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Abstract - A reinvestigatiar of the diterpens ccnstituents of the sea pen m 
m was udertaken in order to clarify the stereochemistry of ptilosarcope and 
*iloearcenmm. In the -se of reisolating two m, five lmzw kiaran 
aiterpenea we-se ,uncwered ana identified e structures ana stercochcmical 
assig@Me in the .whole group have baen~~esbib+bed ty spXtrceInlytical aetboda 
xneedicidal scredng & three of tbc caqouds ag@mt &he tobacco hormorlp, m 
m revealed either t&city or a reduction in waitit ‘*in. 

Our inveetigation.of the gorgonian M m has resulted in the isolation ana 

identification of five briaran diterpenes 11-51, some of which exhibit insecticidal activity 

[3,51. In the course of establishing the stereochqietry of brianthein Y (1) by nmr and x-ray 

aiff;actia studies, we noted thatthelE-mcoupling cxxmant k&ween E-9 ad E-10 was different 

from thoee reported for briarein A [61 and stylatuliaC 171. Since our x-ray diffraction studies 

disclosed that 1 possessed the same absolute stereochemistry at C-8, C-9 and C-10 as txiarein A 

and stylatulide, it seerod therefore, that the aouplfng amstant between S-9 ana B-10 varied with 

ring ocdormatiavll changes engen&r&d & sutetituticn at C-L1 [21. Some time ago, the Faulkner 

group t81 assigned structures 2 and 3 to ptilosaroare and ptilosaroemne, briaran diterpense from 

tbss=pen m Qurnevit the relative stereochemistry at C-9 was papoaed on the tnsis of 

the &WR coupling constant between S-9 ana E-10, which was Bubstantially different from that 

reported for briarein A (5.5 Hz in 3 vs 0.5 Rz in briarein A). It occurred to us that the ketone 

and conjugated ketone moieties in 2 and 3 might be responsible for an alteration in ring 

conformation, resulting in the seemingly anomalous E$-El0 coupling am&ants observed by Wratten 

et al. [El. Prompbd by our interest in the insecticidal activity in this class of compolnds and 

the stereochamicel Insights gleaned from the brianthein work, we tirtoak a reinvestigation of 

the E gnu& diterpenes. Reported herein are the isolation and identification of five new 

briaran diterpenee, along with the assignment of ‘complete stareochemistry to ptiloearcone and 

p&ilOearOemne. 

Peilwarcus w was collected from sites near Sidney, British Columbia, and Seattle, 

Washin&- The orq¶n.ic soluble extracts were ‘partitioned folladng a s&ems employCa by Kupchan 

[91; lli-NIR analysis indicated that both the CCl4 and aiCl3 solubles contained diterpenes. c;al 

permeation chromatography of these extracts on Bio-Beads S-X.4, than Se@xdex Ui-20, gave fractiana 

highly enriched in diterpenes. Separation and purification of the diterpenes was readily 

accom@ished by RFLC on nitrilebonded @se columna Both the Victoria and Seattle collections 

yielded five diterpnes; a total of BcIlen cum* have been isolated and identified @ee Dble 

I). In both collections, ptilosaroenw, revised structure 5, was the most materpenc. 
Both ptilosarcone, 4, and ptilosarcenone, 5, were identified by comparison of lE-t?HR and IR 

spectra with the data reported earlier [81. 13C-WHR data are presented for 4 and 5 in !D&le II. 

lhe Siw ~llecti~ FWidcd a neW ditsm, C24E29C+ W hi& sad cloeely related to 

5. The key differences between the two were an additional oxygen in the molecular formula and 

some subtle changes in the %I-NMR spectrum (see Table III)‘. In 5, 510 and E-11 occur as 

overlapping multiplets near 6 2.75. The new compound featured a one proton doublet at 6 2.95, 

assigned to E-10 on the basis of coupling to E-9, and an exchangeable one proton singlet at 

6 5.27.. This new molecule had to be 11-hydroxyptilosarcenone, 6,eince the methyl groap on C-11 

amed as a -let at 6 1.46, rather than a &ublet nenr 6 1.30. ‘Ihe relative etareotzhemistry 

of 6 was determined by difference nOe experiments; the results are illustrated in structure 6. 

The crucial data include enhancement of B-2 and the hydroxyl group at C-11 uptm irradiation of B- 
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Collection site 4 5 6 7 8 9 10 
- - - - - - 

Si&bxy, B.C. 0.059 0.54 0.18 0 0 0.043 0.059 

Seattle, W4 0.041 0.49 0 0.0082 0.0056 0.18 0 

9 of total orgznic eoluble extract 

10, and positive 10~‘s between the methyl group attached to C-11 and E-9 and between E-9 and E-18 

These data correlate with a Brieding modal representing the relative eteret~J~~~istry ahown in 6 

andprovidsam&3te& ahmo&emiglaeeiQvagltein allthekmwntxlaranditerpema. 

The overlap of the eiq~& for E-10 and E-11 in the lE-NMR of 5 complicated somewhat the rOe 

approach to the stsreochemistry of ptilcearcenone, but irradiation of E-9 retrulted in enbawment 

of the signals for E-18 and E-20 as in 6. Since Wratten and Faulkner had converted 4 to 5, the 

same relative stereochemistry could be assigned to 4-6. An x-ray diffraction study of 5 has 

confirmad theee stereochemical aa6ignuents [lO,lll. 

ComRoti 7, C24glClC8, wat3 foutd only in the Seattle collection and the structure was solved 

by ‘E-NRR analyels and comparison with the NER spectrum of 5. In 7 the signal for B-11 was 

shifted upfield about 0.5 ppn amgared to 5, aa were the rw 8 for the H-13 and U-14 olefinic 

protons. These shifts and the absence of the ketone absorption in the IR, together with the 

appearance of a new m proton doublet of doublets at 6 3.89 in the ‘%MlR, required structure 7, 

ptilosarcen-12-01. 

The structures for 8, C26B33ClC9, ard 9, C~~B~I$U$ followed directly frcnn the idantifica- 

tion of 7. Both compounds have ‘?I-NNR spectra very similar to that of 7; in each case the 

multiplet for E-12 is shifted downfield near 4 4.9. The epectrum for 8 features an additional 

methyl singlet at 6 2.01, while that of 9 haa ins-d an isolated ethyl grow indicated ty a two 

proton guMzet at 6 2.26 and a methyl triplet at 6 UO. lheaacompo@shadtobetheacetate 

and propionata of 7, reqectively. Theatereocbemistryof7, 8and9wasdxUcedfromthemna.U 

coupling .conatant (2.5 Bzl between 811 and El2 and nCe’s between El2 and El3 (4.791 and E-11 and 

E-10 (5.2%) in 9. Itmae data can be a ccammdated only by the amfiguration illustrated 



carbon* 

1 44.72 s 

2 76.01 d 

3 131.06 a 

4 128.02 d 

5 136.56 s 

6 62.91 a 

7 72.16 d 

8 82.85 s 

9 77.92 a 

10 38.86 d 

11 48.62 d 

12 209.72 s 

13 37.77 t 

14 72.52 d 

15 U.64 q 

16 117.79 t 

17 46.28 d 

18 7.07 q 

19 174.50 s 

20 15.49 q 

W=Q- 

169.82 UC, 6) 169.98 a, 169.72 s 169.99, 169.33 

21.69 q, 21.08 q 21.81 q, 21.00 2l.86Jl.09 

43.44 s 

76.58 d 

129.60 a 

128.63 d 

136.47 s 

62.07 d 

68.85 a 

83.98 s 

77.72 d 

38.89 d 

45.80 a 

202.16 s 

124.06 d 

154.13 a 

14.67 q 

118.75 t 

45.07 a 

6.23 q 

174.25 s 

14.89 q 

43.12 

76.16 

130.30 

127.25 

136.50 

60.88 

69.22 

81.55 

78.87 

30.89 

76.10 

199.15 

121.77 

156.72 

13.71 

117.33 

45.76 

6.74 

174.81 

25.17 

9d 
- 

42.50 s 

77.75 a 

130.97 a 

127.84 a 

137.U s 

62.47 d 

69.18 d 

84.92 8 

77.85 d 

36.20 a 

36.31 a 

70.42 d 

120.72 d 

141.87 cl 

12.92 q 

l18.35 t 

44.83 a 

6.27 q 

174.54 s 

15.65 q 

170.11 8, 170.04s 

21.99 q, 21.074 

*repXtedas dWSuica.l &lift, rmltiplicity; recorded inaxX3 
41-RCCW6172.35 8, 36.l-l t, 17.95 t, Xi.58 q 

ithercdf~~rgatedspctnmme~inedtaeei~taecdacl~isontos 
-:6173.68 8, 27.58 t, 9.18 q 

The seventh diterpene, C2gH3gc1010, was quite different from 5-9, but did resemble 4 

somewhat. The key differences, as in 7, resided in the absence of the ketone absorption in the 

IR, the appearance of a one proton multiplet near 6 3.7 and an upfield shift of the signals 

corresponding to H-ll ma E-U. l&coupling experiments warranted structure 10, *iloearcoL for 

this compolmd 

The effect of the three more abundant compounds, 4, 5, and 9, on larvae of the tobacco 

hornworm, mm, was studied. PtilosarcanoneF. 5, waetoxictothclarv(reat.250 ppm, 

in&dng4O%mortality inthreechysti9U%moctalityafter6Qys. Burvivingineedsgrewto 

only B-35% of the weiatof controls during ths terrt This level of activity is similar to that 

exhibited b bdanthein Y, 1 [Sl. 

Compounds 4 and 9 were tested at125 ppm. Neither exhibited'significant toxicity, but 

ptilosarax~pcoducedthesam &leterioua effect onweightgainthat5 did; at ths endof the six 

day test period, the larvae wereonly 20-25% the size of controls. Thdcase of compound9 was 

int8restinginthatreducedweigMgd.n (- 25% of amtrold wasokmendafter three days, but by 

day six, the larvae were about 908the weight,of the control larvae. Apossiblcexplanation is 

that gradual wei* gain reduosd tbs mg/kg dose below the active level of 91 this would suggest 

thatIismorepAentthan9. lhe availability of a dozen tciaran diterpmes fram this work and 

the a mlvant)ua imrestigatian [2-51 should lend to sane interesting structurmxtivity data from 

dose-respnss studies. 
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v7- 

v5- 

6 
- 

5.89 (dr9.0) 

5.54 
md,l_l.7,9.0) 

5.98(d,11.7) 

4.96 
(br d,3.2) 

5.02 kc 8) 

4.88 (8) 

5.77 (d,5.6) 

2.92 
(d,5.6) 

5.27 
(8, m 

- 

6.08 
(d,10.5) 

6.70 (d,10.5) 

1.23 (8) 

6.00 kc a) 

5.88 (bc 8) 

2.35 (q,7.1) 

1.21 (d,7.1) 

1.46 (8) 

2.12 (6) 
2.20 (a) 
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7 
- 

5.78 Ld,8.9) 

5.56 
M,8.9,ll.7) 

5.89(dd,ll.7,1) 

5.22 
h,2.6,2,3.7) 

4.97 (d,3.7) 

3.21 (8) 

5.40 (dr8.4) 

2.84 
CM3 4 8 4) v., . 

8 9 

5.76 (d,8.9) 

5.57 
W,11.6,8.9) 

5.91 (d,ll.6) 

5.26 
(br dd,3.4,2.1) 

4.78 (d,3.4) 

3.17 (6) 

5.38 ld,8.4) 

2.76 
(dd,2.3,8.4) 

2.32 2.45 
Mdq,2.5,3.4,7.U Cddq,2.3,2.3,7.0, 

3.89 4.85 
k&2.5,5.4) (dd,2.3,5.1) 

5.71 5.72 
(dd,5.4,10.3) hM,5.1,10.3) 

5.66 (d,10.3) 

0.98 (6) 

5.95 (dr2.6) 

6.10 (dd,l,2) 

2.37 (qr7.0) 

1.18 (d,7.0) 

0.95 (d,7.1) 

2.08 (8) 
2.13 (6) 

5.74 (d,10.3) 

0.99 (8) 

6.16 (br d,l.l) 

5.93 (d&1,1) 

2.35 (q,7.1) 

1.17 (d,7.1) 

1.00 (d,7.0) 

2.14 (8) 
2.09 M,2.01 (8) 

5.74 (d,9.6) 

5.56 
(dd,ll.8,9.6) 

5.90 (d,ll.B) 

5.25 
(br d, 3.5) 

4.97 (d,3.5) 

3.13 (a) 

5.37 (d,8.3) 

2.74 
M,3.4,8.3) 

2.39 
kIdq,3,4,4.1,7.1) 

4.88 
(&l,2.5,4.1) 

5.73 
k&9.0,2.5) 

5.75 (d,9.0) 

0.99 (6) 

6.14 (br a) 

5.92 ox 8) 

2.34 (q,7.0) 

1.15 (d,7.0) 

1.01 (d,7.1) 

2.u (6) 
2.08 (6) 

lo 

6.17 (d,9.7) 

5.64 
h&&9.7,10.4) 

5.90 (d,10.4) 

5.16 
(br 8) 

4.86 (d,3.7) 

3.29 (6) 

5.34 (dr4.1) 

3.06 
Md,4.1,4.5) 

fl$ 

3.73 
ox m)= 

2.10 mb 
1.85 (m) 

5.05 (br t) 

1.09 (6) 

5.87 Rx 8) 

6.11 (br 8) 

2.69 (qr7.1) 

1.20 (d,7.1) 

1.11 (d,7.3) 

2.17 (8) 
1.96 (6) 

2.26 w, 
1.62 (m),O.95 W 

2.26(q),l.lOk) 

PegmrtedaBxiwlllical shift hltip1icityr col&ungconetantcl) 
bllnresolvedwerlaFpingmultlpleta 
Cthreeamllr mreaoltiauplingccnstanta 



ptilosarcue ~wascoUactadat*#hsof 5-7 metere in hch, 1985, naar Sithey, 
British Coluabia. Ihaep6c~weraetoredinacetonefor~eadayepiortoerttactiar. $e 
saetona~a~~;'Mdtheeeapnewere~atedina~~~~rrith~~ Tha 
c&h& filteredextractauarerabcedtoaniquwu8suaHnel~ Imamarcwaothsn extra- 
twicewithcxI2Cl 
putiticuled. B 

2extractstithaaqrqatesw3pnsianwere 
gave 8.78 g of a thi& orange oil (frao 

114.7 g dry wei#lt,. 

A aeamdcollectionwas~ in Ibcaubar1985 near Seattle, IWhingtar. Reatmant 8imilar t0 
that described abcnra yielded 66.0 g of a thick orange oil (fraa 690.3 g of dry weight). 

=-and Rectiant.ial~thc~Bdxact 

Ttia crude extract wasdissol~in101qu+xmkOBandextractedtwice with 300 ml of 
hExalEs. Ime pclar ~wsincc~to209rsterande~a~twi~with300ml of CU4. 
pinally, the upper @sews increeaedto4OQ tater andextractedtwicewith3OOml of CZiCl . 
Evaporatiatl of thehexana @aae gave 5.22g of extract, theCCl@maagavel.2lgandthe~ 
phaaa gave 0.74 g. Similar treatmant of thacrude frcmtheSeat t e ccllectionyiel&d 48.5 g z 0 
hexane extract, 6.8 g of CCl4 extract and 4.1g of CBCl3 extract. 

lhe (BQ3 extract ~permeatcdthr~aI.bx90cmool~~BioaeadeS-X4 with 4:3:1 
The sichey crude yielded9 fractions, whiletheSeattle crude gave 7 

XaxlatialofPtFlaaroarncandll~ 

Racticn six fran &S-X4 aeparationoftheSiheycr& (123mg) was permeated thrcqh 
Se@a&x M-20 (cohn 2.7 x18.l an) with (E2C12+zOS (l:U. T'ba third (94 mg) of Kevin fractiare 
wa8 SubjactedtoIELConan Ultra@ereCyarr, cclum (l.Ox25anI~ elut@m with hexam~i-FrOE 
(2rl) gave five fractions. Ihefourthwas*ilosar~ (5, 47.2 I@, andthefi.fthWu ll- 
hydroxy#ilo8arcenone (6, 15.8 mg). 

b?latimabPtumar~adptilaeMoDc 

Ractiar two frautheabxeLIf-2OEqeratiarwas6ubjectedtotbEsaWlTW oondLtfane to 
yield four fractions. Raction twowas ptiloaarcol U.0, 5.2 mg), while fraction three was 
ptilcearcone (4, 5.2 I@. 

Ractim four afthE+X4ae~a~oftheSeattlecrude (555zg) w perxmated thrcugh 
Se@adex I52U (2.7 x 181 era) with Ca2Cl2+4zOfI U:l) to give four fractiane. Racticnthreews 
mlbjactadto BKC on an 01traqhere-qano oalm (1.0 x 25 aa); elutionwitb heanei-Ro8 (4:ll 
gave four fractions. Raction threawaa ~oeara~~l2-poFdonate (9, 21.0 ug). 

Raction five frauthaS-X4 ChroPatograFtyoftheSeattlecruda (549-j UM subjected to 
Sqhadax I.520 (2.7 xl8l aa) U:lI to give six fractl~ Raction three (517 
mg) was aubjectadtc preprati 

2-IWB 
an ultras#lere-Qano coluin (1.0 x 25.0 cm) ut3hg 20-30 

lq injactiaaet e,lutionwithbaxalPi-P (2:l) yielaea 5 fractial8. RactiOtuo (50.6 I@ W 
subjected toEPUma Chanoq&-clan, calum (1.0 x 25.0 an)1 elutionwithhgn_CB Cl2 
yielded six fractiane. Ractlm five was ~cearce1~12-eoMte (8, 3.7 lag). et2 

(7:s) 
R ion three 

(22.2 rrg) of tha prep-Lcwaa subject&to HKCona Chemcopk-cyanO colum (1.0 x 25 an)t eluticr~ 
with m2C12 (9:ll) yiel&d three fractiars. Ractiar m was ptilcearaurl2-ol (7,5.4 mg). 

Uharacterizati~ofDiterpnefr 

PtFzo&sranc (4):.x _ tEtoaI 228 IIP (E = 5100)~ t1#-7+7~ (c 0.64, C+121; v_ (cQ4) 

3549, 2963, 1797, 1745, 1712 MI, l381, 1369, melt lls: IB/z (relative inteudty) 56W570 (<l), 

526 (21, 438 (51, 402 (51, 378 (51, 360 (51,343 (61, 307 (3), 123 (331, 71 C4?, 43 (-100); EMS: 

m/z 568.2069 Q8B37C1010 reguires 568.2075), 526.1971 NZ26t135Cl~ requires s26.i%9), 438.1444 

Q2E27Clo7 reguirea 438.1445). 
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-m mp153-1550; xmax (BtDH) 224 nm (~-12600); hl~6-72.40 (~1.01, CH2C12), 

vmax (CCl4) 3542, 2980, 1798,,1750, 1694, 1381, 1369 cm-tt MS: m/z (relative intqnaty) 480/482 

(<U, 438/440 (2,1), 3421311 C2,1), 231 (I), 191 (61, 123 (45), 107 (81, 79 (8&r 43 (100)~, BRi19: 

m/Z 4h551 ~~E29Qoe.~~reS 400&@, 43Rl449 CC22B27ClD7 requires 438.1445). 

p&h Amax (BtOE) 219 nm ( c =11700); [ al~6-62.50 (c.O.74, CXI2Cl2)t 
v max &Xl3 3347, 2997, 1795, 1754, 1697, 1379, 1369 cz+; Ws: m/z hlative inhnsityl 496/498 

(cl), 478/480 (cl), 4531455 (2,1), 235 (31, 151 (71, 107 (91, 43 (lOOI, HR!IS: m/z 496.1497 

(C24829ClOg requires 496.1500); 470.1434 (C24827ClD8 teguirefi 47&1394), 453.1310 K22a2@08 
requires 453.13161.. 

Ptilosatcen-12-olm Amax (EtOH) 218 nm (E = 49OO)r h@-62.9~ (c 0.56, CB2C12)," max (cc14) 
3555,3542,2982,179& 1765,1744,1382,1369 cm"$ ~&IS: m/z (relative intensity) 440/442 (2,1), 

380 (21, 362 (11, 344 (21, 327 (21, 309 (a,107 (40), 43 (lOO)r NCIHS (CH4): m/x 482 (100), 386 

(58), 326 (56); HRhS: m/Z 440.1605 (c&i2gcl+ r~UfreS 440.16OU, 422.1499 (C22H2+06 requires 

422.14%). 

Etilosatcenmacetate _ - max (EtOH) 218~1 (E =4900); [al$6-82.40 (C0.40, (B2Ci2)t Vmax 
(CC14) 3555, 2983, 1798, 1744, 1382, 1370 cm-1~ I(s: m/z (relative intensity) 482/484 (<l), 

422/424 (5,2), 380 (31, 309 (31, 135 (231, 107 (48), 43 (100); NCIKS (Qi4): m/z 524 (loo), 428 

(691, 368 (39); HEWS: 'XI/Z 422.l498 (C22H27ClO, reguires 422.l49Q. 

m xmax (&OH) 218 nm (L -5500); [al~6-117.00 (c 0.90, CS2C12); 
u maX (CC141 3555, 2985, 1797, 1744, 1381, 1369; IIs:m/z (relative intensity) 538/540 (<U, 

496/498 (Xl), 422,424 (10,4), 3801382 (7,3), 362 (21, 344 (2), 327 (21, 309 (I), 253 (5), 135 

(371, 107 (671, 57 (36) 43 (100); NCIHS (CB4): m/z 538 (loo), 442 (721, 428 (25), 382 (29), 368 

(24); HRWS: m/z 4%.l%4 (C25B33Cl% requires 4%.l%4); 422.l495 CC22H27Cl% reguirea 422?4%). 

UIlPL: X ,,,ax (EtOH) 218 nm ~~-5100~~1a1~~6-55.8~'~c 1.46, cB2C12),vmax (CC14) 3594, 

3551, 2964, 1795, 1745, 1368cm1j MS: m/z hlative intensity) 57W572 (<U, 52W530 (<U, 492/494 

(<l), 475 (11, 440 (21, 344 (3), 327 (31, 309 (31, 107 (191, 71 (56), 43 (100); HRWB: Q/z 570.2240 

(C2eH39ClOlO requires 570.22311, 528.2123 (C%H37ClO9 requires 528.2126), 422.1495 (C22827ClD6 

requires 422.l4%). 
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