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The condensation of 3,4-hi~12-halocthoxy)benzaldehydcs vdth -~cyclic mo)-z,lkancdithiols 
in the presence of alkali metal c41boflill~2s ill dJT ethanol. DMF, McCN and their ltliXltlrcs 
with water give,; t'ormyl derivati,,cs of benzothiacmwn c()mpoulld.', ill high yields. ]he  best 
results arc alLHned ,ahcn the radius of the hydrated metal cation ills to tile crown ether cavity. 
Ill tile caste of Cs". high yield.,, v, crc ob~,cr~cd lbr crown ethers of an} size and compo:,ition: 
this can bc explained by a spccillc templatc effect of IhJ',; CaHOI1. The illflucncc of the nalurc of 
the leaving group in 3.4-bist2-halocthoxylbcnz-Hdchydes was established for reactions wilh 
dithiols conLmfiag no ether oxygen aloms. 

Key words: 3.4-bis(2-halocthoxy)benzaldchydcs: r alkali metal carbon- 
ales: tcn-~ptatc clti:ct: l~.wmyl derivatives of bcnzolhiacrowll ct)lllpoullds.. 

The main types o f  r l tacrncvciic sulfides are t h i ac rown  
compounds ,  t h i ac ryp t ands ,  and th iacyclophanes .  I-2 ] ' h e  
rapt at tent ion to sul f t~r-conta ining macrohc lc rocyc lcs  is 
due to their  capabil i ty o f  sciectivc formation of  strong 
complexes with t r ans i t i on  and heavy nletal cations. 3,4 
The~,c c o m p o u n d s  can  also be of  interest as i n t e r m e d i -  
ates in the s vnthes is  o f  polymers  with t i t iacrown frag- 
ments ,  selective c h r o m o g c n i c  arid pho tochromic  reagents  
for nlclal cati()lls, and  cx t rac tan ts  Ibr the separa t ion  o f  
metal sails. 

Ahhough  the first representat ives  of bcnzocrow~l c o m -  
pounds  con ta in ing  var ious  combina t ions  of  sulfur and  
oxygen in the m a c r o c y c l c  ,acre synthesized in thc early 
70s. 5 it was not tHltil recent ly  that methods  lo t  thc  
preparation ofbcnzothiacrown con]pounds havil]g a lil i lC- 
tional group in the benzene ring were developed. 6,7 For 
example, 4" - tbrmylbcnzodithia- 15( I 8)-crown-5(6) were 
prepared by mctal latkm of  bromo benzodithiacrown dc- 
ri,,ativcs by n-buLvl l i thium followed by thc rcaction o f  
organolithium derivatives with DM F. 

In this work aimed at developing a more convenicnt 
method for the preparation of  the formvl derivatives of  
benzocrown compounds with different numbers of O. S. 
and C atoms m the macrocycle, we carried out conden- 
sation of 3 ,4 -b i s l ' 2 -ha loc thoxyJbcnza ldehydes  l a , b  wi th  
terminal  di thiols  2 a - - e  in the presence of  alkali meta l  
carbonates  ISchemc  I). 

l ' hc  required d i th io l s  2 a - - c  are commerc ia l  c h e m i -  
cals. 3 ,6 -Di th i aoc t ane -  1,8-dithiol  (2d), 3 .6 .9 - t r ioxaunde-  
canc-  1,11 -di thiol  (2e) .  3 .4 -b i s (2 -ch lo roe thoxy)benza lde -  
hyde ( la ) ,  and 1 ,2 -b i s (2 -ch lome thoxy)bcnzenc  (4b) were 
synthesized by k n o w n  proccdt ,  rcs. 8 - t l  Dichlor ide  l a  
and  diiodidc lb  were p repa red  according to S c h e m e  2. 
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In order  to avoid the format ion  of  cyclic th ioacc ta ls  
in the c o n d e n s a l i o n  o f d i h a l i d e s  la ,b  with d i tb io l s  2a--e ,  
aldehyde la  ,aas conve r t ed  into acetal 6 by the  react ion 
with ethyl o r t h o f o r m a t e  m the prEsEncE o f  catalytic 
a m m m t s  of  NH4CI ( S c h e m e  3). The TLC m o n i t o r i n g  of 
the react ion showed  that ,  irrespective o f  the  react ion 
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lime, lhe  reac t ion  IlliKtttl'e always cml ta ins  acetal  6 alld 
ahlch.vdc la.  "[hc equ i l ib r ium c a n n e l  bc sl'fiftcd toward 

Table I. Synlllc,;is OF crown compounds 3a--e by the condensa- 
tion of dillalides la,b v, ith dilhioE 2a--e on trcatnlcnt with 
M2C(): in a EtOH--H,O (I : I) mixture 

Crowll Slarling .,M Reaction Yield 
corn- dihalide limc/h {%):' 
pound 

3a la l_i 20 (i 
Na 20 I) 

Ib Li 50 44 
N a 50 0 
Cs 50 42 

3b la l.i I ,":, ,~ I CH(OEt}3 
Na IX 30 l a  
K Ig 30 NHaCI 
C'~ I ~ 61 EIOH 

Ib  Cs 18 8S 
3c la Li 13 79 

Na 13 75 
K 13 41 
(,7~ 13 61 

lb Li 2O 81 
C s 20 01 

3d la Na 15 0 
Cs 15 0 

lh Li 20 62 
Na 20 33 
Cs 50 6X 

3e la I,i 20 58 
Na 20 67 
K 20 74 
Cs 20 53 

* The yields of 3a- - e  arc based on lhr convclled la,b. 

acelal  because  aectal izal ion is revers ible  under  the given 
c o n d i t i o n s .  Duc to the dil'l'iculty oi" separa t ion  of  di~.'hlo- 
rides i a  and  6, lhcv wcrc i n t r o d u c e d  as a mixture into 
c o n d e n s a t i o n  wilh 3 .6-d io>,aoctanc-1 ,8-d i th io l  (2c). This  
reaction gave only ouc p roduc l .  4 " - f o r m y l b c n z o d i l h i n -  
I S - c r o w n - 6  e the r  ~,3c). whose yieM was 55%. which was 
lower t h a n  ttlc yield in a s imi lar  e x p e r i m e n t  wilh unpro-- 
teclcd formyl  group (Table I). Fo r  this reason, o t h c r  
c rown e t h e r s  3 were prepared  w i thou t  pro lcc tmg the 
formyl g roup .  
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II is k n o w n  that  a metal ca t ion  can  clt]ciently assist 
in the  r eac t ion  between two acycl ic  precursors  giving rise 
to a m a c r o h c t e r o c y c l c  through the  tenlpla tc  c[l'cct. 12,13 
The  r e a c t a n t s  are p r e - o r g a n i z c d  a r o u n d  the  meta l  
a t om in such a way as to e n a b l e  the tbrn)a t ion o f  
t 2 - - 2 1 - m c n l b e r e d  mac rohc te roc~c le s .  The i r  yields de-  
pond app rec i ab ly  on the nature  "Illd the size of  the metal  
ca t ion ,  the  nalure  of  the e o u n t c r i o n ,  the  solvent,  and the  
leaving group .  Therefore ,  syn thes i s  o f  each new type o f  
c rown c o n l p o u n d s  requires, as a rule,  special select ion o f  
the r eac t i on  condit ion~. 

N o  sys temat ic  study of  the t c m p l a l e  effect in th~ 
f i ) rmut ion o f  su l fu r -con ta in ing  macroheterocyeles has 
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Table 2. S.,,nihcsis o i  crowR con~pounds 3b,c b_~, the condcnsa- 
Ii011 of diiodJdc ib with dilhiols 2b,c  on trcallllCll[ with C>,2CO.~ 
in various ,,tlhcnls :it 80 C tor 20 h 

Solvent 5' icld (~)* 

3b 3c 

EIOH--tI ,O (I : I) 88 61 
McCN 77 88 
M c C N - t t , O  (I: I) S6 82 
L) M I:: 50 90 
I ) M I r - - H , O ( I  : I) 95 90 

* The yields of 3b,c v, crc calculated from the I I-I N M R spectra 
t)f the reaction mixitircs. 

been perrormed previously; this stimulated us to study 
this elleel in relation to the influence of  alkali metal 
cations in the synthesis of  th iacrown ethers 3 a - - e .  As the 
prototype,  we chose the synthesis  of  benzo- l .10-d i th ia -  
18-crown-6 described pre~,iously, 5 which invotvcs con-  
den.sation of  1 .2-bis(2-chloroethoxy)bcnzenc t4b} with 
3 , 6 - d i o x a o c t a ) I c - l . 8 - d i l h i o l  (2c)  on l realment  wi th  
Na2COt  in aqueous ethanol.  With optimization of  the 
condiliOllS or  the syilihcsis o f  crown COltlpt)tllldS 3 a - - e  
(Schenle i ) ,  wc studied the role o f  the size of the alkali 
mct:tl cat ion in MeCO 3. the leaving group in d ihal idcs 
la ,b .  atld the Ii:.tturc of  the sotvelll. To suppress side 
procc~,scs, condcnsat ion was carr ied ()tit iu highly dilute 
sol[It ions. 

The Iormyl derivatives of  bcnzocrown compounds  
with dilTcrcnt nunlbcrs o1 sulrur, oxygen, and carbon in 
the macrocyclc  were obtained in 31)--885"7 yictds under  
the condi t ions  clscd (see Tables I and 2). 

The rcactic, n ,.)f ditlalide la,I) with diilliol 2 a - - e  
starts, apparently,  with dcpro tona t ion  ordithinl  on treat-  

la,b + 2a--e 
Q2COa ,. 

0 

nleni with a base to give iltc dithiokttc anion or  an ion 
pair with this allion. The  subscqUClll nuclenphi l ic  substi- 
ItltioI] at one oF the tcrmin-fl saluratcd carbon atoms of  
dihatidc la ,b  results in podand 7. which  is It]on 
dcprolonaicd trader the actioii or  a base. Cycl iza t ion of  
the resulting ion pair .  metal ca t ion- -podand  7 anion.  
al'ford~ the corresponding compound  3 a - - e  (Scheme 4). 
-rhc hydrated metal cat ion can also forrn addit ional  
coord ina t ion  bonds involving the oxygen a toms of  
dihalidc la ,b and di ihiol  2b,e,e due to partial dehydra-  
tion. This pro-organizat ion of  the internlediate secnls to 
underlie the template  effect of  tile metal ion. ;vhich 
facilitates the departure  of  the halide anion in the 
mtramolecular  nuclcophi l ic  substitution. 

Tile icplacemcnt  of  the chlorine atoms in 2a by 
iodine atoms. ~ hich are better leaving groups,  results in 
a more cltcctive react ion both in thc first and second 
condensat ion steps, as indicated by Ihc results obtained.  
[r the dithiol contairls no ether oxygen atoms (2a,d),  the 
lbrmation of macrocyctc  3a,d requires that diodide Ib 
r:lthcr than dichloride la  be tiscd m the rcaction.  How- 
ever, i f  condensat ion is c:lrricd out tbr di lhiols  lhai  do 
contain cthcr  o,;ygcn a toms (2b,c,e). the yields oF lhc 
products vinuatly do not depend on the ilaltlre 01" the 
halogen atom in I {see Table I). The presence o f c t t l c r  
oxygen, much more elcclroltcgalivc than sulfur, in the 
d i t h i o l  apparen t l y  fac i l i ta tes  d c p r o l o n a t i o r l  or the 
i l l c rcap lo  group oi l  trCLllmell[ wi t ] l  ~l base; this increases 
ihc steady-stale conccntrat iop,  o f  Ihc d i th io ta tc  anion or, 
more prcciscl_~, ihc corresponding ion pa i r  dur ing tllL" 
Coltdci lsal ioi l .  

When both molecules o f  the slart ing compounds  
conta in oxygen a loms,  the mtermolecu tar  in terac t io i l  
bc'twcci~ the d iha l l dc  molecu le  and the meta l  cal -  
i on - -d i t h i o l  a i l io l l  ion pai r  in tt/c" first step o f  conden~a- 
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l ion can also be acco rnp t i shed  lo a smaIt e x t e m  via an 
in lcrmedia te  in w h i c h  lhe  ox.,.gen a toms  o f  two frag- 
menls  are invob,'ed add i t iona l ly  in b ind ing  to the metal  
cation,  f4owcver, subs tan t i a l  compet ing  h y d r a t i o n  of  the 
alkali 11]{2t;.tl catioll  in aqueous  e thanol  shou ld  41so be 
taken into accouHl.  Th i s  shows itself, l o t  example ,  :is an 
increase in its e t fcc t ive  (Stokes)  rLlditls. 14"i5 which  Ltp- 
parently makes lhis  add i l iona l  binding ins ignif icant .  Al- 
kali metal ca t ions  arc kllOWll t0 have low aff imty to 
neutral  sulfur a lorns;  the re lb rc ,  in lhc case o f  Formation 
of be,]zocrown compotHlds  3a,d.  which c o n t a i n  only two 
oxygen a toms,  this  add i t i ona l  b inding does  not  appea r  to 
PkO an impor tan t  role in the first step of  c o n d e n s a t i o n .  

In the >;Iep of  i n t r amo tccu !a r  c.,,clization o f  the re- 
sullhlg podalld,  the  effect of ;.iddiliomll b i nd i ng  is sub- 
stantially e n h a n c e d ,  w h i c h  leads to a more p r o n o u n c e d  
ion-select ive t emp la t e  effect of metal ca t ions .  

It is known that  k i"  ions h4~c no subs tan t ia l  influ- 
ence on the syn thes i s  of  b c n z o - 1 8 - c r o w n - 6  e lhcr  in 
:lquCot| ~. media :  l~ in ap ro t i c  media,  riley even inh ibh  the 
process due to the  f o r m a t i o n  of  a s trol ls  com p l ex  with 
m'Nu>dioxyphen~lcne  f , agmcnl  of  lhc Illolcctllc. 17 For 

other  alkali ntctal  ca t ions ,  the r:ne of cycl izat iot l  giving 
rise to crown e thers  l l larkcd!y illCrc~lses ill I1OIlilqtlCOttS 
soh.ents,  which is due  to s tabi l izat ion of  the  in te rmcd ia te  
by the fo rmat ion  o f  c o o r d i n a t i o n  bonds  be tween  thc 
nlel;/} caliorl alld the  oxygen atoms of the polyoxyelhylcnc 
ch;lin 16,17 

It has also been  suggested I~,1~ thai the Cs* ion can 
exhibit  a specific t e m p l a t e  effect in the  l b rma l ion  of  
c,.c!ic disLilfidcs :.Hid su l f t i r -con ta in ing  c rown compoui~ds 
in D M F ;  this large a nd  easily polar izable meta l  ion is 
linked bolh  lo the nuc l eoph i t e  and to lhe leaving group. 
and the lateral i n t e r a c t i o n  between lhern lhci l i tatcs  c~- 
C!iZatioll tlpoI1 the  nuc l eoph i l i c  subsliltlliOl] at the car- 
bon atom.  It shou ld  bc noted thai I]Ot all rcscarchcrs  
agree with this hypothes i s ,  z~ 

Analysis of  the  clara (see Talblc I) shows  thai of  
!ithitml. sodium,  a l ld  po tass ium carb(nla tes  used i~3 the 
synthesis of  di thiacrov+n con]pounds  3b ,e ,e  From dichlo-  
ride la,  thc best .~ield o f  the 15 -membcrcd  macrocyc!e  
3b was a u a i n e d  for  Li:CO> bel ier  yields of  I 8 - n l c m -  
bored hc lerocycle  3r were obta ined  for l i th ium and 
sodium ca rbona tes ,  a n d  in the case or" the 2 l - m e m b e r e d  
molecule 3e. the h ighes t  y'ields were observed  tb r  sodium 
and potass ium c a r b o n a t e s .  This  d i l ference can  be inter-  
preted by as suming  t ha t  the  size of partial ly ( for  Na + or 
K ~) or  completel.v ( for  Li *) hydratcd .metal  ca t ion  fits 
bel ier  It) the size o f  the  cavity in the i n t e r m e d i a t e  in the 
step oF c}c t iza l ion  o r  the  d i th iac ,own c o m p o u n d .  The 
use of C s : C O ;  resu l ted  in ciosc and re]usual ly high 
yicids of 3b,e ,e .  A p p a r e n t l y ,  this ,aas due to the  above-  
described specific t e m p l a t e  elt,cc! of  the Cs + ion,  which 
slightly depends  on  the  na ture  of  the so lvent  because  of  
the tow suscept ib i l i ty  o f  this  ion for sotvat ion.  

Indeed, the use o f  bo th  anhydrous  and aqueous  McCN 
or D M F  solvents in the  synthesis oF crown c o m p o u n d s  
31},c in the presence  o f  Cs3CO~ proved a lmos t  cquail.~ 

efficient,  a l though the results; obta ined m the presence of  
water  were somewhat  bet ter  (see Table  2). probably due 
m bet te r  soklbility of Cs2CO 3 unde r  these condi t ions .  

A t t e n t i o n  is drawn to the unusua l ly  high yields of 
3 a - - e .  ob l a ined  when  using Li2CO 3 (see Tablc  1). "Fhc 
l i lhiun] ca t ion ,  charac tc r ized  by lhe grea les t  charge  den-  
sit.,, a m o n g  Mkali mctat  ca t ions ,  is completely hydrated 
in aqueous  e thanol ,  b~.JS,Zl Therefore ,  the  eff icienl  radius 
of  this  ion bccomcs  even grea te r  than  tha t  o f  C s ' ,  which 
is sl ightly hydra ted :  there tbrc ,  the a b n o r m a l  increase in 
the .vie]d o r  th iac rown c o m p o u n d s  in the  case of  Li'~ can 
be fully a t t r ibu ted  to thc tcmptutc  effect o f  the hydrated 
Li ~ ion.  s imi la r  to the specific effect o f  the  Cs ~ ion. 

Thus .  we developed a no,* 111r for the synthesis  
of  previousl,, i.inkllowfl fnmDI der iva t ives  of  su l t \ t r -con-  
t aming  b e n z o c r o w n  compotu lds  by the  c o n d e n s a t i o n  
o f  3 , 4 - b i s ( 2 - h a l o c t h o x y ) b e n z a t d e i ~ y d e s  wi th  acx.clic 
u . .m-alkanedi th iols  under  the ac t ion o f  alkali metal  car-  
bonates .  The  in l luencc  of  the nature  o f  lhe  leaving group 
on the eff ic iency of  c o n d e n s a t i o n  w.as es tabl i shed,  and  
an mlusu:.fl t empla te  effect of  hydra t ed  alkali metal 
cL/th)ng was t~)tllld. 

Experimental 

tH NMR ~pucml wclr recorded on a Brukcr DRX-500 
,,pcctromctcr in C[)C}~ u,qng tetran+L'tlDIsilanc as lhc internal 
standard. Chemical shifts were measured wilh an accuracy of 
I).01 ppm and '-,pill--Spill coupling con:-,lilllts were d,2termillcd 
,aith an accuracy of(}.] Hz. Massspcdra  were run on a Varian 
MAT 311A instrunlcnt a( an ionizati,.m energy o(71) cV with 
direct ,,ZllllplC injection in:o the ionization drca. IR spectra ~clc 
Ineasurcd oil Shimadzu t R-435 .rod Brukcr I t--S- I t 3v spcctro- 
phtmmlctets in thin t]inls or in pellet> with KBr. The reaction'; 
were monitored by FLC on DC-A.hdolicn Kicst:lgel N) 1-:25. +. 
plates (Merck). 

l)ehydralion of I)MF needed Ior die rcaclions v, as pcr- 
tormed by distilling, the ,,olvenl rrom BaO in vacuo Comn]crcial 
anhydrous ethanol (Aldrich). NlcCN {,Mdrieh). 1.2-bi,;i2- 
hydroxyethoxy)ben4cnc (AtdrichL and 3.4-dihydn.~xybcnzal- 
dchydc t,Mcrck) were used. 

3,4-Bis(2-hydroxyelhoxy)be,zaldehyde (5). Method A. 
Urolropm 10.71 g. 5.1 retool) was added to it solution ol 
1.2-bisl2-hydroxycth,.)x~)bcnzcne (I.0 g. 5.1 retool) (4al in 
4 mL of lril]uoroadelic acid alld the mixture was heated m a 
flow of argon for 14 h at 90 ~ x3,.atcr (3!) niL} was added to lhr 
cooled reaction mixture, v, hich was then extracted with CHCIs 
(7 x 15 mL). the cxlracl was cmlcelltrated m voctr :Mid the 
residue was chrom;IKtgraphcd Oll a column with silica gel 
(L 40/100. Chemapol. elmion with bcnzene--BtOH. 20 : 1) to 
give 0.422 g of the initial diot 4a aud 0.090 g of product S <14%) 
(Tables 3 and 4). 

Metkod .8. A solutioll of 2-cMorocthanol  (21 7 mL. 
0.33 tool) m 60 ml_. of t~-BuOH was added over a period of l h 
to a boiling soluti,,)n of 3.4-dihydroxybcnzaldchyde i15.0 g. 
0. tl)9 rnol) and NaOH (13.2 g. 0.;3 tool) in a mix:urc c,f 
301) mL of n-BuOH and 25 mL of water. The reaction mixture 
was refluxed for an :tdditiotlal 12 h. the solvent was cvaporaled 
m vacuo, and the residue was chromalographed on a colunlll 
with silica gel (KicscI.L.'el 60. 0063--0.100 ram. ehltion with 
b c n z c n c - E t O H .  20 : I) to give 20.4 g of product 5 (86%) 
{Tabtcs 3 and 4). 
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Table 3. I R. IH N M R, mass spcctnt of  compounds  I, 3", a lid 5 

Corn- I l L  l i t  NN1R ( C I ) C I ; ) .  m,/z 
pot lnd  'v/c.ql - I  i) q/IHz) (Irr (e i )J /' 

5 339i) (O--H)  263 (br.s. 2 H, 2 OFI); 4.01 Ira, 4 II, 2 C_I.12OHF 4.21) (tn, 4 tl. 226 (25). 182 1t3), 104 161. 163 (6). 
11>81 (C=Oj 2 CI-I-,OAr): 7.113 (d. I H. I-I-6. J = 8.2): 7.48 ~s. I Ft. I-1-31; 149 (8). 139 17), 138 ft00~ 

7.51 (dd, I fl. t1-5. Y = ~,.2, d = I 0); 9.86 is, I H, CI t=O)  137 184). II)q (9). ,"41 19L63 t6) 
la 3.87 it. 2 H, CFt-,CI, d = 5.9): 38q (i. 2 I-I.CH,CI, d =: 6,1)); 266 111). 264 (51). 2(`)2 !8f)). 

435 (t. 2 H. CH,O.  d = 5.%: 4.38 tL 2 tl. Ct-t~,O, d = 6.i)1: 200 1501. 151,t (44), 149 155). 
7.04 (d. I fl .  I-1-12,, J = ~;.2): v.47 {d. I t l .  11-3. d = 17):  751 137 i69), 109 143). 79 140i. 65 {61)), 
Idd. I H. tt-5, d =  8.2. d = 1.71:9.87 (s. I H, CH,-O)  f14 (49). 63 (100), 62 1691 

Ib 3.49 Ira, 4 I t ,  2 CH-.I); 4.36 It, 2 14. CH,O.  d = 6.9i; 4.411 446 (2), 165 151. 164 140). 163 {12), 
(t.  2 t-1, C I I , O .  d-= 7.11): 7.0t (d. I H, H-6 ,  d = 8.2i; 7.45 155 1100). 149 (13). 79 18). 60 ((6), 
(d, 1 14. H-3. , / =  1.8); 7.50 (dd. I It. H-5, d = 8.2, ,/ = 1.8): 57 19). 55 18~, 51 18) 
9.8 v l:.,, I H. c k l = O )  
2.98 (m, 4 H, 2 CH2S); 3.f)7 (x, 4 ft, 2 CH2S); 442  Ira. 4 H, 
2 CH.~O); 6.92 (d, I FI, H-6, 7 = S.I): 7.36 (d, I H. t.l-3, 7 = I.S;: 
74?  (ctd. I t-1. H-5. J =  8.1, ./ = 1.813 9S5 (s, I t-1, CI-I'::O) 
291 Ira. 6 H. 3 CH?S): 3 t 0  {m, If) H. 5 Ct-t2S): 4.37 (m. 4 tl, 
2 SI-I~O); 6.98 Id. I lq. H-6 .  J = 8.2): 7.42 (d,  I t-1. 1t-3. d =: I S): 
7.47 (dd. I H. I - t -5 . . /=  8.2, .1= 1.8k 9.$6 (~. I H, CFI -O;  
2.95 (m. 4 H, 2 CH;S): 3n4 (t, 2 H, CH_,S, J = (`,3): 3.0(`, 
{1. 2 H. CH~S, d = 6.4); 3.66 Ira, 8 H, 4 C1-|20); 3.7,',; {m..1 H, 
2 CFI,OI, 4.2{) !i, 2 H, CH,O, d = 6.3E 428 (t, 2 II. CH,O, 
J = 6.4): 6.96 (d. I II. t-t-6. J = N2); 7.39 (d, 1 H, I-I-3. J = 1.7): 
7.45 (dd. I H, tl-5, d =  82, d : :  1.7); 9.85 (s, I I-1, CH=O)  

16~7 ~C=O) 

1685 ( C = O !  

3a 1689 ( C = O )  

3d 1082 ( C = O )  

3e 1685 ( C = O )  

284 159), 224 fx8), 164 (If)0L 
163 (88), 149 (X6). 92 (85), 79 177L 
61 188), 01) 192). 59 t92), 51 ~N4i 
4,),1 (12). 2S4 137), 256 (321. 224 
IS4). 165 (40). 164 11f)1)t, 1fl3 (63), 
148 155). 121 (52), 92 (44), X7 i46)  
416 139), 193 172), 164 195). 
163 (66), 149 187). IU5 t71), 
89 175). S7 11(J0). 61 191L 
60 195), 59 (65) 

" rh< .  spectra o(  co{l lpoI. i l lds 3h,s were Htkr 11'Oltl Rct'. 7. 
i, Molcc t ih i r  Jim pL'akx al ld Ir nlOM Jllt'2ilsC peaks 31"C given. 

3 , 4 - B i s ( 2 - r  ( i a ) ,  A solution o f  
SOC'i~ 119.7 m L  O.27 mol i  ill 3{) f i lL  of dry bI_'I1ZCIW ',Vtl:~ ,iddcd 
whh vJgtirous sl i r l l i lg over d period o f  I I1 Ii) ,l boi l ing solul i(m 
o l  3.4-biM2-hydlox,wlhox} IhcnzaldchydL' (51 (20.4 g. (LU9 ino l l  
alld alll lydP, iLIh p) i idi i ]c ( 2 I N  mL, 0.27 m(l l i  in 12!i nil.. o I  

[ a l l l ~  4. Charac te r is t i cs  o1 conlpOtl l ld '4 I. 3, al ld 5 

Co111- m.p./" 'C '~ Yield P'oAL!Ld __ (%) Molecu la r  
p'otnld (%) Calct l la lcd tOlll l l l la 

C tt 

5 99--101 14:' 5~.13 6 19 CliHi4()5 
86 < 58.40 6.24 

la  50--51 t0"  _5.0 72 fl.J• C I :H I2CI20~ 
53 </ 50.21 4.60 

Ib 64--65 ,'85 )0 . i t  7 ~: (.~9 C~!Fli212C)~ 
29.62 2.71 

3a 82-  X4 " 524~] ,~_ q~6J. Ci311 i_hO3S2 
54 90 5.67 

l_l --I_.. <' -- - -  CIsH 7nO.iS 2 
3c 131--132 ~ <' -- -- C;vH240582 
3d 119--121 <' }(]:6.~ 6]),:.1 Ci 7t-1.,40~S 4 

50,46 5.9S 
3e 62--64 e .~.4_,}Q ('LB. I_ C i,)142xO6S ? 

54.79 6.78 

u JrrOlll h (p l t l l l r  
DPrepared by method 4 tsr Expcr inlr  
' Prepared f rom 3,4-d ihydroxybenzaldehydc.  
" I ) rcpar(d f rom diol 5. 
eSee Table I. 
#Sou Rcf. -7. 

dtlh}.(_h'otls bc~lZ,.:nv' lhL' rCacti,.m Illi\[IIFL' V.'~IS, FCI'ILt',.L'd fOr 5 ]1 
~llld Cooled, ;rod IO(J mL oF 15% HCI was ; lddcd The organic 
layer was separated 2,11d the aqLi,;.'OU:, l;.l.vcr ,,',,,:is c\[ractud v,.Jth 

CI tC I~  12 x 50 nil.). The CMF;It2IS wcrc comb,ned. Ihc nolVClll 
WLIS cv;IpOfcllCd I l l  V~/C(/O. LIIId lhc rc~ithlr was chrOll l ; l lO~l ' ; Iphud 
on silica gel I Kicsclgcl (~O. !l.f)63--IL21i0 Mill. cluliOil w i lh  
bt: I1ZCIIc--McCO,EI. I t ) '  l i  to gi'.c 126 7 oI" d ich lor ide la  
1537<7) (]'ablc~ 3 ill ld 41 

Br  la  was also prepared rl-o111 1,2-bisl2--  
chlorocthoxy)bcnzci~r t4bt in I i t% yield sin]ilarl_v to the :-;ynthc- 
sis of 5 l"n, method ,-I. 

3,-l-llis(2-iodl)etho• (15). A nliXlLirc of 

dichloride I'-, 15.8 - 0022 Inoi), anhydrous Nal II-~..," ~, 

(}.082 i l lol),  and 3(I I11L or  al lhydrou,,  acclonc v,:l <, rcll l. l\cd wi th 
,,Jgorotlx sl lrr i l lg for 121i 11. The pi'r w:ls l]ll'~'i'md ofF. i l lc 
mo the r  l iqt lor wa,, COilC'dllll';tB2d i l l  I ' ( IC l IO ,  Cltld the residue ~as 
disnolvcd ill 50 it lL or  clhyl acct.,llr al id washed ~l.icccs,;ivcl) 
wi th 5~ aqLlr <;oltiliOils o f  Na)S()_~ alld NLI2CO! alld ~ i t t l  
water. r h c  ,o lvo , l  ,,as (vclporafcd in va(uo and the residue was 
chromalographcd ol: a column with silica g,:l i Kicsr 60, 
0.063--0.100 mill, r  wi th bo l l zml r  20 : I) to 
g(vc 8.3 g o1" di iodido Ih t85%) (-Iahles 3 alld 4 t  

Pre l lara l ion  of  4" - formyl l lenzo-  I ,  I O-d i lh ia -  18 -c rown-6  1 3 c ) ;  
with a(e ta l  project ion.  A mixture o f  dichh)r idc la  10.961 7, 
3.65 l l lmol) ,  tr iolhyl offlholot!llClTr 10.~6 nil_, 4.6 inn}oi l .  N H417l 
10.OII g. 0.] i l lmol) ,  aitd 2 f i l l  o f  : l i ihydrot is EtOH w:l.~ r r  
l ] lr  3 11. lh r  r(st ihi l l  b' ~ohit ioi l .  col l la i i lJng .;icotal ~l. vv:i,, tlsccl Jn 
colldc, n:4.d lJOll. 

SolulJon.~ o f  acetal 6 and 3 .6 -d i oxaoda l l c - l , 8 -d i t h i o l  12c) 
(0.65 nil,..-!..0 mint)l). r ill 10 niL or [ tOH,  wcrr addu, d 
sinlullancously m, c r a  period of  I h to a boiling and stirred 
solution of Na?CO]- 10FI,O 15.83 g, 20 nunolt in 200 mL of a 
I : I EIOH--I-I,O nllxturc. -rhc reaction mixture wa,> rclluxcd 
for  12 h, g t o t t  wcls ;?~aporatcd j t l  v a c u o ,  Ltlld Ihr rcmai l l ing 
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aqueous phase was extracted with ;I bcnzcnc- -CHC[  3 mixture  
15 y 30 nlL).  "]-ht~ extracts wcrc COI/gCll[l;lh2d Il l  vgt t 'Uo a t |d  tlae 
rr162 wa:, ch romatographcd  on a coiulnll with silica gel 
~Kic~elgcl 60, (tl)63--0.11)1) tuna). Elulitm with bctlZCllC gLib.It 
~).2f~4 g of  the initial a ;dchydc  ia.  Elt+~ion ',~,ith a be+lzcr 
deer;ire mixture (2r : I) gave 0 5 3 8  g (55 %) of aldehy(lr 3c; 
m.p. 130--132 "C. 

Preparation of crown compounds 3b,e,e (general proce-  
dure). At 75---85 ~C, so lu t ions  of  dihalide la,b (4.24 mnlOl) 
and dithtol 2b,c,e (4.66 mlnOI), C;IC[1 in 10 mL of a ,;O[vcnt, 
were added ",imuhanccm~ly with slirring o ; e r a  period ot I h to a 
mixture o f  M?C'()x (M = L.i. Na.  K. Csl  (2[.2 tnmo~) i .  200 m L  
Of a solvent. The rcactioJl mixture  was kcpl at the specified 
tempcraturc for 1 3 - 2 0  h, the  solveut was evaporated. I00 mL 
ol" water WiI.N added to the residue, mid the products were 
cx[racled with a benzcne--CHCl:~  Illixltlrc (10: I I (5 x 30 f i lL). 
rht~ ',.'X[I'~ICIS WeI'C cotlccnlr~l[O.t i l l  ;'~,%'llO LHId []le r{.'sidLl{." W;lS 
chronlatographcd tm a coltlmll with silica gel (Kicsulgcl 60, 
~) 1163--l).1(111 ram): the  product'., wet,.., cluted successively v, ilh 
benzene mid a b c n z e n c - - M c C O , E t  mixture (20 : I) for crown 
cotlapotlllds 3b,c m with a bcl lzcl lc--McCO~Et mixture ( I : l ) 
tot 3e. I"hc yields, the spectra ,  and ll~e rcsuh:, of  c!crrlcnlal 
an:fl,,,six arc presented in Tables  I--4. 

Preparation of crown compounds 3a,d (general procedure) .  
Solutions of  diiodlde Ib  (0 .223 g, 0 5 retool) rod dithiol Za,d 
d).55 rental), each in It) m L  of  EIOH. wcrc added Sillltlh:l- 
IlCOll?dy w i t h  shrring over a p e r i o d  o l  I h tt~ ;i bo l h l l g  solution of 
Li2CO ;. Na,CO> or Cs2CO~, (2.5 retool) in 201) mL of a 
EIOI-I--tI~O mixture (I : I). l h c  re:lotion mixlurc was rclluxcd 
for 20--50 h. the hd.lvcllt w:l':'; cv:lporalcd ill i.'acuo, alld the 
residue w';ts extracted with hol ethyl acclalc (3 v 50 frill .  The  
or.~altiC c\tr:lc[,, were COiICClltratcd i l l  VUr 4lid lhL2 residtlc w4~. 
chron'atogrztphcd ou :1 coltlmn wtlh silica gel (Kicselgcl 6(1, 
0.!)63--(i.100 mm}: the p roduc t s  wcrc vhltcd succcssivcIy with 
hCI1ZUIlC ~llld il bc~lZCllC--cthyl :tcr miXtl.lrc (20 : IL The  
prt~duc! was additiomdly purif ied b', cxlractitm with hot hcp-  
t'<tilc 1 hc yields, spcctr:l, aild lilt: rcstllts Of elcnlellkll all;liysis 
arc li.,,ted itl l';Ibles I - - 4  
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