
INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 
be from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 
reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order.

University Microfilms International 
A Bell & Howell Information Company 

300 North Zeeb Road. Ann Arbor. Ml 48106-1346 USA 
313/761-4700 800/521-0600





O rder N u m b er 9325134

Synthesis of archaebacterial tetraether lipid m odels

Pan, Dongfeng, Ph.D.

City University of New York, 1993

U M I
300 N. ZeebRd.
Ann Arbor, MI 48106





ft
SYNTHESIS OF ARCHAEBACTERIAL TETRAETHER LIPID 

MODELS

by

DONGFENG PAN

A d isse r ta t io n  su b m itted  to  th e  G ra d u a te  Faculty  in C hem istry  in partial 

fulfillment of the  requ irem ents  for the  d e g re e  of Doctor of Philosophy, T he  City 

University of New York

1993



This m anuscript h a s  b een  read an d  a ccep ted  for the  G raduate  Faculty in Chemistry 

in satisfaction of the  dissertation requirem ents  for the  d e g re e  of Doctor of Philosophy.

A W
Dare

2 - T / 1 1 3

< / A ? / $ 3
Date

Chair of Examining Com m ittee 

Executive Officer

Supervisory  Com m ittee

The City University of New York



Abstract

SYNTHESIS OF ARCHAEBACTERIAL TETRAETHER LIPID MODELS

by

DONGFENG PAN

Advisor: Professor Robert Bittman

S in ce  it is difficult to obtain  su b s tan tia l  a m o u n ts  of a rc h ae b ac te r ia l  

te trae the r  lipids from natural so u rces ,  a  synthetic s tra tegy  h a s  b e en  developed  

to p re p a re  a  simpler, acyclic, straight-chain  te trae th e r  m odel, 1 ,1 '-d i -0 (1 ,3 2 -  

d o tr iaco n tan ed iy O ^^ '-d i-O -h ex ad ecy l-S .S '-d i-O -b en zy l-b is -g ly cero l  18. This 

coupling s tra tegy  m ay  be applicable to the  m ore difficult task  of assem bling  the  

cyclic te traether. The key s te p s  of this synthetic s tra tegy  a re  (a) B F 3 -c a ta ly zed  

a lcoho lysis  of glycidyl deriva tives  an d  (b) silver m eta l c a ta ly z ed  G rignard  

reag en t  coupling m ethod to connec t two diether syn thons  to form the  te trae ther 

lipid.
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CHAPTER 1

IN TR O D U C TIO N

A new approach to the synthesis of archaebacterial lipids

T he  d iscovery  of the  m ethanogen ic , halophilic, a n d  therm oacidophilic  

a rc h ae b ac te r ia ,  which thrive in ha rsh  environm ents , h a s  s tim ula ted  re sea rc h  

into th e  u n ique  s truc tu ra l,  b iochem ical, a n d  physica l  p ro p e r t ie s  of the ir  

m em b ran e  lipids.1"1^ The ability of th e se  o rgan ism s to survive u n d e r  ex trem e 

cond itions  su c h  a s  high te m p e ra tu re  (80-90 °C) a n d  low pH (abou t 2 ) 2  

su g g e s ts  an  important difference of stability com pared  with normal bilayer

r -O X '
O

O

XO
1

OX'
r  O

XO

2

Figure 1 X, X' = su g a r  or phosphate-contain ing  group

m em b ran es .  Indeed, unique bipolar diglycerol te trae th e r  lipids were  s e p a ra te d  

a n d  id e n t i f ie d  in a r c h a e b a c t e r i a ,  t h e r m o p l a s m a ,  s u l fo lo b u s ,  a n d
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m e th a n o g e n s . 1 6 - 2 6

HO

HO

Figure 2

OH

The te trae th er  lipids so  far identified feature  the  unusual structure of C 2 0 " 

o r  C 4 g -iso p re n o id  c h a in s  b o n d e d  th ro u g h  e th e r  l in k a g e s  to g ly cero ls  

containing polar g roups 2 6  (Figure 1 ). The two glycerol g roups  of the  te trae thers  

1 and  2 a re  co n n ec ted  by at least one  hydrocarbon chain 3  (Figure 2 ) . 2 7  The 

chain  3  m ay vary  by containing up to four cyclopen tane  rings, originated by th e  

form ation of C-C  b o n d s  b e tw ee n  methyl g ro u p s  a t 3, 7, 26, an d  30 a n d  

m ethy lenes  at 6 , 10, 23, and  27, respectively , 2 6 ' 6 6  a s  show n in Figure 2. The

2



t e t r a e th e r s  in lipids of m e th a n o g en ic  b a c te r ia 1 9 " 2 1  co n ta in  only acyclic  

biphytanyl chains  3 .

T h e  abso lu te  s te reochem is try  of the  glycerol h a s  b e e n  d e te rm in e d , 3 1  

a n d  th e  s te reo s tru c tu re  of th e  C ^ - d i o l  3  (b iphytane-1 ,32-diol) h a s  b e en  

e s t a b l i s h e d  a s  (3 R,7R,11 R, 15S ,18S ,22fl,26fl,30fl)-3 ,7 ,11 ,15 ,18 ,22 ,26 ,30- 

octam ethyldotriacontane-1,32-diol by sy n th e s is . 2 7

In recen t  y e a rs ,  l ip o so m es  hav e  b e e n  s tu d ied  ex tens ive ly  for the ir  

potential to se rv e  a s  carriers  for th e  delivery of drugs , an tigens , ho rm ones , 

e n z y m e s ,  a n d  o th e r  biological c o m p o u n d s 3 2 - 3 5  T he  se le c t iv e  fusion of 

liposom es with particular kinds of cells is a  promising m e a n s  of controlling the  

delivery of drugs to ta rget cells.

M onolayer m e m b ra n e s 3 6 - 3 8  formed from the  diglycerol te t rae th e r  lipids 

re f le c t  th e  u n c o m m o n  r e s i s t a n c e  of a r c h a e b a c t e r i a  to  e x t r e m e  

en v iro n m en ts . 3 9 , 4 9  B e c a u s e  of t h e  s tab i l i ty  of t h e s e  m o n o la y e r  

m e m b ra n e s , 2 6 , 4 9 , 4 1  w e  expec t that th e  bipolar derivatives of the  te tra e th e rs  

could be  very useful a s  new m aterials for drug delivery. S ince  it is difficult to 

obtain th e s e  bacterial lipids from natural so u rces ,  th e re  is much current interest 

in th e  chem ical sy n th e s is 4 9 - 4 4  an d  behav io r of th e s e  lipids in m e m b ra n es .  

B efore  th e  com plex  iso p ren o id  s e g m e n t  b e c o m e s  read ly  av a ilab le ,  th e  

chem ical sy n th es is  an d  s tudy  of the  properties  of te trae th e r  lipids have  b een  

limited to straight-chain models.

Before d iscuss ion  of ou r work, all of th e  a p p ro a c h e s  to th is  kind of 

te t ra e th e r  model exam ined  by o ther g roups  a re  su m m arized  in th e  following

3



section.

(1) The te trae th e r  model 1 3  (Figure 3) of Kim and  T hom pson 4 4

T he  overall yield from com m ercially  available  e ico san ed io ic  acid 8  to

1,1 '-O e icosam ethy lene -2 ,2 '-O d idecy l- rac -d igyce ro l te trae th e r  1  3  w a s  2 .8 %.

H 0 2 C(CH 2 ) 1 8 C 0 2H

8

1) LAH, THF, heat  ____   _  1) , NaH/THF

2) HBr, heat
-»► Br(CH2)20Br

9 (30%) 2) Hc|/H2°

— O -  

— OH

-(CH2)20— i
HO-A/wi 
HO—

TrCI, Pyridine 

THF

11 (51%)

NaH, C10H21Br̂  

THF

Figure 3

■ O ------- (C H2)20—  o

~ w ,OC 1 0 H2 1  C 1 0 H2 iO'A/w 
—OTr TrO—

13 (60%)

— O -------(CH2)20—  o —

lAAÂ OH HO'/wv/
—OTr TrO—

12 (30%)

(2) The te trae th e r  model 1 8  (Figure 4) of Yamauchi e t al.4 ®

T he  overall yield from 3-O-benzyl-sn-glycerol 1 4  to 1 ,32-dotriaconta- 

m ethy lene  bis( 2 - 0 -hexadecyl- 3 - 0 -benzyl-s/ 7-glycerol) 1 8  w a s  11.7% . 4 5  3 - 0  

Benzyl-s/ 7-glycerol 1 4  w a s  m a d e  from D-mannitol in 4 s t e p s  in 50%  overall 

yield. Furtherm ore, 1 ,32-d ibrom odotricosane 1 6  w a s  sy n th es ized  in 9 s te p s  

from eicosanedioyl chloride in 46%  overall yield . 4 2 - 4 6 " 4 8

T he  p ro ced u re  of Yamauchi et a l . 4 6  (14 to 1 8 ) w as  r e p e a te d  but in 

higher overall yield (22%) by M oss et a l . 4 2

4



HO-
H O' »H

-OBn

n-Bu2SnO  B u  g

14

17 (33%) 

Figure 4

>H

■OBn

Br(C hy32Br (16) 

reflux

15 (77% )

0(CH2)320 NaH, THF
0(CI 12)3 2 ^

HO— — H HO— ——H '** Cicl ^gO**1-
C16H33Br 16 33

—■■H C 1 6 H3 3 0 — —«H

-----OBn BnO----- -----OBn BnO-----
18 (46% )

Recently, Yamauchi et al. reported the  s y n th e s e s  of te trae th e r  model 2 2 

(Figure 5) in overall yields of 2 .5%  (a) and  6.5%  (b ) , 4 1 > 4 3  using essentially  the  

s a m e  procedure  a s  show n in Figure 4.

X3

u .xi-
X
asZ

- O B n

1) NaH, THF, reflux

L-OBn

p-Tolylsulfonylhydrazine
diglyme

- O B n BnO—

Figure 5
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All of th e  p rev ious  lipid te t ra e th e rs  h av e  b e en  p re p a re d  primarily by 

m o d if ic a t io n s  of t h e  W ill iam so n  e t h e r  s y n t h e s i s ,  e m p lo y in g  a,co- 

d ibrom oalkanes, preparation of which h as  varied from one  to severa l s teps .

23
+ 2  U > X ^ O B n  BF3E'2°

24
c h 2ci2

BnO-
^ O H

25 (62% )

'O  

H C H

■OBn

Figure 6

C 1 6 H3 3 O*

■0(CH2)16l

<H +

•OBn

[ ~
;i 6 h 3 3 o — I — h

I (

0 (C H 2 ) i6Mgl

26 Ag
THF, reflux

OBn 

26a

1— o — (CH2)32— o

6 ^ 3 3 0 *" C 1 0

— OBn BnO

18 (38%)

2— O— 1

h 3 3 o » - U h
RnH—I

Figure 7

In this  th es is ,  B ittm an 's  procedure,^49-53 BF3  e th e ra te  c a ta ly zed  ring 

opening of a  glycidol derivative by an alcohol, w as  applied a s  an  efficient and  

s im ple  w ay  to form th e  e th e r  bond. As a  mimic of th e  u sua l Williamson

6



appro ach , a s  show n in Figure 6 , 1 ,14-te tradecaned io l 23  w as  u s e d  to m ake 

model lipid diol 2 5.

Finally, a  coupling s t ra teg y  h a s  b e e n  d e v e lo p e d  a n d  app lied  to  a  

simpler, known, acyclic, straight-chain te trae ther model 1 8  (Figure 7 ) . 4 0

This coupling s tra tegy  may b e  applicable  to  the  m ore  difficult ta s k  of 

assem bling  the  cyclic te trae th e r  2 7. The overall yield of 1 8  from commercially 

availab le  16 -hydroxyhexadecano ic  acid  6  0 (S ch em e  7) in this  p rocedure  is 

27%.

OH 

H

Authentic diol 3

A pure sam p le  of authentic  archaebacteria l diol 3 h a s  been  isolated from 

fro zen  ce l ls  of M ethanobacterium thermoautotrophicum  ( s e e  ex p e r im en t 

section) for two re a so n s :  (1 ) to s e e  if th e  cells could be  u s e d  a s  a  so u rce  of 

sufficient diol to enab le  us to syn thes ize  cyclic te trae th er  2 7; (2) failing that, to 

provide us  with an  au then tic  sam p le  for com parison  with diol p re p a red  by a  

totally synthetic route. In fact, the  am ount of diol obtained from the  cells w as  too 

small to be considered  a s  a  primary source.

2 7

7



CHAPTER 2

RESULTS AND DISCUSSION

(a) Tetraether from Methanobacterium thermoautotrophicum

The p e rcen tag e  of w ater  in frozen M. thermoautotrophicum  c e lls 5 4  w a s  

determ ined. The cell mixture (2.04 g) w as  h ea ted  in an  oil bath a t 90 °C under  

vacuum  for 6  h. Dehydrated cells (0.426 g) were  obtained an d  th e  p e rcen tag e  

of w ater  of the  frozen cell mixture w as  calcu lated  to be 80%. Lipid extraction 

w a s  perform ed  by the  m ethod  of Bligh an d  Dyer . 5 5  Following hydro lysis 5 6  

dibiphytanyl diglycerol 1  w a s  iso la ted  an d  identified by s p e c t r a  of high 

resolution (+) LISMS, 400-MHz 1H NMR, 75 MHz 13C NMR and  IR. TLC 

com parison  with the  au then tic  s a m p le 5 7  supplied by P ro fe sso r  M. K ates  w as  

also m ade. The yield of this te trae ther  from frozen cells w as  0.14%. Obviously, 

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

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

Experim ents d esigned  to produce a  te trae ther  su ch  a s  3 1  w ere  pu rsued  

in o rder to find an  efficient m ethod for coupling two glycerol fragm ents .  The 

s e q u e n c e  shown in S ch em e  1 w as  tried first.

Different conditions w ere  sought to e n h a n c e  the  yield of 2  9. First, THF 

w as  u se d  a s  solvent in o rder to in c rease  the  diol solubility. S eco n d , sodium  

dodecyl sulfate ( 1  eq.) w as  a d d ed  to a  m ethylene chloride solution of the  diol to

8



e n h a n c e  solubility. Third, dilithium 1,14-tetradecane-dioxide w a s  u sed  to open 

the  ring of the  glycidyl ether. No improvement over the  s tan d a rd  BF3 -catalyzed  

epox ide  reac tion 5 0  w a s  ob ta ined . T he  yield of d ie ther  2 9  w a s  55% . The 

byproducts 3 2  an d  33  w ere  a lso  purified and  identified.

TBDPS = f-butyldiphenylsilyl
TBAB = tetra-n-butylammonium bisulfate

S c h e m e  1

C om pound  2 9 w as  trea ted  with /7-heptyl iodide to form te trae th er  3  0  by a  

p h a s e - t r a n s f e r  c a ta ly z e d  p a th w ay  using te tra -n -bu ty lam m onium  hydrogen

c h 2ci2
2 3  2 8

H O -
O

H O -
0 — 1

n-C7H15l 
50% NaOH 
cat. TBAB

T B D PSO — 1 or NaH
‘—O TB D PS /7-C7 H1 5I

29 (55% )

— n

T B D P S O - 1
‘- O T B D P S

3 0

O

HO - 1
OH

3 1

9



sulfate  a s  catalyst in 50%  a q u e o u s  sodium  hydroxide. Various conditions w ere  

tried but none  w as  successfu l. Finally, the  s tan d a rd  Williamson conditions were 

u s e d : 4 0 ’ 4 1 >4 3 >4 4  com pound  2 9 w as  converted  to th e  dialkoxide using sodium  

hydride  in DMF first, a n d  th e n  t r e a te d  with n-heptyl iodide. T hin-layer 

ch rom atography  show ed  that the  reaction mixture w a s  very com plicated, an d  it 

w as  impossible to single out any  one  pure com ponent. After severa l m onths of 

fruitless efforts, it w a s  realized that th e  tert- butyldipenylsilyl protecting group 

w a s  too vu lnerab le  to en d u re  th e  reaction conditions; therefo re , alternative 

protecting g roups w ere  considered .

TBDPSO-J
H O - L—OTBDPS 

OTBDPS

TBDPSO— 1

— 0 „ 

- O H
TBDPSO-

3 3

- O —

— OH 

OTBDPS

As a  s e c o n d  pro tec ted  glycidol, tosy la te  34a w a s  u s e d  b e c a u s e  of its 

known excellen t regioselectivity in th e  ring-opening re a c t io n ; 5 0  34a reac ted  

with diol 23, a n d  th e  tosy l g roup  w a s  re p la ce d  by  a  benzy l e th e r  in a  

s u b se q u e n t  s te p  (S ch em e  2). Both glycidyl to sy la te  34a a n d  epibrom ohydrin 

34b w ere  reac ted  with 1 ,14-te tradecaned io l 2 3 in m e th y len e  chloride with 

boron trifluoride e th e ra te 4 0 - 5 0  a s  catalyst. After the  solvent w as  rem oved, the

10



re s id u e  w a s  d isso lv ed  in m ethano l a n d  s tirred  with a n h y d ro u s  p o ta ss iu m  

c a rb o n a te .5 ® Again, TLC sh o w ed  tha t th e  reaction mixtures w ere  hope less ly  

complicated.

S c h e m e  2

As a  third protecting g roup  for glycidol, benzyl glycidyl e th e r  w a s  used . 

The reaction of 1 ,14-te tradecanediol 23  with benzyl glycidyl e th e r  3  8  w as  run, 

even  though it w a s  ex p ec ted  tha t the  regioisomeric products  would b e  hard  to 

s ep a ra te .  Fortunately, the  result w as  not a s  bad  a s  our expectation (S chem e 3).

HO
+ 2 <l > v / x

BF3 'Et2 0

CH2CI2

3 4 a  (X = OTs) 
3 4 b  (X = Br)

i— O
0-1

HO—
H O -

K2C 0 3, MeOH

3 5a  (X = OTs) 
3 5 b  (X = Br)

O

BnOH

N BF3 *Et2 0

3 6

O

H O -

B n O -
HO

— OBn

37

11



At first, C i  4  diol 2 3  reacted  with benzyl glycidyl e th e r  3 8  to give 3  7. The 

benzyl e th e r  3 8  w a s  m ad e  from epibromohydrin a n d  benzyl alcohol by the  

p rocedure  of Bacon and  Collis ; 5 9  the  yield w as  improved from 35%  to 50%. It 

w a s  very difficult to se p a ra te  3  7 from the  reaction mixture; s o m e  pure 3 7  w as  

ob ta ined  by preparative  HPLC for identification. The mixture which contained  

3  7  w a s  directly alkylated with n-heptyl iodide in the  p re s e n c e  of BU4 NF to give 

3  9.60.61 yi - , 0  separa tion  of 3  9 w as  much sim pler and  it w as  isolated from the 

reaction mixture by flash chrom atography, affording 3  9 in 5 5 %  yield. The 

alkylation reaction in the  a b s e n c e  of BU4 NF did not a p p e a r  to p roceed  a s  well. 

T he  overall yield of 3 9 w as  17%, which is be tter than  previous p ro ced u res  for 

an a lo g o u s  com pounds.

OH + 2
BF3 Et20

CH2CI2

2 3 3 8

—O.
'O —

" O H 1. NaH, THF
H O "

B nO — 1 2 . n-CyH^I 
cat. B u4N F“- O B n

37 (62% )

l—O
•O-i

/v*OC7H15
c 7 h 1 5 o ^

BnO
“- O B n

39 (55% )

S c h e m e  3

T h e  d is a d v a n ta g e  of p reparing  a  long chain-diol o r  its derivative ,



however, still exists  a s  a  barrier to the  preparation of te trae th e rs  1 8 a n d  2 7. If 

the  two glycerol d ie thers  4  0 an d  4 1  could be  coupled  (Figure 8 ) to p roduce  a  

diglycerol te trae th e r  1 ,25 ,31 ,62 -67  we WOuid not only m ake  the  preparation  of 

n ece ssa ry  starting materials, a,co-difunctionalized hydrocarbon chains , shorter,

Figure 8

but a lso  o p en  a  route to the  unsym m etrical naturally occurring te t r a e th e r s , 2  

which a lso  include glycerol-dialkylnonitol te t rae th e r  4 2.62,63

OH

i— O' 40n 72-80

O—J'40n 72-80

HO—

13



(c) Acyclic tetraether model from two diethers

—  0 (C H 2)6CI 

'v w O C 7 H 1 5

—  OBn 
43
V__________

—  0 (C H 2)6MgCI 

/ww*OC7 H 1 5  

— OBn 
44

_ J

'wv' 'O C 7 H 1 5  

— OBn

45

Figure 9

C 7 H 1 5 0 ' /v w  

BnO—

n-C 7 H i5l

46

1. Zn, THF

2. CuCN' 2LiCI
.n-C 7 H 1 5 (CuCN)Znl

47

n-C 7 H 1 5 (CuCN)Znl + ^  

47

f  C 6 H5COCI 

A7-C7H 15I

/7 -C7 H15CI + Znl2  

v. n -C 7H i5CI

65%
n-C7H ■( 5 C O C 6 H5  

48
^*^14^30

49

49
A7-Ci4H3 0

49

S c h e m e  4

T he  original thought w a s  to couple  an  alkyl chloride 4 3 with its metal

14



derivative 4  4 to produce  a  te trae ther  4 5 (Figure 9)

To te s t  the  feasibility of this key s te p  before ex tensive  work with glycerol 

e thers , the  coupling of two C j  units w a s  a ttem pted . A Zn-Cu reagen t w as  tried 

first b e c a u s e  it is mild en o u g h  to allow o ther functional g roups  to survive , 6 8  for 

exam ple , an  ester. Following K nochel 's  m e th o d , 6 8  heptyl iodide 4 6  w a s  

c o n v er ted  to a  "copper" re a g en t  4 7  (S c h e m e  4). Coupling of th e  c o p p e r  

reag en t  4 7  w as  sep a ra te ly  tried with (1) benzoyl chloride; (2) n-heptyl iodide;

(3) n-heptyl chloride with a  catalytic am o u n t (10% mol) of zinc iodide; (4) n- 

heptyl chloride in THF. n-Heptyl phenyl ke tone  4 8  w as  obta ined  in 65%  yield, 

which in d ica ted  th a t  th e  alkyl c o p p e r  o r  z inc  r e a g e n t  4 7 w a s  form ed 

successfully. It s e e m s  tha t coupling of two alkyl halides by the  c o p p er  reagen t 

d o e s  not work.

BnOH + HO(CH2)6CI 

5 0

h 2s o 4
BnO(CH2)6CI 

51 (53% )

Nal

B en zen e A ceton e

^  BnO(CH2)6Mgl %  
5 3 a

BnO(CH2)12OBn 
54  (50% )

BnO(CH2)6l 

5 2  (99%)
BnO(CH2)6Znl

5 3 b

S c h e m e  5

Then, attention w a s  focused  on Grignard reagen t coupling. H eathcock  et 

al. coupled  two C 2 0  alkyl cha ins  by an  oxidation reaction of an  alkylm agnesium  

bromide with silver nitrate, but the  yield w as  only 27% .2 7  Using the  p rocedure



of T a m u ra  an d  Kochi,6 ® model reac tions  using benzyl e th e r  52 successfu lly  

coup led  with th e  co rrespond ing  G rignard rea g en t  53a with a  silver metal a s  

cata lyst. T h e  reaction failed w hen  applied to the  co rrespond ing  zinc reag en t  

(S ch em e  5).

HO(CH2)6OH

55

HCI
CI(CH2)6OH

OTs

H20 ,  Toluene BF3 Et20

50 (50% )

,O B n 38

■0(CH2)16CI

/v w O H  
— OTs
56 (80%)

k2c o 3

MeOH o,

■0(CH2)6CI

57 (80%)

BF3'Et;

c 6h 5c h p h

BF3'Et20

60%

—  0 (C H 2)6CI
v 2 /6  1. NaH, THF

aa^OH

—  OBn
2 . n-C7 H15l 

cat. Bu4NF

58

—  0 (C H 2)6CI 

''™'OC 7 H 1 5

—  OBn

Nal

a c e to n e

•0(CH 2)6i '  :

~ w O C 7 H 1 5

43 (57% )

—  OBn ;-<b
■2r>, f a

59 (95%)

O (0H 2)6Mgl 

— O C 7 H 1 5

OBn 
59a

BnO—i

0 (C H 2 )6 (CuCN)Znl 

~ ^ O C 7 H 1 5

OBn 
59b

r59a THF

59 +
reflux —o

5 9 b - X - 45(52%) '—OBn

S c h e m e  6

T he  silver-catalyzed coupling m ethod w as  applied to the  coupling of two

16



glycerol d ie th e rs  (S c h e m e  6 ). First, h e x am e th y le n e  chlorohydrin  5  0 w as  

sy n th e s iz e d  from 1 ,6-hexanedio l 5 5 in 50%  yield . 7 0  T he  hex am eth y len e  

chlorohydrin reacted  with (rac)-glycidyl tosylate  to form 1-(6-chlorohexyl)-3-tosyl 

glycerol 5  6  (80%). The tosylate  5 6  w as  then  stirred with po tass ium  carbonate  

in m eth an o l to give (6 -chlorohexyl) glycidyl e th e r  5 7  (80% ).88  This w as  

co n v e r ted  to the  benzyl e th e r  1-0-(6-chlorohexyl)-3-0-benzylglycerol 5 8  by 

BF 3 -c a ta ly z e d  a lco h o ly s is  in 6 0 %  y ie ld . 4 0 , 8 0  C o m p o u n d  5 8  w a s  a lso  

p re p a re d  in 80%  yield in o n e  s te p  by d irect reaction  of h e x am e th y le n e  

chlorohydrin 5 0 with benzyl glycidyl e ther 3 8 . C om pound  5 8  w as  then trea ted  

with sod ium  hydride in THF, followed by n-heptyl iodide to give 1 - 0 ( 6 -  

ch lorohexy l)-2 -O hep ty l-3 -O benzy lg lycero l 4 3 (57% ) . 6 0 , 6 1  T he  alkyl chloride 

4 3 w as  co nver ted  to iodide 5 9 (95%) with sodium  iodide in a c e to n e . 7 1  The 

in te rm ed ia tes  5 9 a  a n d  5 9 b  w ere  m a d e  from iodide 5 9 separa te ly . The 

coupling w as  su ccess fu l with the  m agnes ium  rea g en t  while it failed with the  

zinc reagent.

T he  s a m e  coupling m ethod  w a s  u sed  to obta in  te t r a e th e r  lipid 1 8  

( S c h e m e  7). T h e  y ie ld s  w e re  g e n e ra l ly  im p ro v ed . C o m m e rc ia l  16- 

h y d ro x y h e x a d e c a n o ic  acid  6  0  w a s  co n v e r ted  to 1 6 -ch lo ro h ex ad ecan o y l  

chloride 61 by refluxing with thionyl chloride, and  w as  immediately selectively 

red u ced  to 16-ch lorohexadecanol 6  2 by a la n e . 7 2  The com bined  yield of the  

two s te p s  w as  excellent (94%). The alcohol 6  2 re a c te d  with commercial ( R)-{-)- 

glycidyl tosy la te  with B F 3  cata lysis  to give 1 -0 (1 6 -ch lo ro h ex a d e cy l) -3 -O to sy l-  

sn-glycerol 6  3 (85% ),50  which w a s  t re a ted  with p o ta ss iu m  c a r b o n a te  in

17



m ethanol at 0 °C to yield (2fl)-(+)-2-(16-chlorohexadecyloxymethyl)-oxirane 6  4 

(80%).58 1-0(16-Chlorohexadecyl)-3-0-benzyl-SA7-glycerol 64  (82%) w as

HO(CH2 )1 5 C 0 2H

6 0

SOCI2

reflux
CI(CH2)15COCI

61

1. alane _
 CI(CH2)16OH -----
2. h 3o  dnx>

OTs

HO"

■0(CH2)16CI

'H
k2c o 3

-OTs Me0H °d
■0(CH2 )i6CI

c 6h5ch2oh

BF3'EtzO

BF3  Et2 0

62 (94%)
\  O V / O B n  (6 7) 

BF3 Et2o \ X 89%

 0 ( C H ^ 16CI

HO—  —  H
 OBn

6  3 (85%) 6  4(80% ) 65 (82%)

1. NaH.THF

2. fi-C16H33l 
cat.Bu4NI

■0(CH2)16CI

»H
Nal

■OBn butanone

6  6  (99%)

r ~
;i6H330*“ h “ H

I (

o(CH2)16i

OBn 

2 6 (85% )

Mg

THF
^ 1 6^330*

Schem e 7

■0(CH^16Mgl

>H 2 6

■OBn THF, reflux

2 6 a

18 (38%)

OBn

obta ined  by reacting the  epoxide  6  4 with benzyl a lcohol/BF 3  e th e ra te . 4 8 ' 8 8
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C om pound  6  4 w as  also  m ad e  directly from h e x ad ecam e th y len e  chlorohydrin 

6  2  an d  (/7)-(-)-2-(benzyloxymethyl)-oxirane in 8 6 %  yield . 7 3  C om pound  6  4 w as  

alkylated with 1 - iodohexadecane  in the  p re sen ce  of a  ph ase - tran sfe r  cata lyst to 

g iv e  1 -0-(16-ch lorohexadecy l)-2 -0-hexadecy l-3-0-benzyl-s /7 -g lycero l 6  6  

(71% ).60,61

Prepara tion  of com pound  26  from 6  6  with sodium  iodide gav e  difficulty 

ev en  after the  reaction mixture w as  refluxed two day s  in a ce to n e  solution; only 

ab o u t 50%  of the  chloride w a s  converted  to the  iodide (judging by 1H NMR 

spec tro scopy). U se  of a  higher reflux tem pera tu re  com ple ted  the  conversion; 

6  6  w a s  co nver ted  to 2 6  in 85%  yield by refluxing with Nal in 2 -b u tan o n e  

solution. C om pound  2 6  w as  then  reacted  with m agnes ium  in THF solution to 

form G rignard rea g en t  2 6 a ,  which gav e  te t ra e th e r  1 8  (38%) with a  sec o n d  

equivalent of 2  6  an d  silver a s  catalyst.

(d) M a c ro c y c l ic  t e t r a e t h e r  27

With the  s u c c e s s  of the  coupling method, attention w as  given to the  more 

cha lleng ing  m acrocyclic  t e t r a e th e r  6  8  (S c h e m e  8 ). It w a s  rea l ized  tha t 

te t rae th e r  6  8  could c o m e  via 6  9 from two dis tinguishable  and  consecu tive  

coupling reactions of two diether syn thons 70  a n d  7 1  (Figure 1 0 ).

According to this analysis, S c h e m e  8  w as  designed . C o m p o u n d s  7 2 a  

an d  7  3  could b e  coupled  by the  well-established Kochi m e th o d . 6 9  Then, the 

trityloxy g ro u p s  of 7 4 w ould  b e  c o n v e r te d  to d ia ld e h y d e  7 5 by 

tr ipheny lca rben ium  te tra f lu o ro b o ra te . 7 4  D ia ld eh y d e  7  5 w ould  u n d e rg o

19



reduc tive  d im eriza tion  to yield olefin 7  6  by th e  McMurry re a c t io n . 7 5 ' 7 7  

Hydrogenation of 7  6  would give te trae the r  2 7.

BnO

BnO

BnO

Figure 10

7 0

68

6 9

■OBn

OBn

-OBn

7 1

The two glycerol d ie thers  required, 7 2 and  7  3, could be  m ad e  by the  

p rocedure  show n in S c h e m e  9. To p repare  d ie thers  7 2 and  7  3, four different 

a,co-disubstituted h e x a d e c a n e s ,  6  2 , 7 8 , 8 0 ,  and  8  3, a re  required (S chem e 10). 

They  m ay  be m ad e  from an  inexpensive  starting material, 16 -hexadecano lide  

8  5. C o m p o u n d s  6  2, 7 8 , a n d  8  0  h av e  b e e n  m a d e  a n d  identified ( s e e  

Experimental Section). C om pound  8  3 will be  m ade  from 7  8 .
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r - 0 (C H 2) ,6l 

H — I— 0 (C H 2 ) 1 6 0 T r  H'

'— OBn 

7 2

0 (C H 2)16Mgl

)(CH2)16OTr

OBn

7 2 a

EO(CH2)16OTr 
3(CH2)16I (73)

OBn
 ► -

Ag, THF

BnO

OBn

74

BnO

BnO

Ph3CBF4, THF, reflux

2 7

i— OBn

OBn

TiCI3> Zn-Cu 
THF, reflux

ca ta ly st

S c h e m e  8

Before  trityl w a s  u s e d  a s  th e  protecting group, th e  route  sho w n  in

21



S c h e m e  11 w as  tried. 16-H exadecanolide  8  5  w as  reduced  with DIBAL to the 

hydroxyaldehyde  8  8  a n d  p ro tec ted  a s  th e  ketal 8  9. Coupling with benzyl 

glycidyl e th e r  7  7  gave  90  in 75%  yield. The NMR and  IR sp ec tra  sh o w ed  that 

both 8  9 and  90  a re  accom pan ied  by a  small am ount of unprotec ted  a ldehyde

OBn +  HO(CH2)16OTr
BF3 'Et2 0  

 ►
c h 2ci2

7 7 7 8

- 0 ( C H 2 )1 6 0 T r

»OH

-O B n

7 9

E O(CH 2 ) i6OTr I— 0 (C H 2 )1 6 0 T r
Nal

O C H 216CI-------------- — ---------*- h— 0 (C H 2)16l
2-butanone v 2 /1  b

OBn 1— OBn

8 1  7 3

BFaEtp I 0 (C H 2)16CI
OBn + HO(CH2)16CI -----------  U « O H

GH2 CI2  I
1— OBn

7 7  6 2  8 2

EO(CH2)16CI |— 0 (C H 2)16l
Nal

0 (C H 2)16OTr butanonfT  h - 0 ( C H 2)16OTr

OBn L —QBn

83

S c h e m e  9

8 4  7 2
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V
BF3 Et20  pu /->pi

(CH2) J  H 0(C H 2 ) , 5 C 0 2 CH 3  ^ 5 *  T r0 (C H 2 )1 5 C 0 2 CH 3

8 5  8 6  (99%) 87  (78% )

LAH tsci
—  _ *■ TrO(CH2)16OH ----------^  TrO(CH2)16OTs

m h  pyridine

7 8 ( 9 5 % )  8  3

f t
' O ' N  20% KOH SOCIo

(Ch 2)J  H 0(C H 2 )1 5 C 0 2H — H CI(CH2)15COCI

8  5 6 0 ( 1 0 0 % )  6 1

l .a la n e  TsCI

CI<CH^ « 0 H  C '(CH2 ) , 6 O T s

62 (94% ) 80  (90% )

S c h e m e  10

O
O  DIBAL h o c h 2c h 2o h  o

( /  J  ~ r ,— h o ( c h 2)15c h o  —allcacif--------► HO(CH2)154 hTl
V _ ^ C H o lT ^  to luene ^ 10 acetom trile '

a a  / o o o / \  4A molecular s ie v e s  _B tf(b d /o )  8 9  (92%)
■(CH2 ) i 5  

8 5

^ X ^ O B n  I 0 (C H 2)15( / h ^ J
 = ------► I ----- /-M ■ O"(77) [""■■OH

-OBn

S c h e m e  11

90 (75% )
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isom ers  which w ere  hard  to  rem ove  completely. It w a s  e x p e c te d  tha t  the  

a ldehyde  would retard th e  preparation  of th e  required G rignard re ag en ts ,  so  

this p rocedure  (S chem e 11) w a s  aban d o n ed .
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CHAPTER 3

ALTERNATIVE COUPLING APPROACHES

It is c lear tha t the  first coupling of syn thons 7 0 and  7 1  is a  cross-coupling 

an d  the  sec o n d  is a  cyclization (Figure 10).

S c h e m e  8  sh o w s  the  cross-coupling reaction to be com ple ted  by Kochi’s  

m e th o d 6 9  an d  the  cyclization to be  accom plised  by the  McMurry reaction . 7 5 ' 7 7  

McMurry sh o w ed  that rings of s ize s  from 12 to 20 carbon  a tom s (Figure 11) may 

be  formed in yields higher than  80%, an d  it is believed that there  is no reason  to 

su sp e c t  tha t still larger rings would not form smoothly 7 5

R ^ o  C X . R  R R
TiCI3/Zn-Cu > ------ C

VC Hoi)C H 2 ) n- ^  THF, reflux X C H 2) ln

9 1  n = 10-18 9 2

Figure 11

Alternative alkyl condensa tion  m ethods  have a lso  b een  considered . For 

th e  first c ross-coupling  reaction the  following m e th o d s  re p re se n t  alternative 

cho ices .
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(a) Ramberg-Backlund rearrangement (Figure 13)7 8 ' 80

R am berg -B ack lund  re a r ra n g e m e n t  reac tion  (Figure 1 2 ) h a s  b e e n  an 

efficient carbon-carbon  coupling m ethod. A R am berg-B acklund rea rrangem en t 

coupling of 8  4  and  9 5 w as  d e s ig n ed  a s  show n in Figure 13.

R ’v R" R'v R"

R R'" R

93 94

Figure 1 2

Using the  m ethod of Bieniarz an d  Cornwell , 8 1  alkyl chloride 8  4  may be 

co n v e r ted  to m e rcap tan  93 in high yield. R eac tion  of th e  sod ium  sa lt  of 

m ercap tan  93  with alkyl chloride 81 will give sulfide 9 6.82 H alogenation  of 

sulfide 9 6 with A/-chlorosuccinimide (NCS) in carbon  te trachloride solution will 

form a  pair of regioisom ers 9 7 a  and  97b,88'89 which then  will be  oxidized to 

a -ch lo rosu lfones  98a an d  98b  by m -chloroperbenzoic  acid in chloroform.9 0 '  

9 2  a -C h lo r o s u l f o n e s  98 a ,b  m ay  u n d e r g o  th e  R a m b e rg - B a c k lu n d  

rea rran g em en t to yield te trae th e r  a lkene  9 9 .78 ,80 ,93-96  ad v an ta g e  of this 

m e th o d  is th a t  th e  u n w an ted  sym m etrical d im erization could  b e  definitely 

avo ided  s ince  the  two alkyl g roups  would be c o n n ec ted  with sulfur in s e p a ra te  

s teps .
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- ° <CH^ CI 1 ) Na3 SP0 3

■ O fC H ^ O T r — ------

-O Bn

BnO

B n O ^

BnO— 1

E O(CH2 ) i6SH 

0(CH 2)16OTr

OBn
9 5

1) NaH

2)

NCS
CCI4

X ' X’

'OTr
9 7 a  X, X' = H, Cl 
9 7 b  X .X ^ C I ,  H

m-CIC6H4C 0 3H

X’

9 8 a  X, X' = H, Cl 
9 8 b  X, X' = CI, H

-0(CH2),60Tr
|0(CH2),6a

-OBn
(81)

r—OBn

— OBn

OBn

NaOCH3
CH3OH

BnO—

Figure 13

OBn
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(b) Copper-catalyzed alkylation of an o rgan o m a n g an ese  chloride

reagent (Figure 15)97

CH 3 (CH2)3MnCI + CH 3 (CH2)8Br
3°/o Li2CuCI4 CH 3 (CH 2 )1 iC H 3  

102 (93% )
THF/NMP, rt

1 0 0 101

Figure 14

C ah iez  and  Marquis sh o w ed  that alkylation of o rg a n o m a g n e s e  chloride 

reagen t 1 0 0  with alkyl halide 1 0 1  is an interesting coupling m ethod  b e c a u s e  

of the  high yield (Figure 14 ) .97 B ased  on this reaction, an  alternative  route 

show n in Figure 15 w as  designed .

Grignard reagen t 7 2 a  may be converted  to o rg a n o m a n g a n e s e  reag en t  

1 0 3  9 7  T h e  c o p p e r-ca ta ly zed  alkylation of 1 0 3  with iodide 7  3 will yield 

te t r a e th e r  7  4. C a h ie z  a n d  M arqu is  s h o w e d  th a t  th e  in f lu en ce  of N- 

methylpyrrolidine (NMP) is very important . 9 7

0(CHp)ifiMgl
— 0(CH2)160Tr

—  0 (C H 2)16Mnl 

— O (C H 2 )1 6 0 T r

—  OBn—  OBn

3%Li2CuCI4/NMP
o / r u  \ o r r

r° <?3>
■OBn

7 2 a 1 0 3

OBn

BnO— l
OTr

7 4

Figure 15
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(c) Cyclization by Ramberg-Backlund rearrangement (Figure 16)7 8 "80

p
BnO — I

- ( C H 2 )32

iO(CH2)16OTr TrO(CH2)16i

■— OBn

o J
HOAc 

°  Ttei*

-(CH2)32
HOAc I I TsCI

r*0(CH2)16OH H0(CH2)160 - l  -

OBn

r - O -

B nO —

7 4

-(CH2)32 ■

B nO — I Pyridine

-Os*.

*0(C H 2)160 T s  Ts 0(C H 2)160 -  

1 0 5

— OBn

NasS
C2H5CH

BnO-

1 0 4

(CH2 )3 2 — 0 1  

*®0(CH2)16S(CH2)160  —

1 0 6

— OBn
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Figure 16

In p lace  of the  McMurry reaction, the  cyclization s te p  a lso  could be done  

by Ram berg-Backlund rearrangem ent. Detritylation of 7 4 will give diol 104,98 

which then  could be converted  to ditosylate 105  by tosyl c h lo r id e . "  Reaction 

of to sy la te  1 05  with sod ium  sulfide in e thanol solution m ay  yield thiacyclo 

com pound  106  b a se d  on R e g e n ’s  m e t h o d . F o l l o w i n g  a -h a lo g e n a t io n  and  

oxidation of sulfide 106, te trae th e r  a lkene 109  could be  obta ined  by R am berg- 

Backlund rea rran g em en t of co m p o u n d s  108a  an d  b. Hydrogenation of 109
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will yield te trae th e r  2 7.

(d) Acyloin cyclization by Wasserman’s method (Figure 18)10 1 ' 1 0 5

?
C  CHOH

r '/ i- 'L j \ 1)Na, xylene, 140 °C (  }  Zn (H2)_
E t0 2 C(CH 2 )3 2 C 0 2Et ► \ c H 2)l2 C 34H63D5

1 1 0  1 1 1  1 1 2
(50%  overall)

Figure 17

As a  traditional macroring cyclization reaction, W a s s e rm a n ’s  m ethod  is 

still attractive b e c a u s e  the  yield of the  macrocyclization reaction (Figure 17) is 

quite good, an d  this reaction h a s  b een  reproduced  by severa l laboratory .1° 2" 

1 0 5  Therefore, this is ano ther  alternative m ethod (Figure 18).

r— O -----------------( C H 2 ) 3 2 ---------------C W

BnO—

OBn r—OBn
1) Cr03 r—O --------------(CH2)32'

■O(CH2)160H H0(CH2)160 - J  2)ROH/H+*  U o (CH2)15C 02R R 02C(CH2)150
BnO—I

r
O '-
o  J

1 0 3 1 1 3

Na
xylene

BnO—I

Figure 18

[-O B n  I—OBn
O (CHate OH

^(CH^s-CH-C-fCH^EpJ - n’ -  L o f C H ^ J
HO O BnO—I

1 1  4 6 8

Diol 1 0 4  may be  oxidized and  esterified to yield d ie s te r  1 1 3 .  This could 

in turn be  cyclized  to th e  acyloin 1 1 4  by W a s s e r m a n ’s  m e th o d . 1 0 1 - 1 0 5
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Tetraether 6  8  will be  ob ta ined  by C lem m ensen  reduction of acyloin 1 1 4 .

(e) Coupling by Julia’s method (Figure 2 0 ) 1 1 3

RCH 2 S 0 2Ph

115 116

LDA .  n r i  i - n  P h  Mo05 PyHMPA
THF, -78 °C R 9 H S ° 2 P h  THF,- 3 5 -0

Li
[ RCHO ] 

117

r c h 2s o 2 Ph R(j)H(J)HR
HO S 0 2Ph 

118
(70-90% overall yield)

Figure 19 R = geranyl
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Julia et a l . 1 1 3  have  show n that the  oxidative desulfonylation of primary 

sulfonyl an ions  with the  molybdenum peroxide reagen t, M oO s'Py  HMPA, leads  

directly to p-hydroxysulfones through c o n d en sa tio n  of th e  starting a-sulfonyl 

anion with the  a ldehyde formed in situ (Figure 19).

As an  alternative approach , ditosylate 10 5  could be  converted  to sulfide 

11 9 by reaction with th iophenol an d  sodium  carb o n a te  in a c e to n e  with small 

am o u n t of b is (d ipheny lphosph ino)m ethane  platinum dichloride [(dppm JP tC ^] 

a s  ca ta lyst . 1 1 4  After oxidation of disulfide 1 1 9 ,  disulfone 120  would undergo  

Julia c o n d e n sa t io n 1 1 3  to yield p-hydroxysulfone 1 2 1 ,  which could be  reduced  

to a lkene  1 0 9 , 1 1  ® and  then  to te trae ther 2 7.
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CHAPTER 4

EXPERIMENTAL SECTION

General Methods.  ̂H NMR and  1  NMR sp ec tra  w ere  recorded  on an  IBM 

W P 200  SY (200 MHz) sp e c t ro m e te r  in CDCI3  with Me 4 Si a s  th e  internal 

s tan d a rd .  1H NMR (400 MHz) w ere  acqu ired  using a  JE O L  GX-400 MHz 

sp ec tro m e te r  at H unter College by Dr. Michael Blumenstein. Chem ical shifts 

a re  reported in parts  per  million downfield from Me 4 Si. J  v a lu es  a re  reported  in 

Hz. Multiplicities a re  given a s  s  (singlet), d  (doublet), t (triplet), q (quartet), p 

(pentet), m (multiplet), an d  brs (broad). Infrared sp ec tra  w ere  recorded  on a  

Perkin-Elmer IR 598 or 1600 se r ie s  FTIR instrument.

Melting points w ere  de term ined  in open  capillaries by using a  T h o m as-  

H oover Uni-melt a p p a ra tu s  a n d  a re  uncorrected . Silica gel G TLC p la te s  of 

0.25-mm th ickness (Analtech, Newark, DE) w ere  u sed  to monitor reactions, with 

iodine vapor or 1 0 %  sulfuric acid in methanol to visualize the  spots.

G C/M S a n a ly s e s  w ere  perform ed  by Dr. David C. Locke a t  Q u e e n s  

College on a  Hewlett P ack a rd  5 9 8 8 a  GC/MS instrum ent with a  cross-linked  

methylsilicone column. For separa tion  of polar com pounds, a  Carbow ax column 

w as  u sed . High resolution (+) LSIMS sp ec tra  were done  by Hoffmann-La R oche 

Inc. or by Dr. Bev Cham berlin of Michigan S ta te  University. M icroanalyses w ere  

perform ed  by Galbraith Labora tories , Knoxville, TN. Optical ro ta tions w ere  

m easu red  in a  1-dm cell on a  JASCO  model DIP-140 digital polarimeter.
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E. M erck silica gel 60  (230-400 ASTM m e sh )  w a s  u s e d  for flash 

ch rom atog raphy . 1 0 6  For medium p re s su re  chrom atography, Merck Lichroprep 

Si 60 (40-63 pm) w as  u sed  in a  commercial Lobar (1 cm) column. Analytical 

HPLC w as  conducted  with a  W aters  A ssoc ia tes  sy s tem  consisting of two 4 mm 

X 30 cm  p-Porasil silica co lum ns in series , a  6000 S D S pump, U6 K injector, and  

a  Model 401 differential refractometer.

S o lven ts  w ere  dried a s  follows. D ichlorom ethane an d  acetonitrile were  

distilled from calcium hydride and s to red  over 3A m olecular s iev es ;  b e n ze n e  

a n d  h e x an e  w ere  distilled from an d  s to red  over sodium ; m ethanol w a s  dried 

over anhydrous  po tass ium  carbonate ;  e th e r  and  te trahydrofuran w ere  refluxed 

over sodium  b e n zo p h en o n e  ketyl for severa l hours a n d  then  distilled a n d  u sed  

im m ediately; a c e to n e  an d  2 -b u tan o n e  w ere  s to red  over a n h y d ro u s  calcium 

sulfate for at least o n e  week.

(R)-{+)-Glycidyl fert-butyldiphenylsilyl e th e r  w a s  p r e p a r e d  by th e  

p ro ced u re  of G ao  et a l . ; 1 0 7  [a]3 0 Q +2.65° (c  1.62, CHCI 3 ) [lit. 1 0 7  [a]2 5 Q 

+2.40°, 96%  ee]. (fl)-(-)-Glycidyl tosy la te  [ [a]2 5 D -17.1° (c  2 .75, CHCI3 )] 

[lit. 1 0 7  [oc]2 5 d  -17.1°, 92%  ee] and  (fl)-(-)-glycidyl benzyl e th e r  [ [a ] 2 O 0  -4.9° 

(CHCI3 )] w e re  o b ta in ed  from Aldrich. 16-H exanolide  w a s  o b ta in ed  from 

L ancas te r  Synthesis, Ltd. (Windham, NH).

D ibiphytanyl d ig lycero l tetraether (1) from M ethanobacteria  

thermoautotrophicum.

Lipid extraction w as  perform ed by the  m ethod of Bligh a n d  Dyer . 6 5  A
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1 0 0 -g sam p le  of th e  frozen cell m ixture ^ 4  w a s  hom ogen ized  with a  mixture of 

100 ml_ of chloroform an d  200  mL of m ethanol for 2 h. To the  mixture w as  then 

a d d e d  100 mL of chloroform, an d  after blending for 1 h, 100 mL of distilled 

w a te r  w a s  a d d e d  a n d  b lend ing  w a s  c o n t in u e d  for a n o th e r  hour. T he  

h o m o g en a te  w as  filtered through W hatm an No. 1 filter p a p e r  an d  th e  residue, 

with filter paper , w a s  b len d ed  with 100 mL of chloroform. T he  mixture w as  

filtered an d  the  res idue  w as  rinsed with a  total of 50 mL of chloroform. The 

filtrate w a s  mixed with th e  original filtrate, t ra n s fe rred  to a  1-L g ra d u a te d  

cylinder, an d  kept for 30 min until sep a ra tio n  an d  clarification w a s  com plete. 

T h e  to p  a lcoho lic  lay e r  w a s  re m o v e d  a n d  th e  ch lo ro fo rm  lay e r  w a s  

co n cen tra te d .  T he  res idue  w a s  frac tionated  on a  co lum n of silica gel with 

hexane , followed by b e n z e n e  an d  finally chloroform to rem ove nonpolar lipids. 

T he  remaining polar glycolipids an d  phospholip ids w ere  recovered  by eluting 

with a  mixture of chloroform and  m ethanol (2 : 1  by volume) and  m ethanol, and  

the  e lu a te s  w ere  pooled  a n d  c o n cen tra ted  to give 231 mg (0 .23%  of frozen 

cells) of polar lipids. T he res idue  w a s  d isso lved  in 50 mL of methanolic-HCI 

(3%) in a  75-mL sc rew -cap p ed  Teflon-lined p re s su re  tube  an d  h e a te d  in an  oil 

bath  a t 80 °C for 5 h, th en  diluted with 10 mL of a q u e o u s  sodium  hydroxide 

solution (7N) a n d  refluxed for 1.5 h .1^® T h e  mixture w a s  e x tra c te d  with 

p e tro leu m  e th e r  (30-60  °C, 4 X 50 mL). T he  c o m b in e d  e x t ra c ts  w ere  

co ncen tra ted  and  applied  to a  column of silica gel, and  eluted with h ex an e  and  

ethyl a c e ta te  (7:1). Dibiphytanyl diglycerol te t ra e th e r  1 (136 mg) (0 .14%  of 

frozen cells) w as  ob ta ined  a s  a  co lorless  oil; [oc]2 0 d  +9-03° (c  1.65, CHCI3 )
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[lit. 3 1 - 6 6  [oc]2 5 d  +8.7° (CHCI3 )]; R f  0 .30  (h exane/E tO A c 4:1); R f  0 .19 

(hexane/d ie thy l e th e r /ac e t ic  acid, 80:20:1) [lit. 2 3  R / 0 .19  (hexane/d ie thy l 

e th er /ace tic  acid, 80:20:1)]. T he  spec tra l d a ta  ( 1 H NMR, 13C NMR, a n d  IR) 

obtained m atched  th o se  reported in the  literature . 2 7

1 H NMR (CDCI3 , 400 MHz) 5 0 .840 (m, 18H, 6  X C H 3 ), 0 .857  (m, 18H, 6 X 

C H 3 ), 0 .878  (d, 6 H, J=  6 . 8  Hz, 2 X C H 3 ), 0 .885 (d, 6 H, J =  6 . 8  Hz, 2 X C H 3 ), 

1 .0 7 6 -1 .3 9 5  (m, 96H, 40 X C H 2 , 16 X CH ), 1 .5 5 7 -1 .6 3 4  (m, 8 H, 4 X 

C H 2 C H 2 0 ) ,  2.202 (t, 2H, J=  9.8 Hz, 2 X OH), 3 .444-3.703 (m, 18H, 8  X OCH2 ,

2 X OCH ).

1 3C NMR (CDCI3 , 75 MHz) 5 19.68 (CH3 ), 19.75 (CH3 ), 19.77 (CH3 ), 19.80 

(CH3 ), 24 .36  (CH2 ), 24 .45  (C H 2 ), 24 .47  (CH2 ), 29 .50  (CH), 32 .80  (2 x CH), 

3 3 .05  (CH), 34 .30  (CH2 ), 37 .30  (CH2 ), 37 .40  (3 x C H 2 ), 37 .50  (CH2 ), 37 .55  

(CH2 ), 39.90 (CH2 ), 61.30 (CH2 ).

IR (CDCI3 , cm "1): 3590, 2970, 2950, 2895, 2840, 1460, 1362, 1130, 1110.

High resolution (+) LSIMS. C g g H 1 7 2 0 g  M++H Calculated: 1302.3240 

for C g 6 H i 7 3 0 g. O bserved: 1302.3238.

1 ,1 4 -D i-[3 -(  ferf-butyldiph enylsily loxy)-( 2 AT)-2-hydro xypropanoxy]- 

tetradecane (29)
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(fl)-(+)-Glycidyl tert-butyldiphenylsilyl e th e r 1 0 7  2 8  [ [<x]3 0 p  +2.65° (c

1.62, CHCI3 )] w as  syn thes ized  by the  S h a rp le s s  m e th o d 1 0 7  starting from ally! 

alcohol. To a  solution of 144 mg (0.625 mmol) of te tradecaned io l 2 3  an d  399 

mg (1.250 mmol) of (fi)-(+)-glycidyl tert- butyldiphenylsilyl e th e r  2 8  in 30 mL of 

freshly distilled m ethy lene  chloride (dried over C aH 2 ) w as  a d d e d  9 mg (0.06 

mmol) of BF 3 -etherate. 4 3 >5 °  T he  mixture w as  stirred overnight under  a  nitrogen 

a tm o sp h ere  a t room tem pera tu re . Additional (fl)-glycidyl TB D PS e th e r  (200 mg, 

0 .625  mmol) w as  ad d ed , an d  the  mixture w a s  s tirred for 24  h. T he reaction 

mixture w a s  diluted with 15 mL of water, then  extracted  with m ethylene chloride 

(3 X 35  mL). T h e  co m b in ed  o rgan ic  so lu tions  w ere  dried ov e r  an h y d ro u s  

m a g n e s iu m  s u l f a te ,  f i l te red ,  c o n c e n t r a t e d ,  a n d  th e  r e s id u e  w a s  

ch rom atog raphed  on silica gel (60-200 m esh), eluting with a  mixture of hexane  

and  ethyl a c e ta te  (6.5/1). Four fractions were collected (20 mL each). The fourth 

fraction w a s  co n ce n tra te d  to afford 295 mg (55%) of co m p o u n d  2 9; [a ]3 1 p  

+0.29° (C2.04, CHCI3 ).

1 H NMR (CDCI3 , 200 MHz) 8  1.1 (s, 18H, tert-butyl), 1.3 (s, 24H, C H 2 ), 3.4-3.8 

(m, 14H, HCO), 3.9 (br s, 2H, OH), 7.3-7.7 (m, 20H, C 6 H5 ).

1  3 C NMR (CDCI3 , 75 MHz) 8  19.9 (CH3 ), 26 .12  (C H 2 ), 26 .87  (CH2 ), 29.51 

(CH2 ), 29 .63  (CH2 ), 29.66 (CH2 ), 64.89 (OCH), 70 .78  (O C H 2 ), 71 .48  (OCH2 ), 

71.68 (OCH2 ), 127.73, 129.75, 133.80, 135.56 (C6 H5 ).
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IR (CCI4> c m '1): 3573, 3300, 3072, 3008, 2962, 2926, 2862, 1729, 1652, 1583, 

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

Elemental analysis: Calc, for C 5 2 H7 QO5 : C 73.01, H 9.19. Found: C 72.69, 

H 8.87.

Compound 3 2 . 1 H NMR (CDCI3 , 200 MHz) 8 1. 04 (s, 18H, tert- butyl), 1.06 (s, 

9H, tert- butyl), 1.23 (s, 2 0 H, C H 2 ), 1.51-1.54 (m, 4H, C H 2 ), 2 .35 (b r s ,  2 H, OH),

3 .38-3.88 (m, 19H, OCH2 , OCH), 7 .24-7.68 (m, 30H, C 6 H5 ).

Elemental analysis: Calc, for C 7 i H i 0 2 ° 8 S i3 : c  73.02, H 8.80. Found: C 

72.73, H 8.71.

Compound 33. 1 H NMR (CDCI3 , 200 MHz) 8 1 .  04, 1.05, 1.06 (three s, 27H, 

tert- butyl), 1.51 (s, 20H, CH 2 ), 1 .59-1.60 (m, 4H, C H 2 ), 2 .15  (br s , 2H, OH),

3 .39-3.72 (m, 19H, OCH2 , OCH), 7.24-7.68 (m, 30H, C 6 H5 ).

Elemental analysis: Calc, for C 7 -|H-|02o 8 S i3 : c  7 3 -02. H 8 -8 0 - Found: C 

72.91, H 8.56.

1 -Benzyl oxyl-2,3-epoxypropane (38)

According to the  p rocedure  of Bacon and  Collis , 5 9  to a  solution of benzyl 

alcohol (21.6 g, 0.2 mol) and  100 mL of to luene  in a  500-mL tw o-necked  round
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bottom flask w a s  a d d ed  freshly cut sodium  (4.6 g, 0.2 mol). T he  mixture w as  

stirred until all of the  sodium  had  reacted . The white sod ium  salt slurry w as  

coo led  to room tem pera tu re  an d  epibromohydrin (100 g, 0 .73 mol) w as  ad d ed  

slowly th rough a  dropping funnel over a  1 -h period while th e  solution w as  

stirred. After all of the  epibrom ohydrin w as  ad d ed , th e  mixture w a s  h ea ted  

gently until an  exotherm ic reaction co m m en ced  at 75 °C. The heating mantle 

w a s  rem oved until the  exotherm ic reaction had  su b s id ed  (Tm ax = 80 °C), and  

th e  mixture w a s  then  m ain ta ined  at 80 °C for 30 min. S u b sequen tly , the  

mixture w as  h e a te d  u n d e r  reflux an d  stirred for 90 min, cooled, an d  filtered. 

Toluene an d  e x c e s s  epibrom ohydrin  w ere  distilled out u n d e r  v acu u m . The 

res idue  w a s  distilled through a  spinning band  column; 16.7 g (50%) of benzyl 

glycidyl e ther  38  w as  collected a s  a  colorless liquid (bp 80 °C/0.8 mmHg) [lit. 5 9  

bp 70-75 °C/4 mmHg].

1 H NMR (CDCI3 , 200 MHz) 5 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, PhCH 2 ), 7.25-7.45 (m, 5H, C 6 H5 ).

1,1 '-D i-O - (1 ,1 4 -te trad ecan ed iy l)-3 ,3 '-d i-0 - benzyl-di-glycerol (37)

To a  solution of te tradecanedio l 2 3 (1.152 g, 5.0 mmol) an d  BF 3 Et2 0  (2 

drops) in 30 mL of freshly distilled m ethylene chloride (dried over C aH 2 ) in an 

ice bath  w as  very slowly a d d e d  overnight a  solution of benzyl glycidyl e th e r  

(4.105 g, 25  mmol) in 20 mL of m ethylene chloride u n d e r  nitrogen. After the
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addition w a s  com ple te , TLC sh o w ed  th a t  only a  t ra c e  of diol w a s  left. The 

mixture w as  concen tra ted  and  s e p a ra te d  by flash ch rom atography  (elution with 

hexane/EtOAc, 3:1), giving 3  7  (1.725 g, 50%). T he c rude  product w as  purified 

by HPLC for identification.

1H NMR (CDCI3 , 200 MHz) 5 1.20-1.35 (s, 20H, 10 X C H 2 ), 1.50-1.65 (m, 4H, 

2 X CH 2 C H 2 0 ) ,  2.4 (br s, 2H, 2 X OH), 3.41-3.55 (m, 8 H, 4 X OCH2 ), 3.63 (t, 4H, 

J=  6 . 6  Hz, 2 X OCH2 ), 3 .94-4.04 (m, 2H, 2 X OCH), 4 .56 (s, 4H, 2 X P hC H 2 ), 

7 .25-7.35 (m, 10H, 2 X C 6 H5 ).

1 3C NMR (CDCI3 , 75 MHz) 5 25 .74  (CH2 ), 26 .10  (CH2 ), 29 .44  (CH2 ), 29.55 

(CH2 ), 29.60 (CH2 ), 32.84 (CH2 ), 63.07 (OCH2 ), 69 .63 (OCH2 ), 71.72 (OCH2 ), 

71.88 (OCH), 73.49 (PhCH2 ), 127.67, 127.68, 128.40, 138.17 (C6 H5 ).

IR (CCI4 , c m '1): 3628, 3165, 2932, 2860, 1340, 1360, 1295, 1190, 910, 730, 

650.

Elemental analysis: Calc. f o r C 3 4 H 5 4 0 g: C 73.08, H 9.74. Found: C 73.18, 

H 9.58.

1,1 '-D i-O - (1 ,14 -te trad ecan ed iy l)-2 ,2 '-d i-0 - h ep ty l-3 ,3 ’-d i-0 -b en zy l-  

diglycerol (39)

Oil d is p e r se d  (54%) sod ium  hydride (70 mg, 1 .58 mmol) in a  15-mL
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round-bottom  flask w as  w a sh e d  twice with dry h exane . C om pound  3  7  (177 

mg, 0 .32 mmol) in 5 mL of THF w as  added , an d  the  mixture w as  stirred at 0 °C 

for 0 .5  h. n-Heptyl iodide (717 mg, 4 .65  mmol) a n d  te t ra - / 7-butylammonium 

ch lo ride 6 0 ’ ® 1  (5 mg, 0 .02 mmol) w ere  a d d e d  an d  the  mixture w a s  stirred at 

room tem p e ra tu re  for 48  h. E ther (200 mL) w as  a d d e d  a n d  th e  mixture w as  

w a sh e d  with a q u e o u s  sodium  b icarbonate  twice. T he o rgan ic  layer w as  dried 

a n d  filtered, a n d  th e  so lven ts  w ere  rem oved. T he  res idue  w a s  s e p a ra te d  by 

m ed iu m  p r e s s u r e  c h ro m a to g ra p h y  (elution with h e x a n e /E tO A C , 10:1). 

Tetrae ther 39  w as  collected a s  a  colorless oil (130 mg, 55%). In the  a b se n c e  of 

te trabu ty lam m onium  chloride, th e  alkylation reaction did not p ro c e ed  well, a s  

ev idenced  by TLC examination of the  reaction mixture.

1 H NMR (CDCI3 , 200 MHz) 5 0.86 (t, 6 H, J = 6 .5  Hz, 2 X C H 3 ), 1.21 (m, 36H, 

18 x CH2 ), 1.56 (m, 8 H, 4 x CH2 ), 3.48-3.62 (m, 18H, 8  X O C H 2  2 X OCH), 4.55 

(s, 4H, 2 X PhC H 2 ), 7.30 (s, 10H, 2  X C 6 H5 ).

1 3C NMR (CDCI3 , 75  MHz) 8  14.06 (CH 3 ), 22 .64  (CH2 ), 25 .79  (CH2 ), 26.13 

(CH2 ), 2 9 .18  (CH2 ), 29 .48  (CH2 ), 29 .54  (CH2 ), 29 .64  (CH2 ), 29 .72  (CH2 ),

30 .19  (CH2 ), 31.89 (CH2 ), 32 .88  (CH2 ), 63.13 (O C H 2 ), 70.51 (OCH2 ), 70.65 

(OCH2 ), 70.90 (OCH2 ), 71 .72  (OCH), 73.42 (P hC H 2 ), 127.51, 127.60, 128.33, 

138.59 (C6 H5 ).

!R (CDCI3 , c m '1): 3030, 2930, 2860, 1452, 1100, 860, 690.
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M S  (m/e): 664  (M+-Bn), 557, 231, 181, 133, 91 (b ase  peak), 77, 65, 51.

Elemental analysis: Calc. f o r C 4 8 H g 2 0 6 : C 76.34, H 10.95. Found: C 76.19, 

H 10.68.

Hexamethylene chlorohydrin (50)

According to the  m ethod of Campbell an d  S o m m ers , 7 0  a  solution of 1,6 - 

hexanediol (23.0 g, 0 .195 mol), concen tra ted  hydrochloric acid (440 mL), w ater 

(70 mL), an d  to luene  (30 mL) in a  liquid-liquid ex tractor w as  h e a te d  at 111 °C 

overnight. The to luene  solution w as  s e p a ra te d  an d  concen tra ted . T he  residue 

w a s  distilled on a  sp inn ing -band  colum n. H ex am eth y len e  chlorohydrin 5 0 

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

1 -0-(6-C h lorohexyl)-3-0-tosylg lycero l (56)

To a  solution of h exam ethy lene  chlorohydrin 50 (51.7 mg, 0 .38  mmol) 

and  glycidyl tosylate  (57.6 mg, 0 .25 mmol) in 2 mL of m ethylene  chloride w as  

a d d e d  1 d rop  of distilled boron trifluoride e thera te .  T h e  mixture w a s  stirred at 

room te m p e ra tu re  for 4 h. T he  mixture w as  then  co n cen tra ted  u n d e r  vacuum  

an d  th e  res idue  w as  s e p a ra te d  by m edium  p re s su re  colum n chrom atog raphy  

(hexane/EtOAc, 6:1). 1 -O- (6-Chlorohexyl)-3-0- tosylglycerol 56 w a s  collected 

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

1 H NMR (CDCI3 , 200 MHz) 5 1.35-1.50 (m, 4H, 2  x C H 2 ), 1.60 (p, 2 H, CH2 ),
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1.78 (p, 2H, CH2 ), 2.55 (br s , 1H, OH), 3.39 (s, 3H, C 6 H4 C H 3 ), 3 .42-3.48 (m, 

6 H, 3 X OCH2 ), 3 .54  (t, 2H, J=  6 . 6  Hz, CICH2 ), 3 .98 (m, 1H, OCH), 7.33-7.82 

(dd, 4H, J=  7.2 Hz, J=  7.2 Hz, C 6 H4 Me).

IR (CDCI3 , c m '1): 3590, 2925, 2885, 1600, 1446, 1360, 1188, 1175, 1115, 980, 

830, 810.

Elemental analysis: Calc, for C - ^ H ^ O s C I S :  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 com pound  5 6 (1.23 g, 3 .37  mmol) in 10 mL of methanol 

in an  ice bath w as  a d d ed  1.5 g of potassium  carbonate . The  mixture w as  stirred 

for 3 h at 0 °C, then stirred overnight at room tem peratu re . TLC (hexane/EtOAc, 

7:1) sh o w ed  that the  starting material had  all d is ap p e a re d  (the R evalue  of the  

epoxide, 0.45). E ther (100 mL) w as  a d d ed  and  the  mixture w as  stirred for 10 

min. The mixture w a s  filtered an d  co n cen tra ted  u n d e r  vacuum . The res idue  

w a s  s e p a ra te d  by flash ch rom atography  (elution with hexane/E tOA c, 10:1). 6 - 

Chlorohexyl glycidyl e ther  57 (0.65 g, 80%) w as  collected a s  a  colorless oil.

1  H NMR (CDCI3 , 200 MHz) 5 1.30-1.50 (m, 4H, 2 x C H 2 ), 1.60 (p, 2H, CH 2 ),

1.79 (p, 2H, C H 2 ), 2.61 (dd, 1 Ha , J=  5.0 Hz, J  = 2 .7 Hz), 2 .80 (dd, 1 Hb , J=  5.0 

Hz, J=  4.2 Hz ), 3 .15 (m, 1HC), 3 .37 (dd, 1 He , J=  11.5 Hz, J  = 5.8 Hz), 3.44-3.52 

(m, 2H, O C H 2 ), 3 .54 (t, 2H, J =  6 . 6  Hz, CH 2 CI), 3 .72 (dd, 1 Hd , J  = 11.5 Hz, J  =
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3.0 Hz).

IR (CDCI3 , cm -1 ): 2940, 2860, 1465, 1380, 920, 890, 755, 710, 645.

Elemental analysis: Calc, for CgH-jyC^CI: C 56.33, H 9.12.

Found: C 56.10, H 8.89.

1 -0-(6-C h lorohexyl)-3-0-benzylg lycero l (58)

(a) To a  solution of 6 -chlorohexyl glycidyl e th e r  (374 mg, 1.94 mmol) and  

benzyl alcohol (420 mg, 3 .88 mmol) in 15 mL of m ethylene chloride w as  a d d ed  

5 d rops  of boron trifluoride e thera te . The mixture w as  stirred overnight at room 

tem perature . The  solvent w as  rem oved an d  the  res idue  w a s  purified by medium 

p r e s s u r e  c h ro m a to g ra p h y  (elution with h e x a n e /E tO A c ,  4 :1). 1 - 0 ( 6 -  

C hlorohexyl)-3-0- benzylglycerol 5 8 w as  collected a s  a  co lorless  oil (350 mg, 

60%).

(b) To a  50-m L  ro u n d -b o tto m  flask  w e re  a d d e d  h e x a m e th y le n e  

chlorohydrin 50 (2.05 g, 15.0 mmol), m ethylene  chloride (20 mL), an d  boron 

trifluoride e thera te  (93 pL, 106 mg, 0 .75 mmol). T he  flask w as  chilled to -78 °C 

under  dry nitrogen g a s  protection. Benzyl glycidyl e th e r  38 (2.96 g, 18.0 mmol)
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in 2 mL of m ethylene chloride w as  ad d ed  by a  syringe, and  the  the  solution w as 

stirred for 24 h at -78 °C. TLC (hexane/EtOAc, 4:1) sh o w ed  tha t there  w as  no 

h e x a m e th y le n e  ch lorohydrin  left. T h e  so lv en t  w a s  re m o v e d  by rotary 

evaporation. The residue w a s  sep a ra te d  by flash ch rom atography  (elution with 

hexane/EtOAc, 5:1). 1 -0-(6-C hlorohexyl)-3 -0-benzylg lycero l 5  8  w a s  collected 

a s  a  colorless  oil (3.58 g, 80%).

T he  two preparations  of 5 8  resulted in identical products, a s  de term ined  

by com parision of their TLC retention tim es [R ^0.33 (hexane/EtOAc, 4:1)], and  

1 H NMR and  IR spectra .

1 H NMR (CDCI3 , 200 MHz) 5 1.30-1.50 (m, 4H, 2  x C H 2 ), 1-58 (p, 2 H, CH2 ), 

1 .75 (p, 2H, C H 2 ), 2.57 (d, 1 H, J=  4.1 Hz, OH), 3 .40-3.59 (m, 8 H, 3 X O C H 2 , 

C H 2  Cl), 3 .98 (m, 1H, OCH), 4.56 (s, 2H, PhCH 2 ), 7.33 (m, 5H, C 6 H5 ).

1 3C NMR (CDCI3 , 75  MHz) 5 25.47, 26.72, 29.48, 32 .59  (4 X CH2 ), 44.97 

(CH 2 CI), 69.65, 71.49, 71.50 (3 X OCH2 ), 71.95 (OCH), 73.53 (PhCH 2 ), 127.75, 

128.18, 128.45, 138.15 (C 6 H5 ).

IR (CDCI3 , 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 C ^ 0 H2 5 O 3 CI: C 62.49, H 8 .2 2 .
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Found: C 62.88, H 8.38.

1 -0-(6-C h lorohexy!)-2 -0 -n -hepty l-3 -0 -benzylg lycero l (43)

Oil d isp e r se d  (54%) sod ium  hydride (729 mg, 16.4 mmol) in a  50-mL 

round-bottom flask w a s  w a sh e d  twice with dry hexane. C om pound  5 8 (2.46 g,

8 .19 mmol) in 20 mL of THF w as  added , and  the  reaction mixture w as  stirred at

0 °C for 0.5 h. n-Heptyl iodide (9.26 g, 41 mmol) and  te tra -/ 7 -butylammonium 

ch loride 6 0 ’ 6 1  (121 mg, 0.4 mmol, 5%) were added , and  the  mixture w as  stirred 

a t room tem pera tu re  for 24 h. After e ther  (400 mL) w as  a d d ed  the  mixture w as  

w a sh e d  success ive ly  with w ater  (50 mL), 10% a q u e o u s  sodium  thiosulfate (50 

mL), w ater  (50 mL), and  brine (50 mL). The organic layer w as  dried, filtered, and  

the  solvent w as  removed. T he  residue w as  sep a ra te d  by flash chrom atography 

(elution with h ex an e /E tO A c , 25:1). 1 -0-(6-C hlorohexyl)-2-0-n-hepty l-3-0- 

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

1 H NMR (CDCI3 , 200 MHz) 5 0 .88  (t, 3H, J  = 6 . 6  Hz, CH3 ), 1.28 (s, 8 H, 4 x 

C H 2 ), 1.33-1.44 (m, 4H, 2  x CH 2 ), 1.50-1.62 (m, 4H, 2  x C H 2 C H 2 0 ) ,  1.68-1.82 

(P, 2H, CH 2 C H 2 I), 3 .40-3.60 (m, 11H, 4 X O C H 2 ,CH 2 CI, OCH), 4 .56 (s, 2H, 

P h C H 2 ), 7.31 (m, 5H, C 6 H5 ).

1 3C NMR (CDCI3 , 75 MHz) 5 14.07 (CH3 ), 22.65, 25.50, 26.11, 26.74, 29.17, 

29.54, 30.19, 31.87, 32.63 (9 X CH2 ), 44.85 (CH2 CI), 70.45, 70.59, 70.95, 71.36 

(4 X O C H 2 ), 73.41 (OCH), 78 .08  (P hC H 2 ), 127.48, 127.55, 128.29, 138.60
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(C6 H5 ).

IR (CDCI3 , c m '1): 3030, 2935, 2860, 1794, 1468, 1454, 1380, 1095, 905, 730, 

646.

M S  (m/e): 398 (M+)/400 (3:1), 119, 91 (b ase  peak).

Elemental analysis: Calc. fo rC 2 3 H 3 g 0 3 CI: C 69.56, H 10.03, Cl 8.89. 

Found: C 69.23, H 9.85, Cl 8.61.

(rac)-1 -0-(6-lodohexyS)-2-0-/7-heptyl-3-0-benzylg lycerol (59)

A dry, one-necked , 25-mL round-bottom flask equ ipped  with a  m agnetic  

stirring bar and  a  reflux c o n d e n s e r  with a  g a s  inlet a t the  top  w a s  c h a rg ed  with 

1 .290 g (3.23 mmol) of com pound  43, 1.211 g (8.08 mmol) of sodium  iodide, 

and  10 mL of a c e to n e . 7 1  T he  reaction mixture w as  stirred and  refluxed under  

nitrogen for 24 h. The so lven t w a s  rem oved  by rotary evapora tion  an d  the  

resulting solid w a s  d isso lved  in 30 mL of m ethy lene  chloride an d  20 mL of 

water. T he  layers  w ere  s e p a ra te d  an d  th e  a q u e o u s  layer w a s  ex trac ted  with 

two 20-mL portions of m ethylene chloride. The com bined  organic ex tracts  were 

w a sh e d  success ive ly  with 10%  a q u eo u s  sodium  thiosulfate (20 mL), w ater  (3 X 

20  mL), a n d  brine (30 mL). The o rgan ic  layer w a s  d ried  o v e r  a n h y d ro u s  

m agnes ium  sulfate. After filtration and  concentration of the  solution, the  residue 

w a s  s e p a r a t e d  by m e d iu m  p r e s s u r e  c h r o m a to g r a p h y  (e lu tion  with
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hexane/EtOAc, 25:1). (rac )-1 -0 -  (6-lodohexyl)-2-0-n-heptyl-3-O benzylglycerol

5 9 w a s  collected a s  a  co lorless  liquid (1.506 g, 95%).

1 H NMR (CDCI3 , 200 MHz) 5 0 .88 (t, 3H, J =  6 . 6  Hz, C H 3 ), 1.28-1.38 (m, 12H,

6  x C H 2 ), 1.52-1.58 (m, 4H, 2  x C ^ C H g O ) ,  1.80 (p, 2 H, C ^ C ^ I ) ,  3.16 (t, 2 H, 

J=  7.1 Hz, CH 2 I), 3 .39-3.63 (m, 9H, 4  X OCH2 , OCH), 4.55 (s, 2H, PhC H 2 ), 7.32 

(m, 5H, C 6 H5 ).

1 3C NMR (CDCI3 , 75 MHz) 5 6 .65 (CH2 I), 14.05 (CH3 ), 22.55, 25.05, 26.02, 

29.08, 29.39, 30.08, 30.23, 31.78, 33.42 (9 X CH2 ), 70.29, 70.47, 70.80, 71.23 

(4 X O C H 2 ), 7 3 .27  (OCH), 77 .93  (P hC H 2 ), 127.40, 127.42, 128.18, 138.44 

(C 6 H5 ).

IR (CDCI3 , c m '1): 3030, 2910, 2860, 1450, 1350, 1200, 1100.

M S (m/e): 262  (M+-(CH 2 )6 I), 91 (base  peak).

Elemental analysis: Calc, tor C 2 3 H3 9 0 3 l: C 56.32, H 8 .0 2 .

Found: C 56.58, H 8.19.

(ra c )-1  -0 - (6 - lo d o m a g n e s iu m h e x y l) -2 -0 -n -h e p ty l-3 -0 -b e n z y l-  

glycerol (59a)
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A 25-mL round-bottom  th ree -n eck ed  flask containing m agnes ium  (14.3 

mg, 0.59 mmol) an d  a  stirring bar, and  fitted with a  co n d en se r  with a  drying tube 

a n d  two s ep ta ,  w a s  h ea ted  by flame a n d  flushed with dry nitrogen alternately 

th ree  t im es to  m ake su re  tha t it w as  dry. ( rac ) - 1  -O- (6 -lodohexyl)- 2 -O-n- heptyl- 

3 - 0 -  benzyl glycerol 5 9 (240 mg, 0.49 mmol) an d  iodine (2 mg) in 5 mL of dry 

THF were a d d ed  by syringe. The solution w as  stirred and  h ea ted  in an  oil bath 

a t 50 °C for 2 h. Most of th e  m agnes ium  d isap p e a re d ,  indicating th a t  the  

Grignard reagen t had  formed.

Soluble silver catalyst69

A solution of soluble silver w a s  p rep a red  by reacting silver nitrate (5.0 

mmol) in THF (70 mL) with 30 mL of a  1.0 M solution of e thy lm agnes ium  

brom ide at 0 °C for 3 h in th e  dark. T he  su p e rn a tan t  solution, 0 .05 M "soluble 

silver," could be  s to red  for prolonged periods at -20 °C.

1 ,-T -D i- 0 ( 1 ,1  2 -d o d e c a n e d iy l)-2 ,2 '-d i-0 -h e p ty l-3 ,3 '-d i-  O -benzyl- 

bis-glycerol (45)

To the  solution of ( rac )-1 -0 -  (6 - iodom agnesium hexyl)- 2 -0 -/7 -heptyl-3 -0 - 

benzylglycerol 5 9 a  (see  above) , a  solution of soluble  silver6 9  (100 mL) and  

(rac)-1 -0 -(6 -iodohexyl)- 2 -0 -A7-heptyl-3 - 0 -benzylglycerol 5 9 (240 mg, 0 .4 9  

mmol) in 5 mL of THF w as  a d d ed  by syringe. The mixture w as  stirred for 24  h at 

60 °C (oil bath). T he  grey  m ag n es iu m  iodide solid p rec ip ita te  w a s  then  

rem oved  using a  short Celite column. T he filtrate w as  diluted with 25  mL of
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m ethylene chloride and  w a sh e d  with 1 0 % a q u e o u s  sodium  thiosulfate solution 

(15 mL) a n d  w a te r  (20 mL) consecutively. T h e  o rgan ic  layer w a s  dried  and  

con cen tra ted ,  and  the  res idue  w as  c h ro m a to g rap h ed  on a  m edium  p re s su re  

column (elution with hexane/EtOAc, 10:1). (rac)-1,1 '-d i-0- (1 ,12-D odecanediy l)- 

2 ,2 ,-d i-0-hepty l-3 ,3 '-d i-0- benzyl-bis-glycerol 45  w as  co llected  a s  a  co lorless  

oil (184.4 mg, 52%).

1 H NMR (CDCI3 , 200 MHz) 6  0 .88 (t, 6 H, J  = 6.3 Hz, 2 X CH3 ), 1.27 (s, 32H, 16 

x CH2 ), 1.51-1.60 (m, 8 H, 4 x C H 2 CH 2 0 ) ,  3 .39-3.60 (m, 18H, 8  X O C H 2 , 2  X 

OCH), 4.55 (s, 4H, 2  X PhCH 2 ), 7.27-7.34 (m, 10H, 2 X C 6 H5 ).

1 3C NMR (CDCI3 , 75 MHz) 8  14.07 (2 X C H 3 ), 22 .62  (2 X CH2 ), 26.11 (2 X 

C H 2 ), 26 .17  (2 X C H 2 ), 29.17 (2 X C H 2 ), 29 .54  (2 X C H 2 ), 29 .66  (4 X C H 2 ), 

29.71 (2 X CH2 ), 30.17 (2 X C H 2 ), 31.87 (2 X CH2 ), 70.49 (2 X O C H 2 ), 70.62 (2 

X O CH 2 ), 70.86 (2 X O C H 2 ), 71.71 (2 X O C H 2 ), 73.41 (2 X OCH), 78.05 (2 X 

P hC H 2 ), 127.48, 127.57, 128.29, 138.57 (2 X C 6 H5 ).

IR (CDCI3 , c m ‘ 1): 3030, 2915, 2860, 1452, 1100.

M S (m/e): 636 (M+-91), 91 (b a se  peak).

High resolution (+) LSIMS

M++H Calculated for C 4 6 H7 8 0 6 : 727.5876. O bserved : 727.5877.
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n-Heptylcopper reagent (47)68

A su sp en s io n  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-d ibrom oethane w as  h ea ted  to 65 

°C , an d  0.1 mL (0.8 mmol) of chlorotrimethylsilane w as  added . After 15 min at 

25  °C, a  solution of n-heptyl iodide (5.65 g, 25 mmol) in 10 mL of THF w as  

a d d e d  slowly. W hen the  addition w as  com ple ted , the  reaction mixture w as  

stirred for 1 2  h at 25-30 °C. The dark  grey solution w as  cooled to -10 °C , and  a  

solution of 1.98 g (22 mmol) of CuCN and  1.9 g (44 mmol) of LiCI (both salts  

w ere  predried  at 150 °C u n d er  vacuum  for 1 h) in 22 mL of THF w as  a d d ed  

rapidly. T he  resulting dark  g reen  solution w as  stirred at 0 °C for 10 min and 

w as  then  u sed  immediately.

n-Heptyl phenyl ketone (48)88

Benzoyl chloride (2.61 g, 18.7 mmol) w a s  slowly a d d e d  to th e  above  

p rep a red  solution of the  c o p p e r  reagen t a t -25 °C. T he reaction mixture w as  

then  stirred overnight at 0 °C. To the  mixture w as  a d d ed  40 mL of e th e r  and  40 

mL of s a tu ra te d  a q u e o u s  sodium  b icarbonate , an d  the  mixture stirred for 10 

min. T he e th e r  layer w as  concen tra ted  an d  the  residue w a s  s e p a ra te d  by flash 

ch rom atography  (elution with hexane/EtOAc, 6:1). n-Heptyl phenyl ketone 4 8  

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

1 H NMR (CDCI3 , 200 MHz) 5 0.88 (t, 3H, J  = 6.7 Hz, CH3 ), 1.28-1.35 (m, 8 H, 4 

X CH2 ), 1.68-1.80 (m, 2 H, C H 2 ), 2.96 (t, 2 H, J=  7.3 Hz, CH 2 CO), 7.40-8.05 (m,
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5H, C6 H5 ).

IR (CDCI3i c m '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)109

To a  solution of h ex am eth y len e  chlorohydrin (11.10 g, 81 mmol) and  

co n cen tra ted  sulfuric acid  (1 mL) in b e n z e n e  w as  a d d e d  a  solution of benzyl 

alcohol (7.32 g, 6 8  mmol) in b e n ze n e  (15 mL) dropw ise during 10 min while the  

mixture w as  stirred an d  refluxed in an  oil bath (90 °C ). After 4 h, the  solution 

b e c a m e  cloudy b e c a u s e  of th e  formation of water. T he  reaction mixture w as  

coo led  to  room tem p e ra tu re  an d  30 mL of b e n z e n e  w a s  a d d ed .  T he  mixture 

w a s  w a s h e d  c o n se c u t iv e ly  with w a te r  (30 mL), 5 %  a q u e o u s  so d iu m  

b ica rb o n a te  (30 mL), a n d  w a te r  (30 mL). The organic  layer w a s  dried over 

a n h y d ro u s  m a g n es iu m  su lfa te  for 30 min. T h e  solution w a s  filtered an d  

c o n c e n tra te d ,  an d  th e  re s id u e  w a s  distilled u n d e r  r e d u c e d  p re s su re .  1 - 

Benzyloxy-6 -ch lorohexane w as  collected a s  a  colorless liquid (8.10 g, 53%); bp 

118-125 °C /0.5 mmHg [lit. 1 1 0  bp 138 °C /1 mmHg].

1 H NMR (CDCI3 , 200  MHz) 5 1 .40-1 .45  (m, 4H, 2 x C H 2 ), 1 .63 (m, 2H, 

CH 2 C H 2 0 ) ,  1 .77 (m, 2 H, CH 2 C H 2 CI), 3 .47  (t, 2 H, J=  6 .4  Hz, OCH2 ), 3.52 (t,
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2 H, J=  6 .7  Hz, CICH2 ), 4.50 (s, 2 H, PhCH2 ), 7 .30-7.34 (m, 5H, C 6 H5 ).

IR (CDCI3 , c m '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 - B e n z y l o x y - 6 - i o d o h e x a n e  (52)

A dry, one-necked , 50-mL, round-bottom flask equ ipped  with a  m agnetic  

stirring ba r  an d  a  reflux c o n d e n s e r  with a  g a s  inlet a t the  top w a s  ch arg ed  with

0 .55  g (2.43 mmol) of com pound  5 1 ,  1.31 g (8.74 mmol) of sodium  iodide, and  

8  mL of a c e t o n e . T he reaction  mixture w a s  s tirred  a n d  refluxed u n d e r  

nitrogen for 24  h. T h e  so lvent w a s  rem oved  on a  rotary ev ap o ra to r  and  the  

resulting solid w a s  d isso lved  in 30 mL of m ethy lene  chloride an d  20 mL of 

water. T he  layers  w ere  s e p a ra te d  an d  the  a q u e o u s  layer w a s  ex trac ted  with 

two 20-mL portions of m ethylene chloride. T he com bined  organic ex tracts  were 

w a sh e d  success ive ly  with 10% a q u e o u s  sodium  thiosulfate (20 mL), w ater (3 X 

20 mL), a n d  brine (30 mL). T he  o rgan ic  layer w a s  d ried  ov e r  a n h y d ro u s  

m agnes ium  sulfate. After filtration and  concentration of the  solution, the  residue 

w a s  s e p a r a t e d  by  m e d iu m  p r e s s u r e  c h r o m a to g r a p h y  (e lu tion  with 

h exane /E tO A c, 80:1). 1 -B enzyloxy- 6 - io d o h e x a n e  5 2 w a s  o b ta in e d  a s  a  

colorless  liquid (0.77 g, 2.42 mmol, 99%).
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1H NMR (CDCI3 , 200 MHz) 5 1 .40-1.42 (m, 4H, 2 x C H 2 ), 1.62 (m, 2H, 

C H 2 C H 2 0 ), 1.83 (m, 2H, 3 .18 (t, 2H, J=  6.9 Hz, C H 2  I), 3 .47 (t, 2H,

J=  6.2 Hz, OCH2 ), 4.50 (s, 2H, PhC H 2 ), 7.33 (m, 5H, C 6 H5 ).

1 3C NMR (CDCI3 , 75 MHz) 8  6 .83 (CH 2 I), 25.20, 29.56, 30.30, 33 .49  (4 X 

C H 2 ), 70.22 (OCH2 ), 72.91 (PhCH2 ), 127.10, 127.57, 128.32, 138.70 (C6 H5 ).

IR (CDCI3 , 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-Benzyloxyhexy I magnesium iodide (53a)

A 25-mL round-bottom th ree -necked  flask containing m agnes ium  (54 mg, 

2 . 2  mmol) an d  a  stirring bar, and  fitted with a  c o n d e n se r  with a  drying tube  and  

two s e p ta  w as  h ea ted  by flame an d  flushed with dry nitrogen alternately  three  

tim es to  m ake  su re  tha t it w as  dry. 1-Benzyloxy-6-iodohexane 5 2 (633 mg, 2.0 

mmol) in 10 mL of dry THF w as  a d d ed  by syringe. The mixture w as  stirred and 

h ea ted  in an oil bath at 50 °C for 2  h. The m agnes ium  d isap p ea red ,  indicating 

that the  Grignard reagen t had  formed.

1,12-Dibenzyloxydodecane (54)

To the  6 -benzyloxyhexylm agnesium  iodide 5 3 a  solution (se e  above), a
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solution containing soluble silver6 9  (30 |iL) an d  1-benzyloxy-6-iodohexane 5 2 

(633 mg, 2 .0  mmol) in 5 mL of THF w as  a d d e d  by syringe. The mixture w as  

stirred for 24  h a t room tem p era tu re ,  then  diluted with e th e r  (150 mL) an d  

w a sh e d  consecu tive ly  with sa tu ra te d  a q u e o u s  am m onium  chloride (100 mL) 

a n d  w ater  (100 mL). The e th e r  layer w as  dried over an h y d ro u s  m agnes ium  

sulfa te , filtered, an d  co n cen tra ted .  The res idue  w a s  s e p a ra te d  by m edium  

p r e s s u r e  c h ro m a to g ra p h y  (e lu tion  with h e x a n e /E tO A c ,  6 0 :1 ) .  1 ,12-

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

1  H NMR (CDCI3 , 200  MHz) 8  1.26 (s, 16H, 8  X C H 2 ), 1.56-1.64 (m, 4H, 2  X 

C H 2 C H 2 O), 3.46 (t, 4H, J= 6 . 6  Hz, 2 X OCH2 ), 4.50 (s, 4H, 2 X PhCH 2 ), 7.33 (s, 

10H, 2 X C 6 H5 ).

1 3C NMR (CDCI3 , 75  MHz) 5 26.24 (2 X C H 2 ), 29.51 (2 X CH2 ), 29.60 (4 X 

CH 2 ), 29.82 (2 X C H 2 ), 70.59 (2 X OCH2 ), 72.87 (2 X P h C H 2 ), 127.42, 127.59, 

128.32, 138.87 (2 X C 6 H5 ).

IR (CCI4 , 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 chloride (61)

To a  solution of 16-hydroxyhexadecanoic  acid (2.90 g, 10.64 mmol) and
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b e n z e n e  (10 mL) in a  100-mL th re e -n eck ed  flask which w a s  fitted with a  

c o n d e n s e r  carrying a  drying tube  an d  two s e p ta  w a s  a d d e d  freshly distilled 

thionyl chloride (12.66 g, 106.4  mmol) by syringe. T he mixture w a s  stirred at 

room te m p e ra tu re  for 30 min and  then  refluxed for 3 h. T he  e x c e s s  thionyl 

chloride and  b e n z e n e  w ere  distilled out, an d  the residue w as  pum ped  at 100 °C 

for 1 h by using an  oil pum p. IR sp ec tro sco p y  of the  res idue  confirm ed the  

a b s e n c e  of hydroxyl and  carboxylic hydroxyl groups, and  the  carbonyl group of 

the  acyl chloride a p p e a re d  a t 1790 cm "1. The residue w a s  reduced  directly to 

16-chlorohexadecanol by a lan e  without purification.

16-Chlorohexadecanol (62)

P repara tion  of th e  a lan e  so lu tion : 7 2  To aluminum trichloride (1 .419 g, 

10.64 mmol) in a  25-mL flask w as  a d d ed  dropw ise 10 mL of freshly distilled 

ether. The solution w a s  kept gently boiling during the  addition. This solution 

w a s  a d d e d  dropw ise to a  solution of lithium aluminum hydride (0.404 g, 10.64 

mmol) in 10 mL of ether. T he  grey su sp e n s io n  of a lan e  w a s  a d d e d  then  to a  

solution of the  c rude  16-chlorohexadecanoyl chloride in 15 mL of e th e r  at a  rate 

which kept the  solution gently refluxing. The mixture w as  then  stirred at room 

tem p e ra tu re  for 3 h. W ater  (20 mL) and  6 N sulfuric acid (15 mL) w ere  a d d ed  

consecutively. T h e  e th e r  layer w as  s e p a ra te d  and  th e  a q u e o u s  layer w as  

ex trac ted  with e th e r  (3 X 30 mL). The com bined  organic layers w ere  w ash ed  

with brine (50 mL), dried  over an h y d ro u s  m ag n es iu m  sulfa te , filtered, and  

concen tra ted . T he  res idue  w as  purified by flash ch rom atography  (elution with
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hexane/EtOA c, 7:1). 16-C hlorohexadecanol 62 (2.78 g, 94%) w a s  obta ined  a s  

a  white solid; mp 44 °C [lit. 1 1 1  43 °C ].

1  H NMR (CDCI3 , 200 MHz) 5 1.26 (s, 2 2 H, 1 1  X CH2 ), 1.38-1.45 (m, 2 H, C H 2 ),

1.50-1.60 (m, 2H, C ^ C ^ O ) ,  1.70-1.84 (p, 2H, C H 2 CH 2 CI), 3.53 (t, 2H, J=  6.7 

Hz, CH 2  Cl), 3.64 (t, 2H, J=  6 .5  Hz, CH 2 OH).

IR (CDCI3 , cm "1): 3620, 2920, 2850.

M S  (m/e): 258 (M+-H2 O)/260 (3:1), 55 (b a se  peak).

E l e m e n ta l  a n a l y s i s :  Calc, for C-| 0 H3 3 OCI: C 69.41, H 12.01.

Found: C 69.18, H 12.19.

1 - 0 - ( 1 6 - C h l o r o h e x a d e c y l ) - 3 - 0 - t o s y l - s n - g l y c e r o l  (63)

To a  50-mL round-bottom  flask w a s  a d d e d  a  stirring bar, 2 .10  g (7.58 

mmol) of 16 -ch lo rohexadecano l,  and  1 .904 g (8.34 mmol) of (fl)-(-)-glycidyl 

tosy la te  ([a]2 5 p  -17.1° (c 2.4, CHCI 3 ); 92%  e e ) . 1 0 7  T he  mixture w a s  dried 

u n d e r  vacuum  at 100 °C for 1 h. Freshly distilled m ethylene chloride (20 mL) 

and  a  catalytic am ount of boron trifluoride e th e ra te  (54 mg, 1 drop) w ere  a d d ed  

c o n s e c u t iv e ly  to th e  flask . T h e  so lu tion  w a s  s t i r red  overn igh t.  TLC 

(hexane/E tOAc, 4:1) sh o w ed  tha t m ost of the  16-chlorohexadecanol an d  all of 

th e  glycidyl tosy la te  had  d is a p p e a re d .  The so lven t w a s  rem oved  by rotary
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e v a p o ra t io n ,  giving a  r e s id u e  th a t  w a s  purified by m ed iu m  p r e s s u r e  

ch rom atography  (elution with hexane/EtOAc, 2 :1 ). 1 -O- (16-Chlorohexadecyl)- 

3-O-tosyl-sn-glycerol 6 3 (3 .255 g, 85% ) w a s  ob ta ined  a s  a  white solid; mp 

64.5-66.5  °C; [a]2 5 D -3.04° (c  4.0, CHCI3 ).

1 H NMR (CDCI3 , 200 MHz) 8  1.26 (s, 24H, 12 X C H 2 ), 1.38-1.51 (m, 2H, 

C H 2 C H 2 0 ) ,  1.73-1.80 (m, 2 H, C H 2 C H 2 CI), 2 .45  (s, 3H, C 6 H 4 C H 3 ), 2.55 (s, 

1H, OH), 3 .39  (t, 2H, J =  6 . 6  Hz, OCH 2 R), 3 .43 (d, 2H, J =  3 .9  Hz, O C H 2 CH), 

3 .52 (t, 2H, J  = 6.7  Hz, C H 2 CI), 3 .96 (m, 1H, OCH), 4 .06 (t, 2H, J  = 5.2 Hz, 

C H 2 OTs), 7 .35-7.80 (dd, 4H, Ar).

1 3C NMR (CDCI3 , 75 MHz) 8  21 .26 (CH3 ), 26 .03 (CH2 ), 26 .90  (CH2 ), 28.90 

(CH2 ), 29.45 (2 X C H 2 ), 29 .54  (3 X C H 2 ), 29.65 (5 X C H 2 ), 32.69 (CH2 ), 45.13 

(CH 2 CI), 68 .37  (OCH2 ), 7 0 .54  (OCH2 ), 70 .67  (O C H 2 ), 71 .80  (OCH), 128.02, 

129.90, 132.90, 144.94 (C 6 H4 ).

IR (CDCI3 , c m -1): 3580, 3150, 2920, 2850, 1780, 1595, 1460, 1360, 1245, 

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

M S  (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 C ^ H ^ O s C I S :  504.2679.
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O bserved : 504.2676.

(f?)-(+)-Oxiranemethyl 1 6 - c h lo r o h e x a d e c y l  e t h e r  ( 6 4 )

To a  solution of 1-0-(16-ch lorohexadecy l)-3 -O tosy l-sn-g lycero l 6 3  (2.54 

g, 5 .03  mmol) in 15 mL of abso lu te  m ethanol in a  50-m L round-bottom  flask 

s u b m e rg e d  in an  ice ba th  a n d  p recoo led  for 15 min w a s  a d d e d  po tass ium  

c a rb o n a te  (2.086 g, 15.08 mmol). The reaction mixture w as  stirred for 3 h at 0 

°C. To th e  mixture w as  a d d ed  100 mL of ether, and  th e  solution w as  filtered 

through a  short Celite column. The filtrate w as  co n cen tra ted  and  the  product 

w as  s e p a ra te d  by flash chrom atography (elution with hexane/EtOAc, 10:1). ( R)- 

(+)-Oxiranemethyl 16-chlorohexadecyl e th e r  64 w as  ob ta ined  a s  a  white solid 

(1.34 g, 80%); mp 51-54 °C; [a]2 5 D +1.60° (c2 .09 , CHCI3 ).

1 H NMR (CDCI3 , 200 MHz) 6  1.26-1.45 (s, 24H, 1 2 X C H 2 ), 1.58 (p, 2H, J =  6 . 6  

Hz, CH 2 C H 2 0 ) ,  1.77 (p, 2H, J = 7.0 Hz, Chl2 CH 2 CI), 2 .60 (dd, 1Ha , J=  5.0 Hz, 

J  = 2 .7 Hz), 2 .78  (t, 1Hb , J  = 4.6 Hz), 3 .14 (m, 1HC), 3 .52 (t, 2H, J  = 6 .7  Hz, 

C H 2 CI), 3.33-3.73 (m, 4H, 2 X OCH2 ).

1 3C NMR (CDCI3 , 75 MHz) 5 26.14 (CH2 ), 26.96 (CH2 ), 28.93 (CH2 ), 29.51 (3
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X CH2 ), 29.64 (4 X C H 2 ), 29.77 (3 X C H 2 ), 32.75 (CH2 ), 45.03 (CH 2 CI), 44.26, 

50.87 (epoxide), 71 .50 (OCH2 ), 71.74 (OCH2 ).

IR (CDCI3 ,c rrT 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. f o r C ig h ^ y C ^ C I :  C 68.54, H 11.20.

Found: C 68.38, H 10.96.

1 -Q-(16-Chi orohexadecanyl)-3-0-benzyl-sr*-glycerol (65)

(a) To a  50-mL round-bottom flask w as  a d d ed  a  solution of 1.14 g (3.42 

mmol) of e th e r  6 4  an d  4 .04  g (34.20 mmol) of benzyl alcohol in 15 mL of 

m ethylene chloride. Pow dered , activated 4A m olecular s iev es  an d  a  stirring bar 

w ere  added . The mixture w as  stirred for 2 h. Boron trifluoride e th e ra te  (40 pL) 

w a s  ad d ed , and  the  reaction mixture w as  stirred at room tem p era tu re  for 3 h. 

TLC (hexane/E tO A c, 7:1) sh o w e d  tha t all of th e  epoxide  d is a p p e a re d .  The 

mixture w a s  diluted with 100 mL of m ethylene  chloride a n d  filtered through 

Celite. M ethylene chloride w as  rem oved  by rotary evaporation , an d  e x c e s s  

benzyl alcohol w as  distilled out under  5 mmHg p re s su re  (bp 75  °C/5 mmHg). 

T he residue  w as  purified by flash chrom atography  (elution with hexane/EtOAc, 

10:1). 1 -0-(16-C hlo rohexadecy l)-3 -O benzy l-sn -g lycero l 65 (1.24 g, 82%) w as  

obtained a s  an  oil; [a]2 ^  +1.33° (c 2.5, CHCI3 ).
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(b) To a  50-mL round-bottom flask were a d d ed  16-chlorohexadecanol 6 2 

(214 mg, 0 .77 mmol), benzyl glycidyl e th e r  38 (152 mg, 0.93 mmol), methylene 

chloride (15 mL), and  a  stirring bar. The flask w as  cooled  to 0 °C under  dry 

nitrogen g a s  protection. A d rop  of boron trifluoride e th e ra te  w a s  a d d e d  the 

solution w a s  stirred overnight at 0 °C. An additional am o u n t of e th e r  3 8 (38 

mg, 0 .23  mmol) w a s  a d d e d  to the  solution, an d  stirring w a s  con tinued  for 

a n o th e r  24  h. TLC (hexane /E tO A c, 5:1) s h o w e d  tha t th e re  w a s  no 16- 

ch lo rohexadecano l 6 2 left. The solvent w as  rem oved by rotary evaporation. 

T h e  r e s id u e  w a s  s e p a r a t e d  by f la sh  c h ro m a to g ra p h y  (e lu tion  with 

hexane/EtOAc, 10:1). 1 -0-(6-C hlorohexadecy l)-3 -0-benzyl-sn-g lycero l 6 5 w as  

collected a s  a  colorless oil (293 mg, 8 6 %).

The two preparations  of 6 5 resulted in identical products, a s  determ ined  

by com parision of their TLC retention tim es [R f0 .3 0  (hexane/EtOAc, 5:1)] and  

1 H NMR and IR spectra .

1 H NMR (CDCI3 , 200  MHz) 5 1 .26-1.40 (s, 24H, 12 X C H 2 ), 1.5 (m, 2H, 

C H 2 C H 2 0 ) ,  1.75 (p, 2H, J  = 7.0 Hz, C H 2 C H 2 CI), 2.62 (d, 1H, J  = 4.1 Hz, OH), 

3 .40-3.57 (m, 8 H, 3 X O C H 2 , C H 2 CI), 3.96 (m, 1H, OCH), 4 .55 (s, 2H, CH 2 Ph),

7.32 (s, 5H, C 6 H5 ).

1 3C NMR (CDCI3 , 75 MHz) 5 26.16 (CH2 ), 26 .95  (CH2 ), 28.93 (CH2 ), 29.67 

(10 X CH2 ), 32 .74  (CH2 ), 45.09 (CH 2 CI), 69.66 (OCH2 ), 71 .60  (OCH2 ), 71.76 

(OCH2 ), 71.93 (OCH), 73.54 (CH2 Ph), 127.73, 128.45, 138.22 (C 6 H5 ).
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IR (CDCI3 , cm "1): 3570, 2910, 2840, 1450, 1205, 1100.

M S  (m/e): 440 (M+)/442 (3:1), 91 (base  peak).

Elemental analysis: Calc, for C 2 6 H4 5 O 3 CI: C  70.80, H 10.28.

Found: C 70.83, H 10.09.

1 - 0 -( 1 6 -C h lo ro h e x ad e cy l)-2 -0 -h exa d e cy l-3 -0 -b en zy l-s /? -g Iyce ro I 

( 6 6 )

To a  50-mL round bottom flask loaded  with a  drying tu b e  an d  a  stirring 

b ar  w a s  a d d ed  1 -0 (1 6 -ch lo ro h ex ad ecy l) -3 -O b en zy l-sn -g ly ce ro l  65 (837 mg,

1.89 mmol) and  freshly distilled THF (10 mL). T he flask w as  cooled  in an  ice 

bath  for 10 min, an d  sodium  hydride pow der (neat) (81.5 mg, 3 .26 mmol) w as  

add ed . The mixture w as  stirred for 0.5 h at 0  °C. 1 -lo d o h ex ad ecan e  (2.872 g, 

8 .15  mmol) an d  te trabutylam m onium  iodide (35 mg, 0 .03  mmol) w ere  ad d ed , 

and  the  tem p era tu re  w as  ra ised  to room tem perature , then  to reflux overnight. 

TLC (hexane/E tO A c, 10:1) sh o w e d  tha t m ost of th e  alcohol 6 5 had  b een  

converted  to e th e r  6  6 . The  reaction mixture w a s  diluted with 100 mL of e ther  

and  filtered through Celite. T he  filtrate w as  concen tra ted  and  th e  product w as  

purified by flash ch rom atog raphy  (elution with hexane/E tOA c, 50:1). 1 - 0 ( 1 6 -  

C h lo ro h ex ad ecy l)-2 -O h ex ad ecy l-3 -O b en zy l-sn -g ly ce ro l 6  8  w a s  collected a s  a  

colorless oil (1.25 g, 99%); [a]2 ^  +0.19° (c4 .68 , CHCI3 ).
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1 H NMR (CDCI3 , 200 MHz) 5 0.88 (t, 3H, J  = 6 . 6  Hz, C H 3 ), 1.26 (s, 50H, 25 X 

C H 2 ), 1.51 -1.60 (m, 4H, 2  X CH2 ), 1.76 (p, 2 H, J  = 7.0 Hz, CH 2 CH 2 CI), 3 .36 (s, 

3H, O C H 3 ), 3 .39-3.59 (m, 11H, 4 X OCH2 , C H 2 CI, OCH), 4 .55 (s, 2H, C H 2 Ph),

7.32 (s, 5H, C 6 H5 ).

1  3 C NMR (CDCI3 , 75  MHz) 5 14.07 (CH3 ), 20.65 (CH2 ), 22.81 (CH2 ), 26.26 (2 

X C H 2 ), 27 .10  (CH2 ), 29 .10  (CH2 ), 29 .60  (CH2 ), 29 .80  (18 X C H 2 ), 30.26 

(CH2 ), 32.05 (CH2 ), 32.81 (CH2 ), 45.15 (CH 2 CI), 70.45 (OCH2 ), 70.59 (OCH2 ), 

70 .95  (OCH2 ), 71 .36  (O C H 2 ), 73.41 (OCH), 78 .14  (CH 2 Ph), 127.53, 127.69, 

128.42, 138.59 (CgH5 ).

IR (CDCI3 , c m '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 C 4 2 H 7 7 0 3 CI: C 75.55, H 11.66.

Found: C 75.00, H 11.66.

High resolution (+) LSIMS. M+ Calculated for C 4 2 H 7 7 0 3 CI: 664.5565. 

O bserved : 664.5562.

1 -0 -(16 -lo doh exadecy l)-2 -0 -h exad ecy l-3 -0 -b en zy l-sn -g lycero l (26)

A dry, one-necked , 25-mL round-bottom flask eq u ipped  with a  m agnetic
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stirring bar and  a  reflux c o n d e n se r  with a  g a s  inlet a t the  top  w a s  c h arg ed  with 

2.59 g (3.38 mmol) of com pound  6  6 , 5 .07 g (33.80 mmol) of sodium  iodide, and 

10 mL of 2 -bu tanone . T he  reaction mixture w a s  stirred  an d  refluxed u n d e r  

nitrogen for 48 h. The reaction mixture w a s  cooled a n d  mixed with 100 mL of 

e th e r  and  filtered. The filtrate w as  concen tra ted  an d  the  residue w as  purified by 

f la sh  c h r o m a to g r a p h y  (e lu tion  with h e x a n e /E tO A c ,  7 5 :1 ) .  1 -0 -(16 -  

lodohexadecy l)-2 -0-hexadecy l-3-0-benzy l-sn-g lycero l 2 6  w a s  co llec ted  a s  a  

colorless liquid (2.5 g, 85%); [ a p O p  +0.17° (c5 .3 0 , CHCI3 ).

1H NMR (CDCI3 , 200 MHz) 5 0 .88 (t, 3H, J  = 6 . 6  Hz, CH3 ), 1.26 (m, 30H, 25 x 

C H 2 ), 1.54 (m, 4H, 2  x CH 2 C H 2 0 ) ,  1.81 (p, 2 H, J=  7.1 Hz, CH 2 C H 2 I), 3.18 (t, 

2H, J=  7.1 Hz, CH 2 I), 3.42 (t, 4H, J  = 6 . 6  Hz, 2 X O CH 2 ), 3 .48-3.60 (m, 5H, 2 X 

O C H 2 , OCH), 4.55 (s, 2H, PhC H 2 ), 7.28-7.34 (m, 5H, C 6 H5 ).

1 3C NMR (CDCI3 , 75 MHz) 8  7 .04 (CH 2 I), 14.11 (CH3 ), 22 .70  (CH2 ), 26.15 

(CH2 ), 28.57 (CH2 ), 29.70 (21 X C H 2 ), 30.14 (CH2 ), 30.53 (CH2 ), 31 .94  (CH2 ), 

33 .62  (CH 2 CI), 70.42 (OCH2 ), 70 .62  (O CH 2 ), 70.82 (O C H 2 ), 71 .68  (O C H 2 ), 

73.40 (OCH), 78.01 (CH 2 Ph), 127.48, 127.56, 128.29, 138.52 (C6 H5 ).

IR (CDCI3 , c m '1): 2930, 2860, 1450, 1290, 1100.

High resolution (+) LSIMS. M+ C alcula ted  for 0 4 ^ 7 7 0 3 !: 756.4921. 

O bserved : 756.4918.

64



1 - O- (1 6-lod o m ag n es iu m h exad ecy l)-2 -0 -h exad ecy l-3 -0 -b en zy l-sn- 

glycerol (26a)

A 25-mL round-bottom  th ree -n eck ed  flask containing m agnes ium  (14.5 

mg, 0 .60 mmol) and  a  stirring bar, and  fitted with a  co n d en se r  with a  drying tube 

an d  two s e p ta ,  w as  h ea ted  by flame and  flushed with dry nitrogen alternately 

th r e e  t im e s  to  m a k e  s u r e  th a t  it w a s  dry. 1 -0 (1 6 - lo d o h e x a d e c y l ) -2 -0 -  

hex adecy l-3 -O benzy l-sn -g lycero l 2 6 (0.41 g, 0 .54 mmol) an d  iodine (2 mg) in 

5 mL of dry THF w ere a d d ed  by syringe. The solution w as  stirred and  h ea ted  in 

an  oil bath at 50 °C overnight. Most of the  m agnesium  d isappea red , indicating 

that the  Grignard reagen t had  formed.

1,1 '-D  i-0 -(1 ,3 2 -d o tr ia c o  nta n e d iy l)-2 ,2 '-d i-0 -h e x a  d e c y l-3 ,3 '-di- O- 

benzyl-bis-glycerol (18)

To th e  solution of G rignard  reag en t  2 6a  (s e e  above) ,  a  solution of 

soluble silver®® (200 pL, 0.01 mmol) and  iodide 2 6 (0.42 g, 0 .55 mmol) in 5 mL 

of THF w a s  a d d e d  by syringe. T he mixture w as  stirred for 48  h at 60 °C oil 

bath. The reaction solution w a s  diluted with 50 mL of e th e r  an d  filtered. The 

filtrate w a s  co n ce n tra te d  a n d  purified by m edium  p re s su re  ch rom atog raphy  

(elution with hexane/EtOAc, 25:1). 1 ,T -D i-0-(1 ,32-do triacon taned iy l)-2 ,2 '-d i-0  

hexadecyl-3 ,3 '-d i-0-benzyl-b is-g lycero l 18 (260 mg, 38%) w a s  collected a s  a  

pale yellowish semisolid; [a]2 ®p +0.23° (c  1.61, CHCI3 ).

1H NMR (CDCI3 , 200 MHz) 5 0.88 (t, 6 H, J=  6 . 6  Hz, 2 X CH3 ), 1.25 (s, 108H,
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54 x CH2 ), 1.54 (m, 8 H, 4 x C H 2 C H 2 0 ) ,  3 .42 (t, 8 H, J  = 6 . 6  Hz, 4 X OCH2 ),

3 .50-3 .60  (m, 10H, 4 X O CH 2 , 2 X OCH), 4 .55 (s, 4H, 2 X P h C H 2 ), 7.32 (m, 

1 0 H , 2 X C 6 H5 ).

1 3C NMR (CDCI3 , 75 MHz) 5 14.11 (2 X C H 3 ), 22.70 (2 X CH2 ), 26.16 (2 X 

CH 2 ), 29.38, 29.54, 29.72, 30 .15  (52 X CH2 ), 31 .95  (2 X C H 2 ), 70 .44  (2 X 

OCH2 ), 70 .65  (2 X OCH2 ), 70.83 (2 X OCH2 ), 71.71 (2 X O CH 2 ), 73.41 (2 X 

OCH), 78.00 (2 X CH 2 Ph), 127.50, 127.59, 128.32, 138.54 (2 X C 6 H5 ).

IR (CDCI3 , cm -1): 2930, 2886, 1460, 1100.

High resolution (+) LSiMS. M+ Calculated for C g ^ - ^ O g :  1259.1752. 

O bserved : 1259.1750.

Methyl 16-hydroxyhexadecanoate (86)

To a  50-mL round-bottom flask fitted with a  c o n d e n s e r  a n d  drying tube  

w a s  a d d e d  a  solution of 16-hexadecanolide  8 5  (1.00 g, 3.93 mmol) in absolute  

methanol (30 mL) and  100 (iL of BF 3  e therate . The solution w as  refluxed for 24 

h. TLC (hexane/EtOAc, 7:1) show ed  that only one  new spo t w as  formed. The 

solvent w a s  rem oved by rotary evaporation. The res idue  (white crystals) w as  

dissolved in 20 mL of e th e r  a n d  w ash ed  with w ater (15 mL X 2). The ethereal 

so lu t io n  w a s  d ried  o v e r  a n h y d ro u s  m a g n e s iu m  su lfa te ,  f il tered , a n d  

concen tra ted . P ure  methyl 16 -hydroxyhexadecanoate  8  6  w as  ob ta ined  a s  a
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white solid (1.10 g, 99%); mp 55-56 °C.

1 H NMR (CDCI3 , 200 MHz) 5 1.26 (s, 2 0 H, 1 0 X CH2 ), 1.44 (s, 2 H, C H 2 ), 1.57 

(p, 4H, 2 X CH2 ), 2.30 (t, 2H, J  = 6 . 6  Hz, C H 2 ), 3 .64 (t, 2H, J=  6 . 6  Hz, C H 2 ), 

3 .67 (s, 3H, CH3 ).

IR (CDCI3 , c m '1): 3630, 2920, 2850, 1725, 1020.

M S  (m/e): 256 (M+-OCH2 ), 98, 87, 74, 55.

16-Hydroxyhexadecanoic acid (60)

To a  250-mL round-bottom flask w as  a d d ed  a  solution of KOH (10.00 g, 

179 mmol) in 115 mL of 10%  a q u e o u s  m ethanol an d  1 6 -hexadecano lide  8 5 

(10.00 g, 39.3 mmol). The solution w as  refluxed for 24 h under  N 2  protection. 

T he  solvent w as  rem oved  by rotary evaporation. T he sodium  salt of 60 w a s  

dissolved in 500 mL of hot 10% a q u eo u s  HCI. C rude 16-hydroxyhexadecanoic  

acid 6  0  crystallized a s  a  white solid w hen the  solution w as  coo led  to  room 

tem pera tu re . T he  c rude  product w as  recrystallized from hot m ethanol to give 

pure  16-hydroxyhexadecano ic  acid 6 0 (10.70 g, 100%); mp 94-96 °C [lit. 1 1 2  

97-98 °C].

1 H NMR (CDCI3 , 200 MHz) 8  1.24 (s, 22H, 11 X CH2 ), 1.58 (m, 4H, 2 X CH 2 ),

2.33 (t, 2H, J  = 7.5 Hz, CH 2 C 0 2 H), 3.63 (t, 2H, J  = 6.5 Hz, CH 2 OH), 3.66 (brs,
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1 H ,0 H ) ,  9.70 (s, 1H, C 0 2 H).

IR (CDCI3 , c m '1): 3280, 3210-2350 (br), 2912, 2847, 1700, 1470.

16-Chiorohexadecyl tosylate (8 0 )"

To a  100-mL round-bottom flask fitted with a  drying tube  w ere  a d d ed  16- 

ch lo rohexadecano l (8.31 g, 30 mmol), pyridine (11.87 g, 150 mmol), an d  a  

m agnetic  stirring bar. The„flask w as  p laced  in a  w a ter  bath  sufficiently cold to 

low er th e  te m p e ra tu re  of th e  mixture to 10 °C. At th is  te m p e ra tu re ,  p- 

toluenesulfonyl chloride (6.29 g, 33 mmol) w as  a d d e d  in portions over a  10- to 

2 0 -min period. The mixture w a s  stirred for 3 h at a  tem p e ra tu re  below 20 °C, 

after which it w as  diluted with 25 mL of concen tra ted  hydrochloric acid in 80 mL 

of ice water. T he e s te r  tha t  crystallized w as  co llected  on a  chilled B uchner 

funnel an d  su ck ed  a s  dry a s  possible. The solid w as  transferred  to a  100-mL 

beaker, 40-60 mL of e thanol w as  added , and  th e  mixture w a s  w arm ed  on a  

s te a m  bath until the  e s te r  melted. It w as  then cooled  in a  ice bath while being 

stirred continuously. T he solid e s te r  s e p a ra te d  in a  fairly fine s ta te ,  a n d  w as  

collected on a  B uchner funnel and  allowed to dry in the  air. T he  yield of the 

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

1 H NMR (CDCI3 , 200 MHz) 8  1.24 (s, 2 2 H, 11 X CH2 ), 1.41 (m, 2H, C H 2 ), 1.63 

(p, 2H, C H 2 ), 1.77 (p, 2H, C H 2 ), 2 .45 (s, 3H, CH3 ), 3.53 (t, J  = 6 .7  Hz, 2H, 

C H 2 CI), 4.02 (t, 2 H, CH 2 OTs), 7.34, 7.81 (dd, 4H, Ts).
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Conclusions. The m ethod reported here  allows the  preparation of protected 

model lipid 1,3 or 2 ,3 -s / 7-glycerol te trae th e rs  via BF -ca ta lyzed  alcoholysis of
O

glycidyl d e r iva tives , a n d  s ilver  c a ta ly z e d  c a rb o n -c a rb o n  coupling  of th e  

correspond ing  Grignard rea g en t  and  alkyl iodide. A ttem pts to construc t and  

couple  appropriately substitu ted  alkyl glycerol derivatives to form macrocyclic 

diglycerol te trae th e rs  a re  in progress.
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