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Introduction

* Ozone: a very electrophilic 1,3-dipole

* Alkene: More reactive than alkyne or C-H

« General & Selective method of cleaving double bonds
A Reservoir of High Oxidation State
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Introduction

* Ozone: a very electrophilic 1,3-dipole

* Alkene: More reactive than alkyne or C-H

« General & Selective method of cleaving double bonds
A Reservoir of High Oxidation State

Base-promoted fragmentation (section 3.6)

| 0
Y Ozonides to carbonyls R +O>
R
O PArs, PR3, or P(ORy):; zr
)J\ < | MezS, SC(NH,),,
Ry R, Zn/HOAc OOH
Pt or Pd or Ni/Ho; HI,;
: M 7oR
R
HA to carbonyls 2
NaBH(OAc)3;, NaHSO4 or Na,SOg; ‘

Fisher, T. et al. Tetrahedron 2017, 73, 4233.



Regioselectivity about Alkenes
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x 0 X=0=""then Me,S

65% as part of three-step

sequence'’®’
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SEMO alcohols: 60%, 84% 160
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Tokuyasu, T. et al. Tetrahedron 2001, 57, 5979; Ghosh, A. et al. Org. Lett. 2011, 13, 66;
White, J. et al. J. Am. Chem. Soc. 1995, 117, 1908.



Alkenes with Large Steric Hindrance

Q.a 0
O patha d path b
wf <~ % —
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CI(CH,),Cl
92% .

(1) O3, CH,Cl,/MeOH, —60°C
(2) Me,S

34%

Budaev, A. et al. Chem. Nat. Compd. 2014, 50, 302; Hochstetler, A. J. Org. Chem. 1975, 40, 1536;
Kondolff, I. et al. Tetrahedron 2007, 63, 9100. 6



Interrupted at Primary Ozonide

0-0 00

<

O3, MeOH

SiMe3 CHQClz, M92§ OH
O/\H/ 73% 0

~99% anti ©QOSIPr3

Avery, M. et al. 3. Am. Chem. Soc. 1992, 114, 974; Murakami, M. et al. Org. Lett. 2006, 8, 4023.



Synthesis of Artemisinin

N 9 9

0. O z LDA, Mel
X AI(TMS);¢OEt, then workup
» TMS >  TMS
then Ac,0
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o

O\n/ HO,C
o

3 M H,SO, 00 : 0,, -78 °C
-t -
TMSO’0
OHC
HO,C

Artemisinin — —

Avery, M. et al. J. Am. Chem. Soc. 1992, 114, 974.



Unusual Stable Primary Ozonide: Tin

HO OH
—c-C—
. o 0% room temperature diol | MeO,C, ,CO,Me MeO,C_ ,CO,Me
° C‘SnRg, Solvent -_/C-Q# o > ¥ BusSnH
R SnR, 2)then-78"C HO // T—I"
-78°C 1a 3) BH3.SMe, — oluene BU,SH
15 min / H 7 8
alcohol : RySnH, Et;B R,
S Toluene - \\""S"R3
entry substrate solvent time (h) ratio diol:alcohol vield (%)
i 8 MeOH 0@ 1:0 67
ii 8 MeOH 0.5 1:2 62 AcO
i 8 MeOH 2 1:8 63 Xob_h SE:IJ‘IZHMJSFS' o
iv 8 MeOH 4 0:1 65 SnBu; ————— / OHOAC
v 8 Et0Ac K 1:0 59 2) BH; SMe, AcO OAc
vi 8 Et0Ac 2 1:1 63 3) ACOH/THF/H,0
vil 8 CH,Cl 0= 1:0 65 3 4) Ac,0/pyridine 4
viii 8 CHoCly 2 1:2 61
- ~ AcO
ix  10a MeOH  0° 5:1 71 >( 3 1) 05, MeOH
X 10a MeOH 2 1:3 68 o then IVIeQS AcOt! -
xi 10a EtOAc 02 2:1 69 OHOAc
xii  10a Et0Ac 2 15 66 "2 i:éiﬂ:zwmo AcO  OAc
xiii  10a CH.Cl,  0° 4:1 62 5 .
xiv.  10a CH,Cly 2 1.7 58 4) Ac;Ofpyndine
XV 10a toluene 0z 1:1.5 59

Go'mez, A. etal. Org. Lett. 2002, 4, 383.



Capture of POZ: Continuous Flow

O
03 (2.4 equiv.) o” o -80°C
Olefin > > < > SOz
CF.Cl,, 130 °C
R R'
POZ
Entry Structure Kops x1073 (s77) Krel tij (min)
(0]
0" ~o
POZ 1 / 1.68 + 0.02 1.0 6.8+0.2
CBHT ”CgHy
o—O\
POZ2 0 2.49 £ 0.05 1.48 4.6 £0.1
CeHy3
: o> -78°C
Olefin : : /
@ : " oz 86 cm
, - 70s
0.1 Min Et,0 !
2.5 mimin”' ; D @ D @
E : 83 cm
@ : 11.0s
N, gas [ . NH,CI
20 ml min”’ FPrMgBr DMS
(5.0 equiv.)
R\I/\OH
0.13Min Et,0 0.26 M in Et,0
4.8 ml min™ OH

JoN OH
S R Oq o "o FPrMgBr .
YT | s @ -
R R OH
OH OH
CsHis OH
CaH, \I/\OH OH
03H7 CSH7
OH OH
OH CsHy
8 17 9 10°
69% 68% 63% 19%
Flow1.5gh™’ Flow 1.4gh™ Flow1.3gh™ Flow 0.4gh™

Pharmaceuticals

O/\I/\OH
OMe Cl OH
O/\I/\OH

OH
EtO 0
1 Guiafenisin (Mucinex) 2 Ponesimod precursor
65% 51%
Flow 1.5 gh™ Flow 1.7 gh™

10

Arriaga, D. et al. Nat. Chem. 2023, 15, 1262.
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Generated from POZ: Selectivity?
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R=H: 100% " memu. 1000 Hep Ph 93% 40\0_- -40
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R =Me: 0% R = Me: 67% -(CH,)5- 80%

Fisher, T. et al. Tetrahedron 2017, 73, 4233. 12



Generated from POZ: Selectivity?

Criegee Tendency:
COCH; > CH; > COOH > Ph > H > CH,0OH > CO,CH,

R1f. \ Me \ * X : EDG: Resonance EDG: Inductive
\ —/ _ . ¥ _
Re R 4-XAr PH )\/R A OMe A [Tw
Ry R; R X X R
————————— ——— e ————————————————— h
Me H 62% ‘Bu  88% H 60% CH,OH 74% Me  77% H -
Me Ph 93% Pr 71% Me  71% CH,Cl 83% Ph  95%
Ph H 60% Ph 82% OMe 79% CO,Me 77% o ﬁ
Cy H 86% NO, 14% COMe 10%

AcO R1’
ﬂ;}) D)n — CO,Me CO,Me
n R OMe
S R 2
‘Q)n Me A R \ R R [ h
Me 15 n=1 . 1 2 OMe
n= R=H: 98% H H 95%
n=1:95% R =H: 959 ..
n=2:100% n=2 5% Rz""'e- 81% Ph H 95% .
. - n= o O\ B /0
R=H: 100% R=H: 100% Hep Ph 037 Z70 - - Z
R =Me: 0% R = Me: 67% -(CH2)5- o

Fisher, T. et al. Tetrahedron 2017, 73, 4233. 13



Which Bond Heterolysis First?
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Anglada, J. et al. Chem. Eur. J. 1999, 5, 1809.
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A Proposal: Reaching TS at What Point?

.-0 _---O,
o" \ O' \\\ . O \
0. —>» l: 0 —— || 0 +
[ ] 1 ,I
I\/ & \\\:( //
EWG E6D s EDG EWG

« C-C bond polarization: Criegee to Carbonyl
* Electron-rich degree: Criegee > Carbonyl

« Determining factor: Early or Late TS?

« EDGs cause Negative AH & Early TS

e 5 h
O’—‘o\ 0/0\ 8 /’O\
O |
ﬂ\/ ------ Ph----- } / CO,Me----- : o
MeO 5t Me S Ac /
early TS medium TS late TS
inductive dominant resonance dominant thermodynamic dominant
\ y,




Computation: What is the Critical
Point?

(1.08)

 Me vs Ac: Similar bond length &
orderin TS

« Only dimension for Early or Late?

 Orbital Interaction

* Microscopic Reversibility

MO06-2X(D3)/def2SVP SMD = Methanol
16



tal Interaction?

Product-Like Orb
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Griesbaum Ozonolysis

0o o\._}»rw NH,

arterolane (4'-cis)

OMe O=— N\ R o O=XOR
l ” v
- i o

+
O~ 0 O\@ HN-R
\\O:&OR - @Lo‘; puromycin

N - TRX-PURO (3'-trans)

Chen, J. et al. RSC Adv. 2021, 11, 34338.



Hydroperoxyl Acetal to Ester

X= SOQAr,

TsCl, Ac, or CI

Ac50, or base

Ca(OCl),, XOOQOR (e.g. Et.N)
- H .

HOO  OR ~— B ~ ﬁ\
% OH * OR
b HOO OR
ase > _Ls>/. o —/

a) Oz, NaHCO
x—\ CH,Cl,, ROH

-78 °C A o
032 -~ OHC” ™ RO,C7 ™
b) Ac,0, EtN  RO,C OHC

CH,Cl,

R =Me: 68%, 3.6:1
R = Bn: 75%, 4.8:1

Taber, D. et al. J. Org. Chem. 2001, 66, 2515. 1



Formal Baeyer-Villiger Oxidation

03 ACzo X

DCM/MeOH DMAP, Et;N - H

— H > f ~ —_— H
HOO OMe OAc

0,, CCl,

Schreiber, S. et al. Tetrahedron Lett. 1983, 24, 2363; Bailey, P. J. Am. Chem. Soc. 1957, 79, 3120.



As Radical Precursor

HO .
o Fe(ll) © o
R\XM6_> R f e cum_ s
R R
TEMI/

l
OTEMP )x\

FeX; or CuX,
X=ClorBr

R R
TMSO OTMS
3 H
CH,Cl,, go
N32C03 O
] _
40%  ~95% selectivity for O3, MeOH; -
equatorial CH,OH then
Fe/Cu salts -
OH
FeSO4, CU(OAC)Z O CHQOH FeSO,*7H,0, Cu(OAc),*H50 (77%)

MeOH R
88% g \Mtg aq. Fe(BF 4),, aq. Cu(BF4), (71%)
(o}

Schreiber, S. et al. Tetrahedron 1986, 42, 2945; White, J. et al. Org. Synth. 2005, 82, 108. 21



Radical Addition Reaction?

- ROH

|

LL\ -
H

OOH

\RO— O-
e

T orR Fe'

L

~

¢ “I)%R ki=12x10 Ms7
(S )

A

>1.2x 10° M s
Fell

-
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ON A ph /\})\/Ph 4 ﬁ/
~L7 Ir . [ —— L
<7.6 x 10° M s’ .
2 ~ Ph A
~D o= 10557 7 Oy PhOSe==—Ph .~ X 0
" TVor k=217 0] . o
L Lo 7.1 L
~o” - CH,;CO,R ~ <1.8x10°M's ~

™~
Fellll OH- ~ S - SO2Ph ~o
' B ‘c D 2
~ X
Fe'_OH X=Y oy
I
1.7 x 105 M s 1.8x 105Ms7  Fel H,0~| <4.0x 10°M s radical - X=Y k
- -~ H N acceptor PhSH  7.3x 10°M s
{ _\—/ Y

AY £ Ay s
AN | S—

G

(2.0 equiv)

(T 9§
|
L\) L L

F

X =H, OTEMP, SPh

O,, MeOH, =78 °C;

Ph

SO,Ph (1.0 equiv)
5a

FeSO,-7H,0 (20 mol%)
Vit C (2.0 equiv)

~

0°C to rt, 5 min 2

Swain, M. et al. J. Am. Chem. Soc. 2022, 144, 14828.

Ph O
="
_ .»IA‘]/ OMe
- or |
| L R /
L\ - \VJ

TEMPO®

>7.6x 105 M5!
(PhS),

<10°Ms

Ph | H
= o

L\V/\

Ph
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Dealkenylative Alkynylation

O,;, MeOH, =78 °C;

H
OH R———S0,Ph 0
\O’ 5 (1.0 equiv) 3 21 examples

Yy

' ( FeS0,7H,0 (20 mol%) AN
1a Vit C (2.0 equiv) 2ab-2av
2.0-3.0 equiv 0°C to rt, 5 min R = aryl, alkyl, silyl

36-83% yield
TMSOTT PAIC, H, OH
) OH / ' |
EtOH w/\ph
EICHO 20, 95%
OH OH

\O’ Au/Ag )OI\
TMSOTf PTSA 7> ph

X
X
N ZGH\Ph 21.78%
3

@[ H 5 PvP

CHO o N PP e

Au(John phos)SbFG’
DCE H \—NH

Ph
24,31 d.r., 85%



Hydroperoxyl Ketal from Furan

MB, Oy hv
MeOH, 0 °C
| >
(@)
TEMPO O OMe o~ 47~0 ome HOL -~ 47~0 ome
20f 20g 20h
iron(ll) lactate, TEMPO iron(ll) lactate, PhSiH3 O, iron(ll) lactate, PhSiH3 O,
MeOH, 78% then DMP, 56% then NaBH,4 70%
-— — -
20k 201 20m
FeSO,, PhSO,SCF,H FeSO, PhSO,SCF; FeSO, Cu(SCN),
. MeOH, 65% MeOH, 56% DMSO:H,0 (3:1), 54%
t
o i EtOOC =" Ph -
X
07 "O OMe 07 O OMe 07 O OMe
20p 20q 20r
FeSO,4 22 FeSO,4 23 FeSO, 24

DMSO:H,0 (3:1), 48%°

DMSO:H,0 (3:1), 53%° DMSO, 40%

= conditions \J/IQ
»
Son Ve X’ o7~0 OMe

phsjol/ge

20i

iron(ll) lactate, PhSSPh
CH3CN:H,0 (1:1), 64%

N J/(P:O%Ze

20n
FeSO4 Cu(Ns),
DMSO:H,0 (3:1), 64%

o

20s
FeSO,4 TsCN
DMSO, 53%

Bao, J. et al. Eur. J. Org. Chem. 2020, 339.

via:

9) O OMe

—

20j
iron(ll) lactate, PhSeSePh
MeOH, 72%

,CO,'Bu
HN =

‘BuO,C” N 07 "O OMe
200

FeSO, DBAD
MeOH, 55%




Diene: 1,2 to 1,4 Rearrangement

0,, DCM

-78 or 0 °C -78°C

0,, DCM

Ambrox

Kulcitki, V. et al. Tetrahedron Lett. 2010, 51, 4079.



Allyl Alcohol: Fragmentation

0
O, CH,Cl: %,
3 222 o HO Q major
ﬁ' e
R
O N 05 CHCly
NaOH, MeOH

’ ¢
R _
ﬁ“‘a 36-85%
0 B
0
0 SN

|
v 03, '7800
solvent QQC\OQR
—), L
- ~
"'OH v O
. _CO.H
Solvent  Major product ~

CH,ClI,
MeOH

R=H
R =Me

OH
m 1) O3, CH,Cl,, -78°C

2) Dimethyl Sulfide

COg X

|

OH
[ I%Om
o
HO

Ragan, J. et al. Org. Process. Res. Dev. 2003, 7, 155;
Everest, D. et al. Aust. J. Chem. 1988, 41, 1025;
DeNinno, M. et al. 3. Am. Chem. Soc. 1995, 117, 9927.

26




In Situ Reductive Ozonolysis

* Avoid peroxide accumulation ewvBo oH 1. iPSIOTT  puso  oTIPS
e , : 2. O3 CHyClp, :
* |nhibit side reactions of Cls " additive; then &3S -
S CHO
O3 X Additive  Yield
5 ®NMe 5 © None 55-68%
| Pyridine  99%
I AR N < Cﬁi yHEme
> |00 > Hs
Y, CH,Cl, < , H
94% - S e
Me Os, ? BRY ® 9
BzO _A~_Me 1)03, NMO . | pyridine. | ®20 N\ PyMN__O
2) NaBH, /i\/OH AcO CH,CI r —_— Y
S (CH,),OH > ee R R
BzO —\- (CH>)4 85% i
Ph Me ¢¢ © ] o)
?3/ - AcO
. C
OMOM (+)-pinnatoxin A N N‘%/O \ \L/)/g,U\H
@ i
OTIPS Pyridine 5504

Stivala, C. et al. 3. Am. Chem. Soc. 2008, 130, 3774; Schwartz, C. et al. Tetrahedron 2006, 62, 10747;
Schreiber, S. J. Am. Chem. Soc. 1990, 112, 5583; Smith lll A. et al. J. Am. Chem. Soc. 1992, 114, 1438.



Criegee Intermediate as 1,3-Dipole

BF,eOEt, m
Ph
Ph 4 34% O<g
Ph )-Ph
-0
TMS o) TMS
MeO ONOH /\/ - 0
TiCly: 31%
SnCl,: 56%
LDA, TBSCI 0,, DCM
K\L HMPA, THF (I .78 °C
N —————»
| o) | OTBS
N 7\
: H

H,, Pd/C

-
-
-
-
-

47% for 2 steps
10: 1

Miura, M. et al. 3. Chem. Soc., Perkin Trans 1980, 1, 2909; Dussault, P. et al. J. Chem. Soc., Perkins Trans 2000, 1, 3006;
Casey, M. et al. Synlett 1992, 3, 214.
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Pyrolysis or Photolysis: Story Reaction

ﬁ/z:}\( — ﬁ/.zog\( “O (
% Y+ Hooom + co, + co |
U

33% 35% 43% 10% 41%

0—0
b)j v /\ + HCOOH +
35% 36% 18%
_A~_CHO + _~_COH +
10% 14% 45%

Story, P. et al. Tetrahedron Lett. 1968, 29, 3291.



Diradical Capture: PIDA

/_
MeoZC NH / ",’
NH 03 (o) hy, |2; PIDA Me02C NH
—
(0]

: MeO,C
- (0] — - - -
Phl(OAc), l
(0] (0] 0]
/ = / = / =
MeO,C 7 NH + MeO,C 7 NH + MeO,C , NH
0] 0] o)
OHCO OAc AcO OAc AcO OCHO
36% 23% 9%

Jacobi, P. et al. J. Am. Chem. Soc. 2001, 123, 9307.



Alkyne-Forming Furan Fragmentation

s R"  MB, 0, hv, DCM
/ K;%?’ S _

5

0]

R2

0 °C, 30 min

@] 0
NaHCOs3; (aq) or

TMSCHN,

=

o)
t'—-AO

rt,12h \.__.—R . _.=——R?

R1
2

alkynoic anhydride (7)

alkynoic acid (or ester) (8)

MeO,, .

HO'

aglatomin B (35)
Deng, J. et al. Synlett 2019, 30, 642.

O, hv, MB 70%
then LiOH(aq) | [gram scale]

2 steps
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Photoexcited nitroarenes Ozonolysis

(T1)*N
(n,z*) excited state
Ar Ar

Controlled
N N _ ISC then |
- q" .Q‘p *0” " TOe ,,N O cyclization N cleavage 0o o
L — — Q _ o > e o > 1|

C c’
Thermal [3+2] is Stepwise radical F E
kinetically [3+2] is facile Triplet ‘N-doped’ ozonide
challenging biradical Stable
1.2 4
3-F, 4-SO,0Fy .
4-(CN): -
1.0 (G 9.
=0
o o o)
© g 1 3-NO,, 5-CF3
CHZC|2, -10°C 3.5-(CF3): qd"
= 3-F, 4-30.Me
Purple light- R— 'E 0.6 4 .
(1.0 equnv (8.0 equnv ) emitting diodes A -;5_: o 5 4-S0,Me
> 2 Q
E g 0.4 3,5-(F)
= ¥ 2
Reactivity of excited state nitroarenes (*N) 0.2 ’
/\ H y = 0.82x - 0.03
0 — Electronic effects: "0 3-F, 4-Me R?=0.98
| \N oo/ = Electron-withdrawing groups > S 5 -— ” . e " 5 >
-0/ | accelerate the cycloaddition - Q- : 4 : ' 1 1. 14
R 3-Me 4-F
—02- Lo

Ruffoni, A. et al. Nature 2022, 610, 81. 34



Ozonolysis-Type Fragmentation

‘i‘r :i\lr :l:r
Ar o} 0 OO0
H,0 N AT FIEN e
r!lH | L +O7= | -— Q? :ﬁ 0 versus O):./,O - 5 | | [
HO™ | Path a Path b N
H c’ c Ozonolysis-type E E Nitrene-forming c c’ |
G cycloreversion cycloreversion Singlet
C.art.)onyl nitrene
imine
CFs CFs CFs
- o]
0 CH3CN-H,'80 HO, \ Ar 0 -
Me \ 3 2 16/18 \ N \ /
’“\? N _— S o 4 HN + +N - H2 JJ\ - N=N +
o 80°C, 1h Me o H™ H ‘A
E1 NO. | 5 93% % NO J1,61% NO ° r
2 180 - 929 H2,20% NO: B1% NO; K1, 3%
NO,» e
0, 6 /0 6 (equiv.) Yield (%)
/N _—> 0 71
S
’ 80,15 i ° HEE . ¢
°C, 15 min 7
E3 CFs Ar” TOH
H
0 -0, ;‘ _Ar

N ‘ Product
Ar” TOH decomposition

|
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Selective Olefin Oxidation Cleavage

71, (-)-carvone 72, fusidic acid
95%N‘I ab 42 %Ntﬁ,d
(r.s.m. 43%°) 100%

73, exemestane 74, megestrol acetate
64%“3'3' b 35 %NT..al.b
(rs.m. 68%°  ads (r.s.m. 63%°)

75, lynestrenol
4?%N4.E.f
(rs.m. 63%9) add

Me
Me OH Me Me Me OAc
Z Mo 2 X
Mé A

76, allylestrenol acetate 77, linalool 78, (-)- trans-caryophyllene 79, geranyl acetate 80, (-)-perillyl acetate
50%"4' b.e 71 %N 10,d.e 89 %Na,e.f.g Ss%m.a.f, h 73 %N2 ab
0, 0, o,
(r.s.m. 38%") 100% 100% (r.5.m. 49%9) i (r.s.m. 55%° E:Z 19:1) (r.s.m. 56%°)

= R R' R?

3.0 pla tp Lo
P R

» Me N2: CF; H CF3

HC R NO, N3: CN CN H

NMez N4 F H H

81, cyclobenzaprine-HCI 82, (-)-bisabolol zlacetate 83, (+)-valencene R2 N7: F SO.,CF; H

ag %N1 bl 78 %Nﬂ,b.EJ 46 %Nza,k No: CN Me H

(r.s.m. 42%°) (r.s.m. 55%°%) (r.s.m. 91%°) N10: CN H H
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Dihydroxylation Using Nitroarenes

(i) condition A or B R R' R?
—30°C,12-24 h, purple LEDs conditions R NO
i OH 2 NI NO, H CF
N1 (i) Pa/C (10% wiw, 10%) OH | A=EtOAc(0.17-0.50 M) D, & F S0,CF, H
X | - = 2¥'3
(orN2-N4)  \1ic0, (10 equiv.), HCO,H (6 equiv.) B = DCE (0.17-0.50 M) R
(2.0 equiv) MeOH-THF (3:2), ~10 °C, 24 h HFIP (4-5 equiv.) R2 N3 CF, H CR
443 0 equiv. then 25 °C, 24 h Bl Ne FH H
(1.0 equiv.)
entry 31 N yield (%) 31a:31a’
X N-Bu n-Bu n-Bu n-Bu ' n-Bu OH ! N I 341
nBu” or — . r—— \|/l\n-Bu vs Y nBu 2z N3 e 2.7:1
(E)-31 )31 (2.0quiv.)  sing conditions A OH OH 3 E N1 68 3.3:1
31a 31a’ -
4 7 M 64 2.5:1
N _Ar\ fast Ar ) Ar Ar
N-O° bond rotation ~ N—Oe N N,
o o) o) 0 H > Q2 0 v O O
Ar—N‘o.—h- H‘g_-ﬂ:H —— Hl—\o ISC then O}_b c)_%
cyclization
O/=b B C  tripletbi-radicals € | B B’
major minor
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Summary

R R R
HO” o R—7~0OH JJ\ -R
R R R R R™ 0
T R T R-X, R-OTEMP, R-SPh, R-SePh
+ R +
R - .0 iy R__O
o020 R-\-O, Selectivity! 2 ~o- ROH Fe(ll) Ry
R)%fR Rj:ofo I R Ri‘c,_%
R R -H*
Criegee Intermediate =~ Hydroperoxyl Ketal/Acetal Y e
l l N
O_X 0-0 (0]
-R R R — >
R T -~ %Ok RJ\R
R” R R
0. (o) R 6 (0]
) + =\ —_—
R Ar—N\o R oo RJ\R R N-Ar RJ\R
R)%(R —_—— \N—Ar
R o
R R
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