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spectroscopy showed that the cls Isomers of the synthesized 
oxazlnes wet-e conformationallyomogeneous In solution, and 
their preferred conformation (Inside or outside) depended on 
the steric requlreaent of the groups attached to the 
anellation points, whereas a bulky C-2 substituent had no 
influence on the oredomlnent conformation_ The structure of 
~benryl-cls-4,5-~etramethylenetetrahydr~l,3-oxarinium- 
plcrate (m. determined by X-ray diffraction analysis. was 
In agreement with the predominant N-outalde conformation of 
the corresponding base. establlshea by means of Nkf? 
spectroscopy, - 

In previous worke we q ads a systematic study of the synthesis and sterlc struc- 

ture of stereoisomeric, six-membered cyclic compounds containing two hetero 

atoms in the 1,3-positions, fused with a cyclopsntane, cyclohexans, cyclo- 

heptane or cyclooctane ring, Among others, a great number of dihydro-3 and 

tetrah dro-1,3-oxazinee, 
Y 

4-6 

onesgV O 

tet rahydro-1.3-oxarin-bones, 7*0 1,3-oxarln-*- 

and 1,3-oxazine-2-thiones 11,12 were synthesized_ Investigation on 

2-aryl-substituted tetrahydro-l,3-oxarines led to the following general 

conclusions : 

1, In all cases studied, the formation of 2-aryl-substituted 1,3-oxazlnes 

was a etereospecif lc process_ 
1 

2, The predominant conformation of the synthesized 1,3-oxazlne & isomers 

primarily depended on the sterlc requirement of the groups attached to the 

anellatlon points, 5 

3, The predominating conformation of the end-product was daclelve for the 

configuration of the centre of chlrallty in position 2, 
1 
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The 2-aryl-substituted dlhydro- and tetrahydro-1,3-oxazlnse we studied 

earlier were conformationally homogeneous systems, as shorrn by 1 
H and 13C NMR 

examinations at room temperature, 3,4,10 
The conformational homogeneity of these 

Fazing derivatives has recently been supported by high-resolution (400 MHz) 

H NMR measurements,13 

In this paper we report the synthesis and structure elucidation of tetra- 

hydra-1,3-oxarines containing no bulky 2-aryl substituent such as those present 

in the previously investigated compounds, which were possibly primarily 

responsible for the conformational homogeneity (Scheme l), 
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Crsbb g I&_ described 

the results of lnvestlgations 

on closely analogous compounds 

in several publfcations,14-16 

In studies on the reactions 

of trane-2-amino-l-cyclanols 

and 2-amino-l-cycloalkane- 

thiols, 15.16 they prepared a 

number of fused-skeleton 

oxazole and thiazole deriva- 

tivss, When the starting com- 

pounds were unsubstituted 

1,2-aminoalcohols, polycyclic 

products too were obtained, 

whereas the cyclization of 

trans-2-alkylamino-l-cyclanols 

with formaldehyde gave exclus- 

ively the fused-skeleton 1,3- 

oxazoles, 
14 

The structurss of 

the compounds synthesized 

were supported by detailed 

1H and l3 C NM? analyses_ 

Conformational equilibria and barriers to ring and nitrogen inversion were 

determined by ‘H and 
13 

C NMR for numerous nearly analogous 2, 3 and O-substituted 

1,3-oxazine derivatives by Katrltzky et 01-l’ 

Our N-methyl- and _+benzyl-&- and trans-2-aminomethyl-1-cyclohexanols 

(&o,k, ?a,b) were prepared as described earller,6*l8 from the appropriately 

substituted, stereoisomeric 2-hydroxy-1-cyclohexanecarboxamidse, The very low 

yields (15-35%) previously observed for the &methyl derivatives (&g, 2:) could 

be increased considerably (to 8o5YJ) by shortening the time of the lithium 

aluminlum hydride reduction, and by improving the work-up, 

Earlier, several synthetic routes had been elaborated6 leading to &methyl- 

and _wbenzyl-a- and trans-2-hydroxymethyl-cyclohexylamines (2g.k. is,;). The 

_&methyl derivatives ,3~ and $IJ were prepared by the lithium aluminium hydride 

reduction of y-formyl- or l-ethoxycarbonyl derivative of the appropriate &- 

and trans-2-amino-1-cyclohexanecarboxylic acids, The y-benzylaminoalcohols pi 

and 45 were obtained by reducing the N-benzoyl derivatives of *- and trans-2- 

amino-l-cyclohexanecarboxylic acid, Compound p,b was alao synthesized by the suc- 

cessive reduction with sodium borohydride and then with lithium aluminlum 

hydride of the Schlff base made from cis-2-amino-1-cyclohexanecarboxylic acid 

and benzaldehyde, The above reactions usually gave the products In very low 

yields, 
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In the couraa of the present work the eynthaeia of aminoalcohols 2 and 2 

wee l edified by using the ethyl esters instead of the above carboxylic acid 

derlvativee, which were scarcely soluble in ether or tetrahydrofuran and 

therefore barely reducible with lithium eluminium hydride, Accordingly. the 

required aalnoalcohols ja,,b and 43,: were synthesized in very good yields by 

treatment of ethyl &- or trana-2-amino-1-cyclohexanecarboxylate (2, J?) with 

ethyl chloroformate, followed by reduction with lithium elumlnium hydride, or 

by acylstlon of the starting ethyl aster with benroyl chloride and subsequent 

reduction (Scheme 2), As a further advantage of the method, the reaction timea 

of the reduction steps could be decreased to 1 or 2 h and the final products 

were obtained aa very pure compounda, without any cant aminatlon, 

ClCOcE t 

NaHC03 

I 
0 l C-CSH5 

Cl’ 

0 

CT OEt LIA1H4 
- 

*ic6H5 
0 

Scheme 2, 

0 
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NR 
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Scheme 3. 

The y-•ubstltuted 1,3- 

oxazlnae zo,Pia,k were ayn- 

thestrsd by treatment of the 

appropriate aminoalcohol 

~g,~-,“&,; with aqueoua form- 

aldehyde, Compounds z-,8 were 

isolated from the reaction 

mixture as oily producta and 

were purified through their 

picrate or hydrochloride 

aalta, For NMR epectroecopy 

the bases liberated from the 

aalta were used, 

Dat ailed conformational 

analyela by ‘H and 13C NMZ of 

the eynthaairad 1,3-oxarinea 

haa bean reported earlisr,1g 

Hence, only the main results 

of this work are mentioned 

hers, 

The conf ormat ions1 

analyals of the c&-1,3- 

oxazinaa 2 and Z is baaed on a 

comparative NM study of the 

cia-trana isomer pairs. Theta 

are two possible stable chair- 

chair conformations for the 

tie isome ra, In tha _G or _W 

ineide conformation the hetero 

atom ia axial with reepect to 

the cyclohexana ring, In the 

case of tha _G or y-outside 

conformation this position is 

~d’;$a~3;;,a ahow 

that the =& iaoaere, aimi- 

larly to the 2-aryl-aubatitu- 

tad analoguaa. ara confor- 

aationally homogenaoua_ In the 

casa of trana derivat ivae 

$p,$ and &+!j tha _J(dgH.SH) 
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and J(5H,6,gH) couplings, respectively, are 11-7 and 12-l Hz_ In the &+5,6-totrb 

methylene-1,3-oxaxinee 20 and 2 the 2(4&l,5H) coupling ie 3-3 Hx, end tharefore 

the predominant conformation Is O_ineide, In contrast, in the 

wthylene-1,3-oxazinee (Za and Zk) the 3(5H,6gH) coupling 1s 11 Hx, showing the 

predominenoe of the &outside aonformetion, 

phenyl)-substituted analoguee, 5 
aa in the case of the 2- @-nitro- 

It follows that the 2-aryl substitution does 

not influence the conforaationel conditione of &g-5.6-tetramethylenetetrahydro- 

1,3_oxaxinee, 

X-ray analysis of ~benzyl-~-4,5-tetreaethylenetetrahydro-l,3-oxszlnlur- 

picrete (Zk) 

A perspective view of the molecular geometry assumed by the tertiary 

eamonium cation formed from 3-benxyl-c&-4,5-tetremethylene-2,3,4,5-tstrahydro- 

1,3-oxaxine with picric sold is depicted In Fig, 1, Since the crystal has a 

csntre of symmetry, both snantiowrs ars present; of these, the form bearing 

the heteroatoma Y and p in the o(-ponition Is drcmn, Accordingly, In the 

crystalline state 7-b also has the &outeide conformation, The corresponding 

fine1 relative atoaio coordinates of this cation, together with those of the 

picrate anion, have been deposited, The bond lenghts and angles for both the 

cation and the plcrste anion are given In Fig, 2, As shown by the pucksring 

parameters2’ both a-fussd rings adopt an almost perfect choir conformation_ 

Q 9 ‘p 
ring A 0.57 6( 4, o” 248-4’ 

ring S 0.58 4-4 75.5 

Figure 1, A perspective view of the &bsnzyl-a-4,5-tetramethylens- 

tetrahydro-1,3-oxazlnium cation with etosic numbering and 

ring labelling, The bare numbers ore for carbon atoms 

unlees Indicated otherwise, 
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\\6’ ;v3.2 - ,ab.o [p. = “- 

Figure 2. Bond lengths (8) and angles (O) in compound z,b, E,e,d,‘s are 

0,002-0,004 fi and 0,2-0,4°, respectively, 

The lowest endocyclic torsion angles, which agree within 6xperimental error, are 

found at the 3 junction, The H(5)-C(5)-C(4)-H(4) torsion angle is -47,3(Q)‘, 

The benzyl group Is bound axially (O(l)-C(2)-N(3)-C(ll) I 65,2(2)‘, C(5)-C(4)- 

N(3)-C(11) . -71,3(3)O) and the least squares plane of the phenyl ring is 

approximately parallel with that of the heteroring (their dihedral angle is 

17,6(l)‘), The formation of the tertiary ammonium base accounts for the visible 

increase In the GN distances (cf, z-s_ ref. 21 ) around N(3) (their mean value 

Is l-512(2) 61), In the heterorlng the (H,)C-0 distances differ significantly 

(A I 0,043 fi), The protonated N(3) de:.-tes a strong hydrogen-bond to the 

deprotoneted phsnollc oxygen of the plcrate anion (N(3)___0(24) - 2.676(2) 8, 

H(3),,,0(24) . l-76 1, NH_,,0 - 167,8(18)‘), The ring distortion In the plcrate 

anion (see Fig, 2) Is similar to that observed in other plcrats moieties_ 22.23 

EXPERIMENTAL 

The physical properties, analyses and yislds of the compoundr are listed 

in the Table, 

Ethvl cls-2-ethoxvcarbonvlaarlno-l-cvclohexanecarboxylate (ii) 

Ethyl c&-2-amino-1-cyclohexanecarboxylate hydrochloride 24 (4.15 g; o-02 

nol) was dissolved In water (25 ml) and sodium hydrogen carbonate (2-52 gl 

O-03 mol), and then ethyl chlorofonate (2-l ml8 0,022 mol) wae added, with 

stirring, Stirring wae continued for 1 h, and the oily product which separated 

TEl’ Vol. 40, No. 11-l 
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on atanding overnight waa extracted with banrane (3x30 ml), The coablnad benzene 

aolutlon waa dried (Na2S0,,) and the solvent waa evaporated to leave a pale- 

yellow oily product, 

Ethvl trana-2-ethoxvcarbonvla~lno-l-cvclohaxanecarboxvlate (&?) 

This compound waa prepared analogously to ;A, 

amino-l-cyc1ohexenacarboxyleta hydrochloride,25 
etartfng from ethyl trana-2- 

The crystalline product (1,:) 
wee filtered off and waahad aeveral time8 with water. 

Table. Physical and analytical data on the starting compounda i-4, f4-A: and 
the 1,3-oxazinea 2-3 

Com- r-l, p_= Yiel# Found X Required X 

pound Oc s6 C H N Formula C H N 

113-ll& 

57-s@ (57-59) 

85-87s 

130-131s 

83-d (82-84) 

95-U& (88-949 

43-d (42-45) 

666& (124-l2sp 
99-lo& @B 

81-8s (W-83) 

216-21d 

213-21& 

166-169 

166-17& 

126-12d 

X0-15& 

141-14g 

200-2012 

92 59-3 0-9 5.7 

88 (85.7) 

94 69-6 7-6 5-l 

89 69-8 7-7 5-1 

83 (13-9) 

81 (24-3) 66-9 12-O 9-7 

87 (26-g) 

83 (52-5) 76-6 9.7 6-2 

79 67-2 12-O 9-6 

74 (36-2) 

92 56-3 9-5 7-5 

84 56-6 9-6 7-4 

84 46-0 5-4 14-7 

78 47-o 5-3 14.8 

79 54-7 5-2 12-4 

a4 54-9 5-3 12-2 

82 54-7 5-2 12-2 

80 55-O 5-3 12-4 

%2H21 No4 

C16H21 N03 

%H17NO 

C14H21 NO 

C8H17No 

CgHl *Cl NO 

‘1 sH20N4’8 

C21H24N408 

59.2 8-7 5-8 

69.8 7.7 5-l 

67-l 12-O 9-8 

76-7 9-7 6.4 

67.1 12-O 9-8 

56-4 9-5 7.3 

46.9 5.2 14-6 

54-a 5-3 12-2 

~Llterature 6 m-p, ’ B and yields in brackets %I_p_ of plcrate 147-151 ‘C 

%3-p_ at 400 Pa ~Racryatallized from ethanol-ether 

%?acryetallired from g-hexana %iydrochlorlde 

&,p, at 333 Pa Glcrate 

Ethvl cia-2-benrovlamino-1-cvclohexanecarboxvlate (&z) 

Ethyl a-2-amino-1-cyclohaxanacarboxylata hydrochloride (4-15 g: O-02 aol) 

wee allowed to react with beruoyl chloride (2-55 ml; 0 022 mol) under Schotten- 

Beumenn acylatlon condit lone, After 2 h the benzene phaaa was separated and 

dried (Na2S04), and the solvent was evaporated to yield snow-white, cryetalllne 

product _ 
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tie-2-Methvlaainooethvl-1-cvclohexanol (&a) 

Lithium aluainlua hydride (l-52 g; O-04 ~01) waa euapended In dry tet ra- 

hydrofuran (200 ml) and, after etirring for 15 min. y-methyl-a-2-hydroxy-l- 

cyclohsxanecarboxamide (3-14 g; O-02 ~101) was edded, The mixture wea etirred 

end refluxed for l-5 h, then cooled in ioe, and water (l-6 ml) In tetrehydro- 

foran (30 ml) waa added dropwfse, followed by the addition of water (l-6 al) 

in one portion, at room temperature, After atlrring for 1 h, the inorganic 

material wae removed by filtration end w-hod with tetrahydrofuran, Drying 

(over Na2S04) of the filtrate and evaporation of the solvent gave &a as a 

cryatslllne product, 

clr-N-Methyl-5,6-tetremethvlenetetrahvdro-1.3-m (23) 

&-2-Methylemlnomethyl-1-cyclohexanol (ia) (l-43 g1 O-01 ~01) wee ehaken 

with 35% bqueoua formaldehyde solution (10 ml) for an hour, The mixture wae ther. 

bsrified with 1% aqueous potaseium hydroxide solution end extracted with ether 

(3x30 ml), The combined extract8 were dried (Ne2S04) and evaporated, to give 

en elmoet colourlees oil which wae purified ae the hydrochloride salt, 

The bare liberated for purpoeea of epectroecopic examination wee a 

colourleee, viecolie oil, 

Crvetal l tructure of N-benzvl-cie-4,5-tetr~ethvle~tetrehvdro-l,?tox~lniuo- 

picrate (?b) 

Cryetel data: triclinlc, 0 I 7,134(2) R, h - l2,81O(3) g. 2 - 12.332(2) R, 

o< I 104,58(2)“, /3r 67,41(3)‘, f. 104,37(2)“, U - 1056,0(g) t3, DC - 1,445 g 

C8 
-3 , 2 = 2, F(OO0) = 484, epsce group PI. Intensities of 3224 independent 

reflexione were collected in the range 285 50’ by an w= 28 ecan on an Enraf- 

Nonlus CAD-4 diffrsctowter with graphite monochrometed MoK, (a - O-71073 fi) 

radiation, Cell conetsnts were determined by least square8 refinement froa the 

getting angles of 25 reflexlone, After data reduction, 2720 reflexions with 

I - 3,06(I) 70 ware taken as obeerved, No abeorptlon (p= l-05 cm -1 ) correction 

wae appliud_ The etructure wae solved by direct methode ueing the M&TAN 

program, 26 An E-rap computed with the uee of the phase set of 460 normalized 

structure f actore having E al-50 revealed the positione of 30 non-hydrogen atoms 

(R 1. O-36), The miseing 3 atome were located In a eubeequent Fourier eyntheeie, 

Full matrix leaet squares refinement of positional and vibrational parametere 

reduced R to 0,095, At this etage H poeitlono Wre generated froa assumed gee- 

metrlee and were checked in a difference Fourier map_ Further anlrotroplc 

refinement of the non-hydrogen atom poeltione, In which H poeltlons were treated 

In ieotroplc mode, gave e final R I 0,050 (Rw - 0,061, Rtot I 0,060), Scattering 

factors were taken from International Tablee’ for X-rev Cryetelloqrephy,27 All 
calculatione were perforsed on a PW 11/34 mlnlcoaputer with the uee of the 

SDP-34 ayetem of Enraf-Noniue with local modificatlone, 
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