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Abdlmd-A confomlltioarl thdy of aom tmbydro-1,42diox bywcof’H’d”CNMRspeeoapyis 
reportedTbe~~nrl~ofthir~uecoPlprrrdtotboreoftberehtedry~acetnby&~ 
I& ad IJaazinc. A study of q o&l compounds allows the ass&eat of * and 0-n inversion processes 
iatbevuLbktrmpcratureNMRrpectrrRiqlinvcnioakfoundtobcrlowaePanprocnrthrn~n 
iovenion. The bar&s to tbcse processes are mcasud in ~veral dcrivrtiva and the impliins of the results for 
rbdier of nitmgcn inversion io other 6-a~mbcred rim arc pointed aut. Ibe canf~nal free energy 
dillerrnccrofN-MeladN-E1OroPprPrrmaweduddircuued.ItisromewhrtariertoputlaN-Et~pu~ 
tbao N-Me (co. 0.25 kcal mok-‘). It also appears than an Et group at C-6 goa axial more rcndily than does a Me. 

‘The introduction of heteroatoms into a cycbhexane 
ring as in piper&e or pyran raises conformatbnal 
problems of considerabk interest and sophistication” 
wrote Barton in 1%9.’ Since then the interest in hetero. 
cyclic conformational analysis has grown considerably, 
and riqp3 containing one and two heteroatoms have been 
extensively studied and are now relatively well u&r- 
stood. A geneA conclusion to be drawn from this work 
isthatthemorebetaoatomstbereareinaringthemore 
interesting and sophistkated do the probkms become. 
R&q containing three or more heteroatoms have 
however received little attention. Amongst these is the 
tetrahydrcA.42dioxaxine ring (1) which contains frag- 
meats from the tetrahydr*l2~xaxine (2) and tetra- 
hydro-1,3-oxaxine (3) rings. TIM conformational 
behaviour of the diixazine ring should be composed of 
aspectsoftbebehaviouroftbe l&and IJ-oxazinerings 
andshouldfonnanintere&gtestofthcwaysinwhich 
d&ring conformational tendencies can be fused 
together. The tetrahydr&1&oxaxines= andtbetetra- 
h-1 ~xaxincsG’o have been studkd by several 
groups and their conformational analysis is suteckntty 
well understood for a comparison with the 1,4&liixax- 
ine series to be attempted. 

Tetrahydro- 1,4,2diuxa.&s have previously been stu- 
died by Kahitxky of al. (KCO).“‘” They reported that 
these compounds show evidence of the slowing of two 
conf~atbnal processes in their bw temperatllre NMR 
spectra3 and measured two activatbn e, 10.2 md 
11.7 kcal mok-‘. Altlm& tbey correctly as&al t& 
proceMasbeingduetoringaodni&ogeninvaGn 

tMdtipktinarmgrdooumlyakktbemost8uildktecb- 
niqlBetoulein~cneoflIlklortwbuelDaelinrusim~ 
u&ausm8vaikbklhlnthl!reareIluhwW IOlOyCl!Clgit 
il cupaiot to the “ad hoc” metbod employed by KCO. 

they had no evidence to distinguish between these pro. 
cesses. In a subsequent communication” they assigned 
the lower energy barrier to nitrogen inversion. We shall 
demonstrate in this paper that it is the hi&r energy 
process that arises from nibugen inversion. This point is 
crucial to the current controversy over the ma&u&s of 
m inversion barrkrs in &membered rings because 
in the empirical scheme proposed by KC0 several of the 
conclusions are critically dcpepdent on this value. 
Moreover in our linear regession analysist of factors 
alIecting nitrogen inversion barrkrs” we implicitly ac- 
cepted this assignment of barriers with consequences on 
tbe values of the parameters found. 

In order to carry out a more thoroqh investigation of 
the tetrahydr~l,4,2dioxaxine ring we have prepared a 
number of derivatives (Cu) carrying Me, Et, i-R and 
Bz groups on nitrogen, H or p nitropbenyl at C-3, and H, 
Me, Et or Ph at Cb. 

The syntheses were all accompli&d by tbe same 
general route (Scheme 1). Reaction of N-hydroxy- 
urethane with an a bromoester in ethanolic sodium or 
potassium hydroxide solution leads to the esters (24). 
These compounds may be reduced selectively by lithium 
ahuninium hydride at ca V to the hydroxy compounds 
(25). The urethane remains untouched during this reac- 
tion presumably because loss of the relatively acidic 
amide hydrogen forms a protective anion in this region 
of the molecule. Alkylation under stan&rd conditions 
leads to the derivatives (26) which can be hydrolysed and 
decarboxylated to tbc hydroxylaminoakohols (27) either 
by refluxing with concentrated hydrochloric acid 
(R&l, Me.Et RrH) or by basic hydrolysis with aqueous 
methanolic sodium hydroxide (R,RpMe. R,=Ph RpH, 
R&eRA3). In the lattcz cases acid hydrolysis caused 
timposit& presunmbly since more stabk carbonium 
Lms are available. The amino-akobok (27) condense 
with akkhydcs when heated under retlux in benzene to 
form tbe l&dioxaxine3. These reactbns generally 
proc&edwithoutanacidcatatysthutsometimesatrace 
of toluene-p-sulphooic acid was nqired. Physical data 
fortheintamedkMaodp&uctsarerepor&dioTabks 
land2 

The ‘H spectra of 4,5 and 6 at ambient temperature 
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coltden 4ithrapidriogadIdrogeniuveraioa &Y&l sir ets for tbe C-3 hydrogens. M’BB’ 
multiplets for ‘le C-S,6 hydmgcns and the expected 
pattuns for the N-alkyl wbatitwnts. Analysis of the 
M’BB’ pattern in the compounds gives Jcls - 
&a+Jae)=3.1Hz ad Jtroru-&e+Jaa)-&lt 
lln?sevahlcsagreeverywellwithtkmoretimitaJdata 
availabkfnwtbeMMcomcric derhtived (u3). uaiug 
Lambert’s R value’“*” weohinR=Jtmns/Jc&=1.97, 

idcative of an almosl ‘bafect” chair conformation. 
Buy’s eqwtiod albwa cakuhth of an iutard riag 
torskm.angleof36.5~r&outthec3tocbbd.nis 
iaiukccpiagwiththehtundringtorskman&sofmost 
boadrhWUWCd8iX-lDClllbOrOd~.TorsioatUlg&8h 
the cbely r&ted tehahydrd3~uzines (2) have bee0 
IlIlWfd.2WhUSttbetofiionUt#22iOtbe~CliC 

pOlthOftbe~C~iUC’hormal”radillthe 
rcgboof53-58’,tktordoaan&abouttbeN-Obodis 
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found to be 67”. This behaviour, which should also be 
found in the 1,43dioxaxine, arises from the torsional 
potential about N-O bonds, which is d&rent in form 
(twofdd barrier) and ma@ude (co. 10 kcal mole-‘) 
from those found about C-C or C-heteroatom bonds 
(threefold barrier generally < 4 kcal mole). The dihabal 
angle in the 1~~xaxitlC correspollding to the one we 
have measured in the dioxaxine is found to be 56.2 f 0.4’. 

The ‘H and ‘% spectra of the compounds (4-23) are 
tempenturr dependent showing effects due to both ring 
and nitrogen inversion (Tables 3 and 4). Coalescences are 
obse&ed~hthetempe&lrerange -300” -‘““arKi” 

sommcesduetotwoconformatronsddfermgm 
enemy by co. 1 kcal mole-’ are visiik at the low 
temperaturelimitofourruns(co. -W).l.norderto 
interpret the spectral changes it is important to know 
which are the preferred conformations of this system 
and to identify the major and minor conformers obser- 
ved in the low temperature spectra. 

The confomla&nM of the closely related tetrahydro- 
1.3-oxaxines (3) have been investigated by Riddell and 
L&n?’ From studiis of model compounds it was 
deduced that the geminal couplinE constant at C-2 was a 
goodScatoroftheconformationattbeNatom.l%is 
couplinRwasfoundtohe7.5HxwbeatheN-alkylOroup 
was quatorial and 1OJHx when axial.’ Whilst these 
vahres are not expected to be exactly the same in the 
1,4&Goxaxine series, espqialty hecause of the greater 
electronegativity of the oxygen at position I, and the 
greatertorsionangleabouttbeNObondal&ringtbe 
rAtionship of the pair of electrons on nitrqen to the 
C(3) methylelM @oup, they can serve as indicators. At 
the low temperature limit for compounds 10 and 11 

major and m&r do&lets for the lowtkld C(3) 
hydrogens are observed with couphqs of 8.3 f 0.2 and 
11.2’2 0.4 Hz rq&ively. By analogy with the tetra- 
hydr+lsOxaxines these coupRqs are best ascrii to 
the N-alkyl equatorial (major) and N-alkyl axial (minor) 
conformations respectively. The ambiint temperature 
coupl& co. 8.5 Hz is therefore associated with a pn- 
dominantly equatorial N&y1 group (Tabk 3). In ad- 
dition there is an extremely large chemical shift change 
of the C-2 hydrogen in the 2-p-nitrophenyltetrahydr~l,3- 
oxaxines, on chancing the orientation of the N substi- 
tuent, of up to I.41 ppm. This indicates that in the 
2-p-nitropbenyl tetrahyd~l,4,2dioxazines, the major 
conformer, with its C-3 hydrogen 1.12 ppm to high field 
of that of the minor conformer, contains an equatorial 
N-alkyl group whilst tbc minor conformer has an axial 
N-alkyl group. “C spaztra also shed light on this prob 
lem (Tabk 4). At low tcmperaturcs peaks from the minor 
conformers arc clearly visible in compounds 4 and 10. It 
is possibk to use chemical shift additivity rules to make 
predictions as to the expected diierencc between the 
shifts of rin8 atoms in conformations containing axial 
arul equatorial Me group~.‘~‘~ The relative positions of 
the observed peaks fit very well for conformations 
containiq equatorial (major) and axial (minor) N-Me 
8roups. We thus conclude that the major conformations 
have equatorial N-alkyl groups and the minor confor- 
mations have axial N-alkyl groups. Other conformations, 
if froxen out, are not visible in our low tempt- 
spectra. 

In the dynamic NMR experiment for exchange be- 
tweun two sites A and B the rate constant measured, 
~,isthesumofthefonrvardPndrevenerateconstants 
(Irr+~).).AABBqequallypopulatedk,-t-~. 
If however the populations difler by a factor of (say) ten 
ormontbeat+GandL,=~andtheobservedrate 
constant is the greater of G and t. The observed free 
energy of activatiun at coakscence therefore CQr- 
responds to the change kast stable conformer Mrans- 
itions1P1C.hOrdcrtomaLethefreeeaetgyofactivatioa 
correspond to the change more stable conformer+rans- 
ition state the free enqty diBerence between the con- 
formers must be added to the observed barrier. ‘Ihis 
point is of direct rekvancc in the 1,4,2dioxazines where 
all barriers are most sensibly relatai to the change equa- 
torial N-M~transitkn state.t 

The sp@-al changes in 4 as the temperature is varied 
have been. orted by KCO.“.” Briefly, but usi119 our 
data, the rn& ;kne group at C-3 splits into an AB 
suertetat’fc =-39”*3=(AG.‘= 11.37 f 0.2 kcal mole-‘) 
and the N-methyl group at lower temperatures splits into 
anuntqualdoubktwithmaximumbroadeningat -6l* 
3” (AGc*= 9.95 kO.2 kcal mok-I).=’ The free energy 
diflerence at -&Y is 0.93 20.05 kcal mole-’ giving a 
barrier q N-Me+ransition state of 10.88 2 0.2 kcal 
mole-‘. 

Tbc conformational route maps for ring and nitrogen 
inversiun in the dioxazincs arc shown in Schemes 2 and 
3. In Scheme 2 slowing of either NI or RI would cause 
the ring hydrqens at C-2 to split into an AB quart&, 
whilst slowing of both NI and RI is rquired to split the 
N-Me perlr in the ‘H spqtrum or any of the carbon 
manamxsin&“cspectNm.ARhoughbarricrsto 
both processes have been measured it is not possibk to 
assigltheirorigin. 

Sclklbe 3 depicts tlk conformational route map for 
mokcuks cuntainkg a 6alkyl group. There can be no 
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Table 4. ‘C Cluaniul tbit 

Compolmd Trmp Ca G G NMe CMe 

4 +25 87.43 64.82 66.87 39.78 - 
4majllrconformptioa -95 87.10 63.76 67.82 39.88 - 
4miMwculf~ -95 82.75 ? 57.43 35.93 - 

10 +23 7091 39.80 15.16 
10 major canfonuntkm 

1; 
Ei zi 7273 40.19 15.00 

1) minor wnformation 82.15 m.47 61.25 37.42 ? 

Expected chaaacs on moving an N-Me from eqmtoAl to axial UC: C3 ca. -4. CJ cu. 0, C6 
ea. -6.N-MecaOppm.OnmoviagrC6fromeqtosxisltbechutxuforI0woukbc:C3ca.O. 
CJca -4.CQca.O.CMeca -4ppm.Ckarlytbcfonmr~visiaa6tstkdatabetta.Deta 
taken from the most sppopriate entries in Tables 5 and 6 (Ref. 18). 

? resonance MM ascriik (either hid&o or not observed). 
tVslues f 0.05 ppm for ca. 2046 w/v solutkns in CL%% measured downWd from TMS. 

Me 

Scheme 2. Coofommtiod rwte map for 2-mctbyltetrahydrw 
I Aldioxazinc. 

ile 

po N<O 
I 3 
MS k k 

Scheme 3. Confonurtional route map for 2-mcthyl-Galkyltetra- 
hydro-IA2d,&wincs. 

doubt from our previous assipnments that the major 
conformation is (a) and that the minor conformation is 
(b). Slow& of any one of the four diicrent processes in 
scheme3willleadtonospectralchragesasancon- 
formers may still interconvert rapidly. Two processes are 
nquired to be slow for tbc obacrvcd change which 
qmmtes (a) and tb) to be explahred. The only corn* 
ble pairs of slow rates are N,R,. N,& and N,Nx. In all 
cases NI pIuS one other prou~s IINISt be 8lOW 00 the 

NMR time scak if (a) and (b) are to be observed 
sqmmtely at bw temperature. ‘Ihe vahre for the barrier 
a-b (corrected as described above) is measured to be 
11.49 * 0.2 lccal mole-’ for 10 and 11.55 * 0.2 kcal mole-’ 
for 11. ‘Ilk bar&r to process N, must therejon be af 
hut 11.5 &al mole-‘. Tbue values are so close to the 
barrkrobservedforthehi&erenegyprocessin4asto 
implyacommonori#n. 

Figure 1 shows 8cbcmoticrrlly the energy barrkr 
chaqjesaroundthe~andnitroSeninversknroute 

--- -IO.9 

Reoctlon coardInatv 
Fii1.Frceeaeqycttaagcssmo&cdwhh~sadnitm@m 
iaversioa is 2-mcthyhetrabydn~l,4,2&xaxioe, aumsp&q 

toSchcale2. 

map presented in Scheme 2. In this fpaph, follow+ the 
xsn&nrve, NI IS shown as the huger bamer and RI 

. 
There is no steric or ekctronic reason to expect that in 

Scheme3theeneqychpngefrom(a)totbetransitkn 
state NI should differ much from the eneqy change 
(c) + transition state Nn. Since (c) is hnown to be hi&r 
in enetey than (a) the transition state Nx should therefore 
behigberthanN~.TbeeaalychanSaforriPqand 
nitroSen inversion in 10 and 11 are shown s&m&ally 
in Fii. 2. The first process to be frozen out involves 
passage over the barrier Nx. This is not observabk by 
NMR spectroscopy because all conformations continue 
to interconvert via the lower barriers RI, h and N,. The 
next process to be froxen out is NI. which separ@s (a 
andd)from(bandc).Therateconstantdmervedfrom 
the coalescence measurements uuresponds to fb)+N,, 
therefore the observed barrkr and the free eneqy 
difference between (a) and (b) must be added to measure 
tbebrrrierbeisbtrelativeto(a).Freezingoutdtheriae 
inversions (a)+(d) and (b)+(c) will $ve rise to no 
spectral chaqes because of the low amounts of (d) and 
(c) Pre.+. 

Examma& of tire process observed in the trimethyl 
derivative (17) also kads to a similar conchrsion reSard- 
ins the rehuive mag&uks of ring and nittqten in- 
version barrkrs. Geminal substitution is hnown to raise 
bankrs to rink inversion in heterocyclic compounds by 
0.Cl.Ohcal mok-‘t’= but w&l be expected to have 
littk effect upon nitrogen invmion. The barrier obmvcd . 
in 17 aveqpxl from the three separate coakscences is 
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nnd clo+r to the suggcstai barrier of Kessler and Lieb- 
fritx (XWIokcal moIe-‘),= but substantially greater 
than that of KC0 (6.4 kcal mole-‘).” However, the fact 
that merely altering one piece of data can alter the 
calculated parameter for N-Me inversion by so much 
suggests, as one might expect, that the parameters 
&ained from these analyses are very heavily dependent 
on the input data, and therefore should not be relied on 
too heavily for making predktioas. Furthermore , there 
is evidence in this paper to suggest that linear additivity 
which is the basis for the schemes proposed in Refs. 13 
and 14, does not bold for the barriers to nitrogen in- 
version in the dioxaxines. The effect of introducing a 
3-p-nitrophenyl is to raise the barrier to nitrogen in- 
version of a Me group by ca 0.6 kcal mole-‘. The same 
structural change has no effect on the inversion barrier 
of an N-Et group. Linear additivity cleariy does not hold 
in these cases (Table 5). 

t?aoctlon couw!da 

Fe 2. Free energy ‘c-m associsted with ring ad nitrogen 
inversions in 2-lnctbyl-6dkyftetrahydro-l.43~Mzincs. cor- 

responding to S&me 3. 

ll.lSkcal mole-‘. If the 11.37kcal mole” barrier in 1 
were due to ring inversion the observed ba&r in 17 
should be substantially greater than that observed. This 
evidence therefore also points to the 11.37 kcal mok-’ 
process arising from nhrogen inversion. 

I)usr results lead ys inescapably to the conclusion that 
the bank to N-Me invhon &I the #tmhy&u-1,4,2- 
dioxozincs is 11.420.2 kcol mole-’ aad that the k&r 
to tint inocnion b somewhat less than this, ca. 10.9i 
0.2 kc;;1 mole-‘. 

In their empirical scheme for the prediction of nitrogen 
inversion baniers in 6-membered rings KC0 took the 
value 10.2kcal mok-’ as the barrier to nitrogen in- 
version in 4.” As we have demonstrated above this 
ftgure probably represents the ring invenion barrier of 
the axial N-methyl conformation. ff the cosrect barrier 
for nitrogen inversion, co. 11.4 kcaf mole”, is inserted 
into a linear regression anafysis of the data presented in 
Ref.l4ttleoverall6tisimprovedconsidarMyfromthat 
found earlier, some of the parameters are altered, but the 
overaRgeueralconchlsionsarcunchanged.TTteharrierhl 
N-methyl&&dine is found to be co. 8.85 kcal mole-‘. 
This is 0.78 kcal mok-’ less than calculated reviously,” 

ThedataobtainediIlthisworkallowestimatestobe 
made of the values of the axial-eqtatorial free energy 
ditlerences of N-afkyl groups in the 1,4,2dioxaxine ring. 
It is now widely believed that the free energy ditference 
in N-Me piperkline is ca 2.7 kcal mole-‘.103*a By 
contrast the axial and equatorial conformations of N- 
methyltetrahydro-l%Xa?ine are almost equafly popu- 
lated (AG = 0.0i0.35 kcal mole-‘).17 This lowering of 
the free energy ditference by some 2.7 kcal mole-’ arises 
from two effects: tirstly replacement of a methykne 
group by oxygen reduces the non bonded interactions of 
the axial N-Me group and secondly, an “anomeric 
effect”,% be it electronic or dip&r in nature, lowers the 
energy of the N-methyl axial conformatiot~.” KC0 have 
claimed that the free energy difference in N-methyl- 
tetrahydro-ld-oxaxine is 19kcal mole-‘,’ although as 
we shag see this estimate is probably too tow. 

Table 6 presents the free energy ditferences obtained 
by ourselves and KCO. Extracting weighted average 
values from this table gives free energy differences of 
Me, 0.93 *O.OS, Et, 0.72 kcal mole-’ in the absence of 
3-p-nitrophenyl, and Me 1.17*0.1, Et 0.89*0.1 kcal 
mole-’ with a 3-p-nitrophenyl group present. Several 
features worthy of comment stand out. It is easier (co. 
0.25 kcal mole-‘) to put an Et group axial than a methyl. 
A similar, but smaller effect has been observed before in 

T&k 5. Bate data for riag and niucgea inversion from corksceax meaugment, 

Tct AG.' k0.2 kcd mde-‘t 

lade iav. 
NMe inv. 
NEt kv. 
Nil% inv? 
NMe inv. 
NMe iuv. 
Nlde kv. 
NMa inv. 
NE1 iuv. 
NEt &Iv. 
N?da inv. 
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Tabk6Conform&nalfreeenergydi&reocesoa&rogen 

COlllplNUld N substiwnt AGG’ kcal mok-’ TYJ Ref. 

4 

10 

w 
21 
7 

13 

:: 

: 
14 

Me 

Me 

Me 
Me 
Me 
MC 
Me 
MC 
Et 
Et 
Et 

0.93 2 0.05 
1.03 
1.01*0.05 
0.85+0.1 
O.% + 0.05 
0.84 * 0.05 
1.12*0.1 
1.30*0.1 
1.20*0.1 
I.Os*o.l 
0.72 
0.92+0.1 
o.gs*o.l 

-80 
-82 II 
-75 
-81 ‘c spectra This work 
-15 
-78 
-15 

-m 
-15 

1; 11 
-76 
-83 

Rest Ct values NMe in absence of 3-pNOsPb 093 f 0.03 NEt in abseace of ~JINO&% 0.72 
NMe witb3-pN~Pb l.17iO.l NRtwitbIpNO#h0.1)9*0.l.Allvabtesfrom Hspectnin 
thii woth mdas otbmwise indii. 

the 5-nlkyl-1Jdioxaae serie~~= In the presence of a 
2-p-aitrophenyl group it is slightly more diflicult (co. 
0.2 kcal mok-‘) to put an N&y1 group axial. This effect 
probably arises from slightly diiereat gauche torsional 
iateractbas about the NC(3) bond in the axial and 
equatorial coafonaatbns. Also the orieotatba of the 
p-nitrophenyl to the dioxaxiae riag will vary with the 
axial or equatoriel nature of the N-suhstitueat. 

If we accept, as suggested enrlier, that there is a 
lowering of the energy of the axial coafo@oa of co. 
2.7 kcnl mole due to the presence of O(4), we can predii 
that the free energy difference in N-methyltetrehydro- 
IJ~xaxiae should he co. 2.7 + 1.0 = ea. 3.7 kcaf mole-‘. 
This is roughly twice the value suggested by KC0 from 
dipole moment studies.’ 

The bw temperature spectruar of compound 23 allows 
a qualitative estimate to be made of the relative ease of 
putting Me groups axial in the 6-positioo. Tl lower field 
C6 Me was of somewhat lower iateasity than the higher 
field Me. In the l$dbxaa series axial Me groups at 
(analogous to C6 in the dbxnzbes) resonate at lower 
field thaa equatorinl Me groups. It follows therefore that 
more Me’s are equatorial thaa axial, aad that it is there- 
fore slightly easier to put an Et group axial in this 
position. 

Therefore it appears that at both positions 2 aad 6 in 
the ring it is easier by a small margin tu put aa Et gruup 
axial than a Me. Both positions on the rioa have 0 atoms 
in a ad fi positioas. The a0 atoms will lower the 
vicii interactioas in one of the set of (three) axial Et 
conformatbas, lowering the total energy of the set aad 
reducing the axial equntorial free energy difference of en 
ethyl group. 

-AL 

RrpomHonofdlwters(24)asillustraMdbytlmpmpar&mof 
dkster (24; R,=Me, RpRrH) from N-hydroxyunthone and ethyl 
2-bromopmpknate. 

A soln of N-bydroxyumdume (32.5 g; 0.5 mot) in abs EtOH 
(50~)~addcdtoaweU~~solnofKOH(28g;OJmol)in 

soln wSS Gatod &Grefhu for 3br. lbe cooled -soln was 
decantedfromthepptofKBiwbichwaswashalwitbEtOH 
(2x5Oml).Tbemixtureaadextractswerecombbmdandsokent 
arasrrmovedbyrotPryevapwrtiontokaveaprkydkwoil. 

nisoilwaswaslu?dwitllwater(soml)andtbe4ueouswrrhiqp 
extra&d with etbcr (sotal). ne txmlbhd organic fxsdoas 
wa hied (Na’so,) and solveat evtponted. Dismtkm 
a&r&d the dkster as a cdurkss oft. ba. ll8_124(73n. 71%). 

hducthmofdi~sun.Reductiondibedicrten(~witb 
~togivetheakohds(25)asitWmtedbytberedwAaof 
24 (RI-ME. R&=H) to the comspoQdjqs akohd. 

A sola d 24 (RI-Me. RIRrH) Cnr; 0.3!Bmol), iu mhwi 
ether (lsoml) was added slowlY to a -Stirred cookd SuSpci- 

sion of LAH (26.4 P: 0.696 u) in anbvd ether @Ott trill. Ad&ion 
wns contmual-so Gto tllsain tbc-mixtuft lit belo& 2. After 
stitdg for shr. SOM co’ (latg) and the0 water (48mR were 
rddedaadthemixturestilreduatilthesepu&dsoRdswere 
compktelywhite(2hr).Iheethaer(tayerwas&caatedaadthe 
residuewask?dwithether(3x306ml).Tbecombbmdorganic 
frac&mswereevrpontedanddktitkd.lIteakohofboikdat 
1 llXoX?mm @I& 4846). 

Ndkykt&~TbealcobolsIwanconvettedtotheirca- 
m N-alkyl derivatives (26) by ueamkat with alhyl 
bnbdes and Km in anbyd acetone. Alkyktion with Mel 
genmallyrn@itedun&ruhrreRux,withEtfaodiPr1cor- 
&po&ggIoDger periods (up to I week) were rkquid. A 
tmicd dk~ktk~~ is the c.arversica d the alcdml(13: Rt=Me. 
R&-H) &to the comspoadino N-Et compolmd (m; Rr=Me, 
Rz-Hm R&t). 

A mixture of U (R,=Me. RpRrH: log). anhyd Kg01 (301). 
Etl(u)g)raddryrcetoae(lu)ml)wubatcdMdaredoxfor 
48 hr. The hot suspension was filtered and the solid residue 
wasbed with warm dry acetone (2 x lo0 ml). The combioed 
organic fractions were evaporated and the residual yellow oil 
dktikd. Ncarbethoxy-N-ethyl-Maminohydroxy~propan-I-al 
boiled at gSMYO.6 mm (8.5 g, 73%). 

Zkra&etgoxvlation. The procedure first adopted for decar- 
bethoxyktion mvolved acid hydrolysis and decarboxyktion in 
ooe step. and is exemplified by the transformation of 26 (RrMe. 
RiH,RrEtl to 27 (R,=Me. RrH. RrEt). 

Pmrcdun A. A suspension of 26 (RI-Me. RrH. R&t: 8.5 g) 
in water (2Oml) and HCI t2Oml: d.l.16) was beated under retlux 
until evolution of CO> had ceased (5 hr). The cooled. oraoge. soln 
was washed with ether (5001) and evapcrated ix cacao. The 
residual dark oil was dissolved in water (IO ml) and made bask 
by addition of NaOH pelkts. Tbe free amine was extracted into 
ether (3 X 10 ml). The combii extracts were dried &SO4) 
sod evaporated cautiously to give 27 (R&e. RpH RrEt) as a 
brown free-flowing liquid. yield 4.8 g (91%). 

With urethanoalcobols in which R,=Ph or R,=Rdyl. pro- 
cedure A gave intractabk tars. With these compounds. &car- 
bethoxylation was accomphsbed by the procedure exemplii 
below for conversion of 21 (R,=Me. R&t. R,=Me) into 27 
(RI-Me. RpRt. RpMe). 

Prorcdwr B. A mixture of ti (R,=Me. RrEt. RrMe: 48) and 
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NaOH (1.5 gl in water l3Or~tl) containing sulIIcient MeGH to 
ensure soln. was beated under reflux for I hr. treated with AcOH 
until the pH was just below 6. then heated under rellux for a 
further 30min. The soln was rotary evapormed and the crude 
amine liberated as in procedure A. yield 1.98 173%). 

These aminoalcohols were not further purified but used in their 
crude states in the cyclisation steps. 

Cpclisatior m&m. The amino alcohols 07) were cyclised 
to Bive the corresponding tctrahydro-l.4.2dioxazines by 
condensation with paraformaldchyde or p-nitrobenzaklehydc in 
benzene. In some cases (R,=RpAlkyl. or R,=Phl reaction was 
;~a~tiutdes.s a catalytic amount of toluene-p-sulphonrc acal 

(Al Wirrk fomddehyfe. A soln of 27 (R,-RpR~hfc: %Omgl 
in dry benzene containiq paraformakkhydc (3sOntg) and tdoene- 
p-sulphonic acid 15 mg) was heated under rcllux using a Dean- 
Stark water trap. When the condensate was homogeneous the 
mixture was cooled and the excess paraformaldehyde removed 
by filtration. Tbe benzene was removed by slow distillation on a 
Vigreux column and the residue distilled under reduced pressure. 
2.6.6-trimethyl-tettahydro-I .4.2dioxazine boiled at loo”/70 mm. 
yiekl760 mg (77% 1. 

(B) witik ptitrokmddehyde. A soln of 27 lR,=RpRrMe: 
MO tql. p-nitrobenzaldchydc 1375 mgl and toktene-p-sulpbonic 
acid (5-l was heated under reflux as in section A above. The 
orange crystalline mass obtained on removal of solvent was 
recrystallized from light-petrol and ether to give the dioxazine as 
slightly yellow prisms: m.p. I I l-l IT: yield 550 mg l%%l. 

NMR sperfm. ‘H NMR spectra were recorded on co. 10% w/v 
solns in CDClr on a Perkin Elmer R32 I90 MHz) instrument. Low 
temperature limit spectra l-80 to -900) are of supercooled 
solutions. Calibration over the entire temp range showed dial 
settMgs of tcmps to be wcw8tc to within 1.5’ ad ttproducibk 
to *O.J”. ‘v spectra were recorded on ru. 20% w/v solns in 
CDCIZ on a Varian XL100 spectrometer in Edinburgh University. 
Relative amounts of conformations were determined by plani- 
metry of the low temperature ‘H spectra (most cases). or by 
cutting and weighirrg of stout card 116 and 221. 

hFkltOvlldgan~J-~is work was supported by SRC pant No. 
B/RG/9607.1 We thank Dr. R. 1. Abe&ant for asa&nce with tIm 
sdution of the AA’BB’ spectra aod Dr. A. Boyd of Ed.inburgh 
University for tuaniq the “C NMR spectn. 
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