AD-A135 508 N/D EXCHANGE IN THE REAC”ON OF 02 Wit ]
BISITRIPHENYLPHOSPHITE) (ACETYLAC..(U) ROCHES!ER UNIV
NY DEPT OF CHEMISTRY B C WHITMORE ET AL. 04 NOV 83
UNCLASSIFIED URQCHESTER/DC/83/TR-5 N00014-83-K-0154 FIG 7/2

NL




N
- ‘.
i

i

R T

m

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS ~ 1963 - A

-4




DABESDY

-—

P

P

OFFICE OF NAVAL RESEARCH
Contract NO0014-83-K-0154
Task No. NR 634-742
TECHNICAL REPORT NO. 5

H/D Exchange in the Reaction of.-..D2 with Bis(triphenylphosphite)
‘ (acetylacetonato)rhodium(I), Rh(P(OPh)3)2(acac)
. by
Bryan C. Whitmore and Richard Eisenberg
Prepared for Publication
in the ;

Journal of the American Chemical Society

University of Rochester
- Department of Chemistry
- Rochester, New York 14627

November 4, 1983 Y

—
A
b

Reproduction in whole or in part is permitted for
any purpose of the United States Government v

This document has been approved for public release
and sale; its distribution is unlimited .

DTIC ;
ELECTE
DECT 1983

)_fmnu_cow B_. 8% 12 07 056

|
e ———— L e t— e ) T S .-;..‘..___'_ . - = et . -
.
L] . . &
- Ry L " .




b—
‘____‘-:T e SR - e e o P VP e e e e r— el - . 4‘
'
- . . I - - J
— l
.~
armasls o et o8 e v e A R SRR A A .- ,_‘:'- "J"' .
- - - - -
== i
P &
- | a—
’ i L™ ;f
SECUMTY CALAMUFICATION OF Tk Past s Sase Brsaredy r ‘
! Sy SRONRTY CLASHNC AT 57 Tt #408 When Do fisteeed) . ;‘
iR /& 1?-{’) - — '(m)imqmmnmt inte acsc at sl stxﬂmmm r: :
bR Y T TVt 0F RIPOaY & FCROS COVERER procesi. At 60°C, dewterium incorgoration into P(0PR)y 15 initially sore
5, ‘\M'!Eﬁo'm)m Raection of b; with Staftri " intaria Technica) Mepert It then chat Saes inis che g Lied. The mza; | rem ot decerim
M\l te) (acety torhodtum(1), ncorpore ~beprene proceats .
% Ri(P! M);ﬂ(lﬂﬂs o I S iatetand % RFGaY nunetit | [ "N: :ﬁ' rate cﬂlt& 0}'05 x 30°% sac ~1. A Bechenism for tiis -
1 Tiren C. Whitwore and Richard Efsenbery #00014-83-X-0154 »
: i
rtaent of Chemist: ’
University of Rochester. - -T2 !
Rochester, New York 14627 ‘
L
- PRIt oF Tave) Ressarch Novesber, 1983 .
riment of the ln;n IR | .
Arlington, Wrginia 22217 20 , :
Unclassified |
S e s ! ,
This document hes been approved for public relesse and sale; its distetbutton | | !
) is unlimited. R . | '
‘ rw_____a : : Accession For
. T RSuYIon §Y 1 72 ) L] ——— . R
Prepared for publication in Jowrns) of Am. Cham. Soc., fr press . NTIS GRaxI i
i DTIC TAB @
' Unannoune ~d 0
Justific . on
i 4 By.
Distribution/
e ‘ Avatlability Codes
vail zimi/or
Diat Special
Al
P,
Qo™i

—~— 1 o

b MM a4
B e e




*_..__, =T o B o immr e ms  s e s ae  e —— - -

Iy
"y
.

Contritution fram the Department of M"y

Untversity of Rochestar, Bechester, flew York 14627 Ingroduction
Rhodtun(1) ) 9 & single scety {acac) Vigond of

the type ML’ (ou:).‘lul.l 0.PPy.C My, were first resortad 1n 1964}

Stace that time @ifferent 1igeads, L. have deen

reported ond studied. Nesy of these complomes ave wsed as catalyst precwrsers
for induntrially faportant resctions such as slefin hydrogemation® and iy

-mm"‘.ummu—nm.’ Ome acac cumplex recently
reported to catalyze sreme Nydrogenation is the phesphite complan. MN(P{OMM)y),-
(ocec), 1% Selated rhedten(1) comp . Hoonds such o
WN(P(OM),) €1 and AM(P(OM),)," Suve boem stutted by Sareafield snd Parshal,’
04 0ave baon found to wadergs /D anchangs wader 0, ot the Orths pesftieons of
the caordinated trighony! phosshtte Vigents.” This enchenge resction hes beon
propecsd by Persiell to precesd threugh an erthe-antailated fntermediate X o
showm §n oquation (1). esed on the reectivity of known rhodtun(l) phosphite

WD Exchange in the Meaction of D, with Bis(trishenyiphesphite)
(scetylacetonate)rhediun{1), RH(P(OPN),},(acac)

Sryen C. Whitsore ond Richerd Efsenperg®

ST
= The resction of MM(P{0),)y(ocac) (1) with B to bansone bes boon Lfcien -Lﬁst}-' w
studied by ' WB spectresceny. nd conpien L Mes boum found S0 underye WO Lﬂ ,
mnmmmumuummlwuu
the contra) msthias pesitton of the acetylocatemste 19gend. A 79°E. the nvuuuuqvmuwulm-m—nmmtm
eschaage resction precests with the extent of dovterien famrparation fote pracrsors, ue have ausmiand the resctien of compien L, MR(P{OM)y) (scac), with
P(ﬂ),htqh_u“mnunm”dhmm W, 200 By. The reswits sbtetnad fren thase vesctions my aid fn the elucidation
process. M . mmmmy{nmu‘»-n of eachenioms for vesctions catelyued by sempien ) and ether rhedten(l)
nmmetnu-mn--n!w The fnitte) rute of dustertem , sostyiesstonste camplionss.

|~mcmmﬁn),~xuo.a~-|.uﬁn’tm
2 irst erder rate comtant of 9.6 x W<, A aachenten or s

L, 15 prope

10 4o Ahe rnis 511' fraen /I/( %
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X AN(P(0P);) (acac) wes propared by the Htersturs method.® ALY experiments pars Aydrogens sppeer 45 & triplet ot 6.05 pm (3, _<7.4kz). Within severs)
f) were performed 1n sealed MR tubes In dg-benzens. In R spactrs were hours of heating the couplen under 0,, the meta hydrogen resonsnce Secemss
v'?_'. recorded on o Bruker 10400 400 Wiz instrumsat with chemical shifts reported in increasingly cesplicated snd the erthe hydreges do in intey:
B oy relative to TNS. fatensity compared to the mets and pore Rydregens (spectrwm (b)). In spectrwm {c)
'; Soneva) procedure for ' IR axperipgnts. The rhedivm camplex, M(P(0PR)y),(acac), the resonsace dus to the Orthe hpdrogens s nedrly gone, and the mets hydreges
i 1 placed 1n 0 5 T DM tube Wich 15 evacusted o0 2 high vacum Jine. The tube TeI0M0RCY R0w appoers &5 & dowblet (J07.4Mx). The pare kydregen ressnsnce
{ 15 cooled to ~196°C, Tiauld reactants (scetylacstens, P(OM),)) snd dg-benzons ! » ghout this resction. These spectral changes ore cossistent
(0.5aL) are condunsed into the W tube and the sawple is then flame sesled with douteriun substitution inte the orthe post of the coord triphesy!
; under aa Wy or By The reactt lution 13 hested at the fndicated phosphite Tigands, end ove siwfler to spectrel chonges fn pravious reperts of WD
‘ tasperature and monitored by ' W spactrescepy. Specific resction conditions exchungs 1a ralated (1) triphany! phosphite camplones.”*? Neever. o5 dovteris
1s incorparated inte the phesphite Vigand in ‘(P(Oh),),(lm). there occurs a

are sumerized in Table I.

Phgashite exchengs raaction. The IR tube frem rasction 1 (Table 1) fs broken
opon 1 sir st the comp) of the exchange fon (955-doutertum incorpo-
retion), Nl of the dg e sob of complex d;,-1 (2.7um01)is treated
' with P(OP), (1.5uL.5. 7m0} and fts ' MO spactrum 13 recordes tamedistely.
‘ The dovteriun costent of the erthe pesttien of coordinated P(OPN)y 15 465
within 5 winutes of mixing as determined through comparisen of its ntegrated
1Mesaity with the Integrated aress of the ssts ond pora pesitions. The rese-
aance due 10 the cantral [ of ascac 1 ‘
Dasults. ead Biscuaion '
W enchenae ot 75°C. When & ¢5-bencens so1Ution of AR(P(0M),)y(0cac).
1o 15 Wested ot 26°C wder 5,{405 torv) (Raactien 1, Table 1) o gratust change
15 cheerved 1R e 6.5-7.5 gm region of 1ts N WR spactrum as shews 10 Figure 1.
The sranstic Tagion in the 10181) spectrum, (a). contatns thvee mnitiplets
: tnable 1o the 4 triphony) phosghite Yigands. The erthe Ngdrogens
Sppeer ot 7.400m, ond are 1511t 1Ms & deubliet by the meta Rydregens (I o6.0M).
The meta hydregens give rise to & Govbiat of deublets ot 7.0 pym, and the

B e U

conconitant ducresse 1o the Intepreted Intensity of the cantral authine preten of
the acetylacstonste 1igand g douterim fato this a
wll, At any peint during this O fon, the pe of protens

1 the mething pesition of the acac Vigend 5 the same a5 the percentage of
Rhydrogens seen in the erthe pos of the ¢ "(h),npu(u-
Figure 2). The enly resonsnces ebserved in this exchenge reaction ere these
attributable to PH{P{OPN),) (acec) and 1ts pertially "
.-n-mmummugmmu,.-mmwm
formation 1s sheorved, mor 13 sny evidence of free scetylscetone or P{OMR),
obtained, Since complex 1 Is the enly spacies sees fe selution by v w
spectroscapy. oty intavmedistes in the enchenge precess are prasont a ealy very
! comoantrations. The fact that the rete of O-incorperetion inte acac aed
P(OPR); 1s the tome imiicates thet & spectes Commme to both enchenge precesses,
or related by ancillory aquitfbrts, enists. If the o enchinge processss wre

canpletely inlopondent, precesting without s comtte intermadtate oF squt) iriem-
related spectes, then tue distinct rates of B-tacorporation - on¢ Tor P(OM),

»_‘M,_,_,z«wmu&\—'hw"‘j
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and ene for acac - would be observed. T™is 15 clesrly fet the case for
N’(ﬂ),)'(.cu). In addition, the fact that the axtest of dantaretion at
tu-wn.umuuluthulmﬁ-n-uuuumm'um‘n
o'?(ﬂ), Indicates tht the rete of D-incorporetien 1ato the latter 1s greater
than that into scac. I¢ the reverse weve true - i, 1f D-incerporation into
acac vere fastar than the deutaretion of P(OPR)y - then the sethine preton
1ty mere rapidly thin the o-proton resensace
of P(0PR),. This conclusion concerning relative rates of devteriu® incorporation
nwum-mumnmmunu.
tnmnmmmlymnm«unmmnmmn
75°C, we performed adéitions) in the » of added P(OPR)y ond/or
scetylacetenate Vigend. nwl-;llplud*o,hmmmnl
oquiv P(M),. dovterivn o fute both coor d'ml(h),
h‘nﬂu&ﬂﬂ“nh.!hmuﬂ“ﬂdﬁm"’l. A small
mount of fres acetylacetene 1s alse detected. Siatlarly, when 4 s hestat ot
n'cmu,-mt.nm-umm. fnte beth ceo d and
froe acac 15 0o, o5 Wa1) as 1We the orthe pesitions of coordinated P(OPR),.
MM‘mﬁulﬂm!Munuuﬂ“ws—mm
nmnuzqmm),uuuum“ Clesrly; Yigend euchange is
o facter in smiyzing the /D enchunge resctiens 1n the MR{P(OPN)4),(scac)
systen.
mmuqum-n-p-muu—muummn
ton. Whon 2.1 g ﬂﬂﬂhnuﬁluho‘mmnm
ucu-u’-.m-onmmudnmmbmunnmm
retars thorw §8 a0 faustiste resppserancs fo the ' IO spoctrn of the resenence
o te the orthe pusitions of coordingted P{OMN),. WIthin five minutes, the
ntogreted intansity of the erthe M frem coor 4 p0m), ]

would in

e e el
- T
.
463 devtertm which corvesp to complete scrambling of labelled and
wnlabellad P(M), Tigands (equation 2).
@ymorp «,-m),v\
M{scac)sp(0m), * W{acac)ep{0-4,-Ph) 2)
(a-n0) 07 mop~” S (

The factle sxchenge of free and coordinstad phosphite 1igents 1n this system con-
trasts with & recent study wsing 31P 1R spectrescopy whrich concludes thet phos-
phite exchonge for | dues not eccwr or eccurs enly very stewly. While this Tigend
enchenge may be t00 slav to be ohserved by reen toupe R 1ise N
it is readily shearved st reom tewpersture wsing Vahelled phosphite Vigonds. The
results of this n.»,mwa-ﬂ:u- that | exchanges F(0M),
wove repidly then | wndergues davterfum facovporstion reactions. When the resction

1s0,) 15 d ot youm tanpe w (23°C) there s no change in its
Lt i spactrun over the cowse of severat heurs, Devtarivm incerperation fate
the cosrdineted Yigends 1s detectod only when the bontens selutien of | ¢ 0, i
hoated.

WP enchosuy ot 69°C. When the resction of MA(P{OM),),(scet) with D, is
carried out ot 00°C, changes are 9080 1 1ts 1N R spactrm statler to these
shearved 2t 75°C. Newever, ot tiis Vomr Somperstove, D-feceryoretion inte the
phasphite m—hmmnyunmmnmiwmmm
Tigtnd as f1lustreted tn Tbie I1. Thus, Suuterien substitution occurs primsrily
on the P{OPR); Yigand durtng Che vty Stoges oF the anchenge resctien ot 60°C.
This resction, shoul 0s Squation 3. 0on be considered o staple testepe anchenge

]
byt 4{P(OPN)5) (nec) & 10 o Jf,m-»,u-m )
s 2

-
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vesction, which 13 the first of & series of WD exchangess of the genere) form ?
G-Le 0y ady L+ M, vhers x=0-12. Nmmver, 8 the exchange process conti-
hwes. the kinstics of W/D enchangs grows fn caspleaity dus to the incressing
[ 11ty of dack ond doge enchongss 83 shoun 8 egns (4)-(9).
After savera] exchanges Mave eccurved there

o )irme ©,y)-4 ¢ 0y (0]
hach-resctions
(B)-1 ¢ LI ALWIDRS {(s)
Br)>iete (.01 ¢ 1]
®r)>-iems (5,0)-1 ¢ (4]
degemerate
nchonges Be)-Lems (B N)-1 ¢ w0 ()]
)l e Uy o (B0)-) ¢ e 9

uumﬂntummbd-ﬂl“knhm
teation of Ny Tndood, uring the cuchangs rusctions Sooh 1 ond i are dutacted
b ' wm spectroncony. A& 3e3:) teiplet (4 « 42 Me) 08 4.02 pgm 15 sese for WD,
mt.u,.tmmnumno.ca—(no.-t—-). s the concemtre-
tiens of these mlecules facresse. there t5 an tncresse fa the 11heithend thet
hay wi1) bocums {mvelved in the euchenge processss (4) - (9). Althowgh B, 15
present in 1o encess o the gos Jhese sheve the reastive se)ueiens, #4s concen-
on tn the lutions s aserly the same os thet of the rhedies complex,
L For enample, n vesction § (Todle 1) ender 517 torr pressure the concentration
of 0, 10 solution 15 roushly 200 while the concontretion of 1 s 4.0 Sur ta the
hmmmu“laﬁ.ﬂu.n!.n”u.‘nm.n-:

a0t he fmmadiately -ulu-iul'ﬁ-mmﬂuumnhunun-ntn-
tions of 4D snd i, beceme Jarger than expectad. Thus a3 the reaction precesds,
1t bacemes mas3 transfer lisited.

Duspite the Heuity of this enchonge precess, an estimste of the
mdmwum“‘,whw\:mdam-
tien ) ¢ By con bu shtatnsd wiey eae (10) dertend by Calvinl” sod other worters!!
which dusls with the rete of stagle 18000pe emchangs.

n&! s Aewnen Q0)

& o § are Gefined tn equetien (3)
TAg) © concontration of A ot tee
a s a1 ()
seo (] (o]
A plot of 1n (TAIA]) vs ¢ for resction §, sheva a Figure 3, 13 Vimmar during
the 1nitia) stages of the veacties, sad ySalds & velur for k 1n ogn (10) of
9.6 x 10780 Y,
Sachuisn.at M) Enchesss: .
fny wochenism Gram for Um W9 enchone of complan ) Wt for
the results ebtatned 1 the experinsnts doecrited above Which ore summerized as
follam: (1) there is a facile 0em Smpereturs enchenge of fres sad cverdinated
trighewl pimephite; (2) Govtorium 5 incorgorated fats bath MUM), snd acetyls-
cotonste Vigants; (3) dowtertum 15 facorporated 1ats hath free and cosrdinated
Vigands; (4) the relative retes of D-ouistitution tate PLOR), Sn¢ ococ are the
same ot T5°C.. (5) at 00°C, Ve vate of Govteretion of P(OPR), s fester then
Gt of acac; (c)mhmn;ml,wl,.-mumm
1 13 dutactad by 'n W ssectrescuys e (7) durtng We reaction of L with B,
9 the Pressnce of ancies P(UPN),, free sentytasstese 15 ebeerved by v .
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These facts lead us to the prope for WO
1n Scheme 1. .

The incerporation of devtertum inte the orthe-pasition of cosrdinatad P(OPR),
st favelve the activation of hoth the B, miscule and the erthe-phony! pesition
oF the phosphite Tigand. Buth of these precesees eccur meat legically via

which is shown

oxidative additions to Mh{1) conters. These hove boss p

by Parshall to eaplatn W/ enchange In stuilor rhodivm phosphite complenss.” The
incorporation of deutertum 1nto coordineted acac on the other hond requires the
fornetion of scetylacetone, either free or weskly cosrdinated, vis the reductive
elintnotion of Dacac fram a Ah-D species as shoun 1n equetion (11).

l—n(’éu t n-—o#. 2 me jﬂé\ an

Following the first axidative addition, Mcﬁh!ﬂhrﬂtdl‘ﬂ‘"th
orthe-phony) C-H bond to the M{1) center, a reductive eliminstion Bust eccur
to regemrate o rhediun(1) conter and allew the second exidative sddition step
te take place. This dtery L] 1s mest Vikely thet of
Dacac as shown in eguation {11). Twe sequences of resctions are therefere
possible in this system. The First sequence begins with the saidetive addition
no,uu.lux.muunmm-mhmnnm«a-
shosphite Vigand to the rhedtun{l) canter.

If the * of By to complex | were to eccur First, than eme
forms & ™ fve o} of Dacac frem § yields spacies §
wiich can then undergs reversible orthemetsilstion, thevely fncovpereting devteriem
tnts the phesphite 1tgend. In this soquence, L ¥ £ £ £3 4, one would enpect the
incorparstion of dontertum 19te scoc to be oboerved fmmdtately, ond the rete of
this enchange te be o3 fast 08, 1 et faster then, the rate of D-substitution
into the phosphite 11gend. Mewever, this situstion is met ebeerved. The expert-
Sats) results indicate that the vete of substitution of duutarien tnts acec s

10

slowir than the incorperation of dovteriun fats P(OPR),. Therefere, the first
Stop of the W/ exchonge prucess Butt be the erthemstallation of the triphesy!
phosphite Yigend, 1+ 2. The reductive olimimation of Nacec tram the rhedten{IIl)
conter Yool to the reg of & (1) spactes, 3. Dewteriam 15 them facer-
poreted inte the trishemy) phisphite igaad via the oxidetive adéftion of By,
2+ & follamd by reductive eltuinstion of the ary) and denterius Vigands, § « §.
For douteriun Incorptretion inte acac to reflect the extent of davterstien of the
PIOPA), 11gend, the seurce of devterin for the scetylacetens 1igend aust oo the
orthe pesitions of the phocphite Vigand. This smy be provided by repid and
veveratile futercomverstens betwoen § and 4 tn Wiich the deutertds of f 18 scrasbied
ameng a11 of the orthe pesitions of P(OM)y, or 1t wiy be provided by the conver-
stenof Lt 2. In oy case. ot 75°C there {s ne chuerveble ¢iffevence tn the
antent of devterstion of the tww 1igends, and #he cycle of Schame 1 is troversed
moethly. At §0°C. howaver, B-incoryeration tate scec precesds msre siewly thea
w!(ﬁ),-*‘h“mm#ﬁo‘olmmw"
then the resddition of Macec to the riudim comter either o for 1+ 2. Tis
resdtition s voquired 1n order to sbtatn deuterim »o tate the
position of the scetylocetenste ligand via e forle e .

In the WD exchenge acetylocetons may remeis wiskly bound to the riediem conter
a5 suppested te Scheme 1 or ft may ¢issectate entirely frem the metal cemter. If
Haco: weve to remain wekly courdieated, then 1t weuld be enpuactet % eldept
cosrdination made | o¢ 11 o ohowm Delew. 1f Mecec wire totally dissectoted frem
M, then 1t weuld be expocted to bind to the wetal conter via | or 11 prier to the
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froe scetylacetons by ' IR spactroscepy when P(OPN); 15 added to the resctise
selution (reaction 2 of Teble 1) sheus that camplete dfssectation of Hecac is
occurring to o Viaited extant.

The sbeorvation that Hecac can be reductively olintnated frem the rhedim
conter 1S very faportant bscouse of the 1» vhodien acety)
camplanes as hemogensous catalyst precursers. The tess of the scac Higand frem
rhodiun Mas besn sbeerved previessly but snder mere scvere conditiens (g8, 40 ote
1:1:1 COMy/E, Tor IN(CO)y(acec)’). e have shoum that the reductive eltatmation
of Hacac (or Bacac) frem MM(P(0M)4) (acac) occurs wnder retatively mild conditions
(60°C, 360 torr By). In o mota) acac complen, the acac Vigond 13 & formal
J-derer, tharefors te " of Mache W6 3eomuent $iasecistion
fram the matal conter reduces the electren count of the mets! conter by 4. The

Toss of this B Hgand via vode o ond @ 4

gonerstas & high degres of ot the conter. The
oase of this Tigand displ y enplatn the of conplents of this
tyve a3 yst p ™e & of Nacac frem species J t» Schame I

peneretes o highly wnsatureted thres-cosrdinate AN{3) complex 7. A cemplen of
this type may be {nvelves 1a the Aydregenation of sremss receatly reperted te be
catalysed by conplex L under 18 atm of iy ot §0°C. SiiTer riudiue phesshite
complanes of the type (N M{P(0-1-Pr)y], o) ore bmenn 0 b0 enceptiomlly active
catalyst pracarsers for olefia Mydragemation reactions.}? The risdtm
tri{{sopropy! iphasphita ¢teor ts closely retated to spucten 1 t» Scheme 1 by
the prepesed sequence of rasctions showm fn equatien 12, where L = P(OPR),.

E—
»
T ket e o = i < i e e i e 4 | — S . ——— - s e . o il . -
. e .- - - 5
P
! —— '
ROV
- - LY ~
n
12
formation of the acac chelate ring. For D-incorporation into acac, there mest
occur the formstion of efther weakly ceerdinated or free Dacac which cam achieve % A
W0 exchange via keto-eno] tautemerism. The shservation of 3 sma)) smowmt of L (W,l (m),-u-{-n—:,pz (12)

i
Thes, the catalytic activity of anal

rhodium acec complenss is mest

Hialy & result of the sese of acac ¢ispl via Mecac o

ant dissoctetien. A closer of othar cataly ”n
Rh(acac) s cataly s will y support this
concimsion.

Acknowledgment. Ve wish te thenk the Office of Mave) Research for suppert of
uhm.‘m&-m-mlmdmnuml salts.
OCF acknouledges a Sherman Clarke Followship.
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Figure 1: Arcmatic regioms of the 400-Miz W IR Spectra of Complex ) under D,,
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Figere 2: Plot of devterium-incorporation into the P(OPh), and acetylacetone
Tigands of complex ) for resction 1 (Teble 1.} vs. time.

Figure 3: Plot of In ([A))/A]) vs. time for resction § (Table I).
0% 52 % 8a%

e 5 T A Yt st S

78 70 75 70 75 76

P

RSN A £ TR

b A e =




- et Y s

6-,;,,,“ L i —————— e S - _——— — e - —
N
- ; ¥
¥
!
?
100 N . ‘
o «PIOPh)3 :
vs3Cac Y1} !
o i
: ;
* 50} o
v g 1 1
397 . .
10 hrs 20
10 hrs 20
i
\ 2
i
| : 1
{
: '
4 .

——— et







