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ALawcoxyLsoltioa of 2,4,6&thtyhnik (la) catalyzed by t-BPOK in bmametbyfpborpbonc 

lnt&ebaaed&dox~ttofmdlinea,mokcultu 
oxym nmally attach the N atom to give the cor- 
reQol&~.~lnconlnl8ttothoManiliM8, 
t-httykted aniliml are expected to behave derently 
towtKdstbe~ox~M~from 
lli8RSttlt9ObthCdhtklWEUttdymdO~~Of 
t-bntybd pllad8.c’ we have, llmefore, inve8tigpted 

oxygatalh of 4-8ubdd 2$di-t- 

In tkmle c?xpbma& we have found that 24,Mi-t- 
buw and s6di-1-butyt-4-paeny1- aldliwa UadaeR the 
oxygcMtion at 7v in hexamethylpbL%5phork hiamide 
(HAdPA)amtah@t-BuOK,giviq&eto4,S-epoxy-6- 
hydroxy-2-cycldmxen-l-iminedaivatives,which 
rMultedfromt&incorpontionofmdeculrroxygeninto 
thealumatkring.?nercactionpathintkoxy@Xla&mi8 
a&talbytk8ubatituentattbcparap&ionandby 
tbeboseu=d. 

1. oxrsnodon of 2,46 - trill - t - butyladline (la) and 
2.6 - di - t - b&j4 - 4 - pha#anUbw (lb). Tk oxy- 

t-BuOK or U-BUG. 2.4~Tri-t&atyl&& (la) is not 
8usa#bk to the oxym in t-BuOK/t-BuOH or in 
NaNH,./HMPA even at ckvated -8. Wbcn the 
oxygaution of la w carrkd out in t-BuOK/HMPA at 
7Y, a produCt (h) in which mokcs 0xyRml i!J in- 
cmgatcd~thctbe~~was~in6146 

&ruuhsmobservedintkoxyl(enotionoflb 
in t-BuOK/HMPA, althou& complete 8quatioa of 2b 
wasnotsucces8ful.‘l%eNMR8pecuumoftherca&n 
mixtme, howeva. ckafly 8hows the formation of 2b in 
about6O%ykld.l%edh3adtyofthe8epfationof2b 
maybedueto~withasidepmductthat 
behave8 simikrly on tic. 

&wt&n of 2a. The ‘H NMR spcct#nm ShoW8 two 
chaMc&tic I&I& for the okfink proton H-3 (1 H, d, 
J=O.aHz) aml the met&c proton H-S (lH, d, J= 
0.6Hz)attacMtotbecarbonbearingtheoximncC-o 
bond. h the ‘H NMR spectrum, hvo PosJibk Stf’UC- 

tlKC8(28and2d)lMybCdCdUCCd. 

I 2 3 4 5 
a: Ft-t-Bu;b: R-m;c: R-Me:d: R=OMo 



hscaabeseenfromacomparisonoftba’HNbfR 
dats of the product with tbo!S of the epoxyquirlok~ 
oMaiaedinthe~tiveoxy~nof~4~-~-t- 
butyi - phenol, chemical sbifts do aot allow any dis- 
tinction between 2a and 2a’. However, the coupGo# 
constants of H-3 and H-5 mt that the stncture is 
analogous to that of the ~xy~~, is. & flabk 1). 
The structun 2a is furth supported by “C NKU apec- 
t?vscopy (Table 2). 

‘fbisshows3signalsinthedoubkbondregknat 
8 = 175.1,149.2 and 129.5 ppm. The signal at d = 129.5 is 
tertkry (off-resooaart spcctNm) and is, thaWfore, attri- 
buted to c-3. The !Ggnal at 8 = 149.2 is rektively lxoad 
~w~~y~~~~~~l~~ 
tothcnitrogeaatom.However,thecoupkdsp&rum 
showstb&roadmultipkttypicalforCatomsbearkgat-Bn 
groupiadica@tInlttbc~atd 14%2belongstoc-2 
Thesigoalattbekwutfidd(d=l75.l)sbowsacoug 
~~~4~.~k~od~~~~k 
caused by C-atom 1. Ia the contspondiug epoxy-o- 
q&ok* C-l is coupkd to H-3 and H-S w&b di&ent 
couplhg constants (a doublet of doublets). A model 
system 3 !3bows couphg of C-l with H-3, H-5 (‘fiox) 
and N-H (%_M) of about equal size (cu. 9Hz). Thae- 
fore,onewoukiexpecttllatC-lill2aakocoupkswitb 
H-3, H-S and N-H. However, the intatsihs of the C-l 
sigaalcorrespondmorctoadoabktofdoubkts(2un- 
q~p~)~toa~(3~~).A~ 
d&ionambem&qnlybysingkfrequencydecoup- 
lin8.TbcremafkablykwshiftvaIueoftkiminoOrwp 
carbon(C-l)SMlUJ to be 8 Consequena Of t& &bODd 

between OH and N (t&e infm). 
~3S~SOf~~~C~~l~ 

at S = 59.3.64.6 and 79.4ppm. C atom 5 can easily be 
recoghd from the off-resonance spectrum. Its shift 
valueistypicalformunsubstitutedoxirane-riagCatom 
ill epoxy-o- and epoxy-pquinds.8 As in the case of 
~xy~q~k C-5 is weakly coapkd to H-3 (about 
2.SHz),whereassuchacu@.ingisnotobservedfor 
c-3/H*5.’ The &oak of c-4 and c-6 canaot be dis- 
t&uisW by couplhg experimeots. However, tbc &al 
atbigi~rfield(~=64.6ppm)sbouldbek1.uttotbeCatom 

T&le2"CNMRapectmmofh 

c-6 

175.1 

149.2' 

129.5 

64.6 

59.3 

79.4 

4oftheoximDcrin&niaassignmentisiogoad 
agreement with the shift #quence in ej~~xy+quinok~ 

TbesignalsoftkthtylCatomsatb=329,35.6and 
36.8ppm @m&nary) and 8=23.7, 26.2 and 30.6ppm 
(Me grouplO camlot be assiglJsd defhite4y since 

of2a(Fig.l)?Bondkn#s,bondan&sandthcdi- 
he&alangksintbehembcredringare&ectedinFii 
2Theconformathofthe6=membaedringissimilatto 
that of A’-oorcarene* ami l$cycbhcxadkne’” witG 
C*l~C-2~~~~t&~~~~ 
pkneoftheripe(0.20#)snd~A).ThiscoIIforma~n 
feadstoanonplanarfmru-l-aza-butadicnemokty 
with a (C-3~C-2)-(C-l)-(N-l6) dihuhl angk of 156 
aadan+lpositionoftbct-BuoroppoaCbrclkv& 
z ~m~~rne~~~. Bond aogks a+ bond lengths 

“ig 
excepttbeqmtebngbond 

leugtb (C-1HC-a) (159 ) and the bond an& on C-l. 
Bothdevhtionsfromnormalvahsmaybecausedby 
the t-h guups at C-2 and C-6. The positions of the H 
atoms bound to c-3, c-5, N-16 and o-17 are too un- 
#rtsintobedkcW!dilldcbil;tbCbig&vidionsirom 
~~~~y~~d~~~s~eff~t~ 
&et-Bugroups.Intbccrystaltwomokc&srektedby 
the symmetry opention % y, Z are connected by au 
intamokcukr Hhnd (O-7)-@-17) with a distance 00 
of2773KThesameeff~is~faanepoxy-p- 
quid.” In soWion, intramok%ula H-bonds (O-7%@- 
17) and (0_17j@-16) via H-16 may ako be pWibk.# 

&xkani& ~~~. Taking the obscn&mns 
00 the bMW&ly& oxy8elmhil of 2#4$ - txi * t - 
butylpbcnoi into acunmt, the product 2a should rest& 

Ii-3 5.96 (4, 5-3.2 IWf 6.96 (4, J=1 Rt) 6.40 (4, J-O.6 Iiz) 

H-5 3.65 (4, J-3.2 Hz) 3.80 (4, J-l Hz) 3.70 (4, J-o.6 Hz) 



fromtkortkohydroperoxylatioooftbcanioaicformof 
la @chane 1). 

l!kkdaro~~exdmivelytbeporrrpori- 
tioo of 2,4,6 - tri - t - butylpbeml in t-BnOK/HAfPA.’ 

bkweeaiminogroupandtbeadjseott-Bugroupsintbe 
ledance amlctwc (iii). ABotk poMwty that the 
pot&llmionisurockasdwiththeanioocbretotbs 
N-&-2&((X) area can a@ be andexed 

A-~iuixldpm&ctiutheoxyoeartidnof~lvas 

The yie@ of the oxygcnatioo prodwta from la arc 
CXtn%lElydCp&lltOntklMMCemploysd.wbenIr 
was~~ypntalhtheprcwnceof~BuIiintduene~ 
tiwmhw#,M)CPOwePtOdPd2aw 
fornlai.rnste4%4&-tri-t-~ncQ 
wa8 formui praiorniwtly (s8%). The rcdta are . . 
mtumakdbymernroftbedidaemstractmeofthe 
aaianic speck d Ir With t-BuOK ia HMPA the 
ammmtdaGmicapa+pmeotmuftexistasaffce 
a&-kll&h&w8ratrongcafbMbachrnctcooa 
therromrdc*bynronmce, wiKrea8withn-BllLih 
8pfdiCdVOUtBthsaCklmmutbClOC&ldjlUt~tbEN 
rtom,itrocirtsddtbLi?OXy#+SllViUtbsnrmcLt& 
“arknioa”intkforatcradt&Natomiatkhttex 
@he= 2). 

sirmtbe8zobamw4w8anotfarmedwka5nrs 
treatedwithlai!o1-Ba0K/HMPAat7~,4wllddnatbc 
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pmducts8ndcomp8ri8onwithotburutaicpny~ 
quinone anil2’ (ace ExperimentaI). compound 9 ha8 aho 
beeaobtahedbyekctroc~oxidationofldin 
methanol (I&j2 = 570 mV v8 XX’“). 

WbentheoxygeaathofIdwascanicdoutat-W, 
converaioPwar73%sndchrwnotognphicseprrptionof 
tbeproducts~ve9(~yieM)pad~-di-t-butyl-p- 
tzentoquiaonemonoimim (3. 27% yiekl), yeflow time 
from pebhum ether (IR, NMR, and ckmmtd aadysis). 
llli8imkistkolainrerctionprodudilltheelcc- 
trocbcmical oxilbbo of lr in the presence of water.‘_ 
Theproduct9seematoariaefrom1Odu+-ibiiv&k-up 
of tbc ccactioll mixture. In fact, 9 ill formed qun- 
titatively UJXMI treatment of 10 with dil. Iicl i+ouioa 
Thisaasumptioniafurtksupporkdbytbefactthatno 
formatiollof9iaobservedwbentlEworhpiaalnicd 
outusiI@NH4c1imltendofHCI.Tbcformatioaof10ia 
raonably explakd by couphs between 3 primarily 
formal and tbc anionic form of Id (!Scbcmc 4). Indeed, the 
reactionof3withtkanionicformof IdgavelOinabout 
50% yield. However, another mechanism by which 10 is 
formed via N-C, dimhahn of the correspondiug 
aminyl radical of ld followed by elimhth of &OH 
cannot be entirely exchkd. 

l%emechani8mfortheformathof3iaob8cure.One 
possibility, partial hydrolyaia of 10, is not pfobabk since 
the acid CataIm hyhlyaia normally leads to 9 (uue 
snpm). 

-AL 

OmedMm.psuctumrmM. l?hmd~wwe 
pafamedbytkhtytitAthtaofKyotoUnivckty.IR 
spcctr8wcnrlzca&dwithrJAsCOlRA-1~.’H 
NMRspcctrawcrcrcmrdatwitt~rVariaoTUlorBmbrHFK 
WrpcctrometaPriqlTbtSlUtkiUWlMlfCf~WC.UCNMR 
spatn were obhinai on I Bnh HFX 90 apec~~~tu 
amoaat to a Bruk-Nkokt BNC 12 compata. A radio- 
fnqlKmcypaed3.5~swa88pplicdllpto6oJlaItimca(for 
Iltmhqwspectn)tirtspctitionlimed0.66,0vatbc 
speclNmwidthd6024Hz 

cmtal &a c* prisms, reaYhkd from kx8ac, 
m.p.iu14Y,C,s&,NOh a-293.5; ql&gmupP2,/r,r-9.99 
III. b = 23.16 (lb c = 8.79 (11 A. B - 116.19 0.1’. v - 1805.3 A’. . _. . . . 
z=l; D,= l.oBgcm-‘. 6; l:Ohgcm-? . . 

IllteA were cdkctal 00 I hm&ck di4nctomaa (Co., 
dilth~CqaippsdWith~lnphaepMaocbromrta;thccryrtrl 
was orknted daq c. 2455 fewiom with p<e< 
ZEm zm*xi 14>2@P 

TbeaImctmewaasohmiby&ectmtlmdnwilhSHELX-76a 
wtlkhlwl q1aL%arsfmm fntm&nd Tab&a for X- 
~yCrystaUogra&. hh%opicrctkamtdrllC.OmdN 

Tabk3. Poahioudpmmaersdh 

Atom x J 8 

Cl 

c2 

c3 

c4 

c5 

C6 

07 

C8 

c9 

Cl0 

Cl1 

Cl2 

Cl3 

Cl4 

Cl5 

xl6 

017 

Cl8 

Cl9 

c20 

C2l 

H3 

H5 

HI6 

In7 

0.6765(4) 

0.6839(4) 

0.5649(4) 

0.4178(4) 

0.4026(5) 

0.5l99(5) 

0.4374(31 

0.28500(4) 

0.3177(6) 

0.1451(6) 

0.25588(6) 

0.8356(4) 

0.8172(5) 

0.902u5) 

0.9439(5) 

0.7886(4) 

0.5234(4j 

OJwl(4) 

0.3286(51 

0.4861(5) 

0.5975(6) 

0.531(6) 

0.288(7) 

0.843(7) 

0.524(7) 

0.6073(2) 

0.6143(2) 

0.6047(2) 

O.Y344(2) 

0.5890(2) 

0.6137(2) 

0.53400) 

0.5828(2) 

0.54300(3) 

0.5603(3) 

0.64300(2) 

0.6310(2) 

0.6449(3) 

O&832(2) 

0.5795(2) 

0.5955(2) 

0.5844(l) 

0.6783(2) 

0.68l.l(2) 

O.n76(2) 

0.6996(2) 

0.606(3) 

0.585(3) 

0.607(3) 

0.549(3) 

0.1470(8) 

0.3146(8) 

0.3388(6) 

0.1998(8) 

0.0267(9) 

-0.0163(6) 

O.lll9(4) 

0.2416(6) 

0.3sOa(8) 

0.086903) 

0.2873(# 

O&52(8) 

0.6223(S) 

0.4183(7) 

0.5067(7) 

0.1170(6) 

-0.1563(4) 

-0.0738(6) 

-0.2298(6) 

d.0659(6) 

-o.l369(8) 

0.427(e) 

-0.083(8) 

0.059(8) 

-0.126(8) 



B8amdydox&af~~ 

Thk4.hhotmqk~ f.u@n in t& fam T=exp-2~~+U,lh’+b+U~+c*U~+Zdb+U,&k 
+ 2r+c*u,&l+ 2e+c*u&i), 8u lly&o@ll Itocnr: u - 0.10 A’ 
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Atom Ull U22 u33 U23 u13 In2 

Cl 0.032(3) 

c2 0.031(2) 

c3 0.023(2) 

c4 0.032(2) 

c5 0.036(3) 

c6 0.039(2) 

07 0.054(2) 

C8 0.029(2) 

c9 0.058(J) 

Cl0 O.Oj5(3) 
Cl3 0.051(3) 
Cl2 0.025(2) 

Cl3 0.039(3) 

Cl4 0.038(3) 

Cl5 0.034(J) 
w16 0.048(3) 

017 0.075(2) 

Cl8 0.034(2) 

Cl9 0.061(3) 

C20 0.060(3) 

0.039(3) 

0.040(3) 

0.040(3) 

0.031(2) 

0.034(3) 

0.034(3) 

0.034(2) 

0.052(3) 

0.090(S) 

0.150(7) 
o.o69(4) 

0.057(3) 

0.093(4) 

0.078(4) 

0.080(4) 

O.lOl(4) 

0.049(2) 

0.042(3) 

0.064(3) 

0.0366(3) 

0.044(5) 

O.Olo(4) 

0.013(4) 

0.020(4) 

0.033(5) 
O.Ol8(4) 

0.045(J) 

0.027(4) 

0.080(6) 

0.066(5) 
0.101(6) 

0.033(4) 

0.058(5) 

0.074(5) 

0.090(5) 

0.075(5) 

0.036(3) 
0.041(4) 

0.040(4) 

0.050(4) 

-0.003(3) 

-0.005(3) 

-0.005(2) 

-0.007(3) 

0.000(3) 

-0.003(2) 

-0.008(2) 

-0.007(3) 

0.032(4) 

-0.035(5) 

-0.007(4) 

-O.o07(3I 
-0.021(4) 

O.Oll(4) 

O.Ool(4) 

0.009(3) 

-0.008(2) 

0.007(3) 

O.Oll(3) 

-0.006(3) 

0.021(3) 

0.012(2) 

0.003(2) 
O.Oll(3) 

0.013(3) 

0.012(2) 

0.018(2) 

0.009(2) 

0.044(4) 

0.013(J) 

0.044(4) 

-0.003(2) 

-0.011(3) 

-0.002(3) 

-0.003(3) 

0.043(3) 
0.028(2) 

O.OlO(3) 

-0.006(3) 

0.013(3) 

0.002(2) 

0.006(2) 

0.002(2) 

-0.001(2) 

-0.005(2) 

0.003(2) 

-0.006(l) 

-0.006(2) 

-0.001(3) 
-0.032(4) 

0.010(J) 

-0.001(2) 

-0.014(3) 

-0.018(3) 

0.017(3) 

0.015(2) 

0.003(2) 

0.002(z) 

0.007(3) 

0.006(2) 

c21 0.034(4) 0.067(4) 0.077(s) 0.025(3) 0.0588(4) 0.006(3) 

J=0.6EIz,1-~.640(d.J=0.66Hz.lH).l~(kodr,lH.NII). 
@oud: C. 73.78: H. 10.66: N. 4.87. CM.. fa C,&N(X: C. 

- _ 
etkrpvcs(0.aII.2946),bf&eanDmflcsfmm~,m.p. 
164-w. lit.% 167~16E Iu (NoidI 16ooao-‘: NAa ~CDCM 8 
1.19 (s, i8H), 131 (8, iH). i3i (i, 2H). (Foimd: C;ti;-Hi 
lOso; N, 4.89. Cak. la C&,Nti C, 78.49; A. 10.61: N. 5.09%). 

Mspppfltoisd8tatkotbQtwducts~byt&~not 
socca&lNocampmadhwudstededbyNMR 

~o~26-di-t-~-4-p~~(lb)in 
HMPA/t-BOOK. 4 SRI babbled thro@ a sob of lb (0.151) 
udt-~K(O~r)ioHMPA(lOml)u7~forShr.Tbemixturr 
wup@uediutohamkdw8trzIodextnctcdwitbetbs.l%e 
extnctwuw&?dwithlwer.lkd(N&so~aode~ 
tokwerydowoidyrcidmc.Sapadonoftknaktwby 
mwaofwulrdrlpplinrtkdevcbp&wabbeazene&lded 
the e diae lb (O.&Z& md cm& 2b (0.111). Ruth 
ltteqt8topmifytbealdcIbwerelKI~,battbe 
NMKStlWUUldtkl8ttW~cwfirmrtbCpreMcedZb 

e.xkctrrcwa8bDdwit!lw8ta,-tficd(N~~.Mdev8pautd 
tOkW8MO&lddOC(vrobt-kwn),*~- 
~uarsiUm~cohmI3kuh*aLCH~~pvc9 
(Oar), vklbt pricpr from mstbrsd, m.p. n&134; JR (Nujd) 
1640 (W) ca-‘; NMR (CDCI,) 8 1.07 (I, 9H), 1.20 (a, 18H). 
134(r.9H).3~Jh3H1.6.17Id.J-3.OHr.1~.692(r.2M. 
7.13(6J-ji~~~~~.~~~,~.4~H.986~-N,3.~~:Clk; 
for C&,,N&: C, 79s; El, 990; N. 320%). 

htkr&tiawilhCH~~~ve1.(0.13#),lal-tmmpritmr 
&am MUOH. m.p. Ia-1uT; IR (NIlid) 3360 (NH). 3400 @road; 
NE& lso0. LW (Ar. C-N-) cm-‘; NMR (CDCI,) d 1.17 (r, 9 H), 
1~(~,18H),1.13(~,9H).3SZ(r,3H),S87(6J=24Hz.lH), 
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N, 6.39. MC. for C&I&O:- C, 79.76; if, 10.16; N. 6.4296). 
Add wrolYJi# of I. to p. A soln d 10 (IOnul in TEP I1 mll 
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