] A Publication
Organlc of Reliable Methods

for the Preparation

Syntheses of Organic Compounds

Working with Hazardous Chemicals

The procedures in Organic Syntheses are intended for use only by persons with proper
training in experimental organic chemistry. All hazardous materials should be handled
using the standard procedures for work with chemicals described in references such as
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C.,
2011;  the  full  text  can be  accessed free  of charge @ at
http://www.nap.edu/catalog.php?record id=12654).  All chemical waste should be
disposed of in accordance with local regulations. For general guidelines for the
management of chemical waste, see Chapter 8 of Prudent Practices.

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red
“Caution Notes” within a procedure. It is important to recognize that the absence of a
caution note does not imply that no significant hazards are associated with the chemicals
involved in that procedure. Prior to performing a reaction, a thorough risk assessment
should be carried out that includes a review of the potential hazards associated with each
chemical and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards associated
with chemicals can be found in Chapter 4 of Prudent Practices.

The procedures described in Organic Syntheses are provided as published and are
conducted at one's own risk. Organic Syntheses, Inc., its Editors, and its Board of
Directors do not warrant or guarantee the safety of individuals using these procedures and
hereby disclaim any liability for any injuries or damages claimed to have resulted from or
related in any way to the procedures herein.

September 2014: The paragraphs above replace the section “Handling and Disposal of Hazardous
Chemicals” in the originally published version of this article. The statements above do not supersede any

specific hazard caution notes and safety instructions included in the procedure.

Copyright © 2008 Organic Syntheses, Inc. All Rights Reserved




DOI:10.15227/orgsyn.085.0147

SYNTHESIS OF ENANTIOPURE DI(TERT-BUTYL) (2S,4S)-4-
HYDROXY-6-OXO0O-1,2-PIPERIDINEDICARBOXYLATE. A USEFUL
BUILDING BLOCK FOR THE PREPARATION OF 4-
HYDROXYPIPECOLATE DERIVATIVES
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1. Procedure

A.  2-tert-Butoxycarbonylamino-4-(2,2-dimethyl-4,6-dioxo-
[1,3]dioxan-5-yl)-4-oxo-butyric acid tert-butyl ester. A one-necked, 500-
mL, round-bottomed flask containing a magnetic stir bar and fitted with a
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three-way stopcock fitted with a rubber septum and an argon inlet is charged
with 15.0 g (51.85 mmol) of N-a-tert-butoxycarbonyl-L-aspartic acid a-tert-
butyl ester (Boc-L-Asp-Ot-Bu) (Note 1) and 150 mL of dichloromethane
(Note 2). The resulting solution is cooled in an ice bath at 0 °C (ice bath
temperature) whereupon 7.85 g (54.44 mmol, 1.05 equiv) of 2,2-dimethyl-
1,3-dioxane-4,6-dione (Meldrum’s acid) (Note 3) and 9.50 g (77.78 mmol,
1.5 equiv) of 4-dimethylaminopyridine (DMAP) (Note 4) are added. N-(3-
Dimethylaminopropyl)-N’-ethylcarbodiimide  hydrochoride  (EDC-HCI)
(14.91 g, 77.78 mmol, 1.5 equiv) (Note 5) is then added portion-wise to the
reaction mixture at 0 °C over 5 min. The three-way adapter is returned to
the neck and reaction mixture is allowed to warm to room temperature and is
stirred under argon for 3 h (Note 6). The solution is diluted with 50 mL of
dichloromethane before being transferred to a 500-mL separatory funnel and
Is then washed successively with two, 150-mL portions of 1 M aq KHSO,
solution and 150 mL of brine. The organic layer is dried over Na,SO, (25-30
g), then is filtered through a cotton plug in a funnel, collected in a 500-mL
flask and concentrated by rotary evaporation (40 °C, 6 mm Hg) to provide
21.5 g of crude 2 as a clear, pale-yellow oil (Note 7).

B. Di(tert-butyl) (2S)-4,6-dioxo-1,2-piperidinedicarboxylate. Ethyl
acetate (330 mL) (Note 8) is added to the 500-mL flask containing 2, which
Is then equipped with a magnetic stir bar and a reflux condenser. The
solution is heated in an oil bath at 80 °C (bath temperature) for 3 h (Note 9).
The solution is allowed to cool before being transferred to a 1-L separatory
funnel and is washed successively with 200 mL of 1 N aq KHSO, solution
and 200 mL of brine. The organic layer is dried over Na,SO, (25-30 g),
filtered through a cotton plug in a funnel, and concentrated by rotary
evaporation (34-40 °C, 6 mm Hg). The residual crystalline material is
slurried in 100 mL of cyclohexane, then is collected by filtration in a Hirsch
funnel and is washed with two, 50-mL portions of cyclohexane and then
dried under reduced pressure (40 °C, 6 mm Hg) to afford 12.61 g (78%, 2
steps from 1) of dioxopiperidine 3 as a white solid (Notes 10, 11).

C.  Di(tert-butyl) (2S,4S)-4-hydroxy-6-0x0-1,2-piperidinedicarbox-
ylate. A two-necked, 500-mL, round-bottomed flask fitted with a rubber
septum, argon needle inlet and thermometer is charged with dioxopiperidine
3 (12.61 g, 40.25 mmol) and 150 mL of dichloromethane (Note 12). The
resulting solution is cooled in an ice bath at 0 °C (bath temperature) while 25
mL of AcOH (Note 13) is added. Sodium borohydride (NaBH,) (4.57 g,
120.75 mmol, 3.0 equiv) (Note 14) is then added portion-wise to the reaction
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mixture at such a rate as to keep the internal temperature below 10 °C. The
reaction mixture is allowed to warm to room temperature and is stirred for
12 h (Note 15). The reaction mixture is neutralized with 150 mL of 1 M aq
KHSQO, solution and then is transferred to a 500-mL separatory funnel. The
aqueous phase is separated and the organic layer is dried over Na,SO, (25-
30 g), filtered through a cotton plug in a funnel, and concentrated by rotary
evaporation (40 °C, 6 mm Hg). Dichloromethane (250 mL) (Note 12) is
added to the 500-mL flask, which is then equipped with a magnetic stir bar.
The resulting solution is cooled in an ice bath at 0 °C while 25 mL AcOH
(Note 13) is added. Sodium borohydride (NaBH,) (1.52 g, 40.25 mmol, 1.0
equiv) (Note 14) is then added portion-wise to the reaction mixture over 5
min. The reaction mixture is allowed to warm to room temperature and is
stirred for 4 h. The reaction mixture is neutralized with 100 mL of a 1 M aq
KHSO, solution and is transferred to a 500-mL separatory funnel. The
aqueous phase is separated and the organic layer is dried over Na,SO, (25-
30 g), filtered through a cotton plug in a funnel, and concentrated by rotary
evaporation (40 °C, 6 mm Hg) (Notes 16, 17). The residue is dissolved in
200 mL of ethyl acetate, and the solution transferred to a 500-mL separatory
funnel where it is washed successively with two, 150-mL portions of 1 M aq
KHSO, solution and two, 150-mL portions of sat. ag sodium bicarbonate
solution and 150 mL of brine. The organic layer is dried over Na,SO, (25-30
g), filtered through a cotton plug in a funnel, and concentrated by rotary
evaporation (40 °C, 6 mm Hg). The residual crystalline solid is dissolved in
23 mL of dichloromethane. Diisopropyl ether (150 mL) is slowly added and
the resulting slurry is triturated for 1 h. The white solid that precipitates is
collected by filtration, then is washed with 50 mL of diisopropyl ether, 50
mL of cyclohexane and then is dried under reduced pressure (25 °C, 6 mm
Hg and then 0.04 mm Hg) to afford 6.25 g (49.3%) of 4. The filtrate is
concentrated and the residue is dissolved in 9 mL dichloromethane. After
addition of diisopropyl ether (100 mL) and a magnetic stir bar, the mixture is
stirred for 10 h at room temperature to afford a second crop (1.60 g), which
is collected by filtration and is combined with the first crop of crystals to
give a final yield of 7.85 g (62 %) (Note 18).
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2. Notes

1. N-oa-tert-butoxycarbonyl-L-aspartic acid a-tert-butyl ester
(98+%), was purchased from Novabiochem by the submitters and from
Waterstone Technology Product List by the checkers, was used as received.

2. Dichloromethane was purchased from WAKO Pure Chemicals
and was used as received.

3. 2,2,5-Trimethyl-1,3-dioxane-4,6-dione (Meldrum’s acid) (98%)
was purchased from Aldrich Chemical Co., Inc and was used as received.

4. 4-DMAP (99%) was purchased from Aldrich Chemical Co., Inc
and was used as received.

5. N-(3-Dimethylaminopropyl)-N’-ethylcarbodiimide hydrochoride
(EDC-HCI) was purchased from Senn Chemicals by the submitters and
from Watanabe Chemical Industries, LTD by the checkers, was used as
received.

6. The progress of the reaction was followed by TLC analysis on
silica gel with cyclohexane/ ethyl acetate/acetic acid, 7:3:0.5) as eluent.
Visualization of the TLC plates was performed with ninhydrin. Boc-Asp-
Ot-Bu has Rf = 0.31 (red) and product 2 has R¢ = 0.20 (dark red).

7. Compound 2 is used in the next step without further purification.
The submitters observed partial spontaneous rearrangement to
dioxopiperidine 3 upon drying compound 2 under reduced pressure for 5
days. Compound 2 has the following spectroscopic properties: *H NMR (500
MHz, CDCl3) 6: 1.42 (s, 9 H), 1.44 (s, 9 H), 1.74 (s, 3 H), 3.51 (m, 1 H),
3.66 (m, 1 H), 4.67 (m, 1 H), 5.27 (br, 1 H).

8. Ethyl acetate (puriss. p.a. ACS reagent grade) was purchased
from Aldrich Chemical Co., Inc and used as received.

9. The progress of the reaction was followed by TLC analysis on
silica gel with cyclohexane/ethyl acetate/acetic acid, 7:3:0.5 as eluent.
Visualization of the TLC plates was performed with ninhydrin;
dioxopiperidine 3 has R¢ = 0.29 (light orange).

10. Dioxopiperidine 3 exhibits the following physicochemical
properties: Ci3 RP-HPLC tr 23.4 (HPLC analysis was performed on a
CAPCELL PAC Cygcolumn (5 wm, 4.6 mm x 250 mm) (SHISEIDO) by
using a linear gradient of A (0.1% TFA in H,O) and B (0.08% TFA in
CH3CN) at a flow rate of 1.2 mL/min with UV detection at 214 nm; linear
gradient, 20-80% B, 20 min); colorless crystals; [o]p> = +107.2 (c = 1.02,
CHCI3); mp 114-116 °C; *H NMR (500 MHz, CDCl5) &: 1.46 (s, 9 H), 1.55
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(s, 9 H), 2.83 (dd, J = 17.7, 7.0 Hz, 1 H), 3.03 (dd, J = 17.7, 2.1 Hz, 1 H),
3.37 (d, J =19.5 Hz, 1 H), 3.53 (d, J =19.6 Hz, 1 H), 5.07 (dd, J=7.1, 2.2
Hz, 1 H); *C NMR (125 MHz, CDCl5) &: 27.8 (3 CH3), 27.9 (3 CHs), 40.9
(CHy), 50.4 (CH,), 54.6 (CH), 84.0 (C), 84.7 (C), 151.2 (C), 165.3 (C),
168.9 (C), 200.2 (C); IR (KBr) 2981, 1766, 1725, 1644, 1600, 1278, 1147
cm™: ESI-MS [M*+Na] 336. Anal. Calcd for C;5H,3NOg: C, 57.50; H, 7.40;
N, 4.47. Found: C, 57.22; H, 7.32; N, 4.38.

11. Dioxopiperidine 3 exists in equilibrium with di(tert-butyl) (2S)-
4-hydroxy-6-0x0-3,6-dihydro-1,2(2H)-pyridinedicarboxylate, the thermo-
dynamically stable enol form. The product 3 exists exclusively in the keto
form in CDCls, whereas in DMSO-ds, the *H and **C NMR spectra show the
enol form only: *"H NMR (500 MHz, (CD5),SO) &: 11.2 (s, 1H), 4.95 (d, J =
1.6 Hz, 1H), 4.85 (dd, J = 6.9, 1.5 Hz, 1H), 3.04 (ddd, J = 17.7, 6.9, 1.6 Hz,
1H), 2.59 (dd, J = 17.7, 1.5 Hz, 1H), 1.46 (s, 9H), 1.41 (s, 9H); **C NMR
(125 MHz, (CDs),SO) ¢: 169.6, 168.2, 164.1, 152.0, 96.2, 81.6, 81.4, 55.0,
30.3, 27.7, 27.5.

12. Dichloromethane was freshly distilled over from calcium hydride
under argon.

13. AcOH (99.5+%), purchased from Prolabo by the submitters and
from Wako Pure Chemical Industries, Ltd. by the checkers), was used as
received.

14. Sodium borohydride (NaBH,) (98+%) was purchased from Acros
Organics by the submitters (KANTO Chemical CO., Inc.) and was used as
received.

15. At that stage, Ci;3 RP-HPLC analysis of the reaction mixture
reveals that 11% of dioxopiperidine 3 is still present (see Note 16 for
analysis conditions). On this scale, as well as on larger scale, the submitters
found that a prolonged reaction time was not sufficient to bring the reaction
to completion and that satisfactory results were obtained by performing the
reduction a second time after work-up.

16. Analytical C;3 RP-HPLC: CAPCELL PAC Cygcolumn (5 um,
4.6 mm x 250 mm) (SHISEIDO) (linear gradient, 20-80% B, 20 min) of the
crude product reveals that the reduction is complete (< 2 % of 3) and that the
diastereomeric ratio between di(tert-butyl) (2S,4S)-4-hydroxy-6-oxo-1,2-
piperidinedicarboxylate (4) and di(tert-butyl) (2S,4R)-4-hydroxy-6-oxo-1,2-
piperidinedicarboxylate (epi-4) is 91:9. The elution times (tg) for 3, 4 and
epi-4 are 23.4, 20.6, and 21.4 min, respectively.
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17. After this workup, the product still contained acetic acid which
was detrimental to the recrystallization. A second extractive workup as
described was needed to remove all of the acetic acid.

18. (2S,4S)-4-Hydroxy-6-0xo0-1,2-piperidinedicarboxylate 4  was
obtained in high diastereomeric purity (dr > 99:1 for the combined crops as
determined by analytical C;3 RP-HPLC (linear gradient, 20-80% B, 20
min)) (Note 10). The enantiomeric ratio was > 99:1 as determined by HPLC
analysis on an OJ-Hcolumn (5 um, 3.9 m x 150 mm) by elution with 5%
isopropanol in n-hexane at a flow rate of 1 mL/min with UV detection at 214
nm. The elution times (tg) for 4 and ent-4 are 11.8 and 8.4 min, respectively.
Lactam 4 exhibited the following physicochemical properties: C;3 RP-HPLC
tr 20.6 min (linear gradient, 20-80% B, 20 min); [a]p™* = -23.7 (c = 1.02,
CHCIs); colorless crystals; mp 128-129 °C; *H NMR (500 MHz, CDCls) &:
1.46 (s, 9 H), 1.51 (s, 9 H), 2.11 (d, J = 4.0 Hz, 1 H), 2.22 (ddd, J = 14.1,
6.4, 2.8 Hz, 1 H), 2.38-2.43 (m, 1 H), 2.60 (ddd, J = 17.4, 4.3, 1.9 Hz, 1 H),
2.77 (dd, J =17.4, 49 Hz, 1 H), 4.26 (m, 1 H), 4.65 (dd, J = 6.8, 3.7 Hz, 1
H); *C NMR (125 MHz, CDCl5) &: 27.8 (3 CHs), 27.9 (3 CHs), 32.9 (CH,),
43.2 (CH,), 56.1 (CH), 64.2 (CH), 82.5 (C), 83.5 (C), 151.8 (C), 168.6 (C),
171.2 (C); IR(KBr) 3504, 2975, 1766, 1706, 1284, 1139; ESI-MS [M*+Na]
338; Anal. Calcd for CisHxsNOg: C, 57.13; H, 7.99; N, 4.44. Found: C,
56.88; H, 7.84; N, 4.33.

Safety and Waste Disposal Information

All hazardous materials should be handled and disposed of in
accordance with “Prudent Practices in the Laboratory”; National Academy
Press; Washington, DC, 1995.

3. Discussion

Five-membered ring 2,4-dioxo-1-pyrrolidinecarboxylates (chiral
tetramic acids) obtained from Meldrum's acid and N-protected a-amino
acids have received considerable attention as precursors of statine [(3S,4S)-
4-amino-3-hydroxy-6-methylheptanoic acid] derivatives.*® Their
stereocontrolled reduction leads exclusively to the cis-4-hydroxy derivative.
However, there have been relatively few reports on the synthesis and
reactivity of N-acylated 4,6-dioxopiperidines, their six-membered
counterparts.®
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By analogy with the synthesis of chiral tetramic acids,” condensation
of N-protected 3-aminopropanoic acids with Meldrum's acid in the presence
of EDC-HCI and DMAP, followed by cyclization at 80 °C in ethyl acetate,
provides a convenient and short entry to enantiopure N-acylated 4,6-
dioxopiperidines (e.g. 3)."° N-Acylated 4,6-dioxopiperidines exist in
equilibrium with the thermodynamically stable enol form.

We found that treatment of various N-acylated 4,6-dioxopiperidines
with NaBH, in CH,CI,/AcOH (10:1) for 16—-72 h resulted in a quantitative
and stereoselective reduction of the keto functionality.”® The selectivity of
the reaction was significantly influenced by the bulk of the side chain at C2,
the lowest and highest selectivities being observed for the methyl (dr 84:16)
and isopropyl groups (dr >99:1), respectively. In the case of a carboxylate
side chain at C2, the tert-butyl ester group (in 3) exerts a stronger
stereodirecting effect than the corresponding benzyl ester. The
stereoselective reduction in step (C) afforded 4 in diastereomerically pure
form (dr >99:1) following a single recrystallizaton. The absolute
configuration at C4 was confirmed by X-ray crystal structure
determination.™

This three-step procedure allows for the preparation of (2S,4S)-4-
hydroxy-6-o0xo-1,2-piperidinedicarboxylate 4 in 46% overall yield from
Boc-L-Asp-OtBu and using common and cheap reagents. Hydroxylated
lactam 4 is a versatile intermediate that can be readily converted to several
useful amino acid derivatives.'!! Reduction of the lactam moiety by
treatment with BH3-SMe, and subsequent deprotection/protection afforded
the enantiopure protected cis-4-hydroxypipecolic acid 5, an amino acid
constituent of natural antibiotics and several drug candidates, in 83% yield.
The corresponding N-Fmoc protected trans-(2S,4S)-4-hydroxypipecolate 6
was obtained by further inversion of the C4 stereocenter under Mitsunobu
conditions (57% from 4). Alternatively, ring opening of 4 under reductive
conditions (NaBH,, EtOH) following protection of the hydroxyl group gave
the corresponding 1,3-diol (85% (TBDPS protecting group); 83% (TBDMS
protecting group)), which can be further transformed to the 4-hydroxylysine
derivative 7 or to enantiomerically pure lactone 8.
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Appendix
Chemical Abstracts Nomenclature; (Registry Number)

N-a-tert-Butoxycarbonyl-L-aspartic acid a-tert-butyl ester (Boc-L-Asp-
Ot-Bu); (34582-32-6)

2,2-Dimethyl-1,3-dioxane-4,6-dione (Meldrum’s acid); (2033-24-1)

N-(3-Dimethylaminopropyl)-N’-ethylcarbodiimide hydrochoride
(EDC-HCI); (25952-53-8)

2-tert-Butoxycarbonylamino-4-(2,2-dimethyl-4,6-dioxo-[1,3]dioxan-5-yl)-4-
oxo-butyric acid tert-butyl ester; (10950-77-9)

Di(tert-butyl) (2S)-4,6-dioxo-1,2-piperidinedicarboxylate; (653589-10-7)

Sodium borohydride; (16940-66-2)

Di(tert-butyl) (2S,4S)-4-hydroxy-6-0xo-1,2-piperidinedicarboxylate;
(653589-16-3)

Gilles Guichard was born in Orléans (France) in 1969. He
studied chemistry at the Ecole Nationale Supérieure de Chimie
in Toulouse and received his Ph.D. in 1996 from the University
Louis Pasteur (Strasbourg) under the guidance of Dr. Jean-Paul
Briand working on the synthesis and immune recognition of
pseudopeptides. After post-doctoral research with Prof. Dieter
Seebach at the ETH Zurich (Switzerland) working on beta-
peptides, he returned to Strasbourg as a CNRS Chargé de
Recherche in the Institute of Molecular and Cellular Biology
and was promoted CNRS Directeur de Recherche in 2006. His
research is mainly focused on biomimetic chemistry of
peptides, folding and biomolecular recognition.

Olivier Chaloin received his Ph.D. in chemistry from the
University of Montpellier Il in 1996. After postdoctoral studies
with Prof. G. Flouret at Northwestern University (Chicago,
USA) and with Prof. R. Offord in Geneva (Switzerland), he
joined the CNRS and moved to the Institute of Molecular and
Cellular Biology in Strasbourg (France). His research interests
focus on peptide, pseudopeptide and protein synthesis.

Org. Synth. 2008, 85, 147-157 155



Frédéric Cabart was born in 1972 in France. He received his
B.S. and M.S. degrees in Chemistry from the Université de
Nancy |, France in 1996 and 1997 respectively. He has been
employed at NeoMPS S.A. France since 1998, where he
currently works as Research & Development Chemist involved
in the syntheses of pharmaceutical building blocks from
laboratory scale to kilogram scale.

Julien Marin was born in Metz (France) in 1976. He studied
chemistry at the Ecole Nationale Supérieure de Chimie in
Mulhouse and received his Ph.D. in 2003 from the University
Louis Pasteur (Strasbourg) under the guidance of Dr. Gilles
Guichard working on the synthesis and auto-immune
recognition of glycopeptides. After post-doctoral research with
Prof. Stephen Hanessian at the University of Montreal
(Canada) working on the design and synthesis of new
inhibitors of endothelin converting enzymes, he joined the
I contract research organization Novalyst Discovery in 2006. His
current position is project manager in the organic custom-
synthesis department.

Haixiang Zhang was born in 1963 in China. He received his
Ph.D. in Organic Chemistry under the supervision of Prof. G.
Balavoine and Dr. F. Guibé from the Université de Paris-Sud,
France in 1990. He then joined the Propeptide/lsochem S.A.
France as Research & Development Chemist. In 2000, he
moved to current position as Research & Development
Manager at NeoMPS S.A., France. His current interests focus
on the organic synthetic chemistry in pharmaceutical industry.

156 Org. Synth. 2008, 85, 147-157



Hisashi Mihara was born in 1981 in Shiga, Japan. He received
his M.S. degree in 2006 from the University of Tokyo. He is
pursuing a Ph.D. degree at the Graduate School of
Pharmaceutical Sciences, The University of Tokyo, under the
guidance of Professor Masakatsu Shibasaki. His current
interest is catalytic enantioselective total synthesis of
biologically active compounds.

Org. Synth. 2008, 85, 147-157 157



IEHIW!H&HIHEHIHnHIIHEHIHIIHIHI”IHIH!!PEH lH[HﬂIH]W
40.0 3.0 20.0 10.0 0.0

(I

PIIHIH[H 1IN “EHIHIWFHIHFE]HII H¥PIHI IIH HIHI HiHi“lliH [IH#HIH} HII|P{HIHIqIHIH1HIHII!HI
220 0 210.0 200.0 1%0.0 180.0 170.0 160.0 150.0 146.0 130.0 120.0 110.0 1€0.0 90.0 80.0 706.0 60.0 50.0

A

-----

84,6655

R R Rt 0 o o o
S oo A = o =]
o~ WO © o =]
NN O - ™ & o o
[ = r~
1} < [

¥
200:.1915
168.8909
165.3482
151.2251
54,5659



PPM

F o
=
E o
g Ev8Y LT
W
= o GZ10°6E
E“gf 6v81"6¢
= 117868
= 002668
e 2909 6¢
=] £269°6€
= G811 6€
= 1658 6¢
e £L¥6 6E
E 2 6.20°0F
= 9l 0p
= T~ g2l0'gs
= o
-2
==
==
- o
o 501718
= S yz63° |8
= o
o
E <
- o 4762°96
-8
SR
o
C o
E o
N
E o
-3
=
==
E o
- o
- 9900778}
E o
=3
= 60419
T
Ee —— 0519°69!
E o
3
- -
=S
- o
s
=
S
=

220.9



OH

e D

- PEM

“!Hlqu#HlH}HlHIH¥HiP!HlHIW?HIHEHIHEHIH;PIHJH
220.0 210.0.200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 1.00.0 80.0

171,1602
168.59241

}WIUEHIH|HiHlHiPlHIH$”IHIHIHIHIH?HI“lH%HIquLHIHiHIHfHIPIHEHIW[HIHIHJHIH%HINIHlHTW?HlHEHIHIHtH]PEHHTﬂ
80.0

151.8475

83.4727
. 82.4577

77.2585

1

77.0000

70.0 60.0 %0.0 40.0
[Ta} oy <o -N

~ o - —

= w — o,
™~ = i =

0 < 0 “en

i~ o w - =t

30.0 20.0

32.9264

16.0




PPM
0.0

FTTrTTi Iij FITTTTTTT |Ii FTTTEd 1[!IEIE T II! TTTTTTTTT 'l

SPEYTL
ELEV"T
085%°1
0Z8s' T
9Z02°1
T809" T
Z80L'T
PEFLTT
£EGL T
LS8LTT
SLBL T
68917 ¢
LOLT 2

0

1

E0E T

fo2e b A

z2.0

P N N N

UV

-y

8sve e
6267 €
5L0S"€
0¥2zs €
ogess
Z6T9" €
19€9°€
PS¥9TE.
¥959°€
65L9°€E
6989 €

000°% /// :

£.0

1099° b
PGLY ¥
LZ89"F

§LGE°S
6ELT S
088z s
1L82°s
-0662°S

669°0 N <

5.0

-0

)

7.0

e 009271
: 9TLZ L

I
8.0

9.0

FTreerTi tﬁl TP TTI l[i PrTTTd |I] FTTTi7TTTd |1E FTTTT0




PPM
© 6.0

Z8Tv° T
6557 ° 1
fu\\1l 9¥87° 1
unmmnm §LPST
€LLs T

nnmmmm 0£85°1
_ PLTO" T

CEC™ &
9LYV®

M

Zeog e
6518 ¢

_f— iLes’z
= vis8°2

ljﬁumu GZ00°E
0900°€
08E0°E
f;//r| SIF0° €

: |J//rx 8zsE g
i;//rx.mmmw.m
§806°¢

(o]

98%a° e

BOT T e, .WM
L 060°T

6L0°T .
9LO°T T TR

St e
000°T T _ann 0 6890° o
£2L0°G

0

.

&

]

x

7

008274

FTTT TR IJE P T T #fi TTTTTHET

LY

-

8

YT T T III TTTT T
9.0




€L8°6 .
0LE' S =y
gRz’ T o T B
§Z0'T = b
=
£EET0 “
\ 7131 o A — -
@]
O !
g
.l * -‘_‘.‘*"‘r B
T Q $9L°0 K
O \ Z-m
|
‘ O

PPM

RERE IiilT‘IliiFl
1.0 _

TITTUT 7 TT1 ?yjl‘lll ENEENE !|£1 FTT 117 |f1‘s RERE lilw TFiTTT T ill‘lill FT

T lrllk r|11||1'|{fxaw‘ir|f|'
1.0

!
0

8.0 7.0

9.0

10.0

988E°T
£90F°T
TOEF"T
S0PP°T
6T9P"T
9687 T
¥T6T T
LT A
$E15°2
28152
£9£5°2
0075°2
TEPS €
89952
99L5°T
8209°%

- £500°2 -

91£9°2
$0TO"E
S£T0°E
6£20°E
6920°¢
85¥0 "€
68F0°E
2650°¢€
£290°¢
£05€°¢€
OILE'E -
¥Z65°¢
BY6E"E
2L0%°€
8LEB"Y
6078°7
61687
LLYE Y
1056°%

6LOZ T



]
0

PEM

B N N T U U D v e O PR A
! PP ! | I |

0

gzeb 1
601" T

L8BS"T
155971
BOTT T
881T"2
00082
i80Z°¢
8ETZ T
6722°¢
L82Z°E
LOEZ T
¥ZhZ'Z
g8BE T
SE6E"T
Z66EZ
12202
95192
0619°7
8729°2
1159°2
YS9 ¢
1669°2
§799°2
T9bL"2
VOSL E
9t8L 2
806L°Z"
1982 ¥
069"y
6TH0 "7
9LpO" Y
9569 b

K $ 1 0 KA =

T¥e™ 8

2.0

3.0

€00°T ™ - =

000" T -

0

‘5.

6.0

7.0

— Q09Z°L

. 8.0

0

9




