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.~-MoIcc~I~ mechanics calculation% indicale thar the deformed chair and trisred+oat ~~~~~rrnatlons arc 
similar in energy for a 4,Mimerhyl.3-keto sttrold. Earlier dipole moment uork on such compound\ i\ di\cus\cd. 
The crystal strucIure of b.cdrmt~h~lsndro~trn~~~~~n.l?~.~l hcnrortc ha\ ken determined l’hc cry\ilalr are 
o~~r~rn~~. P2,2,2,. a = 17.096 (2). b = 22.136 (e), c -r: 6.217 (1) A. The rwuclurc was solved b) direct methods 
and retined by lea\t tquarcs IO X - 0.039. R, = 0 03X. bed on ?lM otwrwd rcflcctinn\ Rmp .A I\ \houn to cxir( 
in a chair form. deformed .s\ mdkucd b) Ihe calculation\ 

Althou~ the ~ssibility of the existence of a 6-membered 
ring in a txxtt or twist form was pointed out as early a\ 

1890 by Saehse,’ it was not until 1957 that Barton’ 
showed that a molecule which wa\ not rigidly con- 

strained to do so, in fact preferentially existed as the 
boat. The molecule which Harton studied was Z@ - 
hromo-lano5t - 8 - en - 3 - one. Suhsequentlg. large 
numbers of molecules have been shown to have a 6- 

membered ring preferentially in a conformation other 

than that of a chair.’ In all cams except one.’ howckcr, it 
has been shown that there are very large rtcric and/or 
electrostatic effects which are unfavorable in the chair 

form, which can be relieved if the molecule adopts a hoar 
or twist conformation. 

In the case of Barton’s compound, the boat form of 

ring A here has several factors in its favor. First. serious 

stcric interactions exist between the fl substituents at 
C-2, C-4 and C-10. which are syn-axial on the cyclo- 

hcxanone ring in the chair form. This repulsion can be 
largely relieved I( the ring goes into the alternative 
boat-twist conformational continuum. Second. the 

difference in energy between the chair and boat forms i\ 
relatively small for a cyclohexanone ring. compared to a 

cyclohcxane.” However. a bromine \ub\titucnt a IO the 

carbonyl on a c>olohexanone is more stable in the axial 

than in the equatorial position for electrostatic reason\. 
which tend m this case IO work agamst the \teric effcc~\. 

Barton clearly showed that the combination of chest 
forces is sufficient in that particular case to give the htat 

form a greater stability than that of the chair One might 
immediately ask which of these interactions are rn fact 
nccc\sary to stabilize the boat form of ring A? Z@ - 
Bromo . ?a . methyl-androstan . 3 one has ring A in the 
chair form.’ \o the interaction of the bromine with the 
I9-methyl alone is insufficient to hold the ring rn the boat 
form, even though It is a ~y~lohexanone rmg. It is noted. 
however, that an axial bromine would go equatorial a\ 
the chair went to a boat. The other compound of interest. 
4.~dimethylandrostan-3-one 2. which now lack\ the 
bromine, was studied many years ago.‘ It was concluded 
that the ring wa\ in a flattened chair conformation, on the 
basis of dipole moment measurements. These dipole 

moment measurements were interpreted on the basis of 
the mechanical behavior of Deciding models. which wax 

the best that could be done at the time. We now know 

that. although qualitative@ verl- useful, some of the 

shortcomings of Dreiding models are sufficiently 
serious that such interpretations are open to considerable 

question.” 

To better determine the structure of a 4.4 - dimethyl- 
androstan - 3 - one system, several alternative pro- 
cedures are now available. ,Molecular mechanics cal- 

culations. which have been developed to a high degree of 
reliability, should yield dependable conclusions about 

such systems.‘” An X-ra> cry-slat \Iructure determinati(~n 

of a \&able compound would yield stmilar information. 
‘Ihe crystal structure of 4.4 . dimethylandrostan 3 on - 
178 - )I iodoacetate 2c was published in 1970 as a 

preliminary communicati~~n.” and reported that ring A 

assumed a chair conformation. The presence of the 

iodine atom. as well a\ the incomplete refinemcm (K - 
0.14). leave\ some question a\ to the pre&ion of the 
molecular geometry in this ca\e. 

In the present work. molecular mechanic\ calculations 
have been carried out on several structures related IO the 

problem. In addition. the crystal structure of the title 
compound ha\ been solved and is reported here. We will 

consider the molecular mechanics calculations firit. 

The ctructurc\ of ~~ndro~tiin-3-~)ne lb and androstan- 
17.one lc ucre first calculated using the 1973 force 

iield.‘“~” ‘These are unexceptional. They can be compared 
with analogous structure\ in the lilerature.’ ” as studied 
by X-ray erys~allography. and the agreement is very good. 
The bond length< can all be regarded as within experi- 

mental error of rhose reported in the literature. while a 
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few bond angles differ somewhat. Bond angles not 
involving hydrogen\ arc in agreement with experiment IO 

perhaps the extent of 90% of rhe cases. the remainder 

being perhaps I” or so beyond the limits of experimental 
error. and 2 or 3 angles being more seriously in error (by 

up IO 3” or so. when the experimental error is less than 
I”). II is uncertain at the present time IO what extent 

these deviations arc due IO crystal packing forces. and IO 

what extent they are due IO imperfections in the force 

field. 
II sccmcd IO us that androstan-3.17-dione Id would 

unquestionably have ring A in a chair conformation, and 

the dipole moment should be calculable by molecular 

mechanics. In fact, the calculated value (3.58 D) differs 
significantly. l-ml not alarmingly. from the experimental 

values (2.%3.2X D”). by being 0.34M.64 D too high. 

There are many reasons why dipole moments cannot in 

general be very accurately calculated from group mo- 

ments. These include, for example. the uncertainty of 
how IO deal with atomic polaritition. the effect of sol- 
vation. and uncertainty in the exact relative orientations 

of the component dipoles. There are three reported 

structures of androstan-3.17.dionc from X-ray studies.” 
From rhe relative atomic coordinates obtained by these 

studies. dipole moments can be calculated and they are 
2.59. 2.69 and 3.03 D. Kotc from the last values that there 

is a difference of 0.44 D in the dipole moment expected 

from the molecule due solely IO the distortions which 

occur in one crystal packing compared IO another. These 
values are again lower than the experimental values.’ An 

exammation of the calculated and experimental s~ruc- 
lures shows why this is so. Experimentally the molecule 

IS more flat. and there is less z component (perpendicular 
IO the general plane of the ring system) IO the dipole 

moment. The calculated structure is more folded so that 
the middle bulges up. and the ends (with the dipoles) 

hang down. The discrepancies between calculated and 
experimental bond angles are individually small in 

general (tenths of degrees), but the cumulative effect 
across the length of the steroid molecule leads IO an 

effect of the size noted. 
4.4Dimethylandrostan-3.17.dionc 2b was then cx- 

amined. The IWO stable conformations of ring A. a 

-- 

‘11 I\ not possihlc IO carr) OUI ~hc molecular mechanics cal- 

culations on the txnroafc motcry a~ this time. so no comparison 
of tlwl portnon of ~hc molecule i\ pos\rhk at present. 

somewhat distorted chair and a twisted boat, have very 

similar calculated energies, the chair being more stable 
by 0.2 kcallmole. The calculated dipole moments are 

3.96 D for the chair and 2.75 D for the boat. Obviously. 

no possibk mixture of these conformations can lead IO 
the experimental value‘ of 2.28 D. As found IO be 
the case with the parent androstane-3.l7dione Id. the 

calculated value is clearly too large. If the same kind of 
distortion is found in the 44dimethyl ring system as was 

found with the parent dione Id. rhe experimental value 

of the dipole moment would be expected IO fall in the 
range 3.3-3.7 D if the chair form predominated. There is 

no way IO judge the magnitude of a similar correction for 
the boat form. Clearly. though, the experimental value is 

too low IO be attributed to the chair form alone. The best 

interpretation of the dipole moment data is that the boat 

conformation is the major contributor IO the boat-chair 
equilibrium. This is consistent with the molecular me- 

chanics calculations. which indicate that the boat and 

chair are similar in energy. We do not regard this point as 

firmly established. however. 
To further investigate this problem, it seemed dcsir- 

able IO have available a precise crystal struclure for a 
molecule which contains gem -dimethyl substitution al C-4. 
In order to establish bond lengths and angles to the 
greatest possible precision. we chose IO examine a 

mokcuk containing only first-row atoms. Accordingly. 
we looked at 4.4 - dimethylandrostan - 3 - on - 178 - 01 
Zc. While a suitable crystal was readily available. there 

proved IO be 3 non-equivalent molecules in he unil cell. 
and it seemed that this might be a rather formidabk 

crystallographic problem. We therefore converted the 

alcohol IO the benzoatc 2d, and found the crystal was 
much more amenable to an X-ray study. The crystal 

structure was solved by direct methods, and refined by 
least-squares. Ring A is clearly seen IO be in a deformed 

chair conformation (Fig. I). An ORTEP drawing” of Ihe 
molecule from the crystal is shown in Fig. I. PIOIS of the 

calculated 2b and experimental 2d structures look to be 

essentially superimposable in rings A and B.+ The slruc- 
tural details are in good agreement with the chair con- 
formation predicted by molecular mechanics (Table I). 

The bond lengths are seen to be within IWO esd of the 

X-ray value with one cxccption (C-2-C-3). The bond 

angles are mostly in agreement IO within about I”. but 

there are two angles which differ by as much as 3”. Thus 
the agreement for this quite distorted structure is as good 

FIN. I. A perqtcctrvc drawing of ~hc mokcuk of ~,4_dimc~hylandtos~an~3~n~l7~~yl benzoate. wrth hydrogen 

afoms omlftcd for clar~y. ‘The absolute confiflrallon shown corresponds lo lhal accepted for androslanc steroids. 
and IP reversed from that rmplied by ~hc coordmarer of Table 2. The thermal ellipsoids arc drawn at 4&X- 

probability 
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Table I. Comparison of rhc calculated and expcruncnlal structures of ring A for compound 2’ 

Hond lenprhs Calcd. Expcr. Bond angles Calcd Expcr. Torcional angles Calcd. Expcr. 

l-2 

2-3 

3-4 

4-5 

5-10 

10-l 

34 

r-20 

4-2 1 

lo-19 

I. ,520 

1 so9 

1 S28 

1 .552 

1 .557 

I .546 

I .210 

1 .539 

1 .555 

1 .5U 

1.533(4) l-2-3 110.8 112.3Q) l-2-3-4 -50.8 -47.8(3) 

1.487(4) 2-3-4 117.7 118.1Q) 2-3-4-5 38.1 37.6(3) 

I .516(4) 3-C-5 110.8 111.3(4) 3-4-S-10 -35.7 -39.2(3) 

l.%(3) 4-5-10 121.5 118&Q, 4-5-10-l 43.2 48.7(3) 

1 .552’4) 5-10-l 107.2 107SQ2) 5-10-l-2 -53.4 36.3(3) 

1.545(4) lo-l-2 

1.2 I4(4) 3-4-20 

.540(4) 3-4-2 I 

1.547(4) 5-4-20 

.54(4) S-4-2 1 

20-4-2 1 

I-10-19 

5-10-19 

9-10-19 

113.8 112&z) IO- l-2-3 59.2 57.50) 

107.4 107.012) 

106.2 107.8(a) 

114.3 113.7Q) 

111.8 1@8.8Q, 

105.9 IMLOQ) 

107.9 108.8Q, 

113.5 1 I4.OQ) 

108.7 1 IO.3121 

‘The cxpcrimenral uork refer\ 10 2d. whllc the calcularron\ were canted OUI on Zb. 

as with the relatively strainless ctcroid case discussed 

earlier. Such agreement SU~JJ~SIS that errors in the force 

field arc probably small, otherwise the strained structure 

would be expected IO show a larger deviation belwecn 

calculation and experiment. Since the chair and boat 
conformations arc calculated lo have \uch similar cner- 

gies. packing forces could easily determine the con- 

formation in the crystal. so the finding of a chair form in 
this case it nor m itself compelling evidence thar the 

chair form will bc found in general for molecules having 

this kind of structure in ring A. 
Returning 10 the quc\tion of which interaction\ are 

necessary IO stabilize the boat conformation in Barton’s 
compound. the answer seems IO he probably all of them, 

although just barely. Without the axial halogen ;II C-2. 

the chair form approximateI! equal\ the boar in stability 

(present work). and without rhe axial methyl a~ C-4. the 

chair is more stable.’ 

?X?+.Rl.HEh‘fAl. 

‘The s)-nrhc\i\ of 4.J-d~mcth)landro~tan-3~one~l7~-ol 2c has 

been reported.” H>drogcnation of the A’ dcrlsarrsc proved IO be 
very difficult. bum ua\ tinally achlcvcd using a prc-hydrogenalcd 

palladtum (10% b on carbon catalyst and the cychc ethylene kctal 
of lhc 3-ketone m dry mcrhanol a\ \ol\enr. Crystals (m.p. 147 
from ethanol) were grown by slou c\aporatlon of an ethanol 
solution which u-a\ seeded I’reccssr)n photographs showed the 

crystals IO bc monoclmic ulth he umr cell duncnslon\ o = 
18.731. h = !I 781. c - 6795 A. fl.. Y? I!‘. The \pacc group was 

dctermmcd a\ P! from the lack of any \y\lcmatrcall) abrnt 
rcflccrions. Based on the measured dcn\it! (d, - I ICI B;cm’ h> 
R~II~INNI m hcxaneK’(‘l,t. % uas found IO tr 6 IJ. I 145 Jcm’) 
Thcrcforc. rhc unit cell conram\ 3 cr)stallopraphlcall) mdcpcndcnl 
molecules. and an X.ray anal)str would rhu\ he \cr) difficult. 
alrhouph the po\\lhlllr) Ihal the three molecule\ might CUSI in 
dlberenr conformations 1% \-cry intrlpumg 

Ikrl\altvcs of 2c were prepared In an arlempr IO tind one 
uhtch cr!sblltred m a more tultahle \pace group. The hcnloatc 

Zd u-at found IO form large Iahular crystal\. m.p !I! C’ from 
- _. 

+A table of calculated and ohscrscd structure factors I\ 

avarlahlc from the author\ 

c~haml. llw unit cell dunensions (determined by a lea+squares 
refinement of I! precisely measured values in the 28 rang 9-W 
uerc found IO be (1 .. 17.0% (2). b 22.136 (3). c - 6.217 (II .4. 
The orthorhomhic space group P2,2,2, was csrahhshcd from 

rystcmatlc absences. lknsity measurements hy flotation in hex. 
anc/CCI. showed rha~ there was only one molecule in lhe asym- 

mctrrc unit (d_ - 1.181. d. = I.201 g/cm’ for Z - 4). 
Integrated Intensity data were collected on an Enraf-Nonius 

(‘AD.4 diffractometer tCuK_ radiation. graphlrc monochromaror. 
A = I 5418.4) using lhc ~-20 scan technique 2793 rcneclrons 
were measured. 2168 (77.6%) of Phtch were found IO IX oh. 

xrved a~ a 30 level of signrticance. The data acre corrected for 
crystal dccomposlton during data collection. as monitored by 3 

standard reflections. and for Lorcnrz and polarization factors. 
Normalired structure factors were calculated and the structure 
was solved h) the direct method using MLLTAS” IO determine 

phases for all relkcrions for which ILL 1.3. The &I set of 

phases (absolute figure of merit = I.24221 was used IO calculale 

an E-map. from which all carbon and oxygen atoms were 10. 

cated. Full matrix kasl-squares refinement minrmvmg liif<.1- 
IEl:’ including only IIW C and 0 atoms with anIsotropIc tern. 
prature factors reduced the R value IO 0.W. Alrempls IO locale 

hydrogen atoms from a U’ map were un\ucccssful. All hydrogen 
atoms erccp~ methyl hydrogcns were calculated from ~hc posi- 

lwns of the carbons assuming a bond length of 1.05 A and bond 

angles of lop” and IW for tetrahedral and lriponal carbons. 
rc\pccrrvcly. Afler least-squares refinemenr varymg all posil~nal 

and anIsotropIc thermal pararnelers for C and 0. and onl) 
posrrional parameters for H. a AF map showed the remartier of 

the hydrogen atoms 
The relincmenl was then continued mlrumrcing I%IE: - lE.1’ 

with *.’ = l/(1 -((F, - 17.0)/l 15)). thus giving both very small 
and very large structure amplitudes a reduced weight lndlvidual 
lu)tropa temperature factors were asstgned IO each of the 
hydrogen atoms, and a correction for isotropic extinction uas 
mcludcd in I~W last 2 cycles of kasr-squares refinement The final 
agreement residuals are R = 0.039 and R, - 003% based on the 
observed reflcctrons only.1 The ddlcrence electron denstry map 
hased on lhc bnal atomic parameters showed no marlma greater 
than O.!Zc/A’. In the final cycle of rchncmenl. the average 
parameter shift was 0.5 x the cd. The final atomic p0s111onal and 

thermal parameters arc Itsled in Table 2. The numbering scheme 
I\ shown in Fig. I. 

The refinement was cankd OUI using the programs of the 



Tahk 2. Positional coordmates and thermal parameters for k. The anwrropic temperature factor IS of he form 
crp[!a’(C,,h’a”- ... - !l!,jhko’b’ t” .I] 

Atom .I .v : 

C(I) 1886(2) 2288(l) &(74(4) 

WI 1 m-J1 2Q4(I) m(5) 

C(3) 04wa 2225(l) 73W5) 

W O&33(11 1732(l) 5737(0 

C(5) I4R(l) 1457(l) 6006(4i 

C(6) 1/00(l) 1034(l) 4164(4) 

C(7) :rlO(lt M4(l) 4x3(5) 

C(8I 7lOJ(l) 1034(i) 5530(4) 

CPJ 7349!I. 1483(I) 7306(4) 

cw3 2156(1, l@O(l) 6575(4) 

co 1) 3551(l) 183?(l) &235(5) 

C(l2) QW) 141311) 6990(5) 

C(lJ) U75(1) Dppo(I) 7la53(4) 

C(l4) 3763(l) 0634(l) 64a3(4) 

C(I5) 4111(l) 0136(l) 4985(5) 

C(l6) 4916(l) -00(13(l) 6063(S) 

C(l7) 4988(l) &l(l) 7873(5) 

C(l8) 4a3l(2, 1341(l) 5377(S) 

C(l9) 2411Q) 23020) 4704(51 

WO) 04900) 2013(l) 3495(5) 

C(?l) 00229) 1226(l) 6071(6) 

w2, 6144(2) 0497(l) 10020(5) 

CQ3) 6934(l) 0764(i) 10237(5) 

Ct24) mc2) 065R-2) 12143(6) 

CQ5) @@w) 090911) 12390(6) 

C(26) e4lOQ) 1258(1) lW7) 

c(27) BOOPQ) l367(7) w66(7) 

w.J, 7271(l) 1117(l) M(5) 

O(3) 0170(l) 2268(l) 8168(4) 

O(17) SW11 W(l) Qll(3) 

042) 5655(l) 0161(l) ll305(4) 

H(lA) l&20(13) 2015(10) 96W(U'3 

H(lB) 2316(14) 2597(11) 8780(U) 

HQA) 0967(15) 2884(11) 9174(46) 

HllB) 1236(14) 2946(11) 6871(Q) 

H(5) 1419(13) 1171(10) 7ww) 

H(M) 1258(13) 0766(10) 3889L39) 

H(6B) 1819(15) 1273(10) 2856(Q) 

WA) 22Wl5) 0385(12) 5992wc6) 

HQB) 2583(15) 039qll) 3598(44) 

H(8) 3328(13) 1276(10) 4262(39) 

He) 2634(13) lnle) a475(39) 

H(llA) 3772(14) 2130(11) 7061(45) 

H(llB) 3379(l5) 2116(11) 9538(46) 

H(l2A) 4613(15) 1673(11) 9631(45) 

H(12B) 4016(16) 1120(13) 10195(49) 

H(14) 3565(13) OuJ(10) 7611(39) 

H(l5A) 3744(14) -0257(11) 49%7(Q) 

H(l5B) 424(14) 027qll) 3437(Q) 

H(l6A) 4971(13) -0464(10) 66Q9(41) 

H(16B) 5379(13) oou(lO) 5oooW) 

H(l7) u97(14) a280(10) 918(Q) 

H(lE4) 5096(15) 1074(12) Q52(50) 

H(18B) 455ql8) 1684(13) 4&?29(54) 

H(lec) 5317(17) 1556(12) 5937(52) 

H(l9A) 2657(16) 2084(13) 3479(50) 

H(19B) 2849(17) 2548(14) 5190(52) 

u,, L;,: 

59t-J) Y(l) 

U,o) 52c2) 

58~7, 558) 

44(l) 500) 
41(l) 39(l) 

44(l) 49(I) 

al) 42(l) 

42(l) 40(l) 

44(l) 45(l) 

470, X(11 
49(l) SCQ; 

x)(l) 7OV) 

39(l) 51(l) 

38(l) 4w! 

49(l) 49(l) 

46(l) 53(l) 

35(l) M(1) 

52(2) 576) 

@c2) 51(l) 

63t-J) a@) 

49(?) RfJ) 

540) M(1) 

U(l) 571)) 

69t-2) W) 

6JV.V l(W) 

47Q) M(z) 

47t-J) W-2) 

Q(l) 76(2) 

66(l) WI 
36(l) S(l) 

W) 169(3) 

WI 

71(E) 

7V) 

6W 

49V) 

5lf7) 

6l(V 

76(9, 

71&v 

4W) 

47Q) 

71(8) 

7W) 

M(8) 

WV 

5lV) 

67(E) 

as@) 

5x7) 

560 

Q(8) 

MY 
95(10) 

W9) 

WV 

87(9, 

ti,, 

49t-J) 

6017) 

5lC-J) 

50(l) 

44(l) 

59Q1 

69(1) 

43(l) 

41(l) 

38(l) 

67c2) 

5&7, 

49(l) 

4w) 

W) 

75@) 

5&T 

67Q) 

59C-J) 

54Q) 

lOlC% 

52Q) 

58(2) 

W) 

98(3) 

124~3) 

lO2(3) 

72t.7) 

10212) 

WI 

aI@) 

L’,, L’,, 

WJ -7(l) 

lO(l) -3cI) 

13(l) -2(l) 

7(l) -7(l) 

l(l) -5(l) 

3(l) -Ii(l) 

2(l) -l?(l) 

-3(l) -5(l) 

-5(l) -5(l) 

-2(l) -3(l) 

-5(l) -13(7) 

-7(l) -16(l) 

-8(l) -5(l) 

-5(l) -3(l) 

3(l) -2(l) 

2(l) 00) 

-8(l) O(I) 

-10(l) l(1) 

-3(l) -3cI) 

2111) -l2Q) 

-3(l) IQ) 
-2(l) -5(l) 

7(l) -3(l) 

-7Q) -219) 

212) -37Q) 

3(2) -l5(?) 

-2Q) OQ) 

3(l) -2Q) 

IO(l) 21(l) 

-e(l) -7(l) 

-58Q) -30(l) 

L’:, 

-U(l) 
-14Q) 

-l(l) 

-3(l) 

-l(l) 

-IS(l) 

-15(l) 

-l(l) 

-l(l) 

-2(l) 

-19Q) 

-9GY 

5(1J 

5(l) 

-4(l) 

lOS) 

la(l) 

159) 

13(l) 

-2(2) 

-13(1) 

5t-J) 

-2(I) 

12Q) 

2l-a 

-8Q) 

7Q) 

5Q) 

-No(l) 

25(1) 

WY 
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rahlc ! (ConId ) 

Alom x v L 

H(l9c) lpal(lT) 2531(13) 4x3(48) 96(10) 

HQOA) -007ql6) 2118(13) 3490(48) fQt% 

H(?OB, 0524(15) 16W(12) 237&46) n(e) 

nvoc) 086ql4) 233601) 3211(U) 64cS) 

HQlA) -0%5(16) 1434(12) 5977(47) 76t9) 

ng1e, c096(17) 086803) 5076(53) 96(10) 

H(2IC) 0070(17) 1078(13) 7546(51) 9OP) 

W4) 7098(14) 046(12) 13217(U) 74(E) 

HQ5) 8357(18) 0826(13) 13623(Y) 106(11) 

W6) 895Yl5) lUP(11) 10998(46) 75t-9) 

w7) 8293(18) 1661(13) 7946(50) 95(10) 

W-W 6957(17) 1215(12) 7309(49) 9200) 
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calculated using analbric appronlmahon\ IO numerical Hartrcc- Allona and D. H Faber. Topic-s in (‘umnf Chcm. 45. I (1474). 
Fock wave function\.” and the value\ of SICVGUI. Davidson and ‘I E. Willramt. P 1. Slang and P. van R. Schkycr. .4nn RCI, 

Simpson were used for H.” fhys. Chn. IV. 531 (I%&. 
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