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Abstract: Structural analogues of diacylglycerol have been synthesised in an 

attempt to discover antagonists of protein kinase C with the aim of developing new 

agents for preventing cell proliferation. 

The receptor mediated hydrolysis of membrane-bound inositol phospholipids 

generates’ D-myo-inositol 1,4,5-triphosphate (IPs) and diacylglycerol (DAG, e.g. 1). 

Both of these compounds act as intracellular second messengers, DAG in combination 

with calcium ions and phosphatidyl serine activating protein kinase C (PKC).s A range 

of DAG analogues, e.g. sn-1,2-dioctanoylglycerol (2)s and sn-1 -oleoyl-2-acetyl- 

glycerol (OAG, 3),4 have been prepared and shown to activate PKC.2 In addition, and 

of particular relevance to this work, is the fact that tumour promoters such as the 

phorbol esters have been shown to mimic the effect of DAG in activating PKC.2.s Very 

few PKC antagonists have been reported, 2.6.7 and although to date antagonists based 

on DAG analogues which incorporate the 1,2-diacyl functionality of this second 

messenger have not been discovered, 1,2-acylalkylglycerols and 1,2-dialkylglycerols 

have been shown to act as competitive inhibitors of PKC.s17 We are interested in DAG 

analogues as potential PKC antagonists for the inhibition of cell proliferation. This 

preliminary communication describes the preparation of a series of DAG analogues, 

all in racemic form, and bioassay of these compounds as inhibitors of PKC and as 

inhibitors of the growth of certain cell lines. The following papers is concerned with 

conformationally-restricted diacylglycerol ahalogues. 

1,2-Diacylglycerol analogues 4-7 were prepared by acylation of the appropriate 

dials with octanoyl chloride in pyridine and 1,2-dialkyl analogues were synthesised by 

alkytation of the parent diol with sodium hydride-octyl iodide in 1 ,a-dimethoxyethane in 

the case of 8 and 9 and with octyl iodide-silver oxide in the case of 10. 1,2-di-O- 

octylglycerol (11) was obtained by alkylation of 1-O-benzylglyceroll 1 followed by 

hydrogenolysis of the product. 

The bis-amide analogue of DAG, compound 12, was prepared by acylation of the 

O-P-tetrahydropyranyl derivative of 2,3-diaminopropan-i-olts followed by acidic 
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hydrolysis of the product. The disuiphonate 13 and the his-ureth~e 14 were 

prepared by reaction of 1 -CWityi-1s and l-~~n~i~iyceroi with n-butan~ulphonyl 

chtoride and n-bu~iisocyanate, respectively, followed by remove of the protecting 

l-O-aikyi moieties. Anaiogue 15, which differs from the diacyi glycerol 2 in that the 

oxygen atoms and methy{ene groups alpha to the car~nyi groups in both ester 

groups are interchange, was synthesised according to Scheme 1 in which the key 

step is oxidative cfeavage of 4-ben~lo~methyi~yc~ah~enef4 (36) to the dic~~lic 

acid (17). E~erification of the latter afforded the O-benzyi diester 18, catal~ic 

hydrog~no{ysjs of which gave 15. 

A diketone analogue of 1,2-di-~-octanoyigiyceroi, compound 19 and the 

corresponding acetate and methyl ether, 20 and 21, respectively, were synthesised 

from t-butyi non~oate (22) as shown in Scheme 2, Diester 23, prepared by trea~ent 

of 22 with lithium diisopropyiamide and iodine, was reduced to dial 24 which was 

converted via the dimesyiate 25 and diiodide 26 to the 1,Sdiene 27. Dieis-Aider 

reaction of 27 with ethyl acryiate afforded cyciohexene 26, r~uction of which gave 

the afcohol 29. The latter was convered to the co~e~nding acetate and methyl 

ether, 30 and 31, respectiveiy. Ozonolysis of compounds 29, 30, and 31 then gave 

the diketones 19, 20, and 21, respectively. 
. . 

cal A- Protein kinase C activity was measured using rat-brain 

supernatant as the source of the enzyme and entymic activity was measured by 
incorporation of 32P from y-32P-ATP into Histone Ills in the presence of phosphatidyl 

serine and caicium and magnesium ions. In the control system, OAG was used to 

activate PKC. DAG anaiogues were tested as possibks PKC activators by substituting 

an anaiogue for OAG in the assay procedure. To test for activity as PKC inhibitors, an 

anaiogue was added to the enzyme system in the presence of GAG. Of the analogues 

prepared in this work, only 1,2-di(o~t~amido)propan-3~1 ($2) activated PKC, but not 

as effectively as OAG. Only the diketone anaiogues 19, 20, and 21 inhibited PKC 

significantly, concentrations giving 50% inhibition (150 values) being approximately 

0.01, 0.01, and 0.1 mM, respectively. 

Ceil culture studies were made on HL60, HT29, and MR4 cells, these being 

derived, respectively, from a human leukemia, a human coio-rectai tumour, and a 

murine line possessing an active human oncogene ras T24. Ceils were grown in 

Durbeccos minimal essential medium containing 10% foetal calf serum until they 

reached a density of 1.5 x lo” to 2 x 105 cells/ml. After addition of the test compounds, 

cytotoxic effects and cell growth were measured after 72 h using, respectively, the 

FRAME toxicity test 15 and by measurement of Kenacid Blue R binding.18 Of the 

compounds showing inhibitory activity towards PKC. compound 19 was found to be 

more effective than 21 at inhibiting the growth of MR4 and HT29 ceils, iso 
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concentrations being 0.05 - 0.1 mM for 19 and 0.1 - 1.0 mM for 21. Initial studies 

indicate that compound 20 has a potency similar to that of 19 on MR4 cells. 
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