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Abstract—By the reaction of cis- and trans-2-sminomethylcyclobexanol (1, 2), cis- and trens-2-hydroxymethyl-
cyclohexylamine (3, 4) and the homologous cyclobeptane derivatives (5-8) with ethyl p-chlorobenzimidate (11), cis-
mam-smmwmmujmwn-lmmnm 17) and cis- and
trans-4,5-totramethyiese- and peatamethylene-4,5-dihydro-6H-1,3-0xazines (14, 13, 18, 19) were prepared. The
amidine intermediste of the ring-closure reaction was isolated, and the mechanism of the acid-catalysed reaction is
discussed. It follows from the 'HNMR data that in the preferred coanformstions of the cis-tetra-
methylene-tetrahydrooxazines the methylese group of the hetero ring is eguatorial and the hetero atom (O or N)
axial. In contrast, the conformation equilibria of the cis pentamethylene derivatives, in accordance with earlier
X-ray analysis, are shifted towards the conformer coataining the methylene group in isoclinal and the hetero atom
in equatorial position. The preferred coeformations 12a and 14a of the tetramethylene derivatives 12 and 14 were

also determined by X-ray crystal analysis.

Starting from cis- and frans-aminomethyicyclohexanol
(1, 2), cis- and trans-hydroxymethyicyclohexylamine (3,
4) and the homologous cycloheptane derivatives (5-8),
cis- and trans-S,6-tetramethylene- and pentamethylene-
2,3,5,6-tetrahydro-4H-1,3-oxazines, cis- and frans-4,5-
tetramethylene- and pentamethylene-2,3.4,5-tetrahydro-
6H-1,3-0xazines™ and the related tetramethylene- and
pentamethylene-1,3-0xazin-2-ones™* were prepared. The
related cis- and trams-56-tetramethylene- and pen-
tamethylene-2,3,5 6-tetrahydro-1,3-oxazin-4-ones’  and
5.6-tetramethylene- and pentamethylene-5,6-dihydropy-
rimidin-4(3H)-ones’ were also synthesized. It was shown
by 'H NMR spectroscopy that the methylene or carbonyl
group of the hetero ring is egsatorial, while the hetero
atom (O, N) attached to the cyclohexyl ring is axial in
the preferred conformations of the cis isomers of the
former tetrameth cles’ The preferred
derivatives could
notbedednceduneqmvoaﬂypmelyﬁommm
and therefore X-ray studies were also performed.® 'l‘he
widespread mvestunon"" on the conformational
analysis of saturated and partly-saturated heterocycles
prompted us to continue our earfier work in this field and
to prepare and investigate the title compounds.

Synthesis and reaction mechanisms

Though the ring closure 1,2- and 1,3-aminoalcohols
with imidates to yield oxazotines>** and dihydro-4H-
18 i3 a well-known the

intermediate. Recestly it was shown' that N-sub-
stituted amines and not, as suggested eartier, N-sub-
stituted imidates are the intermediates in the reactions of
imidate salts with 1,2- and 1,3-aminoaicohols. In the
reaction of ethyl benzimidate hydrochloride and 2-
aminoethanol, the intermediate N-(2-hydroxyethyl)ben-
zimidinium chioride 10 could also be isolated.
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bols 1-8 with ethyl p-chlorobenzimidate (11). The yield
of the reaction in boiling chiorobenzene was only about
20%, which was raised to 50% by adding a catalytic
amount of HCl, but owing to the high temperature a
contaminated product was obtained. In boiling ethanol
with acid-catalysis, the reaction furnished a pure product
with a yield of over 70%.

The acid-Catalysis is in accordance with the results of
Neilson et al.”” who observed that ethyl benzimidate and
2-aminoethanol do not react in ethereal solution, whereas
uhylbcnmﬁdmhydrochlmdemmeﬂmdntmom
temperature gives the intermediate N-
(hydroxyethylbenzimidinium chloride (10); the latter,
under the same mild conditions, but over a longer reac-

When 1 and ethyl p-chiorobenzimidate 11 were
refluxed together in ethanol for 1.5 h, the amidine base 21
was isolated in an excellent yield. The structure of 21
was confirmed by hydrolysis, yneldmg N+{chloroben-
zoyl)-cis-2-aminomethyicyclobexano! 22 (Scheme 3).

Formation of amidine 21 was accelerated only
moderately by a catalytic amount of acid, but the rate of
the ring-closure step was considerably enhanced. With
acxd-cmlymmreﬂumethmolmdmﬁmcnfur-
nished the dihydrooxazine 12 in nearly a quantitative
yield in 12h, while without acid the yield was merely
about 10%.

As regards the refative rates of formation of the in-
t«mdxueandprodnct(a.mdv;,mpecuvely),mdthe
rates of the above proton-catalysed reactions [v.(H"),
va(H")), the following qualitative relations could be

conc

1+ 11—'ﬂ-’»zl 2
vz €V (H) €v; < V;(H*).

The mechanism of the reaction of 1,3-aminoaicohols
and imidates, on the example of 1 and 11, can be
representod by Scheme 4. With ethyl benzimidate and

Table 1. Physical and analytical data of compounds prepared

Compound Hepe Found ¢} Required
Hou oc ¢ u 'n Formule c TR
J‘.'g 77~ B87.6 6.6 5.6
13 104-105 67.3 6.6 5.9
e Cl4121601130 67.4 6.5 5.6
%ﬁ B2-04 67.0 6.5 5.9
1§ 100-100 G7.6 G.C 5.6
"
16 G7-G8  G8.3 7.0 6.3
J_.z 106~1C7 683 7.0 5.4 ) "

cls.xmcmo B88.3 G.9 5.3
e 121 G7.9 7.0 B.5
19 85-06  68.5 6.9 5.4
+11
1 ALY q CH,—-NH-!—C oHoCl(P)
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auhlyﬁcamountofwidimmdofethylbcnzimﬂue and Jaue correspond to an equatorial-axial and a diaxial
hydrochloride,'® the amidine intermediate 21 could also interaction, respectively. The halfbandwidth of the anel-
be isolated. Iated X proton attached to the hetero atom is large

Ror conversion of the alicyclic trans-1,2-aminoalco-
hols into the ing cis-isomers, treatment of
their N-benzoyl derivatives with thionyl chloride is a
standard method,’** which has been applied in several |
cases for preparation of the cis-2-aminomethylcyclanols
from the trans-isomers.®* Similar treatment of the
trans-aminoalcohol 2 gave the cis-dihydrooxazine
derivative 12, which was hydrolysed to the cis-aminoal-
cobol 1.

Conformational analysis by NMR spectroscopy
‘Thceonfamﬁonﬂanﬂycisilbned’ontheum

13-19, are given in Table 2.

The characteristically different ABMX parameters of
the cis and trams isomers are due to the shift of
cooformational equilibriom towards a preferred
formation. In the case of the trans isomers this prefe
conformation is the chair-cheir form, in which
methine protons are axial. Therefore, the coupling con-
stants Jaor and Jpu differ significantly (Joae 4-5Hz,
Juae 10-11 Hz for compounds 13, 18, 17 and 19), as Jau

SgEr

13a: N=2
17a: n=3

sk

(20-26 Hz), and its chemical shift is relatively small, as
Hyx is axial and among its interactions with the vicinal
protons there are two diaxial ones.

In the case of the cis isomers two chair-chair con-
formations are possible. In the O-inside (and N-inside)
form (122, 16e and 14a, 18s) the hetero atom attached to
the cycloalkyl ring is axial, since Hy is equatorial, 30 the
other anellated hydrogen (Hy) is also equatorial relative
to the hetero ring. In the O-outside (and N-outside)
conformation (125, 16 and 14b, 18b) the situation is
reversed: the Hx and Hy, protons are axial relative to
the cycloalkyi and to the hetero ring, respectively.

In the case of the cis isomers the Hx chemical shifts
are increased by 0.50-0.65ppm compared with their
trans counterparts, whereas the halfbandwidth is simul-
tancously decreased (8 Hz for 12 and 14; 14 and 16Hz
for 16 and 18). Both data refer to the equatorial position
of Hx, and consequently the predominance of the O-
inside (N-inside) conformer. In accordance, Jaar and
Jaae bave similar and relative small valoes corresponding
to the diequatorial and axial-equatorial interactions,
respectively (JiueS and 4 Hz, J3.,3 and 4 Hz for 12 and
14, respectively; JaxeS and 4 Hz, Juu S and 7 Hz for 16
and 18, respectively).

In the O-outside (N-outside) conformer (12b, 16b and

Hy
R
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19a: n=3
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14b, 18%) the situation would be reversed: due to the
axial position of H), relative to the hetero ring, the great
difference between the values of Jaur and Jape observed
mthemuuommsbouldbcnnchned.

The larger halfbandwidth of the Hx signal and the
larger value of the coupling constant Jaa for compounds
16 and especially for 18 shows that the conformational
equilibria in the case of these pentamethylene derivatives
are shifted towards the conformers 16b and 18b. These
results are in accordance with the conformation of
related bicyclic 1,3-dioxanes,> where the tetramethylene
derivatives the O-inside, but in the pentamethylene and
xamethybnehomologuutheo-mmdeeonfmw

While in the case of the cis-tetramethyleneoxazines
the preference for the O- and N- inside conformers (12a,
14a) follows unambiguously from a comparison of the
halfbandwidths of the cis and traas isomers, a similar
unequivocal conclusion cannot be drawn for the pen-
tamethylene homologues, because in the case of the cis
isomers 16 and 18 the halfbandwidths of the Hyx protons
are increased (14 and 16 Hz, respectively). If the former
values are with compared those of the corresponding
trans isomers (20 and 22 Hz, respectively), the difference
is not so expressed. Therefore, an unambignous con-
clusion for the preferred conformation of the pen-
tamethylene derivatives could not be drawn. Taking the
above into account, we decided to determine the con-
formations of compounds 12, 14 and 18* by X-ray analy-

sis. This X-ray analysis comprises part of a systematic
study on related saturated heterocycles.

X-Ray determination of the molecular structures of
tetramethylene derivatives 12 and 14

Figure 1 shows a perspective view of the structures
computed from final fractional coordinates of the non-
hydrogen atoms given with their ¢.s.d.’s in Table 3, and
those of hydrogen atoms which are linked to the fused
carbon atoms. The fractional coordinates of hydrogen
atoms are presented in Table 4. The cooresponding bond
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lengths and angles for 12 and 14, as can be seen in Fig. 2,
agree well with each other and with those found in the
literature. Bond distances C(2)-N(3) of 1.238(4) and
1.268(5) A are somewhat different. Nevertheless, they
indicate strong C=N double bonds in accordance with the
low O(1)-C(2)}-C(11) angles™ of 111.0(3)° and 110.7(3)",
respectively. It is worth noting that the yl rings
[mmbondlen;ths.le(S)mdlmm ] lie almost
theO(l),C(Z) C(11),
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Table 3. Final fractional coordinates and anisotropic vibrational parameters (x 10%) for compounds 12 aad 14.
Estimated standard deviations are given in parentheses®
Molecule ]2
x/a y/b z/c ull u22 uss u2s uls ul2

o(1) 3488(1) 2018(2) 4559(3) Bes(12) e80(7) 760(14) -g2(11) -772(11) 84(10)
c(2) 3349(1) 1o085(3) 3633(4) B32(16) ©582(9) 638(17) 42(14) 11(1s) -3(14)
N(3)  3808(1) 134(2) 3842(4) 844(18) 693(9) 782(17)  37(13) -~28(15) 1852(14)
c(4) 4093(2) 14(4) a725(s) 788(24) 8le(12) s76(28) 32(19) -128(22) 189(19)
c(s) 4333(2) 1172(3) s&5282(8) e57(19) 724(10) 7e3(21) s9(18) -117(18) 11e(17)
c(e)  3901(2) 1916(3) 8817(s) 724(21) 698(10) 689(20) 8(18) -48(18)  13(17)
c(7) 4588(2) 1803(4) 4071(8) 709(23) 861(12) 1003(28) o(22) 83(23) 52(19)
c(s) 4777(2) 3031(5) 4624(8) 918(33) 1100(18) 1277(38) -117(31) 127(31) -381(28)
c(9) 4326(2) 3789%(4) B6045(7) 941(31) 989(18) 1041(31) -98(28) -69(27) -289(28)
c(10) 4071(2) 3176(4) e6288(6) 920(27) 877(13) 828(26) -191(21) -30(24) -99(22)
c(11) 2e53(1) 1233(3) 2559(4) 485(18) 545(8) 832(18) 77(13) 14(14) 28(13)

c(12) 2683(1) 362(3) 1480(4) 609(18) 650(9) 701(18) o(1e) -22(16) 62(186)
c(13) 2212(2) 485(4) 470(8) 700(20) 728(10) 786(21) -20(17) -62(18) -28(17)
c(14) 1920(1) 1607(3) s586(s) 5812(17) 644(9) 776(20) 108(16) s(16) -12(14)
c(1s) 2087(1) 2387(3) 1le00(s) 8583(18) 692(10) ©00(20) 358(17) 28(17) s82(18)
c(1e) 2553(1) 2241(3) 2892(4) 8546(17) 639(9) 740(19) -19(18) -8(16) 70(14)
c1(17) 1332(1) 1678(1) -863(1) 706(7) 920(5) 1119(9) 144(8) -209(s6) =11(4)
Molecule M

x/a y/b z/c ull u22 u3s u23 uls ul2
o(1) 9943(6) coe(3) 1955(1) 806(17) 780(9) 701(16) 25(12) 184(14) 110(14)
c(2) 8972(9) 1798(4) 2011(2) 700(20) G32(9) s570(18) =-33(14) 27(16) 2(17)
r(3) 0322(7) 2782(3) 1678(2) 764(19) 686(9) 6l4(16) -43(13) 123(15) -so(ls)

c(a) 10823(9) 2610(4) 1166(2) 686(21) 707(10) 728(21) -14(18) 106(19) -98(10)
c(5) 10812(9) 1267(4) 935(2) 669(21) 686(10) 705(20) -35(156) 120(1s) 23(16)
c(e) 11665(9) 420(4) 1401(2) 714(23) 765(12) 08l6(24) -35(20) 123(21) 77(19)

c(7) 8272(9) 878(4) 609(2) 741(22) 700(10) 656(20) -69(17) 121(18) =-11(17)
c(e) 7389(11) 1792(s5) 99(2) B837(28) 809(12) 775(26) -18(19) 90(23) -42(22)
c(9) 7320(10) 3161(5) 349(2) ©666(27) 617(13) 778(26) 126(20) 123(24) 57(23)

c(10) 0866(10) 3552(4) e68(2) 082(27) 797(12) 746(24) 107(20) 159(22) -74(20)
c(11) 7347(7) 1043(4) 2516(2) 629(18) 606(9) ©5o4(l7) -69(13) 13(17) -14(14)
c(12) 72563(9) 063(4) 2040(2) 824(23) 710(11) e00(20) -9(16) 85(19) 22(19)
c(13) 5651(10) 929(s) 3394(2) s68(26) 766(12) 666(23) 19(17) 111(21) «12(21)
c(14) 4122(9) 1973(4) 3428(2) 740(22) 670(10) G97(19) -51(14) 49(18) -62(17)
c(1s) 4187(10) 2962(4) 3007(2) 722(25) 734(11) 699(24) -39(16) 116(21) 23(19)
c(1e) 8778(9) 2899(4) 2665(2) 782(23) 698(11) e618(21) -3(125) 1l05(l8) 3(10)
cl{17) 2092(1) 2062(1) 4000(1) 922(8) 869(5) 777(7) -94(4) 227(6) -90(G)

2 The enisotropic vibrational paremeters oro given in the form:

oxp[-z‘ﬂg§§ -: a¥ h, h, v ] mith Uy, in f2

Iy
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Table 6. Endocyclic torsion angies for compounds 12 and 14

Heterocyclic
(32) c(4)-c(s)-c(6)-0(1)

c(5)-c(6) -0(1)-c(2) = 37.5
c(8) -0(1) -c(2) =1i(3) = -8.7
o(1)-c(2) -t1(3)-C(4) = 0.0
c(2) -:(3) -c(4) -c(6) = -22.8
H(3)-c(4)-C(5)-C(6) = 49.6
(1) N(3)-c(4)-c(5)-C(6) = -52.7
c(4) -c(5) -c(6)-0(1) = &8.0
c(s) -c(6) ~0(1) -c(2) = -31.9
c(8)-0(1) -c(2)~t(3) = 1.4
o(1) -c(2) -N(3)~-C(4) = 2.2
c(2) =N(3) -c(4) ~C(5) = 25.4

Isocyclic
-66.0° €(7)-C(5)~C(6)-C(10) = -49.4°
c(s)-c(e) -c(10)-c(9) = 49.8
c(e)-c(10) -c(9) -c(8) = -53.1
c(10)-c(9) -c(8) -C(7) = &6.9
c(9) -c(8) -c(7) -c(5) = -57.1
c(8)-c(7)-c(5)-C(6) = 63.0

¢(10) ~c(4) -c(5) -C(7) = -52.1
c(4)-c(8)-c(7)-c(8) = B54.1
c(5) -c(7) -c(8) -€(9) = ~66.2
c(7) -c(8) -c(9)-c(10) = 56.4
c(8) -c(9) -c(10) -c(4) = -55.2
c{9) -c(20)~c(4) ~c(5) = 53.1

betero atom N(3) in 18b from those in 12a and 14a may
be regarded as the effect of the cycloheptane ring, which
has a twist chair (TC) conformation. In this (TC) con-
formation the C, axis crosses C(5), which thus maintains
two isoclinal substitvents: C(6) and H(20).

EXPERIMENTAL

24p-Chiorophenyl)-cis-5 6-tetramethylene-$ 6-dikydro-4 H-13-
oxazine (12). cis-2-Aminomethyicyclobexanol” (1) (1.9g;
001 mol) and ethyl p-chlorophenylbenzimidate (11) (1.83g;
0.01 mol) were refluxed in EtOH (50 ml) with s catalytic amount
of hydrogen chloride until TLC (Merck Kieselgel HF, benzene:
EtOH 4:1) showed the absence of starting materials (about 24 b).
Evaporation left a colourless crystalline residue. Recrystallisa-
tion from light petroleum gave prisms, m.p. 77° (1.8 g; 72%). The
physical and analytical data of the related derivatives 12-19,
plmdﬁomtheeomspond:ul}ammuleohoh"”mhmd
in Table 1.

B-(p-Chlorobenzimino)-cis-2-aminomethyicyciohexanol 21

@) cz‘:-z-Ani\omethylcyd?bennol (1) (0.65g; Smmol) and
ethyl p-chiorophenylbenzimidate (11) (0.92g; Smmol) were
refluzed in 20 ml BtOH for 1.5 b. Evaporation gave 0.97 g (73%)
white crystals, which recrystallised from BtOH as cebic prisms,
m.p. 146-150° (with decomposition). (Found: C, 62.98; H, 7.42;
N, 10.80. C,HsCIN.O requires:C, 63.03; H, 7.18; N, 10.53%).

(b) Under identical conditions with a catalytic amount of HCI,
in a 1h reflux the yield was 73%.

(c) In a 1b reflux without aci is, the yield was 62%.

(d) With a catalytic amoant of HCl in 24 h at room temp., the
yield was 36%.

(¢) In 24h at room temperature withowt acid-catalysis, the
yield was 16%.

2{p-Chorophenyl)-cis-5 6-tetramethylene-5 6-dikydro-4 H-13-
oxazine (12) from amidine 21. N-(p-Chlaobenzimo)-d:-2

HCL refluxed for 12b. Evaporation afforded a colourless oil

which.ontrmuonwnhﬂtgo.fmmhedaamﬂimsobd

(170 mg; 91%); this recrystallised from petroleum ether as

muphm , m.p. 77-78°, idesntical with 12 obtained from 1
1

(b) Without proton catalysis under the same conditions, the

yield was 10%.

i)-cis-S 5-tetramethyiene-S 6-dikydro-4 H-13-
oxazine (12) from 23. 237 (124 g; S mmol) was added in portions
mﬁbuylehbtﬂe(sm)ur.mlucﬁmmm‘mmh-
tained for mnmm the thionyl chloride was

from light petroleum to furnish 12, m.p. 76-78°. The product is
identical with 12 peepared from 1 with 11,

N<{(P-Chlorobenzoyl)-cis-2-aminomethylcyciohexanol (22) by
hydrolysis of amidine 21. 21 (100 mg; 0.41 mmol) was refluxed
(6b) in 50% EtOH (10 ml), thea evaporated and the residue was
crystallised from benzene to give 22 (73 mg; 73%), m.p. 154-155°,
identical with an authentic sample® of 22 prepared from 1 by
Schotten-Bsumann acylation.

cis-2-Aminomethylcyclohexanol (1) 1,3-oxazine 12. 12 (0.5g;
2mmol) was refluxed (10h) in a mixture of EtOH (10mi) and
conc. HC1 (10ml). The EtOH was than distilled off sad the
residue extracted with Et;0. The water phase was made alkaline
(N2,COy) and extracted (Et,0), the extract was dried (N2,S0J,
evaporated and the residual oil (215 mg; 83%), after distillation,
furnished 1 (190 mg), identical with an authentic sample.”

Crystal structure determinations on 2-(p-cklorophenyl)-cis-S,6-
tetramethylene-S 6-dikydro4H-13-0xazine (12) and 2p-
:::mm.&mmkm4mmm-l}m
Crystal data: C; H;(NOC1, MW 249.74,
12 14
i monockinic
Crystal symmetry:  monoclinic P2//c (from
Space group: C2c systematic absences)
a: 26.004(5) 535200 A
b: 11.305(1) 10.539(4)
c: 8.77(1) 21.9379)
B: 99.41(1) 5302
U: 2543.47 12415 A°
D.: 1.304 1.347g.cm™
Da: 1.29 1.34
(by flotation)
Z: 8 4
FA(000) 1056 Ly, ]
N(Fyd 1979 an
N(Fod) 1966 1736
Rote 0.091 0.119
Pl 235x 107 185x 1072
(in the weighting scheme)
k 2628 1.000 of
w = ki(o(F) + gf')
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Table 4. Fractiona) coordinates (x 109 for hydrogen atoms of compounds 12 and 14. [Uj12=0.11%(5), Uil =
0.095(6) A2] They are numbered according to the carbon atoms to which they are linked

Molecule 12 Molecule 14
x/s y/b z/c x/s y/b z/c

H(as) 4016(2) -488(4) 5712(8) H(4) 12788(9) 2824(4) 1315(2)
H(ab) 4368(2) -461l(4) 4158(8) H(B) 12130(9) 1175(4) ©98(2)
H(8) 46847(2) 1023(3) 6233(5) H(ss) 13489(9) 639(4) 1689(2)
H(e) 3900(2) 1474(3) e6818(8) H(esb) 11456(9) -560(4) 13368(2)
H(7a) 4918(2) 1289(4) 3837(6) H(7a) ee98(9) 8s5(4) 938(2)
H(7b) 4307(2) 1890(4) 3028(6) H(7b) 8450(9) -56(4) 4158(2)
H(gs) B5072(2) 2936(5) s5638(8) H(Ba) 8671(11) 1755(8) -251(2)
H(8b) 4942(2) 3468(5) 3721(8) H(Bb) 5634(11) 1521(8) -94(2)
H(9s) 4478(2) 46832(4) 6491(7) H(9a)  6945(10) 3213(8) 677(2)
H(9b)  4040(2) 3930(4) 40195(7) H(9b) 6798(10) 3802(8) -26(2)
H(1l0a) 3732(2) 3679(4) 6431(6) H(l0a) 11195(10) 3585(4) 318({2)
H(10b) 4348(2) 3148(4) 7324(8) H(lOb) 9711(10) 4482(4) e58(2)
H(12) 2921(1) -411(3) 1380{4) H(12) 8431(9) 28(4) 2910(2)
H(13) 2077(2) -200(4) -387(8) H(13) 5608(10) 172(8) 3725(2)
H(15) 1858(1) 3180(3) 1842(8) H(18) 2927(10) 3769(4) 3032(2)
H(le) 2689(1) 2926(3) 3418(4) H(lse) 6857(9) 3679(4) 2248(2)

Table S. Equations of atomic planes in the form AX + BY + CZ = D where X, Y, Z are orthogonal (&) coordinates
reiated to the axes a®, b, ¢. Deviations (A x 10°) of relevant atoms from the planes are given in square brackets.
Values for molecule 12 precede those for molecule 14

Plane (1) : 0(1), c(2), n(3), c(4), c(5), c(e)
0.4005 X + 0.4394 Y - 0.8040 Z = 2.4645
0.8860 X + 0.2472 ¥ + 0.3922 Z = 6.3596
{o(1) 72,-27; c(2) 84,-108: 1(3) -25,13; c(4) -185, 213;
c(6) 327,-340; C(6) -272, 248; C(7) 1843, -1870; C(10) 275, -414]

Plane (2): 0o(1), c(2), n(3), c(11)
D.5035 X + 0,3963 ¥ = 0,7678 Z = 3,4463
0.7904 X + 0.2572 V¥ + 0.5569 Z a G.4533
[o(1) o, -2; c(2) o, 7; 1(3) o, -3; c(4) 2, -77: ¢(8) G34, -727;
c(s) -192, 5: c(7) 2048, -2227; c(10) 350, -817; C(1ll) O, ~2:
c(12) 75, 210; c(l6) -86, -272]

Plane (3): c(11), c(12), c(13), c(14), c(15), c(1e)
0.4818 X + 0.4436 ¥ - 0,7667 Z = 3.3792
0.7118 X + 0.4519 ¥ + 0.6378 Z = 6.,4290
fo(1) 13, -339; c(2) -~ 42, -47; 11(3) ~-107, 137; c(1l1) -13,1;
c(12) 13, -6; c(13) -3, 4; c(14) -8, 4; ¢(15) 8, ~10;
c(16) 3,9; c1(17) -24, 3]

Dihedral englos (°) betwoen planes (1)-(2) 6.7, 10.9:
(2)-(3) 3.1, 22.1; (1)-(3) 5.4, 17.8




tropic vibeational parameters of non-hydrogen atoms resuited in
the final conventional R valves given above. The fractional

on 8 CDC 3300 computer in Budspest.
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