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ABSTRACT: The pmemt papu describes the rearnmgeu~emt of cxbocyclic 2-pkuylthiu-1.3-diets and 1,3,4-hiols 
to tetra-, tri-, aod dideoxysugars by a phodnduced electron hansfer process. 

Some time ago, we reported the photosensitized cleavage of 2-phenylthioalcohots as a synthetically useful 

indirect redox cleavage of the olefmic bond.1 This transformation, which belongs to a growing class of reactions 

named photoindnced electron transfer-fragmentation reactions,~ was developed in analogy to the photosensitized 

decarboxylation of arylamino-. phenylthio- or phenoxyacetic acids and the fragmentation of substituted 2- 

aminoethanols studied by Davidsbns a number of years ago. 

Recent studies of the above phenylthioalcohol system. as pertain to the influence of additional hydroxyl 

substituents and the effect of their stereochemistty on the course of reaction, have allowed us to uncover new 

reactivity patterns of synthetic and mechanistic interest. 

Table 1 shows a series of carbocyclic 2-phenylthio- 1 ,Zdiols and 1.3.4~trials which have been submitted 

to benzophenonc sensitized photolysis in acetonitrile to yield, beyond our expectations, a series of tetra-, u-i-, and 

dideoxysugars. Indeed, and as shown below on the basis of our previously reported results, 1 the photolysis of 2- 

phenylthiocyclohexane-1,3-diol of entry 1 should have yielded some (ii not solely) gluhualdehyde and thioanisole 

through sequential redox cleavage of the vicinal phenylthioalcohol moieties. Instead however, the 

phenylthiohydroxyaldehyde generated by the fit cleavage is protected from further efficient reaction by formation 

of an internal hemiacetal through ring-chain tautomerism and the structure thus formed corresponds to a 

deoxysugar. Because of the large number of natural products whose structures can be correlated to deoxysugars.4 

HO 

OHC(CH#XIO + PttSCH3 

this observation bears potential synthetic value and merits systematic investigation. Thus, eutries 2 to 9 show that 

the rearrangement appears general Wing to deoxypyranoses and furanoses wit& yields varying between -40- 

65%. except in the case of entry 8 where the yield could not be raised under our standard conditions. More 

specifically. entry 2 shows that the introduction of an additional hydroxyl group in a vicinakis relationship to the 

equatorial alcohol flanking the phenylthio group, gives an almost totally regioselective rearraugement with 

cleavage on the diol side. Furthermore, this selectivity can be completely diverted to the other side (i.e. the lone 
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Table 1. Rearrangement of Carbocycles to De0xysugars.a 

be Stahtg campound Reammg~t~s)alldyield shifts of diagnoa ct pmtons 
inCDClj 

1 
H030H +zi#OH 

HI. 6 4.69-4.74 (m, JSH) 
H,p bS.34 (a, ASH) 

2 H&-?oH goH + HO&oH ~~~~~~! 

63% tlxe 
CHO: 69.48’(,, .l&. ’ 

3 A 

0 0 

0 
% 

+h 

CHO: 6 9.82 (t, I- 1.2 Hz) 

CHO 
Hydrolysb gave 4-OH umpouud 

Pbs OH 

4 HkoH SOH + Ho&OH :~;~;;;~::r= 

5 A& 

17% 

A 

0 

OH Oh CHO 
seeentry 

PbS 
PhS 

fj H:ToH eoH + “coH 

2-oH:sceamy2 
4-OH: mixL cs+c6+opeo fcmls 

H, 84.76 (1. .13H): 5.33 (5. .12H); 
5.49 (I, ASH); 5.S~5.60 (m, .19H): 

E 

7 H;$?$H -a_ 

c 

=‘% 

CHO: 9.46 (s, trace) 

H,,6 5.13 (6. .62H) 
Hla S 5.20 (d. J-4,0 Hr .38H) 

PhS 
CHO 

8 
P 

CHO: 8 9.7 1 (t, J= l.llHz) 

x 
c 

h 

g HO;; mboH + ms$H ;Y;~$~.~H) 

HO 29%d 195G (in C&OD) 

**atyphtpvcedu=seemf. 1. bAUcun~prqeredandisolatedhthisworL-fully~by 
mass wectmmetry and tH NhfR with COSY 2D atmlysis. Starting dials ml ttiols hen all obt&w by ohs- 

openiag of- epoxy8hbo~; trio1 of enUy 6 was obtaiwd as minor (13%) amstitumt in the paqmdoa 
of trid of emtry 2. CYield detemdncd by NMR but mmpamds isolated. aYield &xctm~ by NMR. 
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hydroxyl side) (entry 3), simply by forming the acetonlde derivative of the vic-diol pryor to photolysis. Entry 4, 

where seleotivity drops to -3 : 1 still in favor of rearrangement on the vie-cis-diol side, shows (in comparison to 

entry 2) that bnth the presence of the vie-cis-diol and the stereochemistry of the lone hydroxyl flanking the 

phenylthio group on the other side affect the tegioseleetivity. Here again, protection of the vie-diol in the form of 

its acetonide (entry 5) pryor to photolysis, allows the rearrangement to be diverted totally to the other side, 

Entry 6, where the vie-diol is now WCIRS with respect to entry 4 where it was cis, shows a reversal of 

selectivity with a -3 : 1 ratio now favoring rearrangement on the lone hydroxyl side. Thii demonstrates that, not 

only the presence of the vie-diol has an effect on selectivity. but also its stereochemistry. 

The last three entries show the same general trend in the five membered ring series. Indeed, entry 7, 

which displays the same stereochemistry pattern as entry 4, shows totally mgioseloctive rearrangement on the vic- 

cis-dlol side whereas in entry 4 it was -3 : 1. Here again, the regioselectivity can be reversed (entry 8) but with a 

very poor yield of 9% and large amounts (-60%) of starting material being recovered. The final entry (9) shows 

the reactivity of a model compound where the stereochemistry of the vie-diol is now trans with respect to entry 7. 

This stereochemistry pattern is the same as that displayed in entry 6 where the results were -3 : 1 in favor of 

rearrangement on the lone hydroxyl side whereas in entry 9 the ratio is -3 : 2 in favor of the diol side. This 

variation in selectivity might well be due to conformational inhomogeneities or differences in dihedral angles ln the 

S-membered ring series. 

In order to gain deeper insight into the influence on regioselectivity of the stereochemistry of the lone 

hydroxyl flanking the phenyltbio group, the four stereoisomers represented in table 2 were studied to establish 

Table 2. Influence of Stereochemistry on Relative Reactivities? 

Enhyb I sQutingcatnpaund cleavagepnlductandyieti 

*Four sohmons, emh mHaining 0.1 mm01 of stenoisomer aud 0.1 mmol of bemqhme io 1 rnL 
&ureratedrmddeg~aceroniaile,areirredia&dat350ammderargoainfwNMR~susingr 
Rayonet appa@ns equiped with a Merry-gc+Rmmd adapm. bsee b) table 1. =Dcmnind by NMR. 
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their relative reactivities. The fmt observation is that the cis relationship of the axial hydroxyl group to tbe 

equatorial phenylthio group (entry C) is less favorable to cleavage than the bans with an equatorial hydroxyl (entty 

B). ‘Ihis trend correlates nicely with the observations of entries 2 and 4 of table 1. Secondly, it stands out that the 

greatest differences in reactivities occur with the pair of stereoisomers having an axlal phenylthlo group. Indeed, 

the cis isomer (entry A) is ~20 times more reactive than the trans diaxial isomer (entry D). ‘Ibis very msult, in 

comparison to the other tbnze of the table, indicates that the reaction most probably proceeds via a contact radical 

ion pair 1.3~ (or close to it) between the sulfide moiety and benxophenone where the most efftcient cleavage takes 

place when deprotonation of the hydroxyl by the radical anion can occur before back electron transfer. 

Calculations have shown that appreciable weakening of sigma bonds 8 to hydroxyls results upon deprotonation 

and this effect has been related to the dramatic rate accelerations in the oxyanion Cope tuarrangement~ ?&se facts 

however, should not preclude the possibility, albeit less efficient, of cleavage when deprotonation cannot take 

place or in the case of O-alkyl derivatives, providing that a lone pair can be oriented antiperiplanar to the bond to 

be broken as demonstrated by Arnold in the case of 2-phenylcycloalkyletbers.~ 

In conclusion, the present results demonstrate that various substituted cyclic 2-phenylthio-1.3~dlols are 

rearranged to deoxysugars under sensitized photolysis conditions. It is also apparent that in unsymmetrical cases 

the regioselectivity of the rearrangement is influenced by substituent and stereoelectronic effects and 

stereochemical relationships. For instance, entries 2,4.6,7 and 9 show that cleavage seems preferred on the vic- 

diol side of the phenylthio group when this diol is in a cis configuration but this selectivity is modulated by the 

stereochemistry of the lone hydroxyl group and the ring sire. 

The origin of selectivity and the &effect in this new rearrangement as well as its application as synthetic 

methodology are under active investigation in our laboratory and will be reported in due course. 
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