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Summary: lodocyclization of carbamates involving electron-deficient olefins, (i.e. a$-unsatLirated 
esters) is greatly facilitated by the use of silver(l) triflate and proceeds with excellent Van.; ring 
stereoselectivity. During this process, the resultant iodides can undergo epimerization, the rde of 
which is solvent-dependent. 

lodocyclization of carbamates, which is a well-documented methodlV2 for the 

heterofunctionalization of alkenes, involves the addition of electrophilic iodine and a pendant 

nucleophilic carbamate across a double bond. In most of these examples, however, the clefins 

undergoing functionalization are electron-rich, a feature which should fasilitate electrophilic iodine 

addition and thus enhance the rate of cyclization in comparison to electron-deficient alkenes, such 

as those found in a&unsaturated carbonyl systems 1. Although examples3 of iodocarbamation of 

the latter are rare, the resultant a-iodoesters 2 are of particular interest as substrates in the rafical- 

mediated reductions4 and alkylationss currently being investigated in this laboratory. We teport 

herein the use of silver(l) triflate to enhance the rate of iQdQcyclization involving electrQnpQQr 

olefins and describe a systematic study of factors governing the stereoselectivity of this proses.;. 

1 2 

Shown in Scheme 1 is the preparation of the requisite carbamates 1 from commercially 

available amino acids. Thus the N-Cbz-a-amino acids 3 are reduced (LiAIH4, THF, O-25”>) to 

their corresponding alcohols. Oxidation (pyrS03, CH2CIB, 0*25X) followed by Wittig reaction 

(Ph3P=CHCO$Zt or Ph3P=CH(Me)C02Et, CHzC& 25%) of the resultant aldehydes 4 afford? the 

desired carbamates 1. 

Initial attempts to effect iodocyclization of these carbamates employing literatures conditions 

(12, NaHCO3, THF or MeCN) were problematic; long reaction times of up to several days and poor 

yields were not unusual. However, a dramatic rate enhancement was observed when the reaction 

was conducted in CCL, and in the presence of three to five equivalents of silver(l) triflate (Tat: le I, 

entries l-4).sl7 When R,=Me the transformations proceed with excellent trans ring stereoselectivity 

to afford predominantly 58 regardless of the nature of alkyl substituent R as shown by entries 5-8. 
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Scheme 1 

7 6 

I d 

0 

5 

Reagents: a) LiAIH~ THF, O=a25%; &) ppS03. OMSQ, iPr$Et, iW$l~ 0°C; 

c) Ph3P=CHCO2Ef or Ph3P=CH(Me)CO2Et, CH2C/2, 25’C.; d) 12, AgOTf, NaHCOs CC14 
25%. 

Interestingly, a minor product becomes more prominent when smaller aiiyiic substitutents are used 

(entries 9-l 1). This byproduct was not the expected cis-4,5-disubstituted oxazolidinone 6, but 

rather compound 79 in which the Pans orientation of the oxazolidinone substituents is retained and 

the iodine is epimeric to that found in 5. This minor component appears to arise f -om 

iodoepimerization of the initially formed product 5. Indeed, subjection of 5 to cyclization conditions 

(Le. 12, AgOTf, NaHCQ, MeCN or CCI,) leads to iodoepimerization over several hours with g>od 

recovery of 5 and 7 (Table 1, entries 13-16). This epimerization is not only time-dependent, but 

also solvent-dependent and proceeds faster in MeCN. After 4 hours, the epimerization of 511 in 

CC14 gives a ratio of 14:l of 5b:7b, whereas a ratio of 6:l is obtained in MeCN (cf. entries 14 and 

17). This correlates with the ratios obtained when the iodocyclization of lg is conducted in C Cl4 

and in MeCN (cf. entries 11,12). A study of the mechanism of epimerization has been initiated. 

Our results have shown that for these carboethoxy olefins in which Rl=Me, the 

iodocyclization proceeds in fair to good yields with exclusive tram ring sektivity regardles:; of 

the steric bulk at R; the minor product, if formed, also has trans ring geometry. In contrast, the 

iodocyclization exhibits much less trans selectivity in the absence of a cis olefinic methyl substitl ent 

(cf. entries l&l 9). The rationale for this is evident from an analysis of the possible transition st-2 tes 

(Scheme 2). In the presence of a cis substituent (i.e. f+Me), the process is highly Pans-seleciive 

since the &-predictive transition states D and C are destabilized substantially by 1,3-allylis StrainlO 

and bisecting 1 ,&allylic interactions11 respectively. These interactions are greatly diminished in the 

absence of a cis substituent (Le. R,=H) such that reaction through either C or D is more viable ;%nd 

consequently more cis ring product is observed. 
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Table 1: Effect of Silver(l) Triflate on lodocyclization of Carbamatese 

Entry Substrate R Ri AgOTf Solvent Time Yield (%)b Ratioc 
jequiv) (h) 5:@7 _ 

1 
: 

4 
5 
6 
7 
8 
9 
10 

11 

12 13 
14 
15 
16 
I7 
18 
19 

la 
la 
la 
la 
la 
lb 
lc 
Id 
le 
If 

lg 

:: 
5b 
5b 
Sb 
5b 
lh 
II 

C-CBHl I Me 

C-CGHll Me 

c-CsHli ;z 
c-C6H1 1 
C-C6H,, Me 

iPr Me 
tBu Me 

n-CaHj, Me 
Bn Me 
Et Me 
Me Me 
Me Me 
iPr Me 
iPr Me 
iPr Me 
iPr Me 
iPr Me 

Ct-i#-C6ti,,) Me 

CHz(c-C,HI I 1 H 

0 
1 
2 
3 
5 

Z 
5 
5 
5 
5 
5 

Z 
3 
3 
3 
3 
3 

cc14 
CclA 

cc14 

cc14 

cc14 

cc14 

cc&, 

cc16 
CC14 
cc14 

M&N 
M&N 
MeCN 
MeCN 
MeCN 
cc14 
cc14 
cc14 

0.75c 
0.75 
0.75 
0.75 

4 
4 
4 

o* 
e 

?7* 
96e 
57 
75 
72 

__ 
>20:0: 

>20:0: 
>20:0: 
>20:0: 
~2cm 
>20:0: 

73 
71 
65 
68 

;: 
78 
94 
62 
67 
76 
81 

*All new compounds have been satisfactorily characterized. blsolated yields. Vatios determined by ‘H nmr. Devon 
after 4h, only starting material is recovered. %onversion of substrate to product, determined by ‘H nmr. 

A typical protocol for iodocyclization in which iodoepimeritation of the initial product is 

minimized involves the reaction of N-Cbz derivatives 112 with I2 (3 equiv), NaHC03 (3 equiv) and 
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AgOTf (3 equiv) in Ccl4 at room temperature. The reaction is quenched with aqueous Na,S$~ 

(0.2 M) after all substrate olefin has been consumed. 

In summary, the use of silver(l) triflate offers dramatic rate enhancement of iodocyclizations 

involving electron-deficient alkenes (i.e. o&unsaturated esters). Furthermore, when these alkenes 

are terminally disubstituted (i.e. R,=Me), excellent stereoselectivity is observed for this process an 1 

is attributed to the minimization of 1,3-allylic strain to afford only tfans ring geometry. Thlq 

stereoselective radical-mediated reduction and alkylation of the resultant tertiary iodides art-? 

currently under study, the results of which will be published in due course, 
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