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Abstract: The syntheses of macrocycles containing two diphenyl-

stanna moieties, evclo-[Ph Sn(CH )-1 (1, n * 4, 5, 6, 8, 10, 12), and

four diphenylstanna moieties, cwclo-[Ph 2Sn(CH2) -] 4 2, same n), are .

reported. CL-bis(Dromomagnesio)alkanas reacted with Ph 3SnCI to give

a,w-bis(triphenyIstannyl)alkanes which upon treatment with HEr gave O,0-

bis(bromodiphenylstannyl)alkanes (4). Compounds 4 reacted with the

corresponding chain length @(,&-bis(bromomagnesio)alkanes to give I and 2.

Alternatively, good yields of I (n a 4, 5, 6, 8) were obtained by con-

verting 4 to dilithium reagents (7) which were allowed to react with a,C-

dibromoalkanes. Good yields of 2 (n = 4, 5, 6) were obtained by first

treating 4 with CI(CH )nHgBr to give dichlorides which were then allowed
Zn

to react with 7 in a second step. Purifications of the macrocycles and

* several synthetic Intermediates were effected by preparative reverse

phase chromatography. The macrocyclic products were characterized by NHR

spectroscopy, molecular weight determinations and elemental analyses.
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Nacrocycllc and macrobtcyclic 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 includ-

ing solublization of salts in organic media, chromatographic separations

and catalysis, the dominant features of this chemistry are the size of

the cavities formed by the basic atoms of the host compounds and the fit

of cationic guests within these cavities. Little work has been reported

. concerning macrocycles containing Lewis acidic atoms which might show

selective complexing behavior as anion coordination agents or in binding

to neutral donor compounds ev.en though such compounds should also enjoy a

rich chemistry. In accord with this expectation, polyanmonium macro-

cycles have recently been shown to exhibit selective behavior in binding

2
to anions and basic donors. The use of protonated or alkylated amine-

- S containing macrocycles or macrobicycles as anion coordinating agents,

however, may show limitations with the range of solvents which can be

employed.

We reasoned that macrocyclic compounds containing tin atoms as Lewis

acidic sites could function as anion or basic neutral coordinating

species and show good solubility in organic solvents. Complexation of

tin-containing compounds which contain electron-withdrawing groups on the

tin atoms with basic donors has been widely observed, and organo-

3
stannate(IV) complexes are known. Recently, Kulvila's and Gielen's

groups have reported complexes of donors with compounds containing two

Lewis acidic tin atoms. 4 °5 Since limited examples of organometallic

compounds containing more than one tin atom have been reported, we have

established general procedures for the synthesis of a wide range of

macrocycles containing tin atoms. In this paper we describe three

. .3



related procedures for the syntheses of symmetrical macrocycles contain-

ing two diphenylstannyl moieties (1, ring size 10 to 26) or four

6,7
diphenylstannyl moieties (2, ring size 20 to 52). Our synthetic and

purification procedures have permitted the isolation of tin-containing

macrocycles in gram batches.

Results and Discussion

Scheme I shows the pathways which we have employed for the synthesis

of tin-containing macrocycles I and 2. The starting materials for each

route are the ,a--bis(triphenylstannyl)alkanes (3) obtained from the
9.q~

reaction of an s1,W-bis(bromomagnesio)alkane with Ph 3SnCI. For carbon

chain lengths ranging from 4 to 12, the isolated yields of compounds 3

were 68 to 50%. Compound 3a had been prepared previously in low yield by

Ii
a similar route. The synthesis of 1,3-bis(metallo)propanes via the

diGrignard route requires a circuitous preparation of 1,3-bis(bromomag-

12
aesio)propane which we chose not to employ, however, 103-bis(triphenyl-

5
stannyl)pxopane has been prepared, and l,3-bis(trimethylstannyl)propane

is available from the reaction of trimethylstannyllithlum with 1,3-

dibrosopropane.1

(INSERT SCHEME 1)

The conversion of the ac(W-bs(trphnylstannyl)alkanes to their

corresponding ,w-bis(bromodiphenylstannyl)alkanes (4) proved to be sore

difficult than we had expected. Bromine in CCI 4 or pyridine or phenyl-

trtimothylamonium perbromide reacted with compound 3a to give mixtures of

products which were difficult to purify. NR spectroscopic studies of

these mistures suggested that a second phenyl group was cleaved from tin

almost as readily as the first leading to mono-, di- and tri-bromination

4
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ot 3a. However, when compounds 3 were treated with 2.1 equivalents

of Hit in CH Cl at -78 "C and the resulting mixtures were allowed to

war& to room temperature slowly, we obtained good yields of the desired

dibtomides 4. Most of these products were oils which were purified by

reverse phase chromatography as described below.

There are alternative methods for the functionalisation of compounds

3. Zimair has reported the conversion of 3a to i.4-bis(iododiphenyl-

stannyl)butano, i and Cw-bis(chlorodiphonylstannyl)-propane and -butane

have been reported.

Our ability to obtain compounds 4 in good yield permitted the syn-

thesis of tin-coaitaining macrocycles by the various routes shown in

Scheme 1. In the first procedure, Method A, an Cd,(-bis(bromomagnesio)-

alkane (6) was prepared in tetrahydrofuran (THF). After titration of an

aliquot, the solution of the diGrignard reagent was diluted to 0.02-0.03

IS, and the resulting solution was added over 2 h to a ca. 0,03 11 TMF

solution of the corresponding chain length bis(bromodiphonylstannyl)-

alkane. With these reasonably dilute solutions, the macrocyclisations to

give I and 2 were possible.

Macrocycles I and 2 wore Isolated from the crude product mixtures by

prearativo reverse phase chromatography. Although analytical IPLC could

be atected with methanol or ethanol/water elution, mixtures of TNF in

acetonitrile were used in the preparative LC in order to permit dissolu-

tion of the product mixtures in 0.2-0.5 gram batches. In all cases the

bis(diphonylstanna)cycloalkanes (1) elated before their tetrakis-

(diphenylstanna) analogues (2) of twice the molecular weight; typically

tbeoC value for separation of I and 2 was about 3, and resolution of

* these products was not difficult. Other low yield products, presumably

opon-chain species with molecular weights similar to 1 and 2, eluted with



retention tines similar to the desired cyclic products. most of the

-acrocyclic products were readily recrystallized after chromatographic

purification.

Method A is a "shotgun" procedure which gives rise to nacrocycles I

in a two-component cyclization and macrocycles 2 in a four-component

cyclization. Polymerization of the growing chains competes with cycliza-

tion, and high weight compounds appear to be the major by-products in the

product mixtures. The cyclizations giving rise to the smaller rings la

and lb apparently suffer some steric strain and the yields of the these

compounds are slightly lower than those of the larger ring compounds Itc-

If (Figure 1, Table 1) even though the effective molarity of one chain

end for the other end of the chain could be relatively high. At carbon

*chain lengths of 6 atoms or more the yield of the bi(diphenylstannyl)-

cycloalkanes I are relatively constant. The yields of the tetrakis-

(diphenylstanna)cycloalkanes (2), however, dropped off rapidly when the

linking chain reached a length of 6 carbon atoms (Figure 1). In these

cases the penultinate intermediate before cyclization to 2 was a long

acycle 028 atoms), and the effective molarity for the chain ends appar-

ently had fallen below the actual molarity of the reagents. This behav-

or is in accord with that seen in other macrocyclisation reactions.
1 7

(INSERT TABLE 1)

° (INSERT FIGURE 1)

Macrocycles were also formed (in another "shotgun" reaction) when

the atSW-bis(bromodiphonylstannyl)alkanos 4 were first converted to their

corresponding dilithium reagents (7) in a reaction with lithium netal,

and then dilute THY solutions of reagents 7 were added to dilute THY

.2t-
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solutions of 01,'-dibromoalkanes 5 (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 comparable to those used in Method A and the

nucloophilic reagents were again added to the electrophilic species,

however, the yields of macrocyclic products were substantially different

than those obtained in Method A (Table 1). Specifically, we found that

the bis(diphenylstanna)cycloalkanes la-d were formed in good yields, but
-'g~ jm-

only traces (<2%) of the corresponding tetrakis(diphenylstanna) analogues

were produced.

The dramatic changes in yields of I and 2 produced in Method B

relative to those in Method A cannot be attributed to the efficiency of

formation of the nucleophilic reagents. In fact, the nucleophilic

species were formed in lower yields in Method 8; typically the total base

was 90% in the preparation of reagents A and only 75% in the preparation

of reagents 7. The high yields of I in Method U art consistent with

relatively slow reactions of the bis(stannyllithium) compounds 7 with the

aw-dibromides since higher yields of I would be expected if bulk mizing

competes with the coupling reaction. However, our lack of knowledge

concerning the structure, aggregation or reactivity of species 7 makes

further speculation fruitless.i

Methods A and B can be seen to be of limited utility in the synthe-

sis of the larger tetrakis(diphenylstanna)cycloalkanes 2. Thus, we

developed a procedure in which compounds 2 are produced in a two- rather

than a four-component macrocyclisation (Method C). Treatment of the %UI-

.1* bis(bromodiphenylstannyl)alkanes 4a-c with an escess of anao-(bromo-

* magiusio)-4-chloroalkane (formed in the reaction of an o-broo-d-chloro-

alkane with only one gram-atom equivalent of magnesium) afforded the open

.ft~ 7
.4
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n:aiin tb-icnlaro compounds Oa-c is colorless oils which were purified

by reverse phase chromatography. Subsequently, the bis(diphenylstannyl-

:- lithium. reaent's 7 at high dilution were Added to dilute solutions of

di:hlorides G. Aftet itoierse phase chrosatography and recrystallization,
-.

the isolated yields of tetrakis(diphenylstanna) macrocycles la-c obtained

by this procedure were about 35% (Table 1). The 33% isolated yield of 2c

*, obtained by Method C is an order of-magnitude higher than the yield of IC

oblained from Method A

lacrocycies 1 and 2 wcre characterized by NMR spectroscopy and

Qsmometric molecular weiaht dkeerzinations. Aceeptable e!emental analyses

for al! of the macrocycles wee obtained. H NMR spectra of the isolated

products cleaiiy indicated the yross sttuctxir4 of the macrocycles; the

molecular weight measurements permitted the Ptomplete structure assignment.

13ilecause of the symmetry of the macrocycles, quite simple C NMR spectra

were obtained. The purities of the products were apparent from HPLC as

will as from the sharp melting points, where applicable, and elemental

analyses.

Elemental analyses waie also obtained for the c,W-bis(triphenylstannyl)-

alkanes (3) Despite the fact that we purified the a,4-bis(bromodiphtnyl-

stinnIl)alkanes (4) and compounds 8, we considered these species to be reactive

intermediates and did not attempt to store them for extended periods nor did we

attempt to obtain elemental analyses or zoleetular weights of these compounds

wh:ch. with the exception of 44, were oils The identities of compounds 4 and

0 art established by theiv HMR spectra and the successful synthesis of the

fully characterized macrocyclas from these intermediates.

The use of preparativa reverse phase chromatography for the isola-

t:on of macrocycles deserves comment. Even though most of the macro-

8
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cyc!ic compounds we prepared were crystalline, no products of the macro-

cyclization reactions wete obtained pute with,'it chromatography. The

preparative phase we used was highly reproducible, retention times in

preparative chromatography were easily predicted by inspection of the

analytical HPLC chromatogram, and excellent peak shapes were maintained

at loading ratios as high as 1 gram of crude reaction mixture on 300

grams of support. further, the high initial costs of the preparative

phase were offset by the tact that after ca 50 preparative runs we saw

no change in the capacity or retention characteristics of our preparative

Coiumns

We have britfly studied some reactions of macrocycles and models in

order to determine what reagents would be appropriate for both the syn-

thesis and subsequent tunctionalization of these compounds. Triphenyl-

butyltin was found to react rapidly with an excess of n-BuLi in THF even

at -78 C. Thus the reaction of an ea,c-dilithioalkane with a bis(bromo-

diphenylstannyl)alkane would not be expected to give matrocycles in good

yield, especially If the dibromo compound was added to the dilithio-

alkane, but macrocycles containing less reactive alkyl groups on the tin

may survive such reaction conditions. When macrocycles I& and Ia were

t treated with 2.1 and 4.2 equivalents of HEr in CH 2 C 2 , respectively, in a

procedure similar to the bromination of acycles 3, IH NMR spectra of the

crude reaction products indicated good conversion to derivatives contain-

ing (bromophenylstanna) moieties with no evidence of ring cleavage. This

functionalization of the sacrocycles is a critical step required to

impart Lewis acid character to the tin atoms in order to permit their

application as anion or neutral donor coordinating hosts. The detai.ls of

these continuing studies will be reported in due course.

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

C.9



"*._' and tstrakis(dipheylstanna)cycloalkanes (2) in fair to good yields.

Macrocyclts with ring sizes from 10 to 52 atcsms have been prepared. 21

may be expected that higher yields of the macrocycles could be obtained

if an apparatus which de-livered dilute solutions of both reactive precur-

sos to a reaction vessel wei employed, but by the methods described

herein we have isolated up to gram quantities of several of the desired

Smacrocyci cI

'.,

4,.
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Lzsarimsntal section

General. All reactions of oroanolithium an4 (rignard reagents were run

in -a nitrzgen atmosphare; tiansfeis were made by syringe or cannula.

Commercial organic halides (Aldrich) were distilled before use. Triphenyl-

tin chloride (Alfa) was usod without further purification. Tetrahydrofuran

(THF) was distilled from potassium-ben:ophenone immediately before use.

"brine" refers to a saturated aqueous sodium chloride solution. Yields of

organolithium reagents and Grignard reagents used in the syntheses were

determined by tittation Gt a one mL aliquot of these solutions for active

base before addition of these solutions to the appropriate electrophi:e

The endpoints were toicily ipparent in the titrations of the Crignard rea-

gents. However, because of the zolor of the stannyllithium reagents, end-

points in these tittations were difficult to observe, and the total yield of

nucleophilic reagents found in Methods B and C below must be considered to

be approzimate.

IH KKR spectra of CDCI 3 solutions were recorded on a Varian EM 390

133
spectrometer. and C NMR spectra of CDCI solutions were recorded on a JEOL

3

PFT-l00 spectrometet; chemical shifts are reported in ppm downfield from

internal ne Si. IR spectra were recorded on a Sargent-Welch 3-230 IR
4

spectrophotometer. Molecular weights were measured on CHCI solutions, using
3

a Hewlett-Packard model 302 B vapor pressure osmometer; periodic molecular

weight measurements of standard solutions of bensil showed (5% error. In

most of the molecular weight determinations, the concentration of only one

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

25 cm columns containing Spherisorb ODS-10, and preparative LC separations

were accomplished on reverse phase C-18 bonded to silica gel (4 0,0) supplied

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

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

'. 11



standard six-way plastic valve for injection, commerical glass columns

(Ate), and an iSCO detector. Analyses were p1rformed at Texas A&M Univer-

sity or at Galbraith Labotatorias, Inc., Knoxville, Tennessee.

Preparat ion o1 *.&-bis(tr tionvlstannv)atkanisA To a suspension of 10

equiv of Mg and a small crystal of I in THF was added a solution of .e,W-

dib:omoalkane in THF (0.3-0.4 M) over 1.5-2 h at 25 0 C with stirring. After

5-8 h. a one ml. aliquot was titrated for active base; yields from the

dibromide were 75-90%. The o(,&.-bis(broomanesio)atkane1 4 solution was

separated from excess Mg by cannula transfer And added to a solution of 2

equiv of Ph 3SnCl in 'HF (1.0-1.5 f) over 2 h at 0 0C. The reaction mixture

. was allowed to warm to 25 0C, and the reaction mixture was stirred for 8-10

h and then heated at reflux for Z ft. The reaction was quenched by the

-7 addition of 50-70 aL of satd aq NH Cl solution at 0 C . The 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 aq KF solution (50

aL) and brine, and dried over anhydrous HgSO 4 . The solvent was removed jn

.vauo, and the residue was purified by recrystallization or column chroma-

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

yield of compounds 3.

1.4-bis(Trialenvistannvl)butane (3a), purified by recrystallization

from a mixture of CHI C2  and ho.xane (1:2, v:v), was obtained in 78% yield:

mp 148. 5-149 aC (lit.1 ap 149-150.5 °C). IR (Nujol): 1070 cm H NMR:
; 13C

1.30-1.60 (4 H, m), 1.65-1 90 (1 H, m), 7.10-7.53 (30 H, a). C NMR:

138.9, 137.0, 128.7, 128.4, 31.3, 10.6. KW: 734 (calcd for C H Sn 755).
40 38n2,

Anal. Calcd for C H Sn C, 63.54; H, 5.07. Found: C, 63.59; H, 5.22.4. 40 38 nZ

".5-bis(Trlonenvistannvl)oentano (3b). purified by recrystallization

from hasane or a mixture of CH2C12 and hexane (1:3, v:v), was obtained in

,€ 12

d%
°
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-I ,

..80% ?ieid: p 72-73 0C. IR (Nujol)! 1072 c - R NMR 1.20-1-.83 C10 H,

m', 7.1-7 50 (30 H, a) MW: 745 (calcd for C41H40Sn 2 ,  769). Anal. Calcd

f Hor C4 400Sn2 C, 63.94; H, 5.2. Found: C, 0041, ; H, 3&r:=.

for( C 46 0 2H

1,6-bis(Triohenvlstannvl)hftgane (3c), purified by recrystallization
WE-t

from hezane, was obtained in 68% yield: ap 84-85 C. IR (Nujol): t070 cma

1 K MR: 1.2-1.83 (12 H, a), 7.20-7.83 (30H, a). MW: 770 (caled for

C H Sn ,  783). Anal. Calcd for C H Sn C, 64.33, H, 5 40. Found:
-~ 42 42 .' 42 42 2

C, 64 43; H, 5,52.

.,6-bis(Ttiohenvistannvl)octane (3d), purified by recrystlllization

Lr~ia .1 mixture 'f hexane-ether 12:1, vv), was obtained in 70% yield up

,01 0 o.-- 1

&0 1-;04 IR (Nujol): 1070 cm H NMR: 1.00-1 80 (16 H, a), 7.13-

7.67 (30 H, a) MW- 808 (calcd for C 44H 46Sn , 8i). knal Calcd for

C 44H 46Sn C, 65.06; H, 5.71. Found: C, 6.5.t9; H, 5.8t.

1.10-bis(Triohenvkstannvl)decane (3e), purified by recrystallization

.,'.,-
from hezane, was obtained in 76% yield: ap 45-46 °C. IR (Nujol): 1074 ca

NlH NRI: 1.00-.90 (20 K, x), 7.20-7.63 (30 H, a). 836 (cald for

C4 6HoSnz , 839). Anal. Caled for C4 6 Hs Sn2 : C, 65.75; H, 6.00. Found:

C, 65.88; H, 6.08.

1. :2-bis(criohmnvlstannvl)dodecan. (3f), purified by column chroma-

tography on siliza gel with hexane elution, was obtained in 70% yield: ap

41-43 °C or oil. IR (Nujol) 1070 ca- H NMR: 1.07-1.88 (24 H, a),

7 23-7.63 (30 H, a). MW: 865 (calcd for C4 8 H 5 4 Sn , 867). Anal. CalcJ for

C 4 8 H 5 4 Sn,: C, 66.39; H, 6.27. Found: C, 66.57; H, 6.19

Preparation Lo .-w-bis(broaodiohenvlstannvl)alkanes (4). To a solution

of 3 in CH Cl (0.1-0.2 M) was slowly (2 h) added a solution of 2.1 equiv of

Her in CH Cl (0.2-0.3 K) at -78 °C. The reaction ixture was slowly
2 2

allowed to wara to 25 0 C. Attar 8-10 h, the solvent was removed in vacuo to

give a crude product Compounds 4b-f were isolated by reverse phase column

13

'a

'
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chromatography (C-18) by elution with dry CH CN or a mixture of CH CIN and
3 3

THr Compound 4& was purified by recrystallization Compounds 4 were

prepared in ca. 10 9 batches.

i.4-bis(lromodinhenlstannvl)butane (4a), purified by recrystallization

from ether. was obtained in 75% yield: ap 88-90 0 C. IR (Nujol): 1070 cm- o

1t NMR: 1.71-1.93 (8 H, i), 7.17-7.67 (20 H, a)

i.5-bis(Bromodinhinvltannvl)pentane (4b) was obtained in 35% yield as

• "-1 1i

an oil Ill (neat): 1070 cm ItH I R: 1.23-2.00 (10 H, a), 7.23-7 63 (20

H, a).

This reaction also gave 1-(bromodiphenylstannyl)-5-(triphenyl-

stannyl)pentane as an oil in 5--10% yield. This product ellited after 4b.

H KHMR: 1.30-V.93 (10 H, i), 7 23-7.70 (25 H, a).

".6-bis(Bromodiohenvlstannvl)hezane (4€) was isolated in 70-82% yield as

an oil which crystallised on standing: mp 66-69 °C. R (neat): 1070 cm

H MR: 1.30-1.90 (12 H, i), 7.17-7.63 (20 H, n).

1.8-bis(Bromodiahenvlstannvl)octan* (4d) was obtained in 50-60% yield

-- 1 1
as an oil. IR (neat): 1070 ca H NMR: 1.03-1.87 (16 H, i), 7.20-7.73

a.

(20 H, a).

l.10-bis(Hromodiohanvlstannvl)dene (4e) was obtained as an oil in 61%

m1 1
yield, IR (neat): 107Z cm H NHR: 1 07-1.87 (20 H, n), 7.27-7 70 (20

~It, m .

1.12-bis(iromodiohenvlstannlv)dodecane (4f) was obtained as an oil in

65-00% yield. IR (neat): 1073 ca H NMR 1.13-1.93 (24 H, a), 7.27-

7.73 (20 H. n).

Preuaration LL dichloridus. J.are represented by the following prep-

aration of 1.14-dichloto-5,S,10.10-tetranhenvl-S,10-distannatetradecane

"" (ia) To a suspension of Mg (0 3 g, 12.5 mg-atom) in 10 mL of THF at -10 C

14
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was added over 40 min a solution of 1-bromo-4-chlorobutaite (1.93 g, 11.2

,mo!) in 30 mL of THF. The mixture was stirred for 30 mn at 25 C and 0
aa

ain at 0 0C. A one mL aliquot was titrated for active base (fnund 78% yield

based on monometallation of the dihalide). The Grignard reagent solution

was diluted with 30 mL at THF and transferred to a dry flask by cznnula. To
'.5'

the Grignard reagent solution at 0 0C was added over 1.5 h a solution of 4a

(3.0 g, 3.9 maol) in 50 aL of THF (0.078 1). The reaction mixture was

allowed to warm to 25 a After 7 h at 25 0 C, the reaction mixture was

quenched with a satd aq MH 4 C1 solution (50 mL). The organic layer was

separated and the aqueous layer was extracted with ether (2 a 50 ml) . The

c€mbzned organic layers were washed with brine (50 mL), dried (MgSO 4), and

reduced i rerUn to give an oily product (3 g) The crude product was

purified by reverse phase chromatography with methanol elution to give 1.95

g (62%) of $a as an oil. IR (neat): 1070 ca H NIR: 1.03-1.87 (20 H,

a a), 3.44 (4 H, t, J a 7 Hs), 7.13-7.53 (20 H, a).

1. 17-Dichloro-6.&.l11.11-tetranhenvl-6. ll-dlstannaheotadeane __M_ was

prepared from 2.3 g (3 maol) of 4b. The crude oily product was purified by

reverse phase chromatography with CH3 CNITHF elution (6:1, v:v) to give 1.38
-4 3

g (56% yield) of Sb as a colorless oil. IR (neat): 1072 cm . H NYR:

.. 08-1 .3 (26 H, a), 3.43 (4 H, t, J = 7 Hz), 7.17-7.53 (20 H, a).

1.20-Dachloro-.7,.13,13-tetraohenvl-7,13-distannaeicosane U8c) was

prepared from 2.2 g of 4c (2.8 mol). The crude product was purified by

reverse phase chromatography with CH3CN/THF elution (3:1, v:v) to give 1.85

g of Se (60% yield)h IR (neat): 1070 cm 1  IH NMR: t.07-1.83 (32 H, a),

3.43 (414, t, J a 7 Hi), 7.17-7.57 (20 1, a).

.Syntheses .g uolstanna macc es. were accomplished by three methods.

Representative procedures are presented below for each method,

.,.66-Tetzaehenvi-l.6-distannacvelodecane AgAMA

15
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Ihe 4iGrionard method (Method A) To a suspension of 2 g of Mg (83 mg-atomi

and a small crystal of 12 in 50 alL of THF at 25 0C was added over 1 h aA

solution of 2.5 q of 1,4--dibromobutane (11.6 muol) in 50 aL of THF. After

* stirring for 4 h, a I aL aliquot was titrated for active base (found: 85%

of theory). The diGrignard reagent snlution was separated from excess Mg by

cannula transfer and was diluted to 200 mL (0,049 H) with THF, and the

resulting solution was added over 2.5 h to a solution of 7.0 g of 4a (9.2

umol) in 3,30 mL of THF at 0 °C. The reaction m~xture was allowed to warm to

7r C and was stirred for 10 ft. The mixture was cooled to 0 C, and

saturated aqueous NH 4l solution (100 aL) was added. The organic layer was
4

separated, and the aqueous layer was extracted twice with ether (70 mL).

The combined ethereal solutions were washed with brine (2 x 50 aL), dried

with HgSO, and filtered. The filtrate was reduced to give an oily product
4'

mixture which was purified by covets, phase chromatography with CH3CNITHF

elution to give 1.20 g of Ia and 1.58 g of 2a.

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

colorless prisms up 114-114.5 oC (lit. 9 up 96-96 0C). IR (Mujol): 1070

-l 1H
cm 1 H NHR: 1.37-1.50 (8 H, a), 1.57-2.03 (8 H, i), 7.23-7 60 (20 H, a).

13C NMR: 140.6, 136.5, 128.4, 29.3, 10.1. Anal. Calcd for C 32H 3 Sn2 "  C,

58.41i H, 5.48. found. C, 58 73; H, 5.42. MW: 654 (calcd for C3 2H3 6 Sn .

Compound 2a was recrystallized from a mixture of hexanelether (3:1,

v:v) to give 1.51 g (25.2%) of colorless prisms" up 107.5-108 0C. IR

(Nujol): 1070 cm . 1H NMR: 1.17-1.47 (16 H, a), 1.53-1.87 (16 H, in),

, 13C
1.17-7.50 (40 H, a). C NIR: 140.3, 136.7, 128.7, 128.4, 128.2, 31 6,

10.4. Anal. Calcd for C H Sn C, 58.41; H, 5.48. Found: C, 58.06, H,
64 72 4*

2' 16
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5.43. MW, 1341 (calcd for C H Sn 1313)
64 72 4

1',1,7,7-Tetraohenvl-1 7-distaitnacvcl)dodecane and

.:1 ,7,7, 3,13,19.19_Octaohenyl11,7,13.19-tetrastanna'vcotetracosane (b

wore prepared by Method A from 0.66 g (2.8 aol) of t,5-dibromopentane and

1.6 q (2.06 amol) of 4b. The crude product was separated by reverse phase

chromatography with CH3 CNIrHi elution (3:1, v:v) to give the desired

macrocycles Lb and 2b.•

Compound lb was recrystallized from hexane to give 0.26 g (18.6 %

-I
yield, of lb: up 100-101 0 C. III (Hujol): 1070 cm H NR: I 13-1.93

(20 H, a), 7.13-7.60 (20 H, a). Anal. Calcd for C 34H 4 0 Sn 2: C, 59.53; H,

74,54. found: C, 59 Z7; H, 5 78. MV: 664 (calcd for C H Sn : 686).
34 40 2a,

Compound 2b was repeatedly chromatographed (reverse phase) with

CH3 CNITHF until the sample was pure by HPLC to give 0.3 g (21.4 % yield) of
-0

oily ,2b which solidified on standing: up 68-69 C. IR (Nuiol): 1070 cm

IH HR: 1.10-1.80 (40 H, a), 7.03-7.40 (40 H, a). Anal. Calcd for

C 68H Sn4* C, 59.53; H, S.64. Found: C, 59.60; H, 5.84. W: 1364 (calcd

for C H 8oSn 1371).

,I,.8.-Tetraohenvl-l.8-distannacyclotetradecane (10 and.

,S,8 l5,15,2,22-Octaohenvl-l,.8,15,22-tetrastannacvclooctocosane (2c)

were prepared by Method A from 1.7 g (7 amol) of 1,6-dibromohezane and 4.8 g

t6 umoL) of 4c. The crude product was separated by reverse phase chroma-

tography with C 3CN/THF elution (3:1, v:v) to give the desired macrocycles

lc and 2e.

Compound lc was recrystallized from hexane to give 1.13 g (26% yield)

-j

of lc: ap 118-119 °C. IR (Nujoi): 1073 cm . H NHR: 1.20-1.90 (24 H,

a), 7 21-7.58 (20 H, a). 13C NKR: 140.5, 136.6, 128.8, 128.1, 32.4, 25.4,

9.97. Anal. Caled for C3 6 H 4 4Sn 2  C, 60.52; H, 6.21. Found C, 60.20; H,

6.16. tW: 742 (cealcd for C3 6 H 4 4 Bn 2 : 714).

17
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Compound 2e was repeatedly chromatographed (reverse phase) with

C.IHF ~aution until the samplf was pure by HPLC t% give 3.17 g (4%

-1 1
yield) of 2c as an oil. IR (neat): 1070 cm . H HMR 1.10-1.87 (46 H,

7 ZO 7,60 (4013
a), 7 ZO-7H60 (40 , a). C KKiR: 140.4, 136.7, 128.3, 128.2, 33.7, 26.6,

10.5 Anal. Calcd for C 72H Sn C, 60.52; H, 6.2t. Found: C, 60.31; H,

6.17 MW: 1395 (caled for C 2 H 8Sn 1427).

1.,10,10-Tetranhenvl-l10 .distannacvclooctadecane (Id) and

*, ,l0.O1919,2,28-octahenyl.- l0,91Y,28-tetrastanna.vclohexatricontane

2d) wore prepared by Method A from 0.73 g (2.7 man) of 1,8-dibromooctane

.nd 1.7 g (2 08 maol) of 4d. The crude products were purfied by reverse

phase chromatography with CH3CN/THF alution (3:2, v:v).

Compound Id was recrystallized trom hexane (or CH CN/THF, 5:1, v:v) to
-1~ 3

0-l
give 0.4 g (25% yield) of Id: up 92-93 °C. JR (Nujol): 1072 ca

"H NMYR: 1.18-1.88 (32 H, a), 7.24-7.61 (20 H, a). Anal. Caled for

C H Sn C, 62.35; H, 6.81. Found: C, 62.0t; H, 6.72. MV: 743 (caledC40 52Sn

for C 40H 52Sn2: 770).

Compound 2d was repeatedly chtomatographed (reverse phase) with

CH CHITHF elution (3:2,'v:v) until the sample was pure by HPLC to give 0.1 g
3

6.3% yield) of 2d which crystallized on standing: up 70-71 °C. IR

(Nujoi : !070 cm " . H NHhI: 1.10-1.77 (64 H, a), 7.13-7.50 (40 H, a)

Anal. Calcd for CsoH 1 04 Sn4 : C, 62.35; H, 6.81. Found: C, 62.06; H, 6.71.

MW: 1494 (caled for Co H 04Sn 1540).

,l.12l 2-Tetraohenvl-1.12-distannacvclodocosane (It) an

l,1.12.12,23.23,34,34-octaohenhl-1.12,23,34-tetrastannacvclotetratetra-

ontane lJ3Jt± were prepared by Method A from 1.2 g (4 maol) of 1,10-dibromo-

decane and 2.7 g (3.2 mmol) of 4s. The crude product was purified by

reverse phase chromatography with C3 CNITHF elution (1i, v:v) to give the

.mea



.d7

desired macrocy~les.

4.

Compound te was retcystallixed from hexane (or ethanol) to give 0.68 g
-1

(26% yie!d) of 1t: up 86-87 0 C. IR (Nujol) 1074 cm H NMR: 1.20-

1.90 (40 H, * o), 7.23-7.60 (20 H, a). Anal. Calcd for C44 H6 0 n2 : C, 63.93;

H, 7.32. Found: C, 64.05; H, 7.27 MW: 448 (ealtd for C 4H0 Sn 826).

Compound 2* was repeatedly chromatographed (reverse phase) with

CH3 CITHF (1:1, v:v) until the sample was pure by HPLC to give 0.18 g (7%

-1
yield) of Ie as an oil. IR (neat): 1070 cm H NMR: 1.10-1.77 (80 H,

"4 --

a), 7..7-7.50 (40 H, a). Anal. Calcd for C H Sn C, 63.93; H, 7.32
B8 120 4

round: C, 62.72; H. 7.28. 1W: 1641 (calcd for C8 8 H Sn !652).

, l.14,14-Tptraoheny-1.14-distannacvyclobieacosan (if) and

L..14.14.27.27.40,40-octaohenvl-l,14,27,40-tetrastannacvclodooent acontane

(2f) were prepared by Method A from 1.7 g (3.2 mmol) of 1,12-dibromododecane

and 3 q (3.4 umol) of 4f. The crude products were purified by reverse phase
chromatography with CH 3CNTHF elution (1:1, v:v).

Compound If was tecrystaLLit.d ftco ht&ne (or ethanol) to give 0.72 g

a-1
(Z4% yield) of If: up 91.5-92 C. IR (Nujol): 1075 cm H NMR: 1.15-

1.87 (48 H, in), 7.2Z-7.57 (20 H, i). Anal. Caled for C4 8H 68Sn2: C., 65.31;

H, 7.77. Found: C, 65.46; H, 7.73. MW: 913 (caled for C 48H 68Sn2: 882).

*Compound 2f was repeatedly chromatographed (reverse phase) with

CH3 CNITHF elution (1:1, v:v) until the sample was pure by HPLC to give 0.092

g (3% yield) of 2f as an oil. IR (neat): 1072 cm 1. H NTR: 1.07-1.83

(96 H, a), 7.20-7.60 (40 H, a). Anal. Caled for C 96H 1 36Sn C, 65.31; H,

7.77. Found: C, 65.38; H, 7,85. MW: 1709 (caled for C 96H 36Sn 1763).

25
Preparation Lofu -bis(dtnhenv|l|thiostannvl)alkanes t . To a

* suspension of excess lithium metal (8-10 equivalents) and crushed glass in

i T~l'T was added a solution ot the appropriate I in THF 0.1-0.2 M) at room

temperature. The mixture was heated under a gentle reflux for 0 5 h, and

-, 19
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then stirred at room temperature for an additional 8 h to give a dark green

solution of the dilithium zcagent 7. A I L aliquot of the solution was

23
titrated for active base, but the end point of the titration was difficult

to determine due to the color of the stannyllithium reagent solution.

Preparation o L, b Method J_ A solution of dilithium reagent 7a

t..58 mol) in THE (50 mL, 0.032 M) was added over 1 h to a solution of 1,4-

dibromobutane (5a) (1.7 maol) in THF (100 aL, 0.017 M) at 0 °C. The

reaction mixture was allowed to warm to room temperature. After stirring

for 14 h, the resulting mixture was quenched, and the products were worked

up by the procedure used in Method A. Purification of the crude product by

reverse phase chromatography followed by recrystallization from hezane gave

0.46 g (42% yield) of I&.

-y similar procedures compounds Ib-lid were prepared by Method B. The

yields of recrystallized products are given in Table 1.

Preparation IL ± LX kiqthod fL. A solution of dilithium reagent 7a

(1.88 mmol) in THY (50 mL., 0.022M) was added over 2 h to a solution of

compound 1a (1.9 mmol) in THY (100 mL, 0.01Y M) at 0 0C. The reaction

mixture was allowed to warm to room temperature and was stirred for 18 h.

The resulting mixture was quenched and worked up by the procedure used in

Method A. Reverse phase chromatography and recrystallization from

heansiether (3"1, v:v) gave 1.08 g (43% yield) of mactocycle la.

By similar procedures, compounds.|b and 2c were prepared by Method C.

The yields of recrystallized products are given in Table I-
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Table 1. Yields of Macrocyclic Products I and 2.

Compound Ring Sise Isolated Yield (%)

Method A Method B Method C

La 10 17 45

lb 12 19 30

le 14 30 21

I d 18 30 21

t oe 22 26

It 26 26

2& 20 25 <2 43

lb 24 21 *2 33

2C 25 4 42 33

2d 36 6

2e 44 7

if 52 3

]1
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Figure 1. Percent isolated yield of bis(dphenylstanna)- (1O)

4,and tetrakis(diphenylstanna)- (2,A) macrocycles as a function of

carbon chain length (n).
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