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Abstract

SYNTHESIS OF ARCHAEBACTERIAL TETRAETHER LIPID MODELS

by
DONGFENG PAN

Advisor: Professor Robert Bittman

Since it is difficult to obtain substantial amounts of archaebacterial
tetraether lipids from natural sources, a synthetic strategy has been developed
to prepare a simpler, acyclic, straight-chain tetraether model, 1,1'-di-O-(1,32-
dotriacontanediyl)-2,2'-di-O-hexadecyl-3,3'-di-O-benzyl-bis-glycerol 18. This
coupling strategy may be applicable to the more difficult task of assembling the
cyclic tetraether. The key steps of this synthetic strategy are (a) BF 3-catalyzed
alcoholysis of glycidyl derivatives and (b) silver metal catalyzed Grignard
reagent coupling method to connect two diether synthons to form the tetraether

lipid.
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CHAPTER 1

INTRODUCTION

A new approach to the synthesis of archaebacterial lipids

The discovery of the methanogenic, halophilic, and thermoacidophilic
archaebacteria, which thrive in harsh environments, has stimulated research
into the unique structural, biochemical, and physical properties of their
membrane Iipids.1'15 The ability of these organisms to survive under extreme
conditions such as high temperature (80-90 °C) and low pH (about 2)2

suggests an important difference of stability compared with normal bilayer
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Figure 1 X, X' = sugar or phosphate-containing group

membranes. Indeed, unique bipolar diglycerol tetraether lipids were separated

and identified in archaebacteria, thermoplasma, sulfolobus, and



methanogens.16-25
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The tetraether lipids so far identified feature the unusual structure of Co-
or Cyg-isoprenoid chains bonded through ether linkages to glycerols
containing polar groups26 (Figure 1). The two glycerol groups of the tetraethers
1 and 2 are connected by at least one hydrocarbon chain 3 (Figure 2).27 The
chain 3 may vary by containing up to four cyclopentane rings, originated by the
formation of C-C bonds between methyl groups at 3, 7, 26, and 30 and

methylenes at 6, 10, 23, and 27, respectively,28-30 as shown in Figure 2. The



tetraethers in lipids of methanogenic bacterial9-21 contain only acyclic
biphytanyl chains 3.

The absolute stereochemistry of the glycerol has been determined, 31
and the stereostructure of the Cyg-diol 3 (biphytane-1,32-diol) has been
established as (3R7R11R155,185,22R26R,30R)-3,7,11,15,18,22,26,30-
octamethyldotriacontane-1,32-diol by synthesis.27

In recent years, liposomes have been studied extensively for their
potential to serve as carriers for the delivery of drugs, antigens, hormones,
enzymes, and other biological compounds.32'35 The selective fusion of
liposomes with particular kinds of cells is a promising means of controlling the
delivery of drugs to target cells.

Monolayer membranes36-38 formed from the diglycerol tetraether lipids
reflect the uncommon resistance of archaebacteria to extreme
environments.39:40  Because of the stability of these monolayer
membranes,26:40,41 e expect that the bipolar derivatives of the tetraethers
could be very useful as new materials for drug delivery. Since it is difficult to
obtain these bacterial lipids from natural sources, there is much current interest
in the chemical synthesis‘,dfo""4 and behavior of these lipids in membranes.
Before the complex isoprenoid segment becomes readly available, the
chemical synthesis and study of the properties of tetraether lipids have been
limited to straight-chain models.

Before discussion of our work, all of the approaches to this kind of

tetraether model examined by other groups are summarized in the following



section.
(1) The tetraether model 1 3 (Figure 3) of Kim and Thompson44
The overall yield from commercially available eicosanedioic acid 8 to

1,1'-O-eicosamethylene-2,2'-O-didecyl-rac-digycerol tetraether 1 3 was 2.8%.

S
1) LAH, THF, heat 1) Efg’,, N10) NaTHE
HOzC(CHz)-'aCOzH o Br(CHz)zoBr o

2) HBr, heat
8 ) HBr 9 (30%) 2) HCIH,0

——O——(CHyp) 20— 0— . — O——(CHy) 20— 0—
TrCl, Pyridine
L —OH HO— —QOTr TrO—

11 (51%) 12 (30%)

——O——(CHy)20—0—
mrOCygHzy  CyoHz 0
—OTr TrO——

13 (60%)

NaH, C10H21B|’
—————reree .
THF

Figure 3

(2) The tetraether model 1 8 (Figure 4) of Yamauchi et al.40

The overall yield from 3-O-benzyl-sn-glycerol 14 to 1,32-dotriaconta-
methylene bis(2- O-hexadecyl-3-O-benzyl-sn-glycerol) 18 was 11.7%.45 3-0
Benzyl-sn-glycerol 14 was made from D-mannitol in 4 steps in 50% overall
yield. Furthermore, 1,32-dibromodotricosane 16 was synthesized in 9 steps
from eicosanedioy chloride in 46% overall yield.42,46-48

The procedure of Yamauchi et al.40 (14 to 18) was repeated but in

higher overall yield (22%) by Moss et al.42



HO | n-Bu,SnO BU.S ] Br(CHo)2,Br (16)
HO_—-—H ——— 2 e eenag |- " -
reriux

L—OBn OBn
14 15 (77%)
— O(CH)320— NaH, THF —— O(CH2)320—
HO me—t—eaH HO®===tH ————> C;gHgsOm=——=H CgH330™T==H
L—oBn BnO— bl L—0Bn BnO
17 (33%) 18 (46%)
Figure 4

Recently, Yamauchi et al. reported the syntheses of tetraether model 22

(Figure 5) in overali yields of 2.5% (a) and 6.5% (b),‘“’43 using essentially the

same procedure as shown in Figure 4.

0\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\0}

EOH HO
OBn 17 BnO
(b)l 1) NaH, THF, reflux

2) Mr (19)

OBn
20

1) NaH, THF, reflux

diglyme

© 0
IEO\/\(\/Y\/\‘/\/\r )\/\)\/\/‘\/\/k/\oﬂ
BnO

OBn
22
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Figure 5



All of the previous lipid tetraethers have been prepared primarily by
modifications of the Williamson ether synthesis, employing o,0-

dibromoalkanes, preparation of which has varied from one to several steps.

O BF5 Et,0
HONAAAAAAA 3—2
OH + 2 I}\/OBn S
23 24
O\/\/\/\/\/\/\/\O
BnO OBn
25 (62%)
Figure 6
— O(CHy)46l —— O(CHy);cMal
C16H330—"‘-‘H + C16H330—"""-H
—— OBn —— OBn
26 Ag 26a
THF, reflux
O—(CHy)3>—0
C16H330-EH C16H330}H
OBn BnO
18 (38%)
Figure 7

In this thesis, Bittman's procedure,”fg“53 BF3 etherate catalyzed ring
opening of a glycidol derivative by an alcohol, was applied as an efficient and

simple way to form the ether bond. As a mimic of the usual Williamson



approach, as shown in Figure 6, 1,14-tetradecanediol 23 was used to make
model lipid diol 2 5.

Finally, a coupling strategy has been developed and applied to a
simpler, known, acyclic, straight-chain tetraether model 1 8 (Figure 7).40

This coupling strategy may be applicable to the more difficult task of
assembling the cyclic tetraether 27. The overall yield of 18 from commercially

available 16-hydroxyhexadecanoic acid 6 0 (Scheme 7) in this procedure is

OH
T

27%.

—0
Homt O
HO—

27

Authentic diol 3

A pure sample of authentic archaebacterial diol 3 has been isolated from
frozen cells of Methanobacterium thermoautotrophicum (see experiment
section) for two reasons: (1) to see if the cells could be used as a source of
sufficient diol to enable us to synthesize cyclic tetraether 27; (2) failing that, to
provide us with an authentic sample for comparison with diol prepared by a
totally synthetic route. In fact, the amount of diol obtained from the cells was too

small to be considered as a primary source.



CHAPTER 2

RESULTS AND DISCUSSION

(a) Tetraether from Methanobacterium thermoautotrophicum

The percentage of water in frozen M. thermoautotrophicum cells®4 was
determined. The cell mixture (2.04 g) was heated in an oil bath at 90 °C under
vacuum for 6 h. Dehydrated cells (0.426 g) were obtained and the percentage
of water of the frozen cell mixture was calculated to be 80%. Lipid extraction
was performed by the method of Bligh and Dyer.55 Following hydrolysis56
dibiphytanyl diglycerol 1 was isolated and identified by spectra of high
resolution (+) LISMS, 400-MHz TH NMR, 75 MHz 13C NMR and IR. TLC
comparison with the authentic sample57 supplied by Professor M. Kates was
also made. The yield of this tetraether from frozen cells was 0.14%. Obviously,

the natural source of biphytan-1,32-diol 3 is very limited.

(b) Acyclic tetraether model from 1,14-tetradecanediol

Experiments designed to produce a tetraether such as 3 1 were pursued
in order to find an efficient method for coupling two glycerol fragments. The
sequence shown in Scheme 1 was tried first.

Different conditions were sought to enhance the yield of 29. First, THF
was used as solvent in order to increase the diol solubility. Second, sodium

dodecyl sulfate (1 eq.) was added to a methylene chloride solution of the diol to



enhance solubility. Third, dilithium 1,14-tetradecane-dioxide was used to open
the ring of the glycidyl ether. No improvement over the standard BF 5-catalyzed
epoxide reaction®® was obtained. The yield of diether 29 was 55%. The

byproducts 32 and 33 were also purified and identified.

@) BF5 Et,0
HO\/\/\/\/\/\/\/\O —_—
H+2 [~_-OTBDPS o
23 28
O~ n-C7H1s|
HO (@ 50% NaOH
H O:l- cat. TBAB
TBDPS or NaH
OTBDPS n-C7Hysl
29 (55%)
O~
O~ SN —_— .
TBDPS OTBDPS
30
O
SN
O~ \/\/\/\O:lr
H OH
31
TBDPS = t-butyldiphenyisilyl
TBAB = tetra-n-butylammonium bisulfate
Scheme 1

Compound 29 was treated with n-heptyl iodide to form tetraether 30 by a

phase-transfer catalyzed pathway using tetra-n-butylammonium hydrogen



sulfate as catalyst in 50% aqueous sodium hydroxide. Various conditions were
tried but none was successful. Finally, the standard Williamson conditions were
used:40,41,43,44 compound 2 9 was converted to the dialkoxide using sodium
hydride in DMF first, and then treated with n-heptyl iodide. Thin-layer
chromatography showed that the reaction mixture was very complicated, and it
was impossible to single out any one pure component. After several months of
fruitless efforts, it was realized that the tert- butyldipenylsilyl protecting group
was too vulnerable to endure the reaction conditions; therefore, alternative

protecting groups were considered.

O
OH
TBDPSO
HO OTBDPS
OTBDPS
| TBDPSO:|—‘ }OTBD PS
TBDPSO

33

As a second protected glycidol, tosylate 34a was used because of its
known excellent regioselectivity in the ring-opening reaction;°0 34a reacted
with diol 23, and the tosy! group was replaced by a benzyl ether in a
subsequent step (Scheme 2). Both glycidyl tosylate 34a and epibromohydrin
34b were reacted with 1,14-tetradecanediol 23 in methylene chloride with

boron trifluoride etherate49,90 as catalyst. After the solvent was removed, the

10



residue was dissolved in methanol and stirred with anhydrous potassium

carbonate.®8 Again, TLC showed that the reaction mixtures were hopelessly

complicated.
HO~ A A A A AAA 0. BFgE1,0
OH + 2 l>\/x CH,Cl,
23 34a (X = OTs)
34b (X =Br)
NP PPN
K»COs, MeOH
HOil- HO 2C03, Me -
X
X
35a (X = OTs)
35b (X = Br)
,"'OV\N\/\/\N\
BnOH
O —_—
@) BF5Et,0
36
NP NP N
HOﬂ HO
BnO OBn
37
Scheme 2

As a third protecting group for glycidol, benzyl glycidyl ether was used.
The reaction of 1,14-tetradecanediol 23 with benzyl glycidyl ether 3 8 was run,
even though it was expected that the regioisomeric products would be hard to

separate. Fortunately, the result was not as bad as our expectation (Scheme 3).

11



At first, C 1 4 diol 2 3 reacted with benzyl glycidyl ether 3 8 to give 37. The
benzyl ether 38 was made from epibromohydrin and benzyl alcohol by the
procedure of Bacon and Collis;®9 the yield was improved from 35% to 50%. It
was very difficult to separate 37 from the reaction mixture; some pure 37 was
obtained by preparative HPLC for identification. The mixture which contained
37 was directly alkylated with n-heptyl iodide in the presence of BuyNF to give
39.60,61 The separation of 39 was much simpler and it was isolated from the
reaction mixture by flash chromatography, affording 39 in 55% yield. The
alkylation reaction in the absence of BuyNF did not appear to proceed as well.
The overall yield of 39 was 17%, which is better than previous procedures for

analogous compounds.

o) BF3Et,0
NN -
HO OH + 2 l}\/OBn CHaCly
23 38
‘IZOW\/\/\/\/\/\
OH 1. NaH, THF
HO -
BnO 2. N-CyH,gl
OBn cat. Bu;NF
37 (62%)
O~
OC-H
BnO—I: 7 C;H450
OBn
39 (55%)

Scheme 3

The disadvantage of preparing a long chain-diol or its derivative,

12



however, still exists as a barrier to the preparation of tetraethers 18 and 27. If
the two glycerol diethers 40 and 4 1 could be coupled (Figure 8) to produce a
diglycerol tetraether 1 ,25,31,62-67 e would not only make the preparation of

necessary starting materials, a,w-difunctionalized hydrocarbon chains, shorter,

O Y YA AWAO,Eﬁx'
He=O SN Y B BT~ o

X0 -
A0 J

I_
XI:):IEO\/Y\/\‘/\/\(\/Y\/'\/\)\/\/'\/\)\/\Q

Figure 8

but also open a route to the unsymmetrical naturally occurring tetraethers, 2

which also include glycerol-dialkylnonitol tetraether 4 262,63

(rH (?H ?H (rH ?H TH

—OH
O——C4oH72.80 O™
O CaoH72-50 o
H
42
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(c) Acyclic tetraether model from two diethers

—— O(CH,)C| —— O(CH,)gMgCl
~rOC7H s i OC7H, 5
——OBn ——OBn
43 44
N\ T J
__O/\/\/\/\/\/\/O_'
s OCH s C7H 150
L OBn BnO—
45
Figure 9
n-CH,gl 2T +n-C7H,5(CuCN)Zn!
2. CuCN 2LiCI
46 47
65%
( CgHsCOCI — n-C7H;5COC¢Hs
48
n-C7H sl — n-Cy4Hg
n-C;H,5(CUCN)Znl  + < 49
n-C7H15C| + an2 —_— n'C14H30
47 49
\ -C7H5Cl —— n-Cy4Hzo
49

Scheme 4

The original thought was to couple an alkyl chloride 43 with its metal

14



derivative 4 4 to produce a tetraether 4 5 (Figure 9)

To test the feasibility of this key step before extensive work with glycerol
ethers, the coupling of two C- units was attempted. A Zn-Cu reagent was tried
first because it is mild enough to allow other functional groups to survive,88 for
example, an ester. Following Knochel's method, 68 heptyl iodide 46 was
converted to a "copper" reagent 47 (Scheme 4). Coupling of the copper
reagent 47 was separately tried with (1) benzoyl chloride; (2) n-heptyl iodide;
(3) n-heptyl chloride with a catalytic amount (10% mol) of zinc iodide; (4) n-
heptyl chloride in THF. n-Heptyl phenyl ketone 4 8 was obtained in 65% yield,
which indicated that the alkyl copper or zinc reagent 47 was formed
successfully. It seems that coupling of two alkyl halides by the copper reagent

does not work.

HzSO4 Nal

BnOH + HO(CH,)eCl Benzene BnO(CH,)Cl Acetone

50 51 (53%)

Ag, T
<€ BnO(CH,)sMgl HF, g
‘V (53 2)6 W
BnO(CH,)l BnO(CH,);,0Bn

52 (99%) %\\ 54 (50%)
N Bro(CH)eZnl //Hﬁ
53b

Scheme 5

Then, attention was focused on Grignard reagent coupling. Heathcock et
al. coupled two Co( alkyl chains by an oxidation reaction of an alkylmagnesium

bromide with silver nitrate, but the yield was only 27%.27 Using the procedure

15



of Tamura and Kochi,69 model reactions using benzyl ether 52 successfully

coupled with the corresponding Grignard reagent 53a with a silver metal as

catalyst. The reaction failed when applied to the corresponding zinc reagent

(Scheme 5).
—— O(CH,)4Cl
- %OTS (CHo)16
H,0, Toluene BFyEt,O L OTs
55 50 (50%) 56 (80%)

%OBn 38
BFsELO \Y 80%

K2COj3 | O(CH)Cl CeHsCHZOH —— O(CH,)sCl 1. NaH, THF

MeOH BFgELO | OBn 2. :atcglm E;\IF
57 (80%) 60% 58
——O(CH,)gMg!
¥ OC7H, 5
—OCHCI —— O(CHy)gl V s %2'1
rOCAH 5 “acetons. OC7H; 5
——O8n ——©Bn e% —— O(CH,)s(CuCN)Zn!
43 (57%) 59 (95%) ‘Mz, o OC
——OBn
BnO 59b
o NN
reflux q
59+ NSNS
59b — X 45(52%) OBn
Scheme 6

The silver-catalyzed coupling method was applied to the coupling of two

16



glycerol diethers (Scheme 6). First, hexamethylene chlorohydrin 50 was
synthesized from 1,6-hexanediol 55 in 50% yield.70 The hexamethylene
chlorohydrin reacted with (rac)-glycidyl tosylate to form 1-(6-chlorohexyl)-3-tosyl
glycerol 56 (80%). The tosylate 56 was then stirred with potassium carbonate
in methanol to give (6-chlorohexyl) glycidyl ether 57 (80%).58 This was
converted to the benzyl ether 1-O-(6-chlorohexyl)-3-O-benzylglycerol 58 by
BFg-catalyzed alcoholysis in 60% yield.49:90 Compound 58 was also
prepared in 80% yield in one step by direct reaction of hexamethylene
chlorohydrin 50 with benzyl glycidyl ether 38. Compound 5 8 was then treated
with sodium hydride in THF, followed by n-heptyl iodide to give 1-O-(6-
chlorohexyl)-2-C-heptyl-3-O-benzyliglycerol 43 (57%).60.61 The alky! chioride
4 3 was converted to iodide 59 (95%) with sodium iodide in acetone.’1 The
intermediates 59a and 59b were made from iodide 59 separately. The
coupling was successful with the magnesium reagent while it failed with the
zinc reagent.

The same coupling method was used to obtain tetraether lipid 18
(Scheme 7). The yields were generally improved. Commercial 16-
hydroxyhexadecanoic acid 60 was converted to 16-chlorohexadecanoyl
chloride 61 by refluxing with thionyl chloride, and was immediately selectively
reduced to 16-chlorohexadecanol 6 2 by alane.”2 The combined yield of the
two steps was excellent (94%). The alcohol 6 2 reacted with commercial (R)-(-)-
glycidyl tosylate with BF 3 catalysis to give 1- O-(16-chlorohexadecyl)-3-O-tosyl-

sn-glycerol 63 (85%),50 which was treated with potassium carbonate in

17



methanol at 0 °C to yield (2R)-(+)-2-(16-chlorohexadecyloxymethyl)-oxirane 6 4

(80%).58 1-O-(16-Chlorohexadecyl)-3-O-benzyl-sn-glycerol 64 (82%) was

S0Cl; 1. alane OTs
HO(CH2)15C02H m» CI(CH2)15COCI — CI(CH2)160H —

2.HyO BFEt,0
62 (94%)

%oen 67)
BF3‘Et20

60 61

89%

O(CHz)16ClI O(CHy)+6Cl —— O(CH,)Cl
HO e K,COs CeHsCHZOH

— 0 ——— HOwf -

OTs e ——OBn

63 (85%) 64 (80%) 65 (82%)

1. NaH, THF —— O(CHg)16Cl Nal —— O(CH,)44l
———— C16H330—"-H —_— C16H330——H
2. n-C1sH33I

. butanone
cat.BugNI OBn ——OBn

66 (99%) 26 (85%)

— O(CHy)1sMgl
e C1gHagOmt==H L

THF OBn THF, reflux

26a

BnO
H%O\/\/\/\/\/\/\/\/

O

18 (38%)

Scheme 7
obtained by reacting the epoxide 6 4 with benzyl alcohol/BF 3 etherate.49,50

18



Compound 6 4 was also made directly from hexadecamethylene chlorohydrin
6 2 and (R)-(-)-2-(benzyloxymethyl)-oxirane in 86% yield.”3 Compound 6 4 was
alkylated with 1-iodohexadecane in the presence of a phase-transfer catalyst to
give 1-0-(16-chlorohexadecyl)-2-O-hexadecyl-3-O-benzyl-sn-glycerol 66
(71%).60,61

Preparation of compound 26 from 6 6 with sodium iodide gave difficulty
even after the reaction mixiure was refluxed two days in acetone solution; only
about 50% of the chloride was converted to the iodide (judging by TH NMR
spectroscopy). Use of a higher reflux temperature completed the conversion;
6 6 was converted to 26 in 85% yield by refluxing with Nal in 2-butanone
solution. Compound 2 6 was then reacted with magnesium in THF solution to
form Grignard reagent 26a, which gave tetraether 18 (38%) with a second

equivalent of 2 6 and silver as catalyst.

(d) Macrocyclic tetraether 27

With the success of the coupling method, attention was given to the more
challenging macrocyclic tetraether 68 (Scheme 8). It was realized that
tetraether 6 8 could come via 69 from two distinguishable and consecutive
coupling reactions of two diether synthons 70 and 7 1 (Figure 10).

According to this analysis, Scheme 8 was designed. Compounds 72a
and 7 3 could be coupled by the well-established Kochi method.9 Then, the
trityloxy groups of 74 would be converted to dialdehyde 75 by

triphenylcarbenium tetrafluoroborate.”4 Dialdehyde 75 would undergo
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reductive dimerization to yield olefin 76 by the McMurry reaction. 277

OBn
?;(

Hydrogenation of 7 6 would give tetraether 27.

O
‘FO
BnO

68

OBn
=t O AN AN ENNANAAANANNN0
BnO—
69
'H' OBn
e b Vo U U NV N 2N 0
O nsAaAAAANAS FNININAAAAN
BnO—
70 71
Figure 10

The two glycerol diethers required, 72 and 7 3, could be made by the
procedure shown in Scheme 9. To prepare diethers 72 and 7 3, four different
o,o-disubstituted hexadecanes, 62,7 8, 80, and 8 3, are required (Scheme 10).
They may be made from an inexpensive starting material, 16-hexadecanolide
85. Compounds 62, 78, and 80 have been made and identified (see

Experimental Section). Compound 8 3 will be made from 7 8.
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O(CHy)460Tr - H™ (CHyp)16 o THE
— OBn — OBn
72 72a
OBn
| Q @)
H =) Tro\/\/\/\/\/\/\/\/\
OTr O
BnO
74

l Ph3CBF,4, THF, reflux

OBn
© 03L1
H O\AM/\M/)\ OGN0
BnO H" g H

75

TiCl, Zn-Cu
THF, reflux

OBn
0 OjL“
H moete O X o
BnO— 76
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27

Scheme 8

Before trityl was used as the protecting group, the route shown in
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Scheme 11 was tried. 16-Hexadecanolide 8 5 was reduced with DIBAL to the
hydroxyaldehyde 88 and protected as the ketal 89. Coupling with benzyl
glycidyl ether 77 gave 90 in 75% yield. The NMR and IR spectra showed that

both 8 9 and 90 are accompanied by a small amount of unprotected aldehyde

" O(CH2)1 BOTr
., BF5Et,0
OBn + HO(CH2)160Tr C—Hz—a; = OH
—— OBn
77 78 79
— O(CH,)1gOTr — O(CH,)«OTr
NaH, THF 0 (CH 2)160| Nal o (CH 2)16|
Cl(CHy)160Ts (CH2)1e 2-butanone (CHa)16
(80) — OBn —OBn
81 73
3 BFsELO [ O(CHy)14Cl
g OBn + HO(CH2)1GC| e e OH
CH,Cl,
~—OBn
77 62 82
— O(CH,)44ClI .
NaH. THE (CH2)16 l O(CH,) 4!
>  [=O(CHp),c0Tr —————» [==mQ(CH,)cOTr
TrO(CHy):OTs 2-butanone
8 —OBn L OBn
84 72

Scheme 9
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(CHo)75 MeOH
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LAH TsCl
— TrO(CH2)1GOH —_— TrO(CH2)160TS
THF pyridine
78 (95%) 83

—O0 20% KOH SOCl,
———  HO(CHp)15CO,H ——|CI(CH,),5COCI
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B
= (CHy)¢5 ——— (CH)16
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isomers which were hard to remove completely. It was expected that the
aldehyde would retard the preparation of the required Grignard reagents, so

this procedure (Scheme 11) was abandoned.
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CHAPTER 3

ALTERNATIVE COUPLING APPROACHES

It is clear that the first coupling of synthons 70 and 7 1 is a cross-coupling
and the second is a cyclization (Figure 10).

Scheme 8 shows the cross-coupling reaction to be completed by Kochi's
method®® and the cyclization to be accomplised by the McMurry reaction. 75-77
McMurry showed that rings of sizes from 12 to 20 carbon atoms (Figure 11) may
be formed in yields higher than 80%, and it is believed that there is no reason to

suspect that still larger rings would not form smoothly.75

R R R R
\{{ _O)\/ TiCly/Zn-Cu (‘*=%
CH,); THF, reflux (CHy)!
91 n=10-18 92
Figure 11

Alternative alky! condensation methods have also been considered. For
the first cross-coupling reaction the following methods represent alternative

choices.
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(a) Ramberg-Backlund rearrangement (Figure 13)78'80
Ramberg-Backlund rearrangement reaction (Figure 12) has been an
efficient carbon-carbon coupling method. A Ramberg-Backlund rearrangement

coupling of 84 and 9 5 was designed as shown in Figure 13.

I:"\ /R" NaOCH R; A
o a 3.
X—7—80—"H oion >=<
R R"' R Rm
93 94
Figure 12

Using the method of Bieniarz and Cornwell,87 alkyl chloride 8 4 may be
converted to mercaptan 93 in high yield. Reaction of the sodium salt of
mercaptan 93 with alkyl chloride 81 will give sulfide 96.82 Halogenation of
sulfide 9 6 with N-chlorosuccinimide (NCS) in carbon tetrachloride solution will
form a pair of regioisomers 97 a and 97b,83-89 which then will be oxidized to
a-chlorosulfones 98a and 98b by m-chloroperbenzoic acid in chloroform.90-
92  o-Chlorosulfones 98a,b may undergo the Ramberg-Backlund
rearrangement to yield tetraether alkene 9 9.78,80,93-96 Thge advantage of this
method is that the unwanted symmetrical dimerization could be definitely
avoided since the two alkyl groups would be connected with sulfur in separate

steps.
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(b) Copper-catalyzed alkylation of an organomanganese chloride
reagent (Figure 15)97

3% Li,CuCl
CHg(CH,)sMnCl + CHg(CHy)gBr ﬁ?ﬁn;_;’ CHs(CH,)¢41CHs

100 101 102 (93%)

Figure 14

Cahiez and Marquis showed that alkylation of organomagnese chloride
reagent 100 with alky! halide 101 is an interesting coupling method because
of the high yield (Figure 14).97 Based on this reaction, an alternative route
shown in Figure 15 was designed.

Grignard reagent 72a may be converted to organomanganese reagent
103.97 The copper-catalyzed alkylation of 103 with iodide 73 will yield
tetraether 74. Cahiez and Marquis showed that the influence of N-

methylpyrrolidine (NMP) is very important.97

— O(CH3)16Mgl — O(CHy)1¢Mnl
LipMnCl, 3%LiCuCly/NMP
QO (CH,)150Tr Er ~=a0(CH,)160Tr O(CH,)OTr >
— OBn OBn 0‘3:'2)'6' (73)
72a 103 (CHhre
OBn
TrO O:|7
5o O\/\/\/\/\/\/\/\/\B?r\NW\/\MO

74

Figure 15
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(c) Cyclization by Ramberg-Backlund rearrangement (Figure 16)78-80

OBn OBn
(CH2)a2 O (CHg)zp ———O
HOAc TsCl
O(CH5)160Tr TrO(CH,)160 g O(CHp)160OH HO(CH5)1g0— — 3
Pyridine
BnO BnO
74 104

CoHsOH ccly

Bn
(CH2)32 (CH2)32—"‘O NCS
O(CHy)OTs TSO(CH2)160‘| N O(CHz)16S(CH60 - ——=
BnO

OBn
(CH2)32 m-ClCeH4C03H (CH2)32
(CH2)1SCHSCH(CH2)150 O(CH2)1SCH8020H(CH2)1 5o—I
BnO X X'

107a X, X'=H, Cl 108a X, X = H, Cl
107b X, X'=Cl H 108b X, X'=Cl, H

OBn
O O
NaOCH, (CH2)32 l H,, cat. (CHo)ap :I—O
o O(CHp)15CH=CH(CHy)150 S O(CHy)320
3
BnO HO

109

Figure 16

In place of the McMurry reaction, the cyclization step also could be done
by Ramberg-Backlund rearrangement. Detritylation of 7 4 will give diol 104,98
which then could be converted to ditosylate 105 by tosyl chloride.992 Reaction
of tosylate 105 with sodium sulfide in ethanol solution may vyield thiacyclo
compound 106 based on Regen’s method.100 Following a-halogenation and
oxidation of sulfide 106, tetraether alkene 109 could be obtained by Ramberg-

Backlund rearrangement of compounds 108a and b. Hydrogenation of 109
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will yield tetraether 27.

(d) Acyloin cyclization by Wasserman’s method (Figure 18)101-105

|
—GCGHOH

1) Na, xylene, °C Zn (Hp)
Et02C(CH2)32002Et 2) H?);y ene, 140 = ) le> 034H63D5
) HOAc (CHy)3o
110 111 112
(50% overall)
Figure 17

As a traditional macroring cyclization reaction, Wasserman’s method is
still attractive because the yield of the macrocyclization reaction (Figure 17) is
quite good, and this reaction has been reproduced by several laboratory.102-

105 Therefore, this is another alternative method (Figure 18).

OBn OBn
<°Ha>ae—<;—_r) CrO; (CHz)ap o—l
5 (CH2)160H HO(CH2)16 2) ROH/MH? O(CHo2)15C0oR  RO.C(CH,)150
n

Bn

103 113
OBn OBn
Na (CH)e O:l' Zn, HCI (CH2)22O
e (CHasCHC-(CHeo— 2w O(CH20
Bn HO O Bn
114 68

Figure 18

Diol 104 may be oxidized and esterified to yield diester 11 3. This could

in turn be cyclized to the acyloin 114 by Wasserman’s method.101-105
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Tetraether 6 8 will be obtained by Clemmensen reduction of acyloin 11 4.

(e) Coupling by Julia’s method (Figure 20)113

LDA MoOs Py HMPA
RCHpSOPh o REHSOzPh e | RoHo |
|
115 116 117
RCH,SO, Ph R?HCEHR
HO SO,Ph
118
(70-90% overall yield)
Figure 19 R = geranyl
Bn
(CH2)32 — O + PhSH Na20031 acetoni
FO(CH2)1GOTS TsO(CH,)160 (dppm)PICl,
BnO

Bn
CH l (CH o
(CHz)3p ————Om- m-CIGGH,COGH 2)32 -
O(CH2)16SPh PhS(CH,)160 O(CH2)16S0,Ph PhSO5(CHy)160
BnO
CHy)3o—/0

1)LDA, THF,-78°C (OHiz)so ’l 1) CS,, Mel, -40 °C
2) MoO5 Py HMPA, -35 °C O(CHz)15GHGH(CH2)150 >

B HO %0,Ph 2) PhySnHy, AIBN
121
OBn H
‘F (CHp)az OZI— Hoat —l:O(CHz)azozl_O
O(CHg)15CH=CH(CH3)150 O(CHo)320
BrO

109

Figure 20

31



Julia et al. 113 have shown that the oxidative desulfonylation of primary
sulfonyl anions with the molybdenum peroxide reagent, MoOg-Py-HMPA, leads
directly to B-hydroxysulfones through condensation of the starting a-suifonyl
anion with the aldehyde formed in situ (Figure 19).

As an alternative approach, ditosylate 105 could be converted to sulfide
119 by reaction with thiophenol and sodium carbonate in acetone with small
amount of bis(diphenylphosphino)methane platinum dichloride [(dppm)PtCl5]
as ca’talys’c.11 4 After oxidation of disulfide 119, disulfone 120 would undergo
Julia condensation113 to yield B-hydroxysulfone 121, which could be reduced

to alkene 1 09,11 S and then to tetraether 27.
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CHAPTER 4
EXPERIMENTAL SECTION

General Methods. 'H NMR and 13C NMR spectra were recorded on an IBM
WP 200 SY (200 MHz) spectrometer in CDClg with MeySi as the internal
standard. TH NMR (400 MHz) were acquired using a JEOL GX-400 MHz
spectrometer at Hunter College by Dr. Michael Blumenstein. Chemical shifts
are reported in parts ber million downfield from Me4Si. J values are reported in
Hz. Multiplicities are given as s (singlet), d (doublet), t (triplet), q (quartet), p
(pentet), m (multiplet), and brs (broad). Infrared spectra were recorded on a
Perkin-Elmer IR 598 or 1600 series FTIR instrument.

Melting points were determined in open capillaries by using a Thomas-
Hoover Uni-melt apparatus and are uncorrected. Silica gel G TLC plates of
0.25-mm thickness (Analtech, Newark, DE) were used to monitor reactions, with
iodine vapor or 10% sulfuric acid in methanol to visualize the spots.

GC/MS analyses were performed by Dr. David C. Locke at Queens
College on a Hewlett Packard 5988a GC/MS instrument with a cross-linked
methylsilicone -column. For separation of polar compounds, a Carbowax column
was used. High resolution (+) LSIMS spectra were done by Hoffmann-La Roche
Inc. or by Dr. Bev Chamberlin of Michigan State. University. Microanalyses were
performed by Galbraith Laboratories, Kﬁoxville, TN. Optical rotations were

measured in a 1-dm cell on a JASCO model DIP-140 digital polarimeter.
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E. Merck silica gel 60 (230-400 ASTM mesh) was used for flash
chromatogralphy.106 For medium pressure chromatography, Merck Lichroprep
Si 60 (40-63 um) was used in a commercial Lobar (1 cm) column. Analytical
HPLC was conducted with a Waters Associates system consisting of two 4 mm
X 30 cm p-Porasil silica colurﬁns in series, a 6000 SDS pump, U6K injector, and
a Model 401 differential refractometer. |

Solvents were dried as follows. Dichloromethane and acetonitriie were
distilled from calcium hydride and stored over 3A molecular sieves; benzene
and hexane were distilled from and stored over sodium; methanol was dried
over anhydrous potassium carbonate; ether and tetrahydrofuran were refluxed
over sodium benzophenone ketyl for several hours and then distilled and used
immediately; acetone and 2-butanone were stored over anhydrous calcium
sulfate for at least one week.

(RA)-(+)-Glycidyl tert-butyldiphenylsilyl ether was prepared by the
procedure of Gao et al.;107 [¢}30 +2.65° (¢ 1.62, CHCIg) [Iit.107 []29p
+2.40°, 96% ee]. (A)-(-)-Glycidyl tosylate [ []2°p -17.1° (c 2.'75, CHClg)]
[it.107 [a]25, -17.1°, 92% ee] and (R)-(-)-glycidyl benzyl ether [ [0]20p -4.9°
(CHCI3)] were obtained from Aldrich. 16-Hexanolide was obtained from

Lancaster Synthesis, Ltd. (Windham, NH).

Dibiphytanyl diglyceroi tetraether (1) from Methanobacteria
thermoautotrophicum.

Lipid extraction was performed by the method of Bligh and Dyer®9 A
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100-g sample of the frozen cell mixture®4 was homogenized with a mixture of
100 mL of chloroform and 200 mL of methanol for 2 h. To the mixture was then
added 100 mL of chloroform, and after blending for 1 h, 100 mL of distilled
water was added and blending was continued fo_r another hour. The
homogenate was filtered through Whatman No. 1 filter paper and the residue,
with filter paper, was blended with 100 mL of chloroform. The mixture was
filtered and the residue was rinsed with a total of 50 mL of chloroform. The
filtrate was mixed with the original filtrate, transferred to a 1-L graduated
cylinder, and kept for 30 min until separation and clarification was complete.
The top alcoholic layer was removed and the chloroform layer was
concentrated. The residue was fractionated on a column of silica gel with
hexane, followed by benzene and finally chloroform to remove nonpolar lipids.
The remaining polar glycolipids and phospholipids were recovered by eluting
with a mixture of chloroform and methanol (2:1 by volume) and methanol, and
the eluates were pooled and concentrated to give 231 mg (0.23% of frozen
cells) of polar lipids. The residue was dissolved in 50 mL of methanolic-HCI
(3%) in a 75-mL screw-capped Teflon-lined pressure tube and heated in an oil
bath at 80 °C for 5 h, then diluted with 10 mL of aqueous sodium hydroxide
solution (7N) and refluxed for 1.5 h.108 The mixture was extracted with
petroleum ether (30-60 °C, 4 X 50 mL). The combined extracts were
concentrated and applied to a column of silica gel, and eluted with hexane and
ethyl acetate (7:1). Dibiphytanyl diglycerol tetraether 1 (136 mg) (0.14% of

frozen cells) was obtained as a colorless oil; [oc]zoD +9.03° (¢ 1.65, CHClj3)
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[it.31:66 [0]25, +8.7° (CHCI3)]; Ry 0.30 (hexane/EtOAc 4:1); Rf 0.19
(hexane/diethyl ether/acetic acid, 80:20:1) [Iit23 Rf 0.19 (hexane/diethyl

ether/acetic acid, 80:20:1)]. The spectral data (TH NMR, 13C NMR, and IR)

obtained matched those reported in the literature.2”

TH NMR (CDClg, 400 MHz)  0.840 (m, 18H, 6 X CHg), 0.857 (m, 18H, 6X
CHg), 0.878 (d, 6H, J = 6.8 Hz, 2 X CHg), 0.885 (d, 6H, J = 6.8 Hz, 2 X CH3),
1.076-1.395 (m, 96H, 40 X CHop, 16 X CH ), 1.557-1.634 (m, 8H, 4 X
CHoCH50), 2.202 (t, 2H, J = 9.8 Hz, 2 X OH), 3.444-3.703 (m, 18H, 8 X OCHo,

2 X OCH).

13¢c NMR (CDClg, 75 MHz) & 19.68 (CHg), 19.75 (CHg), 19.77 (CH3), 19.80
(CHg), 24.36 (CHy), 24.45 (CHy), 24.47 (CHy), 29.50 (CH), 32.80 (2 x CH),
33.05 (CH), 34.30 (CH5), 37.30 (CH»), 37.40 (3 x CH»), 37.50 (CH»), 37.55

(CHo), 39.90 (CHy), 61.30 (CHo).
IR (CDClg, cm™1): 3590, 2970, 2950, 2895, 2840, 1460, 1362, 1130, 1110.

High resolution (+) LSIMS. CggH{700g M*+H Calculated: 1302.3240

for CggH{730g. Observed: 1302.3238.

1,14-Di-[3-(tert-butyldiphenylsilyloxy)-(2 R)-2-hydroxypropanoxy]-

tetradecane (29)
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(A)-(+)-Glycidyl tert-butyldiphenylsilyl ether107 28 [ [a]30y +2.65° (c
1.62, CHCIg)] was synthesized by the Sharpless method 107 starting from allyl
alcohol. To a solution of 144 mg (0.625 mmol) of tetradecanediol 23 and 399
mg (1.250 mmol) of (R)-(+)-glycidy! tert- butyldiphenyisilyl ether 28 in 30 mL of
freshly distilled methylene chloride (dried over CaHs) was added 9 mg (0.06
mmol) of BF3-e’thera’te.“g’f_’0 The mixture was stirred overnight under a nitrogen
atmosphere at room temperature. Additional (R)-glycidyl TBDPS ether (200 mg,
0.625 mmol) was added, and the mixture was stirred for 24 h. The reaction
mixture was diluted with 15 mL of water, then extracted with methylene chloride
(3 X 35 mL). The combined organic solutions were dried over anhydrous
magnesium sulfate, filtered, concentrated, and the residue was
chromatographed on silica gel (60-200 mesh), eluting with a mixture of hexane
and ethyl acetate (6.5/1). Four fractions were colliected (20 mL each). The fourth
fraction was concentrated to afford 295 mg (55%) of compound 29; [oc]31D

+0.29° (¢ 2.04, CHClg).

TH NMR (CDClg, 200 MHz) & 1.1 (s, 18H, tert-butyl), 1.3 (s, 24H, CHy), 3.4-3.8

(M, 14H, HCO), 3.9 (br s, 2H, OH), 7.3-7.7 (m, 20H, CgH).
13c NMR (CDClg, 75 MHz) § 19.9 (CHg), 26.12 (CH5), 26.87 (CHyp), 29.51

(CH»), 29.63 (CH,), 29.66 (CHy), 64.89 (OCH), 70.78 (OCH,), 71.48 (OCHy),

71.68 (OCHy), 127.73, 129.75, 133.80, 135.56 (CgHx).
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IR (CCly, cm'1): 3573, 3300, 3072, 3008, 2962, 2926, 2862, 1729, 1652, 1583,

1474, 1437, 1428, 1383, 1364, 1241, 1114, 1027.

Elemental analysis: Calc. for C5oH780g: C 73.01, H 9.19. Found: C 72.69,

H 8.87.

Compound 32. TH NMR (CDClgz, 200 MHz) 6 1. 04 (s, 18H, tert- bufyl), 1.06 (s,
9H, tert- butyl), 1.23 (s, 20H, CH»), 1.51-1.54 (m, 4H, CH»), 2.35 (br s, 2H, OH),

3.38-3.88 (m, 19H, OCHy, OCH), 7.24-7.68 (m, 30H, CgHs).

Elemental analysis: Calc. for C71H{g20gSi3: C 73.02, H 8.80. Found: C

72.73,H 8.71.

Compound 33. TH NMR (CDCl3, 200 MHz) & 1. 04, 1.05, 1.06 (three s, 27H,
tert- butyl), 1.51 (s, 20H, CHo), 1.59-1.60 (m, 4H, CHy), 2.15 (br s, 2H, OH),

3.39-3.72 (m, 19H, OCH5, OCH), 7.24-7.68 (m, 30H, CgHg).

Elemental analysis: Calc. for C71H1020gSi3: C 73.02, H 8.80. Found: C

72.91, H 8.56.

1-Benzyloxyi-2,3-epoxypropane (38)
According to the procedure of Bacon and Collis,®9 to a solution of benzyl

alcohol (21.6 g, 0.2 mol) and 100 mL of toluene in a 500-mL two-necked round
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bottom flask was added freshly cut sodium (4.6 g, 0.2 mol). The mixture was
stirred until all of the sodium had reacted. The white sodium salt slurry was
cooled to room temperature and epibromohydrin (100 g, 0.73 mol) was added
slowly through a dropping funnel over a 1-h period while the solution was
stirred. After all of the epibromohydrin was added, the mixture was heated
gently until an exothermic reaction commenced at 75 °C. The heating mantle
was removed until the exothermic reaction had subsided (T34 = 80 °C), and
the mixture was then maintained at 80 °C for 30 min. Subsequently, the
mixture was heated under reflux and stirred for 90 min, cooled, and filtered.
Toluene and excess epibromohydrin were distilled out under vacuum. The
residue was distilled through a spinning band column; 16.7 g (50%) of benzyl
glycidy! ether 38 was collected as a colorless liquid (bp 80 °C/0.8 mmHg) [Iit.59

bp 70-75 °C/4 mmHg].

TH NMR (CDClg, 200 MHz) 8 2.61 (dd, 1H, J = 4.7 Hz, J = 2.5 Hz), 2.80 (t, 1H,
J= 4.6 Hz), 3.20 (m, 1H), 3.46 (dd, 1H, J= 11.4 Hz, J = 6.0 Hz), 3.78 (dd, 1H, J=

11.4 Hz, J= 3.4 Hz), 4.60 (m, 2H, PhCHy), 7.25-7.45 (m, 5H, CgHs).

1,1'-Di-O- (1,14-tetradecanediyl)-3,3'-di-O- benzyl-di-glycerol (37)
To a solution of tetradecanediol 23 (1.152 g, 5.0 mmol) and BFg'Et50 (2

drops) in 30 mL of freshly distilled methylene chloride (dried over CaHy) in an

ice bath was very slowly added overnight a solution of benzyl glycidyl ether

(4.105 g, 25 mmol) in 20 mL of methylene chloride under nitrogen. After the
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addition was complete, TLC showed that only a trace of diol was left. The
mixture was concentrated and separated by flash chromatography (elution with
hexane/EtOAc, 3:1), giving 37 (1.725 g, 50%). The crude product was purified

by HPLC for identification.

TH NMR (CDClg, 200 MHz) & 1.20-1.35 (s, 20H, 10 X CHy), 1.50-1.65 (m, 4H,
2 X CHoCH,0), 2.4 (br s, 2H, 2 X OH), 3.41-3.55 (m, 8H, 4 X OCH,), 3.63 (t, 4H,
J = 6.6 Hz, 2 X OCH,), 3.94-4.04 (m, 2H, 2 X OCH), 4.56 (s, 4H, 2 X PhCH),

7.25-7.35 (m, 10H, 2 X CgHs).

13C NMR (CDClg, 75 MHz) & 25.74 (CH,), 26.10 (CHy), 29.44 (CH5), 29.55
(CHyp), 29.60 (CH5), 32.84 (CH,), 63.07 (OCHy), 69.63 (OCH5), 71.72 (OCH),

71.88 (OCH), 73.49 (PhCHy), 127.67, 127.68, 128.40, 138.17 (CgHp).

IR (CCly, Cm'1):.3628, 3165, 2932, 2860, 1340, 1360, 1295, 1190, 910, 730,

650.

Elemental analysis: Calc. for Cq4H540g: C 73.08, H 9.74. Found: C 73.18,

H 9.58.

1,1'-Di-O- (1,14-tetradecanediyl)-2,2'-di-O- heptyl-3,3'-di-O-benzyl-
diglycerol (39)

Oil dispersed (54%) sodium hydride (70 mg, 1.58 mmol) in a 15-mL
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round-bottom flask was washed twice with dry hexane. Compound 37 (177
mg, 0.32 mmol) in 5 mL of THF was added, and the mixture was stirred at 0 °C
for 0.5 h. n-Heptyl iodide (717 mg, 4.65 mmol) and tetra- n-butylammonium
chloride®0,61 (6 mg, 0.02 mmol) were added and the mixture was stirred at
room temperature for 48 h. Ether (200 mL) was added and the mixture was
washed with aqueous sodium bicarbonate twice. The organic layer was dried
and filtered, and the solvents were removed. The residue was separated by
medium pressure chromatography (elution with hexane/EtOAC, 10:1).
Tetraether 39 was collected as a colorless oil (130 mg, 55%). In the absence of
tetrabutylammonium chloride, the alkylation reaction did not proceed well, as

evidenced by TLC examination of the reaction mixture.

TH NMR (CDClg, 200 MHz) 5 0.86 (t, 6H, J = 6.5 Hz, 2 X CHg), 1.21 (m, 36H,
18 x CHp), 1.56 (m, 8H, 4 x CHy), 3.48-3.62 (m, 18H, 8 X OCHyp, 2 X OCH), 4.55

(s, 4H, 2 X PhCH5), 7.30 (s, 10H, 2 X CgH).

13Cc NMR (CDCl3, 75 MHz) § 14.06 (CHg), 22.64 (CH,), 25.79 (CHo), 26.13
(CHo), 29.18 (CH,), 29.48 (CHop), 29.54 (CH»), 29.64 (CHy), 29.72 (CHy),
30.19 (CHy), 31.89 (CH,), 32.88 (CHy), 63.13 (OCHy), 70.51 (OCH,), 70.65
(OCHy), 70.90 (OCH,), 71.72 (OCH), 73.42 (PhCH.), 127.51, 127.60, 128.33,

138.59 (CgHs).
IR (CDCl3, cm'1): 3030, 2930, 2860, 1452, 1100, 860, 690.
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M S (m/e): 664 (M*+-Bn), 557, 231, 181, 133, 91 (base peak), 77, 65, 51.

Elemental analysis: Calc. for C4gHgo0g: C 76.34, H 10.95. Found: C 76.19,

H 10.68.

Hexamethylene chlorohydrin (50)

According to the method of Campbell and Sommers,”0 a solution of 1,6-
hexanediol (23.0 g, 0.195 mal), concentrated hydrochloric acid (440 mL), water
(70 mL), and toluene (30 mL) in a liquid-liquid extractor was heated at 111 °C
overnight. The toluene solution was separated and concentrated. The residue
was distilled on a spinning-band column. Hexamethylene chlorohydrin 50

(13.3 g, 50%) was collected as a coloriess oil; bp 97 °C /11 mmHg.

1-0-(6-Chlorohexyl)-3-O-tosylglycerol (56)

To a solution of hexamethylene chlorohydrin 50 (51.7 mg, 0.38 mmol)
and glycidyl tosylate (57.6 mg, 0.25 mmol) in 2 mL of methylene chloride was
added 1 drop of distilled boron trifluoride etherate. The mixture was stirred at
room temperature for 4 h. The mixture was then concentrated under vacuum
and the residue was separated by medium pressure column chromatography
(hexane/EtOAc, 6:1). 1-O- (6-Chlorohexyl)-3-O- tosylglycerol 56 was collected

as a colorless oil (73.7 mg, 80%).

TH NMR (CDCl3, 200 MHz) § 1.35-1.50 (m, 4H, 2 x CH5), 1.60 (p, 2H, CH>),
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1.78 (p, 2H, CHy), 2.55 (br s, 1H, OH), 3.39 (s, 3H, CgH4CHgy), 3.42-3.48 (m,
6H, 3 X OCHy), 3.54 (t, 2H, J = 6.6 Hz, CICH,), 3.98 (m, 1H, OCH), 7.33-7.82
(dd, 4H, J=7.2 Hz, J=7.2 Hz, CgH4Me).

IR (CDClg, cm™1): 3590, 2925, 2885, 1600, 1446, 1360, 1188, 1175, 1115, 980,

830, 810.

Elemental analysis: Calc. for C1gH2505CIS: C 52.67, H 6.91, Cl 9.72.

Found: C 52.41, H 7.10, Cl 10.00.

6-Chlorohexyl glycidyl ether (57)

To a solution of compound 56 (1.23 g, 3.37 mmol) in 10 mL of methanol
in an ice bath was added 1.5 g of potassium carbonate. The mixture was stirred
for 3 h at 0 °C, then stirred overnight at room temperature. TLC (hexane/EtOAc,
7:1) showed that the starting material had all disappeared (the Rgvalue of the
epoxide, 0.45). Ether (100 mL) was added and the mixture was stirred for 10
min. The mixture was filtered and concentrated under vacuum. The residue
was separated by flash chromatography (elution with hexane/EtOAc, 10:1). 6-

Chlorohexyl glycidyl ether 57 (0.65 g, 80%) was collected as a colorless oil.

TH NMR (CDCl3, 200 MHz) & 1.30-1.50 (m, 4H, 2 x CH.), 1.60 (p, 2H, CHo),
1.79 (p, 2H, CHy), 2.61 (dd, 1Hg, J=5.0 Hz, J = 2.7 Hz), 2.80 (dd, 1Hp, J=5.0
Hz, J=4.2 Hz ), 3.15 (m, 1H), 3.37 (dd, 1Hg, J= 11.5 Hz, J = 5.8 Hz), 3.44-3.52

(m, 2H, OCH,), 3.54 (t, 2H, J = 6.6 Hz, CH,Cl), 3.72 (dd, 1Hq, J=11.5 Hz, J =
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3.0 Hz).

Hd“"
C|/\/\/\/O

IR (CDCl3, cm‘1): 2940, 2860, 1465, 1380, 920, 890, 755, 710, 645.

Elemental analysis: Calc. for CqH1705Cl: C 56.33, H 9.12.

Found: C 56.10, H 8.89.

1-0-(6-Chlorohexyl)-3-O-benzylglycerol (58)

(a) To a solution of 6-chlorohexyl glycidyl ether (374 mg, 1.94 mmol) and
benzyl alcohol (420 mg, 3.88 mmol) in 15 mL of methylene chloride was added
5 drops of boron trifluoride etherate. The mixture was stirred overnight at room
temperature. The solvent was removed and the residue was purified by medium
pressure chromatography (elution with hexane/EtOAc, 4:1). 1-O-(6-
Chlorohexyl)-3-O- benzylglycerol 58 was collected as a colorless oil (350 mg,

60%).

(b) To a 50-mL round-bottom flask were added hexamethylene
chlorohydrin 50 (2.05 g, 15.0 mmol), methylene chloride (20 mL), and boron
trifluoride etherate (93 puL, 106 mg, 0.75 mmol). The flask was chilled to -78 °C

under dry nitrogen gas protection. Benzyl glycidyl ether 38 (2.96 g, 18.0 mmol)
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in 2 mL of methylene chloride was added by a syringe, and the the solution was
stirred for 24 h at -78 °C. TLC (hexane/EtOAc, 4:1) showed that there was no
hexamethylene chlorohydrin left. The solvent was removed by rotary
evaporation. The residue was separated by flash chromatography (elution with
hexane/EtOAc, 5:1). 1- O-(6-Chlorohexyl)-3-O- benzylglycerol 58 was collected
as a colorless oil (3.58 g, 80%).

The two preparations of 5 8 resulted in identical products, as determined
by comparision of their TLC retention times [R{0.33 (hexane/EtOAc, 4:1)], and

TH NMR and IR spectra.

TH NMR (CDClg, 200 MHz) § 1.30-1.50 (m, 4H, 2 x CH»), 1.58 (p, 2H, CH,),
1.75 (p, 2H, CH5), 2.57 (d, 1H, J = 4.1 Hz, OH), 3.40-3.59 (m, 8H, 3 X OCH,

CHo, Cl), 3.98 (m, 1H, OCH), 4.56 (s, 2H, PhCHy), 7.33 (m, 5H, CgHs).

13C NMR (CDClg, 75 MHz) & 25.47, 26.72, 29.48, 32.59 (4 X CHo), 44.97
(CHoCl), 69.65, 71.49, 71.50 (3 X OCH,), 71.95 (OCH), 73.53 (PhCH,), 127.75,

128.18, 128.45, 138.15 (CgHs5).

IR (CDClg, Cm'1): 3580, 3159, 2939, 2865, 1815, 1793, 1450, 1382, 1095, 910,

730, 658.

M S (m/e): 300 (M*)/302 (3:1), 282/284 (3:1), 91 (base peak).

Elemental analysis: Calc. for C4gHo503Cl: C 62.49, H 8.22.
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Found: C 62.88, H 8.38.

1-0-(6-Chlorohexyl)-2-O-n-heptyl-3-O-benzylglycerol (43)

Oil dispersed (54%) sodium hydride (729 mg, 16.4 mmol) in a 50-mL
round-bottom flask was washed twice with dry hexane. Compound 58 (2.46 g,
8.19 mmol) in 20 mL of THF was added, and the reaction mixture was stirred at
0 °C for 0.5 h. n-Heptyl iodide (9.26 g, 41 mmol) and tetra- n-butylammonium
chloride®0,61 (121 mg, 0.4 mmol, 5%) were added, and the mixture was stirred
at room temperature for 24 h. After ether (400 mL) was added the mixture was
washed successively with water (50 mL), 10% aqueous sodium thiosulfate (50
mL), water (50 mL), and brine (50 mL). The organic layer was dried, filtered, and
the solvent was removed. The residue was separated by flash chromatography
(elution with. hexane/EtOAc, 25:1). 1-O-(6-Chlorohexyl)-2-O-n-heptyl-3-O-

benzylglycerol 43 was collected as a colorless oil (2.78 g, 85%).

TH NMR (CDClg, 200 MHz) § 0.88 (t, 3H, J = 6.6 Hz, CHg), 1.28 (s, 8H, 4 x
CHy,), 1.33-1.44 (m, 4H, 2 x CHyp), 1.50-1.62 (m, 4H, 2 x CH,CH,0), 1.68-1.82
(P, 2H, CHoCHo,l), 3.40-3.60 (m, 11H, 4 X OCH5,CH,Cl, OCH), 4.56 (s, 2H,

PhCHy), 7.31 (m, 5H, CgHs).
13c NMR (CDClg, 75 MHz) 4 14.07 (CH3), 22.65, 25.50, 26.11, 26.74, 29.17,
29.54, 30.19, 31.87, 32.63 (9 X CH»), 44.85 (CHxCl), 70.45, 70.59, 70.95, 71.36

(4 X OCH»), 73.41 (OCH), 78.08 (PhCH»), 127.48, 127.55, 128.29, 138.60
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(CgHs).

IR (CDClg, Cm"1): 3030, 2935, 2860, 1794, 1468, 1454, 1380, 1095, 905, 730,

646.
M S (m/e): 398 (M*)/400 (3:1), 119, 91(base peak).

Elementai analysis: Calc. for Co3H3903Cl: C 69.56, H 10.03, Ci 8.89.

Found: C 69.23, H 9.85, Cl 8.61.

(rac)-1-0O-(6-lodohexyl)-2-0O-n-heptyl-3-O-benzylglycerol (59)

A dry, one-necked, 25-mL round-bottom flask equipped with a magnetic
stirring bar and a reflux condenser with a gas inlet at the top was charged with
1.290 g (3.23 mmol) of compound 43, 1.211 g (8.08 mmol) of sodium iodide,
and 10 mL of acetone.” 1 The reaction mixture was stirred and refluxed under
nitrogen for 24 h. The solvent was removed by rotary evaporation and the
resulting solid was dissolved in 30 mL of methylene chioride and 20 mL of
water. The layers were separated and the aqueous layer was extracted with
two 20-mL portions of methylene chloride. The combined organic extracts were
washed successively with 10% aqueous sodium thiosulfate (20 mL), water (3 X
20 mL), and brine (30 mL). The organic layer was dried over anhydrous
magnesium sulfate. After filtration and concentration of the solution, the residue

was separated by medium pressure chromatography (elution with
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hexane/EtOAc, 25:1). (rac)-1-O- (6-lodohexyl)-2-O-n-heptyl-3-O-benzylglycerol

59 was collected as a coloriess liquid (1.506 g, 95%).

TH NMR (CDClg, 200 MHz) 5 0.88 (1, 3H, J= 6.6 Hz, CH3), 1.28-1.38 (m, 12H,
6 x CHy), 1.52-1.58 (M, 4H, 2 x CHyCH,0), 1.80 (p, 2H, CHoCHbol), 3.16 (t, 2H,
J=7.1 Hz, CHol), 3.39-3.63 (m, 9H, 4 X OCHo, OCH), 4.55 (s, 2H, PhCHJ), 7.32

(m, 5H, CgHs).
13c NMR (CDClg, 75 MHz) 5 6.65 (CH»l), 14.05 (CHg), 22.55, 25.05, 26.02,

29.08, 29.39, 30.08, 30.23, 31.78, 33.42 (9 X CH,), 70.29, 70.47, 70.80, 71.23

(4 X OCHy), 73.27 (OCH), 77.93 (PhCH»5), 127.40, 127.42, 128.18, 138.44

(CgHs5).
IR (CDClg, cm™1): 3030, 2910, 2860, 1450, 1350, 1200, 1100.
M S (m/e): 262 (M*-(CHo)gl), 91 (base peak).

Elemental analysis: Calc. for Co3H390O31: C 56.32, H 8.02.

Found: C 56.58, H 8.19.

(rac)-1-0-(6-lodomagnesiumhexyl)-2-0-n-heptyl-3-O-benzyl-

glycerol (59a)
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A 25-mL round-bottom three-necked flask containing magnesium (14.3
mg, 0.59 mmol) and a stirring bar, and fitted with a condenser with a drying tube
and two septa, was heated by flame and flushed with dry nitrogen alternately
three times to make sure that it was dry. (rac)-1-O- (6-lodohexyl)-2-O-n- heptyl-
3-0O- benzylglycerol 59 (240 fng, 0.49 mmol) and iodine (2 mg) in 5 mL of dry
THF were added by syringe. The solution was stirred and heated in an oil bath

at 50 °C for 2 h. Most of the magnesium disappeared, indicating that the

Grignard reagent had formed.

Soluble silver catalystf®

A solution of soluble silver was prepared by reacting silver nitrate (5.0
mmol) in THF (70 mL) with 30 mL of a 1.0 M solution of ethylmagnesium
bromide at 0 °C for 3 h in the dark. The supernatant solution, 0.05 M "soluble

silver," could be stored for prolonged periods at -20 °C.

1,1'-Di-0-(1,12-dodecanediyl)-2,2'-di-O-heptyl-3,3'-di- O-benzyl-
bis-glycerol (45)

To the solution of (rac)-1-O- (6-iodomagnesiumhexyl)-2-O-n-heptyl-3-O-
benzylglycerol 59a (see above), a solution of soluble silver69 (100 mL) and
(rac)-1-O-(6-iodohexyl)-2-O-n~heptyl-3-o-benzylglycerol 59 (240 mg, 0.49
mmol) in 5 mL of THF was added by syringe. The mixture was stirred for 24 h at
60 °C (oil bath). The gfey magnesium iodide solid precipitate was then

removed using a short Celite column. The filtrate was diluted with 25 mL of

49



methylene chloride and washed with 10% aqueous sodium thiosulfate solution
(15 mL) and water (20 mL) consecutively. The organic layer was dried and
concentrated, and the residue was chromatographed on a medium pressure
column (elution with hexane/EtOAc, 10:1). (rac)-1,1'-di-O- (1,12-Dodecanediyl)-
2,2'-di-O-heptyl!-3,3'-di-O- benzyl-bis-glycerol 45 was collected as a colorless

oil (184.4 mg, 52%).

TH NMR (CDCl3, 200 MHz) 5 0.88 (t, 6H, J = 6.3 Hz, 2 X CHg), 1.27 (s, 32H, 16
x CHyp), 1.51-1.60 (m, 8H, 4 x CH,CH»0), 3.39-3.60 (m, 18H, 8 X OCHy, 2 X

OCH), 4.55 (s, 4H, 2 X PhCHy), 7.27-7.34 (m, 10H, 2 X CgHs).
13¢c NMR (CDClg, 75 MHz) & 14.07 (2 X CHg), 22.62 (2 X CHy), 26.11 (2 X
CHy), 26.17 (2 X CH»), 29.17 (2 X CHy), 29.54 (2 X CHy), 29.66 (4 X CH,),
29.71 (2 X CHyp), 30.17 (2 X CHy), 31.87 (2 X CHy), 70.49 (2 X OCH ), 70.62 (2

X OCHy), 70.86 (2 X OCHy), 71.71 (2 X OCHJ5), 73.41 (2 X OCH), 78.05 (2 X

PhCH,), 127.48, 127.57, 128.29, 138.57 (2 X CgHs).
IR (CDClg, cm™1): 3030, 2915, 2860, 1452, 1100.
M S (m/e): 636 (M+-91), 91 (base peak).

High resolution (+) LSIMS

M*+H Calculated for C4gH7g0g: 727.5876. Observed: 727.5877.
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n-Heptylcopper reagent (47)68

A suspension of 1.7 g (26 mmol) of zinc (99.999% purity, Aldrich) in 2 mL
of THF containing 190 mg (1.0 mmol) of 1,2-dibromoethane was heated to 65
°C, and 0.1 mL (0.8 mmol) of chlorotrimethylsilane was added. After 15 min at
25 °C, a solution of n-heptyl iodide (5.65 g, 25 mmol) in 10 mL of THF was
added slowly. When the addition was completed, the reaction mixture was
stirred for 12 h at 25-30 °C. The dark grey solution was cooled to -10 °C , and a
solution of 1.98 g (22 mmol) of CuCN and 1.9 g (44 mmol) of LiCl (both salts
were predried at 150 °C under vacuum for 1 h) in 22 mL of THF was added
rapidly. The resulting dark green solution was stirred at 0 °C for 10 min and

was then used immediately.

n-Heptyl phenyl ketone (48)68

Benzoyl chloride (2.61 g, 18.7 mmol) was slowly added to the above
prepared solution of the copper reagent at -25 °C. The reaction mixture was
then stirred overnight at 0 °C. To the mixture was added 40 mL of ether and 40
mL of saturated aqueous sodium bicarbonate, and the mixture stirred for 10
min. The ether layer was concentrated and the residue was separated by flash
chromatography (elution with hexane/EtOAc, 6:1). n-Heptyl phenyl ketone 4 8

was obtained as a colorless liquid (2.29 g, 60%).

TH NMR (CDCl3, 200 MHz) 5 0.88 (1, 3H, J = 6.7 Hz, CHg), 1.28-1.35 (m, 8H, 4

X CHy), 1.68-1.80 (m, 2H, CHy), 2.96 (t, 2H, J = 7.3 Hz, CH,CO), 7.40-8.05 (m,
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5H, CgHs)-

IR (CDCl3, cm'1): 3060, 2996, 2820, 1682, 1600, 1580, 1450, 1360, 1260, 955,

760, 690, 586.
M S (m/e): 204 (M), 133, 120, 105, 77 (base peak), 65, 51.

1-Benzyloxy-6-chlorohexane (51)10°

To a solution of hexamethylene chlorohydrin (11.10 g, 81 mmol) and
concentrated sulfuric acid (1 mL) in benzene Was added a solution of benzyl
alcohol (7.32 g, 68 mmol) in benzene (15 mL) dropwise during 10 min while the
mixture was stirred and refluxed in an oil bath (80 °C ). After 4 h, the solution
became cloudy because of the formation of water. The reaction mixture was
cooled to room temperature and 30 mL of benzene was added. The mixture
was washed consecutively with water (30 mL), 5% aqueous sodium
bicarbonate (30 mL), and water (30 mL). The organic layer was dried over
anhydrous magnesium sulfate for 30 min. The solution was filtered and
concentrated, and the residue was distilled under reduced pressure. 1-
Benzyloxy-6-chlorohexane was collected as a colorless liquid (8.10 g, 53%); bp

118-125 °C /0.5 mmHg [lit.110 bp 138 °C /1mmHg].

TH NMR (CDCl3, 200 MHz) & 1.40-1:45 (m, 4H, 2 x CH,), 1.63 (m, 2H,

CHoCH,0), 1.77 (m, 2H, CHpCHoCl), 3.47 (t, 2H, J = 6.4 Hz, OCHy), 3.52 (t,

52



2H, J= 6.7 Hz, CICHy), 4.50 (s, 2H, PhCHy), 7.30-7.34 (m, 5H, CgH5).

IR (CDClg, cm'1): 3065, 3030, 2938, 2862, 1495, 1452, 1360, 1095, 900, 725,

645.

M S (m/e): 226 (M+)/228 (3:1), 135, 91 (base peak),77, 65, 51.

1-Benzyloxy-6-iodohexane (52)

A dry, one-necked, 50-mL, round-bottom flask equipped with a magnetic
stirring bar and a reflux condenser with a gas inlet at the top was charged with
0.55 g (2.43 mmol) of compound 51, 1.31 g (8.74 mmol) of sodium iodide, and
8 mL of acetone.”! The reaction mixture was stirred and refluxed under
nitrogen for 24 h. The solvent was removed on a rotary evaporator and the
resulting solid was dissolved in 30 mL of methylene chloride and 20 mL of
water. The layers were separated and the aqueous layer was extracted with
two 20-mL portions of methylene chloride. The combined organic extracts were
washed successively with 10% aqueous sodium thiosulfate (20 mL), water (3 X
20 mL), and brine (30 mL). The organic layer was dried over anhydrous
magnesium sulfate. After filtration and concentration of the solution, the residue
was separated by medium pressure chromatography (elution with
hexane/EtOAc, 80:1). 1-Benzyloxy-6-iodohexane 52 was obtained as a

colorless liquid (0.77 g, 2.42 mmol, 99%).
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TH NMR (CDClg, 200 MHz) & 1.40-1.42 (m, 4H, 2 x CHy), 1.62 (m, 2H,
CHoCH50), 1.83 (m, 2H, CHoCHol), 3.18 (t, 2H, J = 6.9 Hz, CH5, 1), 3.47 (t, 2H,

J=6.2 Hz, OCH,), 4.50 (s, 2H, PhCHy), 7.33 (m, 5H, CgHx).

13c NMR (CDCl3, 75 MHz) & 6.83 (CHpl), 25.20, 29.56, 30.30, 33.49 (4 X

CHy), 70.22 (OCH,), 72.91 (PhCH,), 127.10, 127.57, 128.32, 138.70 (CgHg).

IR (CDClg, cm"1): 3068, 3035, 2932, 2860, 1453, 1361, 1277, 1205, 1096, 905,

760, 648.
M S (m/e): 318 (M*), 227, 197, 91 (base peak), 77, 65, 41.

6-Benzyloxyhexylmagnesium iodide (53a)

A 25-mL round-bottom three-necked flask containing magnesium (54 mg,
2.2 mmol) and a stirring bar, and fitted with a condenser with a drying tube and
two septa was heated by flame and flushed with dry nitrogen alternately three
times to make sure that it was dry. 1-Benzyloxy-6-iodohexane 52 (633 mg, 2.0
mmol) in 10 mL of dry THF was added by syringe. The mixture was stirred and
heated in an oil bath at 50 °C for 2 h. The magnesium disappeared, indicating

that the Grignard reagent had formed.

1,12-Dibenzyloxydodecane (54)

To the 6-benzyloxyhexylmagnesium iodide 53a solution (see above), a
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solution containing soluble silver6® (30 pL) and 1-benzyloxy-6-iodohexane 52
(633 mg, 2.0 mmol) in 5 mL of THF was added by syringe. The mixture was
stirred for 24 h at room temperature, then diluted with ether (150 mL) and
washed consecutively with saturated aqueous ammonium chloride (100 mL)
and water (100 mL). The ether layer was dried over anhydrous magnesium
sulfate, filtered, and concentrated. The residue was separated by medium
pressure chromatography (elution with hexane/EtOAc, 60:1). 1,12-

Dibenzyloxydodecane (381 mg, 50%) was obtained as a colorless oil.

TH NMR (CDCl3, 200 MHz) 5 1.26 (s, 16H, 8 X CHy), 1.56-1.64 (m, 4H, 2 X
CH,CH20), 3.46 (t, 4H, J= 6.6 Hz, 2 X OCHy), 4.50 (s, 4H, 2 X PhCH), 7.33 (s,

10H, 2 X CgH).

13C NMR (CDClg, 75 MHz) 8 26.24 (2 X CH5), 29.51 (2 X CH,), 29.60 (4 X

CHyp), 29.82 (2 X CHy), 70.59 (2 X OCH,), 72.87 (2 X PhCH.), 127.42, 127.59,

128.32, 138.87 (2 X CgHs).
IR (CCly, cm™1): 2928, 2860, 1452, 1370, 1245, 1090, 900, 725, 645.
M S (m/e): 291 (M+-Bn), 274, 107, 91 (base peak), 77, 65, 41.

16-Chlorohexadecanoyl chioride (61)

To a solution of 16-hydroxyhexadecanoic acid (2.90 g, 10.64 mmol) and
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benzene (10 mL) in a 100-mL three-necked flask which was fitted with a
condenser carrying a drying tube and two sépta was added freshly distilled
thionyl chloride (12.66 g, 106.4 mmol) by syringe. The mixture was stirred at
room temperature for 30 min and then refluxed for 3 h. The excess thionyl
chloride and benzene were distilled out, and the residue was pumped at 100 °C
for 1 h by using an oil pump. IR spectroscopy of the residue confirmed the
absence of hydroxyl and carboxylic hydroxyl groups, and the carbonyl group of
the acyl chloride appeared at 1790 cm™1. The residue was reduced directly to

16-chlorohexadecanol by alane without purification.

16-Chlorohexadecanol (62)

Preparation of the alane solution:”2 To aluminum trichloride (1.419 g,
10.64 mmol) in a 25-mL flask was added dropwise 10 mL of freshly distilled
ether. The solution was kept gently boiling during the addition. This solution
was added dropwise to a solution of lithium aluminum hydride (0.404 g, 10.64
mmol) in 10 mL of ether. The grey suspension of alane was added then to a
solution of the crude 16-chlorohexadecanoyl! chloride in 15 mL of ether at a rate
which kept the solution gently refluxing. The mixture was then stirred at room
temperature for 3 h. Water (20 mL) and 6N sulfuric acid (15 mL) were added
consecutively. The ether layer was separated and the aqueous layer was
extracted with ether (3 X 30 mL). The combined organic layers were washed
with brine (50 mL), dried over anhydrous magnesium sulfate, filtered, and

concentrated. The residue was purified by flash chromatography (elution with

56



hexane/EtOAc, 7:1). 16-Chlorohexadecanol 62 (2.78 ¢, 94%) was obtained as

a white solid; mp 44 °C [lit.111 43°C .

TH NMR (CDClg, 200 MHz) & 1.26 (s, 22H, 11 X CH,), 1.38-1.45 (m, 2H, CH),
1.50-1.60 (m, 2H, CHyCH0), 1.70-1.84 (p, 2H, CHoCH,Cl), 3.53 (t, 2H, J= 6.7

Hz, CHy Cl), 3.64 (t, 2H, J = 6.5 Hz, CHoOH).

IR (CDClg, cm™1): 3620, 2920, 2850.

M S (m/e): 258 (M+-H,0)/260 (3:1), 55 (base peak).

Elemental analysis: Calc. for C4gH330CI: C 69.41, H 12.01.

Found: C 69.18, H 12.19.

1-0-(16-Chlorohexadecyl)-3-O-tosyl-sn-glycerol (63)

To a 50-mL round-bottom flask was added a stirring bar, 2.10 g (7.58
mmol) of 16-chlorohexadecanol, and 1.904 g (8.34 mmol) of (A)-(-)-glycidyl
tosylate ([a]29p -17.1° (¢ 2.4, CHCl3); 92% ee).107 The mixture was dried
under vacuum at 100 °C for 1 h. Freshly distilied methylene chloride (20 mL)
and a catalytic amount of boron trifluoride etherate (54 mg, 1 drop) were added
consecutively to the flask. The solution was stirred overnight. TLC
(hexane/EtOAc, 4:1) showed that most of the 16-chlorohexadecanol and all of

the glycidyl tosylate had disappeared. The solvent was removed by rotary
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evaporation, giving a residue that was purified by medium pressure
chromatography (elution with hexane/EtOAc, 2:1). 1-O- (16-Chlorohexadecyl)-
3-O-tosyl-sn-glycerol 63 (3.255 g, 85%) was obtained as a white solid; mp

64.5-66.5 °C; [0]29p -3.04° (¢ 4.0, CHClg).

TH NMR (CDClg, 200 MHz) & 1.26 (s, 24H, 12 X CHy), 1.38-1.51 (m, 2H,
CH,CH,0), 1.73-1.80 (m, 2H, CHyCH,Cl), 2.45 (s, 3H, CgH4CHg), 2.55 (s,
1H, OH), 3.39 (t, 2H, J = 6.6 Hz, OCH,R), 3.43 (d, 2H, J = 3.9 Hz, OCH,CH),
3.52 (t, 2H, J = 6.7 Hz, CHCl), 3.96 (m, 1H, OCH), 4.06 (t, 2H, J = 5.2 Hz,

CH5OTs), 7.35-7.80 (dd, 4H, Ar).

13c NMR (CDClg, 75 MHz) § 21.26 (CHag), 26.03 (CH»), 26.90 (CH.»), 28.90
3 3 2 2

(CHop), 29.45 (2 X CH»), 29.54 (3 X CHy), 29.65 (5 X CH»), 32.69 (CHyp), 45.13

(CH,Cl), 68.37 (OCH,), 70.54 (OCH,), 70.67 (OCH»), 71.80 (OCH), 128.02,

129.90, 132.90, 144.94 (CgHy).

IR (CDClg, cm'1): 3580, 3150, 2920, 2850, 1780, 1595, 1460, 1360, 1245,

1185, 1175, 1095, 982, 900, 730, 645, 550.

MS (m/e): 331 (M*+-TsOH-H)/333 (3:1), 289/291 (3:1), 173, 155, 91, 57 (base

peak).

High resolution (+) LSIMS. M* Calculated for CogH4505CIS: 504.2679.
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Observed: 504.2676.

(R)-(+)-Oxiranemethyl 16-chlorohexadecyl ether(64)

To a solution of 1-O-(16-chlorohexadecyl)-3-O-tosyl-sn-glycerol 6 3 (2.54
g, 5.03 mmol) in 15 mL of absolute methanol in a 50-mL round-bottom flask
submerged in an ice bath and precooled for 15 min was added potassium
carbonate (2.086 g, 15.08 mmol). The reaction mixture was stirred for 3 h at 0
°C. To the mixture was added 100 mL of ether, and the solution was filtered
through a short Celite column. The filtrate was concentrated and the product
was separated by flash chromatography (elution with hexane/EtOAc, 10:1). (R)-
(+)-Oxiranemethyl 16-chlorohexadecyl ether 64 was obtained as a white solid

(1.34 g, 80%); mp 51-54 °C; [0]2%p +1.60° (c2.09, CHCI3).

TH NMR (CDClg, 200 MHz) § 1.26-1.45 (s, 24H, 12 X CH,), 1.58 (p, 2H, J= 6.6
Hz, CHyCH50), 1.77 (p, 2H, J = 7.0 Hz, CHoCHoCl), 2.60 (dd, 1Hg, J = 5.0 Hz,
J =27 Hz), 2.78 (1, 1Hp, J = 4.6 Hz), 3.14 (m, 1H,), 3.52 (t, 2H, J = 6.7 Hz,

CH,Cl), 3.33-3.73 (m, 4H, 2 X OCHy).

13C NMR (CDCl3, 75 MHz) 8 26.14 (CHyp), 26.96 (CH,), 28.93 (CHy), 29.51 (3

59



X CH,), 29.64 (4 X CH,), 29.77 (3 X CHy), 32.75 (CHy), 45.03 (CH,Cl), 44.26,

50.87 (epoxide), 71.50 (OCH,), 71.74 (OCHb).

IR (CDClg3, cm‘1): 2910, 2850, 1455, 1335, 1300, 1250, 1100.

M S (m/e): 287/289 (3:1), 111, 97, 83, 71, 69, 57, 55 (base peak).

Elemental analysis: Calc. for C{gH3705CI: C 68.54, H 11.20.

Found: C 68.38, H 10.96.

1-0-(16-Chiorohexadecanyl)-3-O-benzyl-sn-glycerol (65)

(a) To a 50-mL round-bottom flask was added a solution of 1.14 g (3.42
mmol) of ether 64 and 4.04 g (34.20 mmol) of benzyl alcohol in 15 mL of
methylene chloride. Powdered, activated 4A molecular siev;; and a stirring bar
were added. The mixture was stirred for 2 h. Boron trifluoride etherate (40 ulL)
was added, and the reaction mixture was stirred at room temperature for 3 h.
TLC (hexane/EtOAc, 7:1) showed that all of the epoxide disappeared. The
mixture was diluted with 100 mL of methylene chloride and filtered through
Celite. Methylene chloride was removed by rotary evaporation, and excess
benzyl alcohol was distilled out under 5 mmHg pressure (bp 75 °C/5 mmHg).
The residue was purified by flash chromatography (elution with hexane/EtOAc,

10:1). 1- O-(16-Chlorohexadecyl)-3-O-benzyl-sn-glycerol 65 (1.24 g, 82%) was

obtained as an oil; []25p +1.33° (¢ 2.5, CHCl3).
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(b) To a 50-mL. round-bottom flask were added 16-chlorohexadecanol 6 2
(214 mg, 0.77 mmol), benzyl glycidyl ether 38 (152 mg, 0.93 mmol), methylene
chloride (15 mL), and a stirring bar. The flask was cooled to 0 °C under dry
nitrogen gas protection. A drop of boron trifluoride etherate was added the
solution was stirred overnight at 0 °C. An additional amount of ether 38 (38
mg, 0.23 mmol) was added to the solution, and stirring was continued for
another 24 h. TLC (hexane/EtOAc, 5:1) showed that there was no 16-
chlorohexadecanol 62 left. The solvent was removed by rotary evaporation.
The residue was separated by flash chromatography (elution with
hexane/EtOAc, 10:1). 1-O-(6-Chlorohexadecyl)-3-O-benzyl-sn-glycerol 65 was
collected as a colorless oil (293 mg, 86%).

The two preparations of 6 5 resulted in identical products, as determined
by comparision of their TLC retention times [R£0.30 (hexane/EtOAc, 5:1)] and

TH NMR and IR spectra.

TH NMR (CDClg, 200 MHz) & 1.26-1.40 (s, 24H, 12 X CHy), 1.5 (m, 2H,
CHoCH50), 1.75 (p, 2H, J = 7.0 Hz, CHoCH,Cl), 2.62 (d, 1H, J = 4.1 Hz, OH),
3.40-3.57 (m, 8H, 3 X OCHyp, CH5Cl), 3.96 (m, 1H, OCH), 4.55 (s, 2H, CHoPh),

7.32 (s, SH, CgH5).
13C NMR (CDCl3, 75 MHz) § 26.16 (CHy), 26.95 (CHy), 28.93 (CHy), 29.67
(10 X CHy), 32.74 (CHy), 45.09 (CHCl), 69.66 (OCHy), 71.60 (OCHy), 71.76

(OCHy), 71.93 (OCH), 73.54 (CH,Ph), 127.73, 128.45, 138.22 (CgHs).
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IR (CDClg, cm™1): 3570, 2910, 2840, 1450, 1205, 1100.
M S (m/e): 440 (M*)/442 (3:1), 91 (base peak).

Elemental analysis: Calc. for CogHyq503CI: C 70.80, H 10.28.

Found: C 70.83, H 10.09.

1-0-(16-Chlorohexadecyl)-2-0O-hexadecyl-3- O-be nzyl-sn-glycerol
(66)

To a 50-mL round bottom flask loaded with a drying tube and a stirring
bar was added 1- O-(16-chlorohexadecyl)-3-O-benzyl-sn-glycerol 65 (837 mg,
1.89 mmol) and freshly distilled THF (10 mL). The flask was cooled in an ice
bath for 10 min, and sodium hydride powder (neat) (81.5 mg, 3.26 mmol) was
added. The mixture was stirred for 0.5 h at 0 °C. 1-lodohexadecane (2.872 g,
8.15 mmol) and tetrabutylammonium iodide (35 mg, 0.03 mmol) were added,
and the temperature was raised to room temperature, then to reflux overnight.
TLC (hexane/EtOAc, 10:1) showed that most of the alcohol 65 had been
converted to ether 6 6. The reaction mixture Was diluted with 100 mL of ether
and filtered through Celite. The filtrate was concentrated and the product was
purified by flash chromatography (elution with hexane/EtOAc, 50:1). 1-O-(16-
Chlorohexadecyl)-2-O-hexadecyl-3-O-benzyl-sn-glycerol 6 § was collected as a

colorless oil (1.25 g, 99%); [0]25 +0.19° (¢ 4.68, CHClg).
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TH NMR (CDClg, 200 MHz) & 0.88 (t, 3H, J = 6.6 Hz, CH3), 1.26 (s, 50H, 25 X
CHy), 1.51-1.60 (m, 4H, 2 X CHo), 1.76 (p, 2H, J = 7.0 Hz, CHoCH,Cl), 3.36 (s,
3H, OCH3), 3.39-3.59 (m, 11H, 4 X OCHy, CH,CI, OCH), 4.55 (s, 2H, CH,Ph),

7.32 (s, 5H, CgHg).

13C NMR (CDClg, 75 MHz) § 14.07 (CHg), 20.65 (CHy), 22.81 (CH,), 26.26 (2
X CHy), 27.10 (CHj), 29.10 (CH5), 29.60 (CH,), 29.80 (18 X CHy), 30.26
(CHo), 32.05 (CHy), 32.81 (CHy), 45.15 (CH4Cl), 70.45 (OCHy), 70.59 (OCHy),
70.95 (OCH,), 71.36 (OCH»), 73.41 (OCH), 78.14 (CH,Ph), 127.53, 127.69,

128.42, 138.59 (CgHs).

IR (CDClg, cm™1): 2920, 2855, 1455, 1105, 900, 810, 600.

M S (m/e}: 543/545 (3:1), 287/289 (3:1), 91 (base peak).

Elemental analysis: Calc. for C4oH7703Cl: C 75.55, H 11.66.

Found: C 75.00, H 11.66.

High resolution (+) LSIMS. Mt Calculated for C45H,703Cl: 664.5565.

Observed: 664.5562.

1-0-(16-lodohexadecyl)-2-O-hexadecyl-3-O-benzyl-sn-glycerol (26)

A dry, one-necked, 25-mL round-bottom flask equipped with a magnetic
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stirring bar and a reflux condenser with a gas inlet at the top was charged with
2.59 g (3.38 mmol) of compound 6 6, 5.07 g (33.80 mmol) of sodium iodide, and
10 mL of 2-butanone. The reaction mixture was stirred and refluxed under
nitrogen for 48 h. The reaction mixture was cooled and mixed with 100 mL of
ether and filtered. The filirate was concentrated and the residue was purified by
flash chromatography (elution with hexane/EtOAc, 75:1). 1-0O-(16-
lodohexadecyl)-2-O-hexadecyl-3-O-benzyl-sn-glycerol 26 was collected as a

colorless liquid (2.5 g, 85%); [0]30p +0.17° (¢5.30, CHCI3).

TH NMR (CDClg, 200 MHz) 5 0.88 (t, 3H, J = 6.6 Hz, CHg), 1.26 (m, 30H, 25 x
CH,), 1.54 (m, 4H, 2 x CHoCH»0), 1.81 (p, 2H, J = 7.1 Hz, CHoCHol), 3.18 ¢,
2H, J = 7.1 Hz, CHol), 3.42 (t, 4H, J = 6.6 Hz, 2 X OCH>), 3.48-3.60 (m, 5H, 2 X

OCHy,, OCHY), 4.55 (s, 2H, PhCH,), 7.28-7.34 (m, 5H, CgHs).
2 2 Ll

13C NMR (CDCl3, 75 MHz) & 7.04 (CHol), 14.11 (CHg), 22.70 (CHy), 26.15
(CHo), 28.57 (CHy), 29.70 (21 X CHyp), 30.14 (CH,), 30.53 (CHy), 31.94 (CH ),
33.62 (CHoCl), 70.42 (OCH,), 70.62 (OCHy), 70.82 (OCHy), 71.68 (OCH.,),

73.40 (OCH), 78.01 (CHoPh), 127.48, 127.56, 128.29, 138.52 (CgHsz).

IR (CDClg3, cm'1): 2930, 2860, 1450, 1290, 1100.

High resolution (+) LSIMS. M* Calculated for C4oH7703l: 756.4921.

Observed: 756.4918.
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1-0-(16-lodomagne siumhexadecyl)-2-O-hexadecyl-3-O-benzyl- sn-
glycerol (26a)

A 25-mL round-bottom three-necked flask containing magnesium (14.5
mg, 0.60 mmol) and a stirring bar, and fitted with a condenser with a drying tube
and two septa, was heated by flame and flushed with dry nitrogen alternately
three times to make sure that it was dry. 1-0O-(16-lodohexadecyl)-2-O-
hexadecyl-3-O-benzyl-sn-glycerol 26 (0.41 g, 0.54 mmol) and iodine (2 mg) in
5 mL of dry THF were added by syringe. The solution was stirred and heated in
an oil bath at 50 °C overnight. Most of the magnesium disappeared, indicating

that the Grignard reagent had formed.

1,1'-Di-O-(1,32-dotriacontanediyl)-2,2'-di-O-hexadecyl-3,3'-di- O-
benzyl-bis-glycerol (18)

To the solution of Grignard reagent 26a (see above), a solution of
soluble silver®® (200 pk, 0.0t mmol) and iodide 26 (0.42 g, 0.55 mmol) in 5 mL
of THF was added by syringe. The mixture was stirred for 48 h at 60 °C oil
bath. The reaction solution was diluted with 50 mL of ether and filtered. The
filtrate was concentrated and purified by medium pressure chromatography
(elution with hexane/EtOAc, 25:1). 1,1'-Di- O-(1,32-dotriacontanediyl)-2,2'-di-O-
hexadecyl-3,3'-di-O-benzyl-bis-glycerol 18 (260 mg, 38%) was collected as a

pale yellowish semisolid; []29 +0.23° (¢ 1.61, CHCl3).

TH NMR (CDClg, 200 MHz) 5 0.88 (t, 6H, J = 6.6 Hz, 2 X CHg), 1.25 (s, 108H,
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54 x CHy), 1.54 (m, 8H, 4 x CHyoCH50), 3.42 (, 8H, J = 6.6 Hz, 4 X OCHbo),
3.50-3.60 (m, 10H, 4 X OCHy, 2 X OCH), 4.55 (s, 4H, 2 X PhCH»), 7.32 (m,

10H, 2 X CgHp).

13c NMR (CDCl3, 75 MHz) & 14.11 (2 X CHg), 22.70 (2 X CHy), 26.16 (2 X
CHy), 29.38, 29.54, 29.72, 30.15 (52 X CHo), 31.95 (2 X CH»), 70.44 (2 X
OCHy), 70.65 (2 X OCHy), 70.83 (2 X OCH,), 71.71 (2 X OCHy), 73.41 (2 X

OCH), 78.00 (2 X CH,Ph), 127.50, 127.59, 128.32, 138.54 (2 X CgH5).
IR (CDClg, cm™1): 2930, 2886, 1460, 1100.

High resolution (+) LSIMS. Mt Calculated for Cg4H1540g: 1259.1752.

Observed: 1259.1750.

Methyl 16-hydroxyhexadecanoate (86)

To a 50-mL round-bottom flask fitted with a condenser and drying tube
was added a solution of 16-hexadecanolide 85 (1.00 g, 3.93 mmol) in absolute
methanol (30 mL) and 100 uL of BFg3 etherate. The solution was refluxed for 24
h. TLC (hexane/EtOAc, 7:1) showed that only one new spot was formed. The
solvent was removed by rotary evaporation. The residue (white crystals) was
dissolved in 20 mL of ether and washed with water (15 mL X 2). The ethereal
solution was dried over anhydrous magnesium sulfate, filtered, and

concentrated. Pure methyl 16-hydroxyhexadecanoate 8 6 was obtained as a
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white solid (1.10 g, 99%); mp 55-56 °C.

TH NMR (CDClg, 200 MHz) § 1.26 (s, 20H, 10 X CHy), 1.44 (s, 2H, CHo), 1.57
(p, 4H, 2 X CHp), 2.30 (t, 2H, J = 6.6 Hz, CHy), 3.64 (t, 2H, J = 6.6 Hz, CH ),

3.67 (s, 3H, CHg).

IR (CDClg, cm™1): 3630, 2920, 2850, 1725, 1020.

M S (m/e): 256 (M*-OCHy), 98, 87, 74, 55.

16-Hydroxyhexadecanoic acid (60)

To a 250-mL round-bottom flask was added a solution of KOH (10.00 g,
179 mmol) in 115 mL of 10% aqueous methanol and 16-hexadecanolide 8 5
(10.00 g, 39.3 mmol). The solution was refluxed for 24 h under N5 protection.
The solvent was removed by rotary evaporation. The sodium salt of 60 was
dissolved in 500 mL of hot 10% aqueous HCl. Crude 16-hydroxyhexadecanoic
acid 6 0 crystallized as a white solid when the solution was cooled to room
temperature. The crude product was recrystallized from hot methanol to give

pure 16-hydroxyhexadecanoic acid 60 (10.70 g, 100%); mp 94-96 °C [lit.112

97-98 °C].

TH NMR (CDCl3, 200 MHz) § 1.24 (s, 22H, 11 X CHy), 1.58 (m, 4H, 2 X CHo),

2.33 (t, 2H, J = 7.5 Hz, CHoCO5H), 3.63 (t, 2H, J = 6.5 Hz, CH,OH), 3.66 (brs,
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1H, OH), 9.70 (s, 1H, COoH).

IR (CDClg, cm™1): 3280, 3210-2350 (br), 2912, 2847, 1700, 1470.

16-Chlorohexadecyl tosylate (80)%°

To a 100-mL round-bottom flask fitted with a drying tube were added 16-
chlorohexadecanol (8.31 g, 30 mmol), pyridine (11.87 g, 150 mmol), and a
magnetic stirring bar. The_flask was placed in a water bath sufficiently cold to
lower the temperature of the mixture to 10 °C. At this temperature, p-
toluenesulfonyl chloride (6.29 g, 33 mmol) was added in portions over a 10- to
20-min period. The mixture was stirred for 3 h at a temperature below 20 °C,
after which it was diluted with 25 mL of concentrated hydrochloric acid in 80 mL
of ice water. The ester that crystallized was collected on a chilled Blichner
funnel and sucked as dry as possible. The solid was transferred to a 100-mL
beaker, 40-60 mL of ethanol was added, and the mixture was warmed on a
steam bath until the ester melted. It was then cooled in a ice bath while being
stirred continuously. The solid ester separated in a fairly fine state, and was
collected on a Bichner funnel and allowed to dry in the air. The yield of the

tosylate was 11.64 g (90%); mp 56-58 °C.

TH NMR (CDCl3, 200 MHz) & 1.24 (s, 22H, 11 X CHo), 1.41 (m, 2H, CH,), 1.63
(P, 2H, CHo), 1.77 (p, 2H, CH»), 2.45 (s, 3H, CHg), 3.53 (t, J = 6.7 Hz, 2H,

CHoCl), 4.02 (t, 2H, CHoOTs), 7.34, 7.81 (dd, 4H, Ts).
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Conclusions. The method reported here allows the preparation of protected

model lipid 1,3 or 2,3-sn-glycerol tetraethers via BF, -catalyzed alcoholysis of

3
glycidyl derivatives, and silver catalyzed carbon-carbon coupling of the
corresponding Grignard reagent and alkyl iodide. Attempts to construct and
couple appropriately substituted alkyl glycerol derivatives to form macrocyclic

diglycerol tetraethers are in progress.
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