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Abstnxc& Attack of EtO&N on an enol ether c 
Y 

ng (S,S)-h- as chord auultay gives &stenzoseiecave 
ass&m&on wrth duastexomenc excess B 95% osy subsequent hydm&sw gnu pmtml& nacemased a-ammo ketone 
4 0the1 chord ouxdaanes &es not allow uokrnoa mtemwdsate azm&es and the a-ammo ketone IS tsoksted mth a 
75 25 enonhomenc mtto 8 The then&m of EtO, N, m most of the same enol ethersgves the acetols of the u-ammo 
ketone wrth ptwmhng opposzte conjigunat~arr ot the new fomaed chmd cenbe 

Our attention has recently been focused on attempts of asymmetnc mductron durmg the formation 

of C-N bonds by (ethoxycarbonyl)mtrene (EtO$N) or ethyl axrdoformate (Et02CN3) on enammesz3 and 

silyl ketene acetals4 contammg a suitable choral auxrhary A stereospecrfrc introduction of an amino function 

by mtrene addmon to enol ethers has been recently attempted by Danishefsky,s whtle the reaction between 

enol ethers and drbenzyl azodlcarboxylate has been described by Leblanc6 

In thts paper we report the results obtamed m the reactron of EtO&N and choral enol ethers. 

Substrates 2 have been prepared by a modlficatron of a reported procedure7 by treating the acetals 1 

prepared from cyclohexanone and choral 1,Zdlols wtth TfOTMS Increasing steric hindrance in the &ol 

required longer reaction times and higher molar ratio TfOTMVacetal (see experunental) 

We first tried the photolysrs of EtO,CN, m enol ethers but under these conditions the only reaction 

product detected and isolated was the starting acetal derwmg from nng closure On the contrary the 

thermolysrs at 120 OC (route A of Table 1) of an eqmmolar rmxture of Et02CN3 and enol ethers 2a-c gave 

a functionahsatron product, namely the acetals of 2-(ethoqcarbonylammo)cyclohexanone 3.8 Only mmor 

traces of the ammo ketone 4 have been found, except m the case of 2d where it IS the only detectable product 

The starting acetals 1 are also obtained as main products We showed that, under the above condmons the 

acetals 1 did not react, although related acetals have been reported to be reactive toward the same reagent g 

In order to obtam drrectly the ammo ketone 4 we turned our attention to the reactron of ethyls\‘-{ [(4- 

mtrophenyl)sulphonyl]oxy}carbamate at room temperature (route B of Table 1) An excess of this reagent 

(rangmg from 2 5 to 7 equivalents) and an eqmmolar amount of trrethylamme m the presence of the choral 

enol ethers 2 gave, after HPLC, 2-(ethoxycarbonylammo)cyclohexanone 4 as the main product 3 Under 

these reaction condrtlons we obtained the best results (36% yields, 75% of the major stereoisomer) starting 

with enol ether 2c In addmon, m this case we were able to isolate the expected intermediate, the axrndme 
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5, m 19% yreld and 111 a very htgh dtastereomertc excess ( > 95%. GC, HPLC, UC NMR). We confnmed 

the followmg hydrolyses step to be responsrble for partral racennxatron10 grvmg the observed ratros of the 

ammo ketone 4 and its enantromer 

As far as the stereochemtcal outcome11 of the reactron we studred IS concerned, we note that m all 

cases m the reactron at room temperature the amino ketone 4 of (s) conftguratron prevaded, whtle the 

thermolysrs of EtO&N, gave the acetal3 wrth the new choral centre havmg mamly an (R) configuratron, 

except m the case of 2d where the mam product was the ammo ketone 4 of (S) configuratron, under both 

condmons l2 

Since at 120 OC we should not expect a 1,fcycloaddmon reaction of the axide, especrally because 

several attempts of reactions run at reflux m benzene for a long ttme dtd not give any product, (although 

some enol ethers react wrth azrdoformate sIowly to grve munes),U we nught assume the reactron to proceed 

vra mtrene even m this case The oppostte stereochenncal result observed for the thermolysts on substrates 

2a-c could be due, assummg an mtermedlate like 5 1s formed, to a preferenttal protonatton14t15 of the 

supposed enol ether 616y17 (from the same face from which mtrene attacks) followed by ring closure givmg 

the observed acetal ratio The temperature and the absence of trlethylamme could favour the cychzatton. 

We wash to underline that the room temperature annnation reactton reported in tlus paper is a further 

case of a highly dmstereoselectrve reaction camed out on chnal enol ethers18 by means of highly reactwe 

reagents 

Ph Ph 

NHCO,Et 

6 

Only the maJor stereolsomer 1s shown for compounds 3,4, and 5 
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C-N Bonds rn chnaI enol ethers 

Table 1 Armnatron Reactron of Chual Enol Ethers 
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Me 

CH20Me 

Ph 

CHzOBn 

route 
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B 

A 

B 
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B 
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molar 

ratio 

(2 reagent) 

1 1 

1 2.5 

1 1 

14 

1 1 

1.5 

1 1 
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products 

3(2W 4(Z) 

(Wb 

14 69 

24 68 

14 63 

27 63 

13c 62 

36d 75 

10 76 

28 60 
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‘holated products, bdetermmed by GC, for product 4 after conversIon mto the dmstereomerrc acetak,2 ‘GC ratio, dm 

ad&tlon to 19% of azuldme 5 

EXPERIMENTAL SECTION 

GC analyses were performed on a Carlo Erba GI gas-chromatograph v&h a SPB-20 glass capillary 
column (30 m x 0.75 mm) GC-MS was done on HP 5970 Chemstanon Mass Selective Detector connected 
with a HP 5890 gas-chromatograph usmg a 15 m capillary column coated wrth fluid methyl sdrcone HRMS 
(EI) and MS (FAB) were obtamed on a Kratos MS 80 spectrometer. lH and UC NMR (in CDCls) were 
obtained on a Varum XL300 spectrometer with CHCl, and CDCl, respectrvely, as internal standards IR 
spectra (m CCl$ were done on a Perkm-Elmer 457 mstrument Gptrcal rotatrons were recorded at the 
Sodmm D hne wrth a Perkm-Elmer 241 polanmeter (l-cm cell) The separatron by HPLC were done wrth 
a Violet Clar 002 mstrument equipped wrth a IOTA Jobm-Yvon differential refractometer Solvents were 
HPLC-grade. CH,Cl, was drstdled over CaC12 Ethyldnsopropylanune and tnethylanune were dned by 
standmg over KOH and then distrllatron under mtrogen Chual drols were cornrnercml products (Fluka, 
Aldrich) Ethyl N-{ [(4-mtrophenyl)sulphonyl]oxy)carbamate lg and ethyl azidoformate (Et02CN3, CAU- 
TION! rt can &compose explosively at 160 OC and its vapours are toxu$m were prepared by standard 
procedures 

General Procedure for Acetalatwn 
To a solutron of cyclohexanone (10 nunol) in benzene (10 ml), drol (20 mmol) and pyrrdnuum 

p-toluensulphonate (0,5 nunol) were added The mrxture was refhrxed under mtrogen and water was 
removed axeotroprcally wrth a Dean Stark trap Progress of the reactron was momtored by GC (2-5 h) 
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When the reaction was complete, the rmxture was concentrated m vacua and the residue dduted Hrlth 
CH$l, washed wth water, saturated NaHC.0, solution, saturated NaCl solution, dned over anhydrous 
Na$O, filtered and concentrated The crude product being homogeneous by GC was directly used. 

la . yield 83% , [aID -5 50 (c 2 00, CH&), IR 1100 cm-l, ‘H NMR 6 117 (d, 6 H, CH& 125-l 36 
(m, 2 H, rmg CH, ), 152-l 54 (m, 8 H, ring CH, ), 3 50-3 60 (m, 2 H, CZXX,J, 13C NMR 8 17 04 (CH$, 
23 88,25 19,36 88,77 86 (CH), 108 12 (C), MS ml. 170 (M+, lo), 127 (88), 126 (13), 98 (U), 67 (14), 56 
(ll), 55 (lOO), 43 (36), 42 (20), 41(41), HRMS, 170 1313 (M+), calcd for C#,O, 170 1306 

lb yield 62% , [aID + 8 25 (c 0 97, CH,Cl,), IR 1100 cm- ‘, ‘H NMR S 134-l 44 (m, 2 H, ring CH , 
158-l 68 (m, 8 H, rmg CH2), 3 41 (s, 6 H, CH,), 3 52-3.53 (m, 4 H, CH,O), 3 95-3 97 (m, 2 H, CH), ’ 5’ C 
NMR 6 23 77,25 07,36 52,59 44 (CHs), 73 70 (CH20), 77 00 (CH), 110 29 (C), MSm/z 230 (M+, 12), 201 
(17), 187(70), 115 (74), 87(11), 85 (32), 81 (lo), 71 (lo), 69(18),59(18),55 (68), 53 (11),45 (lOO),HRMS, 
230 1528 (M+), calcd for C12HZ04, 230 1518 

lc yield 78% , [a], -5 55 (c 0 90, CH2C12), IR 1120 cm-l, lH NMR B 138-l 46 (m, 2 H, rmg CH2), 
163-l 72 (m, 4 H, ring CH,), 182-l 88 (m, 4 H, ring CH2), 4 67 (s, 2 H, CH), 7.13-7 18 (m, 5 H ), 7 23-7 25 
(m, 5 H), 13C NMR d 23 85,25 18,36 76,85 16 (CH), 109 94 (C), 126 7 + 128 16 + 128 37 (aromatic CH), 
137 06 (aromatic C), MS m/z 294 (M+, 3), 189 (13), 188 (lOO), 179 (24), 178 (13), 167 (38), 165 (16), 107 
(ll), 105 (16), 97 (ll), 91(57), 90 (12), 89 (16), 79 (14), 77 (18), 67 (14), 55 (30), 42 (U), 41(21), HRMS, 
294 1618 (M+), calcd for C&,HZ202, 294 1620 

ld * yield 81% , [a]D -9 27 (c 194, CH&12), IR 1100 cm-l, lH NMR 6 125-l 35 (m, 2 H, ring CH, ), 
150-l 62 (m, 8 H, ring CH,), 3 52-3 54 (m,4 H, CH,O), 3 90-3 99 (m, 2 H, CH), 4 50 (s, 4 H, CH2Ph), 
7 17-7 25 (m, 10 H), 13C NMR 6 23 83,25 10,36.55,70 90 (CH,O), 73 43 (CH2Ph), 77 22 (CH), 110 15 
(C), 127 57 + 128 32 (aromatic CH), 138 06 (aromatic C), MS m/z 382 (M+, 2), 339 (8), 105 (8), 92 (9), 
91 (loo), 69 (8), HRMS, 382 2148 (M+), calcd for GHW04, 382 2144 

Preparahon of Enol Ethers 
Enol ethers were obtained according to literature methods for opemng of cyclic acetals7 with the 

modlf1catlons (reaction times, molar ratios of acetal TfOTMS ethyldllsopropylamme, respectively) 
indicated 1n parenthesis 

2a (4 h, 1 12 13) yield 78% , [aID -25 0 (c 0 60, CH&l.& IR 1665 cm-l, lH NMR 6 0 13 [s, 9 H, 

S1(CH&l, 1 11 (d, 3 H, CH3), 1 13 (d, 3 H, CH,), 150-l 58 (m, 2 H, ring CH, ), 163-1.71 (m, 2 H, rmg 
CH,), 2 02-2 10 (m, 4 H, rmg CH, ), 3 81-3 89 (m, 1 H, WCH3), 3 92-3 94 (m, 1 H, WCH3), 4.64-4 66 
(m, l H, CH), 13C NMR 6 0 24 [SI(CH~)~], 13 74 (CH3), 18 00 (CH3), 22 34,22 57,23 15,27 75,69 32 
(CHCKJ, 74 08 (CHCH,), 94 63 (CH), 152 51 (CO), MS m/z 242 (M+, 0 4), 145 (20), 144 (18), 75 (37), 
73 (loo), 55 (12), 45 (15), 41(20), HRMS, 242 1710 (M+), calcd for C13H2602S1, 242 1701 

2h (22 h, 12 2 2) yield 96% , [a], -4 76 (c 2 10, CH,C12), IR 1670 cm- l, ‘H NMR d 0 14 [s, 9 H, 
S1(CH3)31, 156-l 72 (m, 4 H, ring CH, ), 197-2 11 (m, 4 H, rmg CH, ), 3 31 (s, 3 H, CH3), 3 34 (s, 3 H, 
CH3), 3 36-3 59 (m, 4 H, CH*O), 3 96-4 02 (m, 1 H, WCHJ, 4 09-4 30 (m, 1 H, CHCHJ, 4 72-4 80 (m, 1 
H, CH), 13C NMR 6 0 31 [S1(CH3)3], 2161,22 93,23 54,27 95,59 00 (CH& 59 06 (CH3), 70 40 (CH20), 
70 63 (CHzO), 74 02 (CHCHZ), 75 32 (CHCH,), 96 29 (CH), 153 57 (CO), MSm/z 257 (0 8), 172 (ll), 159 
(55), 147 (20), 129 (21), 115 (15), 89 (50), 79 (ll), 75 (51), 74 (lo), 73 (lOO), 59 (23), 55 (13), 45 (76), 41 
(23), HRMS, 302 1924 (M+), calcd for C,SH,O,S1, 302 1913 






