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Abstract: Two polyacetylenes from the Red Sea sponge Petrosia sp., Petrosynol (1). and 
the novel marine natural product petrosolic acid (2) were found effective in inhibitory 
of the DNA polymerase activniea of the reverse transcriptase of human immunodeficiency 
vrrus. The swucwre of compound 2 a novel CM oxo-octahydroxy-tienetecrPynoic 
carboxyhc actd was determined mamly by NMR spectroscopy. 

Reverse transcriptase (RT) is the key enzyme in the life cycle of human immunodeficiency virus 

(HIV), the etiologic agent of acquired immunodeficiency syndrome (AIDS). RT is a multifunctional 

enzyme responsible for the transcnption of viral RNA mto double-stranded DNA. The same protein 

exhibits both RNA-dependent DNA polymerase (RDDP) and DNA-dependent DNA polymerase (DDDP) 

activities as well as an inherent ribonuclease H (RNase H) activity. All the catalytic functions of 

RT play a pivotal role in HIV replication.’ It is clear, therefore, why this enzyme has been 

selected as a major target for the specific chemotherapeutic treatment of HIV infection. 

In the course of our search for novel natural products active against HIV-RTz we have found that 

the MeOH-CHzClz extract of the Red Sea sponge Petrosia sp inhibits the RDDP activity of HIV-1 RT. 

The activity was traced to two polyacetylene compounds 1 and 2 which were isolated upon solvent 

partition and Sephadex LH-20 chromatographies. Polyacetylenes, are well known from the genus Petrosio, 

several C,, to Css polyacetylene alcohols have been isolated and identified during the last decade? 

The first polyacetylene. 1, C3eH4e04 (W/T 465 MH+). was found to be identical with pe~osynol. 

the symmetric sea urchin cell dtvision inhibitor, earlier isolated by Fusetani from a Pefrosiu sp.’ 
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Compound 2, destgnated petrosohc actd. was rather labtle at room temperature but stable at -lS”. 

The presence of several hydroxyls, drsubrtttuted and terminal acetylenes, and a carbonyl function was 

inferred from IR(3450 broad and very strong, 3300. 2250, 2100. 1705 cm-t) and the NMR spectra. 

(T.tble I). The NMR data of 2 (125 MHz and 500 MHz. CDCl_ -dAMeOH 1:4) revealed: 

etght methmoxy groups (8c 49.9d-75.5d; 8, 4.06-5.08) ’ _ whtch were all confumed by 2JG_OH 

correlations observed by a HMBC experiment in de-DMSO (SoOH 6.18. 5.62. 5.39. 5.31. 5.23, 4.92, 

4.25, 3 .99);the relative high field of six out of the latter eight C-atom resonances suggesting 

them to be allyhc and/or propargylic, 

seven non protonated sp-carbons (SC 79.3s-83.5s) 

proposing four triple bonds, 

six sp* C-atoms (6,128.2d-133.6d; 8” 5.28-5.82) 

and one terminal methyne (So 72.4d; 6, 2.82) 

suggesting three disubstituted double bonds, and 

twenty methylenes out of which eight overlap (SC 28.3; 8” 1.20). 

All the above groups (20 CHz. 8 CHOH. 3C 1 C, C = CH. 3-CH=CH. CO) account for C,aH6a09. Repeating 

the 13C NMR spectrum in de-DMSO with a delay of 8 seconds revealed an additional signal at 158.6 

suggesting a propargyl carboxylic group5 (SC of HC = C - c02H is 158.3) and hence a molecular formula 

of C4JH640,, (MWt 768). DC1 mass spectrum of 2. m/z 751, MH+-H20. was in full agreement with the 

latter suggested molecular formula. The structure of 2 was determined mainly on the basis of a 

comprehensive ID and 2D NMR study. Among d4-MeOH. d5-pyridme. d6-DMSO and d,-MeOH-CDCl, 4: 1. 

the last mixture was found to give the be51 results although for some regions better resolutions were 

obtamed with the other solvents. Table 1 summartzes the NMR data and srgnal assignments. 

From the HMBC experiments partial structures (a-c) could have been suggested. in addition 

compound 2 possesses a C, aliphatic chain. 

A?@+@G% 

b” 

The protonated moieties were further confirmed by a COSY experiment (e.g. the correlation between 

H-6 and H2-7). A TOCSY experiment (correlatton between H-21 and H-23) linked b to c. thus forming a 

C35 block. As the carboxylic actd has to be the second end of the molecule of 2. b has to be linked 

to a through the etght member aliphatic chain. Thus, a 4.6.19.28.3 1.34.39.42~octahydroxy-18-oxo-23Z. 

362, 40E-tetratetracontanetriene-2.29.32.43-tetraynotc actd structure was assigned to 2. 
OH OH QH 
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of 2 prevented derivatization of the alcohol groups for absolute configuration 

Compounds 1 and 2 were evaluated for their inhibitory potency against the various activities of 

HIV- 1 RT, i.e., RDDP. DDDP and RNase H functions. In general, compounds 1 and 2 exhibited inhibitory 

activity of the DNA polymerase functions of HIV-l RT but almost showed no inhibition of the 

RT-associated RNase H. Compound 2 was found to be the most potent inhibitor of the RDDP activity 

(with 50% inhibition obtained at 1.2 PM and 95% at 5.9 PM), wheras the DDDP activity was 

significantly less sensitive (see Table 2). 

Table 1: NMR Data of Compound 2 (CDCl,-4MeOH, 1:4, 125 and 500 MHz) 

No. ‘C ‘H COSY/ HMBC No SC sH COSY/ HMBC 

TOCSY (H to C) TOCSY (H to C) 

1 158.6s - 27 35.9t 1.58.m(2H) 28 29.28.26 
; 79.3s 80.9s - 28 29 6O.ld 83.1s 4.24,dt - 31 30.29.2726 

4 57.ld 4.50,dd 5a,5b,6 6.5.3.2 30 80.6s 
5 43.4t 1.61.m 5b.6 31 49.9d 5.08.t 34 33.32.30.29 

1.73.m 6 
76 65.9d 3.72.m 7 32 83.5s - 

36.3t 1.35(2H) 33 80.5s 

&15 ;;.;; 1.20(16H) 17 17 1.58,m(2H) 
36:3t 2.46.m(2H) 

18 34 35 6O.ld 34.4t 4.26.dt 35.36 36 2.32,m(2H) 36.35.33.32 37.36.34.33 
17 18,16,8-15 36 126.8d ‘5.50,m 38.35 
18 213.0s 37 125.ld ‘5.50.m 38,39 38.35 
19 75.5d 3.97,dd 20,21,22 21.20.18 38 33.9t 2.27.m(2H) 39 4Q39.37.36 

;? 32.lt 23.lt 1.52 1.72 23 

128.2d 25.6t ‘5.28,m b 1.98,m(2H) 23 

40 39 133.6d 69.8d 4.06,brq 5.82ddd 40.41 41.42 41.40.38 42.41.39.38 

;: 24.23 25.22 41 42 128.6d 6O.ld 4.74,brd 5.68,ddd Zi 43,42.40,39 44.43.41.40 

;:: 128.2d 25.6t ‘5.28.m b 1.98.m(2H) 25,26,27 28 25.22 27,26,24,23 43 44 72.4d 82.0s 2.82.d 42.43 
26 24.4t 1.40.m(2H) 28.27,25,24 

J values (H to H in Hz): 4,5a=3.5; 4,5b=9.1: 19.20a=4.1: 19,2Ob=8.03 27a.28=5.1; 28,31=1.5; 31.34=1.5; 
34,35a=5.3; 34,35b=5.3; 38a,39=5.8; 38b,39=5.8; 39,40=5.8; 39,41=1.1; 40,41=15.3; 40.42=1.1; 
41,42=5.7; 42,44=2.2. a,b,c. Overlapping signals. 

Table 2. Inhibition of HIV-1 reverse transcriptase associated RDDP,DDDP 81 RNase H functions by l&2’ 

:. 

a. 

RDDP DDDP RNase H 

xc50 IC95 KS0 IC9s IC5o IC95 

15.8 1.2 f + 0.3 0.8 38.5 5.9 f f 0.5 1.5 36.0 6.2 f f 0.2 2.0 74.0 16.5 f f 3.0 1.7 >200 39.5 f 4.5 >>200 >>200 

The inhibitor concentration leading to 50% (X50) and 95% (IC95) inhibition of the initial 
enzymatic activities of HIV-l RT. expressed in FM. All data represent mean values (& range) 
for at least two separate experiments. 

EXPERIMENTAL 

General Experimental Procedures - IR spectra were recorded on a Nicolet 205 FT-IR 

spectrophotometer. ‘H and 13C NMR spectra were recorded on Bruker AMX-360 and ARX-500 spectrometers. 
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All chemical shifts are reported with respect to TMS (8 = 0). LRMS were taken on a Finnigan TSQ-70 

instrument and on a Finnigan 4021 instrument. Optical rotations were measured on a Perkin-Elmer 

Model 141 polarimeter using a 1 dm microcell. 

The dry sponge (20g) was extracted (x3) with MeOH-CHaCla, 1:4, to give a brown gum (ca. 1OOmg). 

The latter material was taken into 10% H,G-MeOH and then partitioned against ccl,, CHCla and after 

removing the MeOH against n-BuOH. The CHCl, partitioned phase was chromatographed on Sephadex 

LH-20, prepared and eluted with CHCl,-MeOH, l:l, to give compound 1 (10 mg), identical in all 

respects with petrosyn01~. Sephadex LH-20 chromatography (CHCla-MeOH, 1:l) of the residue from the 

n-butanol partitioned phase- afforded compound 2 (40 mg); amorphous powder, [a]: + 7” (C 2.9, MeOH), 

IR(neat) 3450, 3300. 2250, 2100, 1705 cm? found: C, 68.90; H. 8.65; C44H&o0,, requires: C 68.71; H 

8.39%; DCIMS mlz (%) 751.6 Ih4-H,O]+ (46). 733.6 w-2H,O]+ (46). 639.5(30), 621.6(31), 475.4 (54), 

413.3 (lOO), for ‘H and ‘3C-NMR data , see Table 1. 

Enzymes: The HIV-l reverse transcriptases used in this study was? recombinant enzyme, derived from 
BH-10 proviral clone of HIV-l and expressed in Esherichia coli. The enzyme was pqed to near 
homogeneity as p66/ ~51 heterodimer according to the protocol described by Clark et al. 

Enzymatic assays: The HIV- 1 reverse tran@ptase associated RDDP, DDDP and RNase H activities were 
assayed as described in detail prevtously. ’ 
the poly(rA)n*oligo(dT),.la -directed 

In short, thf RDDP acttvtty was assayed by momtormg 
incorporation of [ H]d’lTP into trichloroacetic acid-insoluble 

DNA product. The DDDP activity was asayed with an activated DNA as primer-template and with all four 
deoxynucleotides present (of which only one, dlTP, was radioactively labeled). The RNase H activity 
was assayp by measuring the releases of trichloroacettc acid-soluble material from the synthetic 
substrate [ H]poly(rA)n poly(dT),. 
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