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Abstrrrt: Allyiic and ~m~lyIic ~~xy~yl~xyl radicals, prodwed in chain reactions of 3-hydmxy4 
rn~yl~~le-2~3~t~~ cahnates, cyclize to give, ultimately, l.Z- and 1.3diol carbonates in fair TV good 
yield and, in some cases, high &astenoselectivity. 

Radical based synthetic methods are increasing in popularity in part because they provide non-polar 

counterparts to conventional conversions. t A further impetus for considering a radical based synthetic 

approach is the growing understanding of and control of sternoseh%.ivity in radical reactions.2 Most of the 

efforts to develop radical methodology have focused on carhon-cemered radicals reacting to form new C-C 

bonds. In this communication, we mport a general protocol for construction of 1,2- and 1.3-dials via oxygen- 

centered radical cychzations, These radical cycliiations are similar in their overall transformations to polar 

halogen induced cyciization reactions of carbonates and in some csses proceed with si~i~~~dy higher 

~~~1~~~ than the polar anaiogs. 

1: n=O,l 2, PTOC carbonate 3, Tmc carbonam 

Applications of allylic snd homoallylic alkoxycarbonyloxyl rsdicals (1) in diol producing reactions 

were explored by three groups.3 All employed FTOC’t carbonate radicai precursors (2) that react in chain 

reactions to give radicals 1. For allyhc or homoallylic radicals 1 (R = H), highly regiosektive cyclizations to 

1.2- and l$-diol carbonates, resmtiveIy, ocmumd.3 However, FTOC carbonates suffer two divvies 

that severely hit their potenthI utility. Fit. secondary ally& precursors 2 could not he pmdueed; appar- 

ently. such intenncdiates decompose rapidly by an ionic pathway, and attempts to prepare them gave 

Z-(allrylthio)pyridine-N-oxides. Second, for the ease of homoahylic alkoxycarbunyloxyl radicals 1 (n = I), 

“self-trapping” try the PTOC pm was fast relative to cyclixation, and low yields of 1.3-dial carbonate 

products were obtained when rractions were not run at high dilution. We have found that both of these delete- 

rious competing side-reactions are substantially suppressed by the use of a less reactive class of radical pmcur- 

sors, the lTOC (for thiazole-thione-oxy-cerbonyl) carbonates 3.5 
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Radical precursors 3 were xmdily prepared by reaction of 3-hydroxy4methylthiaxole-2(3H)-thiones~ 

with the appropriate chloroformate. Isolation of precursors 3 is not neces~ary,~ but those studied in this work 

were purified so that subsequent reactions could be characterized mom completely. The stability of secondary 

allylic precursors 3 is noteworthy in light of the observations that primary allylic PTOC carbonates were 

unstable on standing and secondary allylic PTOC carbonates could not be produced.3 

4 5 6: anff:syn= 16 

The efficacy of TTOC carbonates for production of 1,Zdiols was apparent in the reactions of precursor 

4. A reaction conducted in the presence of ~-BUSH gave a mixture of diastereomeric carbonates S in 75% 

isolated yield. Hydrolysis of the carbonates followed by conversion of the diols to their acetonides permitted a 

characterization of the products. The diastemomeric acetonides 6 were obtained in a 16: 1 ratio, and the major 

diastereomer was identified as anti by comparison to an authentic sample produced by 0504 catalyzed 

dihydroxylation7 of trans-2-octene followed by conversion of the diol to acetonide 6. 

A more severe test of the utility of ‘PTOC carbonates was their application in 1,3-dial syntheses. The 

TTOC precursor 7a reacted in the presence of t-BUSH to give carbonates 8a in 57% isolated yield. 

Subsequent conversion of the carbonates to acetonides and 13C NMR analysis9 showed that the products were 

produced in a 4:l qa:anti ratio. The pair of diastereomeric ‘PTOC carbonate pmcmsom 87band7creactedin 

the presence of the thiol to give carbonates 8b (51% isolated, 66% based on recovered alcohol) and 8e (50% 

isolated, 63% based on recovered alcohol). Conversion of 8b and & into acetonides petitted stereochemical 

identifications.9 Diastereomers Sb were obtained in a low ratio (3:1), whereas the diastemomeric ratio for 8c 

was substantially higber (18: 1). 

n 0 0 0 

OAO OKo.l-m 

Wb- - WELSH, “+ - t&‘-j& 
W7 cd47 

7a se: symrltk 4 7b: 1.2~syn 8b: 1.3anti.1.~syn=3 
7c: 1,2_snH 6c: 1,3-synA,3-anti= 18 

As with other members of the. broad family of radical precursors based on thiohydroxamic acids,4 

oxidative trapping following the radical cyclixation reactions was possible. For example, when 4 was allowed 

to react in the presence of CBrCl3, the bromine substituted carbonates 9 were obtained in 70% isolated yield, 

and reaction of TTOC 10 in the presence of PhSeSePh gave the phenylselenyl substituted carbonates 11 in 

55% isolated yield. In a similar manner, TTOC 7b gave bromocarbonates 12 in 61% isolated yield (84% 

based on recovered alcohol), and Tl’OC 7a gave phenylselenyl substituted carbonates 13 in 56% isolated yield 

(8 1% based on recovered alcohol). 
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4: RIperIt ==a 9: X=Br 7b: R, =Flz=F-r CBrCh + 12: x=Br 

10: R-Me Pm 11: X=SePh 7a: R, =hex.F$=H !!i!$?? 13: x=sePh 

When oxidative radical trapping with cBrC13 is employed in the final step of the chain reaction 

sequence, the products (e.g. 9.12) are closely related to those obtained in halogen induced cyclizations of 

allylic and homoallylic carbonates, 10 and, in fact, the bromocarbonates can be converted to epoxide alcohols in 

much the same manner as the related iodocarbonates. 11 A comparison of the diastereoselectivity of the two 

approaches to diols is useful. For each case in which a comparison can be made, the radical and polar reac- 
tions gave the same major diastereomer. The diastereoselectivity in the radical cyclization producing the 1,2- 

diol (precursor 4, 16: 1) is much greater than that observed in polar cyclizations of analogous allylic carbon- 
atesfb (ca. 4: 1). For the 1,3-diol syntheses, the radical cyclization with no substituent at C-2 fla) gave low 

selectivity (4: I> in comparison to analogous polar reactions 10 {as high as 25: 1). However, for the case with 

reinforcing alkyl groups at C-l and C-2 (7~). the energy difference in the diastereomeric transition states for 

the radical reaction was much greater thau that for the polar case; 7c gave an 18: 1 ratio of products at 20 ‘C, 

whereas the selectivity in corresponding polar carbonate cyclizationslOc was optimized to 14: 1 at -95 “C!. 

Although ‘ITOC p~~ursots 3 obviously did not trap radicals 1 as rapidly as did the PTOC precursors 

2, we believe that ‘ITOC “self-trapping” reactions still compete in the case of homoallylic radicals 1 (n = 1). 

Specifically, we consistently isolated low yields of umeacted alcohols from reactions of purified precursors 7. 

It is most likely that the alcohols were regenerated by hydrolysis of carbonate anhydrides during the chtomato- 

graphic placations carbonate anhydrides are the expected ultimate products from self-trapping of the oxyl 

radicals 1.3a.12 Alcohols were recovered when the oxidative trapping agents (C&Cl3 and PhSeSePh) were 

employed as well as when ~-BUSH was present, and, therefore, it is unlikely that the polarity mis-matched thiol 

trapped radicals 1 in competition with the cyclizations. If ‘ITOC self-trapping is the major side reaction, then, 
for recalcitrant systems, yields might be improved by dilution of the reaction mixtures_ 

The TTOC carbonates are readily prepared from alcohols via the chloroformates and can be handled 

with no special precautions. Highly regioselective exe cyclizations of allylic and homoallylic alkoxycar- 

bonyloxyl radicals giving 1,2- and 1,3-diols, respectively, were already known from studies with PTOC 

carbonate precursors 2,s and we found no evidence for endo cyclizations in this work. The good diastereo- 
selectivity observed in the reactions of 4 and 7c in comparison to that obtained in analogous polar cyclizations 

of carbonates suggests that the radical-based diol synthesis can compliment the polar method. 

General procedure Poor preparation of TTOC carbonates. To a cold (0 ‘C) solution of phosgene (23 
mmol) in 12 mL of toluene was added 4 mmol of alcohol and 4.3 mmol of Et3N in 2 mL of benzene. After 2 hours at 
0 ‘C. excess pbosgene and solvents were removed at reduced pressure. The crude chloroformate was dissolved in 30 mL 
of benx.ne, and to this solution was added B mixhmz of 3-hydtoxy4mcthyite-~3~~o~a (4 mmol) and Et3N 
(4.3 mmol) in 5 mL of benzene. After 3 hours at 20 ‘C, the solvem was removed at reduced pnx?sure. and the crude 
TTOC carbonate was purified by chromatography on silica gel (EtOAc--boxaues; 15:85 WV). The ‘lTOC carbonates 
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were isolated in 60-6596 yield. The crude lTOC carbonates could be employed in subsequent reactions without 
purification.6 

General procedure for reaction of TTOC cnrbonntes. The TTOC carbonate (ca. 0.7 mmol) was 
dissolved in 13 mL of benzene in a quarts tube, and the desired trapping agent was added. Final concentrations of 
trappiag agents were ca. 0.2 M (~-BUSH and CBrC13) or 0.15 M (Ph!WeFh ). The t&Z was sea&d With a Nb,,M 

septum purged with Ar, and photoiyzcxJ in a phaochcmical fcector (70 w, 300 um bulbs) for 3 hours. Solveat was 
removed, aed the carbonate pmducts were purified by clay oa silica gel @t&k--be-; 20~80, WV). 

For akreoebemkal Nta of I .3diol products, the crude carhouate prod& from reactions conducted in 
the presettee of ~-BUSH were hydrolyzed (S@% sdution of NaQH in dioxaue, 1 hour),t3* aad the crude dials obtaiaed 
were converted to tbeit -ides (PETS catalyzed raaction with 22-dime4hoxypmpaae in a~etoae).t~~ The product 
ratios of the acetottkks were detetmiued by GC. aad the kkatities were determined by t3C NMR spe~troscopy.~ 
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