC givcs important 

imyrovmmen~s in selectivity of organic  rcactions. Th i s  is spcclally lruc for a i a a r o m a i c  

ihctcrocycles which bchiivc us ambidcnr rmiecules  reacling at iwn or even nwrc p u s l ~ i o n s ~ 0  

In lhis cast PTC cartdilions are very favorable because the ieginsclecllvily of ihc  anrhidcm 
,,,,,,,, i s  bcllcr co r~ t ro l l cd .  However ,  several s tudies  show that i i ~ e  direction of C v s  

i h e ~ e m n ~ o m  alhyislion depcnds on several factors and. as concluded by Dehmlnw in a recenl 

r c v i e u , l  that : '' a full quanlilalive underslanding of the inleraclions 01 '  thew I ~ c l o r s  has rwl 

ycl hccn rcached . In ihc coursc o f  prcparalion o f  N~a lky i inda l c s  rlccdcd as synihclic 

in lcrn~cdia lcr  w c  were fsced lo this problcrn: thercforc wc havc sludicd lhc  influence of 

chcmical ;and physical parameters on alkylation of  indoic I" bcllci  undcrst:md and hopefull) 

iprcdlct  he improvemen1 in iegioselcctiviry given by P'I'C in [he  alkylalion of  amhidenl 

ihc~erocyclic nuclcophi lcs .  

R E S U I I I S  A N D  D I S C U S S I O N  

Thc gcncral method for pieparntion o f  N~alkyi indoles  has bccn thc rc:iclion 01 rodlum sal, 

gcncrared f rom indolc and sodium amide or sodium h y d r i d e . l 1 - I s  This proccduic 

in~pnrved by [he  usc o f  polar iipratic soivcnls ( c g .  DMSO, HMPA. DMF, ~ u l f o l i i n c ) . ~ ~ ~ ~ ~ ~  Morc 

8cccnliy phase lrilnsfcr with scvcrnl lypcs of  c a ~ a l y s l s ~ ~ - ~ ~  has bccn applied: in mar t  carcs 

lilt yields wcre highcr and the prescncc of  sidc products rcduccd. Wc  lhiwc lhcrcforc uscd 

l l ~ c  runda rd  condirions of  liquid-liquid PTC similar to those described by Barco et,123 : in a 

hiphasic solution containing NaOH 50%. T B A H S 0 4 .  benzcne and benzyi biomide, indole is 

;added and lhc mixturc is stirred magnetically during 3 hours at 33°C. 



Undcr lhesc conditions thc yicid in L~bc l i zy l ind~ lc  ( 1 ~ 5 1 )  rcachcs a slcildy villuc 01' 79% i 2% 

Thc major side product was 1.3-dibenzylindole i l , i ~ D B I  = 2 1 % i 2 % ) ;  lhc other by-products 

occurrcd only as traces. 

CH,Ph 
aq. NaOH. C e k  

Bu4NHS04 
N 

Scheme 1 

Scheme 2 

lo order lo imprnve yield and selectivity in I-BI, rcilcliurl pararnclcn have bccn modificd as 

rcporled in Table I. The yieid in 1-51 ranges from 60 to 92% and. dcpcnding on condllions . 
not only 1 . 3 ~ D B I  b u l  o ther  products are  formed in noticeable :imounlr: lllcy are 3~ 

hcnzylindolc.  3 , 3 ~ d i b c n ~ y l i n d o l c r 1 i i e ,  bcrnyl  a lcohol ,  dibenzyl ellicr and  rributylaniinc. A 

gcncral schcrnc including reaclions and equilibria involving ihc  indole ring is given ill 

Schcmc 2. 



Depcndi lncc  of rcg iose lec t iv i ly  on reac t ion  parameters 

+ PhCH,X 84. NaOH. t 0 c  F Products 
solvent, time, catalyst 

H 

Products Yields I 

r 6 molar y ~ l d  referred to mdole 
I - B i k - b e n z y l l n d o i e ,  3 ~ B I = 3 - b c n ~ y i i n d o l e .  1.3-DB1=i.3~diheniyiindoIee 3.1~DB1=3,3-dlbenzylendoleniii 

h expenmental conditions given in erpcrimrnlal section, gcneral procedure 
c Thc value n indrcaler trace nmounls c 0.5% throughoul the Table 
d tctrabuiylammuniurn h r o m d c  
c a lcchnhcal grade of melhyitriocryiphosphonlum chloridc 
1 l r l c thy lbenzylamm~nium chlonde 
g ~i~butylhexadecylammoniunu bromide 
h T O I U ~ ~ C  was t e s~cd  in vlcw of later dcvclupn~ent in organic aynthern bccause health regulauon l m i m  

the use of benzene as soiucnl. 

Schcmc 2 i s  restricted 10 the  l o m a r i o n  o f  the  ambidcn t  anion.  dcpicred as i ts  sodium sal t ,  and 

t o  i ls  chcrnical  t r a n s f ~ r m a t i o n .  It d o e s  no t  inc lude  t h e  e x c h a n g e  be tween  t h e  ca r ions  Na and 

qu;i tcrnary o n i u m  and the  associated transfer b e w e e n  phases  n i j c h  would mske ihc P~CIUIP 
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r c : ~ t i o n  ratc cons lan ls .29~3s  ' rhc psrilnlclcrs inducing l i t l l c  or  n u  c1i;mgc i n  sc lcc t iv i ly  

( 2  7< S > 4.5 ) arc : 

i h i  lcmperatuic (cxpr. 1 arid 9: 16 and 17); howcvcl i n  this casc mum d i h c m y l  elher is 

r l r lcc,cd. 

ihc re ls i ivc  concentration u l  reagents P h C H ~ l % r / i n d o l c  from iin cxccss  lcxp.  14) l o  8x1 

cc lu~mn la r i~y  i c x p  81, 

111c n;nore o f  lcaving group ( c x p  13); whcn bcnzyl chloridc was uscd o n d c ~  c u n d ~ l i i m r  o l  

c i p 8 i l n c i l l  I lhc iocre:w in  sclecl iv i ly is i r n p o m a l  (S= 10) but 18% ,,I inrlolc w a s  n o  

~ i - . ~ l c d .  Whcn i r u i k i n g  a1 longer rcacl ion l ime ( c x p  16) or  highcr tcnlpcralurc i c x p  17) 

~ n d n l c  reac t?  complctcly and lhc same sclccl iv i ly is observed (S= 10.1. 11.5) Most ill tlic 

ii1,icrraLions made arc i n  agrccmcnl i i i l h  thc lhcory of PTC. ;and wit11 l l lc mu1lipsr;~rnclci 

dcpciidancc of ambiden1 anion s ~ l c c t i v i l y ~ ~ - 3 9  sum~na i i r cd  by LC Noblc : ' l h c  frccr lhc 

;mion lhc greater the tendency for alkylat ion at thc most cleclroncgalive c c n l ~ r ~ ~ j  A hard 

Ic.tving g iuup  (chlor ine) increases the N I C  i l lky la l ion ra t io  i n  i lg iccmcnl  w i th  p rev>nus  

observat ion madc wi th  lhc O K  alk>lal ion ral io o f  c ~ ~ o l I a l c s . ~ ~ - ~ ~  A lcss conccnlralcd N a O l l  

s,>lulion inrplies rhe transfcr o f  a l im i l cd  number o f  wiltcr mo1ci:ulcs i n  the orgiinic phasc. 

WIII a C O I ~ S C ~ U C ~ ~  spcci l ic sdva t ion  u f  Lhe anion.47~50 siocc watcr ~ m o ~ c c u l c s  c u m p l c i  

p8cfcrahly l o  thc harder inllrogcn thcn more C-alkylal ion is uhscrvcd .  Hou'cver ihc apparcnl 

random occurrcncc o f  3-81. o f  d ibcnzy l  cihcr and o f  i r lboty lamine necded a close! 
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c r a n i ~ n a ~ i o n .  A klnctic scudy was  undcr~sken to  verify the mechanistic schemc proposcd and 

lo a h ~ a i n  quantitative informations on the relation betwccn reaction ralcs and sclcclivity. 

1.1~ evolution of products concentralion is dcpictcd in Figurc I 

alk)!l;iring agent. and an Figure 2 with b c n ~ y l  chloride. 

yield 

with bcnrvl  bromide as  

u Indolc 
I-BI 
3 B I  

0 1.3-DRI 

0 1 2 3 4 5 6 7  

t (min) 

Figurr 1: "/a of produclr l ime dcpendancc in ihc r cac~ ioo  

betwcen m d d c  and bcnryl bromide 

yield 

F igu re  2: lo of  time dcpcndencc in the reacrion belween 

c h l o r i d e  

indole and benzyl 



r h c r c  are s t r i k i n g  feaLurcs: 

both g r a p h s  arc typ ica l  o f  the  compct i t iuc  paral lel  a n d  c o n s c c u l i u e  p r i ~ c s s  Wi th  

h c n i y l  b rorn idc  rcac t iun  i s  c o m p l e t e  within 6 rninutcs ( coniparcd  t o  a 1 8  h reacrion irrne 

r c p o n c d  b c f n r ~ ) . ~ ~  3-BI "ccuis a t  ea r ly  rcacliun t imcs  d u c  lu  l o w c r  l eav ing  group abil i ty or 

lo smaller base  concer~ l r i l l ion  which  r e d u c c  reac t ion  ra lc :  3~111 occurs a l s o  with c q u i m o l a r  

;imounls 01' rcagen ls  since par1 of P h C H z B r  is  hydro lyscd  l o  b c n i y l  a lcohol  and  c o n v e r ~ d  I C  

i l ihcnzy l  e t h e r ; S 1  c o n s e q u e n t l y  3 ~ B l  is  nor fu r ther  b e n ~ y l a t e d .  

S c v c r a l  a l l e m p l e d  e s l i m a l i u n s  o f  c a c h  ra le  conslanr i n v a l v c d  in i h c  c o m p c t i t i t i w  proccss 

fni lcd b e c a u s e  t h e  k i n c t i c  c q u a t i a n s  are cornp l ica red  by t h e  d c p c n d a n c c  o f  reagents 

concenLraLion on  c x c h a n g c  coef f ic ien l s  beLween phascs .  H o w e v e r ,  s ca lcu la t ion  w a s  m a d c  o r l  

ltie i i isappcilrcricc of i n d o l c  u n d e r  p s e u d a u n i m o l c c u l a i  c o n d i t i o n s  ubscrvcd i n  l r r e r i n u s  

i l u d i e h 2 " 3 5  A kinctic plot  is depicted in F igurc  3: thc  i csu l l s  a m  nurrlnmriicd i n  Tablcs  I1 

;lad 111 

Figure 3: kinetic plot fo r  the reaclion : indole + P h C I I 2 B r  ( c x p . 1 8 )  

Table  11 

P s c u d o u n i m o l c c u l a r  r a w  cons lan t s  f o r  l h c  rcirctiun : 

indolc + PhCH2X 

e x p  

1 8  

1 9  

2 0 
a Thc rate c o n s m n ~  are mean vvlues of repealed expcrimcnts c;ilcul;itcd ul th n lcsat sqoare 

rcgrcssion analysis using thc data up to 90% reaction c o n ~ p l e r m n  

PhC112X 

P h C H z B r  

PhCIIzCI  

P h C H z C I  

solvent 

ChHb 

C6116 

tvlucnc 

t S C  

33 .0  

3 3 . 0  

3 3 . 5  

k l u 4  s e c - I "  

98.  

1 7  

1 . 0  
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Tablc  111 

Dcpcnrla~ice o f  pscudounimolccular rdtc consmnts on calalysl conccnirillion a n d  

Icm ,crilturc for indole + PhCH2C I 

il nlnlar rntl" 

Thc lcsuiog gmup  sbilliy o f  hromidc cornpared In chloridc is 57: it i s  in llic range olxeivcd 

recently by Lvndini er al 411-179) for nuclenphilic substitutiorrs promotcd by qu.rlcrnasy 

o n t u r n  s311\.55 Thc less reactivc chloridc is mnic selcctivc as in many cascs ;according ir, lilt 

c o n ~ r o v e r s i a l  r c a c t i v i t y ~ i c l e c t i v i l y  prrnciplc  !R.S.P.).  T h e  l i nca r  dependancc  of ihc 

lpsclldounimolccular iatc c o n s ~ s n t  with calalysl cunccnlralion in lahlc 111 has  bccn ubscrvcd 

in  PTC whcn no i m p o r m u  changc oi  calalyst paili l ioning bclwcrn ihc  t w o  phssc, inccurs 

during lllc coursc o i  llic revclion. 

Thc aciivalioc> pninmclcrr denvcd irom !exp  23-25) arc E = 17.6 Kc;il/mul ( 7 3  X K~aule /mol) ,  

L q A =  19.71: AHi= 17  0 Kcallmol (71.1 Kjoulcirnol): ASf = -21 4 c u .  Thcy arc in agrccmcnl 

iwilh birnolcculai substiiulion reilclinns. T h c  valuc of A H * =  17.0, larger lhan A H * =  11.9 

ohscrucd by D ~ h o i s d .  for the PT crher synthcsis. scems incansistcnl with the i~icrcasc in 

i i i h c n ~ y l  c thc i  at high lcmpcralurc ( Table  I ) .  In lac1 the  crpcr imcnls  o f  l'ablc 1 wcre 

~rcbutyliirnii~e conccotra l ion.  It changed fur [he samc reacriotl w h r n  g p r  an:ily.srs wcrc 

c u n d u c ~ e d  a1 di f ierent  rcaction limes af tcr  lhe  organic  layer  was  wilhdrilwo from the 

rc;iction medium. This  piuvcd ro bc an anefact  which disappcarcd during the  k l n c l ~ c  sludy 

~ 1 1 1 1  appropriate quenching : Tributylanrine has bccn alkylarcd by excess bcnryl lhslidc 

cvcn out 01 the przsence u i  a hasic solutiotl whereas all lhc other compounds werc slablc. On 

111c o l l~c r  hand thc origin 01' iribulyliiminc is  clcarly thc rcwlL 01' lhc d c r i l m p ~ l s ~ m  01' l l i c  

quatcrn;uy ammonium calalysl ;is observed earlier : it was  shown !hat n lcrliary m i n c  i s  

displaced a a leaving group in subsliiution or Hufmann lypc  clirninatioas undcr PTC 

conditions. Thc rcsulm u i  Tahle  I V  show that butyl and heply1 bromldc. o i  lower rcaclivily 

111313 bcnzyl bmmidc.  g ive  sclcctivilies comparable to those ohserved with hctiryl chloridc. 

Here again change in lempeialurc and catalyst ratio have litllc cflect on  seleciivily 



Tahlc IV 

O/a of  a lky l amn  p roduc~s  for reaction 

indolc + RX --------3 producls 

c x p  I RX lralio i r do l c i  c i i t d y r  I t °C  I I-RL I 1 . 3 ~ D K I  I 

h l ; ~ r e r i a l s  and  method 

Kiirlenr rnagnclic rcsonnncc ipcctril wcrc ublitincd on il EM 3611 Varian 60 b l H ~  speclmmctcr. 

)i,i111 TMS as an intcrnal standard. ior 'H ,  and on a A M  250 Bruckcr 250 M H z  spcc tmme~c i  lor 

17C.  Cpc dnnlysci wcrc pcrlurmcd on a INTERSMAT IGC 16 chn~mutupraph e q u i p c r l ~ u l h  a 

5 l lx lJ .125 inch column pnckcd with 10% SE  111 on chromosorb PAW 80/100. Cooplcd gpc-rns 

i pccua  *,ere obtained on a R ~ h e r m a g  R- lO l0  C apparalub. Mcllmg pmmh iicrc d c t c i m i ~ ~ c d  on 

;i I i i ~ h i  apparatus and arc uncorrecled. Elcmcolal analysis arc in i t  i g i c c m c n ~  

wilh c:ilculnled valuer.  Rate conrkmls and aclrvalion p a m m e l e r u  wcrc  c a l c u l s ~ c d  011 an 

Applc 11 rnicroconrpu~er.lr~~1uIc, bcnryl hromidc. bcnzyl chloride, h u ~ y l  hiamiiic and Ihcplyl 

h l ,m idc  arc commercial products ( p u r u m  gradc): they were dirli l lcd prior to osc l i c n i c o e ,  

lalucnc and qualcrrliiry a m m o n i u m  catalysts were ohlamed con~mcic i a l l y  and uscd w i l h o u ~  

p u r i i i c a l i o o .  

Gci~cra l  oroccdurc lor  N ~ u l k v l a t i w ~  0 1  indole 

T l ~ c  following conditions arc uscd exccpl  whcn onc or sevcral paramelcrs are chmpcrl ; t i  

~ ~ ~ ~ l i c i l ~ c d  in Tablcs: s solution u l  10 all <>I' NaOH ( 50% by weiplrl), 111 ml ol h c n ~ c n c .  15 mmol 

<,I' ;tlkyl:illog ageo,. 10  xninol of indolc, 0 5 m m u l  of TBAHSOq i r  stirrcd magnclxally during 

3 11 at 33.0 'C, 10 mi of wamr is added. the organic layer i s  cnlleclcd. the nqucnw layer is 
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cxlr;tcicd w i h  10 mi of bcnrene. Thc combined organic solutions are wsshcd wilh ir 111% HCI 

sc~ lu~ ioo ,  water dricd over MgS04.  concentriltcd at  rcduced prcssurc and anillyrcd by gpc. 

K i n e t i c  m e a s u r e m e n t s  

An ;iqucnus solution of 40 mi of NaOH (50% by weight), 40 rnl of indolc and 2-2.8 mmol of 

~ . ~ l a l y s l  is stirrcd at constant tcmperatulr ( scc Table 11) during 15 m i n  A1 xcro Iimc 60  inrrlal 

or PhCH2X arc added. Samplcs arc wltlidrawn periodically, qucnched and analyscd hy gpc. 

The firs, ordcr raw cuostsnts  and thc  pvrantcrers from Arrhcncus a n d  Eyi ing cqualions 

r vc ie  cv;tlunted using a lcasl-square rcgrcssion analysis p rog ram 

N - R e n z v l i n d o l e  

Thc gcncr;il procedure vffordcd a liquid. Distillation ( h p  140-142°C. 5 mm) p v c  while 

cryst;rls ( mp 4 4 - 4 5 T )  turning pink on contact with air and l i gh l lHNnr r  ( CDCl j )  8 6 . 7 0 - 7 8 0  

(IOH. nr). 6.50 (1H. d, J= 3.0 HI), 5.20 ( 211. s ) . l 3 ~ ~ m r  ( CDCI3) 137.58, 136.43, 128.72, 12X.15, 

127.74, 127.56, 126.X1. 121.7. 121.0. 119.55. 1~19.66.101.75. 50.04. Ms: mlr (9,) 207( 511). 41(100) .  

hS(121. 

Diclillation or  thc product obtaincd by lhc general procedure  afford^ a colurlcsn liquid 

tbp 144-145°C 14 mnr). 1HNinr( CDC13) 6 6.8(1-780( 5H, m), 6 4 5 (  IH. d. J=4 Hz), 3 9 %  ?H,  I .  

J = 7 4 H z ) .  1.95- 0.65( 7H. m). I3CNmr( CDC13) 136.05, 128.72, 127.54, 121.20, 121185. 119.09, 

IOIlfil, 45.67, 32.12, 1 9 6 5 ,  13.52. Ms. mh(%) 173(82), 111(73). 130(100), 117(27), 10301). 77061,  

63llL1), SI(24). 39(45). 

I \ ' - l l c n t v l i n d o l e  

i l i  of rile producr ubloinrd by the gmcra l  procedure alfords ;I pale ycllow liquid 

(bp 140b14?"C 3 mm). ' ~ ~ m r  ( CDCI?) 8 6.80-770(5H, m). 6 4 5 (  IH,  d, J=4 Hz). 3 9 7 (  2 H  1. 

J=72H? , ) ,  1.10-0.60(13H. ni). 1 3 ~ ~ m r ( C D C 1 3 )  13602 .  128.67, 127.62. 121 26, 120.91. 119 14, 

I(lll.87, 46.29, 31.72. 3023 ,2891 ,  26.94, 22.58, 14.02. Ms. nllr (96) 215(11), 130(1110). 117(12), 

IlJ3(6). 63(4), 55(7). 41(16). 

IlEFERENCES AND NO'ES. 

I E. V. Dclmlow and S S. Dchrnlow, "Plrasc Transfer Catalysis", 2nd Ed. \'crlrg Chcmic, 

\Vclnbcim. 1983. 

? C M. Slarks and C. I.iaua, ' Phase 'l'rdnsfcr Calalysis", Academic Piesh. Ncu  Yoik ,  1978. 

3 i\,. p. Weher and G. W. Gokcl, "Phase Transicr Catalysis ~n Organic Syn!lmis", Springer-Vcrlag 

Bcrlin. 1977. 

4 W. E. Kcllcr. " Compendium o i  Phase Transfer Rections", Fluka AG,  Ruc lx  Swivcrland, 1986. 

5 I .  Makos~a .  Surv. Pros.  Chem., 1980, 9 .  1. 

6 C;. W. Gokel and W I '  Wcber. J Chrm. Ed.. 1978. 55.  350. 

7 l M. Lehn, Acc Chrm R e s .  1978, 11. 49. 

X E. Wchcr and F. Vogllc. Top Curr inr .  C h r m ,  1981, 98, I. 

9 F. Manlaoari. D. Landini, and F. Rolla, Top. Current.  C h e m .  1982. 1 0 1 ,  147. 

10 R Gallo, H. Dou. and P. Hassanaly, Bull Soc Chim. B e l g .  1981. Y O .  849. 



11 K. T. Polls and J.E. Saxmn, I Chem. Soc. 1954. 2641. 

12 W. Julia and P. Manaury, Bull  S o c  C h e m  Fronce, 1964, 1946. 

13 S .  Yarnatla. Chem Phurm. Bul l . ,  1965, 13. 88. 

14 A. 11. Jackson and A. E. Smith. Tetrahedron.  1965, 21. 989. 

15 B. Caidilln, G. Caanali, A. Pochini. and A. Ricca, Tctrohedron,  1967, 23,  3771. 

16 H .  Nonrranr and T. Cuvigny. Bull .  Soc Chim. France, 1965. 1866. 

17 G. M. Rubonom and I. C. Chabala, Synrhesir. 1972. 566. 

18 H. lleaney and S. V. Levy, J. Chem Soc., Perkin Trans. 1, 1973, 499. 

19 R. Gamcr, P. J .  Albisscr, M. A. Pcnswick, and M. J. Whitehead, Chem. I n d ,  1974, 110. 

20 Y. Kikugawa and Y. Miyakc. Synthesis. 1981, 461. 

21 A Jonczyk and M.  Makosm. K o ~ i n i k i  C l ~ r m .  1975. 49.  1203. 

22 A. Harco. S. Bcncli, and G. P. Pollini, Synrheris. 1976. 124. 

23 V .  Uucchi. G. Casnati. A. Dossena, and F. Villsni, Synihruis,  1976, 414. 

24 E Sanlmiello, C. Filriichi, and F. Ponli. Synihesis. 1979. 617. 

25 \I' C. Guida and D. J. Mathre. J. Org C h e m .  1980. 45,  3172. 

26 Suksia and S. Kszuaki, Bul! Chrm.  Soc Jrip.,  1983, 56,  280. 

27 J .  Barry. G. Bram. G. Dccodrs, A. Loupy. P. Pigeon. and J. Siinsoulet, T r r r o h c d r o n .  19x3, 39 

2669. 

? X  I<. S. Dnviilson, A. M. Parcl, and A. Saldur. J Chcm Res(S), 1984. 88. 

29 A. W. Hcriott and D. Pickcr. J .  Am. C h e m  Soc .  1975. 97,  2345. 

30 C. M. Slarks. J Am. Chrm Soc., 1971, 93.  195. 

31 C. M. Sparks and R. M. Owcns, I. Am C l w n  Soc,  1973. 95 3613. 

32 H. H. Fiecdrnan and K. A. Dubois, Trrrrihedron Lcrr., 1975, 3521. 

33 13. Lsniiini. A. M .  Maia. F. Monianari. and I .  M. Pirisi. I. Chem. Soc.. Clicrn Comm., 1975. 950. 

34 K Solam, S. D' Anlonc. and E. Chiellini. J Org. C h e m .  1980, 45 .  4179. 

35 J .  E. Gordon and R. E. Kulma, J Am Chem S O L .  1979. 99,  3903. 

36 11. Do", I '  Hassanaly, and 1. Mctzger. J Hcicrncgcl C h r m .  1977. 14 .  321. 

37 E. ISlncan and P. Vioul, T e r r u h r d r o n .  1975. 3 1 .  159. 

38 C. Canrbillau, P. Silnhou, and Ci.  Brant.. Terrahedron L e u .  1976. 281. 

39 F Guibi and G. Brarn, Bal ! .  Soc Chim France. 1975. 933. 

40 W. J .  Le Noblc. "Highlights 01' Organic Chemistry". Marcel Dekker. Kcw York, 1'974 

41 E. M. Amcu and W .  M.  De Palma. J Am Chem. S o c .  1976. 98,  2447. 

42 E. A Noe and M. Raban. J .  Am Chcrn Soc.  1974. 96.  6184. 

43 M. Hslpcrn. Y. Sassun. I. Willnei. and M. Rabinuuiiz. Trrrohudron Lc l r . ,  1981. 23 ,  1719 

44 A .  l3rmdstrorn and U. Junggren. Acra Chem. Scand., 1971. 25 ,  1469. 

45 A.  Mc Killop, J .  C Fiaud, and R. P. Hug, T e r r a h r d r o n ,  1974, 3 0  1379. 

46 A. I' Bashall and F. I .  Collins, Tetrahedron L e u ,  1975. 3484. 

47 D. Landiol. A. Mario. and G. Podda. .I Or8 Chem., 1982, 47.  2264. 

48 J. P. Anloinc. I. De Aguirre. I. Jmscns. and F. Thyrion. B u l l  Sac Chim I ~ r a n c r .  IUXO. 207. 

49 11. 1-andini. A. Maia, and F. Montanari. J A m  Chem S o c .  1978. 1 0 0 ,  1796. 

SO D. Landmi. A. Msia. F. Munlmari, and I '  Tundo, . I  Am C h e m  Suc., 1979, 101, 2526. 

51 Nixc that onc could take advantage of [his hydrolysis side reaclion, wilich was obicrvcrl 

carlicr by Heriou and PickcrSz and by Frccdrniln and ~ u b o i s . ~ ~  in prcpiire direclly 



HFTEROCYCLES, Yo1 3 1 ,  No 3, 1990 

s)melrical crhcrs from halides undcr PT aundilions. In i;lc( lhis would i,e o f  p r x l i c ~ i  i h r  

c a w  o f  PhCH2CI preparcd by induslrial pholoclicmical chloralinu of l o l u e n e . 5 ~  

52 A. W. Hcrinn and D. Pickcr, Tcirohcdrori L . e i i ,  1972, 4521. 

53  Whcn ellis work was in rhe course a p a w l  was issucd describing thc PT synlhcsis o f  

henzyl ether Irom bcnry! haiide.S4 

54 A. T .  Bsbayim. G .  0 .  Torosyan, and S. L. Paiauyan. Chem. Absrr. ,  1984. 100. 224021. Okrylis. 

Isobrci., Prom. Obraztsy. Tovarnye Znoki,  1983. 3 0 .  71. 

55 D. Landini. A. Maid. F. Monriinaii. and F. Rolla, I .  O r g  Chem . 1983. 48 .  3774 

Received, 1 7 t h  November, 1988 


