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Abstract. A study ofthe disstereoselectiVe addition Of the S~~IKNU (Z)-enohtes of optically active N-acyloxax&dinamzs with 
theprotolypeimineSisdetriledsndptwidesanapproachtothe~~~imroductionOftheC2-acetamidosidechain 
of the pylimidoblamic subunit of blcanycin 4. 

ln recent studlex, we have detsiled an efflcht synthesis of dcglyco desaMamidobleomycin 4 (2)’ and dated 

analogsZbssedonaneffectiveapproechtotheheteroaromaricnucleusoftheWrimidoblamiceddsubwit. Theremaining 
strategic element nquhd for the extension of the studic3 to the. total synthesk of deglycobleomycin 4 (ly is the 
stereocamded infmhdcm of the pyrimi&blamic acid C2-acetamidc side chain. Prior studies dhcted at the total synthesis 

of pyhhioblamic ad& and bkomycin A$ have relied on txmdimereuselective introductions of the acetamidc side chain 
raquiringaaeparatlonofthe~~1:1mixtureofdiastenaners. lnthecun&ctofourstudies.weelectedtoexbninethe 
dlrstenzoselective addition of optically active enolatcs with imine as a potential solution to this problem. For this pmposc, the 

~~nectiarofarangeof~~yactiveenolateswiththeprorotypeimine5weFeexamined. Fmmtheinitialsurvey.thc 
Evans’ N-acyloxazoliW7 were selected for futther study since both enantiomers of the diastereomeric imine adducts would 

be readily available through selection of the appmph~enanticxner of the chiral auxiliary. Herein, we report the results of this 

study which demons&ate the selected utility of the stmmcus @J-enolates of N-acyloxaxolidincoes in diastereoaelective imine. 
ruidition leactions. 

~tialeffo~topromoteUlenactionofthedi-n-botyl~yl(Z)molate6withtheimineSprovidedonlyauace 

rumuntoftheadditiar~~Imdwereex~toprwldetheEvans’synadditionprodudbylleactionofthermchelated 
enolate thmugh a closed, chair transition state,’ Scheme I end Table I. Consequently. the amqKmhgtitaniumenolateswere 

examined with the expcztahn that the dWted amlate may react tluougb a close4l. f&air transition state with imine 

compkxarion within the expat&d titanium coorhadon sphere to pmvi& the non-Evans’ syn addition pmduct.g~te Con&tent 
with expectatioos. the imine addition products were obtah4i with a good level of diastemoselection but in modest aaversions 
andeffortstoim~ethecamrersionsthrou~useofvuiousprotocolsfortitarriumenolategenerationweFenotsuccessfu. 
After considerable experimentation. it was found that the stanno~ (Z)-enohte.s11-14 provided the same major imine addition 

pmducts with a comparable level of diasteFeoselection and in excellent conversions. ‘Ihe expanded c4~~niination sphere of 
t.ho, like that of titanium(IV), was anticipated to permit reaction of the chelated enolate with ad&i& complexadon of the 
leaaingiminewithtin(lI). lntheoptimhicm0ftheRXction0f5withthe %anncus(Z+enolatc6,thereactionwasfoundto 
pmceed with a minimal number of pmkcting gmups co the imine pnwided 2 @valents of the enolate and 2 additional 

“r> I bhydn 4 pyrlmidobhmlc &d 
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Schema I 

equlvaletus of Sn(Ol$ and iF$NEt were employed, Table I. Under such cuodltions. the major and minor pmducts pmved to 

hetbe~qectedantiadducts7cand7d,respecdvely. Themajorantiadduct7cispotentWyderlvedfromreacdonofthe 

mnchelatedenolatethroughaclosed.chairtransitionstateinwhichtheiminePubstituentoccupiesonaxial~~asa 
consequeace of the addltiooal pyridyl &Moo with tin@). I4 Although it is wt possible to rule out the reaction of Sn(II)-6 

withimineS~vPtedbycoordinationtotheaddedLewisacidandproceedingthroughanopenrransitionstate,l5the~of 

maction of the dl-n-butylbomnyl @)-en&e 6 with 5 in the pnxet~ of added L.&s acid catalysts (!h(CYI&. Et#lCl) would 
suggest that this is unlikely. Notably, the stemolnduction at the newly intnhxd amine center pmved to be 83:17 (Z 7b. 7c : 

7a. 7d) and of a satisfactory level for incqomdon into in&al synthetic efforts on ble-omycln 4. 
similar. but not identical, observations were made. with the enantiomeric enolate 8. Table JJ and Scheme II. The major 

pmductofthemactionofswlththe~ (z)enolate8pmvedtobe9cconsistentwithreactiondthenonchelwdMalate 

tluuugh a closed, chair transition state with the imine pytidyl substhem occupying an axial positions However, the 

dlastemoseleuivity ofthe addition of 8 was reduced fmm that observed with 6 and the compostion of the minor dlastemomeiic 

.SchameU 
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T&b I. Repmaatatlve Raeulta of a Study of the Dlaaterecselacllve 
MdamdEmla~6wkhlmhe5 

Ellnhtefd R4amcnccd6ona 7 Yiaid (%) a:7b:7c:ld 

wJ@ 

B&B (2) 

Ti(oIPr), (3) 

ncb (1.4) 

TiCb (2) 

Sn(OTf) (I) 

Sn(OTf) (2) 

3% 
0%,12h 

(1 w2qJiv)or 
Et&Cl?1 ~2rqW 

CH#&,=reto25%,12h 

t&C&, -20 to 5% 3 h 

CH&,Oto5%.2h 

THF.-5toO%lOh 

THF,-!itoO=GlOh 

0 - 
trace - 

0 - 

0 - 

10 -:-:90:1v 

30 -:-:90:1@ 

trace -:-:9O:w 

33 -:-:90:2@ 

sn(OTt) (2) THF.-5toO%.lOh 95 4:12~71:13~ 
Sn(OTf&lPrgJEt (2 equiv) 

Watb d syn products not determined but lass than antl. 
$I situ epimedzation oi ant! to syn adducts &served. 

7dh L Repmentatlve Results of a Etudydtha Dlastereoaeleetlve 
AWtbndEmlatmE withlmlne5 

_(oq) Reactbn conditbna 9 Yield (%) 9aRb*.* 

Sn(OTf) (2) THF,-5toOOC,lOh 72 33:9:50:9 
Sn(OTf)~Pr#JEt (2 equiv) 

Sn(On) (2) THF,-StoO=C,lOh 65 9:0:93:31 
Sn(OTf).ylPrzNEt (2 equiv) 
TMEDA (4 equlv) 

Swm (2) lHF.-5toO%,lOh 21 -:-:75:w 

wEDA (2 wh’) 

%tio ol syn producta not determined but less than anti. 

Mad 
NaBH, 

9a- 

CC% 

NaBhI 
9b - 

COCI, 

NaBH, 
9C- 

-5 

NaBH, 
Me 

9d- 

-k 

addition products a&@. This may be the consequence of the additional or competitive cbelatiCm of the imine side chain with 

Sn(II) disfavoring the addition to pmvide 9c relative to that which provides 7c. Rgme II. 

The tentative relative and absolute .stereDchemisay of the imine addition products was determined upon chemical 
co~ationof99wifh9dand9bwith~by~dvedesulfurizationaswellasUleconversioaof9a-dtothecyclic~ates 
lOa-d, Scheme III. on the basis of characteristic lH NMR chemical shifts, coupling constaW. and wHvalues in c@mcdcll with 

2D lH-*H NOSEY NMR. Unambiguous caGmMoa of the stefeochrmtsoy of the major additicm pmduct 9c was’established :i 
in a single-cgstal X-my structum detenninatb of 1Oc which through chemical conelation unambiguously provided the relative 
and absolute stereochemical assignmu~ts for 9a-d and lop-d. In pa&ular. the cyclic carbamate portion of 1On and lob or 10~ 

and10dexhibited1HNMRspectrosccrpicpropertiesthatindicatedthatthey,andcansequentyhand9bor9cend9d. 

possessed the same relative but opposite absolute configuration. 
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Inadditionalstudies,therepctionofthestpnnous(z)cndateof8withthecomsponding~y~~,prwided 

ananselactivemixtureofimineadditionproducerrmdthenactionofSwiththeBtarmaus eJ&ate of 4@)5(R)_3_scetyl4 

methyl-5-phenyl-2-o- provided a 1: 1 mixture of ths two possibk imine additim pmducts (58%) indiepdag that the 

p~ofthepyridyl~~pndenalafesubstituentcontdbuteinasisllificantfashianto~obselveddin&~. 

The starmous edate of 4(s)~(~)-3-@henylthio)acetyl-4-methyl-5_ pnwided the comspondine hnine 

adducts 9 with comparable diastenzoselectively (53%). 2-Bmmo- and 2-chlomacetyl~ amlatesw~examined 

brietly md fuund to prod& a lower imine addition diastereoseldvity and substituted 3-acetyl-l.3-thiazolidk-2-U1iones fsiled 

to provide imine additiun pmducts although this was not investigated in detail. lbe implementation of the obse~atkms daailed 

herein in the total syntbmis of deglyc0bleomycin 4 and related analogs will be &scribed elsewhere. 
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