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SELECTIVITY IN THE AMINATION OF ALLYLIC ALCOHOLS 
via INTRAMOLECULAR AMIDOMERCURATION1 

Kenn E. Hardmg* and Donald R Holltngsworth 
Department of Chemistry, Texas A&M University, College Statton, TX 77843 

Intramolecular amrdomercuranon reacttons of acylannnomethyl denvanves of y-substttuted allyhc alcohols were 
examtned The effect of oxygen substmmon on the 6 carbon and of the geometry of the double bond on the 
regtochemtstry and stereochennstry of the cychzanon were established 

The use of cyclofuncttonahzatron reacttons for acycbc stemoselecnon m the syntheses of ammoalcohols has 

been the SubJect of recent n&rest * Several groups, tncludmg ours, have developed methods for the conversion of 

acychc allybc alcohols to vrcmal ammoalcohols using cyclofuncttonahzanon as a means of controlhng 

stereochemtstry 3*4*5,6 Our mmal stuQes on acylammomethylanon and metcurtc-ton unnated cychzaaon of allyhc 

alcohols (1 ---> 2 ---> 3) mvolved only alcohols wtth a ternnnal alkene functtonahty (R1 = H) 3 Double bond 

subsmutton and stereochemtstry have been found to affect regroselecttvny and stereoselecttvrty tn 

cyclofunctronahzanon reacttons of other allylic systems 4f*sh6b Another vat-table rn the unramolecular 

amrdomercurauon of Qsubshtuted systems such as 2 (Rt f H) derives from the abrlny to conduct such reacnons 

under condmons of either kmetrc control or thermodynanuc control. 7 Thrs paper reports the results of our St&es 

on regroselecttvity and stereoselechvity rn the mtramolecular amrdomercuratton reachons of acylammomethyl 

denvauves of allyhc alcohols with drsubsntuted double bonds. These results provide the bans for a stereoselecnve 

synthesis of (f)-three-y-hydroxy-g-lysme * 
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bnhd cychzahon stu~es were conducted wrth carbamate 4 Compound 4 was obtamed by condensauon of 

benzyl N-(hydroxymethyl)carbamate wrth 3-penten-2-01 m ether wrth a catalyuc amount of p-toluenesulfonrc actd 

Treatment of 4 with wtth memunc mfluoroacetate m acetonmile for 15 rrunutes followed by reducnon wnh sodnnn 

borohydnde gave a mtxture (ca 20 80 ) of 5- and 6membemd rmg products (5 and 6) m 60% yteld These ~some.rs 

were separated by s&a gel HPLC and characterized by ‘H and 13C NMR g 
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One possrble ranonale for the predommant fomMcm of six-membered nng products in thts reachon IS that 
cychzatton occurs at the y carbon owmg to the electron-wrthdrawmg effect of the ether oxygen on the a carbon 
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This effect would tend to destabrhxe carbocatron character on the 8 carbon and favor nucleoph&c attack at the 

y-carbon lo This rationale was tested by exammatron of the cychzation reacaons of carbamate 9. 

Carbamate 9 was prepared from commercrally avarlable as-2-buten-l&ho1 (7). Monoalkylatton of dtol 7 

with benzyl bromrde gave alcohol 8 in 68% yreld. l’ Condensation of benzyl N-(hydroxymethyl)carbamate and 

alcohol 8 provrded ether 9 m 69% yteld. Mercuric ion-mmated cycbxahon of 9 wtth memurtc nitrate followed by 

sodium borohydnde reductron gave oxaxohdme 10 m 65% yreld No other isomers were detected The 

S-membered rmg structme of 10 was ascettamed by proton decouplmg and low temperature NMR expenments 
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(a) KOH, PhCHzBr, (b) HOCH2NHC02Bn, TsOH, (c) Hg(NO&, CH$N, (d) lO%NaOH, NaBIQ 

Cychxanon of the trans isomer 13 was mvestrgated also. Monoalkylatton of butyne-l&bol wtth benxyl 

bronude provrded 11, which was reduced wrth deoxygenated aqueous chromous sulfate12 to give trans butenoll2 m 

66% yreld Condensatron of alcohol 12 wnh benzyl N-OlydroxymethyBcarbamate by the usual pmcedute gave 

ether 13 in 69% yreld Treatment of 13 wrth memunc mtrate m acetomtrde followed by reductron wtth sodmm 

borohydnde gave oxazolrdme 10 rn 81% crude yreld. The exclusrve formatton of 5-membered rmg products in the 

cychzauons of 9 and 13 suggest that when the mduchve effect of the ether oxygens on the drsubstituted alkene 1s 

balanced, cychaaaon leads to preferennal formauon of 5membered ring products. In contrast with Carddlo’s 

results wrth mdocychxatton of allylic mudates, 4f.s the configurauon of the double bond m isomers 9 and 13 had no 

effect on the regioselecavrty 
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(a) CrSO,, DMP, H20.5 days, (b) NaOH, (c) HOCH2NHC02Bn. TsOH, E$O; (d) Hg(NO&, CH$!N, 

(e) NaOH, NaBI$ 

The question of stereoselecavny m substrates wrth an alkyl substrtuent at the a carbon (e g 4) must also be 

addressed In addnton to 4, the 2 Isomer 16 was studied Since cu-3-penten-2-01 IS unavailable commerctally, 

3-pentyn-2-ol (14) was prepared by a standard pmced~re’~ using propyne, ethylmagnesmm bromtde, and 

acetaldehyde (67% yreld) Several attempts were made to hydrogenate I4 with Lmdlar catalyst and qumohne tn 

various solvents However, pure crs-3-penten-2-01 could not be tsolated owing to double bond tsomenxatron The 

ranos of tram to CIS alkene vat-red, and results were not repnxlucable Therefore, the acylammomethyl ether 15 was 

prepared in 62% yield by reactron of 14 wrth benzyl N-(hydroxymethyl)carbamate m the presence of 
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p-toluenesulfonic acid Compound 15 was then pamally hydrogenated wtth Lmdlar catalyst and qumolme III 

methanol. Hydrogenanon under 30 PSI of hydrogen for one and a half hours gave pure 16 no 64% yield with no 

m&canon of double bond lsomcnzatton The punty of 16 was confirmed by capillary GC and 200 MHz NMR 

analysis 
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(a) EtMgBr, EbO, A, (b) CH3CH0, O’C, (c) HOCH~NHC02Bn, TsOH, EtzO, (d) HZ, Lmdlar, 30 pn 

The mtramolecular anudomercuranon reactions of 4 and 16 were exammed under condmons to evaluate the 

effect of reactton time on stereoselectlvlty and reg~oselechvtty Cychzanons were conducted m acetommle-d, so 

that reacnon nurtures could be exammed by NMR Mercunc mfluoroacetate was used as the electrophde, and the 

reaction rmxtures were reduced vvlth sodmm borohydnde Four products were observed after reduction CIS- and 

tram-5 and CIS- and tram-6 The ratlo of 5-membered nng (5) to six-membered rmg (6) products vaned httle wnh 

rime, but sigmfkant changes m stereochenustry were observed m some cases The results are shown 111 Table I 

The isomenc ranos were obtamed by capillary GC analysts and were consistent with NMR analysis of the 

rmxtures l4 

Substrate 

Table I. Product Ratios from cyclization of 4 and 5 

Reacnon transd as-5 tram6 as-6 5 6 
Time 

4 15mm 2 1 1 17 1 2 

2ohr 2 1 4 1 12 

11 days 2 1 29 1 1 15 

16 19 nun 10 1 12 2 1 
. 

I 445hr I 9 1 I 20 1 
I 

2 1 
I 

If we consider the stereuchenustry of the oxazohdme products (5) fiit, we note that the trans isomer was the 

maJor product m all cases However, the 2 Isomer 16 produced the tram isomer with higher stereoselecnvvlty (10 1) 

than &d the E isomer 4 (2 1) kttle change IS seen m the isomer rauo with mcreased reaction nme More dramanc 

changes are noted for the tetrahydro-1,3-oxazme products (6) After short reachon tunes (kmenc control), the cls 

isomer IS the maJor product However, Hnth longer reaction tnnes (> 40 hours), the tram Isomer was obtamed Hnth 

high selectivity Sun&u results are observed with both stereolsomers 4 and 16, although the level of 

stexeoselecnvlty under kmetlc control was much higher for the E Isomer 4 Thus, the cls tetrahydro-1.3-oxazme IS 

the mmal product, but, as expected from our earher results on cyclofunchonahzanon of homoallyhc alcohol 

denvanves,’ the more stable trans Isomer IS formed under equihbratmg condlaons 

The double bond configuranon also affected the rano of oxazohdme products 5 to tetrahydrooxazme products 

6 Cychzaaons of the E Isomer 4 gave a product mixture in which tetrahydrooxazme products predommated (2 1) 

Cychzanon of the 2 isomer 16 gave a mixture m which the oxazohdme products predommated by about the same 
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ratro It 1s not possible to ratronahze these results wrth a snuple set of transmon state models,15 but several 

synthetrcally rmportant conclusions can be drawn Srgmflcant among these would be the pm&non that 

mtramolecular anudomercuratron of a Z &ol derrvatrve wrth alkyl substttutton at the a carbon (2. R = allcyl, R1 = 

CHzOR) would produce tram oxarohdme products with high selecttvtty Confumatron of this pmdrctron and 

apphcauon of thus method to total syntheses of a non-pmtemnogemc ammo acid 1s reported in the accompanyrng 

paper 8 
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