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Abstract: The synthesis of ~-~tS,JS,11~,IZ~2,3.11,12-tetr.phenylC183-croun-6 
from (-)- IS,ZS-hydrobenzoin and reso-hydrobenzoin is described. Chemical 
shifts end vicin.L coupling constants of the benzylic protons in the 2S,3S 
end llS,lZR substructures in the free ligends end in complexes uith KSCN end 
1-phenylathylrmmonium bromides and . brief discussion of the related confor- 
mational changes .re also presented. A detailed procedure for the resolution 
of racemic hydrobenzoin is given. 

Chirsl cro”n ethers have found “ide 
interest end applications in stereo- 
chemical studies and chirsl recogni- 
tion experiments’. Substitution in 
the 2,3,11 and 12 positions of C183- 
crown-6 by four idsnticsl substi- 
tuents gives rire to . set of five 
diestereomeric structures tuo of 
uhich are pairs of ~nantioaers. Exam- 
ples of such . substitution pattern 
are “dicycloh.x.noC183cro”n-6~~z, Cl83 
-cro”n-6 tetrscarboxylic acid snd 
derivstivss t hereof3 , end tetraphe- 
nylC183cro”n-6. Of the letter: the 
complete set of stereoisomers lnclu- 
ding the ensntiomcrs of the t/.&n+ - 
snti-trsnsisomer 8 has been synthe- 
sised in our Laborstory’*‘. Their 
configuration dependent complexing 
behaviour towards alkali and smmonium 
cations has been described’, snd . 
study on the conformations of the 
three .eso forms in the frsa end 
complexed states “.s performed based 
on crystal structure snd proton nmr 
dnt.. . The optical active crovn ether 
8 hoe only recently been shown to 
exert . remsrksble asymmstric induc- 
tion in the reduction of aromstic 
ketones with the borsnc-ammonia com- 
p1.x’. 
In completion of our studies in this 
series of cro”n ethers, “5~ .re no” 
reporting the synthesis of the pure 
(-)-Z5.3.C. llS,?ZR- enentioner, (-I- 
9.. 

As . source for chirel 1,2-diphenyle- 
thansdioxy units “e have recently 
developed . convcnicnt resolution of 
racemic hydrobenzoin 1 “hich enabled 
us to synthesist the snentioasrs of 
the rrsns-anti-trsns isomer 8 by the 
four centre ring closure of the opti- 
cally active hydrobcnzoins (+)- or 
C-j-1 and dicthyleneglycol di tosy- 
latex. 
Since 9 contains ths t”o diphenyle- 
thsnedioxy groups in different confi- 
gurations (.bSO and R,R or s,n, 
these have to be introduced in . 
differentiated n .nner, e.g. .s suit- 
able pairs of diols and ditosylates 
.5 shown in Scheme 1. One of the 
neccsssry steps is the bis-2-hydro- 
xyethylation of the hydrobenzoins. 
Attempts to achieve this trsnsforms- 
tion by the alkylrtion of c-j-1 ulth 
2-(2-tetr.hydropyr.nyloxy)cthyl tosy- 
lst.5’ were .ccomp.nied by ample r.ce- 
misetion .nd eplmcrisetion in the 

diphenylsthanedioxy structure. This 
“SS surprising with respect to the 
straightforvsrd synthesis of 8 vim- 
our loss of optic.1 activity. 
R.cemizrtion/epimerlsstion of hydro- 
benzoins can be rstionslised vi. ths 
diolste/k.tyl equilibrium’. In the 
present c.se, thlr l .y be favoursd by 
the sever. steric cooprcssion of 
phcnyl, tosyl, end tetr.hydropyr.nyl 
groups causing slow alkyletion. In 
the c.ro”n ether ring closure, this 
undesired side reection is presumably 
overcome by the accelcrsting tsmplete 
effect’. 
Clean alkylation of c-)-l “ith com- 
plets retention of configuration v.5 
eventually accomplished by terr-butyl 
chloroacetate .s . nor. reactive and 
stcricelly less deaanding alkylsting 
agent.. Thus, the hydrobenzoindiace- 
tic acids 3.4 “.re obtained in high 
yields, which in turn “.re clsnnly 
reduced by LiAlH, to give the desired 
optically active, rrcemic or .e50 
diolt 5.6. The enentiomcric diols 5 
.rc suitable building blocks for the 
introduction of optically active 1,2- 
diphenyldioxy moieties into eny cro”n 
ether structures. 
The complet. synthetic scheme is 
given in Scheme 1 including the pre- 
peration of some deutcreted deriva- 
tives. Ring closure of suitable dials 
end ditosylates with N.OH in dioxene 
gsve the crovn ethers 9,9.,9b in 35- 
40% yield. The enentiomeric purity 
(98X+) of ths optically activs cro”n 
ethers c-j-9 and (-)-9b “(15 confirmed 
by ‘H-nnr spectra in the prerence of 
(+)-Rl-phenylethylammon~um bromide, 
11 (vide infra) “ithin the .ccur.cy 
of this method. In the series of 
intermediates containing the IS, 25- 
hydrobenzoin structure, hydrobcnzoin 
itself rnd the crown ethers 8 and 9 
have negative rotetlons “here.5 the 
discetic acid 3 snd the dlethanol 5 
have positive rotations. 

Uith+n the 2,3,11,12-tetr.phenylCl81- 
crown-6 series, 9 is the only isomer 
“ith C, rymmetry. Therefore, the four 
benzylic protons .re diestereotopic 
snd appear, in tht nmr spectrum, .s 
t”o A8 spin 5ystoms corresponding to 
either d+phenyleth.nediyl group. From 
the spectra of the deuterated Crown 
ethers 9m .nd 9b, the arsignment of 
the AB-spsctr. to the R’,R’ or R’,S’ 
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e)l_~AlH, or LlAlDb ,Etz 0; 
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structural fragments is clear; no OptiCally active crowns C-b-9 and (- 
assignment, however, is possible to )-9b. a stepuise simplification of 
the identity of single protons in the spectrum is achieved so that the 
each A8 spectrum. four AB systems can be easily identi- 
Conplexation of a potassium ion fied and assigned to the interactions 
causes a downfield shift of both AE of the 2R,3R and 11R,12S groups +n 
systems, whereas an upfield shift is (+)-9 and of the 2S.3.S and ?fS, f2ff 
observed with l-phenylethylamnonium groups in c-j-9, respectively, ulth 
bromide, 11, as already noted for the (+)-R-11. The chemical shifts and 
other isoners4. As expected”, the vicinal coup1 Ing constants of the 
interaction of raceaic 9 and opti- benzylic protons of the free ligands 
catty active (*)-R-11 gives rise to and their coaplexas are given in 
four AB-quartets which are autually Table 1. 
overlapping. Using the tuo deuterated Following our recent study on the 
crown ethers 90 and Pb, and the two conformations of the isomers of 9, a 



Table 1:Chemica 
diphenylethaned 
solution). 

Complexing 
partner 

1 shifts and vicinal coupling constants of the protons in the 
ioxy groups in the enantiomers of 9 and its complexes CCDC 1s 

none 

K’ I- 

(f/-)-11 

(*)-Rll 

C+)- -/P,R,R,S-9 

ZR, JR H I IS, l2.m 

4.59;4.61 4.73;4.83 
(7.54 Hz) (3.88 Hz) 

4.73;4.78 4.62;5.07 
(8.70) (3.00) 

4.37;4.58 4.56;4.68 
(8.67) 2.65) 

4.29;4.57 4.66;4.68 
(8.63) (2.70) 

C-I-S,S,S,RP 

zs, 3.p H I ?S, ?.?R H 

identical 

identical 

identical 

4.49;4.58 4.46;4.69 
(8.72) (2.59) 

Synthesis of (-)-ZS.3S.l lS.12R-2,3,11,12-tet~phcnyl(l8)crown-6 I I95 

Fig. 1: Estinated conformation of (-) 
-9 in the free state. The curved 
arrovs indicate the conformational 
motion on complexation; the double 
arrov marks the preferred coaplexa- 
tion site for ammonium ions. 

qualitative interpretation of the 
conforeational changes that occur on 
conplexation is possible with these 
data’. The ideal conformation for 
complexing a cation in the centre of 
the crown ether ring would require a 
synclinal-diequatorisl array of the 
ZS,3S phony1 groups and a synclinal- 
equatorial/axial one for the IIS,IZR 
positions. The values of the vicinal 
H-M-coupling constants in the free 
ligand shou a deviation fron this 
ideal geometry obviously due to re- 
pulsion of the vicinal phenyl groups. 
The data for the /lS, IZR group sug- 
gest a close to eclipsed conforma- 
tion. An estimated conformation of 
C-j-9 based on the vicinal coupling 
constants is given in Fig. 1. 
BY the complexation of a potassium 
ion in the centre of the crown ether 
ring, the vicinal oxygen atoms in the 
diphenylethanediyL groups are forced 
into the proper synclinal position 
and, consequently, the coupling con- 
stants become larger in the R’,R’- 
group and smaller in the R’,S’- group 
thus approaching the values for the 
ideal geometryb . 
Similar changes of the coupling con- 
stants are observed utth 11. Since 9 
has diastereotopic faces, preferred 
complexation from the top face (in 
Fig 1) is expected because the bottom 
face is shielded by the axial phony1 

group. As can be seen froa the chemi- 
cal shift data, in the complexes of 9 
only ens proton of each AB systea 
suffers an upfield shift. These pro- 
tons should then be those standing 
axial on the complexation site, i.e. 
protons IIs and Ii,, in Fig. 1. 

Experimental Section 

All chemical preparations were car- 
ried out under dry nitrogen. Dioxana 
was distilled from KOH prior to use. 
Nnr-spectra were obtained with Varlan 
T 60 or Bruker UN 250 instruments; 
cheaical shift values are given in 
8Cppml vs. TMS in CDCls solution 
unless othervise noted. 
Optical rotations vere measured uith 
a Perkin Elmer Nod. 241 polarimeter. 
Corrected melting points vere taken 
on a ,Kofler hot st8ge microscope. 
Elementary analyses were carried out 
in the Microanalytisches Labor der 
Univcrsitat Regensburg. 

Resolution of R’, R’-1,2-diphenyL-1,2- 
ethanediol, 1 

To a mixture of C-)-•enthoxyacetyl 
chlorides C 50,o g, 0.2 mol, n.p. 54- 
55 l c, Calas -91’) and racemic l’s 
(21.4 g, 0.1 l ol) in dichLoromethan8 
(200 ml), pyridine (20 al) is added 
under stirring and cooling. Af tar 
stirring overnight, the mixture is 
heated to ref lux for 30 l in and 
poured into cold 6N HCl (500 111). The 
organic phase is washed with water 
and dried to give a slightly tan 
solid (61 g, 100X. l .p. 70-120 l C) 
after removal of the solvent. The 
solid is dissolved in boiling metha- 
nol (300 l I) and the solution is 
allowed to slowly cool to room tempe- 
rature. Ylthln 2.5 h, 24-26 g of tha 
C-)-1-diester A crystallise as CO- 

lourlsss needles which are isolated 
by suction filtration and washed with 
cold methanol. The filtrate is con- 
centrated to about 200 ml and any 
precipitate 4s dissolved by heating. 
Upon standing for 12 h at 10 l C, 27- 
29 g of the C+)-1-dlester B have cry- 
stallizod. 
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DiasterQoQar A 1s purified by two 
recrystellieions from ethanol: 
C8. 21 g (35%). Q.p.129-31 l c, Cal$lx 
-49 l Cc Q 200 l g/81 in CHxCls >. 
D+astQrQoaer E is once recrystaltised 
froa Qethanol: co. 22 g (36X), Q-p. 
83-85 ‘, Calm’ -87’ Cc= 200 Qg/nl In 
CHx Clx 1 
The mother liquors are not suitable 
for further CryStallisations; they 
should be hydrolysad for starting 
material recovery. 
Crr Hsl 0, (606.84) 
C8lC. c 75.21 H 8.90 
found 75.19 8.60 CA) 

75.13 8.67 (8) 
The if and nnr spectra of A and B are 
indistinguishable: 
’ Ii-nQr: 7.0-7.2CQ,lOH,aroQ.H);6.14Cs, 
2H,benzyl-t4);4.15,4.09(AB-spectruQ,4H 
J = 16 Hr,O-CHx-COO-f; 0.7-3.2Cm,38H, 
renthyl group). 

Ths enantioneric hydtobenzoins CC+)- 
R.&l from ester A and C-)-S,sLl fron 
aster 6) 8re obtsined by alkaline 
hydrolysis CO.05 Qol diester, 200 Ql 
2M aqueous NrOH, 1000 ml ethanol, 12 
h at coon tsaperaturt). tfost of ths 
athanol is reaovad in Y8CU0, and the 
product Is extracted with dichloroQe- 
thane. A single rccrystallisation 
fron chloroforr/cyclohcxanQ ;<1:4) 
gives the tnantio~ericslly pure hyd- 
robenzoins in 8S-?g1( yield with Q-p_ 
and optical rotations as describsd in 
the litQrature*x . C-)hQnthOXy8CQtiC 
acid is rQCOVQrQd from the alkaline 
hydrolysis solution in >9SX yield. 

IR,ZS-1,2-Dideuterio-1,2_diphQnyl- 
T,2-Qthancdiol, 2s 

Following e literature procedure for 
Qsro-hydrobenroin’*, benzll (4.20 g, 
20 naol) Yes trQ8tQd mith l.iAlD* 
CO.89 g, 21 @rot) in 50 al dry Qther. 
Yield: 2.5 g (57X) 2Q, l .p. 136-37 
‘C. 
ir: YE_* 2120 CD-* ; * H-nmr: 7.25Cs, 
lOH,aror.H),2.38Cbroad s,2H,hydrowyl) 
coaplete deuteration indicated by the 
absence of benzylic protons. 
CrrH,xDxOx (216.28) 
talc. C 77.7S H/D 7.45 
found 77.19 t.68 

Cf/-)-lR*,tR*-2*2 ‘-C1,2-diphenyl-1,2- 
ethanedioxy-jdiethanol, 30 

Ccorrssponding hydrogsn coQpound see 
ref .* ) 
A l ixturQ of 7 (9.00 g, 30 amol) and 
10% Pd/charcoal (Merck, 300 ng) in 
Qthanol Cl30 al) was shaken in deutQ- 
rium atrosphQrQ CNerck, 99.9X tsoto- 
pit purity) at rooQ temperature and 
norm1 presrrure until 770 Ql (115%) 
Dx had been taken up. Usual work-up 
gave 4.6 g 3Q (50X), n.p.85-87 l C. 
According to nar, the dsuterium con- 
tent in the banzylic position YQS 
75%. Mass spectroretry shoved 56X 0s. 
36X DH, and 8X Hr species. 

Stercoisomeric C1,2-djphsnyl-1,2- 
Qthanedioxy-)diacQtit acids, 
C+/-)-3,c+)- .fS,ZS-3, 4, 48 

A rixture of the corresponding hydro- 
bcntoin (3.00 g, $4 QQolf, fsr?-butyl 
chloroacetate (8.5 nl, 60 QQOl), 
CT83croun-6 (250 Qgl, pOVdQrQd NaOH 
(12 g) and dioxane (60 al> is stirred 
at r00Q teaperature for 24 h. The 
Qixture is diluted with water (240 
l l 1 and twice extracted uith Qther 
(50 RI). The aqueous phese is acidi- 
fied and extracted uith dichtoroee- 
thane to give 3.2-3.6 g (70-853) of 
the colourless crystalline dicar- 
bowylic acids: 
c+/-j-3, m.p.175-179 l c Cfror ben- 
zene); ir: UC.0 1730 ca-‘; 
’ H-nQrCin (CDs IsCoO): 
7.13Cs,lOH,aror.H1,4.73Cs,2H,bQnZyLit 
H),~.~~,~.I~CAB-Q,~H,J=~~H~,-CH~-). 
C+)- 1s,zs-3, n .p.l98-200 l C Cfroa xy- 
lent); Ca131r l 31.8’, Calt3, tS2.6’ 
Cc=20.15 *g/Q1 in Qthanol);spectrs 
identical uith those of (t/-)-3. 

4 and 48, n.p. 178-180 l C Cfron ua- 
ter); ir: vc.0 l?tS,%75’; cn-‘; ‘H- 
nQr:i’.2SCs,lOH,aroQ.H1,4.92ir,2H,bQn- 
zylic H.rissing in the SpQCtrUl” Of 

4s),3.98,4.12CA8-q,4H,J=lbHz,-CHx-~. 
C,*H‘xo& (330.30) 

talc. C 65.45 H 5.49 
(+/-j-3 found 65.25 4.98 
C+)-3 65.10 5.23 
4 65.26 5.34 

Startoiso~eric 2,2’-Cl,?-dlphenyl- 
1,2-Qthansdioxy-)diethanols 
(t/-)-s,(+)- IS,Z$-5,6,6a 

To a suspension of LiAlHb CO.60 q, 16 
~~01) in dry tetrahydrotursn (30 ml) 
a solution of the corresponding di- 
carboxylic acid (3 or 4, 2.7 g, 8,0 
naol) in THF (40 al) is added Under 
stirring at 0 l C. After stirring for 
24 h at ambient tenperaturt, the 
l ixturQ is hydrolysed uith 2B aqueous 
sulfurtc acid. The dials are isolated 
in quantitative yield by Qxtraction 
vith ether. 
(t/-)-S and 6 or 6s had spectroscopic 
properties as given in ref.‘. 
(+I-5: colourlerr oil; 
calf3, +35.8*,cal31, +24-l* 
Cc s 20.2 *g/al in ethsnol). 

Racerate, C-)-Qnantioner, and dauts- 
rated derivativQs of 
zR*,~ff*,t?R’, If.%‘*-2,3,11-Tt-tetraphe- 
nylC183croun-6, 9 

SuitObLQ coQbinations of diols 5 or 6 
and their corresponding ditosylOtQs, 
which were prepared as in ref.‘, were 
eaployed In the syntheses of the 
oroun ethers 9. Thus, a rixture of 
diol C 1.50 g, 5.0 QQol), ditorylste 
(3.0 g, 5.0 xmol) and powdered NQOH 
(4.0 g) in dioxsns (20 Ql) is stirred 
for 14 h bt 80 l C. ThQ Qixture is 
diluted uith water (200 Ql) and the 
product is extracted uith dichloroee- 
thane to give ca. 2.8 g (98%) of a 
coloutlcss o$l uhich in turn is rtir- 
red with potassium thtocyanate (2.1 
g) in dichloroaethane (50 al) for 4h. 
The Qixture is flltQrQd and the croun 
ethsr YSCN corplex i8 precipitated 
uith pentans snd Qay be furthsr puri- 
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fled by dissolving in a sasll amount 
of dichlorommthane folloued by preci- 
pitation Uith ethyl acetate. Y Icld: 
1.3-1.5 g (40-453). The frao croun 
ethers are recovered by dissolution 
in dichloromethane and removal of the 
KSCN by thorough extraction with 
water _ Yield: ca. 1.1 g (40X), l .p_ 
95-96 l (racernit croun) or 69-70 *C 
(optically active crown). 
’ Ii-nmr (250 MHz): 7.3-7.0 (m,ZOH,phe- 
nyl groups),4.83,4.73(AB-q,2H, Jz3.88 
Hx,Hx,Hxtmissing in the spectrum of 
(i/->- and (->-Pb), 4.59,4.blCAB- 

a.ZH.J=?.54 Hz.H,I .H+x (75X diminlrhed 
in the spectrum-bf -<rn prepared from 
5a),3.5-3.9(n,lbH, ethylene groups). 
Optical rotations: c-)9:Ca31ir -lb.l*, 
CU333* -4.3’ (c-21.1 l g/ml in CHxClx ) 
t-)-9b: Caltl. -12.9*, Ca131. -1.9’ 

= 43.5 mg/ml in CH~Cl2. 
iI csr H,OOI (568.7) 
cslc. C 76.03 H 7.09 
found 75.74 7.00 
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