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ABSTRACT- The reaction between a churl template derived from glyoxal with organometalbc reagents 
leads ultnnately to the optically active title compounds The stereochemical outcome of the key-step which 
involves subsntutlon of a tinophenol group depends on the organometalhc predommantly mverslon with alkyl 
copper or complete retention with alkyl zmc hahdes The stere&rectmg effect of an allyhc hydroxy group m an 
unuuum m-ate 1s evidenced m the case of the organozmc reagent 

Of all the areas of asymmemc synthesis, the rapid expansion of that of a-ammoacids 1s self-evident The 

ever growing number of synthehcally useful reachons mvolvmg these compounds as chu-al inductors or budding 

blocks1 1s a strong mcltement for developing novel methods of syntheslzmg a-ammo acids 2,3 In that respect we 

present here a synthesis of N-methyl-a-ammo esters and N-methyl-P-ammo alcohols 4 which exhibits two 

unusual features (1) glyoxal 1s enantloselecnvely functlonahzed, (11) the stereochermstry of the overall process 

depends on the nature of an organometalhc reagent 

This synthesis belongs to a clearly defined class of reacuons asyrnmemc denvatizanon of glycme-cation 

equivalents 5 The chual substrate used here 1s the morpholme denvanve 1 resultmg from a one-pot condensation 

between glyoxal, iV-methyl-(R)-phenylglycmol and thlophenol m aqueous solution 6 Substltuuon of the thloether 

moiety of 1 by organometalhc reagents occurs either with complete retention (organozmc reagents) or with 

predominant mverslon (alkyl copper reagents) as shown m Scheme I 
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A sequence of well-documented reachons then nansforms the above alkylated product into the N-methyl a- 

Lie Iie Me’ >fOd 

0 
3 4 5 6 

(1) (CXX&, DMSO, Et3N, 60-80% (n) CH#I-IOCOCl, 80-90% (111) HCl, MeOH, 90% 

Scheme II 

RESULTS 

The key-step of the present asymmemc synthesis 1s the &astereoselecme C-C bond formanon resultmg 

from reacnon of compound 1 ~th organometalhc reagents Actually substitution of acychc ammo duoethers by 

alkyl copper 8 and Gngnardg reagents yielding ammes has been reported but, to our knowledge, the 

sterecchermcal outcome of these reacttons was not mvesagated Morpholme denvatlve 1 reacted with butylcopper 

and alkylzmc hahdes to @ve the correspondmg hermacetals 2 and 3 as shown in Table I Owmg to ring-chain 

tautomensm, all hermacetals were obtamed as rmxtures of epnners at C-2 

Table I. Reactions of organometallic compounds with chiral compound 1 

entry organometalhc reagent a R mtl0 of 2 3 yield @ 

1 n-CqHg-Cu n-Bu 90 10 50 
2 n-QHg-ZnI n-Bu c2 >98 56 

: 
n-C3H7-ZnI n-Pf c2 >98 
l-QHg-ZnI r-Bu e2 >98 f i 

: 
CH2=CH-ZnBr CH2=CH <2 >98 78 
CH2=CH-CH2-ZnBr CH2=CH-CH2 46 54 69 

a 4 eqmv b Determmed on isolated products 

Stereochemistry at the new stereocenter m hemlacetals 3 was determmed via conversion to the 

a-ammoesters 6 (see below) Hemlacetal 7 was obtamed m a dlastereolsomencally pure form by flash 

chromatography The resulting compound 7 (R =n-Bu) was transformed mto the p-ammo alcohol 9 (cf 

Scheme III) whose enanuomenc excess (>95%) and the absolute configumtlon (S) were established by chermcal 

correlation with the ammoalcohol obtamed by reducnon of N-formyl-L-norleucme with LlAm 

r;le 
7 

Me 

8 

Scheme III 
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Reacnons of the methyl acetal derwatlve 10 of compound 1 wth butylzmc Iodide and butylcopper are 

summarized m Scheme IV 
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Scheme IV 

As shown on Scheme II, the rmxture of eplmenc hermacetals 3 are transformed into tetrahydro 

oxazmones 4 which arc dlastereolsomencally pure m all cases except one (R=allyl, see entry 6 m Table I) 

Treatment of compounds 4 by potassmm r-butoxlde causes an almost complete epimenzation at C-3 and yields 

the more stable &equatonal CIS eplmer l3 (Scheme V) ’ 

0 0 

CC 

0 0 

t-BuOK, t-BuOH 

Ph.““’ N R WC * u ph.+**’ N a**. R 
I 

Me rcIe 
4 13 

R 4 13 
%de %de 

CH,=CHCH, 8 86 
CH&H,CH, >95 86 

Scheme V 

The final N-methyl ammoesters 6 were obtnned from oxawnones 4 by treatment with vmyl chloroformate 

followed by an acid-catalyzed methanolysls of the mtermedlate carbamate 5 In the same way, the eplmenc 

oxawnone 13 (R = allyl) led to ent-6 Determmatlon of the enantlomenc excess and abolute conflgurahons were 

performed as follows (1) R = n-F?, I-Bu chemical correlation with the correspondmg N-methyl-a-ammo esters 

made from commercially avrulable ammo acids and NMR spectroscopy on Mosher anude (11) R = nnyl, ally1 

chenucal correlanons of the hydrogenated denvatlves (Hz, Pd/C) with the correspondmg N-methyl a- 

ammo esters and NMR measurements on the Mosher denvanves N-Methyl-a-ammo esters 6 ( R = n-Pr, I-Bu) 

are enantlomencally pure and ent-6 (R = allyl) shows a 86% ee, these enanbomenc excesses correspond to the 

dlastercoisomenc excesses of the stamng oxazmones 4 and 13 Steps u and 111 m Scheme II actually do not alter 

the stereochermstry of the substrate However this 1s not the case with the vmyl denvanve 6 (R = vmyl) which 

was partly racemlzed dunng acldlc methanolysls of carbamate 5 compound 6 (R = vmyl) was therefore 

obtamed with a poor enanhoselechvlty (70% ee) 
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DISCUSSION 

The dramatrc dfference of stereoselecttvtty which was observed dunng the Qastereoselecttve C-C bond 

formatron (Scheme I) accordmg to the nature of the organometalhc reagent clearly deserves a mechamsuc 

mterpretatron The overall mversron dunng substrtutlon by butylcopper can be accomodated by a SN2-like 

process m which the thtophenyl moiety not only acts as a leaving group but also as a hgand for the metal atom 

The strong ability of sulfur compounds to coordmate on copper 1s well recognlzed,lu rt enhances the reachvtty of 

the copper reagent towards a soft electrophrhc center 11 The stereochemtcal outcome of such dsplacements 1s 

classrcally accomodated by a rate-determmmg nucleophthc attack on the carbon by copper (mversron), followed 

by reducnve ehmmauon (retention) 12 

It 1s worth mentronmg that the use of lithium dtbutyl cuprate instead of butylcopper farled contrary to a 

general feature rn organocopper chennstry 13&t In the present case thrs can be ascribed to reactron of the cuprate 

reagent with the hydroxy group of morpholmol 1 since alkylcopper compounds are known to be less basic than 

the correspondmg cuprates 13915 The fact that the hydroxy group m 1 1s not mstrumental to the throphenyl 

displacement can also be deduced from Scheme IV (compare with entry 1 m Table I) Butylcopper shows the 

same stereoselecnvrty towards both the hemtacetal 1 and the derived methyl acetall 

On the other hand, a stereodrrectutg effect of the hydroxy group conmbutes to the retention observed m the 

case of alkylzrnc haluks (compare Scheme lV and entry 2 m Table I) Now an mntum ion mtermedtate 14 can 

account for the dtastereoselectrvlty Formally resulttng from the departure of phenylthtolate anion, thus rmmtum 

ton IS easily produced from the ammo thmether precursor 1 owmg to (1) an mrernal assistance by the nitrogen 

lone pan which 1s m a 1,2 trans-draxral arrangement (Figure 1) with the SPh leaving group (kmetrc anomenc 

effect 17), (n) an external assistance by a Lewis acid A (ZnX2, RZnX, etc ) 

Figure 1 

Me 

Stereochemistry of compounds 3 could therefore be ascribed to axial attack by nucleophlhc organozmc 

halide following an anttpenplanar approach in relation to the mtrogen lone pair Hypotheses of these kmd have 

frequently been advocated 18 for smular reactions but thts feature was recently questioned 19 In the case at hand 

however, the ax& attack (see Scheme VI) 1s strongly assisted by the hydroxy group (or more precisely by its 

metaloxy form, see below)20 which 1s located m the suitable posmon Actually examples of such stereodnecttng 

effects due to allyhc hydroxy groups are so widely known 2172 that collecttvely they constnute a new standard tn 

organic synthesis 23 
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No reachon of compound 1 with butylzmc l&de was obsmed when reactants arc m 1 1 molar ratio an 

excess of organoztnc reagent is mandatory for the reacuon to occur The first eqmvalent of BuZnX reacts with 

hermacetal 1 to generate a ZUIC alkoxuic and a second organozmc molecule 1s needed to effect the alkylahon 

Scheme VI 

This assumption 1s remuuscent of recent works by Noyon et al a repomng that alkylatlon of aldehydes by 

organozmc reagents, in the presence of a choral hgand, proceeds via dmuclear zinc species Scheme VII 

tentatively raaonallzes the above observations: 1 e., the syn attack of the double bond with respect to the HO 

group leadmg to an overall retenhon and the necessity of an excess of organozmc hahde 

Me 

Scheme VII 

Scheme VIII resumes the differences of stereoselecuvlttes m relahon to the nature of the organometalhc 

reagent and to the presence of a hermacetal or an a~etal moiety adjacent to the reacave ammo thloether center 

Scheme VIII 
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In contrast to the other alkylzmc halides, allylzmc bromide (entry 6 m Table I) reacted wlthout 

stereoselechvlty; this can be ascribed to the known reverslhhty 25 &splayed by addmon of such reagents on 

electrophlllc double bonds (thermodynamic control) Nevertheless the base-catalyzed eplmenzaaon shown on 

Scheme V eventually led to em-6 (R = allyl) with a fsw: degree of enantioselectlvlty (86% ee) 

Therefore, although startmg from the same chnal substrate, either enanuomer of the a-ammo ester can be 

synthesized via two merent strateges (I) the choice of the organometalhc reagent dictates the stereochennstry of 

the condensauon (Scheme I) under kmenc control, (ii) epimenzahon of the mtermdate oxazmone (Scheme V) 

allows a thermodynarmc control of the overall process 

EXPERIMENTAL SECTION 

General comments 
lH , l3C and l9F NMR spectra (CDCl3 solution unless otherwise stated) were respecnvely camed out on a 
Brucker AC 200 spectrometer at 200,50 and 188 MHz, chemical shifts are reported m ppm downfield from 
TMS, unless otherwise stated Opt& rotations were determmed w& a Perkm-Elmer 141 polarnneter Meltmg 
points were obtained with a Relchert apparatus (hot stage provided with a rmcroscope) Mass spectra were 
performed on a Kratos MS 30 apparatus mcroanalyses were obtamed by the Laboratory of M~roanalyas of the 
Umverslt6 P et M Cune 
All reactions were camed under nitrogen except those performed m aqueous solution Column chromatography 
was performed on silica gel, 230-400 mesh Mention of “usual workup” means (1) decantanon of the orgamc 
layer, (n) extrachon of the aqueous layer with ether, (m) drying of the combined organic phases over MgS04, 
(iv) solvent evaporation under reduced pressure Composmons of stereolsomenc rmxtures were achieved by 
NMR analysis on crude products before any punficahon 

(2R,3S,5R) and (2S,3S,5R)-3-Butyl-4-methyl-5-phenyl-2-morpholinol (7) 
A solution of 1 8 M butylmagnesmm bronude m ether (1 47 ml, 2 65 mmol) was added dropwlse to stirred 
suspension of copperbronude (381 mg, 2 65 mmol) m ether (3 ml), at -5O’C After stlmng at -4O’C for 1 h , 
morpholme 1 (200 mg, 0 66 mmol) in ether (8 ml) was added The resultmg nuxture was allowed to reach r t 
within 1 h The black slurry was then quenched with 1 N buffer (pH 9) of mCl/NfiOH (6 ml) and stlmng 
was mamtamed dunng 1 h After filtraaon and usual workup, the residue was flash chromatographled (45% 
ether/petroleum ether), to gwe 7 as a clear od (63/37 eplmenc rmxture at C-2,82 mg, 50%) 1H NMR 0 90-O 95 
(m, 3H, CH3CH2) , 125-l 80 (m, 6H), 2 01 and 2 02 (s, 3H, NCH3), 4 75 (d, J=8 Hz, OCHO), 5 02 (d, 
J=l Hz, OCHO), 7 2-7 4 (m, 5H, Ph) 

Ammodiol (8) 
To a stn-red suspension of Ltim (120 mg, 3 2 mmol) in ether (3 ml) was added dropwlse a soluaon of 7 
(239 mg, 0 96 mmol) m ether (10 ml) at r t After stlmng for 4 h, the reaction was quenched by addmon of 
water (5 ml) Workup gave 8 as an oll(223 mg, 93%) which was used without punficaaon 1H NMR 0 80 (t, 
J=6 2 Hz, 3H, CH3CH2), 1 l-l 3 (m, 6H), 2 11 (s, 3H, NCH$, 2 95 (m, lH, NCHBu), 3 3-4 0 (m, 7H), 
7 20-7 35 (m, 5H, Ph), 13C NMR 13 9, 22 9, 27 0, 29 1, 29 3, 61 8, 62 8, 63 5, 69 9, 127 6, 128 3, 128 4, 
138 9 

(S)-2-Methylammohexanol (9) 
A suspension of 8 (220 mg, 0 876 mmol) and 5% Pd/C (20 mg) m ethanol (10 ml) was vlgourously steed 
under a hydrogen atmosphere durmg 48 h After filtration on cehte and evaporation, the residue was flash 
chromatographled (50% MeOWEther) to give ammo alcohol 9 (65 mg, 57%), [aID +28 8’ (c 3 2, CHC13) 
lH NMR 0 90 (t, J=6 5Hz, 3H, C!H3CH2), 1 30-l 50 (m, 6H), 2 46 (s, 3H, NCHj), 2 61 (m, lH, CHN), 
3 42 (dd, J=6 7 and 113Hz, lH, CZ-ZHO), 3 70 (dd, J=3 6 and 11 3 Hz, lH, CHHO), 4 30 (b s, 2H, OH and 
NH), 13C NMR 13 8,22 7,28 0,29 5.32 5.60 7,619 m/z 131 (M+), 128, 114, 100 

(S)-2-Methylammohexanol (9) obtained from (S)-norleucme 
To a solution of (S)-norleucme (1 g, 7 6 mmol) m formic acid (3 ml), was added at 0°C formyl acenc anhydndex 
(2 g, 22 8 mmol) After shrnng for 3 h at r t , the solunon was evaporated under reduced pressure and the solid 
residue was added portlonwlse to a suspension of LlAle (1 14 g, 30 mmol) m THF (50 ml) at 60°C Stunng 
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was mamtamed 3 h at this temperature and 48 h at r t Water (15 ml), 2 5 N NaOH (15 ml) and water (15 ml) 
were then successrvely added. The suspension was filtered and the resultmg solutton was dned (MgSO4) and 
concentrated, Purrficatron by flash chromatography (50% MeOH/ether) gave 9 as an or1 (240 mg, 37%), 
[a],20 +30 3O (c 4 7, CHC13) tH and t3C NMR data are rdentrcal wrth those reported above for 9 obtained 
from8 

(2R,3R,5R) and (2S,3R,5R)-3-n-Butyl-4-methyl-5-phe~yl-2-morpholinol (3, R = n-C4Ha) 
To a soluaon of 1(15 g, 4 98 mmol) III THF (30 ml) was added n-BuZnp7 (2 6 M m THF, 7 7 ml) at r t The 
resultmg mrxture was stured for 18 h and was quenched with a saturated solunon of ammomum sulfate (25 ml) 
The usual workup yrelded a resrdue whrch was subJected to flash chromatography (70% ether/petroleum ether) 3 
(R=n-Bu) was obtamed as a white solid @O/10 eprmenc mixture at C-2, 700 mg, 56%) lH NMR (maJor 
eprmer) 0 92 (t, 3H, J=6 5 Hz, cH3CH2), 1 l-2 (m, 6I-I). 2 08 (s, 3H, NCH3). 2.70 (dd, J=3 1 and 9 5 Hz, 
lH, NCHBu), 3 50 (dd, J=3 8 and 11 Hz, lH, NCHPh), 3 6-4 (m, 2H, CH20), 5 05 (d, J=O 9 Hz, lH, 
OCHO), 7 3-7.6 (m, 5H, Ph), t3C NMR (maJor epimer) 14.0, 20 8, 23 0, 29 4, 39 5, 61 5, 64 5, 64 6, 91 4, 
128 0, 128 2, 128 6, 1369 

(2R,3R,5R) and (2S,3R,5R)-4-Methyl-5-phenyl-3-n-propyl-2-morphol1nol (3, R = n-C3H7) 
The same procedure as above was followed startmg with 1 (4 g, 13 3 mmol) and n-PrZnI (1 62 M THF, 
32 6 ml) Flash chromatography (70% ether/petroleum ether) afforded 3 (R = n-C3H7) as a white solid (84/16 
eprmenc mixture at C-2,2 4 g, 80%) lH NMR (maJor eptmer) 0 99 (t, J=6 5 Hz, 3H, w3CH2), 1 15-2 0 (m, 
4H), 2 13(s, 3H, NCHs), 2 7-2 8 (m, lH, NCHPr), 3 5-4 1 (m, 3H), 5 08 (b s, lH, OCHO), 5 3 (b s , lH, 
OH), 7 3-7 5 (m, 5H, Ph), t3C NMR (maJor epimer) 14 3, 20 3, 23 6, 39 4, 61 3, 64 2, 91 3, 128 2, 128 7, 
137 7 

(2R,3R,5R) and (2S,3R,5R)-3-i-Butyl-4-methyl-5-phenyl-2-morpholinol (3, R = I-C4H9) 
The above procedure was followed startmg wtth 1 (3 g, 9 96 mmol) and r-BuZnI (148 M m THF, 27 ml) 
Flash chromatography gave 3 (R=l-Bu) as a white solid (70/30 epunenc rmxture at C-2, 1 35 g, 55%) tH NMR 
(maJor eptmer) 0 9-l 0 (m, 6H, (CH3)2), 1 2-l 8 (m, 3H), 2 06 (s, 3H, NCH$, 2 75-2 80 (m, lH, NCHzRu), 
3 40-3 70 (m, 2H), 3 80-3 90 (m, lH), 4 40 (b s, lH, OH), 5 01 (b s, lH, OCHO), 7 20-7 45 (m, 5H, Ph), 
l3C! NMR 919 and 96 1 (OCHO for each epimer) 

(2R,3R,5R) and (2S,3R,5R)-3-Ethenyl-4-methyl-5-phenyl-2-morpholinol (3, R = CH=CH2) 
A solution of CHZ=CH-MgBr (1 M m THP, 45 ml) was added dropwrse to a snrred solunon of dry zurc chlonde 
(3 07 g, 22 5 ml) m THP (40 ml) The resultmg solution was transferred via a syringe into a solution of 1(3 g, 
9 96 mmol) m THF (50 ml), at -4O’C After stunng 2 h at O’C, the reaction was quenched wrth a saturated 
solunon of NH&l (50 ml) Usual workup and flash chromatography (50% ether/petroleum ether) yielded 3 (R = 
CH=CH$ as an oil (50/50 eprmenc nuxture at C-2, 1 65 g, 78%) 1H NMR 2 01 and 2 02 (s, 3H, NCH3). 3 l- 
4 2 (m. 4H), 4 9-5 0 (m, lH), 5 2-5 6 (m, 2H, CH=C&), 6 05-6 30 ( m, lH, CH=CH2), 7 25-7 35 (m, 5H, 
Ph), l3C NMR 93 0 and 94 7 (OCHO), 1210 and 123 6 (CH=CH2), 128 4 and 129 3 (CH=CH2) respecttvely 
for each eprmer 

Mtxture of 4-methyl-5-phenyl-3-propenyl-2-morpholinols (2 and 3, R = CH2CH=CH2) 
A solutron of 1 (200 mg, 0 66 mmol) in THF (6 ml) was treated by a THF solutron of CH2=CHCH2-ZnBr 
(1 5 M, 1 77 ml) at -2O“C for 10 mn and was quenched by a saturated solunon of ammomum sulfate (4 ml) at 
-10°C The usual workup gave a residue whtch was flash chromatographted (50% ether/petroleum ether) to yield 
2 and 3 as an 011 (107 mg. 69%) *H NMR 2 04, 2 09 and 2 12 (s, 3H, NCH$, other protons resonnances 
appear as complex multtplets at 2 5-2 6, 3 2-4 0, 4 7-4 8, 5 00-5 25, 5 70-6 10, 7 2-7 4 (m, 5H, Ph), 
l3C NMR 90 8,91 8,95 6 (OCHO) 

(3R,5R)-2,3,4,6-Tetrahydro-3-propyl-S-phenyl-N-methyl-4~-1,4-oxazin-2-one(4,R=~-C3H7) 
Drmethyl sulfoxtde (539 mg, 6 39 mmol) was added dropwtse to a solution of oxalyl chlonde (406 mg, 3 19 

mmol) m CH2Cl2 ( 5 ml) at -5O’C After sttrnng 5 mn at -50°C, hermacetal3 (R = n-C3H7.500 mg, 2 13 mmol) 
in CH2Cl2 (5 ml) was mtroduced wa a synnge After 1 h at -50°C, tnethylamme (103 g, 10 65 mmol) was 
added, and the rmxture was allowed to warm to r t during lh 30 Ad&non of water (20 ml) followed by usual 
workup yielded a residue which was punfied by flash chromatography (30% ether/petroleum ether) 3 
(R =n-C3H7) was obtamed as white crystals (379 mg, 76%) mp 45’C, [u]$’ +37 7’ (c 12, U-IQ), 1H NMR 
0 99 (t, J = 7 6Hz, 3H, CH3CH2). 1 35-l 90 (m, 4H), 2 28 (s, 3H, NCHs), 3 55 (t, J = 6 4Hz, lH, 
NCHCO), 4 00 (dd, J = 3 8 and 10 Hz, lH, NCHPh), 4 37 (dd, J = 10 and 116 Hz, lH, CHzO), 4 55 (dd, J 
= 116 and 5 3 Hz, lH, CHzO), 7 3-7 4 ( m, 5H, Ph), 13C NMR 14 1, 19 5, 30 1, 38 7, 53 6, 60 8, 70 7, 
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127.6, 128 1, 128 8, 137 7, 171 7 Anal Calcd for C14HtgN02 
H. 8 26, N, 5 96 

C, 7207, H, 8 21, N, 600 Found C, 7244, 

(3R,5R)-2,3,5,6-Tetrahydro-3-i-butyl-5-phenyl-N-methyl-4H-l,4-oxazin-2-one(4, R=i-CqHg) 
The same procedure as above was followed startmg with 3 (R = r-C4Hg) (1 1 g, 4 4 mmol) Flash 
chromatography (35% ether/petroleum ether) yrelded 4 (R =&4Hg) as a whrte sohd (860 mg, 80%) mp 30°C 

[c&2o +48 4’ (c 0 9, CHC13). lH NMR 0 99 (d, J = 6 6 Hz. 3H, CH3), 1 01 (d, J = 6 6 Hz, 3H. CH3). 1 7- 
2 0 (m, 3H), 2 27 (s, 3H, NCHs), 3 64( t, J = 6 9 Hz, IH, NCHCO), 4 00 (dd, J = 5 5 and 9 4 Hz, lH, 
NC~h),4.40(dd,J=94andll6Hz,lH,CHHO),457(dd,J=55and1l6H~lH,CHHO),73-74 
(m, 5H, Ph), 13C NMR 22 4, 22 6, 24 7, 36.5, 38 4, 59 0, 60.4, 70 1, 127 3, 128 0, 128 7, 137 8, 1719 
Anal Calcd for C15H21N02 C, 72 89; H, 8 55, N, 5 66 Found C, 72 40, H, 8 58, N, 5 66 

(3R,5R)-2,3,5,6-Tetrahydro-3-ethenyl-5-phenyl-N.-methyl-4H-l,4-oxazin-2-one (4, R = 
CH=C&) 
Same procedure was followed as above startmg wtth 3 (R = CH=CH2) (3 3 g, 15 mmol) Flash chromatography 
(50% ether/petroleum ether) yielded 4 (R = CH=CH2) as an or1 (2 3 g, 71%) [c&20 -125 7’ (c 1 1, CHCI3), 
lH NMR 2.15 (s, 3H, NCHs), 4 0 (dd, J = 4 8 and 7 8 Hz, lH, NCHPh), 4 19 (b d, J = 7 5 Hz, lH, 
NCHCO), 4.35-4 50 (m, 2H, C!H20), 5 45-5 55 (m, 2H, CH=C&), 6 O-6 2 (m, lH, CH=CH2), 7 25-7 45 
(m, 5H, Ph), 13C NMR 38 2,58 7, 66 5,72 9, 121 5, 128 1, 128 3, 128 7, 130 2, 136 7, 168 7 Anal Calcd 
for Ct3HlsN02 C, 71 85, H, 696, N, 644 Found C, 7129, H, 7 00, N, 642 

(3R,5R)-2,3,5,6-Tetrahydro-5-phenyl-3-propenyl-N-methyl-JH-1,4-oxazin-2-one(4, R = 
CH2CH=CH2) and (3S,5R)-2,3,5,6-Tetrahydro-5-phenyl-3-propenyl-N-methyl-4~-1,4- 
oxazin-t-one (13, R = CH$H=CH2) 
The same procedure was followed as above, startmg with the nnxture of 2 and 3 (R = CH2CH=CH2) (12 g, 
5 15 mmol) Flash chromatography (30% ether/petroleum ether) gave a mtxture of 4 and 13 (R = 
CH#H=CHz) 111 a 54/46 respecuve ratro (745 mg, 63%) as an oil. *H NMR (maJor eprmer) 2 30 (s, 3H, 
NCH3). 2 6-2 7 (m, 2H), 3 6-3 7 (m, lH, NCHCO), 4 0 ( dd, J = 4 7 and 7 8 Hz, lH, NCHPh), 4 38 (dd, 
J = 7 8 and 114 Hz, lH, (X-JO), 4 57 (dd, J = 5 and 114 Hz, lH, CHHO), 5 15-5 25 (m, 2H, CH=C&), 
5 85-5 95 (m, lH, CH=CH2), 7 15-7 50 (m, 5H, Ph), 13C NMR 32 7, 38 6, 60 9, 61 4, 71 1, 77 8, 127 7, 
128 2, 128 8, 134 2, 137 3, 170 8 1H NMR (mmor eprmer) 2 16 (s, 3H, NCHs), 2 70-2 75 (m, 2H), 3 41 
(t, J = 4 7 Hz, lH, NCHCO), 3 61 (dd, J = 3.4 and 10 3 Hz, lH, NCHPh), 4 05-4 25 (m, 2H, CH20), 5 15- 
5 25 (m, 2H, CH=C&), 5 90-6.15 (m, lH, CH=CH2), 7 25-7 40 (m, 5H, Ph), 13C NMR 36 7, 41 1, 63 9, 
660,719, 1184, 1278, 1284, 1288, 1336, 1374, 1701 

Epimerization of 4 (R = CHzCH=CH ) to 13 (R = CHzCH=CHz) 
To a solunon of 4 and 13 (R = CH$H=C K 2) (54/46 eprmenc mrxture) obtained as described above (330 mg, 
1 4 mmol) m t-BuOH (5ml) at 4o”C, was added potassium t-butoxrde (16 mg, 0 14 mmol) The mrxture was 
stured for 15 mn at 40°C and then neutrahzed with an NH&l aqueous saturated solutron Usual workup gave a 
mixture of 4 and 13 (R = CH2CH=CH2) m a 7/93 respectrve ratro (315 mg, 95%) 

Eptmertzation of 4 (R = nX3H7) to 13 (R = n-C3H7) 
The above procedure was followed, startmg with 4 (R = n-C3H7) (50 mg, 0 214 mmol). A rmxture of 4 and 13 
(R = n-C3H7) was obtained m a 7/93 ratio (30 mg, 60%) ‘H NMR 0 92 (t, J = 7 3 Hz, 3H, CH3), 135-l 95 
(m, 4H), 2 06 (s, 3H, NCH3), 3 24 (t, J = 4 5 Hz, lH, NCHCO), 3 52 (dd, J = 3 8 and 10 1 Hz, lH, 
NCHPh), 4 O-4 2 (m, 2H, CHzO), 7 1-7 4 (m, 5H, Ph), 13C NMR 14 1, 18 5, 35 1, 41 6, 64 4, 65 9, 72 1, 
1280, 1286, 1290, 1377, 1702 

(2R,3R,5R)-2-Methoxy-4-methyl-5-phenyl-3-phenylthiomorpholine (10) 
TO a solutron of 1 (1 5 g, 5 mmol) in THF (10 ml), cooled at -7O’C, was added r-BuOK (560 mg, 5 mmol), 
followed by methyl nxhde (7 1 g, 50 mmol) The reactton mrxture was then allowed to warm to r t dunng 30 
mm Water (3 ml) and ether (10 ml) were successrvely added Usual workup gave crude 10 Flash 
chromatography (20% ether/petroleum ether) yrelded 10 as a white sohd (950 mg, 60%) mp 152°C [a]n20 
+156 2’ (c 1 1, CHCl3), 1H NMR 2 11 (s. 3H, NCHs), 3 4-3 9 (m, 3H), 3 64 (s, 3H, OCH3), 4 48 (d, J = 
15 Hz, lH, NCHS), 4 80 (d, J = 15 Hz, lH, OCHO), 7 15-765 (m, lOH, Ph), 13C NMR 39 9, 56 6, 61 8, 
714, 82 3, 102.6, 126 6, 128 0, 128 4, 128 6, 128 8, 133 2, 137 7, 138 0 Anal Calcd for Ct8HzlNOzS C, 
68 53, H, 6 71, N, 4 44 Found C, 68 40; H, 6 76, N, 4 31 
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(2S,3S,SR) and (2S,3R,5R)-2,3,5,6-Tetrahydro-2-methoxy-4-methyl-3-butyl-5-phenyl-4H- 
1,4-oxazines (11) and (12) 

a Reactton with butylcopper 
The procedure described above for the synthesis of 7 was used, startmg wttb 10 (200 mg, 0 63 mmol) Flash 
chromatography (10% ether/petroleum ether) ytelded a 90/10 eptmenc uuxture of 11 and 12 respectwely (100 
mg, 60%) lH NMR (maJor stereoisomer 11) 0 93 (t, J = 6 7 Hz, 3H, CH3). 1 15-l 80 (m, 6H), 2 00 (s, 3H, 
NCH3). 2 OS-2 10 (m, 1H. NCHCO). 3 23 (dd, J = 3 5 and 10 5 Hz, NCHPh), 3 44 (b t, J = 11.5 Hx,CHzO), 
3 52 (s, 3H, OCH3). 3 75 (dd. J = 3 5 and 115 Hz, lH, CH20), 4 34 (d, J = 8 Hz, lH, OCHO), 7 2-7 4 (m, 
SH, Ph), 13C NMR 14 1, 23 4, 26 5, 27 8, 39 7, 56 6, 65 8, 68 0, 70 4, 103 2, 127 6, 128 1, 128 5, 140 2 
Anal Calcd for Ct&qN02 C. 72 96, H, 9 56, N, 5 31 Found C, 72 21, H, 9 71, N, 5 00 

b Reactlon wrth butylztnc wdtde 
The procedure described above for the synthesis of 3 (R = n-CqHg) was used, stamng wtth 10 (400 mg, 127 
mmol) Flash chromatography (10% ether/petroleum ether) yielded a 44/56 eplmertc rmxture of 11 and 12 
respectrvely (190 mg, 57%) tH NMR (maJor stereoisomer 12) 0 91 (t, J = 6 6 Hz, 3H, U-Is), 1 l-l 8 (m, 
6H) ,2 11 (s, 3H, NCH3), 2 70-2 85 (m, lH, NCHCO), 3 SO (s, 3H, OCH3), 3 40-3 65 (m, 2H), 3 90-4 OS 
(m, lH, CH20), 4 64 (d, J = 2 2 Hz, lH, OCHO), 7 25-7 35 (m, SH, Ph), l3C NMR 14 0,217,23 1, 31 5, 
394,562,616,692,764, 1030, 1277, 1280, 1286, 1378 

Urethane derivattve (5, R = nC3H7) 
A solution of 4 (379 mg, 1 63 mmol) and vinyl chlorofotmate (692 mg. 8 15 mmol) m CH2C12 (10 ml) was 
refluxed for 24 h. Evaporation and flash chromatography of the restdue (10% ether/petroleum ether) ytelded 
carbamate 5 (R = n-C3H7) as an oil (393 mg, 71%) tH NMR 28 0 90-O 95 (m, 3H, CH3). 12-2 0 (m, 4H), 
2 82 (s, 3H, NCH3). 4 40-4 85 (m, SH), 5 07(t, J = 6 8 Hz, lH, NCHCO), 7 l-7 3 (m, lH, CH=CH2), 7 3- 
7 4 (m, SH, Ph), 13C NMR 13 4, 19 2, 30 3, 30 5, 30 9, 58 2, 59 1, 68 1, 68 2, 95 7, 127 4, 128 8, 129 0, 
137 3, 142 3, 142 5, 153 5, 154 3, 170 8 Anal Calcd for Ct7H22N04Cl C, 60 08, H.6 53, N, 4 12 Found 
C, 60 19, H, 6 73, N, 4 02 

Urethane derivative (5, R = i-C4Hg) 
The same procedure as above stamng wtth 4 (R = r-C4Hg) (600 mg, 2 43 mmol) gave, after refluxlng for 72 h 
and flash chromatography (30% ether/petroleum ether), 5 (R = r-CqHg) as an oll(710 mg, 82%) lH NMR 0 9- 
10 (m, 6H), 1 35-l 80 (m, 3H), 2 81 (s, 3H, NCH$, 4 40-4 55 (m, 3H). 4 7-4 9 (m, 2H), 5 07 (t, J = 6 8 
Hz, lH, NCHCO), 7 15-7 25 (m, lH, CX=CH2), 7 25-7 SO (m, SH, Ph) t3C NMR 21 1, 214, 23 2,24 8, 
30 3, 308, 37 3, 37 8, 568, 59.2, 68 2, 959, 127 5, 1289, 129 1, 137 4, 1424, 1426, 154 3, 1722 
Anal Calcd for CtgHaN04Cl C, 6108, H, 6 83, N, 3 95 Found C, 61 36, H, 6 98, N, 4 19 

Urethane derivative (5, R = CH=CH2) 
The same procedure as above startmg wtth 4 (R = CH=CH2) (2 2 g, 10 lmmol) gave, after refluxmg for 21 h 
and flash chromatography (30% ether/petroleum ether), 5 (R = CH=CH2) as an oil (2 9 g, 88%) tH NMR 2 86 
(s, 3H, NCH3). 4 45-4 55 (m, 3H), 4 2-4 9 (m, lH), 5 08 (t, J = 6 8 Hz, lH, NCHCO), 5 1-S 4 (m, 3H), 
5 8-6 0 (m, lH), 7 OS-7 30 (m, IH, OCff=CH2), 7 3-7 4 (m, SH. Ph), *3C NMR 31 6, 32 3, 58 9, 610, 
68 2, 95 8, 119 8, 127 3, 128 6, 128 9, 129 8, 130 0, 137 1, 142 0, 142 3, 152 8, 153 8, 168 8 Anal Calcd 
for Ct$JtsNO&!l C, 59 35, H, 5 60, N, 4 32 Found C, 59 31, H, 5 70, N, 4 14 

Urethane derivattve (5, R = CH2CH=CH2) 
The same procedure as above starting with a 7193 eplmenc nuxture of 4 and 13 respectively (315 mg, 1 36 
mmol) gave, after refluxmg for 5 days and flash chromatography (20% ether/petroleum ether), 5 (R = 
CH2CH=CH2) as an oll(400 mg, 91%) lH NMR 2 30-2 95 (m, SH), 4 45-4 50 (m, 3H), 4 65-4 95 (m, 2H), 
5 OS-S 15 (m, 3H), 5 60-S 85 (m, lH), 7 10-7 55 (m. 6H), t3C NMR 30 6, 313, 32 9, 33 4, 58 3, 58 5, 
592, 682, 95 7, 1182, 1184, 1274, 128 8, 1290, 1329, 133 1, 137 3, 1422, 1424, 153 5, 1545, 
169 9 Anal Calcd for Ct7H2oN04Cl C, 60 44, H, 5 97. N, 4 15 Found C, 60 76, H, 6 09, N, 4 46 

Methyl (2R)-2-methylaminopentanoate hydrochloride (6, R = n-C3H7) 
Urethane 5 (R = n-C;1H7) (393 mg, 1 16 mmol) was refluxed for 3 days m MeOH HCl (10 ml, 6 N) Solvent 
was then evaporated so as to remove excess of HCl The residue was dissolved III water (10 ml) and the aqueous 
soluuon was extracted with ether (2 x 10 ml) Removal of water under reduced pressure and drytng ytelded 6 (R 
= n-C3H7) as a solid residue (199 mg, 95%). [cr]h 2o -23 6’ (c 0 51, MeOH), lH NMR (D20) 109 (t, 
J = 7 3 Hz, 3H, CH3CH2), 1 4-2 1 (m, 4H), 2 92 (s, 3H, NCH3). 4 01 (s, 3H, OCH3), 4 25 (t, J = 5 7 Hz, 
lH, NCH), l3C NMR (D20, droxane) 15 6,16 3,31 3,32 4,54 4,616, 170 9, m/z 145 (M+-HCl) 
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Methyl (2R)-2-methylamino-4-methylpentanoate hydrochloride (6, R = i-Bu) 
Urethane 5 (R = I-Bu) (215 mg, 0 61mmol) was treated as described above and gave 6 (R = I-Bu) as a white 
solid (114 mg, 97%), [a],20 -317’ (c 1 3, EtOH) (lit 29 +314O for the S enanttomer) 

Methyl (2R)-2-methylaminobuten-3-oate hydrochloride (6, R = CH=CH2) 
Urethane 5 (R = CH=CHz) (516 mg, 16 mmol) was treated as described above and afforded 6 (R= CH=CH2) 
as a sohd restdue (250 mg, 95%), [aIn u, -113 7’ (c 17, MeQH), 1H NMR @20) 2 88 (s, 3H, NCH3), 4 01 (s, 
3H, OCH3), 4 78 (d, J = 10 Hz, lH, NCH), 5 7-6 1 (m, 3H, CH=CH$, 13C NMR (D20, droxane) 315, 
54 8, 63 6,67 4,126 2, 128 3, 169 4, m/z 129 (M+-HCl) 

Methyl (2S)-2-methylaminopenten-4-oate hydrochloride (6, R = CH$H=CH2) 
Urethane 5 (R = CH$!H=CH2) (365 mg, 1 13 mmol) was treated as described above and gave ent-6 (R = 
CH$XJ=CH2) as a sohd restdue (184 mg, 90%), [aIn 20 +O”7 (c 0 8, MeOH), tH NMR @O) 2 9-3 0 (m, 5H, 
NCH3 and W2CH=CH2), 4 04 (s, 3H, OCH3), 4 39 (t, J = 5 6 Hz, lH, NCH), 5 4-5 5 (m, 2H, CH=C&), 
5 8-6 0 (m, lH, CH=CH2), 13C NMR (D20, dtoxane) 32 3, 33 6, 54 5, 610, 122 5, 130 3, 170 2, m/z 143 
(M+-HCl), 102, 84 

Determination of the absolute configuration of 6 (R= n-C3H7) and en&6 (R = CH$H=CH2), 
chemical correlation. 

a Methyl (2S)-2-methylanunopentanoate hydrochlondefrom ent-6 (R = CH#H=CH2) 
A suspension of enr-6 (R = C!H$I!H=CH2), (110 mg, 0 613 mmol) and 5% Pa/C (20 mg) m MeQH (10 ml) was 
vtgourously stmed under a hydrogen atmosphere for 3 h Ftltratton on cehte and evaporatton gave tttle compound 
as a whtte solid (102 mg, 93’%), [a]&’ +20 3’ (c 0 9, MeOH) 

b Methyl (2S)-2-methylammopentanoate hydrochlondefrom S-norvahne 
(I) (2S)-2-Methylammopentanorc actd 
This compound was prepared from (S)-norvahne followmg the general method of Qmtt et al 30 for synthests of 
N-methyl a-ammoacids, [ah?o +28 3’ (c 0 75, HC16 N), 1H NMR (D20) 0 74 (t, J = 7 3 Hz, 3H. CIf3CH2), 
1 O-l 3 (m, 2H), 1.5-1 8 (m, 2H), 2 50 (s, 3H, NCHs), 3 38 (t, J = 5 7 Hz, lH, NCHCO), Anal Calcd for 
C6H13N& C, 54 92, H, 9 98, N, 10 68 Found C, 54 88, H, 9 87, N, 10 45 
(u) Methyl (2S)-2-methylannnopentanoate hydrochlonde 
Title compound was prepared by refluxtng a soluuon of the above (2S)-2-Methylammopentanotc acid (100 mg, 
0 763 mmol) tn MeQH HCl(5 ml, 2 4 N) for 14 h Evaporauon and drymg gave the methyl ester hydrochlonde 
as a white solid (137 mg, 99%), [aID 2o +24 4’ (c 0 9, MeOH) Spectral data (l3C and tH NMR) were tdenttcal 
to those showed by 6 (R = n-C3H7) and by the hydrogenated denvanve of ent-6 (R = CH$ZH=CHz), both 
obtatned by asymmemc synthests 

Determination of the absolute configuration of 6 (R = CH=CHz), chemical correlation. 

a Methyl (2R)-2-met/@nwwbutanoate hydrochlonde from 6 (R = CH=CHz) 
Same procedure was used as for methyl (2S)-2-methylammopentanoate hydrochlonde startmg wtth 6 (R = 
CH=CH2) (223 mg, 1 35 mmol) Tttle compound was obtamed as a solid (184 mg, 82%), [alo -15 lo (c 1 1, 
MeOH), 1H NMR (D20) 1 13 (t, J = 7 4 Hz, 3H, W3CH2), 2 O-2 3 (m, 2H), 2 92 (s, 3H, NCHs), 4 03 (s, 
3H, OCH3), 4 24 (t. J = 6 Hz, IH, NCHCO), 13C NMR (D20, droxane) 8 9, 22 8, 32 4, 54 4, 62 7, 170 8, 
m/z 131 (M+-HCl), 102,72 

b Methyl (2S)-2-methylammobutanoate hydrochlonde from (2S)-2-amvwbutanozc aad 
(I) (2S)-2-Methyiammobutanotc actd 
This compound was prepared from (ZS)-2-amtnobutanoc acid followmg the general method of Quttt et al 30 
[aID +24 8” (c 0 85, HC16 N), lH NMR (DzO) 109 (t, J = 7 6 Hz, 3H, CH~CHZ), 2 O-2 1 (m, 2H), 2 85 
(s, 3H, NCH3). 3 70 (t, J = 7 3 Hz, lH, NCHCO), Anal Calcd for CsHllNOz C, 5126, H, 9 47, N, 1196 
Found C, 50 41, H, 9 35, N, 1192 
(n) Methyl (2S)-2methylannnobutanoate hydrochlortde 
Followmg the prevtously described procedure for methyl (2S)-2-methylammopentanoate hydrochlonde and 
startmg wtth (2S)-2-methylammobutanotc acid (50 mg, 0 43 mmol), utle compound was obtained as a solid, 
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[a],20 +17 6’ (c 1 2, MeOH) Spectral data (l3C and lH NMR) were tdenttcal to those showed by the 
hydrogenated denvaove of 6 (R = C!H=CHd, obtamed by asymmemc synthesis 

Determination of optical purity of compounds (6) 
A suspension of the ammoester hydrochlonde (0 2 mmol) and methylamme (0 28 ml, 0 2 mmol) m ether (1 ml) 
was stured overmght. Tnethylamme (0 28 ml, 0 2 mmol) and (+)- MTPACl (Mosher reagent) (0 175 M m THF, 
1 15 ml) were successively added Stmmg was contmued for 7 h Ad&hon of water (1 ml) and ether (3 ml) 
gave, after usual workup, a residue which was dmztly analysed by t9F NMR (CDC13, mfluorotoluene) The 
followmg resonances appeared for 6 and enz-6 Mosher amide denvatlves R = n-C3H7 -8 14 and -7.75 
(ee>95%); R = I-C4H9: -8 25 and -7 70 (ee>95%), R = n-C2H5 (from R = CH=CH2) -8 22 and -7 75 (ee = 
70%) For enr-6 (R = C3H7 from R = CH$H=CH2) -7 75 (ee = 86%) 

Acknowledgments 

Roussel Uclaf and CNRS are thanked for financial support. 

REFERENCES AND NOTES 

1 (a) (a)-Ammo Aad Synthesis, M J O’Donnell, Ed , Tetrahedron Symposmm, Tetrahedron 1988,44,5253 

(b) Coppola, G M , Schuster, H F Asymmetric Syntheses Construction of Chwal Molecules using Ammo 

Acids, Wtiey New York, 1987 

2 Wllhams, R M Synthesis of Optically Actwe a -Ammo Acuis, Pergamon Oxford. 1989 

3 For some recent reports mtroducmg new methodolo@es, see (a) Wllhams, R M , Aldous, D J , Aldous, S C 

J Org Chem 1990,55,4657 (b) Evans, D A , Bntton, T C , Ellman, J A , Dorow, R L J Am Chem 

Sot 1990,112,4011 (c) Esch, PM , Hlemstra, H , Speckamp, W N Terrahedron Left 1990,31,759 

(d) Colonna, S , Man-, A. , Solladlb-Cavallo, A , Quazzottl, S , Tetrahedron ktt 1990,31 , 6185 

(e) A&en, D J , Royer, J , Husson, HP J Org Chem 1990,55,2814 (f) Ando, M , Watanabe, J , 

Kuzuhara, H Bull Chem Sot Jpn 1990.63, 88 

4 As emphanzed by Wilhams (ref 2, p 294) “the N-methyl ammoacids are becommg an increasingly Important 

moiety” See, for mstance (a) Calmes, M , Daums, J , Elyacoubl, R , Jacquter, R , Tetrahedron Asymmerry 

1990, I, 329 (b) Alcalde, B , Plumet, J , Sierra, M A J Org Chem.1990,5.5, 3143 and references 
* 

therem 

Ref 2 pp 95-121 

Aganu, C , Couty, F., Hamon, L , Pnnce, B , Puchot, C Tetrahedron, 1990.46, 7003 For an X-ray 

analysis of compound 1, see ref 7 

Prelmunary commumcatlon Aganu, C , Couty, F., Daran, J C , Pnnce, B , Puchot, C Tetrahedron Lerr 

1990,31, 2889 

Getmon, C , Alexalas, A , Normant, J F Tetrahedron Uz 1980,22,3763 

Pollack, I E , Tnfunac A E , Gnllot, G F J Org Chem ,1%7,32,272 

10 Bertz, H S , Dabbagh. G Tetrahedron, 1989,45,425 

11 (a) KOJIIIXS Y , Waluta, S , Kato, N Tetrahedron Letf 1979.4577 (b) Hanesslan, S , Thavonekham, B , 

De Hoff, B J Org Chem 1989,54, 5831 



C AGAMI~~ al 

12 (a) Whtesldes, G , Fischer, W F , Flhppo, J S , Bashe, R W , House, H 0 J Am Chem Sot 1969,91, 

4871 (b) Johnson, CR , Dutra, GA J Am Chem Sot ,1973,95, 7783 

13 Carruthers, W m Comprehensrve Organometalllc Chem’rstry, Wlllanson, G and Stone, F G A Ed, 

Pergamon Oxford, 1982, ~017, p 661 

14 For a recent report of a higher reacuvlty of alkylcopper reagent, see SknnJar, M , Wlstrand, L G 

Tetrahedron L&t 1990,31, 1775 

15 Alkylcopper reagents are not basic enough to deprotonate hydroxyl moieties, see Normant, J F , Alex&s, A 

Synthesis 1981, 841 

16 This structural relanonshlp was established by the X-ray analysis of compound 1, see ref 7 

17 (a) Kuby, A J The Anomerx Effect ana' Related Stereoelectromc Effects at Oxygen, Sprmger Berhn, 1983 

(b) Deslongchamps, P Stereoelectromc Effects m Orgamc Chemutry, Pergamon Oxford, 1983 

18 Stevens, R V Act Chem Res 198417, 289 

19 Smnott, ML Adv Phys Org Chem 1988,24, 113 

20 Although commonly used, the formula “hydroxy group assistance” 1s often nusleadmg because m many cases 

the real stehtmg group 1s denved from the hydroxy via complex fonnahon between oxygen and a metal 

atom (titanium, zmc, magnesium, etc ) 

21 For a theoretical treatment of the electrophlhc addmon to allyhf alcohols ~rlth many references to experunental 

works, see Kahn, S.D , Hehre. W J J Am Chem Sot 1987,109, 666 See also Brown, J M , Cutang 

I, James, A P Bull Sot Chum Fr ,1988,211 

22 For some recent examples, see (a) Iodoethenficatlon Labelle, M , Gmndon, Y J Am Chem Sot 1989, 

111, 2204 (b) Iodolactanuzauon Takahata, H , Takamatsu, T , Yamazalu, T J Org Chem 1989,54, 

4812 (c) Amldomercuratlon Takahata, H , Tostma, M , Banba, Y , Momose, T Chem Pharm Bull 

1989,37, 2550 

23 Corey, E J , Cheng, X M The bgrc of Chemical Synthesis, Wiley New York, 1989, p 49 

24 Itamura, M , Okada, S , Suga, S , Noyon, R J Am Chem Sot 1989,111,4028 

25 Moreau, J L Bull Sot Chrm Fr ,1975, 1248 

26 Muramatsu, I, Murakaml, M , Yoneda, T , Hagtam, A Bull Chem Sot Jpn 1964,38,244 

27 Gaudemar, M Bull Sot Chum Fr 1962,974 

28 Owing to the conformaaonal exchange of the carbamate moiety, which 1s slow on NMR time scale, the 1H 

NMR spectra of urethanes 5 showed broadened signals and some of the 13C NMR resonances are spht 

Similar effects are described m Wllhams, R M , Smclalr, P J , Zhn, D , Chen I& J Am Chem Sot 

1988,110, 1547 

29 Sugano, H , Hlgalu, K , Myoshl, M Bull Chem Sot Jpn 1973,46,231 

30 Quat, P , Hellerbach, J , Vogler, K Helv Chem Acta 1963,46,327 


