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f;, Abstract: The syntheses of macrocycles containing two diphenyl-
oo

! stanna moieties, gyglo~[Ph Sn(CH, ) -1, (1, n= 4, S, 6, 8, 10, 12), and
gy 2 28 2 am

AN

four diphenylstanns moieties, gyclo-CPh _Sn(CH, ) -], (2, same n), are .
! 2 2 n 4 ~ .
.‘ reported. ol ,@W-bis(Bromomagnesiolalkines reacted with PhJSnCI to give R
":" ,

= & w-bis(triphenylstannyl)alkanes which upon treatment with HBr gave aw-
£,

2 bis(bromodiphenylstannyllalkanes (4). Compounds Lructed with the

kN corrasponding chain length «,w-bis(bromomagnesic)alkanes to give _Lmd 2.
- . L
‘."\‘:

:: Alternatively, good yields ot}'(n = 4, 5, 6§, 8) were obtained by con-

o

A urtinqq‘l to dilithium reagents (.‘7,) which were allowed to react with x,w-
dibromoalkanes. Good yields of 2 (n = 4, 3, &) were obtained by tirst
2N

‘ treating 4 with C1(CH,) MgBr to give dichlorides which were then allowed
;'3'.15 to react 'withLin a second step. Purifications of the macrocycles and
. several synthetic intermediates were effected by preparative reverse

<,

.)‘

[ phase chromatography. The macrocyclic products were characterized by NMR
)

L,

o) spectroscopy, molecular weight determinations and elemental analyses.

N

Y

o

)

2

. &

"1
8

1'21




Macrocyclic and macrobicyclic compounds containing the basic atoms

oxygen, nitrogen and sulfur have been widely exploited in cation coordin-
ation chemistry during the past decade. In various applications incliud-
ing solublization of salts in organic media, chromatographic separations
and catalysis, the dominant features of this chemistry are the sise of
the cavities formed by the basic atoms of the host compounds and the fijt
of cationic guests within these cavities. Little work has been reported
concerning mactocycles containing Lewis acidic atoms which might show
selective complezing behavior as anion coordination agents or iq binding
to neutral donor compounds even though such compounds should also enjoy a
tich chemistry. In accord with this expectation, polyammonium macro-
cycles have recently been shown to ezhibit selective behavior in binding
to anions and basic donon.2 The use of protonated or alkylated amine-
containing macrocycles or macrobicycles as anion coordinating agents,
however, may show limitations with the tange of solvents which can be
employed.

Uf reasoned that macrocyclic compounds containing tin atoms as Lewis
acidic sites could function as anion or basic neutral coo;dinattnq
spacies and show good solubility in organic solvents. Complezation of
tin-containing compounds which contain electron-withdrawing groups on the
tin atoms with basic donors has besen wid;ly observed, and organo-
stannate(IV) complezes are known.3 Recently, Kuivila's and Gielen's
groups have reported complexzes of donors with compounds containing two
Lewis acidic tin l(OIl."s Since limited examplas of organometallic
compounds containing more than one tin atom have been reported, we have

established general procedutes for the synthesis of a wide range of

macrocycles containing tin atoms. In this paper we describe three
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lf telated procedures for the syntheses of synmetrical macrocycles contain-
L1 *
! ing two diphenylstannyl moieties 11; ring sise 10 to 248) or four

diphenylstanny!l moieties (2, ring size 20 to 52)."7 Our synthetic and

. -t

‘: purification procedures have permitted the isolation of tin-containing
3
‘: macrocycles in gcem batches.
.
2

Resylts and Discussion
, .
j Scheme | shows the pathways which we have employed for the synthesis
3 of tin-containing macrocycles 1| and 2. The starting materials for each
: . Lo d L
< toute are the of,w-bis(triphenylstannyl)alkanes (_L) obtained from the
; reaction of an o, w-bis(bromomagnesiolalkane with PhaanI. For carbon
é chain lengths ranging from 4 to 12, the isolated yields of co-pounds.g_
: wete 68 to 80%. Compound gt_had been prepared previously in low yield by
,4 a siailat touto.lx The synthesis of 1,3-bis(metallo)propanes via the
; diGrignard route requires a circuitous preparation of 1,3-bis(bromomag-
2

ucllo)ptopanolz which we chose not to employ, howaver, {,3-bis(triphenyl-
3 stannyl)ptopane has been pxepatcd.s and 1,3-bis(trimethylstannyli)propane
1
? is availadle from the reaction of trimathylstannyllithium with 1,3-
.t B
: 13

dibromopropane.
1
< (INSERT SCHEME 1)
L]
1 The conversion of the o, W-bis(triphenylstannyl)alkanes to their
& corresponding o, w-bis(bromodiphenylstannyl)alkanes (:} proved to be more
: difficult than we had ezpected. Bromine in CCI‘ or pyridine or phenyl-
2
: trimethylanmonium perbromide reacted with compound z:_to give miztures of
y products which were difficult to purify. NMR spectroscopic studies of
. these miztures suggested that a second phenyl group was cleaved from tin
3 almost as readily as the first leading to mono-, di- and tri-bromination
*
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at 3a. However, when compounds 3 were treated with 2.1 equivalents
. -

of HBr in cuzcxz at -78 ®C and the resulting mizstures were allowed to
wara to room temperature slowly, we obtained good yields of the desired
dibtomides :; Most of these products were o0ils which were purified by
teverse phase chromatography as described below.

There are alternative methods for the functionalization of compounds
3)' Zimmer has reported the conversion ot 23 to 1.,4-bis(iododiphenyl-
ltaunyl)bntane,l‘ and q,w-bis(chlorodiphenylstannyl)-propane and -butane
have besen reportld.s

Qur ability to obtain compounds :/in good yield permitted the syn-
thesis of tin-coataining iacrocycl-s by the various routes shown in
Scheme 1. In the tirst procedure, Method A, an ¥, W-bis{(bromomagnesio)-
alkane ﬁi) was prepared in'tnttahydro!utan (THF). After titration of an
aliquot, the solution of the diGrignard reagent was diluted to 0.02-0.03
I, and the resulting solution was added over 2 h to a ca. 0.03 M THF
solution of the corresponding chain length bis(bromodiphenylstannyl)-
alkanoz With these reasonably dilute solutions, the macrocyclisations to
give .lvand }vwcu possible.

Macrocycles A'aud.£’w0r| isolated from the crude product mixtures by
preparative reverse phase chromatography. Although analytical HPLC could_
be sttected with methanol or ethanol/water elution, mixtures of THF in
acetonitrile ware used in the preparative LC in order to permit dissolu-
tion of the product miztures in 0.2-0.5 gram batches. 1In all cases the
bis(diphenyistanna)lecycloalkanes (13 eluted before their tetrakis-
(diphenylstanna) analogues &i} of twice the molecular weight; typically
the aC value for separation of lvand_z'was about 3, and resolution of

these products wis not difficult. Other low yield products, presumably

open-chain species with molecular weights similar to 1 and 2, eluted with
b o VY
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tetention times similar to the desired cyclic products. Most of the
macrocyclic products were readily recrystallized after chromatographic
piriticatlon.

Method N is 2 “shotgun” procedure which gives rise to naetocyclol‘L
in a two-component cyclisation and -acrocycles‘l_in 4 four-component
eyclizxation. Polymerization of the growing chains competes with cycliza-
tion, and high weight compounds appear to be the major by-products in the
product miztures. The cyclizations giving rise to the smaller rings 1:/
and 13 apparently suffer some steric strain and the yields of the these
compounds are slightly lower than those of the larger ring compounds 1&:
L& (Figure 1, Table 1) even though the effective molarity of one chain
end for the othet end of the chain could be relatively high. At carbon

chain lengths of ¢ atoms or more the yield of the bis(diphenylstannyl)-

cycloalkanes l'aro relatively constant. The yields of the tetrakis-
(diphenylstannaleycloalkanes (33, however, dropped off rapidly when the
linking chain reached a length of 6 carbon atoms (Figure 1). In these
_cases the penultimate intermediate bc!o?a cycli:at}on to.z'was a long
acycle ()28 atoms), and the effective molarity for the chain ends appar-
ently had fallen below the actual molarity of the reagents. This behav-

ior is in accord with that seen in other macrocyclization rcactions.x7

(INSERT TABLE 1)

(INSERT FIGURE 1)

Nacrocycles were 2lso formed (in another “shotgun" reaction) when
the R w-bistbromodiphenylstannyllalkanes ‘C‘_\uu first convarted to their
cortesponding dilithium reagents gzl in 3 reactjon with lithium metal,

and then dilute THF solutions of t.lgintl‘l—w!tt added to dilute THF

ety T e T e T e e e e e S e e - I
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solutions of dﬁdodlbtono;lkancs S _(Method B). In this method. the role
of the nucleophile and the electrophile in the coupling reaction have
been reversed. The concentrations of the reagents, addition times and
reaction temperatures were conp;tabl; to those used in Method A and the
nucleophilic reagents were again added to the elactrophilic species,
however, the yvields of macrocyclic products wct§ substantially difterent
than those obtained in Method A (Table 1). Specifically, we found that
the bis(digh-nylstanna)cycloalkanes léﬂgfwete forled.in good yields, but
only traces ({2%) of the.corrcsponding tetrakis(diphenylstanna) analogues
were produced.

The dramatic changes in yields ot‘l_and‘z_produccd in Method B
relative to those in Method A cannot be attributed to the efficiency of
formation of the nucleophilic reagents. In faect, the nuclaeaophilic
species were formed in lower yields in Method B; typically the total base
was 90% in the preparation ot roaqon!s.:’and only 73% in th; preparation
of :ntgtnts.l; The high yields ol‘L‘in Mathod B ara consistent with
relatively slow teactions of the bis(stannyllithiam) colpounds_l_with the
o, wW-dibromides since higher yields of _!‘_would be e‘lpected if bulk mizing
competes with the coupling reaction. However, our lack of knowleadge
concerning the structure, aggregation or reactivity of species zbyakes
fucther speculation (tuitless.ls

Methods A and B can be seen to be of limited utility in the synthe-
sis of the larger totrakis(diphonylltanna)cycloalkancs.l; Thus, we
developed a procedure in which compounds }bare produced in a two- rather
than a four-component smacrocyclization (Method C). Treatment of the xXwW-
bisibromodiphenylstannyl)alkanes !%:g_with an excess of an o-(bromo-
signasio)«td-chloroalkane (formed in the reaction of an ot-bromo-w-chloro-

alkane with only one gram-atom squivalent of magnesium) afforded the open
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1; tacin «.Ww-3icnisrs compounds 8a-c as colorless oils which were durified

3 . P
3
,gf by raverss phase chromatograghy. Sudseguzantly, the bis(diphenylstannyl-

X .

]

;i iithiuym: :ia;entl_z‘at higyh dilution were added to dilute solutions of

> dizhiorides 8. After teverse phase chromategraphy and recrystallization,
{i the isclated yields of tetrakis(diphenylstanna) macrocyeales ll-c obtained
:Q by this procedurs were ibout 35% (Table t). The 33% isolated yield of 113

R obtained by Method C is an order of ‘magnitude higher than the yield of 2¢

+ . R
:3 cbiained irom Method A

% ﬁae:écycies 1 2nd 2 were charvacterized by NMR spectroscopy and
. —~ —~
& . ssmometric molecular weight deitarminations. Aceaptable elemental analyses
3]

!3 . :

.3 for all! of the macrocycias were cbtainad. lH MMR spectra of the isolated
¥
!£ preducts cleariy indjcated the yross stiuctnra of the macrocyeles; the
IN .

g

‘f' molacular weight messurements permitted the complete structure assignment.
\E; decause of the symmetry of the macrocycles, quite simple 13C NMR spectra
- 20 s

' were obtained. The purities of the products were apparent from HPLC as
) wall as from the sharp meiting points, where applicable, and elemental
A2
4 anslyses.

L
oS : :
. Elementa]l anzlyses wete 2lso obtained for the o Ww-bis(triphenylstannyl)-
' alk;nos <3}. Despite tne fact that we purified the «,w-bis(bromodiphenyl-

'y

zé staanyliralkanes ti} and conpuunds_&, we considered these species to be reactive
A
R intermediates and Jid not attswpt to store them for ertended periods nor did we
k%

attampt to obtain elemental anslyses or molecular weights of these compounds
."

" wh:eh. with the exceptioa of ii' ware oils The identities of compounds 4 and
‘; - Lt d
.
£3 jLarc established Dy theit NMR spectra and the successful synthesis of the
Ch
- fully characterized macrocyclas from these intarmediates.

‘i’ The usa of preparative reverse phasa chromatography for the isola-
“{ tion of macrocyclies deserves comment. Even though most of the macro-
X

Jr

r

N -

¥ 8

Xl
(]
[

L]
: L]
P
)
'

o
D R T R R




vn.',!t'.i"-'.u',.'-".‘.-‘-"{‘.'-(.’. B R L e
-
. ¢

. .
ol
A

[

'xg

Q
Ol R
S

:4‘:"-“.'.'.‘-

r

d

-
'..
o
Lo

.

e dumes it it Sl Shane Mt Tnget Sk i Mngt vt b Jine et Jhan, e

cycliic compounds we preparad wera crystalline, no products of the macro-
eyciisation reactions wele obtained purte with 1t chromatography. The
preparative phase we used was highly reproducibla, retention times in
prepacrative chiomatography were casily predicted by inspection of the
analytical HPLC chromatogram, and excellent peak shapes were maintained
at loading tatios as high as 1 gram of crude reaction mixture on 300
grams of support. Further, the high initial costs of the preparative
phase weare offset by the fact that after ca S0 preparative runs we saw
ne change in the capicity or cetention charanteristics of our preparative
solumns

We have briefly studied some recactions of macrocycles and modals in
otder to determine what reagents would be apprapriate for both the syn-
thesis and subsequent tunctionalization of these compounds. Triphenyi-
butyltin was found to react rapidly with an azcess of n-Buli in THF even
at -78 ‘c. Thus the reaction of an c;.w-dilithioalkane with a bis(bromo-
diphenylstannyldalkane would not be expected to give macrocycles in good
yield, espeacially if the dibromo compound was added to the dilithio-
alkane, but macrocycles containing less reactive glkyl groups on the tin
may survive such reaction conditions. When macrocycles L:_and.3£’were

treated with 2.1 and 4.2 equivalents of HBr in CH,C1

ISAPE: trespectively, in a

procedure similar to the bromination of acycles 2& ‘H NMR spectra of the
crude reaction products indicated good conversion to derivatives contain-
ing (b}onophcnylstanna) moieties with no evidence of ring cleavage. This
functionalization of the macrocycles is a critical step tequired to
ijmpart Lewis acid character to the tin atoms in order to permit their
application as anion or neutral donor coordinating hosts. The details of
these continuing studies will be reported in due course.

The procedures described above afford the bis(diphenylstanna)- (1)

R T T e e T .
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and tatrakis(diphenylistannadeycloalkanes Ei) in fair to good yields.
Hacreocycles with ring sizas from 10 to 52 atnms have heen prepared.ZI It
may be ezpected that higher yields of the macrocycles could be obtained
if an apparatus which delivered dilute solutions of both reactive precur-
sors to 2 reaction vesscl were empioyed, but by the methods described
herein we have isolated up to gram quantities of several of the desired

macrocycles

10
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Genarzl. All reactions of organolithium and Grignard reajents wera run
in 2 nit::genvatmosphate; tiansfers were made by syringe or cannula.
Commercial organic halides (Aldrich) wera distilled before use. Triphenyl-
tin chloride (Alfa) wis used without further purification. Tetrahydrofuran
(THF) was distilled from potassium-benzophenone immediately bafore usa.
"Brine" rafers to 3 saturated aqueous sodiuvm chloride solution. Yields of
organolithium reagents and Grignard reagents usead in the syntheses were
determined by titration ot a one mL aliquot of these solutions for active
base tefore addition of these solutions to the appropriate alectrophile i3
The endpoints were t2adily apparent in the titrations of the Grignard rea-
gents. However, because of the color of the stannyllithium reigents, end-
points in these tittations-we:e difficult to observe, and the total yield of
nucleophilic reagents found in Methods B and € below must be considered to
be approzimate.

1H NMR spectra of CDC13 solutions were recorded on a Varian EM 390
spectrometer. and ‘3C NMR spectra of CDCl3 solutions were recorded on a JEOL
PFT-100 spectrometer; chen;cal shifts are reported in ppm downfield from
internal MQQSi. IR spectra were recorded on a Sargent-Welch 3-200 IR
sgectrophotometer. Molecula:r weights were measured on (‘.HCI3 solutions using
@ Hewlett-Packard model 302 B vapor pressures osmometer; petiodic molecular
weight measurements of standard solutions of benzil showed (5% error. In
most of the molecular weight determinations, the ~oncentration of only one

soiution of the substrate was dotermined. HPLC analyses were performed on

2% cm columns containing Spherisorb ODS-10, and preparative LC sepacations

ware accomplished on reveirss phase C-18 bonded to silica gel (40/&) supplled\\

by J. T Baker, Co.; UV detection at 254 nm was usad in both cases. The

praparative LC system was composed of a low pressure solvent pump, a

11
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* standsrd sig-way plastic valve tor injection, commerical glass columns
(Aca), and an iS8CO detector. Analyses were pertormed at Taexzas A&M Univer-
g1ty or at Galbraith Laboratories, Inc., Knozxville, Tennessee.

€3).
Breparation of o, w-pig(tciphanylgtannylialkanaspy To 3 suspension of 10

equiv of Mg and a small crystal of I2 in THF was 3dded a solution of of,W-
dibromoalkane in THF (0.3-0.4 M) over 1.5-2 h at 28 °c with stirring. After
$-8 h. 2 one mL 2aliquot was titrated for active base; yields from the
dibromide were 75-90%. The c(,u--bis(bromomaqnesio)alkanez4 solution was
separate; from excess Mg by cannula transfer and added to a solution of 2
equiv of Phaanl in THS (1.0-1.5 M) over 2 a at 0 °c. The reaction mizture
was ailowed to warm to 2% °C, and the reaction migture was stirred for 8-10
h and then heated at ceflux for 2 . The creactiaon was quenched by the
addition of 50-70 mL of satd aq NHqCI solution at 0 °c. fhe organic layer

was separated, and the aqueous layer was extracted with ether (3 z 50 ml).

The combined organic solutions were washed with a satd ag XF sofution (50

[} "
A

al) and brine, and dried over anhydrous Hgsoq. The solvent was removed jn

e
4 e A

LYY

¥36uo, and tha residue was purified by recrystallization or column chroma-

.
PRy

tography. The reactions were run on a scale to give a 30-40 g isolated

vield ¢f compounds 3.
-

ju4-bis(Trighenvigtannyllbytane (igl. purified by cecrystallization

from 2 mixture of CH_Cl, and hexane (1:2, viv), was obtained in 78% yield:

172
ap 148.5-149 °C c1it.'? ap 149-150.5 °C). IR (Nujeld): 1070 ca ' W NMR.
1.30-1.60 ¢4 H, m), 1.6%5-1.90 (4 H, m), 7.10-7.83 (30 H, m). 13C NMR :
138.9, 137.0, 128.7, 128.4, 31.3, 10.6. MW: 734 (caled for c40H385“2' 73%) .
Anal. Caled for C¢°H3°Snz: C, 63.%4; H, 3.07. Found: €, 63.59; H, S.22.
1.3-bis¢Trionanvigtannellogntang ‘23)' purified by recrystallization
{rom hazane otla nigture of CHzClz and hezane (1:3, v:v), was obtained in ;

12
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80% vieid: wmp 72-73 °C. IR (Nujol): 1072 cmnt. lH NMR: 1.20-1.83 (i0 H,

o

-
P

L el

m), 7.13-7 S0 (30 H, m) MW: 745 {(calecd for quanSn,, 76%9). Anal. Caled

for C“Haobnz' C. 63.94; 4, 5.249. Found: ¢C, (ﬁ' H, ﬁt‘

1.6-bjs¢lriphenvistannyl)h¢xane (2&), purified by recrystallization

G A
AR

-

B

tzom hexane, was obtiained in 48% yield: mp 84-85 ®c. 1R (Nujol): 1270 cm .
. §k 1H MMR: 1.2-1.83 ($2 4, a), 7.20-7.83 (20H, ). MW: 770 (calcd for
- ~n4 v - . -
C42342=n2, 782). Anal. Calecd for quﬂqunz. C, 64.33; H, § 40. TFound:

C, 64 42; H, § 82.

. 8-bis(Triphenvistannylloctane (21), purified by recrystallization
{rcm 3 mizture 2f hexaine-ether 12:1, v:v), was cbtained in 70% yield: mp
101-:404 a: IR (MNyjol): 1070 cn"l, 1H NMR: 1.00-1.80 (16 H, m), 7.13-

767 (33 H, m) MW: 808 (caled for C“H“Snz. 811) Anal Caled tor

- . . [ . .
c44H45°n2' C, 65.06; H, $.7!. Found: C, 63.19; H, §5.81.
1.30-bis(Tciphenvigtannylldecane (3e), purified by recrystaljization
P

from hexane, was obtained in 76% yield: mp 45-44 °. IR (Nujol): 1074 Cl-..

ié xH NMR: 1.00-1.90 (20 H, =), 7.20-7.63 (30 H, m). r B34 (caled for
C‘éﬂsaSnz, 839). Anal. Caled for Cq‘ﬂsoSnzz C, 5.75;, H, 6.00. Found:

C, 65.88; H, 6.08.

s12-bis¢lrioh [ 1y l) (3f), purified by column chroma-
b 4

tography on silica gel with nexane elution, was obtained in 70% yield: mp

o - 1
41-43 “C or ail. IR (Nujol) 1070 cm 1. H NMR: 1.07-1.88 (24 H, =),

7 23-7.63 (30 H, m). MW: 865 (caled for C, H_.Sn., 867). Anal. Caled for

48 5972
C48H5‘Sn2: C, 66.39; H, 6.27. Found: C, 66.57, H, 4.19%
Prepagation of ot.w-bis(bromodiphenvistannylialkanes (!V). To a solution

of j’in cnzcxz (0.1-0.2 M) was slowly (2 h) added 3 solution of 2.1 equiv of
HBr in CHZCl2 (0.2-0.3 N) at -78 °C. The reaction mixture was slowly

2llowed to warm to 29 °C. Atter 8-10 h, the solvent was removed jin vagyo to

give 3 crude product compounds 4b-f were isolated by teverse phase column

Nt

13
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:g chromatography (C-18) by elution with dry CHSCN or a3 mixture of CH3CN and
f} THE Compound 4a was purifiad by reccystallization Compounds 4 were

,:"‘ — -
{ prapared in ca. 10 g batches.
‘f i.4-bistCromodiphenvistannvlidbytine (4a), purified by recrystallization
L7 from ether. was obtained in 75% yield: mp 88-90 °C. IR (Nujol): 1070 cm ',
- .
¢ "H MMR:  :.71-1.93 (8 H, ®m), 7.17-7.67 (20 H, ®)

N {.S-bisiBromodiphénylstsnnyllpentane (4b) was obtained in 55% yield as
AN -t

% - 2

?: an o0il IR (neat): 1070 cm l. H NMR: 1.23-2.00 (10 H, m), 7.23-7 463 (20
M K. a).

é: This caaction 231so yave 1-(bromodiphenylstannyl)-S-(triphenyl-

:: stanny!)pentane as an oil in 9-10% yield. This product elnted after 4b.
i ‘H BMR: 1.20-1.93 (10 K, m), 7 23-7.70 (25 H, m),

35 1,6-bis<Bropodiphenvistinnvidhegsne (4¢c) was isolated in 70-82% yield as
5 -

;: an oil which crystallised on standing: mp 66-49 °c. IR (neat): 1070 cn-x.
= 'HOMMR:  1.20-1.90 (12 H, @), 7.17-7.63 (20 H, m).

N 1. 8-bis¢Bromodiphenvistannyldoctane (44) was obtainad in 50-40% yield
A -y

", o

?\ @as an oil. IR (ne2t): 1070 cm l. *H NMR: 1.03-1.87 (16 H, =), 7.20-7.73
-.\‘ )

by (20 H, &)

. 10-bigtHromodiphanylstannylldecane (4e) was obtained as an 0il in &1%

" —

" -

A yield IR (neat): 1072 cm 1. xH NMR: 1.07-1.87 (20 H, m), 7.27-7 70 (20
2
) i, o).

1. 12-biscBromodiphenylstannylidodecane (4f) was obtained as an oil in

o -t

o 65-80% yield. R (neat): 1073 cm ', 'H NMR- 1.13-1.93 (24 H, ), 7 .27-
N 7.73 (20 H. m).
'

ool Ereparation of dichloridcs § are represented by the following prep-

< c e .

] aration of j.l4-dichlogo-3,5,10,10-tetranhenyi-9.10-distannatetradecine

%

3 (8a) To a suspension of Mg (0.3 g, 12.5 mg-atom) in 10 mL of THF at -10 °%
S hid
T

:: 14
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was added osver 40 min & sclution of l-bromo-4-chlorobutane ¢(1.%3 g, t1.2
amol) in 30 mlL of THF. The mizture waos stirred for 30 min at 2% % and 40
min 2t 0 °c. A one mL aliquot was titrated for active base (found 78% yield
based on monometallation of the dihalide). The Grignard reagent solution
was diluted with 30 al of THF and transferred to a drv flask by cannula. To
the Grignacrd teajent solution at 0 °C was added over 1.5 h a solution of 2:/
(3.0 g, 3.9 amol) in 50 ml of THF (0.078 M). The reaction mixture was
allowed to warm to 2% °¢ After 7 h at 235 oC, the rezetion mixture was
quenched ;ith a satd zq NH4C1 solution (S0 mL). The organic layer was
saparated, and tha aqueous layer was extracted with ether (2 x 50 mL). The
comabined 6rqanic layers were washed with brine (50 nl), dried <ngsoq>, and
reduced jn vacyo to give an oily product (3 g). rhe crude product was
purified by reverse phise chromatography with methanol elution to give 1.9%
g (62%) of 8a as an oil. IR (meat): 1070 ew” . 'H NMR: 1.03-1.87 (20 H,
m), 3.44 (4 H, t, J = 7 Hz), 7.13-7.%53 (20 H, m).
j1.17-Dichioro-6,6.11,11-tetraphenyl-4,11-distannaheptidacane (‘I) was

prepared from 2.3 ¢ (3 mmol) of :2; The crude oily product was purified by

teverse phase chronat&gxaphy with CH_ CN/THF elution (4:1, v:v) to give 1.38

3
g (36% yield) ot‘gg as i colorless oil. IR (neat): 1072 cn-’. ’H NMR :

238-1 73 (28 H, m), 3.43 (4 H, t, J = 7 Hz), 7. 17-7.53 (20 H, m).

s

prepared from 2.2 ¢ of i£'(24l mmol). The crude product was purified by
reverse phasa chromatogriphy with CH3CNITHF elution (3:1, v:v) to give 1.8%
a9 on oile . .
g of 8c (80% yicld)A I® (neat): (070 ca . H NMR: t.07-1.83 (32 H, =),
-~
3.43 (4K, t, J a 7 Ha), 7.17-7.07 (20 H, m).
dyntheses of polystanns microuycles were accomplished by three methods.

Representative procedures are presentad below for esch method.

iuiié. ¢-Tetraphenvi-1.é-distannacvclodecans $1a) and

13

e N e



t1he JiCrignacd meihod (Metinod AJ. To 3 suspension of 2 g of Mg (83 mg-atem/

and 3 small crystal of [, in S0 L of THF at 23 ®Cc was 2dded over 1 h 3

solution of 2.3 g of 1,4-dibromobutane (11.6 mmol) in S0 mL of THF. After
stireing for 4 h, a3 ! mlL aliquot was titrated for active hase (found: B835%
of thaory). The dibrignard teagent solution was separated from excess Mg by
cannula transfer and was diluted to 200 ml (0.04%? M) with THF, and éhe
tesulting solution was a2dded over 2.5 h te a solution of 7.0 g of !:.(9'2

amol? in 390 ml of THF zt 0 °C.' The reaction mixture was allowed to warm to

:$ °C and was sticred for 10 n. The mizture was cooled to 0 °c, and

saturated aqueous NH‘CI solution (100 ml) was added. The organic layer was

separatad, and the aqueous layer was extracted twice with ether (70 mL).
The coabined ethereal solutions were washed with brine (2 x 50 mL), dried

with Mgs0 and filtered. The filtrate was reduced to give an oily product

‘ ’
mixture which was puritied by reverse phase chromatography with CHJCNITHF
elution to give 1.20 g of 1a and 1.58 ¢ of 2a.

- N

Compound 13 was recrystallized from hexane to give 1.03 g (17.2%) of

colorless prisas: mp 114-144.§ °C (lit., ap 96-99% ey . IR (Nujold: 1070

c‘-l. lH NMR: 1.37-1.50 (8 H, &), 1.57-2.02 (8 H, m), 7.23-7 60 (20 H, m).

13C NMR: 140.6, 1358.5, 128.4, 29.3, 10.1. Anal. Caled for C32H365n2' C.

58.41;, H, §.48. Found: C, $8.73; H, §$.42. MW: 654 (caled for C32H365n2.
§%7) .
Coupound‘lg_was recrystallized from 2 mixture of hexane/ether (3:1,

(]

viv: to give 1.351 ¢ (25.2%) of colorless prisms- mp 107 .5-108 C. IR

(Nejol): 1070 ea”’. 'M NMR: 1.17-1.47 (16 H, m), 1.53-1.87 (16 H, a),

* 1
7.17-7.50 (40 H, wn). '3C NMR: 140.3, 134.7, 128.7, 128.4, 128.2, 231 ¢,

10.4. Anal. Calcd for C‘4H725n4: C, S8.41;, H, $.48. Found: C, S8.06, H,

— W g N Y = - Cladr R S Ar A Sl IFSRSRFNR RN BSNE Srab MG L S INL BNl
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. " .
) $.43. MW 1341 (caled for 664H725n4, 131%)

$1.1.7 . 7-Tetraphenyl-1 .7-disteunacyclododecans (!E) and

were prepared by Method A from 0.66 g (2.8 mmol) of {,5-dibtomopentane and

i.6 § (2.06 mwmol) of 4b. The crude product was separated by reverse phase
L d

chrematography with CH3CNITHY elution (3:1, v:v) to give the desired

macrocycles 1b and-2b.-
—— ey

Compound 1b was recrystallized from hexane to give 0.26 g (18.4 %
L Sl

vield) of 13; mp 100-101 °. 14 (Nujol): 1070 cn_j. ’H NMR: (. 13-1.93

(29 H, m), 7.13-2.60 (20 H, m)>. Anal. Calecd for (‘.“HWSnZ: C, 59.53; H,

.84. rfound: €, 5% .27, H, S 78. MW: 664 (n3led for C34H4°Sn21 484) .

<

Compound 33."" repeatedly ciaromatographed (raverse phase) with
CHQCNITHF until the sample was pure by HPLC to give 0.3 g (21.4 % yield) of

[

oily ée_which solidified on standing: mp 68-6% C. IR (Nujol): 1070 Cl-l,

lﬁ NMR: 1.10-1.80 (40 M, m), 7.03-7.40 (40 H, m). Anal. Calecd for

C, .,H .Sn,: C, $9.53; K, $.84. FTound: €, $9.60; H, 5.84. MwWw: 1364 (caled

§87°80 4
for C$8H805n4: 1374) .
1,1,9.8-Tetraphenyl-1.8-distsnnacvciotetradecane (!s! and .
-Q¢ct - - cysloonctacosane (3¢)
o

were prepared by Mathod A from 1.7 ¢ (7 3amol) of 1,4-dibromohexzane and 4.8 ¢
(6 umol) ot‘ji; The crude product was separated by reverse phase chroma-
tography with CHacNITHP elution (3:1, v:v) to give the desired macrocycles
1&.‘“‘.3:1

Conpound 1£_was tecrystalliszed from hezane to give 1.13 g (26% yield)

of 13; mp 118-119 °C. {R (Nujol): 1073 c-". ’H NMR: 1.20-1.90 (24 H,
®), 7.21-7.58 (20 H, wm). 13(: NMR: 140.5, t134.4, t128.8, 128.1, 32.4, 2%5.4,
§.97. Anal. Caled for c36H4‘Snz‘ C, 60.352; H, 6.21. Found: C, 60.20; H,
$.16. MW: 742 (caled for c3‘H‘48n2: 714) .

17
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if Compound 2e¢ w2s repeatedly chromatographed (reverse phase) with

AN CH,.IM/THE alution untii the sample was pure by HPLC to give 0.17 g (4%

AN )

{ yield) of‘ﬁg s an oil. IR (neat): 1070 cn'l. v NMR: 1.10-1.87 (48 H,
:} ), 7 20-7.40 (40 H, wm). 136 NMR: 140.4, 136.7, 128.3, 128.2, 33.7, 26.6,
-z 10.5. Anal. Caled for ¢, H, Sa,c C, 60.52; H, 6.20. Found: C, 60.31; H,

1 . - .

) §.17. MW: 1395 (caled for L72H885n4' 1427) .

e ! =Tet ~1,10-dista : ctydsczna (14) and

» e e P

?f 1.10,10, 19,19 8-octapheny!-1,10,19,28-tet annacyelohexatricontane
.k : i29q) were prepared by Method A from 0.73 g (2.7 mmnl) of 1,8-dihromocctane

L o el

”'; and 1.7 g (2.08 miol) of 13; The crude products were purfied by raverse
éﬁ phase chromatography with CH,CN/THF elution (3:2, v:v).
33 '
e Compound jg_was rectystallized from hezane (or CHJCN/THF, $:1, v:v) to
' give 0.4 g (25% yield) ot 1d: wmp 92-93 °C. IR (Nujol): 1072 em '

. " Lot .

}} lH NMR: 1.18-1.88 (32 H, m), 7.24-7.61 (20 K, m). Anal. Calcd for

.;,.

" C‘oﬂszsnzz C, 62.35; H, 6.81. Found: C, 62.0t; H, 6.72. MW: 743 (caled
?E for C‘oHszbnz: 770 .

‘é{ 'Conpound 3S_was tepeatedly chromatographed (reverse phase) with

s

o CHSCNITHP elution (3:2, v:v) until the sample was pure by HPLC to give 0.1 g
'5- v 6.3% yvield) °f,£$ which crystallised on standing: mp 70-71 °c‘ IR

- . _

< (Nujols: 1070 em™>. 'H NMR: 1.10-1.77 (64 H, m), 7.13-7.50 (40 H, m).
"": 1 ” . . . .

v Anal. Calcd for Caoﬂx°4an4. C, 62.35;, H, 6 .81 TFound: C, 62.04; H, 6.71.
Ft MW: 1494 (caled for C.oHlOQSn‘: 1540) .

-1‘.‘

= 3 SPREE de) and

.- S

-5 - - - e r -
- %

: sontane (28> were preaparad by Method A from 1.2 g (4 mmol) of 1,10-dibromo-~
R~ A )

iﬂ decane and 2.7 g (3.1 amol) of }:; The crude product was puritied by
A

L 9]

:} teverse phase chromatography with CH3CNITHF elution (1.1, viv) to give thae
F 2
b
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desired macrocyiles.

Compound L:'w;s recrystallized from hexane (or ethanol) to give 0.68 g

[

(265 yield) of le- mp 86-87 °C IR (Nujol)' 1074 ea”'.

1H NMR: 1. 20-

1.90 (40 H, wm), 7.23-7.40 (20 H, m). Anal. Caled for C“H‘OSnzr €., 63.93;

H, 7.32. Found: €, 64.05; H, 7.27 MV: 3448 (caled for anHéoSnz: 826).

Compound 2@ was repeatedly chromatographed (reverse phase) with
CH3CNITHP (1:1, v:v) until the sample was pure by HPLC to give 0.18 g (7%
yield) of 2e as am oil. IR (neat): 1070 o' MNMR. tot0-1.77 (80 H,

T Sn -
®), 7..7-7.50 (40 H, m). Anzi. CLalcd for CBSHIZO n,
Found: C, 62.72; H. 7.28 MW: 164! (calcd for c8

aH”oSn‘r *4%2) .

2,27 = 1-1,14,27,40-tetra nnzcyvelodopentacontane
é%é; were prepared by Method A frowm 1.7 g (5.2 mmol) of 1,12-dibromododecane
and 3 ¢ (3:4 nmol) of 1&. The crude ptoducts were purified by reverse phase
chromatography with CHacNITHF elution (1:1, v:v),

Compound 1f wzs tecrystallited from hezane (or ethanol) to give 0.72 ¢
L o0

(24% yield) of 1f: mp 91.5-92 °C. IR (Nujol): 1075 e 'woNMR: 1.1s-

1.87 (48 H, m), 7.22-7.57 (20 H, m). Anal. Caled for C4.H6G5n2: C, 65.31;

H, 7.77. Ffound: C, 65.46; H, 7.73. MW: 913 (caled for cq.H“Snz: 882).

Compound ii was repeatedly chromatographed (reverge phase) with
CH3CNITHF elution (1:1, v:v) until the sample was pure by HPILC to give 0.092
1

g (3% yield of 2f as an oil. IR (neal): 1072 en” Th MR- 1 07-1.83

(96 H, m), 7.20-7.60 (40 H, m). Anal. Calecd for C_ H

96 1365"4' C, 65.31; H,

7.77. Found: C, 65.38; H, 7,85. MW: 1709 (caled for 69‘H13‘Sn4: 1763) .

Breoaration of sc@-bis(diphenvilithiostannridalkanes (.20 To s
suspension of excess lithium metal (8-10 equivalents) and crushed glass in

THE was a1dded a solution of the appropriate A_in THF (0.1-0.2 M) at room

teaperature. The mixture was hesated under a gentle reflux €for 0 § h, and

19
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_;i ? then stirred at room temperature for an additional 8 h tn give a dark green
.5
;J solution of the dilithium teagent 7. A § mL aliquot of the solution was
Y. P
{ titrated tor active base,zs but the «nd point of the titration was difficult
Lole
}j to determine due to the color of the stannyllithium reagent solution.
_5} Preparation 9i ja by Method B. A solution of dilithium reagent 73
(1.58 mmol) in THF (50 mL, 0.032 M) was added over 1 h to a solution of 1,4-
LS
:: dibromobutane (2:9 (1.7 mmol) in THF (100 mL, 0.017 M) at 0 °C. The
Pha
}E reactijon mizture was allowed to warm to room temperature. After stirring
. for 14 h, the resulting mizture was quenched, and the products were worked
]
}: up by tha procedure used in Method A. Purification of the crude product by
<
L
& reverse phase chromatography followed by recrystajlization from hezxane gave
X3
e 3.46 g (42% yield) of ta.
R s
Z% 8y similar procedures compounds 1b-1d were prepared by Method B. The
A ——— A~
Y
5: yields of recrystallized products are given in Table 1.
N
> Rrepacation of 33 by Method C. A solution of dilithium reagent 7a
pe
- (1.88 mmol) in THF (50 mL, 0.022M) was added over 2 h to a solution of
>
.,j compound JEL (1.9 mmol) in THF (100 mL, 0.019 M) at O ®C. The reaction
W, mizture was allowed to wirm to room temperature and was stirred for 18 h.
2% The resulting mixture was quenchsd ind worked up by the procedure used in
ﬁ: Method A. Reverse phise chromatography and recrystallization from
LS
2N hezane/ether (31, v:v) gave 1.08 g (43% yield) of mactncycle 2a.
” By similar procedures, compounds  2b and 2¢ were preparad by Method C.
Cg The yields of recrystallized products are given in Table 1.
Cf Acknowledgment. This work was supported by the Office of Naval
n
. Research.
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and tetrakis(diphenylstanna)- (2,A) macrocycles as a function of

carbon chain length (n).
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