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Abdmt-The ryntbesia and variabk temperature ‘H ad “C NMR rpcctra of three tetmhydro-l.2,~~sdiuines 
arc re+tcd. l%e N(4)-Me inversion burim are 6.8-7.0 (u-rts) and 7.4-7.9 kcalmol-’ (q+ts) with AG’ 
0.6-0.9kcal mol-‘. The N(2)Me invcraion bmicrs UC IO.Cll.4 (u+ta) and 11.6-13.1 kcdmol-’ (q+ts) with 
AG” 1.2-1.7 kcal mol-‘. Ibe banicr to ripl invenion is CP 12.7 kcal mol-‘. “R value” analysis shows the riw to 
have a 56.5 f 2’ dibcdd aqk about the C(5)-(6) bond, idcativc of tbe cxpectcd chair coafornution. 

The conformational analysis of mdecuks capab& of 
undergoing any one of several d&rent conforma&d 
changes presents a fascinating and complex probkm. 
Such a system is the tetrahydro - 12.4 - oxadiaxine ring 
(1). whose synthesis two of us have rqorted recently.’ 
This ring may undergo any one of thra d&rent con- 
formational processes. cir ring inversion, or inversion at 
either of tk two different N ccnbes. Of added interest is 
the study of the positions of the carfm quili- 
bria associated with substituents on both N atoms. Thus 
we arc searching for three activation energies and two 
free energy di8ercnces in our conforn&maf anafysis of 
1. We now believe that we have evahtated aJl five 
parameters for the dimethyl derivative (~a). 

The differcatiation between ring and N inversion in 
this and related heterocyciic systems is a matter of some 
current concern. Illattheass@ationofprocMes 
obscrvcd in NMR spectral experiments to their origins is 
not always easy. is ilhrstrated by the conflicting literatme 
on the hexahydropyridaxines (2)= and the hexahydro - 
12.4.5 - tcbaxincs” before the problems in each system 
were solved.J’ 

Of enormous use in sdving confornn&nal probkms 
of this sort are the quations for the dynamic inter- 
prctntion of NMR tine broadening phenomena devebped 
by Anet, and 8rst used in conjunction with one of our 
research mups to establish AG” and AG’ for N in- 
version in a hindered pip&I&. Ia this paper we make 
useoftheseequatioMtoderivefreeem?rgiesofac&ation 
and free energy diueretzes from the broadening of ‘C 
spectml lines. since the Anet qua&Is give the rate 
constant, and hence tbc activation eaergy for the process 
least stable conformation~transition state we ahaIl 
report AG’ and AG’ (mfmrMs) and correct the AG’ 
vahtebyaddingAG’togivethea&vathmeneqyfor 
ground state confomution~transi& state. M N in- 
version barriers quoted in this paper ate tfnuefore des& 
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nated (q +ts) or (ax +ts) to avoid confusion and we 
recommend that other workers follow this practice. 

!3ystculs closely related to tetrahydro - 12.4 - oxadiaz- 
inc that have been studii include the tetrah&o - I2 - 
oxaxinc ring (I).‘*” thel$diaxineriqg(5) andthe 
tetrahydro - 1.4.2 - dioxazine riw (3).“-y Results on 2 - 
methybtrahydro - 1.42 - dioxa7ine indicate a ring in- 
version barrier of 10.9 kcal mole-’ and a N inversion 
barrier (q -, ts) of 11.4 kcal mok-‘.= The two processes 
were ckarly distiqphhabk in the ‘H NMR spectra by 
their differin8 coakscenccs. Changing from the 1.42- 
dioxaxines (3) to the LU-oxadiaxines (1) involves 
repJacemcnt of o(4) by an N-Me group. This change is 
expected to raise the bartier to ring inversion by over 
I kcal mole-‘.= The (q+ts) banier to N inversion at 
N(2) is also expected to be higher in 1 than in 3. because 
/t-nitrogen and /?oxygen subdituent.5 lower the q+ts 
barri#(theymirrtheax+tsbarrk~,buttheeffcct 
of N(4) shodd bc less than that of O(4).= Thus we 
expect the bar&m to rin8 and N(2) inversion to be 
greater in the oxadiaxines (1) than in the dioxaxincs (3). 
but for a quantitative evaluation of effects it is essential 
to distiquish between them. 

The synthesis of the tetrahydro - 12.4 - oxadiaxi~~s is 
outhned in Schetnc 1. The tosylates (7) of the hydroxy- 
Ns (6)= were stirred at room temperature 
with queous methylamine. with shat reaction times the 
rmiaeS(8)cotddbei&llakd.Withlonpa~tiOnthM%? 
ornMXevi8orouscarditumstheuras(9)wercfornK!d. 
Hydrolysis and decarboxylation of 8 gave rir to I8 
which could be condensed with formaldehyde or parani- 
trobmnldehyde to give derivatives of 1. It was however 
simpkrtorlkwtbeurraO)toformpndthcnto~uceit 
withLAHtotheoxadia&derivatives(I,R,=H). 

The tetnhydro - 124 - OxadiukM show the expcctcd 
ambient tempcraturr ‘H spectra. conaistcnt with rapid 
inversion of riq and N atoms (Table I). The C(5.6) 
rqionshowsanapproximate&Xxspcctrumwithtwo 
five line rtw)~wccs. Analysis gives Jh = 3.23 Hz and 
J ~=6.4lHxfromwhicbR=1.98andtheinternalriq 
dib&al rpde=#J*F identical to that found in 
thedioxaxincsYandinkeepingwiththeinterndtorsiam 
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la: Rt=CHs, Rs=H, Rs=W 
lb: Rt=C&, &=CHa, R-H 
tc: R, = iPr, R. = Ii, Rs = H 

C 
N flC”3 
I 
NVH, 

2 

angks in most ntxmal chair stations of saturntc.d 
6-membered rings. 

The cabs route map for N,N’ - dim&l- 
tetmhydro - 1.2‘4 - oxadii (la) is shown in Scbemc 2. 
Vertical directions indii riry invenioo, horizontal 
dilations indicate N invenions. It ia expected that the 
most rapid processes will be inversions of N(I).= 

The H~~of~~~~~,~wa~~ 
phenomenon invdving the C(3) hydr0gcns (sin&t + AB 
quartet) at -8 -c 3’ (AG,’ 12.7 f 0.2 kuJ mok-‘). ‘IBe “C 
spectra sbmv two brvadcniap and rcrlWpc~ 
pbeaomcna at co. -Wand co. -1120. 

Assignment of the “C proton r&c decoupkd spec- 
trum of la whkh consists of 5ve ~CWWKXS (Tabk 2). 
fdlows from an oft ~dccoupkdspcctrmnto 
dhtiaguisb bctwetn Me’s aad mcthyknes. The m&by- 
kae carbon rcsonaaoes were idcntifkd fnnn their them- 
icd s&if& and tbc M&l from tbcir t%r0ade* 

phenomena. The low Ernst effect (cu. -1129 in- 
volves the C(6) and one of the Me signals. It is known 
that N-inversion in 1.3 - dimethyl - 13 - dkzxmc (5) 
becamcs slow in the same Mn@mtWc faJ!ge (ea.-l#p) 
ScpWating tbc maj0r (dkq?Jat0@ *Wmatkn from 
the minor (axkl+xpWkl) ConfW ao Thus the low 
tempc~~ c&t in la refers to slow& of the N(4) 
inversion pmcess, k&s to an pssiounent of the 4-Me 
IxMance,a0drcfent0sepurtion0ftbe2detnd2c4a 
confonMti00s.Thchi#hcrtemprmture proWsa mv01vcs 
thcbnWknillgandrrshWpening0ftbec(6)padthc 
othex N-Me signal at ca -20”. This pr0ccsr is thus 
c0mp@k with th: slowing of aoy combinatbri Of PrO- 
ccWsinscbeme2ttmtwouldisdatethc2040co0- 
f~~~~~~. 

Using chcmicd shift data derived from the low 
tcmpcraturcspcctnof5’p8ndtbeAnctcqUatioaS’tbcSe 
dynamic phenomena may be quantbtivcly studied 
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The rynthcsis and conf~ dyfis of tetiydro-12.+oxdh 

‘t&k 3. Brodeniw dud’ from the ‘% DNMR of the tetnhydrwl2.Coudha’na 

13!45 

oqxmt! lAb lb 1c 

PAZWI&tr C(6) C(S) N(2l-c f%J, C(3) C(6) 8(2)-S. h'wq3 C(3) 

tc coo -20 -112 -17 -116 -17 -171 -123 -39 41 46 46 

AU ($1 
4 

5.5 1.7 u.9 17.1 1.2 9.6 7.3 9.6 -2 -h c.5 

AU@&= 5.7 5.7 5.7 5.7 3.E 3.0 3.0 5.7 3.6 0.2 3.0 

Fq 01 d I( 5.4 3.4 12.0 rr.0 13.0 10.5 6.7 - 6.3 

Ad)&.l k#M onr">= 1.6 0.9 1.7 0.6 1.6 0.57 0.66 I.22 - I.l'A 

AG*& - 2 kc& I&-',~ 11.3 7.0 Y.l.++ 6.9 11.7 6.62 6.72 1c.u - 13.4 
:: 

T&k 4. Canptihility of combinrtionr of “sbw” pmceses in Scbcme 2 with experimentd obwrvations 

Combirption +i comppatibility - 13C cohpatibility 

1,2 4 x 

1,3 X X 

I,4 X x 

293 X X 

214 X x 

1.2~3 J x 

2,3,@ / x 



13% F. G. ttmoau rl d 

observations therefore refer to 3 and I but we cannot 
assign tkm to the ‘H and “C processes on the basis of 
our results. However, since the ‘H and “C barriers are 
identical within experimental error we can say that bar- 
riers 3 and 1 are both co. 12.7-12.9 kcal mok-‘. Tbere- 
fore ring inversion in la has a similar barrier to N(2) 
inversion. 

To confirm this conclusion we synthesised 2.4.6 - 
trimethyltetrahydro - 12.4 - oxadia&e (lb). In this 
compound there are n+ible changes in the ‘H spec- 
trum on cooling. The ’ C spectra however again show 
two broadening and resharpening phenomena at tem- 
peratures almost identical to those observed before (cu. 
-17” and co. -120”). The “C spectrum of lb was easily 
assigned by analogy with that of la The low temperature 
process (AG” = 0.6; AG’ = 6.8 kcal mok-’ (ax -‘ts) 
hence AG’ in the direction eq + ts = 7.4 kcal mok-‘) is 
associated with broadening of the N(4) Me and C(6) 
signals and ckarly arises from inversion of the N(4) 
ccntre. The higher energy process (AG” = 1.7: AG’ 
11.4kcalmolc-’ (ax+@ hence AG’ q+ts= 
13.1 kcal mole-‘) from broadening of the N(2) Me and 
C(6) signals, clearly arises from slowing of all modes of 
interconversion between 244e and 2a4e. 

The conformational route map for this compound is 
shown in Scheme 3. If we accept the reasonable 
assumption that the activation energies in the lower half 
of the cube, related in energy to cc. will be higher than 
the related processes in the upper half of the cube, it is 
readily shown that the co. 13.1 kcal mole process arises 
from inversion of the N(2) centre (q + ts). 

The ‘H spectra of the tisopropyl derivative UC) in 
CDCI, shows a coalescence involving the C(3) hydrogens 
(singkt+AR quartet) at -I5*5” (AGcd 12.32 
0.3 kcal mole-‘). 

The room temperature proton noise decoupled “C 
NMR spectrum in acetone d6 consists of 5 signals, the 
off resonance splitting of which shows that N(Z)-C and 
C(g) have coincident chemical shifts at high temperature 
(+31”). As the temperature is lowered, signals due to the 
CCC). Nt2K Nt2)-CtCH& and C(3) carbon atoms 
broaden in the region of -30” to -45’. the maximum 
broadening being observed for C(6)-the carbon y to 
N(Z)-C(CH&‘. Using Anet’s equations, AG,* = 
10.4~0.2kcalmol- (ax+ts) and AG: = 
1.2+0.1 kcalmol-’ (in favour of ee). hence AG: eq-, 
ts= 11.6kcalmok-‘. 

Comparing AG: for la and lc (1.6 and I.2 kcal mole-’ 

Tabk 5. Physical and analytical data on products 

requireb 
m/e 

Corrpcapnd RI R1 R3 MT or BP found 

la He H H 140-145°/760mn 116.0949 116.0946 

lb Me Ue H 145-150°/760mm 130.1107 130.1109 

1C iPr H H 176-176/76Cmn 144.1263 144.1283 

Id nc H pNO?Ph 116-119° 237.1113 237.1112 

le Me Me eN02Ph 131-133° 261.1271 251.1276 

9 iPr H - mo-105/6mm 152.?.056 158.1OC6 

L/” l e 

I 
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respectively), it appears that it is easier to place an 
N-isopropyl group axial than an N-Me group. This sur- 
prising effect has been observed previously for the N-Et 
substituent in 2&yl-I .42_oxadiaxine’ when compared 
to 2-methyl-l.4Joxadiaxine. 

It is quite reason&k that the ‘H and “C AG,’ 
measurements should be different. As is shown in Tabk 
4 at least one more process is required to be slow for the 
“C observation to be possibk than for the ‘H obser- 
vation. Changing from N-Me to N-i-R is expected to 
lower the free energy of activation for ring inversion by 
ca 0.4 kcal mole-’ (i.e. 12.3 kcal mok-I)‘@ whilst lower- 
ing the N inversion barrier probably by a greater 
amount.m Thus in compound lc ca 12.3 kcalmok-’ 
probably corresponds to ring inversion and ca. 
11.6 kcal mole-’ probably corresponds to N inversion 
(eq+ts). 

The activation parameters for N inversion in tctra- 
hydro - I.2 - oxaxine have been studied in some detail by 
Rid&II et ClL’“” Tbc free energy of activation (cq+ts) 
is now known to be co. 14.4 kcalmolc-‘. The con- 
formational free energy difference of an N-Me group has 
been estimated as ca 3.7 kcal mok-‘” leading to an 
estimate of the free energy of activation in tbe reverse 
direction (ax-+@ of 10.7 kcal mole-‘. When these 
results are correlated with the results in this paper for 
the oxadiaxines and those found earlier for the dioxax- 
ines’ the effect of B-heteroatoms on N inversion of 
equatorial substituents are clearly demonstrated to 
depend on whether we consider the q + ts or ax + ts half 
barriers. A full discussion will be given later,” but both 
Boxygen and &nitrogen lower the q + ts bat& (by cu. 
3.0 and cu. I.5 kcal mole-’ m respectively)? whereas 
/Gtrogen raises the ax+ ts barrier by 0.6 kcal mole-‘. 

Hydmxy/ami (6). lk prepuation of these corn- 
pounds fdlowed established literature routesY 

Representative syntheses of other compounds are outlined 
b&W. 

N.N’ - J&&y/ - 0 - t I - aminopmp - 2 - yf) - hydmxylamiuc. 
(16 RI = Me. Rz = Me). A suspension of crude tosylate 7 (RI = 
Me. Rs = Me; 79) obtaJned by treatment of 6 with p-tolucne 
sulpbrmyl chloride in pyridine. in aqueous methylamine (4096: 
30 ml) was stirred at ambient temp. for I.5 hr. The resultin 
homogeneous sdn was evaporated under reduced pressure and 
tbe residue was Mated under retlux with 3056 NaOH sg (4oml) 
and sut5cient EtOH to ensure sobs. for 4Jmin. The s&n was 
cooled. acid&d with HCI (d 1.16) and heated under r&x for 
30 min to cnsurr complete decarboxylation. The residue obtained 
after evaporatiw the soIn to dryness was dissolved in water 
(3ml) and extracted with CHsCl, (4~3Oml). The combined 
extracts were dried tKsCO,) and distilled to give fB (RI = Me. 
RI = Me; 1.79) b.p. 60-&V/l mm. 

N.N’ - JXmuhyI - 0 - (2 - uminoetJ’yl) - Lydtuxyla’nhr (lb 
R’ = Me. R2 = H). Treatment of 7 (RI = Me. R2 = Me) as above 
9ave 10 (R, - Me. Rs - H) b.p. w/4 mm. If the ‘eaction was 
conducted at 8(r for I hr the acidiii step resulted in no 
evolution of CO2 and the urea 9 tR’ = Me. R, =‘H) was isolatul: 
Y= 1659cm“: b.p. 190-1 ltPl3.5 mm. 

2 - Isopmp9i - 4 - methyl - 3 - oxotctmhydm - 12.4 - 
oxadimiae 0: R’ = i-R. RI = H). The crude 7 (RI = i-R. Rs = H: 
14.2 g) was treated with mpwous methylamine (60 ml) at ambiint 

+Two of us (FOR amt EST) consider that this result to9etber 
with the banier-rpising effect of the same beteroatornr ia the 
u-positiin~ provide a clear exarimentd demonstration d 

of the 6rst row of the periodic tab& tint 
cakuhtions.” 

by MO 

temp. for 2 br and then treated consecutively with base and acid 
as descrii above. Very little CO, was evolved. Work up as 
above pve tbc tuna 9 (R, = i-R. Rx - H; 4.81) b.p. IO& 
Ios’/8mm. I= 1656cm-‘. 

2 - Iwpmpyl - 4 - mcthylldmlrydro - 12.4 - oxadiazfne (9; 
R’=iPr. L=H). A solo of the urea 9 tR’=iPr. R,=H: la) 
in’ anhyinis ctber (IO ml) was added d&wise over ; period of 
5 min to a stirred suspensioa of LAH (I80 mo) in anhyd ether 
(IS ml). After stining for I hr the suspension was treated with 
56% NaOHq until the inorganic solids precipitated out. The 
clear ether layer was decanted and the residual solids wasbed 
with ctber (2 x Xtml). The combined ethereal layers were 
evaporated and distilled to give I (RI = i-Pr. R1 = H: 539 m@ b.p. 
I ltP/76omm. 

Ctmdensati’ms of diamines uith aldeh9des. IO-. I were carried 
out accordiq to literature precedent.” 

JVMR rpcctm. ‘H spoctn were recorded on a Pakin-Elmer 
R32 (#)MHz) instrument in Stirling. using ea. 16% w/v solns. 
Temps are accmate to +l.r and repro&ii to fly’. 
“C spectra were recorded on a Jeol FM09 spectrometer in 
Norwich on ca 20% w/v rdns. Spectra were normally run usin 
an internal ‘H lock and employin a sweep width of 3005 Hz 
giving a digital resolution of 0.375 Hz. Temperatures are accurate 
to 22”. and the temp. contrd units were checked with a copper 
constantan thermocouple inserted in a standard IO mm Jed FK- 
IO0 NMR tube. 
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