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ABSTRACT : Pkitodccah xylation of N-phthaloyl duivati~~s of nmzthionine sulfoxidc 1 b and 
methioninesulfonelcwesobaavcdinacetoneesthemajorreocaohFor1aa~elecmmtransfa 
initiated cyclization which leads to the bicyclizstkm proauct 3 (X-ray shucture) was obsaved in the 
scnsitixed photolysis. Dhect photolysis of la leads prefutntially to the tri 
decarboxylation pmduct 5. The mcthioaine methyl esters 68-c showed c ?E 

licproduct4 andthe 
ton transfer initiated 

cyclization (ftx 6a) aad dhpqmionation (fbr 6 b), whems 6c pmvai to be phocwtablc. 

The photochca&ay of N-phthaloyl u-amino acids has been intensively invcs@tcd by Kaoaoka et al.’ 

Decarboxylation was described to be the exclusive primaq reaction pathway for a series of substrates.* 

During our investigations of photochemical amino acid tran&nuations3.4 we also got intwestcd in 

elccaon-transfer initiated rauztions. Hetuwamms such as s&i&, oxygen6. or nitrogen7 in the side-chain 

of amino acids arc potential donors for intramolecular ET thus gcncmting radical ion pairs which could 

further react to new amino acid derivatives. We tested a series of cnantiomcrically pure muhionine 

derivatives as potent su~trates: N-phtbaloy1 m&ion& la, its sulfoxide 1 b8, the sulfoae 18. and the 

corresponding methyl esters 6a-c. 10 The fret acids 1 b snd lc underwent efficient elation 

during irradiation in acetone (300 nm).(Schanc 1). 

lb,c 2b,c 

b:X=SO 
c:x= so* Scheme 1 

la showed a completely differmt product spectrum. When the irradiation of la was pcrfomd in 
acetoneasmajor componat the bicEycIizatimpludllct 3 (75-85% yield) was isolated (8chaIlc 2, Tabbz 

l)besides~~amounUofchetricycliccompound4aadthcpEoductofa~~ationlcyclintion 

sequence 5.2.11 Under analogous conditions the im&tion in acctonieile did not lead to a detectable 

convasiollphotolysisinacetoniailcinthe~of~~(~3)ganthe~~product 

compa6ition as in entry 1. thus proving the triplet excited state of la being the reactive in-. 
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la 3 4 R=COOH 
g R=H 

Scheme 2 

Table 1. Photolysis of la - product compositiw 
-fY solvenr” conditions conversion <%)h 3 (%)h 4 (%)h g (%)h 

: Wnx 100 go 5 15 
acetoniuile pymx C5 _ _ 

z acctonilrik 

z 

WrtxlBpc 63 2 

5 z z !! z 
E 
17 

6 pyrexn3F 70 71 14 15 

b *H NMR (250 MHx) norm&cd to 10096, c 0.02 M solution of benzophenone (RP). 
CI4 

Compound3and4 atehighlyunusualptoductsin 

the sense that the normal decarboxylation route is not 

followed here. Obviously the tlrst reaction event 

must be an electron transfer from the sulfur atom to ctz 
the phthalim& group. Subsequently the phthalimi& 

radical anion forms the lactone ring via nucleophi& 

attackatthecarboxygroup.t2Lossofaprotonfnnn 

the radical cation part of the molecule B and radical 

recombination leads to 3 (Scheme 3).The suucture of 

3 was established by a X-ray analysis (Pqure 1). l 3 
P@urt1.Crysalsaucturcof3 

sekctcdbondkn~(pn)andllyh(o): 

Alternatively proton transfer from the radical cation 

part of the intermediate A can proceed which 

Clcz: 153.3. C2-S3: 180.6, S3c4: 181.3. 
WCS: 151.6. CS-CX: 153.9. C6-h’9z 144.8. 
N9-a: 146.3. ClQ8: 144.3.08-m 137.5. 

generates a 1,7-biradical capable of direct radi-cal 

recombination to give product 4. This compound is 
unable to undergo photodecarboxylation and does 

S3a%Cl: 1142, cM3-C4: 101.2. 
s3-Wc5: 114.9. a-csC6: 113.4. 
cs-c6-N9: 114.1, csC6c7: 1132, 
Cl-08-C.T 107.7. cBGC7-08: 109.7. 

not form the lactone 3 under the teaction conditions. 

0 

Scheme 3 3 
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When benzene was used as solvent (entry 4.5) the mction efficiency dmppcil murkably. After a 
marethanrm-foldprolongad~~tima5:3:2~~of3.4 and5 wasisolatcd.~additionof 
bcnzophenonc (en&y 6) again aa&mtalthcmctionandlcadstoasimilarpmductfatio~inamy1 
and3.Obviouslythe~pluenagyof~~issufficienttogaraateoriplaexcitedla whichis 

wellinaccordwiththeenergyofthelowwtpb~triplct~(cB685kcrvMd).” 

The photo&misty of the N-phthaloyl mcthionine methyl ester 6a was already dcsuibed by Kamoka 

and coworkers.* W found the ring annularion aad dehydration pmduct 8 as sole compound when 

~onwlLP~~intbeabseaceofabase.Intheprcseaceafsodiumc~~thewlectroa 
mnsfcrinitiatcdcyclizationpmducts7,7’ waeisolataiasa45:55disaa#naaicmixtmin84%yicld 
(Schrme4).Camspondingtolathcphaareactiaaof6awasmostefficicntin~ 

HO. fS\ HO fS\ 

Scheme 4 8 O 
Incaseofsulfone6cnocoavasionwas~~evenaf~prolongedirradiation.Thisisin~- 

axnt with the missing elcctmn donor function for intrmo~ular ET. It is, however, astonishing when 

cmqmrxl with the bchaviourofalkylchain substituted amino acid de&rat&s4 which showal dXcient 

rhydmgen absmction in unpolar solvents. The photochanical bchaviourofthe sulfoxidc 6b again was 

striking:acal:lmixtunafthesulfone6caodthcaMulationproduct8 wasformcdaftcracafourty- 
fold prolonged imdiation time ampared to its analogue 6a. 

This pmduct composition must he due to a electron-trader initiated dispqxrtionation, where the 
sulfoxidc moiety of 6 b acts as electron donor in a intra- a* intermolecular electron transfc!x step. Its 
radical cation can subscqucntly attack another sulfoxidc unit which transfers one oxygen atom to give 
thcsulfonc6c andasulfidedicaIcation.Aftcrha&ckctmnaansfcrcompoud6aisgcnemtdandis 
converted after saxmd excitation to product 8. Indeed when the mction was stopped a&r 20% con- 
vasionabout5%ofthesulfide6acouldbede~inthereactionIllixaae.A~~~-~ 
initiated disproportiomtion has been dcsaibal by Fox et al. ia the photolysis of dialkyl sulfiti in 

acetone.~s 
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