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1. Introduction in asymmetric allylic oxidation of cycloolefins by utilizing

. o . . mesoporous SBA-15 in comparison to the earlierré‘ﬁ‘drt.
The copper-catalyzed allylic oxidation of olefins with

peresters has been the subject of numerous synthetic We discovered that the chiral copper (I) complexes of these
investigations. This reaction provides access to chiral allylidigandsallowed the reactions to gain much higher rates, yields
alcohols that are key intermediates in natural product synthesigind enantiomeric excesses for numerous cycloolefins in the
Chiral C,-symmetric bisoxazolines (Box’s) are one of the mostpresence of mesoporous SBA-15. Furthermore, a new method
effective and popular classes of chiral ligands used for variougas developed for the synthesis of a series of chiraltbiyl
metal-catalyzed asymmetric procesSessuch as allylic bisoxazoline ligands with modifications to the previously
oxidation® Among these various ligands, the enantioselectivity ofeported procedur&’

the chiral biarylbisoxazolines can often be enhanced by
synergistic effect of matched chiralities on the oxazoline ring an

the biaryl backbone. Our study commenced with the synthesis of a series of chiral

The first synthesis of chiral biarylbisoxazoline ligands andPi-o-tolyl bisoxazolineligands1 and 2 on a gram scale from
chiral copper-bie-tolyl bisoxazoline complexes was reported by In€xpensive and _commerually avalla_lble 3_—methyl benzoic &cid
Corey for a highly selective interamolecular cyclopropanatiori? €ight steps with excellent enantiomeric excess (Scheme 1).
reaction leading to (-)-sirenfnAndrus et al. used Hi-tolyl The synthesis started with the preparation of 3-methyl-2-nitro
bisoxazoline ligands in the copper-catalyzed allylic oxidation of’€NZ0ic acidt by nitration ofm-toluic acid3 with fuming nitric
Cyc|0hexene and Cyc|0pentene’ and the Corresponﬁng acid. Next, esterification o# by two mthOdS, Ck@H/HzSO4
allylbenzoates were obtained in up to 78@nd 78% yield in 5 ©F CHOH/SOCL, afforded methyl esteb in quantitative yield.
days®* Recently we reported improvements in the results of thid€thyl 2- amino-3-methyl benzoaéewas obtainedy reduction
reaction in terms of enantioselectivity, yield and reactivity byof methyl 3-methyl-2-nitro benzoatewith Pd-C/H resulting in
using chiral biphenylbisoxazoline ligands in the presence ofhe formation of the amino grodpvariousreducing agents such
mesoporous SBA-15. Herein, we report a substantial as Fe/HCI, Fe/HOAc, Sn/HCt,Pd-C/NHNH, andPd-C/H were

improvement in the efficiency of litolyl bisoxazoline ligands trialled, with Pd-C/H being the reagent of choice. Next,
diazotization of 6 with a NaNO/HCI mixture followed by

g. Results and discussion

* Corresponding author. Fax: +98-021-22431661; E-mail: k-jadidi@sbu.ac.ir
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reaction with KI provided methyl 2-iodo-3-methylbenzoate
7.52¢ Ullmann coupling of methyl este¥ in the presence of
activated copper bronze led to symmetrical bitoluyl die&fér”
Hydrolysis of bitolyl dieste8 with NaOH gave bitolyl diaci®
that was then treated with oxalyl chloride in the presence of

catalytic amount of DMF, forming the required diacid chloride.

The treatment of diacid chloride with four individuglamino
alcohols 10a-d resulted in the formation d§aSS and SaR,S
bishydroxylamided1a-d and12a-d before the final cyclization

Tetrahedron

presence of DMAP and &t (methodc) induced the cyclization
step at room temperature to a higher yield in a shorter period of
time compared to metha the Andrus procedur®! and method

b, which uses P®/CCI/Et;N as a cyclization reagent (see the
Bxperimental section for more detaifs). Treatment of 1.1
equivalentof 1b with 1 equivalent of CuGlin dichloromethane
and n-hexane afforded suitable crystals for single-crystal X-ray
analysis. The absolute configuration 01; 6the diastereoisdiner

,6C

was also determined to &S S (Figure 2).
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Scheme 1. Synthesis of chiral ligandsand?2

step. The diastereoisomefd and 12 were readily separated
using column chromatograpﬁy The structures of the
bishydroxylamide precursorél and 12 were assigned from
elemental and spectroscopic analyses, includgNMR, **C

NMR, and mass spectral data. The absolute configuration

chiral diamide 11d was determined by single-crystal X-ray

analysis a$,aS S (Figure 1)%°

Figure 1. ORTEP diagram of bishydroxylamide precurskdid.
Thermal ellipsoids are at the 30% probability level.

(R =a:Ph,b:Bn, c:i-Pr,d:i-Bu)
0]
\3@
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Me
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Figure 2. ORTEP diagram of copper (l)-bHolyl-bisoxazoline
complex1b. The solvent molecules (CH{Ihave been omitted for
clarity. Thermal ellipsoids are at the 30% probability level.

Both crystal structures dfb and11d confirmed that the chiral
centers remained unchanged without any racemization over the

To improve the cyclization step, we sought to use thre€ourse of the reaction (Figures 1 & 2).

different activating agents, forming the required otblyl
bisoxazoline ligandsl and 2 in high yields (Scheme 1).
Activating the bishydroxylamide$l and12 with p-TsCl; in the

Encouraged by the efficient and high yielding protocol for the
synthesis of ligand4¢a-d and 2a-d, we sought to investigate the
effect of theseigandsin conjunction with various nano-sized
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additives in the copper-catalyzed allylic oxidations ofwere decreased by 17-52% and to longer reaction times (entry 2
cycloolefins.In a typical experimental procedure, the reactionsversus entries 3-5). Three different solvents were examined under
were carried out by using cyclohexene as a substrate in thvarious conditions, and the best results were obtained in MeCN
presence of various ligands2 (10 mol%)and [Cu(CHCN),]PFs (entry 2 versus entries 6-7).

(10 mol%) as a catalyst at different temperatures in acetonitrile. . . .
The reactions were monitored by TLC for the consumption of The effects of catalyst loading were also investigated, and the

. . . results are summarized in Table 3. The best results were obtained
erester and were stopped at the given time. A series of results & . ;
P PP g wﬁen 10 mol % catalyst loading was used. Changing the catalyst

loading to lower or higher amounts led to sharp decreasts
p-NO,-PhCOSBu 02CPhNO,-p reaction results (Table 3).

la-d, CuPFg (10 mol%)
CHaCN (4 mL), 1 (C) p-NO,-PhCO4'Bu ©2CPANO,p

PhNHNH, (6 mL), MS (10 mg)

13 O 1a, CuPFg @
. ; i ; i CH4CN (4 mL), -10 T
Tab_le 1. Effect of catalyst on enantioselectivity, yield and reactivity thHN3H2 (6 ). MS (10 mo)
at different temperatures

13
Entry Catalyst TEO) Time (h)  Yield (%) ee (%) Table 3: Effect of catalyst loading on the reaction
1 la Reflux 0.25 70 21 Entry Catalyst (mol%) Time (h) Yield (%) ee (%)
2 la 40 2 65 35 1 1 452 22 18
3 la 25 3.5 92 60 2 2.5 305 42 28
4 la 10 43 68 68 3 5 285 48 48
5 la 0 101 70 72 4 10 200 85 80
6 la -10 200 85 80
7 la -16 350 69 82 5 - 220 54 62
8 1a -20 415 68 82 6 20 175 45 56
9 2a -10 200 85 30
10 1b -10 190 80 70
11 2b -10 220 76 20 Although the use of molecular sieves led to formation of the
12 lc -10 185 80 43 desired product3 in good yield and enantioselectivity, a longer
ii fg —ig fgg ?g 15 reaction time was required. Therefore, further optimization of the
15 2d | by 176 76 5 reaction conditions could be achieved by exploring the effect of

various additives in this reaction. For this purpose, we prepared
and examined activated silica §efnesoporous MCM-#£1and
SBA-15 silica!® nanocrystalline Mg8, Cu0? and TiG" A

. . series of results is presented in Table 4; as can be seen from these
The temperature dependency on both yield and enantiomeng,; - the reaction is generally faster in the presence of these

excess of the products was also investigat_ed. A decrease in §n0particles than when molecular sieves were used. Much to
reaction temperature froml0 to —20 °C did not lead t0 @ o gyrprise, mesoporous SBA-15 (10 mg/mmol) showed the
favorablee_eand d_e(_:reased the reaction yield substantially, whily o atest effect among these additives. The enantioselectivity of
the enantioselectivity dropped dramatically as the temperatuig, resction markedly improved (up to 93%), and the reaction

increased from ~10 to 40 °C (entries 1-8, Table 1). Thgaq completed in only 36 h, providing the chiral allylic edr
stereocontrol induction observed for tiga§S)-ligands1 was quantitgtive yield (e)rlltry 3 ;/grsus engt]ry 1) y
much better than that for the relateg8aR,S-ligands 2. The '

summarized in Table 1.

phenyl or benzyl substituted oxazolings and 1b resulted in 0,CPhNO,-p
considerably higher enantioselectivities in comparison to the P-NO,-PhCOZBu f

other two ligandsilc and 1d, carryingalkyl substitutions (entries O 1a. CuPFe (10 moi%) @

6 and 10 vs. 12, 14). The highest enantioselectivities and yields CH3CN (4 mL), -10 T,

were achieved by employing ligadd at =10 °C (entry 6). PANHNH (6 L), additive 13

Table 4: Effects of additive on the reaction
Additive (10 mg) Time (h)  Yield (%) ee (%)

Considering ligandla to be the ligand of choice, we next :
examined the effects of solvent, copper salts and molecular™Y

sieves (MS) in the reaction at —10 °C to achieve optimal reaction % Activate'\ﬁissilica gel 2225 825 82 5
conditions. A series of results is summarized in Table 2. 3 SBA-15 36 9% 93
. . . 4 MCM-41 68 85 65
Table 2: Effect of solvents, MS and counter anions on the reaction 5 Nano MgO 48 90 83
Cu salt ) ] 6 NanoTiO 45 86 77
Entry (10 molo) Solvent  Time (h)  Yield (%) ee (%) 7 Nano Cui) a1 90 79
12 CuPk CH:CN 215 66 46
2 CuPk CH:CN 200 85 80
3 CuOTf CHCN 215 90 63 In a similarly reported reaction with using the same ligands
4 CuCl CHCN 420 58 29 and without any mesoporous materials, the experiment leads to
5 Cul CHCN 275 54 28 only 73%ee and 78% yield of products in 5 da¥sSimilarly,
6 CuPk  Acetone 210 87 66 when the reaction has performed with chiral biphenyl-
7 CuPk CHxCl, 300 55 37

bisoxazoline ligands in the presence of mesoporous SBA-15,
yield of the reaction remarkable improved (99%) but
. : enantioselectivity of products and reactivity of the reaction
It was observed that the reaction rate, yield aedalues of . . . 32

; slightly increased (81%ee in 72 h)* Mesoporous MCM-41
the products were generally improved when CuB&its and %:Iica also exhibited higher yields and reactivity, yet the

a) In the absence of MS.

molecular sieves were used simultaneously (entry 2 vs. entry 1 tioselectivit | d d iderably i trast &
The effect of various Cu salts was also investigated and in aéhnan loselectivity values decreased considerably In contrast to

cases, CuRfproved to be the best copper source (Table 2), whil
other Cu salts such as CuOTf, CuCl and Cul legetealues that

ose for MS (compare entry 4 with entry 1). It was also found
at utilizing metal oxide additives resulted in comparable
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bNO,-PhCOLBU 0,CPhNO,p compounqls in other asymmetric transformations are still in
"[@ 1a, CUPF (10 mol%) [@ \0,CPhNOp  Progress in our laboratory.
T O e 0 3. Experimental

2 = % PhNHNHj (6 pL), additive ine1

T tonca v 3.1 General
TableS: Additive effect on other cycloolefins Melting points were measured on an Elecrtothermal 9100
Entry 1 ,2 3 4 5 6 apparatus and are uncorrected. Optical rotations were measured
Additive (10mg) | SBA ~ Activated  MCM- Nano Nano Nano jth a Perkin-Elmer 341 polarimeter at 589 nitl and “*C

, 15  sillicagel 41 MgO TiO: CuO  \R spectra were recorded on a BRUKER DRX-300 AVANCE
Time (h) 100 200 120 85 95 76 spectrometer at 300.13 and 75.47 MHz in CHOMSO-ds and
Y'e'g (%) | 14 | 90 0 90 92 88 5 acetoneds using TMS § = 0.0 ppm) as internal standard. IR
_T_?nf;’gh) %10 ggs EO 7738 7606 7;8 spectra were recorded on a Bomen FT-IR-MB-series instrument.
Yield (%) | 15 | 94 70 a8 84 85 92 Enantlc_)merlc excesseg of the aI_Iyllc esters13-17 were
ee (%) 93 73 85 76 77 ge determined by HPLC analy_s,ls using EC 250/4.6 Nucleocel
Time (h) 150 200 165 90 112 gs Alpha S column. All reactions were performed under an
Yield (%) | 16 | 84 62 70 76 74 go atmosphere of dry, oxygen-free nitrogen. All reagents and
ee (%) 70 39 64 53 66 g8  Starting materials were purchased from Aldrich, Merck and
Time (h) 46 180 88 66 70 82 Fluka. Olefins were distilled from calcium hydride before use.
Yield (%) | 17 | 95 73 90 96 97 99 All solvents were of reagent grade and were dried and distilled
ee (%) 97 74 85 84 87 92 immediately before use as follows: acetonitrile and acetone from
a) 2.5 mg Nano MgO P,Os, methylene chloride from calcium hydride. Column

. » ) . . . chromatography was performed using silica gel 60 (230+400
enantlo_selectlwty with higher rates 'and better vyields iNmesh) eluting with ethyl acetateshexane. TLC was performed
comparison to when MS were used (entries 5-7). using silica gel 60 & plates with visualization by UV.

The drastic effect of these additives in the allylic oxidation of
cyclohexene encouraged us to examine this effect on other
substrates. We extended the reaction to several cycloolefins aRd@- Theprocedurefor synthesisof 2,2"-bitolyl bisoxazoline
in all cases, allylic esterll-17 were obtained in high yields and ligands1and 2:

ees; the best results were achieved in the presence of SBA-15 (%er 1: Synthesis of 3-methyl-2-nitro benzoic &jd® 2-Toluic

mg) (Table 5). acid (1 g, 7.35 mmol) was added slowly with stirring to fuming

The SBA-15 was recycled and reused at least three timastric acid (4 mL) in —10°C, then the mixture was stirred at this
without a significant loss of efficiency. The XRD, SEM and IR temperature for 1 h. TLC analysis of the reactiorh¢xane
results clearly demonstrated that the mesoporous structure #ftOH) confirmed the formation of a new compound. After the
SBA-15 was preserved after three uses (See SEM image imaction was judged to be completed, the mixture was filtered and
Supplementary Material). To demonstrate the effect of therecipitated solid was washed with cold water. Compodnd
mesoporous structure on catalytic activity, we carried out th€0.66 g, 50 %) was obtained after drying, m.p. 217- 219 °C (lit.
reaction in the presence of activated silica gel (amorphoudl7- 219 °C}; &, (300 MHz acetonek) 2.33 (3H, s, Me), 7.60
system) under similar reaction conditions. As shown by thélH,t,J7.7 Hz, Ph), 7.70 (1H, d,7.6 Hz, Ph), 7.94 (1H, d4,7.6
results in Table 4 and Table 5, a drastic attenuation in values wét, Ph), 10.15 (1H, br s, GB); éc (75 MHz DMSO#d;) 16.7,
observed in terms of yields, enantioselectivities and reactivities.24.1, 129.0, 130.3, 131.0, 136.1, 150.5, 165.1.
T_he tempergture _dependency and efft_ac_t Of variops "ga.lrms Step 2: Synthesis of methyl 3-methyl-2-nitrobenz(
yield, enantiomeric excess and reactivity of the reaction were
also investigated in optimized condition for each of aboveMethod 1 H,SQ/CH;OH: Concentrated sulfuric acid (1 mL) was
mentioned cycloolefins. (See Table 6 in Supplementary Materialdded to a solution of 2-nitro-3-toluicacid (1 g, 5.49 mmol) in
for details) In most of cases, the best results were obtained withethanol (4 mL) and the reaction mixture was stirred and heated
ligandlaat —10 °C. to reflux for 5 h. After completion of the reaction (was
determined by TLC analysis), the crystalline product was filtered
and washed with cold water and dried (0.95 g, 89%).

Method 2: CHOH/SOC]}: 2-Nitro-3-toluic acid (1 g, 5.49 mmol)
In conclusion, a series of chiral bitolyl bisoxazolineligandsl  was placed in a round bottom flask (25 mL) containing methanol
and 2 were conveniently synthesized on a gram scale fronf4 mL). The reaction solution was cooled td® and thionyl
inexpensive and commercially available 3-methyl benzoic acid ighloride (1 mL, 13.83nmol) was added to the reaction flask. The
eight steps with modifications to an earlier reported procedureolution was allowed to warm slowly to r.t. and was stirred for 10
The catalytic potential of these ligands for copper-catalyzedh. After completion of the reaction (was determined by TLC
allylic oxidations of cycloolefins was investigated by utilizing analysis), aqueous sodium hydrogen carbonate (5 mL, 5%) was
numerous nano-sized additives. By optimizing the reactionadded and the crystalline product was collected and washed with
conditions in the presence of SBA-1&nd chiral bie-tolyl cold water and then dried. The prodGavas afforded as a white
bisoxazoline ligandd, allylic benzoates were obtained in up to solid (1.05 g, 99%); m.p. 73-74 °C (ift 72-73 °C);3, (300
97% eeand 99% yield in a reasonably short period of time. ThevlHz CDCL) 2.35 (3H , s, Me), 3.88 (3H, s, G\@e) 7.63 (1H},
obtained results in this work clearly show significantJ 7.7 Hz, Ph), 7.73 (1H, d 7.6 Hz, Ph), 7.90(1H, d, 7.6 Hz,
improvement in efficiency of bi-tolyl bisoxazoline ligands in  Ph);5c (75 MHz CDC}) 16.8, 53.5, 122.9, 129.0, 130.7, 131.2,
asymmetric allylic oxidation reaction of cycloolefins, especially136.6, 150.2, 164.3.
for cyclohexene, cycloheptene and 1,5-cyclooctadiene, EE

4a,b

Conclusions

utilizing mesoporous SBA-15 as an additive. To the best of o fje% /3: SynthetssL§l4ocf methyl 2-amino-3-methyl benzBptesing
knowledge, ees, yields and rates achieved in this work are” -~ Hpreagent

superior for the allylic oxidation of cycloolefins in comparison Methyl 3-methyl-2-nitro benzoate (1 g, 5.2 mmefis dissolved
with earlier report. Efforts to extend the utility of the mesoporousn ethanol (40 mL) and then 10% palladium on charcoal (0.1 g)
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was added to the reaction mixture and stirred at r.t. for 10 h. Thesonfirmed theformation of two compoundila and12a. The

the mixture was filtrated, and evaporation of solvent undemixture was extracted with ethyl acetate (3 x 5 mL); the organic
reduced pressure afforded the light yellow oil product. (0.85 gayer was washed with saturated brine (5 mL), dried over
99%); &y (300 MHz CDCl) 2.18 (3H, s, Me), 3.883H , s, magnesium sulfate, and concentrated. Two diastereofriers
CO,Me), 5.84 (2H,br s,NH,), 6.61(1H,t, J 7.7 Hz, Ph), 7.22 and 12a (1.37 g, 90%) as white solid were separated by flash
(1H, d, J 7.3 Hz, Ph), 7.791H, d, J 7.7 Hz, Ph);5c (75 MHz chromatography (55-95% EtOAehexanes). Compounddb-d
CDCly) 17.4, 51.5, 110.1, 115.6, 123.0, 129.1, 134.9, 149.0and 12b-d were synthesized in the similar method. The total
169.0. yields for compound41b/12b, 11c/12c, and11d/12d were 95%

Step 4: Synthesis of methyl 2-iodo-3-methyl benZ@paté* (1.53 g), 85% (1.12 g) and 99% (1.39 g) respectively.
(S,S,5)-6,6'-Dimethyl-biphenyl-2,2'-dicarboxylic  acid  bis-[(2-
hydroxy-1-phenyl-ethyl)-amide{11a):¥ m.p. 133-136 °C;R;
solution of NaN@ (0.4 g, 6 mmol) in cold water (3 mL) was (100% EtOAC)0.42; 8 (300 MHz CDCY) 1.97 (6H, s, Me),
added slowly at GC to the reaction mixture. Then the mixture 2.74 (2H, brs, OH), 3.46-3.59 (4H, m, GBH), 4.95-5.02 (2H,
was stirred LYntil it became homogeneous Aﬁother round- bottofy, CHPh), 7.08-7.38 (16, m, Ph), 7.79 (2H,Jd7. 7 Hz, NH):3c
flask h d with potassi get did .346 20 | 'ng MHz CDC}) 20.0, 56.1, 66.1, 124.7, 126.7, 127.4, 128.1,
ask was charged with potassium iodide (3.46 g, 20 mmol) angly o 131 8 136 0. 136.6, 137.1, 138.4, 169.6.

water (8 mL). The freshly prepared solution containing the
diazonium salt was added to this mixture by funnel at 0 °C. Thé,R,S)-6, 6' -Dimethyl-biphenyl-2, 2'-dicarboxylic acid bis-[(2-
solution was allowed to warm slowly to r.t. and stirred for furtherhydroxy-1-phenyl-ethyl)-amide{12a):¥ m.p. 105-107 °C;R;

20 h. The product was extracted with diethyl ether (3 x 8 mL)(100% EtOAc) 0.349, (300 MHz CDC}) 1.87 (6H, s, Me),

the organic layer was washed with sodium thiosulfate (5 mL) and.94 (2H, OH), 3.6-3.65 (4H, m,_G8H), 4.78-4.84 (2H, m,

the solvent was evaporated to afford compourid.41 g, 85%); CHPh), 6.88-6.90 (4H, m, Ph), 7.08-7.34 (12, m, Ph), 7.80 (2H,
oy (300 MHz CDCk) 2.52 (3H, s, Me), 3.92 (3H, s, @@e), d,J 7.1Hz, NH); 5¢c (75 MHz CDC}) 19.6, 56.8, 66.5, 125.1,
7.25-7.38 (3H,m, Ph);éc (75 MHz CDC}) 29.7, 52.6, 100.0, 126.2, 127.1, 128.0, 128.7, 132.1, 136.1, 136.4, 136.9, 138.2,
127.1,127.8, 131.8, 138.4, 143.4, 168.8. 170.5.

Step 5:Synthesis of bitoluyl diestés): % (S,S,S)-6,6-Dimethyl-biphenyl-2,2-dicarboxylic ~ acid  bis-[(2-
hydroxy-1-benzyl-ethyl)-amide{11b):¥ m.p. 126-128 °C;R;

To a solution of compound (1 g, 3.7 mmol) inN,N-dimethyl 0 g
formamide (3.3 mL) was added activated copper bronze powd :rLOOA] EtOAC) 0443, (300 MHz, CDC)) 1.90 (6H, s, Me),

Ao L , 45 (2H, brs, OH), 2.65-2.79 (4H, m, CHGRh), 3.28-3.31
(0.55 g) with stirring. The reaction was then slowly refluxed ) )
under inert atmosphere. It was stopped after 5 h and cool to r H, m, CHOH), 3.37-3.41 (2H, m, C}OH), 4.09-4.14 (2H, m,

and the copper was filtered off and washed with methylen HCH,Ph), 7.16-7.29 (16H, m, Ph), 7.47 (2H.JB.0 Hz, NH);

. : : ¢ (75 MHz, CDC}) 20.0, 36.7, 52.9, 63.4, 124.3, 126.5, 128.0,
chloride (3 x 5 mL). Then organic layer was washed with HCE 8.5 129.2, 131.7, 136.2, 137.0, 137.1, 137.8, 170.0.
(IM, 2mL), aqueous potassium hydrogen carbonate (3 mL) an

brine (3 mL) and then dried over MggCOThe solvent was (S,R,S)-6,6-Dimethyl-biphenyl-2,2-dicarboxylic acid  bis-[(2-
evaporated to afford a crude residue. Purification using columhydroxy-1-benzyl-ethyl)-amide{12b):¥ m.p. 113-115 °C;R;
chromatography (5-20% EtOAc/hexane), produced dimethyl 6,6£100% EtOACc)0.35; oy (300 MHz CDC}) 1.96 (6H , s, Me),
dimethylbiphenyl-2,2 dicarboxylat8 (0.97 g, 88%) as a light 2.44-2.60 (4H, m, CHCHPh), 3.36 (2H, dd, J 11.3, 3.0 Hz,
yellow oil. 84 (300 MHz CDCk) 1.92 (6H, s, Me), 3.57 (6H, s, CH,OH), 3.53 (2H, ddJ 11.3, 3.0 Hz, CkDH), 4.40(2H, m,
COMe), 7.31-7.37(2H, t, J 7.6 Hz, Ph), 7.45 (2H, d,7.5 Hz,  CHCH,Ph), 7.18-7.31 (16H, m, Ph), 7.47 (2H,3d7.9 Hz, NH);
Ph), 7.87 (2H, d) 7.7 Hz, Ph). 8¢ (75 MHz CDC}) 20.0, 36.4, 53.0, 63.5, 125.2, 126.5, 128.1,
Step 6: Synthesis of bitoluyl diad@):* 128.5, 129.1, 132.1, 136.1, 136.4, 136.5, 137.7, 170.5.
(S,S,5)-6,6'-Dimethyl-biphenyl-2,2'-dicarboxylic dacibis-[(2-
CompquncB (0.4 g, 1.34 mmol) was _addeq to NaOH (0.92 g, 2'3nydroxy-1-i-propy|-ethyl)-amide(lllc):3‘ m.p.129 °C:R; (100%
mmol) in water (2.88 mL). The reaction mixture was refluxed forEtOAc) 0.41:8, (300 MHz CDCY) 0.83-0.85 (6H, dJ 6.9 Hz
4.5 h. The solution was cooled to r.t. and then acidified by thE o - i ' ; '

o ; ~ - . HMe,), 0.86-0.88 (6H, dJ 6.9 Hz, CHMe), 1.71-1.82 (2H, m,
addition of HCI (4 M) until pH = 3 achieved. The mixture was CHMe,), 2.02 (6H, s, PhMe 2.18 (2H, br s, OH), 3.32-3.38 (2H
filtered and the residue was washed with cold water and dried ?r'l_ leb’OH) 3 44_3‘ 48_(2H- m NHlCH) ’3 68’-37l0 (éH m ’

Jellow cryera was achibved by recrysalization from ethanoiCEECH): 7:20-7.38 (8K, m, Ph and N (75 Mz CDC)
m.p. 234-236 °C, (300 MHz DMSOd) 1.80 (6H, 5, Me), 7.30 1on ooy o0 S04 037, 1241, 1279, 1311, 1363

(2H, t,J 7.6 Hz, Ph), 7.44 (2H, d, 7.5 Hz , Ph), 7.71 (2H, d,
7.6 Hz, Ph), 12.23 (2H, bs, CQH); 5c (75 MHz DMSOdg)  (S,R,S)-6,6'-Dimethyl-biphenyl-2,2-dicarboxylic acid  bis-[(2-
20.2,127.1, 127.7, 131.0, 133.3, 136.4, 141.1, 168.6. hydroxy-1-i-propyl-ethyl)-amide](12c):¥ m.p. 58-60 °C; R
) . . . . (100% EtOAc) 0.3d, (300 MHz CDC}) 0.80-0.82 (12H, d] 6.8
(Sltleapl)_d7é;é/§n2c:ﬂd)p£?cedure for the synthesis of bishydroxylamid 2, CHMe), 1.71-1.78 (2H, m, CMe;), 2.00 (6H, s, PhMe

: 2.61 (2H, br s, OH), 3.32-3.40 (4H, m, @bH), 3.64 (2H, m,
To a solution of diacidd (0.8 g, 3.0 mmol) in anhydrous NHCH), 7.06-7.33 (6H, m, Ph), 7.51-7.54 (2HJd&.2 Hz, NH),
methylene chloride (10 mL) were added oxalyl chloride (1.2%¢ (75 MHz, CDC}) 18.7, 19.4, 20.2, 28.9, 57.0, 63.4, 124.4,
mL, 12 mmol) and then DMF (3 drops) at’0. The reaction 127.9, 131.6, 136.3, 137.0, 137.1, 171.4.

mixture was stirred for 8 h at r.t. undeg. Nhen the solvent was (S,S,S)-6,6'-Dimethyl-biphenyl-2,2"-dicarboxylic acid bis-[(2-
removed under reduced pressure to afford the acyl chloride a%@(:’irc;xy-1’-i-butyl-ethyl)-amide(llld)' m.p.57-60 °C:[Found: C
light yellow solid (0.91 g, 99%). This solid residue was then,; 71 g 57 N 6.03. GHuN,O .req.ui.res C. 71.76' H. 8.60:
dissolved in anhydrousethylene chloride (10 mL) and cooled to \ "5 904 R, (100% EtOAC;;J.S%'Z\l/ (KBr) 3380, 3226,1647,
—40 °C and slowly added to a stirred solution &f-ghenyl 1560 14éO ot 5, (300 MHz CD&X) 0.75 (6H ’dJ 64,1 Hz '
glycinol (0.9 g, 6.5 mmol) and B (1 mL) in anhydrous CHM’eZ), 0.81 (’GHF: d.J 6.4 Hz, CHMé), 1.12-’1.1’6 ('m’ 2|_’|,

methylene chloride (15 mL) over 30 min. The solution was, ) -
allowed to warm slowly to r.t. with stirring overnight undes. N CH,CHMey), 1.20- 1.25 2H, m, C)EHMe;), 1.39-1.41 (2H, m,

TLC analysis of the reaction (90%/10% EtOAtiexan) é%M%)’Nh%3H(67Hé; (6FI)-|M?;1€ ?:,%)8 ?gz ((24|:| 'dn’é'zgﬁz)H&'Hs;fge;
’ ’ <) . ’ ’ ’ . ’ . 1 ,OC

A suspension of compour@(1 g, 6 mmol) in a mixture of HCI
(2.2 mL, %37) and ice was stirred for 15 min at@ Then a
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(75 MHz CDC}) 20.1, 22.0, 23.1, 24.7, 39.6, 49.8, 65.3, 124.313.8, 5.1 Hz, CkPh), 3.73 (2H, tJ 8.9 Hz, OCH), 3.93 (2H, tJ
127.8, 131.4, 136.1, 136.8, 137.1, 171m/z (%): 470 (5.5, 8.9 Hz, OCH), 4.26-4.31(2H, m, NCH) , 7.12-7.38 (14H, m,
M+2), 438(35.5), 352 (40), 209(100), 165(17), 55(13). Ph), 7.72 (2H, d,J 7.3 Hz, Ph)5¢ (75 MHz CDC}) 20.2, 41.5,
67.8, 71.7, 126.2, 126.8, 126.9, 127.8, 128.4, 129.2, 131.9,
(S,R,S)-6,6'-Dimethyl-biphenyl-2,2'-dicarboxylic acid bis-[(2- 136.8, 138.4, 139.8, 164.7.
hydroxy-1-i-butyl-ethyl)-amidef12d): m.p.66-71 "C[Found: C, g o o) 5 ot .o t0lyl-1,1'-dibenzylbis(oxazoline)(2b):¥ R,
71.70; H, 8.55; N, 6.05. %H,oN,O, requires C, 71.76; H, 8.60; D :
, (72:28; n-hexane/EtOAC)0.37; 3, (300 MHz CDC}) 2.01 (6H ,

N, 5.98%; R; (100% EtOAc) 0.35ymay (KBr) 3400, 3200, 1637,
1550, 1434 ci; 3, (300 MHz CDC)) 0.80 (6H, dJ 5.9 Hz, > MePh), 2.46 (2H, dd} 13.7, 8.9 Hz, CkPh), 2.98 (2H, dd)

’ o : P ' 13.7, 5.1 Hz, CkPh), 3.71 (2H, t) 8.9 Hz, OCH), 3.96 (2H, t,J

gn%ej)'\,ﬂ%szl (263'1 gf(gﬁ ':]Z’Ci"%@)’l éél‘&hﬂs (‘;':'Mg’ 8.9 Hz, OCH), 4.26-4.31(2H, m, NCH), 7.02-7.37 (14H, m, Ph),
e y ot M, L), 2 S POV 264 (2H, d,J 7.4Hz, Ph)dc (75 MHz CDCH) 20.2, 41.4, 67.8,

3.40-3.45 (2H, ddJ 11.1, 5.6, Hz CKDH), 3.51-3.56 (2H, dd)
11.1, 3.4 Hz, CHDH), 3.89-4.11 (2H, m, NHCH 7.34-7.38 1586,4 112??925, Jj.éié, 126.9, 127.8, 128.3, 129.1, 131.7, 137.4,

(6H, m, Ph), 7.44-7.47 (2H, m, NH}¢ (75 MHz CDC}) 20.3,
22.2, 23.1, 24.7, 39.8, 49.6, 65.3, 124.3, 127.8, 131.4, 136.85,S,S)-2,2"-Bi-o-tolyl-1,1-di i-propyl bisoxazolirfdc):¥ R
136.8, 137.3, 171.0m/z (%): 470 (5.5, M+2), 438(35.5), 352 (68:32; n-hexane/EtOAc) 0.34p, (300 MHz CDC)) 0.69-71
(40), 209 (100), 165 (17), 55 (13). (12H, s, CHMg), 1.43-1.52 (2H, m, CMe;,), 1.99 (6H, s, MePh

. o I . , 3.61-3.67 (2H, tJ 7.8 Hz, OCH), 3.77-3.85 (2H, ddJj 16.5,
Step 8: Cyclization of diamides were performed in three methodg/.4 Hz, NCH), 4.00-4.06 (] 7.8 Hz, 2H, OCh), 7.23-7.32 (m,
4H, Ph), 7.61-7.64 (d] 7.36 Hz, 2H, Ph); (100 MHz CDC})
and12a-d were performed according to Andrus procedtire. 18.1, 18.6, 19.4, 20.2, 32.6, 68.9, 72.4, 126.6, 126.8, 127.9,

Method b** A solution of diamidella or 12a (236 mg, 0.5 1315,137.3, 1396, 164.1, _
mmol), triphenylphosphane (0.14 g, 5.2 mmol), triethylamine (64S,R,S)-2,2"-Bi-o-tolyl-1,1'-di i-propyl bisoxazolin@c):¥ R
pL, 0.44 mmol) and tetrachloromethane (50 pL, 0.44 mmol) if(68:32; n-hexane/EtOAc)0.21; &, (300 MHz CDC}) 0.69-72
dry acetonitrile (3 mL) was stirred over nigh at room temperatur¢l2H, s, CHMg), 1.43-1.52 (2H, m, CMe,), 2.00 (6H, s,
for 19 h. After being concentrated in vacuum, the residue wallePh), 3.62-3.67 (2H, tJ 7.9 Hz, OCH), 3.77-3.86 (2H, m,
dissolved in CHCl, (5 mL), washed with water (3 mL), dried NCH), 4.00-4.06 (2H, m, OCHl 7.23-7.33 (4H, m, Ph),7.61-
over anhydrous magnesium sulfate and then concentrated ™64 (2H, s, Ph)¢ (75 MHz CDC}) 18.6, 19.0, 20.6, 36.5, 70.1,
vacuum. The residue was purified by silica gel column74.9, 124.2,126.9, 128.2, 129.6, 136.1, 140.5, 164.3.

Method a: Cyclization procedures of bishydroxylamid&a-d

chromatography (5:30% EtOAghexanes) to afford light yellow
productsla (76 mg, 65%) ofa (71 mg, 60%). Compoundb-d
and2b-d were synthesized in the similar method.

Method ¢ **YA flame—dried round—bottom flask with a stirrer
bar was charged with diamidda or 12a (1.77 g, 3.5 mmol)p-
(dimethylamino) pyridine (0.043 g, 0.3 mmol) and £H (10
mL) under N. The flask was placed in ice and triethylamine (
mL, 15.4 mmol) and a solution pftoluensulfonyl chloride (1.34
g, 7 mmol ) in CHCI, (4 mL) was added to the reaction mixture.
The light yellow clear solution was stirred at room temperatur
for 18 h. The reaction mixture was diluted with £ (10 mL)
and washing with saturated aqueous,8H10 mL), two layers
were separated and the aqueous layer was extracted wi€l,CH

(S,S,S)-2,2'-Bi-o-tolyl-1,1'-di i-butyl bisoxazolirjd): [Found:
C, 77.79; H, 8.35; N, 6.44. ,8H3N,0, requires C, 77.74; H,
8.39; N, 6.48%]R; (65:35; n-hexane/EtOAc) 0.35ymax (KBI)
3417, 3060, 1647, 1542 ¢y, (300 MHz CDC}Y) 0.80-0.87(m,
12H, CHMe), 0.98-1.03(2H, m, CMe,), 1.18-1.36 (2H, m,
CH,CHMe,), 1.47-1.52 (2H, m, C}{€HMe,), 2.01(6H, s, MePh),

2.13-50 (2H, t,J 6.4 Hz, NCH), 4.00-4.10 (4H, m, OG}H7.14-7.37

(4H, m, Ph), 7.57-7.60 (2H, d,7.4 Hz, Ph)§¢ (75 MHz, CDCH)

20.9, 22.6, 22.9, 25.6, 45.8, 65.3, 73.2, 126.8, 127.6, 128.5,
31.7, 140.9, 164.3n/z (%) 433 (100, M+1), 418(35), 306 (42),
34 (29), 91(9), 55(23).

(S,R,S)-2,2"-Bi-o-tolyl-1,1'-di i-butyl bisoxazolif@d): [Found:
C, 77.77; H, 8.36; N, 6.46. ,8H3N,0, requires C, 77.74; H,

(3 x 8 mL). The extracted organic layers were combined and.39; N, 6.48%)]; R(65:35; n-hexane/EtOAC) 0.21pmay (KBr)

washed with saturated agueous NaHQ®O mL), dried over
N&SQ, and concentrated. The light yellow d# achieved and
purified by column chromatography (5-25% EtOabikexanes)
to afford pure light yellow product$a (1.58 g, 96 %) an@a
(1.48 mg, 90%). Compoundsb-d or 2b-d were synthesized in
the similar method.

(S,S,S)-2,2"-Bi-o-tolyl-1,1'-diphenylbis(oxazoline)(1a):¥ R
(70:30; n-hexane/EtOAc) 0.4% (300 MHz CDC}) 2.04 (6H ,

s, Me), 3.86 (2H, tJ 8.3 Hz, OCH), 4.39(2H, dd,J 10.1, 8.3
Hz, OCH), 5.15 (2H, ddJ 10.1, 8.3 Hz, CkPh), 7.07-7.42 (14,
m, Ph), 7.88 (2H, dd] 7.6 Hz, Ph):3c (75 MHz CDC}) 20.3,
69.8, 74.6, 126.7, 126.9, 127.2, 127.4, 127.6, 128.4, 132.
136.9, 140.0, 142.7, 165.6.

(S,R,S)-2,2"-Bi-o-tolyl-1,1'-diphenylbis(oxazoline(Ra):¥ R¢
(70:30; n-hexane/EtOAc) 0.38) (300 MHz, CDCY) 2.07 (6H,
s, Me), 3.77 (2H, tJ 8.4 Hz, OCH), 4.43 (2H, ddJ 9.3 Hz,
OCH,) 5.16 (2H, ddJ 9.3, 8.4 Hz, CkPh), 6.91-7.75 (14H, m,
Ph), 7.75 (2H, dJ 7.3 Hz, Ph)3c (75 MHz CDC}) 20.3, 69.8,

74.7, 125.4, 126.6, 126.9, 127.2, 127.8, 128.0, 128.4, 128.10

132.0, 137.5, 165.8.

(S,S,S)-2,2'-Bi-o-toly|-1,1'-dibenzylbis(oxazoline()lb):31 Ry
(72:28; n-hexane/EtOAc) 0.465, (300 MHz CDC}) 1.99 (6H ,
s, MePh), 2.46 (2H, dd 13.8, 8.9 Hz, CkPh), 2.98 (2H, ddJ

3406, 3060, 1655, 1625 cmdy (300 MHz CDC}) 0.80 (6H, d,J

6.6 Hz, CHMe), 0.83 (6H, dJ 6.6 Hz, CHMe), 1.15-1.32 (2H,

m, CHCHMe,), 1.45-1.55 (2H, m, CKCHMe,), 2.00 (6H, s,
MePh), 3.50 (2H, tJ 6.4 Hz, NCH), 3.97-4.14 (4H, m, OGH
7.23-7.36 (4H, m, Ph), 7.58 (2H, 4,6.8 Hz, Ph)5c (62 MHz
CDCly) 22.5, 22.7, 22.9, 25.2, 45.2, 64.9, 73.2, 125.9, 127.0,
128.7, 129.6, 130.0, 141.0, 1658yz (%): 433 (100, M+1),
418(35), 306 (42), 234 (29), 91(9), 55(23).

Synthesis of tert-butyl 4rnitrobenzoperoxoa1e:3k

p-Nitrobenzoyl chloride (3.2 g, 17.2 mmol) was dissolved in a
iound bottom flask (100 mL) containing @&, (35 mL). The
solution was cooled te20 °C and stirred under nitrogen for 15
min. Pyridine (1.7 mL, 20.0 mmol) was added and the reaction
mixture was stirred for 10 min. Thetert-butyl hydroperoxide
(3.5 mL, 20.0 mmol) was added dropwise to the reactici2@t

°C, and was stirred for 4 h. Then the reaction solution was diluted
with CH,Cl, (20 mL), and washed with water (10 mL). The
organic layer was separated, dried over MgS{dd evaporated
obtained crude yellow solid product. Purification using flash
chromatography rthexane/EtOAc; 90:10) afforded the light
yellow solid product. (3.9 g, 98%). m.p. 75-78 &;,(300 MHz
CDCl) 1.45 (9H, s, Me), 8.14-8.35 (4H, iAh).

3.3. General Procedure for enantioselective allylic oxidation
of cycloolefin using tert-butyl 4-nitrobenzoper oxoate: **
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Current

Data Parameters

HAME Nazari
EXPNO 8z
PROCND 1

F2 - Arquisition Parameters
Date _ 20100641
Time .22
INSTAUN spect
PROBHOD 5 mm BBO BB-1H
PULPROG Igpg30

o 65536
SOLVERT coc1z

NS 7

DS 2

SWH 17985.611 H2
FIDRES 0.274438 Hz
A0 1.8219508 sec
AG 2048

oW 27.800 usec
DE 6.00 usec
TE 300.0 K

oy 2.00000000 seC
oil 0.03000000 sec
012 0.00002000 sec
----- == CHANMEL i ========
NUCt 13¢

21 B.75 usec
PLY -2.00 dB
sFo1 75.4752953 MHz

ammmmmmm CHARNEL {2 =mmm====

CPOPAG2 waltzi6
Huce 1H
PCPO2 87.00 usec
PL2 -2.00 d8
PLi2 12.00 0B
PLL3 18.00 o8
5F02 300, 1312005 MHz

F2 - Processing parameters

ElS

SF 75.4677490 NH2
WOH EM

558 a

LB 1.00 Hz
[2:] o

PC 1.40

1D NMR plot parsmeters

cx 20.00 cm

cy 35.99 cm
FiP 219.155 ppm
Fi 16539.10 Hz
2P -19.487 ppm

P -1446.51 Hz
ERNCH 11.91809 ppn/ca
HZCH §99.28058 Hi/cm

Current Nata Parameters

HAME Samadi-2
EXPNO 29
PROCNO 1

F2 - Acquisition Parameters
Date_ 20061227
Time 14,47
INSTAUM spect
PROBHD 5 mm BEO BB-1H
PULPROG 2930

1] 32768
SOLVENT [HIRE]

NS 10

Ds 2

Shi 6172.839 H:
FIDRES 0.188380 N/
AQ 2.6542580 sec
RG 362

oW 81.000 vsec
DE 6.00 vsec
TE 300.0 K
D1 1.00000000 sec
== CHANNEL f] =w=swim
NuCt H

P 15.50 usec
PLL -2.00 df
SFO4 3001318534 Mz
F2 - Processing parameters
st 32768

SF 300. 1300000 HHz
WOW EM

SsB a

LB 0.30 Hz
c:] a

PC 1.00

1D MR plot oarameters

cx 20.00 cm
cy 10.51 cm
Fip 11.060 pom
F1 3319.48 1z
Fap =1.075 ppm
F2 -322.50 H.
PPMCM 0.60673 prm/cm
HZCM 1682.09877 i fcm
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Current Data Parameters

NAME Samadi-2
EXPNO 48
PROCNO 1

F2 - Acquisition Parameters
Date 20080120

Time 15.07
INSTRUM spect
PROBHD S mm BBO BB-11
PULPROG 2930

10 32768
SOLVENT cocia

NS 10

0s i

SHH 6172.839 Hz
FIORES 0.188380 Hz
AQ 2.6542580 sec
AG 181

oW 81.000 usec
DE 6.00 usec
TE 300 0 K
] 1.00000000 sec
mamsmazz CHANNEL fi ===-s===
NUCL 1H

P1 15.25 usec
L1 -2.00 o8
SFO1 300.1318534 MHz
F2 - Processing paramefsrs
SI 32768

SF 300.1300000 Mz
WOW M

558 0

L8 0.30 Hz
68 o

PC 1.00

1D MR plot parameters

= 20.00 cm
oY 11.4) ¢m
FiP 11.026 ppm
Fi 3309.13 Hz
Fap =1.007 pom
F2 ~302.29 Hz
PPHCH 0.60164 ppm/cm
HICH 180 57146 Hz/cm

Current Data Parameters

NAME Nazari
EXPND 41
PROCNO 1

Fe - Acquisition Parameters

Date_ 20091123

Time 3.10

TNSTRUM spect

PROBHOD 5 mm BBQ BE-1H

PULPROG 2330

TD 32768

SOLVENT €nc13

NS 10

Ds 1

SHH 7812.500 Hz

~IDRES 0.238419 Hz

AQ 2.0972021 sec

A6 228.1

OW 64.000 usec

OE 6.00 usec

TE 380.0 K

o 2.00000000 sac
CHAMNEL f{ ======

NUC1 iH

Pi 16.50 vsec

PLY -2.00 dB

SFO1 300.1323986 MHz

F2 - Processing parameters

81 65536

SF 300.1300000 MHz

WO EM

558 0

L8 0.30 He

3] Q

FC 1.00

10 NWMR plot parameters

cx 20.00 cm

cY 10.18 ¢m

FiP 12.069 ppm

Fi 3619.32 Hz

F2p ~0.708 gpm

F2 -212.63 Hz

PPMCM 0.63838 ppm/

HZCM 191.59734 Hz/c



Current Data Parameters
NAME

Nazsri
EXPNO L1}
~ 0 T WM o @ om o wm ~w o o o~ 10
. GEREECEIEE B2 SSE E 58= Peocna :
E ! et i
2 <3 P b= (Dt g 0 o 10 e 28 8 R bl F2 - Acquisition Paremeters
. g RERBSANEES s e i
Time
\J INSTAUN spect
PROBHD 5 mm BBO BB-1H
PULPAOG 2gpg30
m 65536
SOLVENT cocl3
Bn g 30:
SHH 17985611 Hz
FIOAES 0.274439 Hz
A0 1.8219508 sec
A6 2048
m 27.800 usec
DE 6.00 usec
TE 300.0 K
0 2.00000000 sec
dti -~ 0.03000000 sec
a5z 0.00002000 sec
an assssnan CHANNEL f1 messsnmss
NuC 13c
11k (555) P1 B.75 usec
L1 -2.00 48
SFO1 75.4752953 WHz
annannan CHANNEL f2 =e==ssas
CPOPAG2 walt216
Nuc2 1H
PCPO2 87.00 usec
P2 -2.00 6B
PLLZ 12.00 dB
PLI3 18,00 08
SFO2 3001312008 MHz
F2 = Processing peramelers
S| 65536
SF 754677490 MHZ
WOW EM
558 0
8 1.00 Hz
[ []
PC 1.40
ID NMA plot parameters
20.00 cn
EV 11.80 cm
FiP 219.155 ppm
F1 16539.10 Hz
FeP =19.167 ppm
T ¥ T T T F2 -1446.51 Hz
1 T T TR T ; : ; } T L f : = T T PPHCH 11.91609 ppm/cn
ppm 200 150 100 50 0 HZCH 89928058 Hz/cm
Current Data Parameters
DU NN o ;W W NAME Nazari
. SENaEREE ﬁ£ﬁ§§§§§§ ASEERLVEEEL o .
@ I - o= w0
& wqﬁamﬂ_ SEZABRRSS 8 m%ewsmas - :
L ol S S BB T I T VR v e e S 50 ~ KGNt Ion Earanebors
Date_ 20101019
Time 14.28
INSTRUN spect
PROBHD 5 mm BBG BB-1H
PULPROG 2g30
o 32768
SOLVENT cocia
NS 10
os 1
SWH 7812.500 Hz
FIDRES 0.238419 Hy
A0 2.0872021 sec
RG 228.1
O 64,000 usec
DE 6.00 usec
13 380.0 K
113 2.00000000 sec
an suswawns CHANNEL 1 s~smswas
NUC1 1H
ZBUSR3) P 15.50 usec
PLe -2.00 .48
SF01 300. 1323986 MH2
J\_\‘_M f2 - Pracessing paraméters
§1 65536
SF ‘3001300000 MHz
| WON M
i B = ] 588 (1
B .30 Hz
[}
FC 1.00
10 NMA plot parameters
X 20.00 om
oy 9.85 of
FiP 11.386 ppn
Fi 3417.48 Hz
2 Fap ~0.930 pom
o .
B § S| § g} g < iy F2 ~278.08 Hz
g aufala = a3 B 1B |8 PEMCY 0.B1577 ppa/en
S |rfeu -l olo i .3 HECH 184.81183 Hz/cm
T T T T T T T r T T T T T r T T v T T S
pom 10 8 g 4 s :

S9



Current Data Paraneters
NAME

Nazari
[} e Al oy B I = O~ 0- e o oW Mmoo EXPND 7
7 EpgTiNsgERe PUZE g3 5 EYg prccia i
E W RN e e 1) . . : » Th . x . ]
S_ r? R%ﬁﬁﬁ%ﬁ%ﬁﬁ :::E E%E H%EE: F2 - Acquisition Parameters
pan P i ikl Sk R Sl . el e} Date_ 20100608
Time 22.47
IMSTRAUN spect
PROBKD 5 mm BBO BB-1H
PULPROG 20pg30
0 65536
SOLVENT cocl3
NS 437
bs 2
SHH 17985.611 Hz
FIDRES 0.274433 Hz
AQ 1.8219508 sec
A6 2048
DW 27.800 usec
i 3 6.00 usec
€ 300.0 K
i} 2.00000000 sec
i1 0.03000000 sec
a2 0.00002000 se¢
sswzmmss CHANNEL f{ meemws=s
NuCH 13c
(s e P B.75 usec
Bn FL{ -2.00 oB
12b (SRS) SFO1 75.4752953 HHz
smmumans CHANNEL f7 wass
CPOPAG2 waltzi6
Kuc2 1H
PCPD2 B7.00 usec
PL2 -2.00 d6
LIz 12.00 o8
PL13 18.00 o8
SFo2 300.1312005 HHz
F2 - Processing parameters
65536
§F 75.4677430 MHz
WOH EM
558 o
LB 1.00 Hz
(1] 0
e 1.40
10 N#A plot parameters
cx 20.00 cm
ey 3.92 em
Fip 218.155 ppm
1 16539.40 H2
Fap -18.167 ppm
T T T T T T T T T T T T T T T T T T T T T T T ;incu ;: 4;?62; :;nfnn
R 200 150 100 50 HICM 899.28058 Hz/cm
Current Data Parameters
NAME Samadi
GHHada I R e e R S e s eV T EXPNO ::H]
£ Ehmogd R R R R R = R R PROCNO 1
=3 mmm Mmoo FOYT S TSI MMMMOD -0 @@MMMhmUODO D
e Ll I I O B B T oV TR T Ve = I = = F2 - Acquisition Parameters
L L S ] Date_ 20120311
\_ﬂ Tine 13.33
! INSTRUM spect
PROBHD & mm BBO BB-1H
PULPROG 2930
j 32768
SOLVENT coc13
NS 10
os 1
SWH 7812.500 Hz
] FIDARES 0.238419 Hz
A0 2.0972021 ser
RG 45.3
ow 64.000 usec
oc 6.00 usec
TE 380.0 K
11c (SSS) 1} 2.00000000 sec
(20: 80) = CHAMNEL f1 =
= =] o9 NUCt 1H
=4 '&; a1 15.50 usec
=) m A -2.00 dB
. - H sFOL 300.1323986 MHz
-y ‘k:l (= o 2
F2 - Processing parameters
sI 65536
m = SF 300.1300000 MHz
a &3 WD M
= e s58 0
. LB 0.30 Hz
w 68 0
PC 1.00
( 10 NMR plot parameters
;I R \_ i cx 20.00 cm
cy 9.73 cm
FiP 11.246 ppm
F1 3375.18 Hz
Fer =-1.013 ppm
s § § § E g‘: = ﬁ '{,;] o 2 ~303.97 He
92" = SRR |8 eSS -g »JP:LH a Fn;‘si pen/cm
z = i b =l = H2CM 183.05712 Ha/cm
=i 1 T 1 T T T — T T T ! ' T
ppm 10 8 6 4 L !

S10
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Current Data Parameters

NAME Arvinnejad
EXPNO 349
PROCHD 1

F2 - Acguisition Parameters
Date_ 20110821

Time 7.44
INSTRUM spect
PROBHD S mm BBO BB-1H
PULPAOG 2930

o 32768
SOLVENT £oe13

KNS 10

0s 1

SWH 7812.500 Hz
FIDRES 0.238419 Hz
4G 2.0972021 sec
RG R

o 64.000 usec
DOE 6.00 usec
TE 380.0 K
o 2.00000000 sec
T = CHANNEL f1 =

NUCT iH

P1 19.60 usec
BLY -2.00 dB
SFOL 300.1323986 MHz

F2 - Processing parameters
§1 65536

SF 300-1300000 MHz
WOW EM

] 0

LB 0.30 Hz
GB 0

PC 1.00

10 NMA plot parameters
C

20.00 cm
cY 10.37 em
F1P 11.375 ppm
F1 3443.85 Hz
FaP -1.093 ppm
F2 -328.03 Hz
PPMCM 0.62338 ppm/cm
HZCH 167.09389 Hz/cm

Current Data Parameters

NANE Arvinnejad
EXPNO 350
PROCNG 1

F2 - hcquisition Parameters
Date_ 20110921

Time 7.51
INSTRUM spect
PAOBHD S nm BEO BA-1iH
PULPROG 29pg30

o 65536
SOLVENT coci3

NS 158

s a

SWH 17985.641 Hz
FIDAES 0.274439 W7
40 1.8218508 sec
i 2048

oW 27.800 usec
DE 6.00 usec
TE 300.0 K
(1]} 2.00000000 sec
a1t 0.03000000 sec
di2 0.00002000 sec
- CHANNEL 11 =

NUCH 130

Pi 12.60 usec
PL1 -2.00 dB
sFo1 75.4752953 NHz

CHANNEL {2 ssss=sss

CPOPRGZ waltzi6
nuc2 iH
PCPD2 87.00 usec
AL -2.00 a8
AL12 12.00 a8
PL13 18.00 d8
SF02 300.1312005 MHz
F2 - Processing parameters
14 65536

SF 75 4677430 MHz
WK EM
558 0

LB 2.00 Hz
GB 0

PC 0.20

lI] NNR plot parameters

20.00 cm
CV 20.73 cm
Fip 219.155 ppm
3 16539.10 Hz
Fop -19.167 ppm
F2 -1446 .51 Hz
SPHCH 11.91609 ppm/ca
HZCH 89928058 Hz/cm



3.86391
3.27752
3.1B353
2.0043

1.93293
1.84850
1.83559
1.41438
1.33505
1.24763
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1,16507
1.14702

1.11994
0.81998
0.79882
0.76728
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Current Data Psrameters

MAME Samad i
EXPND 807
PROCNO 1

F2 - Acquisition Parameters

Date_ 20110916
Time 9.44
INSTRUM spect
PROBHD 5 mm BBO B88-1H
PULPROG 7930

0 32768
SOLVENT omso

NS 10

os 1

SHH 7812.500 Hz
FIDAES 0.238419 Hz
AQ 2.0972021 sec
RG 20.2

OH 64.000 usec
DE 6.00 usec
TE 380.0 K
(i3} 2.00000000 sec
mddz=w== CHANNEL fi =

NUC1 iH

2] 19.60 usec
g -2.00 ¢B
SFO1 300.1323986 MHz
F2 - Processing parameters
sI 65536

SF 300.1300000 MHz
WOW EM

55B 0

LB 0.30 Hz
ca 0

PC 1.00

iD NMA plot parameters

cx 20.00 cm
v 10.97 cm
Fip 11,397 ppm
Fi 342060 Hz
P -1.013 ppm
F2 -303.97 Hz
PPMCM 0.62045 ppm/cm
HZCM 186 22820 Hz/cm

Current Data Parameters

NAME Sanaoi
EXPNO 608
PROCNG 1

F2 - Acquisition Parameters
Date_ 20110916
Tine 9.45
INSTAUM spect
SAOBHD 5 mm BBO BA-1H
SULPROG 2gpg30

1] 65536
SOLVENT coc13

NS 158

DS 2
SHH 17989.611 Hz
FIDAES 0.274432 Hz
A0 1.8219508 sec
G 2048

oK 27,800 usec
DE 6.00 usec
TE 300.0 K
Di 2.00000000 sec
LIt 0.03000000 sec
d12 0.00002000 sec

P1 12.50 usec
PL -2.00 d8
SFOL 75.4752953 MHz
“““““ CHANNEL 2 =====m==
CPOPRG2 waltziE
Nucz2 1H
PCPO2 87.00 usec
L2 -2.00 g8
PLL2 12.00 d8
PL13 18.00 a8
5F02 300.1312005 MHz

F2 - Processing parameters

e
&| |28
b | =
- (=3 ajfr~nfnfwfoe
@ wn [ sl E=1 5] =] B
= [Te} m.«oﬂ%m
o (=2} qjo|s|ad @
-1 o QU vt Ou|m
e s e e R T
4 2 0
os o o 9 o Moo
T o o =1 B M~ Moo
0 - o m [==] o m o~ O
M~ M~ w1 o o] TM -0
M~~~ 7=} - m L2V I s VRN A VA ST
. — —
50 a

S12

51 65536

SF 754677430 MHz
WOW EN

558 0

La 2.00 Hz
ce o

PC 0.20

1D KMA plot paraseters

cx 20.00 cm
cY 7.12 cm
FiP 219.155 ppm
Fi 16539.11 Hz
Fap -18.167 ppm
F2 -1446.51 Hz
PEMCH 11.91609 ppm/ca
HICH B93.28058 Hz/fcm
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Current Data Parameters

NAME Samad
SESZ8SN0EE%S 02 YESSUOEYDPBSLERBHAIREECEy  om =
= VLD WY ~ONT M~ Y MO UOUL M DN WOAUUMWOE =MW NORO-O
a G S e A R e P e e e M B R e S R e M e R N
L o o o o o e e e MOMMOAM OO MU~ =00 00 C F2 - Acquisition Parameters
Date_ 20111130
Time 10.30
INSTRUM spect
PROBHD 5 mm GNP 1H/13
PULPROG 2930
™ 32768
SOLVENT cocl13
NS 13
0s i
SHH 7812.500 Hz
FIDRES 0.238418 Hz
AQ 2.0972021 sec
E RG 2281
S) o 64.000 usec
DE E.00 usec
1€ 380.0 K
D1 2.00000000 sec
s=zmssss CHANNEL f{ ========
nuct 1H
Pi 85.00 usec
PL1 -2.00 d8
SFOt 300.1323986 MHz
F2 - Processing parameters
12d (SRS) \F'/ ﬁgl/ =
3 £ SF 300.1300000 MHz
o o WOW EM
858 0
L8 0.30 Hz
8 0
PC 1.00
J 10 NMA plot parameters
JL lﬂ‘—‘_____ X 20.00 cm
oY 10.08 cm
FiP 11,169 ppm
Fi 3352.20 Hz
F2r -0.812 ppm
E. § g E ﬁ %' g ﬁ % E § Egucn ;E;S‘jg: :;M/m
€ ol=|o =S o m ||l 5
& b N b 1 = e HZCH 179.80238 Hz/cm
T T T v 1 Tt L T T T T T T T T T T
ppm 10 8 6 2 0
Abundance Scan 244 (1.574 min): 64011381.D
2¢9
4000000
3500000
|
3000000
2500000
12d (SRS)
2000000
352
438
1500000
1000000
165
! 86 | 234
55
501
il [ 100 253 \ -
306 334 I (
369 454
69 118 - 152 223 | - 278 294 ‘L 320 405420 470 08
T I A ! | 4
0 _I_,HUH..J\.\ LT bl L i it I e ‘h»w—’lw‘ﬂ L—H“di _Maz La-‘.hu‘ w."‘.h‘. = ] b B
m/z—> 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 54‘43 SéD
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Current Data Paramelers

NAME Samadi-2
EXPNO 40
PROCNO 1

F2 - Acguisition Parameters
Date_ 20070603
Time 17.42
INSTRUM spect
PROBHO 5 nm BBO B8-1H
PULPROG 2930

o 32768
SOLVENT cocl3

NS 10

os 1

SHH 6172.830 Hz
FIORES 0.188380 112
AQ 2 6542580 sec
RG 57

ow 81,000 usec
0E 6.00 usec
TE 300.0 &
o1 1.00000000 sec
weaswean CHANMEL 1 ===sc===
NUC1 1H

3] 15.25 usec
PLE =2.00 13
SFO1 300. 1318534 1z
F2 - Processing paramete:s
SsI 32760

SF 300. 1300000 Mz
WOW EM

SsB 0

1 0.30 bz
[c:] 0

[ 1.00

10 KHA plot paramelers

(24 20.00 cm

Ex 9.90 cm
FiP 11.609 ppm

2] 3484 .14 mz

For -0.928 pom
F2 -278.43 vz
PPHCH |0.6268¢ cpm/cm

HZCM 188.12843 rz2/cm

Current Data Parameters

NAHE Nazari
EXPRO 115
PROCNO 1

F2 - Acquisition Parameters
Date_ 20100723
Time 17.42
INSTRUN spect
PROBHD 5 ma BBO BB-1H
PULPROG 2gpg30

10 65536
SOLVENT cocl3

NS 174

0s 2
ShH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RE 2048

oW 27.800 usec
0E 6.00 usec
1E 300.0 K
o1 2.00000000 sec
o1 0.03000000 sec
di2 0.00002000 sec

wasssnzs CHANNEL [1 smme=sss
Nuct 13C

PL 8.75 usec
Lt -2.00 a8
SFO1 75.4752953 NHZ

= CHANNEL 2 = -
waltz1b
1H
87.00 usec
-2.00 0B
12.00 dB
18.00 a8
300, 1312005 Wz

SF02

F2 - Pracessing parameters
S1 65536

SF 75.4677490 MHZ
WOW EN
558 0

1} 1.00 Hz
[¢t:] o

PC 1.00

1D hMR plot paraseters

cx 20.00 ca
oy 8.92 cn
FiP 219.155 ppa
Fi 16539.10 Hz
F2p -19,167 ppa
F2 -1446.51 Hz
PRMCN 11.91609 ppa/ca

899, 78052 Hz/ce



5.20134

ppm
7.77584
7.77260

65.94592

S
|
X

7.75162
7.74777
7.39665
7.37438
7.34842
7.28127
7.25768
7.23685
7.23382
7.22092
§.93817
6.93140
6.92727
6.92025
5.91478

5.17234

5.16810
5.13920
4.45906
4.44133
4.43531
4.40752
3.81054
3.78253

¥

\

3.75453

2.07442

—1.26284

2a (SRS)
| e
- @
alo =1 = @
F 218152 g g |2 g g
) & %)= sl 1B = = |2
] ol |aeu] = - - © gl =
—— T v T T T T v T T T T T T v T 1 T
4 2
ppm 10
L] WO M@IT O~ QoM T TR e wa o=
@ doo@meTowve0ay O 9 Mmoo Ta o
= e % o B 8 LI P el (LA ) e b T el
= Ts} F~ < 00000 M~ P~ M W0 W ~r~oT o —a o
w Lo B B VA S T A Vi S U SV I SV Y] M~ P~ r~r~o m oy o
- B pad fpl Sl fi. Jl S i g B )

2a (SRS)
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Current Data Parameters

NAME Samad -2
EXPNO 34
PROCND i

F2 - Acquisition Parameters
Date_ 20070221
Tine 13.15
INSTRUH spect
PROBHD 5 mm BHO BB 1M
PULPROG 2030

™ - 32760
SOLVENT cocia

NS 20

o5 I
SHH 6172.839 Hz
FIDRES 0.188380 Hz
&0 2.6542580 sec
ARG S/

o B1.000 vsec
DE 6.0n usec
TE 300.0 K
0t 1.00000009 ser

asmzza=s CHANNEL i r=-sa=a=

NuC1 iH

P1 15.25 usec
PL1 -2.00 df
SFOL 300.1318534 MMz
F2 - Processing parameters
5L 32768

SF 300. 1300000 MHz
NOW En

ss8 a

LB 0.30 Hz
GB 0

PC 1.00

1D NMA plot parameters

cx 20.00 cm
cy 1110 cm
FiP 11,158 ppm
Fi 3348 91 Hz
FapP -1.007 ppm
F2 =302 30 Hz
PPHCH 0.60827 ppm/cm
HZCH 182 56015 Hz/cm

Current Dats Paraseters

NAME Nazari
EXPNO 150
PROCNO w 1

F2 - Acquisition Parameters

Date_ 20100910
Time 9.51
INSTAUN spect.
PROBHD 5 nm BRAO BB-1H
PULPROG 29p930

o 85536
SOLVENT oMs0

NS 214

DS 2
SHH 17985.611 Hz
FIDRES 0.274439 Hz
AG 1.8219508 sec
ARG 2048

0w 27.800 usec
0E 6.00 usec
TE 300.0 K

o1 2.00000000 sec
dii 0.03000000 sec
d12 0.00002000 sec

Py 8.75 usec
PLY -2.00 48
SFO1 75.4752953 MHz
memmmmmn CHANNEL f2 =msems=s
CPOPRG2 waltzi6
Huc2 H
PCPO2 87.00 usec
PL2 -2.00 0B
PLIZ 12.00 4B
PL13 18.00 dB
SF02 300. 1312005 MHz
F2 - Processing parameters
51 65536

SF 75. 4677490 MHZ
WO EM

558 ]

i:} 2.00 Hz
¢:] a

o 1.00

10 NMA plot parameters

cx 20.00 cm
cY 45.29 ¢
Fip 219.155 ppn
Fi 16539.11 Hz
Fap -19.167 ppn
F2 -1446.51 Hz
PPHCM 11.91609 ppn/cm
Lric B99.2B058 Hz/cm



Current Data Parameters

MOOoMNOUMNMONINDE MO NSO NDOICH o OESNDANNOS D00 =N :i::.: ng;
ST AT AN NN NN MO ENINEREDNR S IO ROMMSO NN
@ FOTALOE - TA@ULUMAOTSDODNMNMUESNUONNNDDN—GOOMMIINGDGT — PROCNO 1
Me~NNAUCEY "0 STNoCOWLNAUNNUNONOEWLNWUY—LYINANDLOSTD
AR MAOMOAlANl S ———=MAUNODOD~~~oOCHONNIScCcOoOOO@MmMUG @@
:‘-‘r:rtl.r-'r-.r-'r\.r\. .r:r:r-:r];tﬂ:u;r‘l":r";w:ﬂ; @ oo :Iu' o ool ol il j?? 72 - acquisition Parameters
- L e L 2 104
§ e S A ——— . g
ah‘ﬂ 1 ﬂ"yi#‘? INSTRUM spect
PROBHO & mm BBO BB-1H
FULPROG 2830
10 32768
SOLVENT €OC13
NS 10
s 1
SHH 7812.500 Hz
FLDRES 0.238419 Hz
AQ 2.0972021 sec
RG 228.1
oW 64.00C usec
OE 6.00 usec
1E 380.0 K
ot 2.00000000 sec
1b (SSS)
P1 15.50 usec
PL1 -2.00 dB
SFO1 300.1323986 MHz
Y Y y W W F2 - Processing parameters
SI E5536
SF 300. 1300000 MHz
WOW EM
558 o
LB 0.30 Hz
68 a
PC 1.00
10 NMA plot parameters
Cx 20.00 cm
— oy 10.85 cm
P 11.246 ppm
) = 3375.18 Hz
2P -1.018 ppm
- r~| == | [rs o) [=| [m wal |w = x
E 2l (83 alleie 218 (3 (2 (3|8 P 055322 ppn/en
g = HE w1 e I HzeH 184.04446 Hz/cn
S | ||y -=| = alal| |= m on -
e = ' I e e e e e e S b T T T - T T v
ppm 10 a 6 4 2 1]
Cturrent Data Paranmeters
NANE Nazari
Lo WO NOoWS = wmoaoao @ m [Ts] EXPNO 87
. T SYKEBRERER R s & & sroche -
a . o i ) e nE 0 i el < oo :
[¥e] m M M 0y U fu Uy M~~~ o T o o F2 - Acquisition Paraneters
il T T T B i Date_ 20100104
\ Time 3.46
] INSTRUN spect
PROBHD S mm BBO BA-1H
PULPROG 2gpa30
o 65936
SOLVENT NS0
NS 143
os 2
O“\l SWH 17985.611 Hz
M(\ /S} FIDRES 0.274439 W2
o 40 1.8219508 sec
Me™ ) N™ “Bn 6 2048
W 27.800 usec
e O /N ELBn DE 6.00 usec
TE 300.0 K
O—]J o1 2.00000000 sec
a1 0.03000000 sec
012 0.00002000 sec
1b (S8S)
wssmasas CHANNEL f1 smessass
MCt 13c
Pi 8.75 usec
PL1 -2.00 g8
SFO1 75.4752953 MHZ
- CHANNEL 12 = -
CPDPRG2 waltz16
Nuc2 H
PCPD2 87.00 usec
L2 -2.00 aB
L2 12.00 g8
PL13 18,00 9
SFO2 300.1312005 MHZ
F2 - Processing paraseters
S1 65936
SF 75. 4677430 NHz
WOR EN
558 a
LB 1.00 Hz
68 ]
PC 1.40
10 NNA plat parameters
X 20.00 cm
(41 10.19 cm
Fip 219.155 pon
1 1653911 Hz
=op -19.167 ppm
—_ I T T T T  — — T T T T T T = T 0 — :PNCN ;:4;?5; HZ/
3 gon/em
o 240 150 100 50 0 HICH B99. 28058 Hz/cm
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Current Data Parameters

nYToooMoOo-"~~TOMmOoM~-—= N MTOMmM-— W0 O — O~ = WWOoWwWMmMMWMOOW T hue Bezony
B LA bnoo S smoNToShadooOMpRBPn S MD®DOB®D ExPNO 181
& ONN@O~ O NIMOONN~TOTITMAOCOUN ~~OMUTG~=UMM~OM@OWO~ PROCNO n
a UMY SO0 M-ES 0N MO~ OO 00O UMNT " OO DWORNTMHMONM=— WO DI~
S WOUmMmmOoAAlUUU—-——CO0NANNOOD~~OOAO~R~MOMM-COC OO
L A e N N S N N N N - A T T B T T A oI s VIS VI VRS IR I VIV VT I S e ey F2 - Acquisition Parameters
Date_ 20101019
Time 14.44
INSTRUM spect
PAOBHD 5 mm BBO BB-1H
PULPROG 2930
T0 32768
SOLVENT cocl3
NS 10
os 1
SHH 7812.500 Hz
FIDRES 0.238419 Hz
AQ 2.0972021 sec
RG 22B.1
DW E4.000 usec
DE 6.00 usec
TE 380.0 K
2b (SRSJ D1 2.00000000 sec
mwmmmmms CHANNEL f1 ========
NuC1 1H
P4 15.50 usec
PLL -2.00 dB
SFO4 300.1323986 MHz
F2 - Processing parameters
& s1 65536
6| B SF 300. 1300000 MHz
WOW EM
SsB a
L8 0.30 Hz
6B a
PC 1.00
10 NMR plot parameters
cx 20.00 cm
cY 10.63 cm
FiP 11.397 ppm
Fi 3420.60 Hz
Fa2P -0.975 ppm
3 SIS glelel GEREREE (@ r2 292,61 H2
g BIEE =) e W B RS S e e e PPHCH 0.61850 pon/cm
£ : = E N e i) HZCM 185.66045 Hz/cm
15 aflun]|—= —lelo| |o|lolalal-|c|ol |o
T T T T T T =5 T A =0 e ey
ppm 10 8 6 4 2 0
Current Data Paremeters
NAME © MNazari
TOoMNUMODMNOOoODIDMEOM T - m o T w @ EXPNO 182
& BHREREREBANEREES GE5EER 3 8 pacnn :
s T O @M 00 OO @M~M™ W@ W I~ O e = o
Eggggggﬁagﬂrﬁucxggg M~~~ o - o F2 - Acquisition Parameters
Date_ 20101018
Time 14.47
\ ‘ / ‘ INSTRUM spect
PROBHD 5 mm BBO BB-1iH
PULPROG 2g9pg30
il 65536
SOLVENT coc13
NS 548
2] 2
SHH 17985.611 Hz
FIORES 0.274439 Hz
AQ 1.8219508 sec
RG 8195.2
o 27.H00 usec
DE 6.00 usec
TE 300.0 K
D1 2.D0000000 sec
a1 0.03000000 sec
2b (SRS) di2 0.00002000 sec
. =n CHANNEL fi ===
NUC1 13C
PL B.75 usec
PLL -2.00 0B
SFO1 75.4752853 MHz
mmmanmza CHANNEL f2 smmmsm=s
CPOPRG2 waltzi6
Nuc2 iH
PCcPO2 B7.00 usec
PL2 -2.00 48
PLL2 12.00 gB
PL13 18.00 08
SFO2 300.1312005 Mz
F2 - Processing parameters
S1 65536
SF 75.4677480 MHz
HOW EM
558 0
Le 2,00 Hz
<] 0
FC 1.00
10 NMA plot parameters
cx 20.00 cm
cY 31.03 cm
Fip 219.155 ppm
Fi 16930.10 Hz
FeP -19.167 ppa
S — T T T T ‘ T — T — T ——— T e Tl
CH 1.91609 ppa/cn
pae 200 190 100 50 0 HICM B93.2B058 Hz/cm
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Current Data Parameters

NAME Tavakoll
EXPNO 43
PROCHO 1

F2 - Acquisition Parameters

Date_ 20121016

Time 14.15
INSTRUM spect
PROBHD 5 mm ONP 1H/13
PULFROG 2930

T 32768
SOLVENT coc13

NS 20

0s 1

SHH 7812.500 Hz
FIDRES 0.238418 Hz
A 2.0972021 sec
RG 228.14

OW 64.000 usec
DE 6.00 usec
TE 380.0 K

D1 2.00000000 sec
smmnssss CHANNEL f{ ssss==as
NuCt iH

Pi 19.50 usec
Ly -2.00 dB
SFO1 300.1323986 MHz
F2 - Processing parameters
SI 65536

SF 300.1300000 MHz
WOW EM

SSB Q

LB 0.30 Hz
GB 0

PC 1.00

10 NMR plot parameters

X 20.00 cm
cy 10.06 cm
FiP 10.840 ppm
F1 3263.52 Hz
F2p -0.919 ppm
F2 -275.70 Hz
PPMCM 0.58785 ppm/cm
HZCM 176.46080 Hz/cm

MAME  Mehrasbi-Ebrahim YSF2 136
EXPND 1

FRO! 1

Dale_ 20121200

Time 4.8

NS spact

PROBHD_ 5 mm PABSO BE-

PULF z9pg

T Bhh38

SOLVENT C0Ci3

NS 2048

os n

S 24038.461 Hz

FIDRES 0388708 Hz

A 13631688 goc

RG 203

ow 000

DE 850 usec

TE 23K

] 2.00000000 sec

o1 0.05000000 sec

ToO 1

Z=imssn GHANNEL {1 —smasaes

NUCH 1

B 7 B0 usec

Pit -2 00 o

PLIW 5682032510 W

SFO1 o0 MHz

=====s== CHANNEL 2 ===—==

CPOPRGE waitz1G

NUC2 1H

HCPLZ 85,00

Pz 000408

Pz 16,00 40

PL12 18,00 48

PLZ 1. 3

PLIZW 020090001 W

PLIZW il

WROZ ADD TAIROES MHz

& 32768

er 100.6127690 MHz
EM

&

LB 1.00 Hz

Ge

FC 140



Current Data Parameters

NAME Tavakoli
Comomwow SO T O DWW 0 MO T 0D WA MWD 0N 0 EXPND a5
Sowulnmooo mvvhhmwmmmmwmmmmmmmm-—-gmmmmmh
= oOnim®oT @ NMA- WP SO O TN TAUNDIOOI~EIN O~ UE OO o PROCND 1
E T == OO~ U SLUOUIO D NN DT — 0w 0~ WD = =& 5
o B S L B B L B AagedodwoadfERoEBARY TN Tdan K8
L e DT T T@mOMNAMMOmMOMOMNcdco oo o000 oo F2 - Acquisition Parameters
Date_ 20121001
Time 14.25
INSTAUM spect
) PROBHD 5 mm GNP 1H/13
PULPROG 2930
o 32768
SOLVENT cocl3
NS 11
O i oS 1
. SiH 7812.500 Hz
Me N FIDRES 0.238419 Hz
R A 2.0972021 sec
Me, N (s) R 228. 1
"f\// DH 64,000 usec
P} DE 6.00 usec
TE 380.0 K
01 2.00000000 sec
2c (SRS)
CHANNEL f{ ====sass
iH
19.60 usec
PLL -2.00 d8
SFO1 300.1323986 MHz
¢ F2 - Processing parameters
SI 65536
SF 300.1300000 MHz
WOW EM
SS58 1]
LB 0.30 Hz
GB 0
PC 1.00
1D NMR plot parameters
I X 20.00 cm
cY 10.88 cm
FiP 10.923 ppm
Fi 3278.38 Hz
Fap -0.332 ppm
g 2|8 SIS 3 ([EE3(E8 - 0.56377 oo
& g« : f ppm/cm
2 = |x s i oo { b HzeM 169.80338 Hz/cm
=3 - o Lal Bl k] m —lo|la|m|m
r""l‘!'!'l‘y—fl |'I_I'T'|"I_1’I‘|-r‘|“|—|—v—v—|—rrr'| T I'TT‘FTTH‘['I‘I‘!“FFI I'V_'TT'ITI_T"I"TI‘FI_VTI IT"‘T‘TTV'I"'I'I""'I“ITF ﬁ_ﬁ_l‘rlﬁ_‘r
ppm 10 0
102
100
8
i}
sz
=0
=2 o
1 =
4 s
E P
g 26 ]
o} ]
= ] o
=
g B4 = l
= ] Gy
E E {=2]
= &2 3 2
] e = £
G0 -2l &5 -
1 =
75 &
] 2 =
E =
76 - =
T =y
] g
T4 = = /
. =1 -
E o 4 =4 (o
y 00 T e
TZ—_ = (=3
E i 2 i
70 s
] = 1d (SSS)
65
&5 ] y — T
4000 3000 2000 1000
Wavanumbers (cm-1)
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Current Data Parameters

NAME Tavakoli
EXPNO 49
PROCNO 1

F2 - Acquisition Parameters
Date_ 20121016
Time 14.15
INSTRUM spect
PROBHD 5 mm GNP 1H/13
PULPROG 2930

L} 32768
SOLVENT COC13

NS 20

0s 1

SHH 7812.500 Hz
FIDRES 0.238419 Hz
AQ 2.0972021 sec
RG 228.1

OW 64.000 usec
DE 6.00 usec
TE 380.0 K
11 2.00000000 sec

=== CHANNEL i ===

NUC1 iH

Pi 19.60 usec
PL1 -2.00 dB
SFO1 300.1323986 MHz
F2 - Processing parameters
S 65536

- 300.1300000 MHz
WOW EM

5s8 0

LB 0.30 Hz
GB Q

PC 1.00

1D NMB plot parameters

14 20.00 cm
cY 10.06 cm
FiP 10.840 ppm
Fi 3253.52 Hz
Fap -0.919 ppm
F2 -275:70 Hz
PPMCM 0.58795 ppm/cm
HZCM 176.46080 Hz/cm

Current Oata Parbssters

Samaqn
EWPHO =31
ARACHI 1
SE - MOU1EILon Paraneters
Date 203L0A1E
Tire 940
NG IALW spert
FROBHE 5 em EB0 AR-1M
R FAIG tapgan
i} 5536
SOLVENT mci3
HE 154
a5 2
SiNH 17585 611 HE
FILAES 0.272233 H2
i 1.B2 908 5o
ARG e0dE
L] 27.B00 uger
13 .00 uaes
TE .4 K
o 2.GA0bA00a e
40 OLHINRD ser
ALz 0. 00N ser
wrurnnns CHANKE) [| ==m===as
Lt ] : 13c
3] 12,60 usen
Al -%.90 16
EFaL R aMigEEa HHD
mrnmasss [HAWMEL 12 ==mmssvm
TFOPRGE WHILFIE
Huc2 H
PCROZ B7.00 ptee
ALz +2.00 m
ALL2 1§00 o8
Feli LB.00 B
woe 00, 1312005 kHr

F2 = Procezaang paraseters
gl 63536

58 75. 4677490 NKE
L EN

358 a

LB 2.1 Hz
[c::] a

B [N

10 MR oLt pacameters

ox 2040 ¢m
CY T om
Fia 219,155 pon
F1 48530, i1 Mz
P -19.167 pos
FE -1445, 91 Hr
PPHCH 11.91609 poRich
HICH H99.29I5E Hrftn
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Current Data Parameters

NAME Tavakels
FPOTOND SO OO O NN N T @ ~ S@M@mwWno~a 0y @ o 14
. REERCRRUDIRUGCCUTIHRERE UG EE AR I = ;
g SRERARAARNAASTE5588350F S9ARGERATRSEanaERE
PP P Pa PN TS P PSP P P P T T W W T T T M 0 O v S e e e F2 - Acguisition Parsmeters
3 Date_ 120204
INSTRUM spect
PAOBRD 5 mm BBO BB-1H
PULPROG 2930
T0 32768
SOLVENT €oC13
(o] NS 10
F i e = ;
M N 'k SNH 7812.508 Hz
€ (R FIDRES 0.238418 Hz
Me M 2.0972021 sec
N (S) 5 228, 1
‘\/\7’\ e oW | 64.000 usec
o] /" e 6.00 usec
TE 8.0 K
2d (SRS) Dt 2.00000000 sec
weenswnn CHANNEL f{ ==sss===
NICL e
Pt 18.60 usec
= PL1 ~2.00 a8
SFOL 300. 1323966 MHz
i F2 - Processing paraneters
\l ST 65536
5 300, 1300000 MHz
WO EN
558 o
L8 0.30 Hz
c:] 0
RC 1.00
1D NMA plot parameters
& cx 20.00 cm
i oy 13.81 en
\ FiP 11.541 gpm
Fi 345466 Hz
1 FapP -1.353 ppm
% b g |2 Bi=(=(818|8 ke o
Ll [ m|o
] &3 & |8 glsls|= 8|8 oy 15004148 raten.
= clela e aill—=lovlol=|w
T T T T T u T
ppm 10 8 4 ¢ 0
Current Data Parameters
— NAME UBehesti
- o n g~ o -~ N T T EXPND 185
. SBIZ8 33858 § BREgEe e ;
a o g O W0 ~ I~ o 4 ) a
a Mmoo M~~~ w < EHER RV F2 - Acquisition Parameters
Date_ 20120724
'N// W/ l | \\i %’ Tine 12.59
INSTRUM spect
PAOBHD 5 mm GNP 1H/1
PULPROG z0pg
™ 62830
SOLVENT coc1a
NS Ex]
0s 4
SWH 15723.271 Hz
FIDARES 0.250012 Hz
AQ 1.9999520 sec
AG 14596.5
oW 31.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
CHANNEL 1
13C
6.50 usec
2d (SRS) -6.00 dB
62.9021320 MHz
== CHANNEL f2
CPOPRG2 waltzib
Nuc2 iH
PCPD2 80.00 usec
PL2 -4.00 dB
PL12 15.00 dB
PL13 18.00 dB
SFO2 250.1310005 MHz
F2 - Processing parameters
SI 768
SF 62.8952401 MHz
HOW EM
558 0
L 1.00 Hz
o] o
PC 1.40
i 1D NMA plot parameters
i [ 20.00 cm
| - ! FiP 234.573 ppm
F1 14753.53 Hz
Fap -15.418 ppm
—_ e e : I T — ey 72 -969.74 Hz
ppm 200 100 PPMCM 12.49957 ppm/cm
HZCH 785.16351 Hz/cm
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Current Data Parameters

NAME
EXPNO
PROCNO

Samadi
Bal
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
T0
SOLVENT
NS

D5

SHH
FIDRES
AQ

RG

oW

DE

TE

Di

20111220
15.32
spect

5 mm BEO BB-1H
zg30
32768
€ocl3
10
1
7812.500 Hz
0.238419 Hz
2.0972021 sec
228.1
64.000 usec
6.00 usec
380.0 K
2.00000000 sec

mmanssms CHANNEL fi swe=mmsn

KuCct
P1
PL1
SF01

S1
SF
WOW
558
LB
GB
AC

1D NMR plot parameters
Cx

oy
FiP
3
F2p
F2
PPMCH
HZCM

1H
15.50 usec
-2.00 dB
3001323986 MH2

F2 - Pracessing parameters
65536

300.1300000 MHz
EM
0
0.30 Hz
0
1.00

20,00 cm
9.52 cm
11.652 ppm

3497.25 Hz
-0.697 pom
-209.25 Hz
0.61748 pom/cm
185.32494 Hz/cm

Current Dara Parameters

NAME
EXPNO
PROCHD

Arvinnejad
33
i

2 - acquisition Parameters

Jate_ 20110805
Time 2354
INSTRUM t
PROBHD S mm BEO BB-1H

¢ PULPROG 7930
0 32756
SOLVENT €0C13
NS 64
0s 1
SHH 7912.500 Hz
FLORES 0.238418 Hz
&0 2.0972021 sec
RG 228.1
on 64.000 usec
OE 6.00 usac
TE 380.0 K
af} 2.00000000 sec

=== CHANMEL f1

NUCH 1H
Pt ,15.50 usec
PL1 -2.00 dg
SFOL 300.1323886 MHz
F2 - Frocessing parameters
18 B9536
= 3 3001300000 MHz
WOW EM
SsB 0
LB 0.30 Hz
6B 0
PC 1.00
10 KMR plot garameters
cx 20.00 cm
cy 127.99 cm
P 11.283 ppm
5§ 3385.40 Hz
2P -1.021 ppm
2 -306.58 Hz
IPMCM 0.61523 ppm/cm
HICH 184.64890 Hz/cm
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HAME Arvinnejac
< o @ < EXPNO 332
552 8 PAOCND 1
2a= '? F2 - Acquisition Paramatsrs
| Date_ 20110808
Time Q.08
\ / ‘ INSTRUM spect
! PAOBHD 5 nm 880 BB-1H
PULPROG 20pQ30
hi] 65536
SOLVENT [FiK]
] 854
] 2
Sl 17885.544 Hz
F10AES 0.274439 Hz
Au 1.8219908 sec
A6 2048
o 27.800 usec
0E £.00 usac
TE 300.0 «
1 2.00000000 sec
a1l 0.03000000 sec
a12 0.00002000 s2¢
CHANNEL 1 ===
13C
12 B0 user
PLY -2.00 a8
SFO1 754752053 Mz
saswzezs CHANNEL £2 wewseme=
CPOPAG2 waltzig
Huc? 1H
ACRODa 87.00 user
a2 -2.00 a8
ERES 12,00 dB
L3 18.00 aB
5r02 300.1342008 Wiz
2 - Pracessing parameters
SI 65536
o 75. 4677490 HH2
WOMW EM
538 0
] 2.00 Hz
6 ]
PC 0.20
m NMA plot parametars
20.00 ca
CY 21.85 cm
F1p 219.155 pan
1 16539, 11 Hz
Fap -19.167 ppm
' T 1 F2 144651 Hr
'JVU 0 PPMT) 11.91609 ppm/cm
HECM 899.28058 Hz/cn
svrenl lote FurastLers
Mg Eamudi-5
T Foown EE e g R W e
m:aﬁ&@iizagzﬁé—aa i -
SEARzRsENSEeT RS
T e T Spm "2 - hopvindion Swresstara
W b
r 9.8

TR
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L] wen
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5 n
[ 1
O - £73.68 m
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] £ SiSEa e
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Current Dats Parameters

NA
NN o OO MO ~OOO ST W o~ MoOOLTUNOOMOD SN SN ExP'iw Sam:gé
~O~AYTOUCMDODOITDO0MOC N M= WoogdNoO~OMID XY T
- T AND-~NCTOWMNMMEOOWD NN D@UMODM T QMW SROCND 1
= W OO T @~ 0T UG MDD NO QUAUD—ORRUDB~ OO
a2 LR R A IR OV I R R RS S Ry SMAAN"-coRNOONO T
@M W @oEE@S ™00 LW NG G e 0 ;n [ VI VIR o VI o T o Vo VI T VI I T B F2 = Acquisition Parameters
J Date_ 20120116
Time 10.58
INSTAUM spect
PROBHO 5 mm B8O BB-1H
PULPROG 2930
0 32768
r SOLVENT coc13
o] NS 10
0s 1
o SWH 7812.500 Hz
FIDRES 0.238419 Hz
AG 2.0972021 sec
NO, G 45.3
OW 64.000 usec
0E 6.00 usec
TE 380.0 K
D1 2.00000000 sec
16
usec
PLL -2.00 d8
SFO1 300.1323986 MHz
F2 - Pracessing parameters
81 65536
SF 300.1300000 MHz
WOW EM
558 0
2l s | 8 0.30 Hz
2| |= & 8 |E 68 0
g| |& ol lol Ie PC 1.00
—| l=
llJ NMR plot parameters
20.00 cm
hae B 3.27 cn
FiP 11.246 pom
Fi 3375.18 Hz
F2pP -1.134 ppm
3 gzl (B i) B(almlghnl 7 =340 25tz
& =1 @ s ol SR A =Tl PRMCM 0.61897 ppm/cm
2 | & s ) o ] o L HECH 185.77138 Hz/cn
s —la o olola olela|mlclo
e T . S i | U S S e e T S R T Gk ey [ s D o s ey
ppm 10 & 6 4 2 0
Current Dats Parameters
NANE Samad i
@E: SH8 R C N e G AN AN Y RI RSN S Ssans8e T EXPNO 840
= PR E R R T BEETEREE R R S S o eRocN0 '
= (LR r\fr\fr\._lﬂ.!r\ﬁ-hl‘-r-mmzlqmmmmu:wu:mmmvmmmmmmmmmmmmm
L R R e T T T T R T I T I R R VR F2 - Acquisition Parameters

N e N N

PROBHD 5 mm BBO BB-1H
PULPROG 2930

o 0 32768
SOLVENT coc13
L NS 10
0 0s i
SHH 7812.500 Hz
' FIDRES 0.238419 Hz
AQ 2.0972021 sec
N02 RG 228.1
] 64.000 usec
: (3 6.00 usec
TE 380.0 K
01 2.00000000 sec
17

CHANNEL 1 sssams=s

iH
oy 19.60 usec
g ALy -2.00 dB
= SFOL 300.1323986 MHz
o
o F2 - Processing parameters
SI 65536
- 300.1300000 MHz
WOR EM
Ss8 0
LB 0.30 Hz
c8 0
PC 1.00
=
§ 10 NMR plot parameters
- cx 20.00 cm
- cy 9.23 cm
FiP 10.760 ppm
Fi 3229.46 Hz
F2pP -0.589 ppm
g g S| |8|3|8 SE R 2 -176.81 Hz
= & | (v |n|o =| |~] |of=] || |0 PHCH 0.56747 pom/cm
s - ol lola|lo ol lal lalal |al |la HICH 170.31363 Hz/cm
T B e S T T ! T ' T 4 T T T T 1 T T T 1 T
ppm 10 8 6 4 a 0
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SEMMAG: 50.00 kx  Det SE VEGAI TESCAN
SEMHYV: 1500k WWD:T.363 mm 500 nm *
Data(midiy): 10/ 611 Vac: Hivac HMRCH

1um

SEM image of mesoporous SBA-15 before (A) and after (B) using in allylic oxidation reaction
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)

p-NO,-PhCO3'Bu
Ligand, CuPFg (10mol%)

CHCN (4ml), T (°C),

O>CPhNO»2-p

(s

- )

OchhN Oz-p

§

n=1 PhNHNH, (6puL), SBA-15 14: n=1

2;2 15: n=3 17

1,5-COD 16:n=4

Table 6: Effect of ligand and temperature on other cycloolefins
Time Yield Ee Time Yield Ee Time Yield Ee Time Yield Ee
Enry  Ligand Tee) @ 0 00 B ) ) B ) ) () (%) (%)
14 15 16 17

1 la 25 4 95 56 8 99 43 10 94 30 15 99 62
2 la 10 17 92 62 21 96 50 26 91 44 12 99 78
3 la 0 36 90 67 44 92 60 61 88 53 30 98 85
4 la -10 100 90 81 80 94 93 150 84 70 46 95 97
5 1b 25 5 99 57 6 99 54 10 98 30 2 99 64
6 1b 10 18 94 65 17 94 61 52 93 42 105 95 73
7 1b 0 34 90 70 40 93 66 56 91 60 25 90 83
8 1b -10 80 99 75 92 87 71 109 86 72 60 99 95
9 1c 25 6 97 14 11 95 8 17 85 2 4.5 90 9
10 1c 10 17 90 22 18 88 12 21 85 15 11 85 16
11 1c 0 32 88 24 36 81 21 55 60 20 38 85 34
12 1c -10 95 84 39 110 79 28 140 32 20 90 80 37
13 1d 25 8 92 7 9 96 5 12 86 0 3.5 95 12
14 1d 10 13 88 18 20 92 11 28 63 3 14 90 21
15 1d 0 34 81 19 41 70 22 52 78 7 42 92 27
16 1d -10 109 82 32 145 58 22 160 48 17 100 87 38
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