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Recently. the C~XMII~~~~IZS of C-1027’ and kcdarcidin,* active principles of extremely potent anti-hmor 
antibiotics, have been disclosed to possess a highly strained 9-membcted Wdiyn-3cnc structum. The 
biological activitiea of these wdiyncs could be ateibutal to tbt DNA double-strand scission by phcnylenc 1,4- 
diyl radical intermediate formed through Masamune-Bergman cycktomatization reaction.3 Another 9- 
memked enaliync, ncocarzinostatin chromophorc is known to generate indcne biradical spwics through 
Myers-type rwrangement, and the chemistry and the kinetics were investigated.4 However, the 
thermochemical kinetics of the cycloaromatization of naturaW and synthetic5 9-membacd l$diyn9-cnc 
systems have not twn &tkcd well due to their txaemc instaWiticsP In this communkation, WC disclose the 
kinetics of the cycloaromatization of C-1027 chromophote (C-1027-Chr) 1 and its encrgcrics. 

!scheme 1. The cychroma~tbn of c-1027-chr (1). 

Decomposition rates of 1 in various solvents were monitored by HPLC (Table 1). The 
cycloaromatization product 3 was detected only in the reactions in alcoholic or ethemal solwnts. such as 
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dioxane. THF, MeOH and EtOH. The higha& yieidof3was obtained in EtoH. Intenestingly, unpmcedented 
remarkable kinetic isotope effects were observed when &u&rated solvents were used as shown in Table 2. 
These *s&s show that the rate of the transformation of 1 to 3 was affe&ed by the hydrogen abstraction step in 
comrast to the acyclic encdiyne systems in which the cycIization leading to the biradical is rata-limiting.73 

Table 1. Degrada##o~ of C-l@27-<=tu (1) in various miventa 

Solventa) k (s-l)b) t1/2 (hr1 Ytiof3 (96) 

. 82 
I&OH 2.06x lo-4 1.0 Od) 

dioxaue 1.15 x lo-4 1.6 50 

> 1.5 x lo-3 c 0.1 39d) 
CHc13 3.44 x 10-4 0.5 0 
EtOAc 6.16 x lo-5 3.0 0 

CH3m 5.65 x lo-5 2.8 0 
DMSO 6.17 x 10-S 3.1 0 
DMF > I.5 x lo-3 40.1 0 

BRBc) (pH 3) 1.82 x 10-5 10.6 0 

a) c!cWa&nof1lewc.rthan10nMatmomtappaature(-25oc). 
b) The cur&ion coefiients wac within the limit of O.%-O.!W97. 
c) Brian-Robinson buffer (0.04M CIi3C0OH, IQFQ, IQBO3 I 0.2N NaOH ) 
d) The amm&Aon product (3) was furtha dqradcd by maherolysis or hydrolysis. 

Table 2. KiIleJticiaMopeefYectsonthecyd~ tizathoflat5WC. 

Solvent k (&a) t1n olr) Yield of 3 (%) kdkD 

dioxane 9.25 x lo-4 0 15 
0:59 

52 
diOXiUlt5-d~ 3.14 x lo-4 18 2.9 
CH3OHbI 3.49 x lo-4 0.56 46 
c!H3oDb) 3.33 x IO-4 0.54 58 1.1 
cD3oDb) 1.27 x 1O-4 1.50 13 2.8 
CiHsOH 1.75 x 10-3 0.12 85 
c2DsOD 4.57 x 10-4 0.44 58 3.8 

a) lllc corI&tion a&ii WWe withii th? limit of 0.996-0.9999. 
b) ThesolutionpHorpDwasadjustedto3withH3POqtopieventthcmethanolysisof3. 

In order to understand this unprecedented kinetic isotope effect and to establisj~ the energy diagram, we 
first measured the lreaction rate of the‘cycloaromatization of 1 in EtOH at 40,50. and 6ooC and obtained the 
activation energy .of 15.1 k&m01 (lnA = 17.0, r = 0.995). Under rhese conditions, 3 was formed in 85-9046 
yield. The sct&etnptical PM39 calculations of several enediyne systems were then performed to estimate the 
relative potential energies of 1 and biradical intermediate 2 (Fig. 1). The calculation repnzsented well the 
difference of their heats of formation for (Z)-hex-3-cne-lJ-diy 4 and p-be- 5. while their absolute 
values are about 10 kcal/mol smaller than rheir reconciled ones, respectively. 10 Thedecmaseoflhecalculated 
endothennicity for lo-membered 6 and g-membered 8 are masonable, since the md states of these cyclic 
enediyne systems are expected to be destabilized by the ring strain. The simple cyclonon-3-en- 1.5-diyue 
system 8 is presumed to be almost isothermal with 9 due to the extreme ring seain. However, the cozc system 
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lOofC-1O27-chrwuepdictcdtooas cdo&rmic~theecycliC~ystcm4. Thiiwwldarisefpopltht 
dcsdilizationof11ductothcstminofdih@qKdakW structpl&l~tOglrhrwithtBt-of1odue 
to the extended conjugation of enediync System. ThUS, the pottntisr tmmgy of 2 n)ativt to 1 was mugbdy 
e&ma&d to be -12.5 kcavmol. Tllc ClKxgy barrier for the cyekaeuasion of2to1isan~tohcassmall 
as-2.ij~~. Therefole,thefitststap,~ti~ofl,~tothtbiradical2,rhouldbarcvasibltat 
room~~~,bPt2withhigh~~~cannotbedttacOtdbyspoctrosoopicttchaiquwr. TIC 
enezg)c~fathtsacondscap,hydrogcnabstractionrepctions,wouldbe~~ycqurlgothataf~ 
&phatic hy&ogcn abstmdoo by phcnyl radical. -7 kcalhnol. 12whichisalittlclargerthanthcbadcrfortbe 
cyclorev&on of 2 to 1. 

4 5 7 . . 
116.8 JtcaUmol 128.6 kctimol 104.8 kcal/mol 111.1 kcaumol 

AAH~=11.8kd/mol AAHf = 6.3 IccaVmol 

118.1 kcal/mol 120.1 kcal/mol 165.0 lccal/inol 177.5 kcal/mol 
AAEq = 2.0 kcaumol AAIq = 12.5 kcal/mol 

Fig.1 Heatsot’fiwmationcakulatedbyPM3. 

Consequently, the energy diagram for tbc cycloaromatization of 1 is postulated as Shown in Fig.2 The 
most striking diffsfencc between the cycloaromatizations of 1 and 4 is the energy barriers hctwccn cncdiync 
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Scheme 2 Podble reaction pathways rOr retro-Bwgnnu~ IWK&JII of biradkd (3). 

The thermochemistry of 1 discussed above, is in agreement with the recent observation reported by 
Sugiuraet~13)thatthelifetimeoflinthcprtscnctofDNAisshortcrthanthatwithoutDNAintheaqueous 
medium, since DNA is likely to be a good hydrogen atom donor. 
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