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Cyclotrimerization of cyclododecyne and cyclopentadecyne to the corresponding benzene derivatives is catalyzed
by Co2(CO), *d by TiCl3. Ozonolysis of these aromatic compounds, followed by reductive workup and treatment
with derivatives of o-phenylenediamine gives in -3Vo yield macrocyclic ring compounds: cyclohexatriaconta-

f!,2,!3,14,25,26-b,b',b'ltrisquinoxaline (9), cyclohexatriacontafl,2,l3,L4,25,26-b,b',b'1ftis(lH,3H-2-oxoimidazo-

[4,5-g]quinoxal ine-1,3-di-a-acetate) (17), and cyclopentatetraconta[1,2,16,17,31,32-b,b',b' f tr isquinoxal ine (10).

These compounds do not show shape selectivity in facilitated transport of representative hydrocarbons in water.

This paper describes straightforward but low-yield
syntheses of tris(symmetrically functionalized)cyclohexa-
triacontanes and cyclopentatetracontanes from readily
available starting materials. We prepared these com-
pounds to test their activity as size-selective carriers for
small organic molecules: that is, as hydrophobic "hosts'
or structured micelles.s{ They do not, in the event, seem
to show size selectivity in passive facilitated transport of
hydrocarbons in U-tube experiments, presumably because
their flexibility allows the C36 or Ca5 carbocyclic rings to
collapse in aqueous solution: good performance in a host
molecule seems to require a rigid, open cavity.T-l0
Nonetheless, the compounds are unusual representatives
of the class of large-ring macrocycles, and the synthetic
routes developed to them are practical, if low in overall
yield.

The syntheses proceed from the cyclic acetylenes cyclo-
dodecyne (l) and cyclopentadecyne (2) via a sequence
involving a cyclotrimerization reaction to yield the benzene
derivatives 3 or 4 (Scheme I). These compounds are
treated with ozone, and the resulting tris(a-diketones) 5
and 6 are generated as components in a complex mixture
of products. Rather than attempting to isolate these
unstable compounds, we converted them to water-soluble
quinoxal ines by acid-catalyzed react ion wi th o-
phenylenediamines.

Results

Cyclic Acetylenes. A number of syntheses of cyclic
acetylenes have been developed,ll-l5 f.t1 those proceeding
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in best yields require the relatively inaccessible a-diketones
as starting materials.l6-21 We prepared 1 and 2 from the
corresponding monoketones by initial conversion to the
corresponding l,l-dichloride by treatment with phosphorus
pentachloride22 followed by dehydrohalogenation with
potassium tert-butoxide in Me2SO.23 Compound 1 was
prepared in 60% overall yield (mixed with 20% of the
corresponding allene); 2 was obtained in79% yield, with
no contamination by allene. Cyclotridecyne was prepared
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Table I. Relative Rates of Passage of Hydrocarbons
through an Aqueous Barriero

additive

compound

cyclopentane
n-pentane
toluene
p-xylene
naphthalene
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Scheme I I .  Synthesis of  a Water-Soluble Macrocvcl ic
Trisquinoxaline
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acidity, hydrogen donor capacity of the solvent. and solvent
composition (when mixed solvent systems were used)did
not increase the yield. The reaction was worked up by
reduction with MerS;al use of phosphites, phosphines, and
related species dries not increase the i., ' ield.

Compound 9 was isolated as a sol id wi th correct  e le-
mental analysis. ILs molecular weight was estimated as 800
and 840 (theorv 805) in two experiments using freezing
poinb depression in camphor.a2 It had a lH NMR spec-
trum indist inguishable f rom that of  1 l  and a 13C NMR
spectrunr consistent with the assigned structure.

Preparation of a Water-Soluble Derivative of 5. We
prepared a water-soluble derivative of 5 by substituting
the ftrnctionalized o-phenylenediamine 15 for unsubsti-
tuted o-phenlglenediamine (Scheme II). The yield of the
corresponding trisquinazoline hexaester from 5 was high;
the <rverall yield from 3 to t6 was 3.4To. Saponification
of l6 yielded the hexaacid 17 with adequate water solu-
bility (>10 g/ L at 25 "C for both 17 and l9) for facilitated
transport  exper iments.

Facilitated Transport. We measured the relative rates
of transport of severai hydrocarbons through an aqueous
barrier containing added 17 and 19 by trsing standard
U-tube techniques (Table I). It is evident t,hat l7 shows
no significant selectivity for n-pentane. T'his series sug-
gests, if an5'thing. a srnall. similar, nonspecific facilitation
of t ransport  t i f  aromat ic molecules by both 17 and 19.

Exper imental  Sect ion
General Methods. Melting points were determined on a

' Ihomas-Hoover 
capi l lary mel t ing point  apparatus and are un-

corrected. Nuclear magnetic resonance spectra were recorded on
a Var ian T-60 spectrophotomet,er ;  carbon-13 NMR spectra were
recorded on a Bnrker HFX-90 spectrophol,omer. Hydrogenations
were perfbrmed on a Parr  catalyt ic  hvdrogenat ion apparatus.
Sat.isfactorl, eiement.ai analvses were obt.ained for all compounds
ind ica ted  by  "Ana l " .

( l .vc lododecar.rone,  o-phenvlened iamine.  ethyl  bromoacetate.
and  phosphorus  pen t ,achk r r i de  were  f rom A ld r i ch .  Cyc lo -
pen tadecanonr )  was  pu rchased  f ro rn  the  Co lumb ia  Organ ic

l 9t 7

1 . 0
0.3
1 .4
0.35
0 .2

I .4
0.6
3.5
1 .5
1 .5

1 . 2
0.5
2.8
1 .0
0.7

" All rates of transport are relative to cyclopentane in the ab-
sence () f  possible carr iers.

b1' the procedure of Noyori.2a
Cyclotrimerizations. Of the approximately ten cata-

lvsts reported to be active in cyclotrimerization of acetv-
lenes that were examined in this work,25 3e the two giving
the best y' ields of 3 from I were Coz(CO)s $5%) and Ticl, l
(92% ). A mixture of I and the corresponding c-v.-clic allene
gave 74% of 3 based on l .

Ozonolyses. Optimization of the ozonolysis reaction
was difficult: the tris-a-diketones desired products (5 and
6) were unstable compounds produced in low yield and
were not readily distinguished from the monocyclic a-di-
ketones (7 and 8). Our strategy in developing these re-
actions was to convert all of the a-diketone moieties
present in the reaction mixture to a stable derivative. After
examination of a number of derivatizing reactions, we
settled on conversion to quinoxaline by acid-catalyzed
reaction with o-phenylenediamine.a0 This reaction pro-
ceeds in quantitative yield under mild conditions and
f ie lds volat i le.  easi lv analyzed products (11, l2) .  We op-
timized ozonolysis conditions by maximizing the yield of
1l from 3 (optimized vield = l2To). We assumed that the
yield of I and 10 followed a parallel course (optimized r,'ield
<rf 9 from 3 = 3.6Vo). The optimum reaction solvent corn-
prised a protic solvent (methanol) containing large quan-
tit ies of methylene chloride to dissolve the cycloalkyne
cyclotrimer. The ozonolysis was best performed at 0 oC

in the presence of a trace of methanesulfonic acid to cat-
aly'ze formation of the hydroperoxS.'rnethoxy ketal.ar The
amount of ozone required for complete ozonolysis of
starting 3 was slightly less than 2 equiv. Varying reaction
times, reaction temperatures, solvent polarity, solvent

(.24)
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Chemical Co. Cyclododecane was purchased from Chemical
Samples Co. Potassium tert-butoxide was purchased from MSA
Research Corp. Platinum oxide and 10% palladium on carbon
were purchased from Englehard Industries. All solvents were
reagent grade and were used without further purification unless
otherwise noted.

1,1-Dichlorocyclododecane. Cyclododecanone (91 g, 0.50 mol)
was dissolved in 450 mL of benzene or methylene chloride. The
solut ion was cooled in an ice bath to 5 oC and phosphorus pen-
tachloride (156 g,0.70 mol) was added in one port ion with st ir-
ring.4 Stirring was continued at 0 oC for 4 h and then the reaction
was allowed to warm to room temperature and stirred for an
additional 24 h.11 The reaction was cooled to about 5 "Cl in an
ice bath again and water (500 mL) was added dropwise with
vigorous stirring. CAL.ITION: The hydroll,sis of the phosphorus
oxychloride and e-rcess phosphnrus pentachloride is L)ery exo-
thermic. After addit ion of the water was complete, the mixture
was stirred at 0 oC for t h and then allowed to warm to ambient
temperature. The mixture was stirred for an additional 24 h and
the organic layer was separated and washed 3 times with 250-mL
portions of water. The organic layer was dried (MgSOr) and the
solvent was removed at reduced pressure on a rotary evaporator
at 25 oCl or less. 1,1-Dichlorocyclododecane was obtained as a
pale yel low oi l ,  yield 116 g (98%), and was used without further
purification. The IR spectrum showed only a very small peak
(greater than 997o transmittance) in the carbonyl region.

Cyclododecyne (1). Dimethyl sulfoxide (1 L) was degassed
by bubbling a slow stream of prepurified nitrogen through the
stirred liquid at ambient temperature for 30 min. Potassium
ferf-butoxide (185 g, 1.65 mol) was added. The mixture was stirred
until most of the potassium fert-butoxide had dissolved. The
solut ion was cooled in a water bath (20 oC) and 1,1-dichloro-
cyclododecane was added in one portion with vigorous stirring.
The internal reaction temperature did not exceed 50 oC. The
dark red solution which resulted was stirred at ambient tem-
perature for 24 h. A mixture of ice and water (500 mL) was added
and stirring was continued for t h at which time hexane (500 mL)
was added. The organic layer was separated, washed twice with
250-mL portions of water, and dried (MgSO+). The hexane was
removed at reduced pressure on a rotary evaporator to yield a
mixture of cyclododecyne and 1,2-cyclododecadiene. GLPC
analysis showed these two compounds to be the only major
components (>95%) of the mixture. The NMR spectrum was
used to determine the relative amounts of allene and acetylene.
The ratio of allene to alkyne was found to be 1:3. Distillation
of the oil, bp ll9"Cl14 torr (lit.21 bp 106-109 "Clfl torr) afforded
a mixture of cyclododecyne and cyclododeca-1,2-diene in the same
ratio as previously and in 81% yield (60 g1. GLPC analysis showed
the product consisted of greater than 99.5% of the allenralklrre
mixture.

Cyclopentadecyne (2). 1,1-Dichlorocyclopentadecane was
prepared from cyclopentadecanone (26.4 g, 0.118 mol) in 99%
yield in the same manner used for the preparation of 1.l-di-
chlorocyclododecane. Cyclopentadecyne was prepared in the same
way as cyclododecyne from 1,1-dichlorocyclopentadecane in 79%
yield after distillation (bp 168 "C l19 torr; lit.18 bp 106-108 o(,'/1

torr) via a potassium tert-butoxide elimination isomerization.
NMR analysis showed no 1,2-cyclopentedecadiene present in the
product.

Tris(decamethylene)benzene (3) (Cyclododecyne Cyclo-
trimer). Dry, oxygen-free heptane (400 mL, distilled from sodium
benzophenone dianion) was cooled to 0 oC in an ice bath with
st irr ing. ' Ir i isobutylaluminum (13 mL of a 25Vo solut ion in
heptane) and titanium tetrachloride (1.3 mL, 2.2 g,77 mmol) were
added via syringe to the cooled, st irred l iquid. A mixture of '
cyclododecyne and cyclododeca-1,2-diene, prepared as described

(43) Best results are obtained with overhead stirring but a Teflon-
coated magnetic stirring bar may be used if a powerful magnetic stirrer
(e.g.. Cole-Parmer 6 x 6) is used.

(44) At this point the solution should show virtually no carbonyl peak
in the IR. Additional phosphorus pentachloride may be added if nec-
essary to effect total conversion.

(45) Semon, W. L.; Damerek, Y. R. Organic Sl,ntheses; Wiie-v: New
York ,  1943 ;Co l lec t .  Vo l .2 ,  p204 .  Fe r r i s ,  A .  F .  J .  Org .  Chem.1959 .24 .
580.  Sharpless,  K.  B. ;Lauer.  R.  F. ;Repic.  O. iTeranishi ,  A.  Y. ;Wi l i iams.
D. R.  J.  Am. Chem. Soc.  1971. 93.  3303.
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previously (82 g,0.50 mol), was added over a period of t ime str
that the temperature was kept below +20 "C. The mixture was
allowed to warm to ambient temperature and stirred for 24 h
under a posit ive pressure of prepurif ied nitrogen. The reaction
was quenched with 50 mL of methanol and poured into 500 mL
of water. Methylene chloride was added to dissolve any 3 which
precipitated. The organic layer was separated, washed twice with
250-mL portions of water. and dried over anhydrous MgSOr. The
heptane and methylene chloride were removed at reduced pressure
on a rotary'evaporat.or and the residual sol id was recrystal l ized
from methyl ethyl ketone to yield 45 g, (i4%) of 3: mp 166.5-167.0
oC (l i t .4e mp 164-165 "C). The yield was based on a start ing
composition of I that was 74% alkyne and 26Va allene. The
mother liqrrors from the recrystallizations were concentrated and
dist i l led to yield cyclododeca-1,2-diene (19 g, 90%) which was
present in t.he starting 1. Compound 3, had the following: NMR
(CDCI3) 6 1.57 (broad,48 h) and 2.60 (broad, 12 H);IR (KBr) 29:10
(vs), 2860 (s), 1610 (w), 1460 (m), 1440 (m), 1340 (m),725 (m) cm-r.

Tris(tr idecamethylene)benzene (4) (Cyclopentadecyne
Cyclotrimer). Cyclopentadecyne was cyclotrimerized in a manner
analogous to that for the cyclotrimerization of cyclododecyne to
vield 4 in72% yield which had the fol lowing: mp 157.0-8.5 "C;
NMR (CCl l )  61.42 (broad,66 H) ,2 .44 (broad,  12 H) ;  IR (CDCI3)
2930  ( vs ) . 2860  ( s ) .  1455  ( s ) .  1350  (m)  cmt .  Ana l .

2,3-Decamethylenequinoxal ine (1 I ) .  Cyclododecane-L,2-
d ionea5 (1 .00 g,  , . r .1  mmol)  and o-phen- ' - lenediamine (0 .55 g,  5 .1
mmol) were dissolved in l0 mL of absolute ethanol. Concentrated
hydroch lor ic  ac id  (0 .1  m[ , )  was added and the mix ture was re-
fluxed for 12 h. Water (4 mL) was added to the hot solution and
the mixture was cooled to 5 oC. The solid which crystallized was
collected by f i l t rat. ion and dried to 5' ield 1.33 g (\00%) of 2,3-
decamethylenequinoxaline. Recrystallization from ethanol af-
forded an analytical sample that had the following: mp 84-85

"C;  NMR (CDCI")  6  1 .45 and 1.95 (br ,  16 H to ta l ) ,  2 .99 ( . t ,  4  H,
J = 7 Hz),7.70 (symmetrical m,4 H); IR (CDCI3) 3060 (w),2930
(s ) .  2860  ( s ) ,  1480  (m) ,  1465  (m) ,  1445  (m) ,  1395  (m) ,  1350  (m) ,
1205  (m) ,  1120  (m)  cm- r ;  UV  ) , - " "  241  nm ( r  30000 ) ,321  nm (e
9600). Anal.

Benzimidazolone (13) was prepared by the method of Smith.ffi
5,6-Dinitrobenzimidazolone (14) was prepared in a variation

of the method of Efros and El ' tsov.a7 Benzimidazolone (67 g,
0.50 mol) was dissolved in 250 mL of concentrated sulfuric acid.
The dark solution was cooled to 5 oC in an ice bath and 90% nitric
acid (white fuming, 67 mL) in 220 mL of sulfuric acid was added
dropwise to the cooled, stirred solution over an 8-h period. The
reaction temperature was not allowed to go above 10 oC during
the addit ion. Immediately after the addit ion of the nitr ic acid
was complete the cold solution was poured onto 3 kg of ice. The
yellow sol id that precipitated was col lected via f i l t rat ion and
washed thoroughly 4 times with l-L portions of cold water. Drying
yielded 63 g (56% ) of 5.6-dinitrobenzimidazolone that was re-
crystallized from 60% aqueous acetone to give crystals that melted
at  344 oC dec ( l i t .a7 mp >315 'C) .

Die thy l  5 ,6-Din i t robenz imidazolone-1,3-d i -a-acetate .
5,6-Dinitrobenzimidazolone f i1.2 g.0.050 mol) was dissolved in
500 mL of THF. Potassium carbonate (13.8 g,0.20 mol) was added
with vigorous stirring. Ethyl bromoacetate (20.0 g, 0.12 mol) was
added and the mixture was ref luxed for 48 h. The result ing
mixture was filtered while hot and the solution was concentrated
tln a rotary evaporator at reduced pressure. Ethanol (95%, 100
mL) was added and the result ing crystals were f i l tered and air-
dr ied to  y ie ld  18.6 g ,  (94%) of  d ie thy l  5 ,6-d in i t robenz-
imidazolone-1,3-di-rr-acetate which the fol lowing: mp 201-202
" C ;  N M R  ( C D C I . )  6 1 . 3 2  ( t , 6  H ,  J  =  8 H z ) , 4 . 2 5  ( q , 4  H ,  J  =  8
Hz \ , , 4 .97  ( s ,4  H ) ,7 .66  ( s .  Z  H ) ;  IR  (CDCI . )  1740  ( s ) ,  1620  (w ) ,
1540  ( s ) .  1510  (m) ,  1410  (m) ,  1340  ( s ) ,  1205  ( s )  cm- t .  Ana l .

Diethyl 5,6-Diaminobenzimidazolone- 1,3-di-a-acetate ( 15).
The corresponding nitro compound (1.98 g, 5.00 mmol) was
dissolved in 60 mI-r i f  warm (60 'C) acetic acid. Catalvst (10%
Pd on C, 0.020 g) was added and the warm mixture was hvdro-
genated at 4l-r psi of H2 (uptake = i lO mmol of H2). The acetic '

t 46 )  Smi th ,  A  I .  t r .S .  Pa ten t  316?586 ,  1965 :  Chcm.  Abs t r . l 965 ,62 .
9032.

(47) Efrc 's .  L.  S. ;  El ' tsov.  A.  I .  Zh.  ( )bsch.  Khim. 1557,27,727 Chcm.
. 4 h s l r  1 9 5 7 . 5 l . 1 2 8 8 : .
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acid solution of l5 thus prepared was used without isolation or
further purification after removal of the catalyst via filtration.

Diethyl I  H,3H -2-Oxoimida zol4,5-g lcyclododeca[D ]-
quinoxaline-1,3-di-c-acetate (18). A solution of l5 (5.00 mmol)
in 60 mL of acetic acid prepared as described previously was
filtered into a flask containing 0.98 g (5.00 mmol) of cyclo-
dodecane-1,2-dione. The resulting solution was stirred at ambient
temperature for t h and then refluxed for t h. The acetic acid
wuui removed at reduced pressure on a rotary evaporator and the
resulting solid was recrystallized from MEK/ethanol to yield 2.4
e Q6%) of 18 with the following: mp 198-199 'C; NMR (CDCIB)
6 1.30 ( t ,  J  =  7  Hz) ,1 .50 and 2.13 (broad,22H),3 .05 ( t ,  4  H,  J
= 7 Hz), 4.24 (L, 4 H, J = 7 Hz), 4.74 (s, 4 H), 7.40 (s, 2 H); IR
(CDCls) 2930 (s), 2850 (m), 1725 (vs), 1600 (w), 1485 (m), 1430
(m), 1350 (m), 1205 (s), 1195 (s), 1015 (m) cm-l.  Anal.

I H,3 H -z-Oxoimidazol4,S- glcy clododeca[ b ]quinoxaline-
1,3-di-a-acetic Acid (19). Potassium hydroxide (1.9 g, 30 mmol)
and 18 (1.50 g, 3.00 mmol) were refluxed in 100 mL of water for
24 h with stirring. The solution of 19 thus formed was filtered
while hot and excess HCI (5 mL) was added. The mixture was
allowed to cool to ambient temperature and the solid material
was collected via filtration and air-dried to yield L.07 g (2.44 mmol,
82To) of 19 with the following: mp >340 'C; NMR (Me2SO-
d6/CDCl3) 6 1.47 and 1.93 (broad, 16 H), 3.02 (broad , 4 H), 4.75
(broad s,4 H),7.57 (s,2 H);IR (KBr) 2910 (s), 2850 (s), 27W-2500
(m), 1710 (vs), 1600 (m), 1480 (s), 1430 (s), 1195 (s),840 (w) cm-l.

Preparative-Scale Ozonolysis of 3. Compound 3 (9.84 g,
20.0 mmol) was dissolved in 600 mL of methylene chloride.
Methanol (200 mL) and methanesulfonic acid (2 drops) were
added. The resulting solution was cooled to 0 oC in an ice bath
with stirring. Ozone4 (1.4 mmol/min) was bubbled through the
cooled, stirred solution for 120 min (168 mmol of 03, theory =
60 mmol). The ozone flow was stopped and prepurified nitrogen
was bubbled through the solution for 15 min. Dimethyl sulfide
(44.6 mL, 37.2 9,600 mmol) was added and the solution was stirred
at 0 oC for an additional 2 h. The solvent was removed at ambient
temperature and reduced pressure on a rotary evaporator. The
residual oil was derivatized.

2 ,3 -Decame thy lenequ inoxa l i ne  (  I  1 )  and  Cyc lo -
hexatriaconta[ 1,2,13,14,25,26- b,b',b'f trisquinoxaline (9) bv
Condensation of the Ozonoysis Product of 3 with o-
Phenylenediamine. o-Phenylenediamine (12.96 g, 120.0 mmol)
was added to the crude ozonolysis product prepared as previously
described. Absolute ethanol (200 mL) and concentrated HCI (1
mL) were added, and the resulting solution was refluxed for 1
h with stirring. The solution was allowed to cool and the solvent
was removed at reduced pressure on a rotary evaporator. Hy-
drochloric acid (4 N, 300 mL) and methylene chloride (300 mL)
were added and the organic phase was separated. The methylene
chloride solution was washed twice with 300-mL portions of water
and dried over anhydrous MgSOn. The solvent was removed at
reduced pressure on a rotary evaporator. The crude oil thus
obtained was dissolved in a minimum of chloroform and loaded
on a si l ica gel column (Woelm, activi ty I ,0.063-0.2 mm, 225 g,
column dimensions: approximately 4 x 50 cm) and chromato-
graphed. Compound 1l (1.5 g,9.5To) eluted in57o THF/hexane
(1 L) after application of 1 L of hexane and 2 L of 2.5%
THF/hexane. Compound 9 (0.63 g, 3.7 %) eluted in 20%
THF/hexane after application of an additional L L of 2.5Vo
THF/hexane and 2 L of 10% THF/hexane.

Compound I was isolated from the crude column eluent by brief
trituration with ether and had the fbllowing: NMR (CDCI3) 6
1.55 (broad,48 H), 11.02 (distorted t,  12 H), 7.81 (symmetrical m,
t2  H) ;  IR (KBr)  3060 (s) ,  2930 (s) ,  2860 (s) ,  1485 (m) ,  1465 (m) ,
i390 (m), 1340 (m), 1205 (m); UV X-", 241 nm (e 84 000) and 319
(e 26 000); mp 132.5- 133.5 'C. An analyt ical ly pure sample was
recrystallized from ethanol/water. Anal.

D ie thy l  lH  , 3H  -2 -Oxo im idazo [4 ,5 -g  ] cyc lodeca Ib  ] -
qu inoxal ine-1,3-d iacetate  (18)  and Cyc lohexat r iaconta-
[ 1,2,13,14,25,26- b,b',b'"] tr is(diethyl I  H,3H -z-oxoimidazo-

(48) The ozone was prepared by using a Welsbach ozone generator
operating at 4 psi of oxygen with a flow rate of 0.02 and at a potential
of 80 V.

(49) Regen, S. L. Ph.D. Thesis. Massachusetts Institute of Technologv.
l9?2 ,  p  55 .

Mandeville and Whitesides

[4,5-g]quinoxal ine-1,3-di-a-acetate) (16). Condensation of
the Ozonolysis Product of 3 with 15. Compound 15 (60 mmol)
in 750 mL of acetic acid was prepared as previously described.
Compound 3 (20 mmol) was ozonolyzed as previously described
and the acetic acid solution of 15 was filtered directly into the
crude ozonolysis product. The solution was refluxed with stirring
for t h. Most of the acetic acid was removed at reduced pressure
on a rotary evaporator. Hydrochloric acid (4 N, 300 mL) and
methylene chloride (300 mL) were added. The organic phase was
separated, washed twice with 300-mL portions of water, dried
(MgSOa), and concentrated at reduced pressure on a rotary
evaporator. The residual oil was dissolved in a minimum of
chloroform and loaded on a silica gel (Woelm, activity 1,225 g,
column dimensions: approximately 4 x 50 cm) column and
chromatographed using a stepped THF/benzene gradient.
Compound 16 (0.99 g,3.4Vo) eluted in 20To THF/benzene.

Compound 18 had spectral and analy'tical data in accord with
the data described earlier. Compound 16 was isolated by titration
with ether and had the following: NMR (CDCU 6 7.32 (t, J =
7 Hz) ,1 .55 and 2.17 (broad,22 H) ,3 .0? ( t ,  4  H,  J  =  7  Hz)  4 .27
(q, 4 H, J = 7 Hz),4.87 (s, 4 H), ?.56 (s, Z H); IR (KBr) 3060 (w),
2930 (s) ,2860 (s) ,  1720 (vs) ,  1585 (m) ,  1470 (m) ,  1435 (m) ,  1380
(m),  1335 (m) ,  1205 (s) ,  1180 (s) ,  1020 (m) ,925 (m) ,840 (m)  cm- l ;
mp 307-309 oC.

2 ,3 -T r i decame thy lenequ inoxa l i ne  (12 )  and  Cyc lo -
pentatetraconta[ 1,2, I 6, I 7,3 1,32 - b,b',b''ltrisquinoxaline ( I 0 ).
Ozonolysis of 4 and Condensation with o-Phenylenediamine.
A solution of 4 (6.19 g, 10.0 mmol) in 300 mL of methylene chloride
and 100 mL of methanol was prepared. Methanesulfonic acid
(2 drops) was added and the stirred solution was cooled to 0 oC.

Ozone was bubbled into the solution in the same manner used
for the ozonolysis of 3, and the crude ozonolysis product was
reduced and isolated as described for 3. o-Phenylenediamine (6.48
g, 60.0 mmol), ethanol (200 mL), and concentrated HCI (1 mL)
were added to the crude ozonolysis product and the mixture was
treated in the same manner as described for the preparation of
l1 and 9. Column chromatography on 225 g of silica gel afforded
2,3-tr idecamethylenequinoxal ine (12) [mp 47.5-8.5 oC; NMR
(CDCI3) 61.57 (broad, 22H),3.04 (distorted t,  4H),7.78 (sym-
metrical m,4 H); IR (KBr) 3060 (w),2920 (vs), 2850 (s), 1735 (w),
1620 (m), 1560 (w), 1480 (m), 1460 (s), 1395 (m), 1350 (m), 1205
(m), 1125 (m), 760 (s) cm-rl and 0.090 e (0.9%, 10 mmol = 100Vo)
of  l0  [mp 139-141 'C;  NMR (CDCI3)  6  1 .32 (broad,66 H) ,3 .05
(d is tor ted t ,  4  H) ,7 .83 (symmetr ica l  m,4 H) ;  IR 2920 (s) ,2850
(s), 1630 (m), 1525 (m), 1460 (m), 760 (m) cm-l1. Anal.

CyclohexatriacontaU,2,l3,l4,25,26- b,b',b'ltris( l.E[,3 H -2-
oxoimidazo[4,5-g ]quinoxaline- 1,3-di-a-acetic acid)hexakis-
potassium Salt (17). The crude oi l  t6 eluted with 20% THF
in benzene was rechromatographed on 50 g of silica gel (Woelm,
activity I). The oil thus obtained (50-80% pure) was stirred with
20 equiv of KOH in 25 mL of water at 85 oC for 24 h. The
resulting solution was allowed to cool to ambient temperature
and filtered. Acidification of the 5:ellow solution with excess,
concentrated hydrochloric acid caused precipitation of the
macrocyclic hexaacid. The free acid was separated by filtration,
washed once in the funnel with 5 mL of water, and redissolved
in about 20 mL of water containing the minimum amount of KOH
necessary to effect solution. The acidification prcrcess was repeated
and the free acid collected as before. The solution-precipitation
process was repeated 2 t imes more to yield 150 mg (from 9.8 g
of 3) of the macrocvclic hexaacid which had the following: NMR
(NIe2SO-d6/CDCI3) 6 1.45 and 1.93 (broad,48 H), 3.11 (broad, 12
H),4.75 (broad s, 12 H), 7.55 (s, 6 H) and IR (KBr) 2920 (s), 2855
(s), 3200 (2550?) (broad, m), 1705 (broad, vs), 1490 (m), 1435 (m),
1200 (m) .  780 (m)  cm- l .

Transfer Experiments. Three aqueous solutions were pre-
pared.  Solu t ion I  cons is ted of  KOH (85%,0.13 g,  20 mmol)  in
25.0 mL of water. Solution II consisted of 19 (0.150 g, 0.34 mmol)
in 25.0 mL of water containing KOH (0.13 g, 20 mmol). Solution
I I I  cons is ted of  17 (0 .150 g,  0 .11 mmol)  in  25.0 mL of  water
containing KOH (0.113 g, 20 mmol). Four organic solutions were
prepared. Solution A consisted of cyclopentane (3.5 g, 0.050 mol),
cyclohexane (4.2 9.0.050 mol), and n-undecane (1.56 g, 0.010 mol).
Solut ion R consisted of toluene (4.6 g, 0.050 mol), p-x5' lene (5.3
g, 0.050 mol), mesit,v- lene (6.0 g, 0.050 mol), durene (6.7 g, 0.050
moi), anci n-undecane i1.56 9,0.10 mol). Solut ion A had a densitv



of 0.72 gl^L and therefore was 3.9 M in both cyclopentane and
cylohexane. Solution B had a density of 0.85 elmL and was
therefore 1.75 M in each of the aromatic hydrocarbons present.
Solution C consisted of n-pentane (3.6 g, 0.050 mol), c-pentane
(3.5 g, 0.050 mol), cis-decalin (6.9 g, 0.50 mol), and trans-decalin
(6.9 g, 0.050 mol). Solut ion D consisted of toluene (9.2 g, 0.10
mol), p-xylene (10.6 g, 0.10 mol), and naphthalene (6.4 g, 0.050
mol). Solution C had a density of 0.81 SlmL and was therefore
1.9 M in each of the hydrocarbons present. Solution D had a
density of 0.89 elmL and was therefore 3.4 M in toluene and
p-xylene and 1.7 M in naphthalene.

Three U-tubes, each equipped with a Teflon-coated magnetic
stirring bar, were set up so that a single magnetic stirrer would
stir all three at the same rate. Equal amounts (-L2 mL) of
solutions I, II, and III were placed in each U-tube. Two separate
experiments were then performed in succession to determine the
relative rates of transfer of the various hydrocarbons through the
aqueous phases. The first experiment was to place 2.0 mL of
solution A and 2.0 mL of solution B on opposite sides of each of
the three U-tubes already containing solutions I, II, and III.
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Stirring was then commenced and continued for several days. The
stirring rate was controlled so that no vortexing occurred.

The same experiment was also performed with solution C and
D being used in place of A and B, respectively. After being stirred
for several days, the organic solutions were analyzed by GLPC
to determine the quantities of each organic compound which was
transported through the aqueous phase. The relative rates of
transport of each of the organic compounds are listed in Table
I. The unfacilitated rate of transport of cyclopentane through
aqueous KOH was given the arbitrary value of 1.0.

Registry No. 1, 1129-90-4; 2, 6573-73-5; 3, 65975-29-3; 4,
102652-58-4; 9, 102652-59-5; 10, 102682 -72-4; ll, 7215-7 4-9; 12,
102652-60-8; 13,43135-91-7; 14, 3705-86-0; 15, 102652-61-9; 16,
102652-62-0; 17, 102682-7 3-5; 1 8, 102652-63- 1 ; 1 9, 102682-7 4-6;
1,1-dichlorocyclodode cane, 60223-10-1; cyclododeca-1,2-diene,
1129-91-5; 1,1-dichlorocyclopentadecane, 102652-64-2; cyclo-
pentadecanone, 502-72-7 ; cyclododecane-1,2-dione, 3008-41-1;
o -pheny lened iam ine ,  95 -54 -5 ;  d i e thy l  5 ,6 -d in i t r obenz -
imidazolone- 1,3-di-a- acetate, 1848-95-9.


	192(1).PDF
	192(2).PDF
	192(3).PDF
	192(4).PDF
	192(5).PDF

