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1-O-Hexadecylglycerol (chimyl alcohol), 1-O-heptadecyl- 
glycerol and 1-O-octadecylglycerol (batyl alcohol) have 
b e e n  identif ied as the  major nat ive  const i tuents  of  a 
mixture of  free alkyl  glycerol  ethers isolated from the 
conta ined water  and the methanol ic  extract of  the 
sponge Desmapsamma anchorata. Minor components  
were the free C14 , C15 , C19 , C20 and C21 alkyl glycerol  
monoethers .  The alkyl  glycerol  monoethers  were  ana- 
lyzed and identified by gas chromatography/mass spec- 
trometry of  their isopropylidene derivatives. This is the 
first report on the occurrence of free Cm, Cm, C20 and C21 
Rlkyl glycerol monoethers  in a sponge. 
Lipids 29, 731-734 (1994). 

The sa tura ted  monoalkyl ethers of glycerol, 1-O-hexade- 
cyl-sn-glycerol(lc; chimyl alcohol) (see Fig. 1); and 1-O- 
octadecyl-sn-glycerol(le; batyl  alcohol) commonly occur 
ester i f ied to fa t ty  acids in a wide var ie ty  of mar ine  or- 
ganisms (1-5). They  have also been found in some ma- 
rine sponges in the unester i f ied form (6-11). Thus,  free 
chimyl alcohol l c  was recent ly  found in Stylopus aus- 
tralis (Poeci loscler ida:Hymedesmiidae)  (6), Tethya au- 
rantia (Hadromer ida :Tethyidae)  (7) and Tedania ignis 
(Poecilosclerida:Myxill idae) (8), while batyl  alcohol l e  
was found in Ulosa ruetzleri (Axinellida:Axinellidae) (9) 
and T ignis (8). The first  repor t  on the  occurrence of a 
free alkyl glycerol monoe the r  ~n a sponge was t h a t  on 
1-O-tridecyl-sn-glycerol (ll) from a sponge of the family 
Plocamiidae (10). At about  the same time, the branched- 
chain alkyl glycerol monoesters 5a  and 5b were isolated 
from a Taiwanese  mar ine  sponge of genus Aaptos 
(Hadromer ida :Suber i t idae)  (11) and l j  and l k  from 
T aurantia (7). 

Desmapsamma anchorata (Poecilosclerida:Esperiop- 
sidae) f irst  described by Car te r  in 1882 (12) and more 
recently by Green et al. (13), is a Desmapsamma ramose 
sponge erec ted  on an encrus t ing  base. Alive, it is pale 
p ink ex te rna l ly  and dark  orange internal ly,  and it is 
smooth and "spongy." Desmapsamma anchorata inhab- 
its hexacora l ia  plates  and Acropora cemeter ies  on the  
leeward side of coral reefs  in the Gul f  of Mexico and 
Car ibbean  Sea. I t  has  previously been shown tha t  the  
Caribbean D. anchorata contains interest ing fat ty  acids 
wi th  unusua l  unsa tu ra t i on  and methy l  b ranch ing  as 
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well as the common Cz4 to C26 fa t ty  acids and common 
sponge sterols; bu t  no free alkyl glycerol e thers  were 
found (14). We repor t  here  on the isolation of free satu- 
r a t ed  monoalkyl  e thers  of glycerol from D. anchorata 
harvested in the Gulf  of Mexico. 

EXPERIMENTAL PROCEDURES 

Sponge collection. Approximately 30 specimens ofD. an- 
chorata were collected at  depths  of 2 to 15 m and at  a 
water  surface tempera ture  of 28~ near  the La Anegada 
de Afuera reef  (Veracruz, Ver., Mexico) in Ju n e  1989. A 
voucher  specimen is being kep t  a t  the  Labora tor io  de 
Farmacologia  Marina ,  Ins t i tu to  de Ciencias del Mar  y 
Limnolog/a (UNAM). Desmapsamma anchorata is a 
shallow water  species which shows no association with 
symbiotic algae bu t  considerable aff ini ty for Holop- 
samma helwigi at the same location. Desmapsamma an- 
chorata is a very abundant  species near  the reefs of Ver- 
acruz, Mexico. 

Isolation. The sponge (6.0 kg) was squeezed, and the 
wa te r  from the sponge was f i l tered th rough  a Bi ichner  
funnel using a celite layer  as filter aid to remove insolu- 
ble mater ials .  The f i l t rate was ext rac ted  with ethyl  ac- 
e ta te  (4 x 500 mL). The insoluble mater ia l  was washed 
from the celite layer first with petroleum ether  (4 x 2 L) 
and then  with methanol  (4 x 2 L). The ethyl  acetate  ex- 
t rac t  and the pe t ro leum e the r  and methanol  washings 
were t aken  to dryness  in vacuo to yield 1.42, 0.43 and 
0.94 g of material ,  respectively. The residues were then  
combined as they were found to be similar as judged by 
th in- layer  chromatography  (TLC) using the developing 
solvent dichloromethane/acetone (9:1, vol/vol). 

To the remain ing  sponge mater ia l  (545.5 g dry wt), 
methanol  (5 x 2.5 L) was added, and the mixture  was fil- 
tered through celite. The aqueous methanol  phase was 
brought  to dryness  and then  ex t rac ted  with dichloro- 
m e t h a n e  and ethyl  ace ta te  (4 x 2 L each). The organic 
extracts  were concentra ted in vacuo to yield a reddish- 
brown oil (35 g). The residue from the aqueous phase of 
the sponge was chromatographed  on  a column (4.5 x 
35.0 cm) of 60 g of silica gel, while the residue from the 
remain ing  sponge mater ia l  was separa ted  on a column 
(6.0 x 35.0 cm) conta ining 170 g of silica gel, and the 
columns were eluted wi th  pe t ro leum ether,  pe t ro leum 
e ther /e thyl  ace ta te  mixtures ,  and methanol .  Elut ion 
wi th  pe t ro leum e the r  yielded 135 mg of a mix tu re  of 
fa t ty  acid methyl  es ters  which were likely formed dur- 
ing methanol  extract ion.  Gas chromatography/mass  
spectrometry (GC/MS) analysis of the mixture  indicated 
the  presence of C14 to C21 fa t ty  acids which had  previ- 
ously been identif ied in this  species (14). Pe t ro leum 
ether /e thyl  ace ta te  (9:1, vol/vol) yielded 4.2 g of a mix- 
tu re  of sterols  (m.p. 134-140~ Acetyla t ion of the  
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sterol mixture (60 mg) gave the corresponding acetates. 
GC/MS of the acetates confirmed the presence of the 
sterols previously identified in this species (14), i.e., 
desmosterol (3.9%), cholesta-5,22-dienol (9.2%), choles- 
terol (44.6%), 24-methylcholesta-5,22-dienol (18.3%), 24- 
methylcholesterol (6.2%), stigmasterol (4.4%) and sitos- 
terol (11.1%). Elution with petroleum ether/ethyl ac- 
etate (4:1 and 3:1, vol/vol) yielded a mixture of the 
monoalkyl ethers of glycerol (10 mg from aqueous phase, 
and 300 mg from sponge) as an amorphous solid (la-h). 
The compounds found in the aqueous and sponge 
residues were similar. 

Optical rotations were measured on CHC13 solutions 
using a Jasco DIP-360 Digital polarimeter (Japan Spec- 
troscopic Co., Tokyo, Japan). 1H and 13C nuclear mag- 
netic resonance (NMR) spectra on CDC13 solutions, with 
tetramethylsilane (TMS) as internal standard, were 
recorded at 300 MHz or 200 MHz, either on a Varian 
VXR-300S instrument or a Varian Gemini-200 instru- 
ment (Varian, Palo Alto, CA). Mass spectra (MS) were 
recorded using a Hewlett-Packard MS5985B mass spec- 
trometer (Palo Alto, CA). GC/MS was done using a PAS- 
1701 (ECD tested 1701 silicone) column (25 x 0.32 mm x 
0.25 pm) in a Hewlett-Packard 5890 Series II gas chro- 
matograph linked to a JEOL JMS-AX505HA mass spec- 
trometer with a data system (Tokyo, Japan). Samples 
were analyzed using temperature programming: first 
isothermal at 100~ for 1 min, then increased at 
10~ to 280~ and finally kept at 280~ for 10 min. 
TLC was done on silica gel plates impregnated with flu- 
orescent dye (Merck Silica Gel 60 F254; Merck, Darm- 
stadt, Germany). 

HO R 
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FIG. 1. S t r u c t u r e s  o f  a l k y l  g l y c e r o l  m o n o e t h e r s  (1a -h)  f r o m  
Desmapsamma anchorata a n d  o f  s o m e  s t r u c t u r a l  a n a l o g s  
( 2 a - h ,  3 a - h )  as  w e l l  a s  o f  s o m e  r e l a t e d  c o m p o u n d s  f r o m  
o t h e r  s p o n g e s  ( l i - k ,  5a-b) .  

Monoalkyl ethers of glycerol (Fig. 1, 1a--h). 1H NMR 
(CDC13, 300 MHz) 5 0.88 t, J = 6.7 Hz, CH3; 1.26, s, 
(CH2)n, aliphatic chain; 1.57, quint, J = 6.9 Hz, H-2'; 3.46, 
AB m; apparent td, J = 6.6 Hz, J = 1.2 Hz, H-I'; 3.48, dd, 
J = 9.6 Hz, J = 6.0 Hz, H-la; 3.53, dd, J = 9.6 Hz, J = 4.2 
Hz, H-lb; 3.63, dd, J = 11.7 Hz, J = 5.4 Hz, H-3a; 3.71, dd, 
J = 11.7 Hz, J = 3.9 Hz, H-3b; and 3.86, pseudo quint, J = 
5.4 Hz, H-2.13C NMR 5 (CDC13, 75 MHz) 5 14.13, 22.70, 
26.08, 29.36, 29.47, 29.58, 29.59, 29.62, 29.67, 29.70, 
31.92, 64.23, 70.48, 71.83, 72.43. The chemical shifts for 
H-1 and H-3 are reverse compared to those described in 
Ref. 15. Assignments for H-2 and H-3 were confirmed by 
the downfield shifts of the signals in the 1H NMR spec- 
trum of the acetylation product. 

Acetylation of the monoalkyl ethers of glycerol. An 
aliquot of monoalkyl ethers (10 mg) was treated with 
Ac20 (0.2 mL) and pyridine (0.1 mL) at room tempera- 
ture overnight. The excess reactants were removed on a 
rotary evaporator under reduced pressure. The residue 
was chromatographed on a column of silica gel to yield 
the diacetates (Fig. 1, 2a-h) (5 mg) as a yellowish oil. 1H 
NMR (CDC13, 300 MHz) 5 0.89, t, CH3; 1.26, s, CH 2, 
aliphatic chain; 1.56, quint, H-2"; 2.07, s, AcO; 2.10, s, 
AcO; 3.44, AB m, H-I'; 3.56, d, J = 5.3 Hz, H-l; 4.16, dd, 
J= 11.5 Hz, J = 5.8 Hz, H-3b; 4.34, dd, J = 11.5 Hz, J = 
4.0 Hz, H-3a; and 5.19, m, H-2.13C NMR 5 (CDC13, 75 
MHz) 14.15, 20.81, 21.08, 22.71, 26.03, 29.37, 29.46, 
29.53, 29.62, 29.64, 29.72, 31.94, 62.99, 68.82, 70.31, 
71.76. 

Isopropylidene derivatives of monoalkyl ethers of glyc- 
erol. To a solution of monoalkyl ethers of glycerol (20 mg) 
in dry acetone (12 mL), dry CuSO 4 was added in excess 
and refluxed with stirring for 2 h. The reaction was 
monitored by TLC. The mixture was filtered, and the fil- 
trate was directly subjected to silica gel column chro- 
matography. Elution with petroleum ether/CH2C12 (4:1, 
vol/vol) yielded the isopropylidene derivatives (Fig. 1, 
3a-h). 1H NMR (CDC13, 300 MHz) 5 0.88, t, CH3; 1.26, 
s, CH 2, aliphatic chain; 1.37, s, 3H, 1.43, s, 3H, gem di- 
methyl; 1.56, quint, H-2'; 3.41 and 3.52, dd, J = 9.8 Hz, 
J = 5.6 Hz, H-lb and H-la; 3.46, AB m, H-l 'a and H-l'b; 
3.73 and 4.07, dd, J = 8.2 Hz, J = 6.4 Hz, H-3b and H-3a; 
and 4.28, pseudo quint, J = 6.2 Hz, H-2. 13C NMR 
(CDC13, 175 MHz) 5 14.07, 22.65, 25.38, 26.01, 26.73, 
29.33, 29.43, 29.56, 29.65, 29.99, 31.89, 66.93, 71.81, 
71.89, 74.75, 109.37. 

Periodate oxidation of the monoalkyl ethers of glycerol. 
A solution of monoalkyl ethers of glycerol (50 mg) in di- 
ethyl ether was treated with 38% periodic acid (10 mL) 
at room temperature overnight, and the reaction mix- 
ture was purified by column chromatography to yield 
the respective glycolaldehyde ethers (Fig. 1, 4a-h)  
(10 mg). 1H NMR (CDC13, 200 MHz) 5 0.9, t, CH a, J = 7.0 
Hz; 1.25, s, CH 2, aliphatic chain; 1.57, m, H-2'; 3.53 t, 
J = 6.5 Hz, H-I'; 4.05, d, J = 1.0 Hz, H-l; and 9.74, t, J = 
1.0 Hz, H-2. 

R E S U L T S  A N D  D I S C U S S I O N  

The monoalkyl ethers of glycerol were isolated as a waxy 
solid (m.p. 57-58~ [a] D + 2.0 ~ at c = 0.2 in CHC13) and 
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were identified by 1H NMR and GC/MS of the isopropy- 
lidene derivatives. The 1H NMR spectrum exhibited sig- 
nals for an al iphat ic  long chain and signals associated 
with the presence  of  the  glycerol monoe the r  moiety. 
Three  methy lenes  and one meth ine  were observed at- 
tached to oxygen atoms: a two proton AB mult iple t  (an 
apparent  tr iplet  of doublets, J = 6.6 Hz, J = 1.2 Hz H-I ' )  
a t  3.46 ppm, two AB doublets  of doublets  centered  at  
3.48 ppm ( J  = 9.6 Hz, J = 6.0 Hz, H- l a )  and 3.53 ppm 
( J  = 9.6 Hz, J = 4.2 Hz, H-lb) ,  two AB doublets of dou- 
blets cen te red  at  3.63 ppm (J  = 11.7 Hz, J = 5.4 Hz, 
H-3a) and 3.71 ppm (J  = 11.7 Hz, J = 3.9 Hz, H-3b) and 
a pseudo quintuplet  at 3.86 ppm (J  = 5.4 Hz) for the me- 
th ine  proton  (H-2). The 13C NMR spec t rum was in 
agreement  with this s t ruc ture  and showed three  meth-  
ylene carbons at  72.43 (C-l),  71.83 (C-I ')  and 64.23 
(C-3), and a methine  at  70.48 (C-2). These assignments  
are based on multipulse APT and 2D 1H-13C correlation 
experiments.  

Proton assignments were confirmed by converting the 
diols to the  corresponding diacetates .  The 1H NMR 
showed two sharp  singlets a t  2.07 and 2.10 ppm corre- 
sponding to the  acetyl  protons,  as well as a downfield 
shift  of the two H-3 doublets of doublets (4.16, J = 11.5 
Hz, J = 5.8 Hz, H-3a; 4.34, J = 11.5 Hz, J = 4.0 Hz, H-3b) 
and the methine  proton (H-2, 5.19 ppm). 

Oxidative cleavage of the diols with periodic acid gave 
the  corresponding glycoaldehyde alkyl e thers  confirm- 
ing the presence of a !,2-diol group. The 1H NMR spec- 
t r u m  exhibi ted the  aldehydic  proton at  9.74 ppm as a 
t r iplet  ( J  = 1.0 Hz) coupled with the methylene  doublet  
at  4.05 ppm (J  = 1.0 Hz). 

The above ass ignments  are  in good ag reemen t  with 
those published for chimyl and batyl  alcohol ( lc ,  l e )  as 
well as o ther  monoalkyl  e thers  of glycerol l j ,  l k  
(7,15,16). 

Al though useful  anomalous  ion peaks  at  one mass 
uni t  above the  molecular  weight  [M + 1] have been re- 
ported to occur in the spectra of various ethers,  alcohols, 
glycols, amines and nitriles (17), the presence of such a 
peak has  not been repor ted previously for alkylglycerol 
e thers  (6-11,15). We noted tha t  the electron impact  
mass  spec t rum measu red  at  70 eV on the mix tu re  of 
monoalkyl e thers  of glycerol isolated from D. anchora ta  
showed a useful  [M + 1] peak  at  m / z  317 (0.9%) and 
other  significant peaks at  m/z  285 [M - CH30] § (0.6%), 
255 [M - C2H502  ]+ (0.9%) and 225 [M - C3H703  ]+ (3.1%) 
character is t ic  of chimyl alcohol l c  as the major  compo- 
nent.  The mass spect rum also showed addit ional  weak  
[M + 1] ion peaks  at  m / z  331 (0.2%) and 345 (0.1%) in- 
dicative of the presence of C17 and C18 analogs. Similar  
results  were obtained at  12 eV and in the chemical ion- 
ization mode (data not shown). 

While mass  spec t romet ry  us ing the direct  inser t ion  
mode, of the in tact  alkyl glycerol monoethers  indicated 
the presence of glycerol e thers  with 16:0, 17:0 and 18:0 
hydrocarbon chains as major constituents,  GC/MS of the 
isopropyl idene der ivat ives  identif ied glycerol e thers  
with hydrocarbon chain lengths from C14 to C2r GC/MS 
of the isopropylidene derivatives did not give molecular 
ion peaks, but  it showed the [M - 15] + ion and the char- 

acter is t ic  base peak at  m / z  101 (18). The major  satu-  
r a t ed  1-O-alkyl glycerol e thers  in decreas ing order  of 
abundance  were: C16 (56.48%), C17 (21.98%), and C18 
(17.24%), followed by C14 (1.65%), C15 (1.44%), C~9 
(0.77%), C2o (<0.5%) and C21 (<0.5%). GC/MS fur ther -  
more indicated the presence of two C16, four C17 , th ree  
C18 and two C19 sa tura ted  alkyl isomers, suggesting the 
presence  of iso, anteiso,  and/or  o ther  b ranched  struc- 
tures.  It  was not possible to identify the position of the 
methy l  b ranching  in the  hydrocarbon side chain. I t  
should be noted tha t  GC/MS of the methyl  esters of the 
fa t ty  acids isolated from this sponge also indicated the 
presence of carbon chain lengths from C14 to C21 and the 
presence of sa tura ted  branched isomers (14). 

Sponges such as D. anchora ta  have been shown to be 
a good source of phospholipids with fa t ty  acids having 
unusua l  unsa tu ra t i on  and methy l  b ranch ing  which is 
typical ly not found in t e r res t r i a l  sys tems (14). Chimyl 
alcohol (lc),  batyl  alcohol ( le)  and the i r  u n s a t u r a t e d  
analogs are widely distr ibuted in na tu re  and have been 
found in elasmobranch fish, h u m an  milk and bone mar-  
row, atherosclerotic h u m an  aorta,  pig spleen, in the fat 
of neonatal  calves, in colostrum and milk of cows, goats, 
pigs and sheep (9), and more  recent ly  in rept i le  skin 
gland secret ions (18). Unes ter i f ied  alkyl glycerol mo- 
noe thers  have  been isolated from mar ine  sponges, al- 
though screening of several marine  sponges of the class 
Demospongiae has shown tha t  this type of e ther  lipid is 
not widely distr ibuted among sponges (7). Studies on the 
ant imicrobial  act ivi ty of alkyl glycerol e thers  have  
shown tha t  these  compounds inhibi t  bacter ia l  growth 
(19). Their  role in sponges is still uncertain,  al though it 
has  been proposed tha t  alkyl glycerol monoethers  may  
play some par t  in the defense mechanism in the life of 
the sponge (7). 
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