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KCY Wd Idcx--Phyllosf~ro maydlr, ems-T corn: yellow leaf MI&; Bose-spastic parhotoxm; PM-toxm A. 

synlhaw struc~urc ec~w~y rdatlonshtpsl mirochondru; NADH oxldat~on; malrte oxdarlon. 

-_ ---- .-- _-. -.--- 
Abtract.-To establish structure activrty relationships, I2 mrmics of PM-toxin A, a component of the host-spaxfic 
corn parhotoxin produced by Phyllosticro mclydis, have been synthcsirrd as stcrcoisomeric mixtures. All the mimics 
synthesized have four B-ketol groupsspaccd by varyinglengthsofmethylencchainsor by a 1.3-dienccham. Mrmrcs wirh 
the shorter merhylcnc srde-spaars or with the drcnc side-spaars are 30- IO 3OCLfold less toxic than the native toxin, but 
the rcmaming compounds are equally or more IOXIC than the native toxin. These results can be accounted for by 
postulating thar mrramolccular associarronsar the /f-ketol groups may yield IWO types of cage structure with active and 
less active conformalrons. 
-- -_- _-_ --.----- .-.. -- - _-.- 

I~~ROI~l:CTIOZ slruclurally determined lo bc a group of long carbon- 
chain polykctols (Fig. I). Each corn nent exhibits almost 

PM-toxins [I 33. isolated from the cultured medium of equal host-xkctivc toxicity (IO I? IO IO ’ M) toward 
Phy//4s~rc~o mydis, the causal fungus of yellow kaf blight susceptible corn with Texas-male sterrlc cytoplasm (ems-T 
disease ofcorn,consist of I@ I2 components, of which the corn), but none are toxic on resistant corn with normal 
four main ones (C,, and C.,,) have been purified and fertile cytoplasm (N corn) at IO s M. PM-toxin closely 

FIB. I. Slructura of PM-toxins (A, B. C. D) rod HMT-toxin. 
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Scheme I. Synlh*icoullimofPM-roxln A mimtcs (PM-XYX). 
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Synrbesis and rctivily of PM-toxin A mimics 

Tabk 1. E&U of syntbecr mimks of PM-Ioun on date oxidation by ans-Tcorn mitochondria 

691 

ConcenIraIion 

Wml) 
-.--- 

0.0 
0.1 
0.3 
1.0 
3.0 

10.0 
30.0 

100.0 
300.0 

PMA 

100 
100 
71 

49 
211 
15 
II 
- 
- 

PM-mimics 

777 373 575 7771 878 979 595 797 7117 787 888 W9 
- 

la3 la, 100 100 100 100 100 100 100 100 100 100 
67 100 - - 91 76 - 58 % 65 96 90 
42 98 100 1% 63 46 106 31 67 44 66 74 

25 102 1% 110 35 25 102 22 38 24 36 42 
15 99 104 104 26 I5 90 II 24 14 21 28 
10 % 98 94 I5 9 67 8 16 IO 14 17 
7 77 88 104 9 9 49 6 15 8 12 31 

- - 79 102 45 - 
- .- 55 49 41 

Values are expressed as a pementap of the amounl of 2,6dichloropbenol indolphenol (DCPIP) reduced by toxin-IraIed cms-T 
miIoctmndria relative to the control. The comrol was ems-T mitochondria treated with 3 JII dimcchybulpboxide The a- amount 

of DCPIP reduced by the control was 1. I nmol DCPIP per rg mitochondrial protein. The vabes are an l vmp of lhrcz replications 

with an average standard deviarion of 26 OO. Assays were not conducted aI the concentraIioru for which numerical values are wing 

Tabk 2. EfT~ts of syntheuc mimics of PM-toxin on NADH oxidation by ems-T corn mitochondna 
- - ._ _ .- ---_.---_ - _.._ _ . . .__ _ _ -- - 

PM-mimics 
Conctnlfallon _- - -. ‘-- _ - -- ---. 
Wml) PM A 777 373 515 777I 595 797 787 999 
- ._ - -- .._ _. .-- ~-- - 

0.3 90 87 94 92 102 
I.0 142 141 - 175 220 139 

3.0 180 166 - 138 229 137 
10.0 233 180 5 42 4 82 173 220 159 
30.0 47 66 19 % 

loo 42 67 51 91 
loo0 90 Ill 127 135 - - - 
- _- -- _- - -. -. .- - -.- .- 

Values represenl the pen~~~ge chnp in lhe shade four rates of NADH oxidation afkr the addiuon of toxin. 
Control mitochondna were IreaIed with 3 4 dim*hyl sulphoudc which had no cffcc~ on the rate of NADH 
oxidauon. The values are IRK average of three rcphlions with an average standard error of 35 “/A. Assays were no1 
conducted aI concentrations for which numerical values are missing. 

those in PM-toxin A. the mimic showed activities com- 
parable IO Ihc native toxin. None of the oxyoxo groups of 
PM-888 will align with the groups in PM-toxin A or PM- 
777. yet it shows qual toxicity. PPM-797 appeared to be 
the most potent of the mimics and slightly more active 
than PM-toxin A. The toxicity of all mimics were specific 
since Ncom mitochondria were not affected at any of the 
concentrations tested. 

Apparenl structure-activity relationships can be ac- 
counted for by postulating that the mokcuks may form 
IWO types of circular (cage) conformations, with dis- 
tinguishabk hydrophilic and hydrophobic domains [IO], 
Fig. 3. Conformer 1 is formed by hydrogen bonding 
between the IWO sets of adjacent oxyoxo groups. 
Conformer II has the Iwo inlcmal oxyoxo groups as one 
KI and the two outside groups as the second SCI of 
hydrogen-bonded groups. PM-toxin A and all the potent 
mimics can form both conformers, but PM-373.575,595 
and 7771, the less active mimics, can only form conformer 
II by mokcular models. Although both conformers have 
similar overall geometry. conformer I may be Ihe more 
active form. These results, along with similar studies wtth 
HMT-toxin, indicate that channel formation may be 
mvolved in the mode of action for PM-toxin [IO]. 

IR spectra were obtamed wwlth films on NaCl pIales or with 
KBr discs. All compounds obtained were raamk. 

5-Hydroxy-3-oxodecanou hxraw3_*hlcwdi~hmkcrol (5). 

Boron ~rifluoride c~hcra~e (BF,clhcrale. 8 ml) was added IO 4 
(33.Og. 152 mM) and 1.2e1haned11hiol (21.3 g. 228 mM) in dry 
dichlorom&ane (CH&JI. co Ooo ml) at 0’ [I I]. After 18 hr of 
srirring aI 25 , Ihc nuxIurc was cone aI room remp. The residue 
was pwed through a sh0r1 silka gel column. Elulton with 
EtOAc-hexane (40:60) gave an oil of 5 (30.86 g 78.4 :a ylcid~ 
‘HNMR(90MH?,CDCl,~60.89(3H,brr. 1~H).2.lO(IH,dd. 
I = 14.4 Hz. 4-H..) 2.38 (IH. ddd. J - 14.4.2 Hz. 4-H,& 2.92 
(IH. d. I - 18Hr. 2-H,,L 320 (1H. dd. I = 18,2Hx 2-H,L 340 
(4H,s.-S(CHIbS ).4.44(1H.m, 5-H) IRr,, cm ’ (film): 1730 
(d-lacrone). HR-MS. m/: 260.0884 [M] * ; cak. for 
C,rHI,,OISI 260.0903. 

t-Buryl. 3,7dihydroxy-5-ox~~cc~r-kfhylmcdirhidvrol 
(n A sooln of lithium diisop-ropykmkk (LDA). which was 
genarkd aI 0” from dusopropykmine (3.03 g, 30 mM) and n- 
butyllithium (n-BuLi. 1.6 M hexane soln. 25 mM) in dry terra- 
hydrofunn (THF, 13 ml)_ was cookd IO - 78’. I-BuOAc 
(4.04 ml. 30 mM) dissolved in dry THF (IO ml) was added 
dropwise for over 45 mm To rhisater enolatc. a soln of 5 (6.50 g 
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bond). 1725 (aldehydc) FD-MS: mir 526 [M ’ 1. 
Prqmrarion of rhe wraakohob (3) cio rht diketones (2). A 

mixture of Mg turning (200 mg, 8.25 mg atoms). l.Sdibtomo- 
pcntnne(9~m~4.13mM)andrcrys~lofl~indryTHF(1Sml) 
was rcfluxed for 20 min. A soln of I (1.5 mbl) in dry THF (3 ml) 
was added dropwlxc 81 - IO” IO a part of the above GrigDard 

reagent (3 ml). The mixture was quenched by addition of satd 

NH.CI soln after 45 mm of stirring at 25” and extracted with 

EtOAc. After the extract was washed with water. dried and cont.. 

the residual oil was oxidized with CrO, (9OOmg. 9 mM) in 

pyndinc (W ml) for 18 hr. The usual working up gave a mixture 

of rhc mono- and bu-adduct 2. 
This mixture was dusolvcd m EtOH (20 ml) and 0.1 N HCl 

(0.2 ml), and was heated under reflux for 13 min [IS], and 
extracted with CHCI,. The extract was washed with satd brmc. 

drlcd and cont. CC’ on uhca gel with EIOH-CHCl, (I : 9) gave an 
011 of 3-777 (m - n 7 5, 30.8”, y=(d). The remammg telra- 

alcohols were prepared m a similar manner. 3-373. an OII (30.4 O0 

yield). ‘H NMR (90 MHz. CDCI,): 60.89 (6H. br I. I 29-H). 2 44 

(4H. I. J = 7 Hz, 13. 17-H). 2 l-2.3 (8H.m 7.9.21.23-H). 2.6 (4H. 

m 11.19-H). 3.35 (8H. s. -S(CHJ),S-J, 3.4and 3.5 (each 2H. br m. 
OH), 4.00 (2H. br m. 6.24-H). 4.44 (2H. br m. 10.20-H) 

’ (film): 1705 (C-0). 3430 (OH). FD-MS: rn’z 703 

~~~~~,~l[M+H)~.680(~]~.662[M -H,O]‘.+575. 
an 011 (19.7”. ylcld), ‘H NMR (90 Ytl7_ CDC’I,): 60.8Y (6H. br r. 

1.33-H). 2.42 (4H. 1. J - 7 Hz. lS.lY-HA 2 53 (4H. m. 13.21-H). 

2.6 3.0 (12H. m. S(CHz)IS 1. 3.1 (2H, br m. OH), 3.3 (2H. br m. 

OH). 4.0 (4H. br m, 6.12.22.28-H). IR v,_ cm ’ (film): 1705 (C 
=Q1. 34&l (OH). FDMS: m:‘.- 764 [M] ’ $595. an otl (42.0”, 

y~ld), ‘H NMR (90 MHz, CDCI,). 60.R9 (6H. br I. 1.35-H), 2 43 

(4H.r.J = 7Hr_15.21-H).2.53(4H.m.13.23-H).2.6 3.0112H.m. 

S(CHz),S A3.1 (?H.brm.0H).3.3(2H.brm.OH),4.0(4H.brs. 

6.12.24.3@H). IR vlly, cm ’ (film): 1705 (C=O). 3400 (OH). FD- 

MS: m.‘z 792 [Ml’. $777. an OII (30.8”. y~ki), ‘HNMR 

(90 MHz. CDCI,): 60.89 (6H. br r. 1,37-H), 2.43 (4H. r, J - 7 Hz 

17.21-H), 2.3Oand 2.60 (each 2H. @X. J = 12.7.5 HI. 15.23-H). 

3.0(2H.brs.OH).3.31 (8H.~.-S(CH~)~S1.3.4(2H.hrs.OHL.4.0 

(4H. br m. 6,14.24.32-H) IR v_ cm ’ (film): 1705 (C-0). 3430 
(OH). FDMS: m.: 7Y2 [Ml*. 774 [M - HzOJ’ 3-7771, an 011 

(6.4”, y~ldA ‘H NMR (90 MHz), CDCI,,): 60.8Y (6H. bt 1. 1.37. 

H).I.%(4H.d.J -6Hr7.31-H).2.42(4H.t.J = 7Hz.17.21-H). 

2.5 2.8 (8H. m. Y.I5.23.29-H), 3.0 (ZH, m. OH). 3.3 (2H. m. OH). 

3.31 (8H.s. S(CHj)+ A4.0(2H.m.6.32-H),4.6(2H,m. 14.24-HA 

5.5 6.5 (8H. m. 10.11.12.13.25.26.27.28-H). IRv,,cm” (film)- 

Y90 (do&k bond). 1705 (C-0). 3400 (OH) FD-MS: rn:z 748 [M 
- HjO x 21’. 3-787. an 011 (36.3”, yield). ‘HNMR (90 MHz. 

CDCl,).60.89 (6H. br I, 1.38-H). 2.43 (4H. r. J = 7 Hz. 17.22-HI, 

2.4Oand2.64(cachZH.ABX.J = 12.7.5 H&15.24-H).3.02(2H.d. 

J = 2 Hz OH), 3.31 (8H. s. S(CHz)+-). 3.45 (2H. d. J = I HI, 
OHA 4.0 (4H. br m. 6.14.25.33-H). IR vrml cm- ’ (tilmb 1705 (C 

=OA 3430 (OH). FD-MS: m,.- IIW [Ml’. 3-797. an oil (40.6”. 

yceld). ‘H NMR (90 MHz. CDCI,). 60.89 (6H. br I. 1.39-H), 2.43 

(4H. I. J = 7 Hz 17.23-HA 2.40 and 2.64 (each 2H. ABX. J 
= 12.7.5 HI_ 15.25-H). 3.02 (2H. d. J = 2 Hz. OH). 3 31 (8H. 5. 

S(CH1# A 3.44 (2H. d. J - I HI_ OH). 4.0 (4H. br m, 
6.14.26.34-H). IR V_ cm ’ (film1 1705 (C-O), 3430 (OH) FD- 

MS: m.‘: 820 [Ml’. 3-7117. an 011 (25.1”, ytcld), ‘HNMR 

(90 MHz CDCI,): 60.89 (6H. brr. 1.41-H). 2.42 (4H. r. J = 7 H7. 
17.25-H). 2.4Oand 2.64 (each 2H. ABX. J = 12.7.5 Hz. 15.27-H). 

3.06(2H.d.J = 2Hz.OH).3.32(8H.s. S(CHj)>S ),3.46(2H.d. 
J = I HI. OHJ. 4.0 (4H, brm 6.14.28.36-H). IR Y_ cm ’ (film): 
1705 (C=O). 3430 (OH). FDMS: m;r 848 [Ml’. 3878, an oil 

(17.7”, y~cld), ‘H NMR (90 MHc CDCI,). b0.89 (6H. br 1. 1.39. 
HI 2.43 (4H. I. J - 7 Hr 18.22-H). 2 4Oand 2 64 (each 2H, ABX. 

J = 12.7.5 Hz- 16.24-HA 3.0 (2H. d. J - 2 Hr OH). 3.32 (RH. 5, 

-S(CH:),S ). 3.46 (2H. d. J - I HI, OH), 4.0 (4H. br m. 

6.15.25.36H(3. IR Y, cm ’ (film): 1705 (C-O), 3430 (OH). FD- 

MS: m;z 820 [Ml’. +888, an oil (27.9% yield), ‘HNMR 

(90 MHz. CDCl,): 60.89 (6H. br r. l&H), 2.43 (4H. I, J = 7 Hs 

18.23-H), 2.4Oand 2.64 (each 2H. AJX, J - 12.7.5 Ha 16.25-H). 

3.02 (2H.d. J - 2 H&OH). 3.32 (8H,s. -S(CHI)+L 3.46 (2H,d. 

J - I m OH). 4.0 (4H. br m, 6.16.26.35-H). IR v-cm-’ 

(tilmb 1705 (C-O). 3430 (OH). FDMS: m/r 834 [Ml’. 

3979, an oil (25.1 7; yield). ‘H NMR (90 MHz_ CDCl,): 60.89 

(6H. br I. 1.41-H). 2.43 (4H. I, J - 7 Hz 19.23-H). 2.40 and 2.64 

(each 2H. ABX. J - 12.7.5 Hz_ 17.25-H). 2.W (2H. d. J - 2 Hr. 

OH). 3.31 (8H. s. -S(CH,)+), 3.46 (2H. d. J - 1 Hz OH). 4.0 

(4H. br m. 6.16,26,36-H1 IR vp, an - ’ (filmk 1705 (C-O). 3430 
(OH). FDMS: m;z 848 [Ml’. 1999, an oil (27.4% yzld), 

‘H NMR (90 MHz, CDCI,): 60.89 (6H. br I. 1.43-H). 2.42 (4H. I. 

J = 7 HI. 19.25-H). 2.4Oand 2.64 (each 2H.mX. J - 12.7.5 H7. 

17.27-HA 3.00 (2H. d. J = 2 Hr. OH), 3.31 (8H. 5. -S(CH,@ 1. 

3.45 (2t1, d. J - I Hz_ OH). 4.0 (4H. br m. 6.16,28.38-HL 

IR veyI cm ’ (film): 1705 (C-0). 3430 (OH). FDMS: m:: 876 

[Ml’ 
Prrpwufion o/ rhr PM-toxin A mmuc.r. A mixture of 3 (m 

- n - 5. 320 mg. 0.403 mMA mercuric chloride (470 mg). ma- 

curx oxide (145 mg) m water (0.5 ml)and acetomtrlk (IO ml) was 
stured for 4 hr at room temp. The filtrate of ~hc cold mixture was 

extracted wrth CHCI,. ‘lhc extract was washed with satd NH,CI 

soln and dned owr MgSD. Evaporation of the solvent followed 

by prcap~tntmn from McOH gave a colourkss Pow&r of PM- 

777. The other mimhzs were prepared In a umilar manner. 

PM-373.a slightly yellowish powder (ppt. from Et,O- EIOAC. 

5”. y&I). ‘H NMR (YO MHz. C,D,Nt a.82 (6ti. br I. 1.29-H), 
2.45 (4H. r. J - 7 Hz_ 13.17-H). 2.6 3.3 (12H.m. 7.9.11.19.21.23- 

HA4.50(2H.brm.6.24-H1.5.16(2H.brm. 10.20-H) IR Y,_ cm ” 

(KBr):1705(C=t))..~(OH).FD-MS:m.:55l[M+Na]’.52Y 

[M+HJ’. 

PM-575.acolourkss powder (ppl. from M~~C0.40.6”~ yield). 

‘H NMR (90 MHz C,D,Nb JO.83 (6H. br 1. 1.33-H), 1.8-2.2 

(4H. sextet hkc. J 2 7 Hz. 10.24-H). 2.48 (4H. t. J = 7 HI, I5.19- 

HA 2.67 (4H. r. J = 7 Hz. 9.25-H). 2 s3.0 (HH. m. 7.13.21.27-H). 

445 (4H. m. 6.12.22.28-H). IRv,, cm ’ (KBr): 1700 (C&J. 

3350 (OH). FD-MS: m : 607 [M + ?&I] ‘, 589 [M + Na 

-HID]‘. 

PM-595. a colourkss powder (WI. from MeOH. 45. I “; yckl). 
‘H NMR (90 MH7. C,D,N): 60.83 (6H. br I. 1.35-HA 1.8 2.2 

(4H. SCXICI like, J = 7 Hr 10.2&H). 2.50 (4H. I. J = 7 NT_ 15.2 I- 

H).268(4H,r.J- 7 Hz Y.27.H). 2.5 30 (8H. m. 7,13.23.29-H). 

4.44 (4H. br m. 6.12.24.30-H). IR vllyl cm ’ (KBr): 1700 (C-O), 

3350 (OH). FD-MS. rn’z 635 [M + Na] ‘. 617 [M + Na 

- H>O]‘. 

PM-777. a colourkss powder (ppr. from .VcOH. 28.1 O0 yield). 

‘H NMR (YO MHz_ C,D,h’t 60.X3 (6ti. br 1. 1.37-HA 2.53 and 2.57 

(each 4H, I. J = 7 Hz. 9.17.21.29-H). 2.6 3.0 (8H. m. 7.15.23.31- 

H). 4.44 (4H. m, 6.14.24.32-H). IR v,_ cm ’ (KBr): 1700 (C=O). 
3250 and 3300 (OH). FD-MS: 663 [M + Na] ‘_ 

P&M-7771. a slrghtly browmsh powder (ppr. from MelCO. 
2?.2”, yield), ‘H NMR (90 MHz C,D,N): 6083 (6H. br r. 1.37- 

HA2.52 (4H. r,J = 7 ttz, 17.21.HA2.6 3 1 (8H.m.7.15.23.31-HA 

3 50 (4H, d. J = 6 H7.9.2Y-H). 4.44 (2H. m. 6.32-H). 5.08 (2H. m. 

14.24-H). 6.00 (2H. dr. J y 16.6 HI, 10.28-H). 6.00 (2H. dd. J 
= 16.7 H7. 13.25-HA630(2H.dd.J - 16.9 Ht 11.27.Hor 12.26- 
HA6.65(2H.dd.J - 16.9 Hz. 12.26-H or 11.27-HI IR vrml cm ’ 
(K&t: 980 (douhk bond). 1700 (C=O), 33% (OH). FD-MS: m;: 
655[M+Na]‘.637[M+Na-HID]‘. 

PM-787. a colourkss powder (ppr. from CHCI,-.Me<)H. 

64.0”: yield), ‘H NMR (W MHz. C,D,Nr 60.83 (6H. br 1. 1.38- 
HA 2.53 (4H, I, J = 7 Hz. 17.22-H). 2.57 (4H. 1. J = 7 H&9.3&H), 

2.6 3.0 (8H. m, 7.15.24.32-H). 4.44 (4H. m, 6.14.25.33-H). 

IRv,,cm -’ (KBrk 1700 (C-O), 3330 (OH). FDMS. m:‘: 677 
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[M+Na]‘.659[M+No-HIO]‘. 

PM-797, a colourkss powder (pp(. from CHQ, ‘M&H. 
40.8% yieldA ‘H NMR (90 MHa C,D,N)z 60.83 (6H. br r. 1.39. 

H), 2.55 (8H. r. J - 7 Hz. 9,17.23.31-HL 2.6 3.0 (8H. m. 

7,IS.25.33-HI4.44 (4H. brm,6.14.26.34-H). IR vlly, cm ’ (KBr): 

1700 (GOA 3250 (OH). FD-MS: m.‘: 692 [M + Na + HI’. 69! 

[M+Na]‘.669[M+H]‘. 

PM-7117. a colourlcss powder (pp~. from CHCI, EIOH. 

W.Oo/; yickir ‘H NMR (90 MH?. C,D,Nt: 60.83 (6H, br I. 1.41- 

H), 2.57 (8H, r. J = 7 Hz. 9.16.25.33-H). 2.4-3.0 (8H. m 

7.15.27.35-Hb4.46 (4H.brm.6.14.28.3GH). IR vml cm ’ (KBr): 

1700 (C-O), 3400 (OH). FDMS: m:z 719 [M + Na]‘. 701 [M 

+Na-HzO]‘.697[M+H]‘. 

PM-878. a coburkss powder (pp~. from McOH. 30.8 % y~ckl). 

‘H NMR (90 MHz.C,D,N):60.83 (6H. brt. 1.39-H), 2.57 (811. I. 

J = 7 Hz,9,18,22,31-HA 2.s3.0 (8H. m, 7.16.24.33-H). 4.48 (4H. 

brs,6,15.25,34-H). IR Y_ cm ’ (KBrl 1700 (C=O), 3350 (OH). 

FD-MS: m/r 669 [M + HI’. 651 [M + H - H1O]‘. 

PM-888. a colourkss powder (ppt from MeOH. 41.2 % yield). 

‘H NMR (90 MHz. C,D,N): 60.83 (6H. br I. 1.4&H). 2.55 (8H. I. 

J - 7 Hz. 9.18.23,32-H). 2.4-3.0 (8H. m. 7.16.25.34-H3. 4.48 (4H. 

brm,6.15.26.35-H). IR vrml cm ’ (KBr): l7OO(C-O).33SO(OH). 

FDMS:m/r683[M+H]‘.66S[M+H-HIO]‘. 

PM-979. a colourkss powder (ppr. from CHCI, McOH. 

22.6% y&IA ‘H NMR (90 MHz. C,D,Nh 60.83 (6H. br f. 1.41- 

HA 256 (8H. r, J = 7 Hz. 9.19.23.33-H). 26 3.0 (8H. m. 

7,17.25,35-HA 4.44 (4H. hr m. 6.16.26.36H). IR Y,,,,, cm ’ (KBr). 
1700 (C-O), 3350 (OH). FD-MS: m.; 720 [M + Na + HI’, 697 

[M+H]‘,679[M+H-H,O]‘. 

PM-999. a colourkss powder (ppt from CHCI, McOH. 

64.9% yield), ‘H NMR (90 MH& C,D,N): 60.83 (6H. br f. 1,43- 

H), 2.56 (8H. I. J = 7 Hr 9.19.25.35-H). 2.6 3.0 (8H. m 

7.17.27.37-H). 4.44 (4H. br m. 6.16.28.38-H) IR v,r,., cm ’ (K&t 

1700 (C-O), 3350 (OH). FDMS: m:r 747 [M + Na]‘. 725 [M 

+H]‘.707[M+H .-HaO]‘. 

Isolariot~ o/ miroctwndr~a und bi-ys. Mc~bods for the 

isolation ofmitochondna and NADH oxIdaIIon assays have been 

r+cd prcv~ously [ 161. Matarc oxtdaIion was followed by the 

reduction of 2,bdichlorophcnol indophcnol (DCPIPI A de- 

cra~~in1hcabsorbe1mxofDCPlPaI6l0nmwasrccordcd when 

rnhchondnal respiration was measured by a modIhcaIIon of the 

method of FlawI [ 171. A slandard rcacIIon mixture contained 

rsrsy bulTer (pH 7 5. IO ml). 4.8 mM DCPIP (XK, ~1). I M KCN 

(100 )tl) and 3 M rnala~c (pH 7.X 200 4) The rcacIK)n nuxturc 

was warmal IO 37’ in a water barb. and 5 IO pl of a mitochondrlal 

suspension was added IO I ml of the rcacuon rruxlurc. One IO 1.5 

min after the addmon of the mIIochondrla IO the subsIraIe- 

conIaining -Iron mixture. athcr DMSO or Ioun was added IO 

the suspension and the d-case In abaorbana was folbwal unlit 

Ihere was no longer any change. In DMSO IraIcd rm~ochondria. 

the DCPIP WascompkIcly reduced In ll IO min. All cxpcrimcnIs 

were repeatal aI leas1 three ~tmcs. 

Toxtn soolurtcmc. A dIluIIon series for each compound tatal was 

prqarcd In DMSO. DIluImns were made so Iha~ a IooO-fold 

dilution of the DMSO solulion with rhc reaction mIxlure would 

y~ckl the concenlralion reported. 
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