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Substituted Diether Diols by Ring-Opening of Carbocyclic and Stannylene A
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Abstract : Reduction of malonaldehyde bis(cthylene and propylene acetals) with borane or monochloroborane produces
diether diols 1 and 2 in high yield. Similar reduction of glyoxal bls(ethylene acetals) has only limited utility for the
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from disubstituted vicinal diols can be alkylated with half an equivalent of 1,2-dibromoethane to produce tetrasubstituted
t.ricthylcnc glycols 3 or wilh two equivalents of 2-chloroethanol to produce disubstituted triethylene glycols 4. © 1998

Crown ethers bearing alkyl, aryl, and functional group substituents have been used as enzyme
mimics, receptor site models, and selective ionophores.!-3 Our interest in highly substituted crown
ethers prompted the development of methodology for the preparation of substituted polyether diols 1-4
useful as acyclic precursors to these. Disubstituted triethylene glycols 4 have been prepared by others
by dialkylation of disubstituted ethylene glycols with (for example) ethyl diazoacetate/BF3-Et20, with

subsequent reduction of the resulting diester to the diol.# Where substituents are sensitive to reduction,
the dialkvlatinn ac hean accomnliched with nratactad alnaleohale and hace 5 The nrenaration of
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tetrasubstituted dietherdiols 1-3 is less direct. Synthesis has required the extensive use of protective
groups; the protection/deprotection steps frequentiy outnumber those which construct the polyetherdioi

backbone.!-5 We report here the synthesis of diether diols 14 by more direct procedures.®
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1 2a  R=substituent, R'=H 3 4
2b R=H, R'= substituent

Tetrasubstituted Dietherdiols 1 and 2 By Reduction of Malonaldehyde Bis(acetals)

Our approach to the preparation of tetrasubstituted dietherdiols 1 and 2 is conceptually simple:
they would result from the reductive cleavage of one C-O bond in each 1,3-dioxolane (or 1,3-dioxane)
ring in bis(acetals) 5. These could, in turn, be prepared from malonaldehyde (or a synthetic
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equivalent) and two equivalents of an appropriately substituted 1,2- or 1,3-diol. 7
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Unsubstituted bis(ethylene acetal) 6 was prepared in 95% yield b

<

the acid catalyzed reaction

of malonaldehyde bis(dimethyl acetal) and ethylene glycol, with azeotropic removal of methanol 7

The selective reduction of 6 to 3,7-dioxa-1,9-nonanediol (7) was initially attempted with LiAIH,/AICI5
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mixtures in diethyl ether solvent.52 However, only 8-11% yields of diether diol 7 were obtained and

no starting material was recovered. Manipulation of reaction conditions and isolation procedures
failed to significantly increase yields. The aqueous workup required to remove aluminum salts was
unacceptable, since most of the product was not recovered, possibly due to its great water solubility
and/or its being intractably associated with the aluminum salts.
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Reduction was finally achieved in high yield with 2.5 equivalents of borane-tetrahydrofuran
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Bolker to reduce monoacetals allowed us to easily produce and isolate 7 in good yields.8b Instead of
an aqueous workup, intermediate borate esters and remaining hydride were decomposed with excess
methanol. The residue after removal of the THF, methanol, and volatile trimethylborate at reduced
pressure was a 98% vyield of essentially pure 7, which could be made analytically pure by
chromatography. The use of the more electrophilic monochloroborane-dimethylsulfide8¢ (BH,Cl-

SMe») in diethyl ether solvent afforded the identical product in under 12 h at room temperature. THF

is attacked by BH,Cl-SMe; to produce (after workup) 4-chlorobutanol, a result consistent with the
abhcaruation Lot avalinc athore aro clasvad ko halahoraonae 9
observation that cyclic ethers cieavea 0y naiovoranes.’

We also prepared bis(acetals) 8-117 and reduced them in good yield to the alkyl substituted
diether diols 12-15 (Scheme I). These bis(acetals) have either a symmetry plane (6, 9, and 10) or a C;
axis (8 and 11), and consequently reduction is unambiguous: cleavage of either geminal C-O bond
produces the same diether diol. Chiral diols (25,35)-2,3-butanediol and (25,45)-2,4-pentanediol were
used to prepare the bis(1,3-heterocycles) 8 and 11; diether diol products 12 and 15 resulting from

reduction incorporate that chirality.
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a) (25,35)-2,3-butanediol; b) 1,3-propanediol; c¢) 2,2-dimethyl-1,3-propanediol;
d) (25,45)-2,4-pentanediol; e¢) BH3-THF or BH,Cl-SMe;

Reduction of Bis(themithioacetals)
We also found that bis(hemithioacetals) 16 and 17 are reduced to the dithioether diols 18 and 19
in good yields (Scheme II). Under no circumstances did we see the cleavage of a C-S bond in these

reductions. This procedure is complementary to other work!0: 1 in our laboratories wherein the C-S
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a) o-mercaptobenzyl alcohol; b) mercaptoethanol ; ¢) BH3-THF or BH,CI-SMej; d) Bu3SnH
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Diether Diois 3 By Reduciion of Glyoxai Bis(acetais)
It was anticipated that reduction of a bi-1,3-dioxolane of type 23 would produce tetrasubstituted
triethylene glycols 3, which we required as precursors to substituted 18-crown-6 derivatives.

Re 0O R R._-OHHO R
- O~ j:
R O 0~ "R R o O R
23 3
nwever the chemictru nf alunval ic more comnlicated than that af malanaldehvde The
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reaction between glyoxal and ethylene glycol produced not only unsubstituted parent bidioxolane 24

17 117

12, 153 Re
with either BH3-THF or BH,Ci-SMe; was complicated by the presence of :

but aiso tetraoxadecalin isomer 25 as a 7:3 mixture (Scheme IiI).5 duction of this mixture

25: the bidioxolane 24
reduced cleanly to triethylene glycol (confirmed by the reduction of a pure sample of 24 obtained by

fractional recrystallization). However the tetraoxadecalin 25 can yield triethylene glycol if bonds

", Il

labeled "a" and "b" are cleaved; but also dioxane and ethylene glycol if bonds and "c" are reduced.

The latter appears to be the more favored mode.

Scheme 111 ,a
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Sprung and Guenther!2 have reported the preparation of acetals from glyoxal and several diols
(including 2,3-butanediol), but the analysis of the bidioxolane and tetraoxadecalin products was
complicated by the formation of polymers. We reacted one equivalent of 40% aqueous glyoxal with

two of a mixture of racemic and meso 2,3-butanediol and isolated a 75% yield of a 1.1 mixture of
ribe work
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unsubstituted parenis 22 and 23, or of the acetals derived from butanediol and malonaldehyde (within
24 h by BH3-THF at THF reflux, or within 5 h by BH,Cl-SMe; at ambient temperature in diethyl
ether). By comparison, no reduction of isomers 26 and 27 was observed in BH3-THF after eight days
at THF reflux. BHCl-SMe; at diethy! ether reflux effected reduction, with isomer 26 reacting faster
than 27: after 48 h the 'H NMR spectrum of the reaction mixture indicated the disappearance of the
bidioxolane 26 acetal methine singlet at § 4.74 ppm, the appearance of signals corresponding to
product triethyleneglycols 28, and the persistence of tetraoxadecalin 27. The reaction resulted in the

isolation, however, of only a 27% yield of diastereomeric products 28
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Lithium Ion-Assisted Formation of B
Chact nhcecory,

Chastrette” observe
bidioxolane acetals, and used this to separate a mixture ¢
attempts to separate tetramethyl bisacetais 26 and 27 by this method were only modestiy successfui
(we were able to separate only 20% of 26 contained in the 1:1 mixture). We, however, found useful
result in controlling the bidioxolane:tetraoxadecalin ratio by running the acetalization reactions of
glyoxal and 1,2-diols in the presence of lithium perchlorate. Chastrette reports that their attempts led
to "considerable resinification"”, yet we found that lithium perchlorate increased the amount of
bidioxolane 26 at the expense of tetraoxadecalin 27. However, increasing the amount of perchlorate

magnesium or sodium perchlorate led to lower yields.

A large excess of glyoxal in the acetal-forming reaction, whose stoichiometry requires a 2:1 ratio
of diol to glyoxal, also gave useful results. The reaction of 2 equivalents of 2,3-butanediol with up to
2.5 of glyoxal (a 150% molar excess beyond that required by stoichiometry), gave us a 74% yield of a
9:1 mixture of 26:27. Tt appears that the excess glyoxal allows for easier equilibration of the reaction
mixture, and that the complex of 26 (or an intermediate leading to 26) with LiClQy, is the more stable
product in the reaction mixture. Increasing the amount of glyoxal further did not increase the relative
eater yield of product (cf. Table, entries 5-7).

1€1d Of Livi, L4iiie, oy J

amount of 26 nor result in a
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Table. Reaction of 2,3-butanediol with glyoxal to produce bis(acetals) 26 and 27

Eniry Equivalents of Starting Materials Products
Combined| Ratio of
Diol Glyoxal LiClO4 % Yield | Bidioxolane 26: Tetraoxadecalin 27
i 2 i 0 86 1 1
2 2 1 0.5 64 7 3
3 2 1 1.0 73 8 2
4 2 1 2.0 31 6 4
5 2 2.5 1.0 74 9 1
6 2 3.1 1.0 70 9 1
7 2 4.0 1.0 46 9 1
8 2 2.5 0 ——-- 0 0
9 2 25 0.3 75 9 1
10 2 2.5 0.5 83 9 1
i1 2 2.5 0.8 79 9 i
12 2 2.5 1.0 74 9 1
13 2 2.5 1.2 64 9 1

The effect of lithium perchlorate on the course of the reaction of diol with 2.5 equivalents of glyoxal is
profound (Table, entries 8-13). In the absence of lithium perchlorate, the reaction produced no

bidioxolane 26 nor tetraoxadecalir

-

27 but rather a mixture consistent with the presence of glyoxal

v}

e
-
|2

onoacetals 29 and 30. Ast
ratio of 26:27 increased to 9:1 and the combined yield of 26 and 27 increased from O to 83%. As
lithium perchlorate was increased beyond 0.5 equivalent, the 9:1 ratio of isomers 26 and 27 persisted,
but the total amount of monomeric products decreased; consistent with Chasterette's observation that

[excess] perchlorate salts promote polymerization.”

HiC, O H HxC. O, _OH H3C o OH
3 Y“ U 5 5 \r\\_/un
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235w 23
It mav he Likely that hidiavalane 28 or an intermediate laading tn it nrme a 2°1 comnlay wit
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equivalents of 26 may provide a hexacoordinate environment for the cation. The same effect may be
observed with the possible intermediates: 1,2-dioxolane-2-carboxaldehyde or its hydrate 29.14
Tetraoxadecalin 27 cannot readily complex lithium. Models of the rigid trans and the more flexible
cis isomer of 27 imply that at best it could be a bidentate ligand, as only two oxygen atoms are
geometrically situated for such coordination. The 'H NMR signal corresponding to the methine proton
of bidioxolane 26 shifts upfield from 5.02 to 4.96 ppm (5.4 Hz) when LiClOy4 is added to a mixture of
the bisacetals in toluene solvent. We prepared 4,5-dimethyl-2-hydroxymethyl-1,3-dioxolane (31)

H NMR peak shift of the methine proton from 5.00 ppm to 4.96 ppm, consistent with the

assumpuon that intermediaies 1edcnng o bidioxolane 26 may f

c
We observed no corresponding shift in the tetraoxadecalin 27 methine signal.
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ynthesis o
chiral bidioxolane 32 as substrate for reduction. Surprisingly, when we used (25,35)-2,3-butanediol to
produce 32 and tetraoxadecalin 33, the acid catalyzed reaction of two equivalents of the chiral diol and
one of glyoxal gave a 20:80 mixture of bidioxolane 32 and tetraoxadecalin 33. This low production of
32 was quite surprising, since the racemic/meso mixture of 2,3-butanediols reacted with glyoxal to
yield a 50:50 mixture of the isomers 26 and 27 in the absence of lithium perchlorate (cf. the Table).
The trans-fused isomer of tetramethyltetraoxadecalin 33 bears two methy! groups in obligate axial
positions. This made us anticipate an increase in the relative amount of 32. We observed the opposite,
1mnlvmg that (285,35,6S5,75)-2,3,6,7-te amethyl-1.4 5 8-tetraoxadecalin (33) may be cis-fuse

4
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-
=
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115 Hal (£, 00, U0, 10 774,0,L A&7 ) A2 2. 1233

isomer has all methyl substituents in quatorlal poqmom and is possibly less disfavored (relative to
2 £,

15 . S
.52 AS DCfUI'C, the LOII]prlllOH

PR, AT b

thy
of the reaction mixture was manipulated by the use of 0.5 equivalents LiCiO4 and 2.5 of giyoxali to
generate (45,4'S,58,5'5)-4,4',5,5'-tetramethyl-2,2"-bi- 1,3-dioxolane (32) as the major product: these
conditions produced a 74% yield of an 83:17 mixture of 32:33.13

vy n\ Ll,r“~~ NLI 1IN CH?)

PR POl N S - ,[ N nur

H3C,LO O/l b CH; * HSC’LO/I\ O/l h CH, H;C @) 0o~ " CH;
32 33 3a

That chiral butanediol forms less bi-1,3-dioxolane than does a mixture of diastereomeric (racemic
and meso) 2,3-butanediols may be a consequence of the presence of the meso diastereomer. Its
incorporation appears to destabilize the tetraoxadecalin isomers 27, resulting in the relative increase in
the amount of bidioxolane 26: the various cis- and trans-fused tetraoxadecalins 27 which incorporate
one or two meso diol units result in structures which have one or two axial methyl groups The

ur methyl groups in axial position; one all equatorial; and the third has one
methyl in an axial position. The reaction of two equivalents of the same diol enantiomer and glyoxal
forms a trans isomer with two axial methyls, but the cis isomer has all of them in equatorial positions.
The overall effect when racemic and meso diols are used is the general increase in the relative amount
of 26 and concomitant decrease in 27.

We took as corroboration of the assumption that axial substituents destabilize tetraoxadecalins

relative to bidioxolanes the observation that the acid catalyzed reaction of 2.3-dimethyl-2,3-butanediol

with glyoxal produces an 80% yield of a 72:28 mixture of 34 and 35.13 Here axial methyl groups are
. a
obligatory in both tetraoxadecalin isomers 35. The use of LiC}Oq and excess glyoxal resulted in a

yield (74%) slightly lower than in the salt-free case, but with a more favorable 88:12 ratio of
bidioxolane 34 to tetraoxadecalin 35.

CH; H:C

3¢ _ CHj PhCH,OH,C . ety T Ta
20H,C CH,OCH,Ph
<t s T
H;C CHy WO g T 9 pcmone”~d 07 "CH0CH, Ph
34 CHj; H3C CH3

34 35 36
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Reduction of the tetramethyl bidioxolane-rich mixture of chiral 32 and 33 (83:17) with BH,Cl-
CRAA- ~nmmrnday saendianad MACACO0COC 2O Ale bl AT 1o A0 Ao o1 1 /216 1 £207 icmloan
DVie) COMpIEX Produced (<v,33,00,%3)-3,0-aimetnyi-4, /-dioxa-z,9- decanediol (3a):® in 63% isolated

1 1

yield. As noted before, the bidioxolane 32 reduced faster than its isomer 33. Thus after the reduction
of 32 was completed, the reaction was stopped and the mixture of diether diol 3a and unreacted 33 was
separated by column chromatography.

Unfortunately, this approach was not, in our hands, general for the preparation of tetrasubstituted
triethyleneglycols 3. While reasonable yields were obtained in the reduction of 32 to the dietherdiol,
3a, BH,Cl-SMe; was unsuccessful in reducing more hindered bidioxolanes 34 and 36.

Tetra- and Disubstituted Triethyiene Glycols 3 and 4 From Stannylene Acetal Precursors

We have found that tetrasubstituted triethylene glycols 3 and disubstituted 4 may be prepared
from organotin derivatives of substituted ethylene glycols. Organotin alkoxides are useful synthetic
intermediates in that the oxygen is more nucleophilic and less basic than in the parent alcohol.!”?
Stannylene acetals have been used primarily in carbohydrate chemistry to effect selective alkylation of
particular hydroxyls in molecules wherein several are present.18 Also, it has been reported that while

acylation of both Sn-O bonds is common, 19 alkylation is generally limited to mono-, and then only

G

We have observed monoalkylation of 2,2—dibutyl~2—stannav1,3-dioxolanes 37 with 1,2-
dibromoethane to acyclic products 38, which are subsequently destannylated to the tetrasubstituted
triethylene giycols 3, Scheme IV. For example, heating a neat mix of two equivalents of 37b (R=
CH,0OCH;Ph) and one equivalent of ethylene bromide at 110° resulted in the alkylation of one Sn-O in
each stannylene acetal to produce the bis(dibutylbromostannyl) dialkoxide 38b (Z= SnBujBr).2! This
was destannylated by passage through a column of silica gel to produce tetrabenzyloxymethyl
triethylene glycol 3b in good yield. The destannylation can be accomplished alternatively by reaction
of the intermediate bis(dibutylhalotin alkoxides) 38 with oxalic acid.22

Scheme IV z z
R. O O R
R, _oH R ¢ M 7 Y
~~OH  BuySnO ~ - Q Br  Br Jo P!
I — ,SnBuy ——————— R (0] 0” "R
OH -H0 R” -0 A \_/
38 Z=SnBu;Br
R=CH3 37a 92% 3a Z=H 5%
R= CH,OCH;,Ph 37b 90% 3b Z=H 71%
R= CO;CH3 37¢ 95% 3c Z=H 82%

Noteworthy is the preparation of tetra(carboxymethyl)triethylene glycol 3¢ from (R,R) dimethyl
tartrate in an overall 78% yield. While the preparation of triethylene glycols having a similar
substitution pattern has been reported, the present method avoids the many protection/deprotection
and the use of toxic thallium alkoxides to effect alkylation. 5a Indeed, our organotin approach

5 ' s Py 2 1 AR vl Uls5allutill

Surprisingly, the reaction of dimethyl stannylene acetal 37a and 1,2-dibromoethane produced

-dimethyl-1,4-dioxane23 as the major product, and after destannylation of the non-volatile residue,

N
U)
0.
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only a 5% yield of (25,35,85,95)-3,8-dimethyl-4,7-dioxadecane-2,9-diol (3a), identical to the sample
...... =l Lo s DITT M1 OR S Aszmtione ~L3 oL _Fo. P L /L I\ LN N L L LR | L
Picpdica vy UIC DIT)LUI-O2I1vIC) reaucuon o1 54, UIC glyOXdl Dis(dacCeldl) O1 \AD,JD ~-4,3-Dutaneaiol. ne

reactions appear to foliow the outiine in Scheme V, with the product composition determined by the
competition for intermediate 39 by either the second equivalent of 37 to produce 38; or by internal
alkylation to produce dioxanes 40. While monoalkylation of 37 is generally observed, internal

dialkylation to produce the dioxane 40 is possible and appears dependent on the nature of the
substituents R.

Cabineren 17
Scheme V
R._ O
Bu,BrSn PR BusSnBr; + ]/ j 40
R A | R” 0
ro\ Br Br R\I/O
SnRuyy ——————————a-
.SnBu; > —
RJ\ o A * o Re Bu,BrSn SnBrBu,
\J/ R. _O O._R
> 1 38
37 39 37
R 0 0~ "R
\ g

Dialkyiation of the stannylene acetals 37 may also be limited to the formation of six-membered rings.
The use of 1,3-dibromopropane resulted only in monoalkylation of two equivalents of stannylene
acetal 37a to produce (25,3S,95,105)-3,9-dimethyl-4,8-dioxaundecane-2,10-diol (12) (after destanny-
lation of intermediate 41 with oxalic acid), identical to the product from BH,Cl-SMe; reduction of

malonaldehyde bis(acetal) 11 (cf. Scheme I). We detected no corresponding 2,3-dimethyl-1,4-
dioxacycloheptane.

Br Br Buy Brbrll .anrBuz
HC. g vz HiC. O O _,CH H;C. __OH HO._,CH
< N oy O (Coo), N e
SnRiis - J\ /L - "\
| ,SmBu - e
H;C" =0 A HyC (E j) *CH; CH3;CN H3C :])\ j) “CH,
~N N
37a 41 12
The use of organotin intermediat u ted an alternative synthesis of disubstituted

es also sugges
triethylene glycols 4. Bistributylstannyl ether 4223 was prepared with the intent of dialkylation with
two equivalents of 2-chloroethanol to produce dimethyitriethylenegiycol 4a (R= CHz). However, the
reaction product consisted of a 42% yield of a mixture of 4a and (45,55)-4-methyl-3-oxa-1,5-
hexanediol (43), the product of monoalkylation. The remainder of the chloroethanol was presumably
lost as ethylene oxide by a competing process which requires initial exchange of a tributylstannyl
group from 42 to chloroethanol, and subsequent internal alkylation24 of that intermediate to generate
the epoxide and tributyltin chloride. This result was not unexpected in that tributyltin ethers are prone

to exchange among oxygen nucleophiles, and also to slow hydrolysis with atmospheric moisture.

OH OH HO.
e 'l ~N
, o — L L
H3C.__OH (Bu3Sn)0 H3C. - OSnBu3 Cl OH QO OH N Q O
is 4 rwI OH HHFI OSnBU3 A Tr n' T 7 r‘l ey
n3- A23 nsc [ 3 &t e A 2 &}
42 43 4a
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chloroethanol, of 37a (R= CH3) to (4S 55)-4-methyl-3-oxa-1,5-hexanediol (43) in 93% yield after
destannylation of the intermediate chlorodibutyltin alkoxide (44a, R=CH3) on silica gel. However, at
170 °C we observed dialkylation of 37a to (45,55)-4,5-dimethyl-3,6-dioxa-1,8-octanediol (4a) in 84%
yield. While the diacylation of stannylene acetals is well documented, 19 this report shows that
dialkylation with monohalogen compounds is also possible, and synthetically useful. The second Sn-O
bond of stannylene acetals is not inert towards alkylation, but considerably less reactive than the first .
Earlier reports describe the solution chemistry of stannylene acetals, and the sequential dialkylation of

3 \wh (1 8 ) SULULIVUIL LU ¥

Sn-O bonds in stannylene acetals with monohalides is rarely observed, possibly because the reaction

temperature was limited by the solvent.20
Scheme VI
OH OH H
R._o \ E I\ E
T Nen Cl  OH o Cl OH ~
| ,SnBup —_—— [¢] OSnCIBuy - R g
R (0] A \ / A -
TN PR §
R R R R
37a R=CHj 44 4a 84%
37 R=CHCCHsPh 45 80%
37¢ R=C H 4c 78%
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Experimentai
Meltino nainte are ranarted uncaorrected  Solventg were dried hv standard methods and used after

AVAVIUILAE PVIMILS @GUv WP VLIV MUV UIL VIV, WV ventis were aried V) SRaUGn e JLUANVNS QI WRORA GaRNl

distillation. Glassware was dried overnight in a 140 °C oven. Reactions were stirred magnetically and
run in a dry nitrogen atmosphere, except where noted. Chromatographic separations were performed

on silica gel by flash chromdtography/-’ or radially accelerated thin layer chromatography 28 Nuclear
nn

nnnnnnnnnnnnnnnnnnnnnnnnnnn anendad at 90 AMId> \awrian ERM_200) ~r 200 mn_tr, mn

luagucub resoiaiice spectia were recoraea IVINZ { vafian Livi-55v) Of S5uu Vi Loruc

MNhaniiaanl chifite ara ranmArtad 8 yaliiag

Cneiiiicai sniIts aie répoiiea in o values (ppxu) St
spectra were recorded on a Perkin-Elmer 1600 FTIR; only selected absorptions are reported. Since
many reactions are similar, only representative examples are presented.

A totr 1 1
o tetramethylsilane m"’mal standard. Infrared

Preparation of bis(acetals). Malonaldehyde bis(acetals) 6, and 8-11, and =bis{h°m1{h:oacetals) 16
and 17 were all prepared as illustrated below for 8. leoxal bis(acetals) were prepared as in the

example below for 32 and 33. Bis(acetals) 6, 9, 24 and 25 and bis(hemithioacetals) 17 and 21 have
been previously reported; our samples exhibited consistent physncal propemes 7,11 Analytical data are

e RFBTE TRTERCETS Py | P

pl'OVl(lc(l OIHy IOI' new Lumpuunua l llC )’lﬁlu‘! WCIC pIoseIica ifi mc D\chlllcb

Malonaldehyde bis[(S,S)-1,2-dimethylethylene] acetal (8). A solution of 0.135 g (0.82 mmol)
malonaldehyde bis(dimethyl acetal), 0.129 g (1 .43 mmol) of (2§,35)-2,3-butanediol, and .02 g of p-
toluenesulfonic acid in 25 mL of toluene was heated, and the toluene-methanol azeotrope (64 °C)
removed by distillation. After the head temperature rose to the boiling point of toluene, the reaction
mixture was cooled; diluted with 20 mL dry diethyl ether; the acid catalysl neutralized by addition of

solid NaHCO3; and filtered. The solvent was removed at reduced pressure and the residue
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chromatographed on silica gel to give 0.120 g (77%) of 8 as an oil: !H NMR (CDCl3, 90 MHz) 3 1.30
(d 12H) 1.95 (3 2H), 3.50 (m, 4H), 5.10 (t, 2H). Anal. Calcd for C;1H004: C, 61.09; H, 9.32.

N A&
Found: L, 61. Ul n .40,

Malonald h de bis

1.20 (s, 6H), 2
Found: C 3 7

a aNaYaaN

Z-di thvl onviene)
50 (t, 2H). nal. Calcd for C

dimethyl )_,, E.-

is( cetal (10). 'H NMR {("‘T)Cl
( ) 3.45 (m 13

6; H

Malonaldehyde bis[(S,S)-1,3-dimethylpropylene] acetal (11). 'H
(d, 6H). 1.30 (d. 6H). 1.70 (m. 6H). 4.10 (m. 4H). 4.75 (t. 2H). An

Ay VR, W \My ULig, IN7 \111y UERJy WA \Lily TARJ, TA T Ly LL1). Anai

Found: C, 63.68; H, 9.78.

HN
al

oZ

R (CDCl3, 90 MHz) § 1.15
O an

, 83.71, 01, .)v.

Di[2-(5,6-benzo-1,3-oxathianyl)lmethane (16). 'H NMR (CDCl;, 90 MHz) § 2.38 (br t, 2H), 4.87

(s, 4H), 5.48 (m, 2H), 6.7-7.2 (m, 8H). Anal. Calcd for C17H1602S7: C, 64.5; H, 5.10. Found: C,
64 18- H 520

T AUy Ahy ek

(4S 5S)-4 5- dlmethyl-2 hydroxymethyl-l 3-dioxolane (31) A solution of 0.925 g (10.3 mmol) of
(8,5)-2,3-butanediol and 0.678 g (5.65 mmoi) of giycolaidehyde dimer in pentane, and a cataiytic
amount of p-toluenesulfonic acid was refluxed with azeotropic removal of (.16 mL water (Dean-Stark
trap). Solid sodium bicarbonate was added to the reaction mixture, stirred 5 min. and then filtered.

The solvent was removed by distillation to give 1.273 g (94%) of 31 as an oil: |H NMR (CCly, 90
MHz) & 4.95 (t, 1H, J=2.7 Hz), 3.52 (q, 2H, J=5.2 Hz), 3.42 (d, 2H, J=4.5 Hz), 3.00 (s, 1H), 1.22 (t,

6H, J=4.5 Hz); IR (neat) 3467 cm-l. Anal. Calcd for C¢H;203: C, 54.53; H, 9.15. Found: C, 54.72;
H, 9.24.

(45,4'S,58,5'S)-4,4',5,5'-Tetramethyl-2,2'-bi-1,3-dioxolane (32), and (2S,3S,6S,75)-2,3,6,7-
tetramethyl-1 4,5,8-tetraoxadecalin (33) A mixturc of 2. 934 g(32.6 mmol) (S S)(+)-2 3-butanediol
6.274 g (43.2 mmol) of giyoxal (40% in water), 40 mL of toluene, 0.866 g (0.0081 mol) of lithium
perchlorate, and catalytic amount of p-toluenesulfonic acid was heated azeotropic removal of water for
2 h, by which time 4.05 mL of water had collected in a Dean Stark trap. The solution was cooled, then
ncutrdhzed by stirring 15 min with solid NaHCO3. The solids were removed by filtration, and
lven hromatography on silica gel gave 2.430 g (74% yield)

1
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nal. Calcd for CjgH804:
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LI F R I T, T R} -uchuur,iu_yl-‘.,l. =Di-1,0-Gi0X01a0E (J%), ald 4,4,5,3,0,0,/,/-0ClaniCulyi- 1,4,5,0-
$atrnneandaaallo | NIAA QN AALT-\. 8 1 NE T MY (amn AKE (o
whiwraoxaaccani Al nzj). O 1.vo-1..v 4.00 3,

o FaY I..
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t !929 and 2111 which are known S
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(2S,3$ 9S ll)S) 3,9- Dlmethyl -4,8-dioxaundecan-2,10-diol (12) A solution of 0.120 8 (O 55 mmol)

OI telramemyl mdlondmenyae DIS(emylene aCC[al) 5 m lU mL (ll'y | | l'i_l" was COOle(l {o U L I‘IVC mL
of 1M BH»-THF r*nmnlmt (Aldrmh Chemical Co. \ were added rlrnpwmp The mixture was stirred 10

or 1M P23 %)

min, allowed to warm to room temperature, and then refluxed 96 h. The mixture was cooled to 0 °C,
and 2 mL of methanol were added dropwise. Volatiles were evaporated at reduced pressure to give
(97%) of ssentially pure product as a colorless oil. An analytical sample was prepared by

(=9

g

"

0

L ¢
~

O F

2,2,10,10-Tetramethyl-4,8-dioxaundecan-1,11-diol (14). 'H NMR (CDCl;, 90 MHz) 3 0.83 (S,
12H) 1.75 (m, 2H) 2.70 (br s, OH, 2H) 3 ll (s 4H) 3.22 (s, 4H), 3 44 (t 4H); IR (neat) 3300 cm!

Anal. Caled for Cy3Hpg04: C, 62.87; H, 11.36. Found: C, 62. 6 11.57.

-
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(25, 4, 108, 125)-4,10-Dimethyl-5,9-dioxatriundecan-2,12-diol (15). !H NMR (CDCl;, 90 MHz) &

1.05 (d, 12H), 1.65 (m, 6H), 3.1- 3.9 (m, 10H, including 2 OH); IR (neat) 3475 cm'!. Anal. Calcd for
Ci3H2804: C, 62.87; H, 11.36. Found: C, 62.59; H, 11.48.

1,5-Di(o-hydroxymethylphenyl)-1,5-dithiapentane (18). 'H NMR (CDCl5, 90 MHz) § 1.92 (p, 2H),
2.14 . V. 3.03 (t. 4H). 4.7 ) 7.4 (m. 8H): IR (neat) 3340 cm-!  Anal Caled fo
14 (br s, OH, 2H), 3.03 (t, 4H), 4.70 (s, 4H), 4 8H); IR (neat) 3340 cny Anal. Calcd for

(25,35,85,95)-3, 8-d|methyl -4,7-dioxadecan-2,9-diol (3a). A solution of 0.385 g (0.0019 mol) of a
83:17 mixture of isomer tetramethvld;gxolzing 32 and tetramethvltetraoxadecalin 33 in 10 mL of dry
diethyl ether was cooled in an ice bath. Dropwise addition of 3.13 mL (0.0304 mol) of 95% BH,ClI-
SMez (Aldrich Chemical Co.) was followed by 24 h reﬂux The reaction mixture was cooled in an 1ce

| SN % A <% -
Udul, auu U uu. uwmauw W¢EIT dUUCU ULUPWIDC V Uldlllbb WEIC LVdel d.l.CLI at lCUULCU plt:“um dHLl l.llt:

residue chromatographed on silica gel to give 0.247 g (63% yield) of diether diol 3a: 'H NMR (CCly,
90 MHz): § 1.07 (d, 12H, J = 4.45 Hz), 3.03-4.00 (m, 10H); IR (neat) 3420 cm!. Anal. Calecd for

aVaiid) i, Laljy JASD VNS (\Aisy AAAJ, ARN T/ Widd . 4L RAEGRL. SV AV

Cl()H2204 C 58. 23 H, 10.75. Found: C, 58.29; H, 10.58.

Preparation of stannylene acetals 37. Stannylene acetals 37a30 and 37¢3! have been previously
reported. (45,55)-2,2-Dibutyl-4,5-(dibenzyloxymethyl)-1,3-dioxa-2-stannolane (37b) was prepared
as follows: A mixture of 6.35 g dibutyltin oxide (25.1 mmol) and 7.54 g (25.1 mmol) (S,5)-1,2-
(dibenzyloxymethyl)ethane-1,2-diol32 was reacted at toluene reflux 12 h with azeotropic removal of
water. Cooling to room temp precipitated 37a as a colorless crystal. Recrystallization from hot
toluene gave 11.98 g (90%): mp 93.5-95.0 °C; 1H NMR (CDCl3, 90 MHz) 0.68-1 60 (m 18H) 2.86-

. . na alad fae O €0 §£. 1T
3.86 (i‘i“n, 6H), 4.40-4.58 (ul, 4H), 7.15-7.31 (ul, 10H) Anal. Calcd for \,}_01155\)4011 C, 58.56; H,

7.18. Found: C, 58.70; H, 7.01.

(25, 38, 85,95)-1,9-di(benzyloxy)-3,8-di(benzyloxymethyl)-4,7-dioxadecane-2,9-diol (3b). A neat
mixture of 0.800 g (1.50 mmol) of 37b and 0.141 g (0.75 mmol)o of ethylene bromide was heated at
110° for 12 h. The mixture was cooled and the residue passed through a column of silica gel to give
0.336 g (71%) of 3b. 'H NMR (CDCl3, 90 MHz) & 3.2-3.9 (m, 18H), 4.42 (m, 8H), 7.20 (s, 20H); IR
(neat) 3566, 3450 cm!. Anal. Calcd for C3gHy60g: C, 72.36; H, 7.35. Found: C, 72.64; H, 7.51.
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1.06 (d, 6H, J=6 Hz), 3.65 (m, lOH), 3.96 (s, 2H), IR (neat) 3435 cm-l.

(4S,55)-4,5-di(benzyloxymethyl)-3,6-dioxa-1,8-octanediol (4b). 'H NMR (CDClj3, 300 MHz) § 3.60

(broad m, 16H), 4.47 (d, 4H), 7.25 (s, 10H); IR (neat) 3436 cm~!. Anal. Calcd for C23H3006: C,
67.67; H, 7.74. Found: C, 67.91; H, 7.50.

(4R,5R)-4,5-di(carbomethoxy)-3,6-dioxa-1,8-octanediol (4c). Produced at 140 °C. lH NMR

(CDCl3, 300 MHz) $ 3.3-5.0 (m including br s at 3.65, 18H). IR (neat) 3490, 1752 cml. Anal. Calcd
for C1gH130g: C, 45.11; H, 6.81. Found: C, 45.27; H, 6.97.



R. Martinez-Bernhardt et al. / Tetrahedron 54 (1998) 8919-8932 8931

REFERENCES AND NOTES

ol § ¥4 oYY s T -

I.  Gokel, G.W.; Korzeniowski, S.H. Macrocyciic Poiyether Syntheses; Springer-Verlag, New York,
1982 .; Frnwn Compounds: Toward Future Applications: Cooner. S.R Ed.; VCH, New York

204, Lerlss, 2 UWLRIL I e FILUEEUTIDy N VUVUPVEy W elNe Ruliey YV Xk, 1YL WY ViR,

1992, Zhang, X.X.; Bradshaw, 1.S.; Izatt, R. M. Chem. Rev. 1997, 97, 3313.

Voegtle F.; Weber, E. Host Guest Chemistry/Macrocycles Springcr Vcrlag New York, 1985.
izait, R.M.; Christiansen, J.J. Eds. Synthesis of Macrocycles: The Design of Selective Complexing
Agents; Wvlev Interscien g : New York, 1987.

Dyer B.R’; Metcalf, D.H; Ghlrardelll RG Palmer, R.A.; Holt, EM. J. Am. Chem. Soc. 1986,
108, 3621.

a) Dutton, P.J.; Fyles, T.M.; McDermid, S. Can. J. Chem. 1988, 66, 1097; b) Fyles, T.M. ; Kaye
K.C.; James, T.D.; Smiley, D.W.M. Tetrahedr(m Lett. 1990, 1233; ¢) Cg_rmgch_agl V.E.: Dl_![l_’nn
P.J; Fylcs T.M.; James, T.D.; Swan, JL.A.; Zojaji, M. J. Am. Chem. Soc. 1989 111 767; d)
Sasaki S.; Koga, K. Heterocycles 1979, 12, 1305.
Draliminary manmaeste marte ~Af th el o A

ri¢iiminary reporis of paris o1 this work have been made: a Ca tro, P. P,
Gutierrez, C. J. Org. Chem. 1988, 53, 5179; b) Godjman G Wang, V.R.; Ay ala AM
Martinez, R. V.; Martinez-Bernhardt, R.; Gutiérrez, C.G. Tetrahedron Leitt. 1996, 33
Chastrette, F.; Hassambdy, M,; Chastrette M. Bull Soc Chzm Fr. 1976 601.

Several r reagents effect 1cdu»uvc cleave C O bonds in at,_yuu, acetals to form

ct
alcohols from cyclic acetals: (a) LiAlHy- Lewis Acids: Eliel, E.; Badding, V.G.;

J. Am. Chem. Soc. 1962, 84, 2371. Jomak D.; Kosikova, B.; Kosakova L. Coll.
Commun. 1978, 43, 769. Ishikawa, H Mukalyama ”I Bull Soc. Chem. Jpn. 19

/Wy DLT UE l_'.‘l nnnnn N . D .. ) - Y QQn. M. T S,
V) briz-inr. r 15“11115, D., DOIKCT, ﬂ l \,un J LHCIH 171‘1, JL, 007, wan. J. ©

h
2818. (c) BHq("l B()nner T.G.; Lewis, D.; Rutter, K. J. ('hpm Soc. Perkin Tr

1807. (d) H, over catalysm Flemmg, B; Bolker HI Can. J. Chem. 1976, 54, 685 Howard
W.L.; Brown, J.H. J. Org. Chem. 1961, 26 1026. (e) NaBH4-HCl: Horne, D.A.; Jordan, A.

Tetrahedron Lett. 1978, 1357. Kloosterman, M.; Kuyl-Yeheskiely, E.; van Boom J.H. Recl.
Traov Chim Pave-Rac 1088 1N4 701 {f\ T\Tnnu OCR_ NN T\Iutnfn (M E: (lrkhhla (T W

AT AYe dbbilbe 1 RYOTLIAD ATTdy IVUTy L71. \1) 1‘au114-\,j 3\.4\1\_111 LNULALILLD, .. J. , JLIUULC, UF. VY,

Org Prep. Proc. Int. 1985, 17, 11. (g) Zn(BH,),-SiMe&;Cl: Kotsuki, H; Ushio, Y.; Yoshimura,
N.; Ochi, M. J. Org. Chem. 1987, 52, 2594. (h) R3SiH: Tsunoda, T.; Suzuki, M.; Noyori, R.
Tetrahedron Lett. 1979, 4679. Olah, G.A.; Yamato, T.; Iyer, P.S.; Surya Prakash, G.K. J. Org.

Chem. 1986, 51, 2826. Doyle, M.P.; DeBruyn, D.J.; Kooistra, D.A. J. Am. Chem. Soc. 1972, 94,
3659. (i) Dlmnbutvlalummum hvdrlde Schill, G,; T)()PIP[ G.; lnnnemﬂnn E.; Vetter, W. Chem.

Ber. 1980 113, 3697. ) AlBrzH Mon A Fupwara J; Maruoka K Yamamoto H.
Tetrahedron Lerr. 1983, 4581. (k) Al(CH3)3 Fujiwara, J.; Fukutani, Y.; Hasegawa, M.;
Maruoka, K.; Yamamoto, H. J. Am. Chem. Soc. 1984, 106, 5004. (1) PhCu-BF;or
(CH3);CuLi-BF;: Ghribi, A.; Alexakis, A.; Normant, J.F. Tetrahedron Lett. 1984, 3075, 3079.
(m) TiCl4 and organosilanes: Bartlett, P.A.; Johnson, W.S_; Elliott, J.D. J. Am. Chem. Soc. 1983,
105, 2088. Lindell, S.D.; Elliott, J.D.; Johnson, W.S. Tetrahedron Lett. 1984, 3947, 3951.

Ahoeon W Qe Bllinet D« Tlicet TTY 7 A L, C. 1002 108 A0ONA Tl TTY . b
Johnson, W.S.; Elliott, R.; Elliott, J.D. J. Am. Chem. Soc. 1205, 105, 2904, c£uiot, J.D.; {hoi,

V.MF.; Johnson, W.S. J. Org. Chem. 1983, 48, 2294. Elliot, J.D.; Choi, V.M.F.; Johnson, W.S.
Tetrahedron Lett. 1984, 591. (n) CH;3TiCly: Mori, A.; Maruoka, K.; Yamamoto, H.
Tetrahedron Lett. 1984, 4421. (o) Me;Sil: Bryant, J.D.; Keyzer, G.E.; Barrio, J.R. J. Org.

Chom 107704 A4 272
AETR. A7 17,77, 3155,

9.  Guindon, Y.; Therien, M.; Girard, Y. Yoakim, C. J. Org. Chem. 1987, 52, 1680.

10. Schmidt, K.; O’Neal, S_; Chan, T.C.; Alexis, C.P.; Uribe, JM.; Lossener, K.; Gutierrez, C.G.
Tetrahedron Lett. 1989, 73()1

11.  Alexis, C.P.;Uribe, J.M.; Beller, J.D.; Godjoian, G.; Gutierrez, C.G. Phosphorous, Sulfur and
Silicon 1996, 1,93.

12.  Sprung, M.M.; Guenther, F.O. J. Am. Chem. Soc. 1951, 73, 1884.

13.  The composition of the bis(dioxolane) and tetraoxadecalin mixture was determined by TH NMR.
E. Caspi, Th. A. Wittstruck and D.M. Piatak (J. Am. Chem. Soc. 1962, 27, 3183.) have found that

the chemical shift of the methine protons in 24 and 25 depend on the ring size of the heterocycle.

In bidioxolane 24 they absorb at § 4.72 ppm; those on the tetraoxadecalin 25 at § 4.41 ppm. We
found that this trend towards lower field for the dioxolane acetal methine protons relative to the

dioxane acetal methine protons was consxstent with the shifts (in CDC13) observed in

P e e e T e ) and e D A Sy A QK caemenn))

Uidinoiguous Compoundas. 6 \‘-r 95 ppiti) aiic % \'-r 45 ppitiy; 8 \ 5.15 ppimy and 11 (4.00 ppiiij.
Extending this, we assigned the absorbance at 4.74 ppm to the acetal methine protons in

W

bl

o

g a4 I
1

00 ~J



8932

R. Martinez-Bernhardt et al. / Tetrahedron 54 (1998) 8919-8932

tetramethylbidioxolane 32, and the resonance at 4.43 to those on tetramethyltetraoxadecalin 33;
and 4.55 ppm for octamethylbidioxolanc 34 and 4.11 ppm for the octamethyltctraoxadecalin 35

Tan A

Gauuuux, R.D,; v F lUllLLCK, FR. uauu, V. 1vug,uauu \., ouluuL, R. n Wllllt:, B. u Arnold,
K.A.; Mazzochi, D.; Miller, S. R Gokel, GW.; J. Am. Chem. Soc. 1986, 1 08, 4078.
Deslongchamps, P."Stereoelectronic Effects in Organic Chemistry"; Pergamon Press: New York,
1983; p 5.

Mnari A - Eniiwara T Maranka K ¢ and Vamamntn o Totealodens T o0 1082 24 AKQ1
dVIULL, £, R UIVWALQ, J., LYIGLUUNG, 1N,y QLI L AIIALIIVWY, 1)., L EMTUTL ur ({3 L:CIJ A70J, &Ty, FJ0 1.
Pereyre, M.; Quintard, J.-P.; Rahm, A. Tin in Org nthesis, Butterworths, B ston 1987, pp.

269-277; McKervey, M.A_; O'Connor, T. J.
S

David, S.; Hannessian, S. Tetrahedron 1988,
Shanzer A * Maver Shachat N T Cham SO r‘enlnrpn

WIRGRIIZN Ly 3. , LYRIAY UL DLIUGIINA, 1Y, J. CRICiLX. ARRILIVLL. & £y ,

Shochet N.; Frolow, F.; Rabinovich, J. J. Org. Chem. 1981, 46, 4662; Fadda, A.M.; Maccioni,
AM,; Maccnom E; Podda G. Farmaco, 1992, 47 99 Mandolini, L.; Montaudo, G.;

Scamporrino, E.; Roelens, S.; Vitalini, D. Macromolecuies, 1989, 22, 3275.

Nagashima, N.; Ohno,M Chem. Lett. 1987, 141; Nagashima, N.; Ohno, M. Chem. Pharm.
Bull. 1991, 39, 1972.

For compdrison with the organotin methodology presented here, reaction of the potassium or
sodium aucoxme of CHOI JD Wllﬂ morom()etndne resulied ldrgcly in eummauon pI'OGUC[S

Tor, Y.; Libman, J.; Shanzer, A.; Lifson, S. J. Am. Chem. Soc. 1987, 109, 6517.

a) The formation of dioxane from the reaction of dibromoethane and the stannylene acetal
derived from ethylene glycol has been previously observed: Pommier, J.-C.; Valade, J. C. R.
Acad. Sc. (Paris) 1965, 4549 ; b) The formation of 2,3-dimethyl-1,4-dioxane has been reported
from ethylene glycol bis(tributylstannyl) ether and dibromoethane: Ratier, M.; Delmond, B.;
B

Pommier. J.-C. R dibromoethane Im

Che
41,

ull. Soc. Chtm Fr, 1972 1593.
For examples of internal alkylation of haloalkyltributyltinalkoxides to form oxygen heterocycles:
Delmond, B.; Pommier, J.-C.; Valade, J. J. Organometallic. Chem. 1972, 35,91; Odeh, AM.S,;
Usta, J.A.; Issidorides, C.H. Heterocycles 1980, 189.

The diacylation of stannylene acetals is also stepwise: Shanzer, A.; Libman, J.; Gottlieb, H.;
Frolow, F. J. Am Chem. Soc. 1982, 47 4220; Morcuende, A.; Valverde, S.; Herradon, B.
Synletr. 1994, 89; Helm, R.F.; Ralph, I.; An Am-mn L. J Org m,,m. 1991, 56, 7015; Reginato

AAVAELE, BNGX oy ANQUIRIIL, Sy 4 Angerson, L. TR+ NoTCTTE AF
G.; Ricci, A Roelem,, S.; Scapecchi, S. J. Org. Chem 1990 55,5132
Dlalkylatxon ‘of the stannylene acetal of 2,2-dimethyl-1,3-propanediol with a bromoacetamide at
toluene refiux has been reported: Shanzer, A.; Samuel, D.; Korenstein, R. J. Am. Chem. Soc.
1983 105, 3815

Still. W.C: Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.
Conveniently done on a Harrison Research (Palo Alto, CA) Chromatotron.
Rosen, W.; Busch, D.H. J. Am. Chem. Soc. 1969, 91, 4694.

The rennrtpd melting nmnf for the meso isomer is 124-126° (C. Considine J. nrpannmptalllr

Chem, 1966, 5, 26’%) We have found that the melting point of the racemic modification is 141-
142 °C, and the (S, S)-endntlomer is 134 °C.
Nagashima, N.; Ohno, M. Chem. Let. 1987, 141; Nagashima, N.; Ohno, M.C

1991, 39, 1972.
Mash, E.A.; Nelson, K.A.; Van Deusen, S.; Hemperley, S.B. Org. Synth. 1989, 68, 92.

k4



