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Highly Efficient Photochemical Synthesis of the Enediyne Functionality via a 
NoAsh Type II Reaction 

John M. Nuss* and Martin M. Murphy 

Summary: A photochemical synthesis of enediynes utilizing the Notish Type IJ reaction is 
described. ‘Ihe application of this strategy to the synthesis of cyclic and acyclic enediynes Gnom 
readily available precursors is discussed. 

The potent anticancer properties, novel structures, and unique pharmacology of the enediyne antibiotics 
calicheamicin/esperamicin, 1, and dynemicin, 2. have engendered enormous interest in these compounds in the 
synthetic and biological chemistry communities. KU These antibiotics manifest their considerable biological 

activity in the form of DNA rlanrage; it is the product of sromatic cyclization4 of the enediyne active present 
in each of these componnds (ie., 3 to 5) which brings about DNA strand scission by various hydrogen abstraction 
mechanisms.334 Each of these antibiotics has a unique triggering mechanism which results in enforced 
propinqnity of the two alkync moieties (3 to 4); this change in conformation results in facile “Bergman” 
cyclization4 and formation of the putative DNA damaging diicaf 5.3 The triggering mechanism in the 
calicheamicin/espcramicin family involves bicreduction of the trisulfide functionality; the conformation change 
induced by the subsequent Michael reaction to the a$-uusaturated carbonyl system by the mercaptan then results 
in aromatic cyclization of the encdiyne to the nactive 1,4-biradical. t 9 The biological activity of dynemicin is also 

triggered by a bio~uction of the aromatic nucleus; this results in catenation of the beuzylic C-O bond, 
conformational change, and subsequently, bimdical fotmation.2~ 

3 4 5 5 

With the ultimate goal of developing functional analogues of these agents for potential use in chemotherapy 
or as tools for biotechnology, considerable attention has been given to the design of structurally simplified 
enediyne congeners retaining the impressive DNA cleaving properties of these mo1ecules.f~~ Jn additiou, 
ingenious reports of alternative methods of triggering biradical formation from enediyne systems modeled loosely 
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on 1 or 2, including pH dependent rearrangements, redox based processes and photochemical strategies, have 
appeared from a number of laboratories. 3.6 Our intensts in this area center on the design of photochemical 
methods for the generation of the enediyne functionality (Equation 2), and subsequently analogues of biradical5. 
from stable diyne precursors. We feel that this strategy has the potential to parnit the generation of the DNA 
damaging diradicals under exceedingly mild conditions from stable progenitor diynes by introducing the double 
bond of the enediyne in a conformation which results in spontaneous aromatization to the biradical. We have 
chosen as our vehicle for photochemical enediyne generation the NonU ‘Qpe II fragmentation7 (Equation 3), one 
of the most thorougly studied and general of photochemical reactions (HX in Equation 2 being the enol of 
acetophenone). 

Several aspects of the Norrish Type II reaction sre attractive as a means for enediyne synthesis: 1) this 
reaction generally proceeds with near unit efficiency; 2) an innocuous by-product is produced (acetophenone); 3) 
the wavelength required for this conversion is out of the range of both enediyne and DNA absorptions; and 4) the 
excitation wavelength can be tuned by adjusting the substutients on the aryl ring of the precurs0r.f We were also 
encouraged in these efforts by reports from other groups of the use of the Nonish Type II reaction for the in sir.u 
generation of highly mtive intermediates, such as the formation of unstable thioaldehy&s by Vedejsh and the 
generation of metaquinodimethane diradicals by Goodman and Berson.a 
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The feasiblility of this strategy is demonstrated in our initial efforts on simple phenyl ketone derivatives 
(Equation 4). Irradiation of diyne l5a (R = H, P~Ex, benzene) affords a quantitative yield of acetophenone and a 
modest yield of the enediyne 16a (the volatiIe nature of this hydrocarbon fragment precludes its efficient 
isolation); similarly, photolysis of 15b (R = CH2OCH3) provides acetophenone and the less volatile enediyne 
16b, as a 1:l mixture of oleti isomrs,7 in extremely high yield (95%). 
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Photolysis substrates 15a and 1Sb are assembled quite easily beginning with the pmduct of the reaction 
between the trianion of 1 ,5-hexadiyne and ethylene oxide, 18. fm report4 by Vollhardt.~ Oxidation of 18 snd 
reaction of the resulting aldehyde with pheny1 magnesium Me affords 19. which upon oxidation givc~ the 
fmt substrate Ha. Pmtcction of 18 as its tert-butyldimethylsilyl (TBS) ether followed by reaction with 2.1 
equivalents of n-BuLi and paraformaldehyde pmduces the diol20 in good yield. Elaboration to the acyclic diyne 
precursor 15b is quite straightforwa~I and involves alkylation of the propargyl alcohols (CH3I. NaH. DME). 
deprotection of the benzylic carbinol, and oxidation. 



39 

, Q 1) TBSCL Ifnldaz~le. DMF 1) NaH. C&I. DME 
- 15b 

2) mBuU. WW),. THF 2) tMuJ4F,THF 
3) PC’Z CH,Cl, 

Following the success of this strategy in the acyclic systems, we have begun to examine the 
photochemistry of cyclic diyne precursors. 10 The requisite cyclic diyne precursor 21 can be constructed 
efficiently from diol20 (Equation 5). Formation of the macrocyclic carbonate pmceeds efficiently under high 
dilution (2 x IO-3 M) conditions, affording an eleven-membered macmcyclic carbonate in 71% yield. This was 
deprotected and oxidixed to produce ketone 21. 

1) Coch. Plct4.J (1oJ y 
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Photolysis of 21 also proceeds efficiently, affording acetophenone and cyclic enediyne (Z)-22 as the only 
photoproducts (98% and 8796, respectively). This eleven member& ring enediyne, as expected from previous 
work, does not undergo aromatic cyclixation at ambient temperahnt.3 Attempts are currently underway to design 
a system which incorporates a smaller ring in the progenitor diyne and would lead to cyclixation at room 
temperature upon Norrish Type II cleavage. This should he possible in a nine or ten membucd diyne analogue of 
21, given paradigms which have been previously developed correlating ring sixe with ease of cyclixation.3 

Toward this end, we have found that the two seemingly indistinguishable alkyne functional&s present in 
acyclic diyne precursors such as 20 can be selectively functionalized; for example, treatment of the dianion 
generated by reaction of diyne 20 with 2.0 equivalents of n-B& with only 1.0 equivalent of paraformaldehyde 
affords a single alcohol 23. in high yields (70-78%). The reasons for this high selectivity are unclear at this time, 
but nonetheless should allow us to easily fashion more highly functionalixed progenitors from these simple, 
readily available synthons. 

2Oaq. MuLi.THF 

1.05 eq- m-w). 
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In summary, we report here our initial efforts devoted towards the development of a photochemically 
initiated enediyne synthesis. We show the viability of such an approach in the formation of both acyclic and cyclic 
enediynes. We feel that these are the first steps towards the development of new, potentially useful 
photochemically triggered DNA cleaving reagents. 
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