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Abstract The kinetically controlled electrophdic addiuons to (Z Z)-1-hydro 
diene and to (Z)-rhreo-l- 

$3 

-cyclonona-2,6- 
dro -&3epoxy&cyclononene are studied. ‘Ike stereose ectrvity of these r 

reactions can be explaine 
$ 

e conformational preferences of the cyclononyl systems, winch are 
revealed by the CD exciton c irality methodology and molecular mechanics calculauons. An absolute 
configurational study is also included 

Medium- and macrocychc compounds have conformattonal properties which are quite useful 

for stereochemical control m synthesis of natural products l In an effort to utilize (Z,Z)-2,6- cy- 

clononadien-l-01 (2)-l, R=H as a readily available2 starting material for the stereocontrolled syn- 

thesis of subsmuted oxepanes,3 we have studied the iodine-Induced transannular rmg expansron of 

racermc 1-acetyl-2,3-epoxy-cyclonon-6-ene (k)-2, R=Ac, to gtve the Iodine contsumng oxacycles 

(k)-3, R=Ac and (+)A, R=Ac, the latter being an obvtous precursor of valuable ap’-dmlkyl &!I’- 

oxygenated oxepanes,” provtded the lodme functions can be further mampulated m a regto- and 

stereocontrolled fashion (Scheme 1) 
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To use satrsfactorily this methodology in the syntheses of broactrve molecules m enantro- 

mentally pure form it 1s necessary to utthze chrral compounds of known absolute conflguratron and 

it is desirable to have a better understandmg of their reaction mechamsm In this paper we report 

on a study of kinetically controlled electrophrhc additions to (Z,Z)-1-hydroxy-cyclonona-2,6-dlene 

and to (Z)-tfrreo-1-hydroxy-2,3-epoxy-6-cyclononene, the kmettc resolutron of the former, and the 

absolute configuratronal and conformational studies of these cyclononyl systems 

The kinetic resolution of the racemrc allyhc alcohol (Z,Z)-1-hydrov-cyclonona-2,6-dtene, 

(*)-1, R=H, which can easily be prepared from l&yclooctadrene m two steps,’ was performed 

by enanttoselectrve Sharpless epoxrdatton 5 

The results observed m Table I reveal a small relatrve rate difference, about sevensa for the 

epoxrdatton of the pair of enanttomers of 1, R=H, and show the advantage of going for the 

remainmg alcohol (-)-1, R=H instead of going for the three epoxy-alcohol 2’ The enannomenc 

excesses were determined by conversion to the MTPA ester followed by GLC analysis 6 

The condtbons shown m entry 8 were used for the 2 g scale kmettc resolution of the racenuc 

allyhc alcohol (r)-1, R=H, leading to the enannomerrcally pure (-)-(Z,Z)-l-hydroxy-cyclonona- 

2,6-dlene 

Table I 

Entry TRHP Tartrate Time Conv 

1 07 ( + )-DCHT 24 h 49 

2 04 (+ )-DCHT 24 h 30 

3 04 (+)-DET 24 h 21 

4” 07 ( + )-DET 2 weeks 27 

5 07 ( + )-DET 7 days 62 

6 07 ( + )-DCHT 2 days 67 

7 20 (+ )-DIPT 36 h 80 

Sb 15 ( + )-DCHT 10 h 83 

Yield 

67 

83 

82 

80 

74 

75 

75 

% eec 

(-)-1 2’ 

- 32 

- 67 

- 78 
_ _ 

69 - 

84 - 

90 - 

>99 - 

These kmetrc resolutions were carried out as described m the literatures on a 1 mmol scale 

10 eqmv of Ti(O-r-Pr), and 12 equrv of tartrate were added in all cases, except for entry 4 

“Catalytrc conditions, 02 eqmv of Tt(O-r-Pr), and 024 equtv of (+)-DET b This reaction was also 

run on a 2 g scale c The enantiomenc excesses were determined by converston to the MTPA ester 

(0 1 mm01 scale)5b6 followed by GLC analysis 

Although the absolute configuration of (-)-1, R=H can be determined by the allyhc benzo- 

ate method m circular dtchrolsm,’ we have preferred to convert tt into the more rigid and X-ray 

deternuned bmyclo 6, R=Wb and then apply the dtbenzoate chrrahty method 8 These two methods 

belong to the more general CD excrton chirahty method, a valuable chlroptical tool for determmmg 

absolute stereochemrstry based upon the chual excrton couplmg mechamsm, which has been exten- 
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srvely apphed to various natural and synthetrc orgamc compounds9 

The transformanon of chrral compound (-)-1, R=H into the IO-oxabicyclo [S 2 l] decane 6, 

R=H was carried out followmg the sequence of reactions shown in Squeme 1 Sharpless asymme- 

tnc epoxrdatron of (-)-1, R=H using (-)-DET led to the rhreo-epoxy-alcohol 2, R=H, which was 

treated with mCPBA to give the trMs-brsepoxy-alcohol 5, R=H. The reactron of thts compound 

wrth TrCl,(O-Pr’), m CHZCIZ at -78 “C led to a rmxture of the expectedm lO-oxabrcyclo 6, R=H and 

the newly isolated and tentatively assigned structure 7 

In order to determme the absolute stereochemistry of compound 6, R=H by applymg the 

dtbenzoate chuahty method, the dr-p-bromobenzoyl derrvattve was prepared The UV and CD 

Frgure 1 UV and CD Spectra of Compound 
6, R=BrBz 

spectra of 6, R=BrBz are shown m Figure 1, 

the UV spectrum exhibits the intense mtra- 

molecular charge transfer band or lLa band 

of the benzoate chromophores at 243 nm, the 

electric transmon moment of whrch are po- 

larized along the long axis of the chromo- 

phores 9 

Its CD spectrum exlnbns intense spht 

Cotton effects of the exctton couphng type 

The observed negative first and positive se- 

cond Cotton effects lead to the conclusion 

that the exaton chrrahty between transition 

moments of the two benzoate chromophores 

1s negative and of left-handed screwness. Thts 

unambtguously leads to the absolute confr- 

guratron shown for 6, R=BrBti” and, by ex- 

tension, to the absolute stereochemrstnes 

shown for compounds (-)-1 - 5 The present 

concluston 1s m accordance wtth the fact that 

when (+)-tartrates are used m the kmetrc 

resolutron of racemtc allyhc alcohols5 the fast 

reactmg enanttomer 1s normally that related 

to the S configuratton. 

In order to have a deeper knowledge of electrophrhc addmons to the cyclononyl systems, we 

carried out a conformattonal analysts Thus study was performed mamly by the ctrcular dtchrorsm 

excrton chrrahty method and by molecular mechanrcs calculattons 

MM2 molecular mechanics calculattonsLo of 1, R=H revealed five energy mmlma, confor- 

mers IA-1E. Then stram energy differences, the drstnbution of conformers, and the dihedral 

angles 0-C,-C,-C, are gtven m Table II. The symmetry of the polar map” of conformer lA (Figure 

2) agrees for the more stable one, having the same conformatton as that obtwned by MM2 for 1,5- 

cycle-nonadtene IJ 
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Conformer Strain energy 

(kcal/mol) 

Table II 

Dihedral angle 

o-C,-c,-c, 

Distribution 

of conformers 

lA 0.00 -135 86.0 

lB 1.57 -149 6.5 

1c 1.85 -130 4.1 

lD 2.23 47 2.7 

lEt 2.96 27 0.7 

1A 

1B 

9 1D 

1E 
d 

Figure 2 Five Lowest Energy Conformations of (Z,Z)-1-Rdroxy-Cyclonona-2,6-Dlene (1) 
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This conformatronal aualysrs obtained by molecular mechanics calculauons has been corre- 

lated wnh the observed at room and low-temperature circular drchrorsm data 

When au absolute configuration has been determined, as in the case of the (R)-(-)-1, R-I-I, 

cncular dichroic spectroscopy is a powerful tool for conformauonal studies. Thus, we apphed the 

allyhc benxoate method in CD’ to the p-bromobenxoyl derivative of (-)-l, R=Br& A_ 243.0 mn. 

Its CD spectrum (CH$N, r.t.) exhibrted two negative Cotton effects, A, 2417 mu, (he = -5 7) and 

2085nm,(A& = -14.6).n The negauve< srgn of the CD Cotton effect at longer wavelengths 1s m 

accordance v&h a negatrve exctton chirahty between the benxoate and allyhc double bond chromo- 

phores. The exrstence of the mentioned exciton coupling was co’nfirmcd by the small negattve 

Cotton effect exhibited at I, 248.4 nm, (A& = -15) by the p-bromobenxoyl derivauve of compound 

2, R=BrBz, lackmg the allyhc double bond. Thts small value also indicates a non-appreciable 

exaton mteraction between the benxoate and the non-allyhc double bond.” Therefore, it is con- 

cluded that the dihedral angle formed by the benxoate and allylic double bond chromophores m 

(-)-1, R=BrBx, 1s in between -120 and -160 degrees? 

To study the expected dependence of the couformauon on the temperature, rt seemed worth- 

while to realize CD measurements at low temperature. The CD spectra of (-)-1, R=BrBx (EtOH) 

showed (Figure 3), upon lowermg the temperature to -110 “C’S a red shtft (239 nm to 243 mu) and 

a small increase (A& -5 4 to -6 2) of the Cotton effect at longer wavelength, together wrth a blue 

shrft (211 mu to 205 mu) and au important increase of the Cotton effect at shorter wavelength (Ac 

-6 6 to -15.7):’ 
Au analysis of the observed tempera- 

ture-dependence CD spectra shows the fo- 

llowing: (a) The CD curve at room tempera- 

ture 1s composed of a populauon-welghted 

average of the rotatronal strengths of the 

specres involved (b) The small increase of 

the Cotton effect correspondmg to the exci- 

ton coupling between the benxoate and 

double bond chromophores can be correlated 

with the ehmmauon of conformers lD and 

lE, with positive contrrbuuons, m the confor- 

mational populauon (c) Lastly, the increase 

observed for the band at 208 nm, assigned to 

a double bond, suggests the elimination of 

conformers 1B and 1C 
Figure 3 CD Spectra of Compound (->l, R=BrBz 

The stereostructure of the three most stable conformers IA-K, representing 96% of the 

couformauonal populanon, adequately explains the thruo stereostructure of the epoxy-alcohols 2, 

R=H and 2’ obtained m the asymmetnc epoxidauon of compound 1, R-H, showmg that the 

stereochermstry obtained 1s conformauonally controlled. 
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To examme the electrophihc addltlons to the epoxy acetate 2, R=Ac, a conformational 

analysis would be desirable. 

The two relevant conforma~ons of 2 R==H are shown m Figure 4, along with the= calcu- 

lated stram energies. I7 In their corresponding polar maps can be observed the structural smular~- 

ty between conformers lA and 2A, qnd 1B and 2B. 

* * 
2A 

- 1A 
a_--- 2A 

- 18 
-m---m 2B 

Figure 4: Two Lowest Energy Conformations of (Z)&reo-2,3-Epoxycyclonona-6-en-l-01 (2) 

It is clear that the two faces of the olefimc n-systems m 2A and 2B are stencally dtierents 

and therefore the electrophlhc additions would occur only from the less hmdered, peripheral face 

of the olefimc h&age. lo The stereochemistries of the rmns-blsepoxlde 5, R=H and that of the 

lodomum ion, formed by treatment of 2, R-Ac Hnth mCPBA or iodine respechvely, can be satisfac- 

torily explamed by the penpheral attack on conformer 2A The stereochemistry of the lodonium 

ion allows the rego- and stereo-selective transannular expansion of the epoxlde ring, leadmg the 

lodme atom to the almconfrguratlon shown m the reamon products 3, R=Ac and 4, R=Ac, 
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Experimental !&bon 

General W spectra were performed on a Perkm-Elmer Model 55OD CD spectra were 

recorded on a JASCO J-600 spectropolanmeter Low temperature CD measurements were ob- 

tamed by mtroducmg a Jobm-Yvon Vanocryostat system Gpttcal rotattons were determmed wtth 

a Perkm-Elmer Model 241 polartmeter ‘H- and 13C-NMR spectra were recorded on a Bruker 

Model WP 200SY spectrometer (S scale). Low and lugh resolution MS data were obtamed wtth a 

VG Mtcromass Model ZAB-2F. GLC was performed on a HP Model 579OA gas chromatograph, 

SGE captllary column, OV-1, 25 m x 0.22 mm ID Pnor to measurement of CD spectra, all 

compounds were purtfred by HPLC, Waters 6000A LC wtth a p-Porasd column, 30 cm x 7 8 mm 

ID, 254 nm, EtOAc/n-hexane solvent systems. The concentrations of the CD samples were ascer- 

tamed from the W spectra, usmg the standard values of 21300 and 38200 for the mono- and dt- 

p-bromobenxoate, respectively 

General Procedm for Benxoylation. The solutton of the starting matenal m dry pyrtdme 

wrth DMAP as catalyst is treated with a 15 x excess of p-bromobenzoyl chlonde The resulting pale 

yellow solutton 1s heated at 60 “C and stirred ovemtght The reaction 1s quenched wtth a few drops 

of MeOH, and the excess solvent 1s removed under reduced pressure m the presence of n-heptane 

or toluene The residue is then spotted on preparative TIC or fractionated on flash column 

chromatography to gave the benxoate 

General Procedure for Acetylation. The startmg matenal dissolved 111 dry pyndme is treated 

wtth an excess of acetic anhydrtde, leaving the solution wtth sttmng at room temperature overmght 

The mtxture 1s quenched wtth MeOH and worked up sumlarly to the benxoylatron 

(Z,Z)-l-Hydroxycyclonona2,6dtene, (+-)-1, R=I-L This compound was prepared by hy- 

droboratton of the 1,2,6cyclononatrtene, which was synthettxed from 1,5cyclooctadiene, accordmg 

to published procedures 4 011, ‘H-NMR (CDCl,) 6 1.80-2 10 (m, 6H), 2 18 (m, 2H), 4 32 (ddd, J = 

115, 9 9 & 4 1 Hz, H,), 5 41 (t, J = 9.9 Hz, H), 5 60 (m, 2H), 5.83 (q, J = 9.9 Hz, H,); 13C-NMR 

(CDCl,) 6 24 1 (t), 26 2 (t), 27 3 (t), 36.9 (t), 67 5 (d), 129.7 (d), 130 1 (d), 130 7 (d), 134 4 (d), MS 

(EI) m/z (relative intensity) 138 (M’, 16), 120 (M+-H,O, 4.3), 109 (35), 95 (42), 79 (64), 70 (76), 

HRMS calcd for C,H,O 138 1045, found 138 1049, calcd for C,H, 120 0938, found 120 0929 

(-)-(Z,Z)-l-Hydroxy-cyclonona-2,6diene, (-)-1, R=H This enanuomertc pure compound was 

obtained by enanttoselectwe epoxidatton of the racemic 1, R=H on a 2 g scale, under the reaction 

condmons shown in entry 8, Table I [a],== -145 6” (c 0 6, CHCl,). 

(Z,Z)-l-Acetoxy-cyclonona-&6dtene ( 1, R=Ac) ‘H-NMR (CDCl,) 6 2 01 (s, 3H), 5 30 (ddd, 

J = 125, 93 & 3.9 Hz, II,), 537 (t, J = 93 Hx, H,), 558 (ddd, J = 10.5, 105 & 54 Hz, lH), 573 

(m, lH), 5 90 (q, J = 93 Hz, H,) 

p-Bromobenxoyl derivative of (-)-1, R=BrBz ‘H-NMR (CDCl,) cl 5 53 (m, H, & I-I&, 5 62 

(m, lH), 5 78 (m, lI-0, 5 99 (q, J = 9 5 Hz, H,), 7.55 (d, J = 8.6 Hz, 2H), 7 88 (d, J = 8.6, 2H), 

MS (EI) m/z (relative mtensuy) 322, 320 (M+, 1 l), 241 (M+-Br, 1). 185,183 (100 loo), 120 (28), 

UV (CH,CN) L-,, 243 0 nm (E 21300), CD (CH,CN) 2, 2417 nm (Ae = - 5 7), 208 5 nm (Ae = 

- 14 6), UV (CH,Cl,) A_ 244 0 nm , CD (CH,Cl,) A, 2419 nm (A& = - 5 3) 
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preparation of (-we Vkml-01 (2 R=H). Thts epoxide was pre- 

pared by asymmetrrc epoxidation of (-)-1, R=H (100 mg, 0.72 mmol) as described m the htera- 

ture,” using (-)-DET. Conversron 100%. Yield 83%. [aIDS= -93.0” (c 0.9, CH,Cl); lH-NMR (C!DCl.J 

~5 120 (mt 2H), 1.75 (m, 2H), 204 (m, 2H), 231 (m, 2I-I), 286 (da, J = 93 & 4 3 Hz, H), 3 20 

(ddd, J = 10.3, 4 3 Br 4.3 Hz, H), 3.52 (ddd, J = 9.3, 9.3 & 4.9 Hz, HI), 5.42 (ddd, J = 10.9, 10.9 

& 5.6, lH), 5.67 (ddd, J = 10.9, 8 5 & 85 I-Ix, 1H). 

p-Bromobe=yI derktive of compound (+2, R-B&z ‘H- NMR (CDCI,) b 125 (m, 2H), 

1.95 (m, 2H), 2 15 (m, 2H), 2.42 (m, 2H), 3 12 (ddd, J = 9.6 & 4.2 I-Ix, I-Q, 3.25 (ddd, J = 9.5, 

4 2 Br 4.2 I-Ix, H), 5.00 (ddd, J = 9 7, 9.7 & 4.7 Hz, H,), 5 53 (ddd, J = 109, 10 9 & 5 3, lH), 5 81 

(ddd, J = 10.9, 8 1 8r 8 1 I-Ix, lH), 7.56 (d, J = 85 Hz, 2H), 7.9 (d, J = 8 5 Hz, 2H), W (CH$N) 

I_ 243 0 mn (e 21300), CD (CH,CN) 1, 248 4 mn (As = - 15), 231.2 (As = 0 0), 216 1 (As = 

lo), 2035 (As = 69) 

Acetyl der&tIve of compound 2, R=Ac ‘H-NMR (CDCl,) B 115 (m,2H), 175 (m, 2H), 2 07 

(s, 3H), 2.10 (m, 2H), 231 (m, 2H), 2 98 (dd, J = 9.7 & 4.3 Hz, H), 3 19 (ddd, J = 9 7, 4 3 t 4.3, 

H,), 4 75 (ddd, J = 9.7, 9 7 & 4 5 I-Ix, H,), 5 48 (ddd, J = 10.9, 109 & 5 5 Hz, lH), 5 77 (ddd, J 

= 10.9, 83 & 83 Hz, 1H) 

Tm-brsepoxide 5, R=H To a solution of (-)-2, R=H (76 mg, 049 mmol) m CI$CJ (5 ml) 

was added mCPBA (94 mg, 054 mmol) under N, at room temperature After 7 h, the reaction was 

quenched wtth KP (36 mg) and left wtth sturmg for 1 h. The nurture was filtered and purrfled on 

a gel column, hexane/EtOAc (6 4), to afford the desired brsepoxlde (63 6 mg) ‘H-NMR (CDCl,) 

b 128-1.06 (m, 3H), 185 (m, 2H), 2 14 (m, lH), 2 35 ( m, 2H), 2 82 (m, 2H), 2 96 (ddd, J = 9 8, 

4 5 & 4 5 Hz, lH), 3 15 (ddd, J = 9 8, 4 5 & 4.5 Hz, H,), 3 59 (ddd, J = 105, 9 3 & 4 5 Hz, H,) 

Preparation of blcyclos 6 and 7, R=H To a room temperature solutton of Tic!, 1M m 

CH,C1, (2 ml, 2 mmol) contarmng powdered and activated 3A sieves (20 wt %) was added Tr(O- 

t-Pr), (600 ~1, 2 mmol) m CH,Cl, (3 ml) The resulting solution of TtCl,(O-t-Pr), mamtamed under 

an inert atmosphere, was cooled to -65 “C and the trans-bnepoxlde 5, R=H (53 6 mg, 0 31 mmol) 

was added. The reactron was momtored by GLC and quenched by adding 3 ml of an aqueous 

solution of tartartc acid 15% The two-phase mixture was stirred for 10 mm and then transferred 

to a separator-y funnel The phases were separated and the aqueous phase was extracted wrth two 

5 ml porttons of CH$!l, The combmed orgamc layers were dned over sodmm sulfate, filtered, and 

concentrated The residue obtamed was submttted to chromatography (sthca gel, hexane/ EtOAc, 

7 3) to afford compounds 6, R=H (28 8 mg, 0 14 mmol) and 7 (16.5 mg, 0 08 mmol) (ratio 7 4) 

Compound 6, R=H [a],“= +32 5 (c 0 2, CHCl,), ‘H-NMR (CDCl,) d 190 (m, 2H), 2.10 (m, 2H), 

3 57 (m, H, & H& 4 12 (m, H,), 4.46 (br s, H, & I-I.,), WNMR (CDCI,) d 24 6 (t), 25 4 (t), 316 

(t), 33 1 (t), 615 (d), 75 0 (d), 77 3 (d), 814 (d), 82 7 (d), MS (EI) m/z (relatrve intenstty) 188, 190 

(MI-H,O, 4 12). 170, 172 (M+-2H,O, 0 9 03) 171 (M+-Cl, 04) 153 (M+-Cl-H,O, 8) 135 (M+-Cl- 

2H,O, 12), 114 (17), 97 (33) 79 (56), 70 (93), 57 (lOO), HRMS (EI) m/z calcd for C9H,0SSCI 

206 0710, found 206 0717, calcd for C,H,,O,Wl 188 0604, found 188 0630 Compound 7, R=H ‘H- 

NMR (CDCl,) 6 190 (m, 4H), 3 57 (m, H, & HS), 4 08 ( m, H6), 4 16 (m, lH), 4 46 (m, 1H); 13C- 

NMR (CDCl,) 6 21 5 (t), 23 9 (t), 26 0 (t), 28 9 (t), 57 7 (d), 69 3 (d), 70 8 (d), 74 9 (d), 77 2 (d), 
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MS (EI) m/z (relative mtenstty) 188, 190 (M+-50, 9 3), 170, 172 (M+-2&O, l-l), 171 (M+-CI, l), 

153 (M+-Cl-HO, 17), 135 (M+-Cl-2H,O, 13), 114 (U), 97 (29), 83 (62), 79 (44). 70 (70), 57 (lOO), 

HRMS (EI) m/z caIcd for C$,O,WI 1900574, found 190.0605; calcd for CgHu0235C1 188 0604, 

found 188.0613. 

di~BromobenzoyI derivative of bicycle 6, R=BrBz. ‘H-NMR (CDCI,) b 2.36-2 01 (m, 8H), 

4 16 (m, I-I& 4.55 (m, H,, II,), 5 37 (br t, J = 9.4 Hz, Hs), 5.58 (dd, J = 10 0 & 4 7 Hz, H,), 7 45 

(d,J=86Hz,2H),7.47(d,J=85Hz,2H),770(d,J= 8.5, 2H), 7 72 (d, J = 8 6, 2H), MS 

(EI) m/z (relative mtensity) 539, 537, 535 (M+-Cl, 0 1.0 2 0 1), 374, 372, 370 (M+-BrBzOH, 

2 0.7.5 5.7), 337, 335 (23:2.3), 185, 183 (100.100); HRMS (EI) m/z calcd for CBH10579Br2 

5349754, found 534 9758; caIcd for C,,H,0,79Br 335 0282, found 335.0292; UV (CH,CN) l_ = 

243 0 nm (e 38200); CD (CH,CN) A,2511 nm (Ae = - 39 5). 242 0 nm (Ae = O.O), 234 5 nm (A& 

= 18 9) 

dr-Acetyl derivattve of bicycle 6, R=Ac ‘H-NMR (CDCI,) 6 2 16-180 (rn, 8H), 199 (s, 3H), 

2 01 (s, 3H), 4 08 (m, H,), 4.35 (m, lH), 4 49 ( m,lH),5OO(m,H,),517(dd,J = 100&48Hz, 

H*) 
di-p-Bromobenzoyl derivatrve of btcyclo 7, R=BrBz rH-NMR (CDCl,) 6 2 20-l 90 (m, 8H), 

4 28 (m, 3H), 5 41 (m, H,), 5 45 (dd, J = 5 7 & 112 Hz, H,), 748 (d, J = 8 6 Hz, 2H), 7 50 (d, 

J = 8 6 Hz, 2H), 7 75 (d, J = 8 6 Hz, 2H), 7 77 (d, J = 8 6 Hz, 2H), MS (EI) m/z (relative m- 

tens@) 539, 537, 535 (M+-Cl, 1 1 l), 374, 372, 370 (M+-BrBzOH, 3 117), 337, 335 (7 7), 185, 183 

(100.98), UV (CH,CN) A_ = 243 0 nm (E 38200); CD (CH,CN) A, 2510 nm (A& = - 415) 240 8 

run (Ae = 00), 233 8 nm (Ae = 16.1). 
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