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General information. Infrared (IR) spectra were recorded on a Perkin Elmer 781
spectrophotometer, Vi in cm™. Bands are characterized as broad (br), strong (s), medium
(m), and weak (w). 'H NMR spectra were recorded on a Varian GN-400 (400 MHz).
Chemical shifts are reported in ppm with the solvent reference as the internal standard
(CHCls: & 7.26). Data are reported as follows: chemical shift, integration, multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad), and coupling constants
(Hz). BC NMR spectra were recorded on a Varian GN-400 (100 MHz) with complete
proton decoupling. Melting points (mp) were taken with a Laboratory Devices Melt-Temp
and were uncorrected. Enantiomeric ratios were determined by chiral gas liquid
chromatography (GLC) on a Hewlett Packard HP 6890 with a Beta Dex 120 (30 m x 0.25
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mm x 0.25 pm film thickness) or a Gamma Dex 120 (30 m x 0.25 mm x 0.25 pm film
thickness) column by Supelco in comparison with authentic racemic materials. Optical
rotations were measured on a Rudolph Research Analytical Autopol IV Automatic
Polarimeter.  High resolution mass spectrometry (HRMS) was performed by mass
spectrometry facility at Boston College.

All reactions were conducted under open atmosphere in 10 x 75 mm borosilicate test
tubes. All commercially available reagents listed below were used as received for the
reactions without any purification. Liquid reagents were handled with a Gilson Pipetman.
THF was dried on alumina columns using a solvent dispensing system. The catalyst 1 was
synthesized following the reported procedure;' an optimized procedure is given below.
tert-Butyldimethylsilyl ~ chloride ~ (TBSCI), diisopropylethylamine = (DIPEA) and
3,3-dimethylbutane-1,2-diol (rac-5c) were purchased from Aldrich.
4-Methylpentane-2,3-diol (rac-2a), pentane-2,3-diol (rac-2d), 3,3-diethoxypropane-1,2-diol
(rac-5b), 2-methylheptane-1,2-diol (rac-6a), 2,3-dimethylbutane-1,2-diol (rac-6b) and
2,3,3-trimethylbutane-1,2-diol (rac-6¢) were synthesized by cis-dihydroxylation of the
corresponding commercially available cis-alkenes.?  1-phenylpropane-1,2-diol (rac-2c),
1,1-diethoxybutane-2,3-diol (rac-2f), ethyl 2,3-dihydroxybutanoate (rac-2g) and tert-butyl
2,3-dihydroxybutanoate (rac-2h) were synthesized by Lindlar reduction of the corresponding
commercially available alkynes followed by cis-dihydroxylation; the synthesis of (rac-2f) is
detailed as a representative example (Page SI 20). 1-Cyclohexylpropane-1,2-diol (rac-2b)
was synthesized by Lindlar reduction of the corresponding alkyne (synthesized from
ethynylcyclohexane  and  ethyl  iodide)  followed by  cis-dihydroxylation.
3,4-Dihydroxypentan-2-one (rac-2e) was synthesized by a four-step procedure:
transformation of methyl 2-butynoate to the corresponding Weinreb amide, methyl
magnesium chloride addition followed by Lindlar reduction and cis-dihydroxylation.
3-tert-Butoxypropane-1,2-diol (rac-5a) was synthesized according to literature procedure.’

For the kinetic resolution, selectivity factors (K.) were calculated according to Kagan’s
equation: Keei=In((1-c)(1-eersm))/In((1-c)(1+eersm))=In(1-c(1+eeprod))/In(1-c(1-eeprna)), Wherein
c is conversion of the reaction, eeyoq 1S the enantiomeric excess of the mono silyl ether
product and eem is the enantiomeric excess of the recovered diol. Conversions (c) were
calculated by the following equation: c=eem/(€€proateersm), Which is equivalent to eq 7
(eersm/€€prod=c/(1-c)) in Kagan’s review on kinetic resolution®,

Procedure for the synthesis of (S)-N-((R)-3,3-dimethylbutan-2-yl)-3,3-dimethyl-2-((1-
methyl-1H-imidazol-2-yl)methylamino)butanamide (1).° Boc-tert-Leucine (2.3 g, 10

t-Bu mmol) and (R)-3,3-dimethyl-2-butylamine (1.3 mL, 10 mmol)

I\N/Ie HvMe were dissolved in 40 mL CH,Cl; in a 100 mL round bottom

<\/W/\H : flask. To this solution were added EDC (2.1 g, 11 mmol),
N O t-Bu

' Zhao Y.; Rodrigo, J.; Hoveyda, A. H.; Snapper, M. L. Nature 2006, 443, 67-70.
 VanRheenen, V.; Kelly R. C.; Cha, D. Y. Tetrahedron Lett. 1976, 17, 1973-1976.
? Takano, S.; Ohkawa, T.; Gasawara, K. Tetrahedron Lett. 1988, 29, 1823-1824.

4 Kagan, H. B.; Fiaud, J. C. Top. Stereochem. 1998, 18, 249-330.

> Catalyst 1 is available from Sigma-Aldrich (# 680826).
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HOBt (1.7 g, 11 mmol) and DIPEA (4.4 mL, 25 mmol). The mixture was allowed to stir for
16 h at 22 °C after which time 15 mL of 10 % citric acid was added. The organic layer was
separated and washed with 15 mL of a saturated solution of NaHCO; and then 15 mL of brine,
dried over anhydrous Na,SOy, filtered, and concentrated under reduced pressure to yield a
white solid. This white solid was placed in a round-bottom flask and cooled to 0 °C,
HCl/dioxane (7.5 mL of 4.0 M solution) was added through a syringe. The mixture was
allowed to warm to 22 °C over 1 h and was concentrated. The unpurified product was
dissolved in water and basified with 3 N NaOH until pH 12. The product was extracted
with CH,Cl, (3 x 15 mL), the combined organic layer was washed with brine (1 x 10 mL),
and then dried over anhydrous Na,SO4. After filtration and removal of the solvent, the
unpurified amine was dissolved in 5 mL of CH,Cl,, followed by the addition of
I-methyl-2-imidazolecarboxaldehyde (1.1 g, 10 mmol) and MgSO4. The mixture was
allowed to stir for 12 h at 22 °C, filtered and concentrated to give a white solid, which was
dissolved in MeOH and cooled to 0 °C.  To this solution was added NaBH,4 (1.1 g, 30 mmol)
and conc. HCI (~10 puL). The solution was allowed to stir for 0.5 h at 0 °C and then 1 h at
22 °C, after which time 10 mL of a saturated solution of NaHCO; was slowly added to
quench the reaction. The product was extracted with CH,Cl, (3 x 15 mL), the combined
organic layer was washed with brine (1 x 10 mL), dried over anhydrous Na,SO, and
concentrated to yield a white solid (2.5 g, 81%). This unpurified product is of sufficient
purity and can be used directly for the asymmetric silylation. If necessary, purification by
chromatography (CH,Cl, to 98:2 CH,Cl,:MeOH) yielded the catalyst as a white solid. mp:
130.8-132.0 °C. IR: 3362 (br), 3267 (br), 3060 (m), 3025, (m), 2921 (s), 1660 (s), 1366 (W),
1034 (w) ecm™. *H NMR (CDCl3, 400 MHz): § 6.94 (1H, d, J=1.2 Hz), 6.82 (1H, d, J=1.2
Hz), 6.51 (1H, d, J=10.0 Hz), 3.91 (1H, dq, J = 9.6, 6.8 Hz), 3.80 (1H, d, J = 14.0 Hz), 3.62
(3H, s), 3.61 (1H, d, J=14.0 Hz), 2.68 (1H, s), 2.15 (1H, br, s), 1.06 (3H, d, J = 6.8 Hz), 0.97
(9H, s), 0.92 (9H, s). *C NMR (CDCls, 100 MHz): 5 171.9, 146.1, 127.5, 121.2, 72.5, 52.9,
44.8, 34.3, 34.2, 32.9, 27.5, 26.7, 16.8. HRMS (m/z + H): Calculated: 309.2654; Found:
309.2652. Optical Rotation: [0]*p -95 (¢ = 3.0, CHCls).

General procedure for the Kinetic resolution of 1,2-diols through catalytic

asymmetric silylation

Catalyst 1 (93 mg, 0.300 mmol or 62 mg, 0.200 mmol) and the diol substrate (1.00
mmol) were weighed into a 10 x 75 mm test tube. DIPEA (217 pL, 1.25 mmol) was added
with a Gilson Pipetman. The contents were dissolved in THF (200 pL for 1.4 M solution or
500 pL for 1.0 M solution), the tube was capped with a septum, and the mixture was cooled
to —78 °C. TBSCI (151 mg, 1.00 mmol) was dissolved in 100 uL. THF (total volume ~ 250
pL) and added to the test tube with a Gilson Pipetman. The test tube was capped with a
septum, wrapped with Teflon tape and the mixture was allowed to stir at the appropriate
temperature (see below for details) in a cryocool apparatus for the reported period of time.
The reaction was quenched by addition of methanol (50 pL). The mixture was allowed to
warm to 22 °C, diluted with ethyl acetate (15 mL) and washed with 10% citric acid (20 mL).
The aqueous layer was washed with ethyl acetate (2 x 15 mL) and the combined organic layer
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was dried over MgSQ,, filtered and concentrated to afford a yellow oil. The product and
unreacted starting material were purified by silica gel chromatography (load column with
hexanes, 100 mL CH,Cl, followed by 100 mL 2 % MeOH in CH,Cl,) and analyzed by chiral
GLC (Supelco Beta, or Gamma Dex 120).

The aqueous layer was basified with 3 N NaOH until pH 12 and washed with CH,Cl; (3
x 15 mL). The combined organic layer was dried over MgSQy, filtered and concentrated
under high vacuum to provide the recovered catalyst 1 as a white solid (mass recovery >
90%). The recovered catalyst was used directly for the silylation reactions with the same
efficiency and selectivity.

(2S,3R)-4-methylpentane-2,3-diol (2a, Entry 1, Table 2). The general procedure was
followed (0.3 equiv. 1, substrate concentration = 1.4 M, —50 °C for 72 h) to yield the product
as a colorless oil and the unreacted diol as a white solid.

HO OH Recovered starting material: 52 mg, 44 %. mp: 51.0-52.5 °C. 'H NMR

— (CDCls, 400 MHz): & 3.91 (1H, m), 3.29 (1H, m), 1.91 (1H, d, J = 4.0 Hz),

Me  i-Pr 1.73(1H, d,J=6.0 Hz), 1.66 (1H, m), 1.16 (3H, d, J = 6.4 Hz), 1.02 (3H, d,

J=6.8 Hz), 0.88 (3H, d, J = 6.8 Hz). *C NMR (CDCls, 100 MHz): & 80.2, 68.5, 30.6, 19.5,
19.1, 16.3. Optical Rotation: [a]*p -1.8 (¢ =0.76, CHCl5).°

Optical purity was established by chiral GLC analysis (Supelco Gamma Dex 120 (30 m
x 0.15 mm x 0.25 pm film thickness), 80 °C to 125 °C, 2 °C/min. 25 psi.); chromatograms are
illustrated below for a 96 % ee sample:

T FDTE, (WeRMEGAD, FIFH, (WOWSECRDGm T
] Py el
- H 2 ke :
'U. LN - i
- ®
i
» F. ]
w "
?0I 10 3
¢ = — i = . g — —
M we  wee wr we T ™ 14 183 Er 167 W ae n
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Aresz Beight Ares
# [min] [pA*g] [p&] 3 # [rin] ) [pA*a) [§=2:%1 %
el e [ B e | === T Rt M | === [ Bl B |-=———=—- | === |
1 10.434 1 PV 498.21370 79.1169% 495.1704¢ 1 10.582 1 PV 3.133;0 7.32297e-1 1.89778
2 1o.e83 1 VB 515.03040 71.31395 50.82954 2 10,770 1 VB 161.959%2 30,42337 98.10221
TBSO OH Product: 112 mg, 48 %. IR (neat, thin film): 3584 (w), 3496 (br), 2961 (s),

>_( 2930 (s), 2860 (m), 1480 (m), 1390 (m), 1256 (s), 1067 (s), 947 (m), 834

Me  i-Pr (s), 784 (s), 677 (m) cm™. *"H NMR (CDCls, 400 MHz): & 3.90 (1H, m),

3.16 (1H, dd, J = 8.4, 3.6 Hz), 2.41 (1H, s), 1.60 (1H, m), 1.07 (3H, d, J =

6.0 Hz), 1.01 (3H, d, J = 6.4 Hz), 0.89 (9H, s), 0.83 (3H, d, J = 7.6 Hz), 0.07 (3H, s), 0.06

(3H, s). ®*C NMR (CDCls, 100 MHz): & 80.4, 69.6, 30.1, 26.1, 19.8, 18.8, 18.4, 16.3, -4.09,

-4.51. HRMS (m/z + Na): Calculated: 255.1756; Found: 255.1759. Optical Rotation: [a]*p
+0.53 (¢ = 0.76, CHCL,).

6 Absolute configuration was assigned by analogy to other substrates in Table 2.
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Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 125 °C, 2 °C/min. 25 psi.); chromatograms are
illustrated below for an 81 % ee sample:

T A TR TR T — — FIDT A, (O VU-GLD- TV SPACOE O -
oA
K £
v _F’Yy& © i,"r
i 0
eD.
o A;'e;'-
a
— F PN MR e T e I Ponama——"
Peak RelTime Sig Type Area Height Arsa Feak RetTime Sig Iype Area Height Area
#  [min] _ [pA*s] [pa] % 4 [min] [pa*g) [pal %
e it R R R et |-————————- | === | T f=mmm=me e e e ==~ Jmmm e I
1 16.073 1 MF 493.82834  83.72791 48.44023 1 16.115 1 MM 25.35241 . 4.41114 9.25324
2 16.378 1 FEM 525.63068  B1.38625 51.55977 2 18.3%8 1 MM 248.63162  42.93807 90.74676

(1R,2S5)-1-cyclohexylpropane-1,2-diol (2b, Entry 2, Table 2). The general procedure
was followed (0.3 equiv. 1, substrate concentration = 1.4 M, =50 °C for 48 h) to yield the
product and the unreacted diol as colorless oil.

HO OH  Recovered starting material: 76 mg, 48 %. 'H NMR (CDCls, 400 MHz):

— 8 3.94-3.86 (1H, m), 3.34 (1H, dd, J = 8.4, 3.6 Hz), 2.77 (1H, br), 2.10-0.80
Me Cy  (12H, m), 1.14 (3H, d, J = 6.4 Hz). *C NMR (CDCl;, 100 MHz): & 79.1,
68.2, 40.2, 29.6, 29.0, 26.6, 26.2, 26.0, 16.2. Optical Rotation: [a]”p +4.3 (¢ = 0.76,
CHCl3).”

Optical purity was established by chiral GLC analysis (Supelco Gamma Dex 120 (30 m
x 0.15 mm x 0.25 um film thickness), 110 °C for 66 min, 25 psi.); chromatograms are
illustrated below for a 91 % ee sample:

IO b (YO A D) — FIOT &, (Y0NW11755MG D)
A, i i - 8 #@ |
o At 2 |
¥ ! .3"\. 7 &
Y / \\ I
/ ™, |
/ N |
f AN |
& / \ |
. §0 /
| — T / —
N S . A, S~
o o [ ! ™ ' I T e 885 " w4 (|
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Beight Area
£ [min] [pR*s] [BA] 5 # [min) {phts] (pal &
i e |l Rl R |=======——- | ===m——— || —-=—f-=— el el e e | === | ———— |
1 52.863 1 MF 342.913141 T.21407 45.54172 1 53.%05 1 MM 3.71945 1.28838Be-1 4.49626
2 54.3% 1 FM 349.25549 6.49032 50.45828 2 55.105 1 MM 79.00380 1.99854 85.50374

TBSO OH Product: 136 mg, 50 %. IR (neat, thin film): 3584 (w), 3490 (br), 2930 (s),
>_( 2855 (m), 1457 (w), 1388 (w), 1262 (m), 1134(m), 1080 (m), 954 (m),

Me Cy 840 (s), 777 (m), 677 (w) cm™. *"H NMR (CDCls, 400 MHz): & 3.87-3.83
(1H, m), 3.23 (1H, dt, J = 8.4, 1.6 Hz), 2.39 (1H, d, J = 1.6 Hz), 2.07 (1H,

7 Absolute configuration of the recovered diol was assigned as (1R,2R) by comparing optical rotation to what
was reported. See: Cervinka, O.; Struzka, V. Collect. Czech. Chem. Commun. 1990, 55, 2685-2691.
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m), 1.8-0.9 (10H, m), 1.06 (3H, d, J = 6.0 Hz), 0.88 (9H, s), 0.06 (3H, s), 0.05 (3H, s). °C
NMR (CDCls, 100 MHz): & 79.3, 69.3, 39.7, 29.9, 28.8, 26.8, 26.2, 26.1, 18.3, 16.2, -4.2,
4.6. HRMS (m/z — H): Calculated: 271.2093; Found: 271.2106. Optical Rotation: [a]*b
-5.99 (¢ = 1.00, CHCI3).

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 180 °C, 2 °C/min, 25 psi.); chromatograms are
illustrated below for an 88 % ee sample:

D ) )] ] ' ] T
& IR &
I e 1
o, C /
‘i*"w ?}x“’" £ eﬁ
S A
T s ‘ws T n .._,: ne s N PR
Feak RetTime 3ig Type Area Height Erea Feak RetTime Sig Type Area Height Lrea
# [(min) {pA*s] ipal $ #  [min] [pa*s] [pa) %
memm e |=== === [ === [mm————— || i [ | |=====———=- e —— |
1 37.8l4 1 MF 16.54903 2.32452 5.14338 1 38.8B72 1 MF 14.10582 2.08461 6.23131
2 38.123 1 FBM 18.74727 2.48294 5.82659 2 39.163 1 FM 212.26584 27.18058 83.76869
3 38.835 1 MF 138.04521 19.22773 42.30397
4 39,140 1 FM 148.41243 19.11686 46.12606

(1R,2S5)-1-phenylpropane-1,2-diol (2c, Entry 3, Table 2). The general procedure was
followed (0.3 equiv. 1, substrate concentration = 1.4 M, —40 °C for 48 h) to yield the product
and the unreacted diol as colorless or pale yellow oil.

HQ  OH Recovered starting material: 46 mg, 30 %. 'H NMR (CDClLs, 400 MHz): §

‘ 7.37-7.27 (5H, m), 4.68 (1H, d, J = 4.4 Hz), 4.01 (1H, dq, J = 6.4, 4.4 Hz),

Me  Ph 3726 2H, m), 1.08 3H, d, J = 6.4 Hz). °C NMR (CDCls;, 100 MHz): &

140.5, 128.5, 128.0, 126.8, 71.5, 46.2, 17.5. Optical Rotation: [a]*p -39.4 (c = 1.00,
CHCL).}

Optical purity was established by chiral GLC analysis after conversion to the mono silyl
ether (Supelco Beta Dex 120 (30 m x 0.15 mm x 0.25 pum film thickness), 110 °C for 98 min,
25 psi.); chromatograms are illustrated below for a 96 % ee sample:

UNV-205 [
o — — —
-1 é-w\m
8 4
i
chy ph \
\ &
g & 8
&
i B
,_\-‘/ \ L m: - |
—_—
S T W |
i P — —— —
W ma I T TI o4 |

¥ Absolute configuration of the recovered diol was assigned as (1R,2R) by comparing optical rotation to what
was reported. See: Kreutz, O. C.; Moran, P. J. S.; Rodrigues, J. A. R. Tetrahedron Asymm. 1997, 8, 2649-2653.
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Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Height Area
£ [min] [pA¥s] [pa) % $+  [min] fpA*s] ipA] 3
plteia et |===] === m [ === [ ===l |=== ===l e [ |
1 91.682 1 MF 101.33852 1.31157 36.36028 1 103.378 1 MF B7.36164 8.77207 98.16998
Z 93.686 1 FM 125.38580 1.40348 44,98843 2 103.881 1 FM 1.62854 3.16785e-1 1.83002
3 103.549% 1 M 25.32958 3.48048 9.08826
4 104.039 @ MM 26.65263 3.74668 9.56207

TBSO oOH Product: 181 mg, 68 %. IR (neat, thin film): 3446 (br), 2955 (m), 2936 (m),

2886 (m), 2861 (m), 1476 (w), 1382 (w), 1262 (m), 1142 (m), 1092 (s), 979

Me Ph  (m), 897 (w), 834 (s), 777 (s), 702 (s) cm™". 'H NMR (CDCls, 400 MHz):

8 7.35-7.23 (5H, m), 4.67 (1H, dd, J = 4.0, 2.0 Hz), 4.00 (1H, dq, J = 6.0, 4.0 Hz), 2.61 (1H,

d, J = 2.0 Hz), 0.98 (3H, d, J = 6.0 Hz), 0.91 (9H, s), 0.07 (3H, s), 0.04 (3H, s). °C NMR

(CDCl3, 100 MHz): & 140.8, 128.2, 127.5, 126.6, 77.6, 72.7, 26.1, 18.3, 17.3, -4.29, -4.76.
HRMS (m/z + Na): Calculated: 289.1600; Found: 289.1597.

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 pm film thickness), 110 °C for 98 min, 25 psi.); chromatograms are
illustrated below for a 39 % ee sample:

. e TWTHFRCD -
&
&
Hi—ﬂms g
] » & [ | =
3 ¥ @“a 5(\.9, | 1 +
1 " /3.-» ' 2
q 5/“\\kr/ \\\\\%‘ L m_i .
34 S S --_._A‘___i__._/_‘,—' | - — —
i —— P o 3 TE = S e e
Peak RetTime Sig Type Area Height Area Peak RetTime 3ig Type Area Height Area
$#  [min] [pA¥s] [pA] 2 4 [min] [pA*s] [pA] 2
R R el o, J=mmmmmmmms o I el Eoen s e = !
1 91.682 1 MF 101.33852 1.31157 36.36028 1 163.398 1 MM 133.58871 21.00230 30.55615
2 93.686 1 FM 125, 385400 1.40348 44.98848 2 103.870 1 MM 302.60214 46.23050 692.44385
3 103.549 1 MM 35.32958 3.48048 9.0882¢
4 104.039 @ MM 26.65263 3.74668 9.56257

(2S,3R)-pentane-2,3-diol (2d, Entry 4, Table 2). The general procedure was followed
(0.3 equiv. 1, substrate concentration = 1.4 M, —40 °C for 48 h) to yield the product and the
unreacted diol as colorless or pale yellow oil.

HO  OH Recovered starting material: 38 mg, 36 %. 'H NMR (CDCls, 400 MHz):

J—\  83.78 (1H, dq, J = 6.8, 3.2 Hz), 3.51 (1H, m), 1.95-1.80 (2H, m), 1.41 (2H,

Me  Et  m) 1.11 (3H, d, J = 6.4 Hz), 0.96 (3H, t, J = 7.6 Hz). °C NMR (CDCls, 100
MHz): § 76.7, 70.4, 25.0, 16.8, 10.8. Optical Rotation: [a]*p +8.4 (c = 0.76, CHCL3).”

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 pm film thickness), 90 °C for 30 min, 25 psi.); chromatograms are illustrated
below for a 98 % ee sample:

? Absolute configuration was assigned by analogy to other substrates in Table 2.
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N - LT SR
ﬁ' I “‘9\\ 1 d
. &
L P
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Height Area
i [min] [pA*s] [pAa] % ¥ {min] [pA*s] - [pA} | %
e ———— [ K | === | a— | | === | === === [ m e [ |
1 16.500 1 MF 95.45496 T.04614 48.70447 1 16.545 1 MM 2.73038 4.50187e-1 0.81663
2 17.005 1 FM 100.53313 6.51594 51.29553 2 16.73% 1 MM 331.81722 14.64122 99.18337

TBSO OH Product: 109 mg, 50 % (as a 97:3 mixture of regioisomers, with the major

isomer shown). "H NMR (CDCls, 400 MHz): & 3.77 (1H, m), 3.44 (1H, m)

Me Et [3.53 (IH, m) for minor regioisomer], 2.20 (1H, br) [2.08 (1H, m) for

minor regioisomer], 1.40 (2H, m), 1.05 (3H, d, J = 6.0 Hz), 0.96 (3H, t, J=7.2 Hz), 0.88 (9H,

s), 0.06 (6H, s). *C NMR (CDCls, 100 MHz): § 76.9, 71.2, 26.1, 25.2, 18.4, 17.0, 10.8, -4.07,
-4.48. Optical Rotation: [a]*p -8.2 (¢ =0.76, CHCL).

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 pum film thickness), 90 °C for 30 min, 25 psi.); chromatograms are illustrated
below for a 73 % ee sample (96 % ee for minor isomer):

(EAWLRGC D= IC
s = 5 o
. L
T o [
} I LT
. g
{ =]
wl G
.
;S: f
ﬁw _AJ PR :_ = ﬁﬁ
— S - . ] ~ o -
— & . — —
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Height Area
¥ [min] [pA*s] [pA] % # [min] [pa*s) | [eR] ¥
el S leafomaa[oe s et it | et e |-—====== | - | == | e e e S — | |
1 17.813 1 MF 56.43366 4.77207 42.00507 1 17.557 1 MF 894.73267 114.73210 13.2214¢
2 18.168 1 FM 58.754%8 4.73038 43.73252 2 17.743 1 FM 5610.90332 298.44305 82.91229
3 21.53% 1 MM 9.43957 6.36557e-1 7.02612 3 21.514 1 MM 4.99542 3.75922e-1 (.G7382
4 23.151 1 MM 9.721%3 6.02726e-1 7.23623% 4 23.047 1 ®M 256.64462  16.14813 3.79244

(3R,4R)-3,4-dihydroxypentan-2-one (2e, Entry 5, Table 2). The general procedure was
followed (0.3 equiv. 1, substrate concentration = 1.4 M, —50 °C for 48 h) to yield the product
and the unreacted diol as colorless oil.

HQ OH Recovered starting material: 40 mg, 34 %. IR (neat, thin film): 3396 (br),
— 2980 (m), 2924 (m), 1715 (s), 1476 (w), 1363 (m), 1294 (m), 1237 (m),
Meﬁ%l\ﬂe 1136 (m), 1086 (m), 1004 (w) cm™. *H NMR (CDCls, 400 MHz): & 4.29
O (1H, d, J=3.6 Hz), 4.11 (1H, dq, J = 6.4, 4.0 Hz), 2.25 (3H, s), 1.12 (3H, d,

J = 6.4 Hz). ®*C NMR (CDCls, 100 MHz): § 207.9, 80.9, 68.8, 27.0, 17.8. Optical Rotation:
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[a]”p +131 (c=1.00, CHCl5)."

Optical purity was established by chiral GLC analysis (Supelco Gamma Dex 120 (30 m
x 0.15 mm x 0.25 pm film thickness), 80 °C to 120 °C, 2 °C/min. 25 psi.); chromatograms are
illustrated below for a 91 % ee sample:

FIDZ B (YUATTTGARD) | FIlFE (vovescany
R 3 & o || =1 g
_j".-‘c.‘ [‘\‘5’." | .9“
= 3
|
-
F s T P T 127 A 3% i ,' " Tiis — 14 s s 7 .
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Helight Area
¥ [min) [pA*s] [pA] % T [min]) [pA*s] [pA] %
e e e [ T e e e | R [== o e e | m e | ==
1 12.354 1 MM 129.47852 20.21781 30.38468 1 12.3532 1 MM 14.93608 2.31281 4.35639
2 12.736 1 MM 127.50142 18.26363 49.61532 2 12.625 1 MM 327.91843 44,1545€ 95.64361

Product: 104 mg, 45 %. IR (neat, thin film): 3478 (br), 2961 (m), 2930

TBSO, OH
(m), 2854 (m), 1721 (m), 1476 (w), 1363 (w), 1262 (m), 1099 (s), 834

Me Me (s), 778 (5), 664 (w) cm™. 'H NMR (CDCls, 400 MHz): & 4.06-3.98

o) (2H, m), 3.24 (1H, d, J = 4.8 Hz), 2.27 (3H, 5), 1.21 (3H, d, J = 6.4 Hz),

0.88 (9H, s), 0.08 (3H, s), 0.06 (3H, s). *C NMR (CDCls, 100 MHz): 5 209.4, 81.5, 71.2,
28.3,26.0, 19.8, 18.3, -4.29, -4.56. HRMS (m/z - H): Calculated: 231.1416; Found: 231.1418.

Optical Rotation: [a]*p -138 (¢ =1.00, CHCl;).

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 pum film thickness), 85 °C for 75 min, 25 psi.); chromatograms are illustrated

below for a 71 % ee sample:

— FIDT A [YUWAZO4.85 0]
o 5 9 . 5 g o o
"l L2 g o - .%- & g
1 e Bl | - o g
) A | » | .
| |
| &
g g & . ® 5 -
= ____H,E?_;________d - _ 4 @
_ ] I s o ]| -] [ ™ P I
Peak RetTime Sig Type Area Height Aresa Pezk RetTime Sig Type Area Height Area
[min] [pA*s]- [pAal ] # [min] [gA*s] [pRA] %
e e el e s —— | ======== | === [ mmm e [l el e |——————- S — |
1 62,180 1 MWF 14.23628 3.54110e-1 2.106585 T 62.174 1 MM 4.73319.1.45067e-1 0.32142
83,960 1 FM 15.12038 3.36211e-1 2.23780 2 63.90% 1 MM 50.31831 1.21458 3.418695
3 67.538 1 MF 304.36377 T.05044 45.04548 3 87.006 1 MF 1215.35168 21.59599 82.53055
4 B8.900 1 FM 341.96060 6.24264 50.60977 7 58.768 1 TFM 20220500 3.50958 13.73108

(2S,3S5)-1,1-diethoxybutane-2,3-diol (2f, Entry 6, Table 2). The general procedure

12" Absolute configuration was assigned as (3R,4R) by converting the recovered diol to the corresponding TIPS
ether and comparing optical rotation to what was reported. See: Nicolaou, K. C.; Mitchell, H. J.; Jain, N. F.;
Bando, T.; Hughes, R.; Winssinger, N.; Natarajan, S.; Koumbis, A. E. Chem. Eur. J. 1999, 5, 2648-2667.
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was followed (0.3 equiv. 1, substrate concentration = 1.4 M, —30 °C for 24 h) to yield the
product and the unreacted diol as pale yellow oil.

HQ OH Recovered starting material: 78 mg, 44 %. IR (neat, thin film): 3434 (br),
— 2980 (s), 2930 (s), 2905 (m), 1451 (w), 1375 (w), 1130 (m), 1067 (s),
eﬁ%OEt 1004 (w), 840 (w), 784 (w) cm™. *H NMR (CDCls, 400 MHz): & 4.49 (1H,
EtO d, J=5.6 Hz), 3.88 (1H, dg, J = 6.4, 6.4 Hz), 3.82-3.74 (2H, m), 3.66-3.54
(2H, m), 3.46 (1H, dd, J = 5.6, 5.6 Hz), 1.26-1.20 (9H, m). *C NMR (CDCls, 100 MHz): &
103.7, 74.3, 68.3, 63.8, 63.7, 18.7, 15.7, 15.5. HRMS (m/z + Na): Calculated: 201.1103;
Found: 201.1093. Optical Rotation: [a]*p -15.3 (c = 0.76, CHCl;)."

M

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 180 °C, 2 °C/min, 25 psi.); chromatograms are
illustrated below for a >98 % ee sample:

W2TEA
FOTK (OO TTRED) e ™ &
o § & e “ o’
i M 9 \
»
B
o
H A . _ e = . 1 11 S LI
#2
. . . . Peak RetTime Sig Type Area Height Area
Peak RetTime 35ig Type Area Height Area ; ;
N N = A e L. okt R . SV
1 23.628 1 MM 268.63211. 37.01902 49.85379 Tonen 1w 24-81572. 7.32248 1.000e2
2 24.177 1 MM 270.20782 35.16538 50.14621
TBSO OH Prod: 152 mg, 52 %. IR (neat, thin film): 3578 (br), 3490 (br), 2980 (s),

)—& 2961 (s), 2936 (s), 2899 (m), 2861 (m), 1480 (w), 1380 (w), 1260 (m),
Me OEt 1099 (s), 1067 (s), 840 (s), 784 (s), cm™". *H NMR (CDCls, 400 MHz):

EtO §4.47 (1H, d, J = 5.2 Hz), 3.91 (1H, dq, J = 6.4, 5.2 Hz), 3.82-3.52
(4H, m), 3.49 (1H, dd, J = 5.2, 5.2 Hz), 2.36 (1H, d, J = 4.0 Hz), 1.24 (3H, t, J = 7.2 Hz),
1.21 (3H, t,J =7.2 Hz), 1.16 (3H, d, J = 6.4 Hz), 0.88 (9H, s), 0.07 (3H, s), 0.06 (3H, s). *C
NMR (CDCls, 100 MHz): § 102.0, 75.7, 68.9, 63.2, 63.1, 26.1, 18.8, 18.3, 15.6, 15.59, -4.07,
-4.60. HRMS (m/z + Na): Calculated: 315.1968; Found: 315.1965. Optical Rotation: [a]*p
-3.7 (¢ =0.76, CHCl5).

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 180 °C, 2 °C/min, 25 psi.); chromatograms are
illustrated below for an 80 % ee sample:

" Absolute configuration was assigned by analogy to other substrates in Table 2.



Zhao, et al., Page SI 7 !

Fi YU-GED- 1 (YUIVITETED)
TICREE — ph 7 p,;
# - B4
W i
IS w |
S |
e !
o, {;'&: | ]
| We  oms |
/ |
Rz g
a & 8 ! e
i ey B I o o
S 8 = n 5 = =
204 )
Feak RetTime Sig Type Brea Height Area Peak RetTime Sig Type Bres Height Area
4 [min] ) [pA*s] [p2] % # [min]} [pAa*s] [pal %
il Bttt === ==—=m===== | === | === ] ---- === [l Rl B B | === |
1 30.135 1 MF 1707.86023 243,98856 43.23357 T 29,8958 1 MF 41.54369 5.91283 10.38093
2 30.442 1 EM  1782.713%0 257.90570 45.12845 2 30,297 1 FM 358.84856  46.75195 89.61507
3 32.235 1 MM 231.78370 32,03096 5.86713
4 32.726 1 MM 227,9%6061 31.59541 5.77085

(2S,3S)-ethyl 2,3-dihydroxybutanoate (2g, Entry 7, Table 2). The general procedure
was followed (0.3 equiv. 1, substrate concentration = 1.4 M, —-30 °C for 72 h) to yield the
product and the unreacted diol as colorless oil.

HO OH Recovered starting material: 47 mg, 32 %. *H NMR (CDCls, 400 MHz): §

an 4.28-4.16 (3H, m), 4.04 (1H, m), 3.70 (1H, br), 3.20 (1H, br), 1.26 (3H, t, J
Me  CO2Et =¢8Hz), 1.15 (3H, d, J = 6.4 Hz). *C NMR (CDCls, 100 MHz): & 172.7,
74.6,69.2, 61.9, 17.4, 14.3. Optical Rotation: [a]*p +3.9 (c = 0.76, CHCl;)."

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 90 °C for 90 min, 10 °C/ min to 180 °C, 25 psi.);
chromatograms are illustrated below for an 87 % ee sample:

D1 &, (TUZTACHRD 0]

4
| g &
F: il &
\ 8
I #

L L] 51 4 = 54 L el
Peak RetTime Sig Type Area Helight Area Peak Retlime 81g Iype Area Height Area
# [min] [pA*s] [ph] % # [min] [pA*s] [pa] 5
it [ |====l=======-= [=mmmmmoms [ || === immmmmes Il s [ |========
1 45,753 1 MM 191.41978 360422 52.40666 1 46.881 1 MM 3.00143 9.37315e-2 6.67517
2 51.805 1 MM 173.838Y0 2.68713 47.59334 2 52.597 1 MM 41.96283 7.29333e-1 93.32483

TBSO OH Major product: 89 mg, 34 %. IR (neat, thin film): 3484 (br), 2961 (s),
2930 (s), 2898 (m), 2861 (m), 1746 (s), 1469 (w), 1375 (w), 1262 (s),

Me  CO2Et 1212 (m), 1150 (m), 1092 (s), 985 (m), 840 (w), 784 (w) cm™". *H NMR
(CDCl3, 400 MHz): 6 4.30-4.20 (2H, m), 4.12-4.02 (2H, m), 2.92 (1H, d, J = 6.4 Hz), 1.31
(3H, t, J = 7.2 Hz), 1.21 (3H, d, J = 6.4 Hz), 0.86 (9H, s), 0.08 (3H, s), 0.07 (3H, s). **C
NMR (CDCls, 100 MHz): 6 172.4, 75.7, 71.2, 61.6, 26.0, 19.4, 18.2, 14.5, -4.30, -4.62.

12 Absolute configuration of the recovered diol was assigned as (25,3S) by comparing optical rotation to what
was reported. See: Solladie, G.; Gressot, L.; Colobert, F. Eur. J. Org. Chem. 2000, 357-364.
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HRMS (m/z + Na): Calculated: 285.1498; Found: 285.1495. Optical Rotation: [a]*p
-17.9 (¢ =0.76, CHCI3).

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 90 °C for 90 min, 10 °C/ min to 180 °C, 25 psi.);
chromatograms are illustrated below for a 78 % ee sample:

FILA K, (YUWEEIA D] - - _r.n|1"|'|:-'vu.c:u.|.ru.n'g.- ]
*, e "
‘\_ / .\\ o F g§
. / . . a
‘_ -~y . % - . — 8 = P = R = — = —
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type ‘Area . Height Area
I [min] [pA*s5] [§=FN] % # [min] [pRr*s] . [pR] %
e iSsTy sl | s | =mmmm | === | mrmm | mm———— | ===l === == | === | i |
1 B8&.050 1 MF 402.16523 7.82531 48.9849%4 1 B5.833 1 MF 164.01733 3.55264 10.76497
2 B7.910 1 FM 418.83352 7.07231 51.01506 2 B7.363 1 FEM 1359. 60303 20.03400 B89.23503

HO  OTBS  Minor product: 16 mg, 6 %. IR (neat, thin film): 3490 (br), 2958 (m),

\ 2930 (s), 2898 (m), 2857 (m), 1735 (s), 1473 (w), 1375 (w), 1257 (s), 1187
Me  COEt (), 1154 (s), 1112 (s), 1030 (s), 940 (m), 838 (s), 779 (s) cm™. *H NMR
(CDCl3, 400 MHz): 6 4.25-4.15 (2H, m), 4.12 (1H, d, J = 4.0 Hz), 4.03-3.97 (1H, m), 2.34
(1H, br), 1.42 (3H, t, J = 7.2 Hz), 1.18 (3H, d, J = 6.0 Hz), 0.92 (9H, s), 0.09 (3H, s), 0.08
(3H, s). ®C NMR (CDCl;, 100 MHz): § 171.9, 76.3, 69.7, 61.2, 26.0, 18.6, 18.2, 14.5, -4.56,
-4.98. HRMS (m/z): Calculated: 263.1679; Found: 263.1689. Optical Rotation: [a]*p
-36.9 (c = 0.50, CHCly).

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 90 °C for 90 min, 10 °C/ min to 180 °C, 25 psi.);
chromatograms are illustrated below for an 82 % ee sample:

FIOT A, (YUWZZISMEE DY - ] - = R ———— JE— . —
% ol 8
R Tﬁd 250] 1
g, | o i |
100
w@
W w4 g [ s 2 mm T wn o s da aim
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Irea Height Area
i3 [min] [pa+s] [pa] 2 # [min] [pa*s] [pa] %
| mm————— fm=fm— = |- o= | | ====1===== | ===l === === S —— | |
1 93.950 1 MM 314.56012 32.26539 45.5050%9 1 83.913 1 BB 227.63339 21.78797 B.54588
2 94.857 1 MM 320. 84988 44,52871 50.49421 2 94,726 1 MM 2316.22749 231.82747 91.05412

(2S,3S)-tert-butyl 2,3-dihydroxybutanoate (2h, Entry 8, Table 2). The general
procedure was followed (0.3 equiv. 1, substrate concentration = 1.4 M, —30 °C for 72 h) to
yield the product and the unreacted diol as colorless or pale yellow oil.
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HO  OH Recovered starting material: 60 mg, 34 %. *H NMR (CDCls, 400 MHz):
/\ § 4.09 (1H, m), 4.02 (1H, m), 3.08 (1H, br), 2.30 (1H, br), 1.50 (9H, s),
Me  COxt-BU 1§ (3H, d, J = 6.4 Hz). ®°C NMR (CDCls, 100 MHz): § 172.1, 83.5,
74.4,69.3,28.3, 17.5. Optical Rotation: [a]*p +1.6 (c = 0.76, CHCl;)."
Optical purity was established by chiral GLC analysis (Supelco Gamma Dex 120 (30 m
x 0.15 mm x 0.25 pum film thickness), 90 °C for 30 min, 25 psi.); chromatograms are
illustrated below for a 90 % ee sample:

FID1 B,
4 8 Y Ll
P : i &
i ‘.‘i‘ ‘-“‘1,;»‘ A
\
R
\\\ - g &
— B e |
o s "ms | s n e i | ws s s ww  ds  mm  w @ ~-1|
Feak RetTime Sig Type Area Height Rrea Peak RetTime Sig Type Area Height Area
# [min] [ph*s] [pAa] % # [min] [pA*g] [pA] %
il B [ e R == | == | ] === l==mmmme | ===l | == [mm—m |
1 27.783 1 wuF 74.683\33 4.312076 48.19348 1 27.722 1 MF 16.?3443 1.06943 5.455289
2 2B.446 1 FM g0.28234 3.79880 51.80652 2 28.176 1 FM 290.02185 11.22637 94.54471

Major product: 128 mg, 44 %. IR (neat, thin film): 3515 (br), 2961
(s), 2936 (s), 2898 (m), 2861 (m), 1734 (s), 1476 (w), 1380 (m), 1262
Me CO,t-Bu (s), 1150 (m), 1089 (s), 991 (m), 840 (w), 784 (w) cm™. 'H NMR
(CDCl3, 400 MHz): 6 4.06 (1H, dq, J = 6.8, 2.0 Hz), 3.95 (1H, dd, J
= 6.8, 2.0 Hz), 3.05 (1H, d, J = 6.8 Hz), 1.50 (9H, s), 1.21 (3H, d, J = 6.4 Hz), 0.88 (9H, s),
0.08 (3H, s), 0.06 (3H, s). *C NMR (CDCls, 100 MHz): & 171.5, 82.6, 75.7, 71.6, 28.4, 26.0,
19.6, 18.3, -4.40, -4.56. HRMS (m/z + Na): Calculated: 313.1811; Found: 313.1807.
Optical Rotation: [a]*p -15.0 (c = 0.76, CHCl;).

TBSO OH

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 pm film thickness), 90 °C for 30 min, 10 °C/ min to 100 °C, then 100 °C for
54 min, 25 psi.); chromatograms are illustrated below for a 77 % ee sample:

O A& {OVOLGED-TWUNTE 1.0

13 Absolute configuration of the recovered diol was assigned as (25,3S) by comparing optical rotation to what
was reported. See: d'Angelo, J. ; Pagés, O.; Maddaluno, J.; Dumas F.; Revial, G. Tetrahedron Lett. 1983, 24,
5869-5872.
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Peak Ret?lme 5ig Type Araza Height Area Peak RetTime Sig Type Area - Height Area
# [min] [ph*s] [pAl 5 4 [min] ipA*s] [pd] %
=== e il e | === |y I ===l === === mm——————— | === | == |
1 B1.293 1 BB 451.16851 10.57283 49.20727 1 81.582 1 WMF 1b8.28951 2.,29563 11.34465
2 B83.103 1 BB 465.,70586 9.11461 50.78273 2 83.042 1 FM 846.33148 13.71864 88.65535

Minor product: 23 mg, 8 %. IR (neat, thin film): 3469 (br), 2955 (s),
— 2930 (s), 2857 (m), 1749 (s), 1473 (w), 1368 (m), 1254 (s), 1145 (s),
Me  CO,t-Bu 1032 (w), 876 (m), 837 (s), 780 (w) cm™. *H NMR (CDCls, 400 MHz):
§ 4.22-4.00 (1H, m), 4.00-3.94 (1H, m), 2.32 (1H, d, J = 6.4 Hz), 1.48
(9H, s), 1.17 (3H, d, J = 6.4 Hz), 0.92 (9H, s), 0.11 (3H, s), 0.07 (3H, s). °C NMR (CDCls,
100 MHz): & 171.0, 81.9, 76.5, 69.8, 28.4, 26.0, 18.6, 18.1, -4.40, -5.00. HRMS (m/z):
Calculated: 291.1992; Found: 291.1995. Optical Rotation: [a]*p -32.8 (c = 0.5, CHCI3).

HO OTBS

-

Optical purity was established by chiral GLC analysis (Supelco Gamma Dex 120 (30 m
x 0.15 mm x 0.25 pum film thickness), 90 °C for 30 min, 10 °C/ min to 100 °C, 25 psi.);
chromatograms are illustrated below for an 88 % ee sample:

TS - -
T TR (VWA D B A -
A = A&
¢ ¥
g &
_ S 1 — T wa  wm —
T e it T
Feak RetTime Sig Type Area Helght Area Peak RetTime Sig Type Area Height Area
# [min] [pR*s] {pA] % # [min] [pR*s} [pal ¥

Sy [===] === === | ———— === | | === [ Rl Rttt Bttt [mmmmm - |

1 37.848 1 MF 32.34862 13.00685 48.72883 1 37.845 1 MF 75.82767 32.35736 5.93885

2 37.919 1 ®M 34.03635 13.18150 51.27117 2 37.934 1 FM 1200.988071 455.72354 94.06115

(S)-3-tert-butoxypropane-1,2-diol (5a, Entry 1, Table 3). The general procedure was
followed (0.2 equiv. 1, 0.75 equiv. TBSCI, substrate concentration = 1.0 M, —78 °C for 24 h)
to yield the product and the unreacted diol as colorless or pale yellow oil.

OH Recovered starting material: 56 mg, 38 %. *H NMR (CDCLs, 400 MHz):
HO\/:\/Ot-Bu 6 3.81-3.75 (1H, m), 3.74-3.60 (2H, m), 3.50-3.41 (2H, m), 1.20 (9H, s).
BC NMR (CDCls, 100 MHz): & 73.8, 70.8, 64.8, 64.0, 27.7. Optical

Rotation: [a]*p -1.0 (c=0.76, CHCl5)."

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 180 °C, 2 °C/min, 25 psi.); chromatograms are
illustrated below for a 74 % ee sample:

4" Absolute configuration of the recovered diol was assigned as (S) by comparing optical rotation to what was
reported. See: Verheij et al. Chem. Phys. Lipids. 1971, 6, 46.
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Feak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Height Area
# imin] [pA*s] [p&] % # [min] [Rph*s] [pa] &
mmmm [==l==m e f=——mm————— | mrmm e || —===l=== |=== === === [mmm e [ |
1 21.017 1 MF 538.18488 40.50676 51.11072 1 21.115 1 MF 170.63725.  16.66628 §7.12411
2 21.478 1 FM 514.78352 35.81774 16.88928 2 21.632 1 FM 25.21812 2.68165 12.87589
OH Product: 121 mg, 46 %. IR (neat, thin film): 3584 (w), 3459 (br),

850X _otBu 2960 (s), 2930 (s), 2854 (m), 1476 (m), 1369 (m), 1268 (m), 1200

(m), 1092 (s), 941 (w), 840 (s), 777 (s), 671 (w) cm™. *H NMR
(CDCls, 400 MHz): & 3.76-3.68 (1H, m), 3.66-3.58 (2H, m), 3.43-3.34 (2H, m), 2.49 (1H, br),
1.18 (9H, s), 0.89 (9H, s), 0.07 (3H, s), 0.06 (3H, s). *C NMR (CDCl;, 100 MHz): § 73.2,
71.3, 64.2, 62.6, 27.8, 26.1, 18.6, -5.10, -5.10. HRMS (m/z + Na): Calculated: 285.1862;
Found: 285.1863.

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 180 °C, 2 °C/min, 25 psi.); chromatograms are
illustrated below for a 58 % ee sample:

Wita R o
R . S
A A\ # A
g & \
¥ \
#
e
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Height Area
# [min] [pa*a] [pa] % ¥ [min] [pA*s] [pE] %
e Rl e e | === | === || -l ==l llo e S — -
1 27.2%% 1 MM 223.38017 29,8020% 47.86858 1 27.266 1 MM 260.15233 37.81084 20.99324
20027.6%2 1 MM 243.27387 29,13018 52.13144 2 27.607 1 MM $78.06799 99.55981 79.00676

(S)-3,3-diethoxypropane-1,2-diol (5b, Entry 2, Table 3). The general procedure was
followed (0.2 equiv. 1, 0.75 equiv. TBSCI, substrate concentration = 1.0 M, —78 °C for 24 h)
to yield the product and the unreacted diol as pale yellow oil.

OH Recovered starting material: 41 mg, 25 %. *H NMR (CDCls, 400 MHz):

HO OEt § 4.45 (1H, d, J = 6.0 Hz), 3.80-3.50 (7H, m), 1.21 (3H, t, J = 7.2 Hz),
1.19 (3H, t, J = 7.2 Hz). ®C NMR (CDCls, 100 MHz): § 103.5, 71.9,

64.4, 63.7, 62.6, 15.5. Optical Rotation: [a]*p -8.4 (c = 0.76,
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CHCl;)."

Optical purity was established by chiral GLC analysis after conversion to the mono silyl
ether (Supelco Beta Dex 120 (30 m x 0.15 mm x 0.25 um film thickness), 80 °C to 180 °C, 2
°C/min, 25 psi.); chromatograms are illustrated below for an 84 % ee sample:

BT A [FURZRTCREE B — - —
2y G g8 g .FILJ-.A"_Wia_'HDD. "—;-—" . —
i 1‘7 N: 1 ,5\_ yﬁu
i S
g
.
S 2 E T B | e _ I
304 s e wr e s o
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Height Area
# [min] [pA*s] [pa] % ¥ {min] [pA*8] [p] %
il [ s i S o I==-—=--- [ —— = === I S I
L030.431 1 MF 1027.56750 153,69164 17,23514 1 30.418 1 MF 225.00624  30.78786 92.39846
2z 30.675 1 FM  1147.86279 142.93468 52.76486 2z 30.868 1 FM 18.5110¢ 2.53302 7.80154
OH Product: 153 mg, 55 %. IR (neat, thin film): 3490 (br), 2930 (s), 2886

TBSO\/'\rOEt (m), 2861 (m), 1470 (m), 1376 (w), 1256 (s), 1123 (s), 1067 (s), 840 (s),

777 (m), 677 (w) cm™ . *H NMR (CDCls, 400 MHz): & 4.47 (1H, d, J =

OEt 5.6 Hz), 3.80-3.50 (7H, m), 2.44 (1H, d, J = 4.4 Hz), 1.22 3H, t, J =

4.0 Hz), 1.20 (3H, t, J = 4.0 Hz), 0.89 (9H, s), 0.06 (6H, s). °C NMR (CDCls, 100 MHz): &

102.3, 72.4, 63.7, 63.4, 62.9, 26.1, 18.5, 15.6, 15.5, -5.13, -5.19. HRMS (m/z + Na):
Calculated: 301.1811; Found: 301.1824. Optical Rotation: [a]*p +8.9 (c = 0.76, CHC).

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 180 °C, 2 °C/min, 25 psi.); chromatograms are
illustrated below for a 68 % ee sample:

TIOT A [FUNZBTCREE ) — - —

/% © [ |
%3 [ |
s |
»] &
: s
" A
"w N
.-x'! ’ _.:9\4'. - W3 —ME M7 208 8 el T T e — ETE 3 | n3 ,._J
Peak RetTime 3ig Type Area Height Area Peak RetTime Sig Type Area Height Area
# [min] [pA*s] [DA] 3 i Iminl [n&a*s) [pA] %
i e [ Bl S |-————--- | | il . [ ===]==== | ===—=————m [ = [ 1
130,431 1 MF 1027.56750 153,69164 47,23514 1 30.418 1 MF 64.44959, 9.14591 16.04207
2 30.675 1 FM  1147.86279 142.93468 52.76486 2 30,878 1 FM 337.30395  39.93709 83,95793

(R)-3,3-dimethylbutane-1,2-diol (5c, Entry 3, Table 3). The general procedure was
followed (0.2 equiv. 1, 0.75 equiv. TBSCI, substrate concentration = 1.0 M, —78 °C for 24 h)
to yield the product and the unreacted diol as colorless or pale yellow oil.

'3 Absolute configuration of the recovered diol was assigned as (S) by comparing optical rotation to what was
reported. See: Page, P.; Blonski, C.; Périé, J. Tetrahedron. 1996, 52, 1557-1572.
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Recovered starting material: 69 mg, 42 %. "H NMR (CDCls, 400 MHz): &

OH 3.75-3.68 (1H, m), 3.50-3.43 (1H, m), 3.39-3.33 (1H, m), 0.91 (9H, s). ©*C

HO\/\t-Bu NMR (CDCl;, 100 MHz): 6 79.9, 63.4, 33.9, 26.2. Optical Rotation:
[a]®p -26.0 (c=1.00, CHCL5)."

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 pm film thickness), 80 °C for 20 min, then 2 °C/min to 145 °C, 25 psi.);
chromatograms are illustrated below for a > 99 % ee sample:

FI A, (YLD SMIBE Dy T (VLW LRBAE [
g A a g ¥
2 L ¥
]
I
------ — - — o S I AR S— B
' mn e we @ w2 e we ma o e
Feak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Height Area
# [min] [pA*s] [ph] % ¥ Imin] ) [pA*s] [pA) %
il Rt [ Al B [ |======— L el e ===l == oo [===m - | === |
1 3B.766 1 MM T6.78610 6.47990 48.69196 1 38.821 1 MM 1.60211?-1 3.52862e~2 0.07068
2 35.485 1 MM BO.911'E1 7.73735 51.30804 2 38.374 1 MM 208.77347 13.6145€6 99.92332
Product: 102 mg, 44 %. IR (neat, thin film): 3584 (br), 2960 (s), 2867
OH

(m), 1476 (m), 1376 (w), 1268 (m), 1117 (s), 1080 (s), 1010 (m), 885 (w),
tBU 847 (s), 784 (m) cm™. 'H NMR (CDCls, 400 MHz): § 3.71 (1H, dd, J =
9.6, 2.80 Hz), 3.46 (1H, t, J = 9.2 Hz), 3.31 (1H, m), 2.64 (1H, d, J = 2.0 Hz), 0.91 (9H, s),
0.90 (9H, s), 0.08 (6H, s). *C NMR (CDCl;, 100 MHz): & 78.8, 63.9, 33.5, 26.3, 26.2, 18.6,
-4.91, -4.97. HRMS (m/z + Na): Calculated: 255.1756; Found: 255.1749. Optical Rotation:
[a]”p +21.3 (c=0.76, CHCl;).

TBSO

Optical purity was established by chiral GLC analysis (Supelco Gamma Dex 120 (30 m
x 0.15 mm x 0.25 pm film thickness), 80 °C for 20 min, then 2 °C/min to 145 °C, 25 psi.);
chromatograms are illustrated below for a 76 % ee sample:

T FGE B, (TUAIDIGA B — ] A
oo H i ? &
ES I [ A
# *ﬁ
=
. Ly ! .‘d‘ﬂ T s ! o | e i’ TTa 144‘ L]
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Height Area
£ [man] [pA¥s] [pa] % + [min] [pA*s] [p2a] %
il i | ===l === [ === |- [ - | === [=== === === | | === |
1 23.969 ¥ MM 1029.775861 89.93279 50.14163 1 23.950 1 M 671.35394 57.86092 88.04846
2024715 ¢ MM 1023.95813 94.36753 49.85837 2 24.720 1 MM 91.12837 8.18391 11.85154

1 Absolute configuration of the recovered diol was assigned as (R) by comparing optical rotation to what was
reported. See: Schaus, S. E.; Brandes, B. D.; Larrow, J. F.; Tokunaga, M.; Hansen, K. B.; Gould, A. E.; Furrow,
M. E.; Jacobsen, E. N. J. Am. Chem. Soc. 2002, 124, 1307-1315.



Zhao, et al., Page SI 7 &

(R)-2-methylheptane-1,2-diol (6a, Entry 4, Table 3). The general procedure was
followed (0.3 equiv. 1, substrate concentration = 1.0 M, =78 °C for 96 h) to yield the product
and the diol as colorless oil.

HO, Me Recovered starting material: 61 mg, 42 %. 'H NMR (CDCls, 400 MHz): &

HO%C H.. 343 (1H,d, J =110 Hz), 3.37 (1H, d, J = 11.0 Hz), 1.50-1.20 (8H, m),

113 (3H, s), 0.87 (3H, t, J = 6.8 Hz). *C NMR (CDCls, 100 MHz): &

73.3, 69.9, 38.9, 32.6, 23.7, 23.3, 22.8, 14.2. Optical Rotation: [a]*p, +3.2 (c = 0.76,
CHClL3)."

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 100 °C for 100 min, 25 psi.); chromatograms are
illustrated below for a 94 % ee sample:

FIOTH (VRS RAT - _ o -
a L &g
g & é‘“\“ {8
2 i .
" N |
\ .
\\ &
~__ - &
" e W — I o [F] 504 s L
Peak RetTime Sig Type Area Height Area Peak RetTime S5ig Type Area Height Area
[ [min} [pa*s] [pAl % & [min} [Eh*s] [pA) §
ealleeeaeas | ===l === | === S [ | ====l======- [l Bl el At === i
1 B4.959 1 MF 702.,81201 5.34364 50.38502 1 53.877 1 MM 2.20175-2.70908e-1  3.00662
2 B89.379 1 FM 622.07098 4.80260 49.61498 2 60.271 1 MM 71.02815 5.54042 26.99338

HO, Me Product: 130 mg, 50 %. IR (neat, thin film): 3578 (br), 3458 (br), 2955

TBSO._X e, (9),2930 (s), 2861 (s), 1470 (m), 1381 (w), 1256 (m), 1099 (s), 1010

>12 (W), 935 (w), 840 (s), 778 (s), 670 (m) cm’. *H NMR (CDCls, 400

MHz): 6 3.42 (1H, d, J = 9.6 Hz), 3.36 (1H, d, J = 9.6 Hz), 2.33 (1H, s), 1.46-1.24 (8H, m),

1.10 (3H, s), 0.91-0.85 (12H, m), 0.07 (3H, s) 0.06 (3H, s). °C NMR (CDCls, 100 MHz): &
72.6, 70.3, 38.9, 32.8, 26.1, 25.9, 23.7, 23.4, 22.9, 14.3, -5.19, -5.19. HRMS (m/z + Na):
Calculated: 283.2069; Found: 283.2078. Optical Rotation: [a]*p -0.53 (c = 0.76, CHCl;).

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 pm film thickness), 90 °C for 50 min, then 5 °C/min to 180 °C, 25 psi.);
chromatograms are illustrated below for a 58 % ee sample:

FIDT & YO0 - | FIDTA, (YUNBICRD D

s

17" Absolute configuration of the recovered diol was assigned as (R) by comparing optical rotation to what was
reported. See: Orru, R. V. A.; Mayer, S. F.; Kroutil, W.; Faber, K. Tetrahedron. 1998, 54, 859-874.
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Peak RetTime Sig Type Area Helght Area Peak RetTime Sig Type Area Height Area
# [min] ' [ph*s] (oAl % # [min] [RA*s] [ph] ]
il ettt Rt el ettt Sl g [m=mmmm | el | === === | === | = [—===—=-= |
1 58.924 1 MM 935.36902 142.19225 49.94973 L 58.370 1 wWF 516,46075 76.09301 78.98346
2 59.233 1 MM 941.25989 132.00813 50.05027 2 5%.299 1 FM 137.42383 19.88258 21.01654

(R)-2,3-dimethylbutane-1,2-diol (6b, Entry 5, Table 3). The general procedure was
followed (0.2 or 0.3 equiv. 1, substrate concentration = 1.0 M, —78 °C for 40 h) to yield the
product and the diol as colorless oil.

HO, Me Recovered starting material: 52 mg, 44 %. 'H NMR (CDCls, 400 MHz): &

HO%i_Pr 3.52 (1H, d, J = 7.2 Hz), 3.40 (1H, d, J = 7.2 Hz), 1.80 (1H, qq, J = 7.2, 6.8

Hz), 1.03 (3H, s), 0.93 (3H, d, J = 6.8 Hz), 0.85 (3H, d, J = 7.2 Hz). °C

NMR (CDCl;, 100 MHz): § 75.4, 68.6, 34.4, 19.0, 17.9, 16.9. Optical Rotation: [a.]*’p
+11.6 (c = 0.76, CHCl5)."®

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 pm film thickness), 90 °C for 40 min, 25 psi); chromatograms are illustrated
below for a 98 % ee sample:

500 TOAE S
g |
gy g .6 i :
" =S . L% | i&o‘ﬂ I
; | T |
“ |
| . |
N | |
&
- - ) ’,’;l
| ~

B "_:é__.“ M5 T T TR ¥ -4! 03 " T s " e T3 wms ar " s -...-|

Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type Area Height Area

L [min} {pR*s] [pa] 3 ¥ [min] [pA*s] [pAl %

il Rt sl i et T |==—————— L Il | === [ = [=mmmmm
1 33.432 1 MF 257.23846 7.45122 49.02866 1 34.033 1 MM 3.32136 2.02t6d4e-1 0.87510
2 34.640 1 TFM 309.00363 6.48885 50.97034 2 34.692 1 MM 376.21878 7.1315%€ 99.12490

HO. Me  Product: 121 mg, 52 %. IR (neat, thin film): 3578 (br), 3484 (br), 2955
TBSO_X_ (s), 2930 (s), 2861 (s), 1470 (m), 1388 (m), 1362 (m), 1161 (w), 1099 (s),
T 941 (w), 916 (w), 840 (s), 778 (s), 670 (m) cm™. '"H NMR (CDCls, 400
MHz): 8 3.51 (1H, d, J=9.2 Hz), 3.37 (1H, d, J = 9.6 Hz), 2.37 (1H, s), 1.80 (1H, qq, J = 6.8,
6.8 Hz), 1.00 (3H, s), 0.94 (3H, d, J = 6.8 Hz), 0.90 (9H, s), 0.84 (3H, d, J = 6.8 Hz), 0.06
(6H, s). ®°C NMR (CDCls, 100 MHz): & 74.6, 69.1, 34.4, 26.1, 19.1, 18.5, 18.0, 17.1, -5.03,
-5.03. HRMS (m/z + Na): Calculated: 255.1756; Found: 255.1766. Optical Rotation: [a]*b
-5.0 (c=0.76, CHCl;).

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 120 °C, 2 °C/min, 25 psi.); chromatograms are
illustrated below for an 84 % ee sample:

'8 Absolute configuration of the recovered diol was assigned as (R) by comparing optical rotation to what was

reported. See: Mori, K.; Ebata, T.; Takechi, S. Tetrahedron. 1984, 40, 1761-1766.
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T K (NOUSEETAD — | Fili WA I,
> | 30 | 4
| |
i 0|
i 30
! .
| 2 ,_s(':"
Aﬁ.
T — — | 1 / — e _
Peak RetTime Sig Type Area Height Area Peak RetTime Sig Type hrea Height Area
# [min} [pR*s] (pA] % # min] [eA*s] pa] %
il Bt Il R e | =———— |memmmeme | - | === | === === = o . |
I 16.4314 1 MM 264.051\“93 42 98968 49.83911 1 16.263 1 MF 3577.91553 387.06354 92.21025
2 16.806 1 MM 265.75613 41.96312 50.16089 2 16.760 1 FM 302.25577 35.57251 7.78975

(R)-2,3,3-trimethylbutane-1,2-diol (6¢, Entry 6, Table 3). The general procedure was
followed (0.2 equiv. 1, substrate concentration = 1.0 or 1.4 M, —78 °C for 24 h) to yield the
product as colorless oil and the diol as a white solid.

HO, Me Recovered starting material: 59 mg, 45 %. mp: 59.0-60.5 °C. IR (neat, thin

HO A\ gy film): 3333 (br), 3257 (br), 2955 (s), 2873 (m), 1470 (w), 1370 (w), 1161

(w), 1124 (m), 1055 (s), 1010 (m), 941 (w) cm™. *H NMR (CDCls, 400

MHz): § 3.71 (1H, d, J = 10.8 Hz), 3.43 (1H, d, J = 10.8 Hz), 1.19 (3H, s), 0.95 (9H, s). °C

NMR (CDCls, 100 MHz): § 76.7, 66.2, 36.6, 25.6, 19.8. Optical Rotation: [a]*p +6.8 (C =
0.76, CHCl5)."

Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 120 °C, 2 °C/min, 25 psi.); chromatograms are
illustrated below for a >98 % ee sample:

T FBTRA (FUVLATAENE]
e el g
& o E F 7 B ¥
5 ;"-.,;?[? -
i .y D"ﬁ\' L f \
| \
‘\-\.
_ — — - " Da 0
Peak RetTims Sig Type Area Height A
Peak RetTime Sig Type Area Height Area # [min] 9 typ [pite] [p;? Iga
¥ {min] _ [pA*s] [pA] % [ T |___|____|___“ _______ [Eam— = e
el f=== === |=moommmmne oo [ = I 1 23.%80 1 M 42.11470 3.3501% 1.000e2
1 23.5688 1 MF 217,065‘25 22.42196 45.67150 ) ’ ¥
2 23.B99%5 1 FEM 258 .204%0 23.14234 54.322810

HO, Me Product: 111 mg, 45 %. IR (neat, thin film): 3578 (br), 2950 (s), 2930 (s),

TBSO ‘ B 2860 (s), 1470 (m), 1375 (m), 1256 (m), 1168 (w), 1080 (s), 1010 (w),

941 (w), 840 (s), 777 (s), 664 (w) cm™. *H NMR (CDCls, 400 MHz):

83.65 (1H, d, J =9.6 Hz), 3.39 (1H, d, J = 9.6 Hz), 2.51 (1H, s), 1.11 (3H, s), 0.94 (9H, s),

0.91 (9H, s), 0.07 (6H, s). *C NMR (CDCls, 100 MHz): § 75.6, 67.0, 36.4, 26.1, 25.8, 20.6,

18.5, -5.18, -5.18. HRMS (m/z + Na): Calculated: 269.1913; Found: 269.1920. Optical
Rotation: [a]*p -1.3 (c =0.76, CHCl;).

1" Absolute configuration was assigned by analogy to other substrates in Table 3.
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Optical purity was established by chiral GLC analysis (Supelco Beta Dex 120 (30 m x
0.15 mm x 0.25 um film thickness), 80 °C to 120 °C, 2 °C/min, 25 psi.); chromatograms are
illustrated below for a 98 % ee sample:

TFIOT A, (TUEE ATILCHDE Oy
+ 3@'8" o
§ o
— _ &
— Hr 7y W | —% 3 = e
Peak BetTime Sig Type Area Height Erea Peak RetTime Sig Type Area Height Area
# [min] _ [ph*s] [ph)] ] # [min] _ [pR*s] [pAl %
e[| S |=== === === [ = e | mmmmmmmm [ | ===~ ISl S —— S |
1 19.79%0 1 MM 194.64130 30.41696 50.21407 1 19.798 1 MM 106.24559 15,62012 9%.01570
z2 20.349 1 MM 192.981%0 29.15623 49.78593 2 20.358 1 MM 1.05617 1.920%2e-1 0.98430

Procedure for the synthesis of 1,1-diethoxybutane-2,3-diol (2f)

Palladium, 5 wt. % on calcium carbonate, poisoned with lead (Lindlar’s catalyst, 0.50 g)
was added to a 100 mL flask and diethyl ether (20 mL) was added, followed by quinoline
(0.50 mL). This suspension was charged with 2-butyn-1-al diethyl acetal (3.2 mL, 20
mmol). The solution was purged with H, and allowed to stir under a balloon of H, for 8-10
h (test NMR shows complete consumption of the starting material). The mixture was
filtered through celite. Due to the volatility of the product, diethyl ether was only partially
removed under reduced pressure to yield approximately 10 mL of solution.?

To this mixture was added 12 mL acetone and 5 mL HO.
4-Methylmorpholine-N-Oxide (2.5 g, 21 mmol) was added, followed by OsOy, 2.5 wt. % in
2-methyl-2-propanol (1.5 mL, 0.3 wt. %). The solution was allowed to stir for 16 h at 22 °C,
after which time 15 mL of saturated Na,SO; solution was added to quench the reaction. The
product was extracted with EtOAc (5 x 30 mL), the combined organic layer was dried over
anhydrous MgSO, and concentrated to afford a yellow oil. Purification by chromatography
(10:1 hexanes:EtOAc) yielded the desired diol as a pale yellow oil (2.6 g, 15 mmol, 73 %).

2 For an equally effective procedure for this step using Ni’, see: Qiao, L.; Murray, B. W.; Shimazaki, M.;
Schultz, J.; Wong, C.-H. J. Am. Chem. Soc. 1996, 118, 7653-7662.
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Pie-NTAT -5

Pulse Bequence: 82pul

Salvent: CDC13
arbient 1smporatuce
GEmIMI=-200BB “nnc@"

Aelax. dalay 2.080 zae

Pulse 30,7 degrees

ACH. Timg 3.000 cec

Width 5998.8 HE

8 repotitions
OBZERVE Hi, 4020,.0268154 MHz
DATA PROCESSIMG

FT #5e@ E553E

Tatal teme 0 mim, 0 s&cC
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yu=W-=30prod

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI=300BE “nara"

Relax. dalay L.000 sec
Pulse 43.4 degrees

Acg. time 1.33% sec

Width 5998.8 Hz

20 repetitions

OBSERVE Hl, 400.02GB1R83 WHz
DATA PROCESEIND

FT size 32768

Total time 7 min, 20 sec
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yu=NI=gllsm

Pulse Sequence=: s2pul

Solvent: CDCIA
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Aelaw. delay 2.000 =me
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Acg. timpg 2.000 sec

Width S5908.8 Mz
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Total time L1 mim, 59 sec
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Pulse Sequencé: E2pul

Solvent: COCVE
nsbient tEmperAtUre
GEMINI=400B8 “nmra"

Relax, delay 2.000 sec

Mulge 35.2 dagrase

agg., time 3,000 sec

wigth 5908.8 Mz

& repetitions
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DaTa PROCESSING
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Ealvant: COCIE
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SEMINI=2C2BA  "nmrdt

Ralax, falay 2.000 sec

Pulee 3%.2 degroes

acg, Time 3,000 sec

wWidth 5998.8 Hz

& repetitions
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OaTa PROCESSING

FT gfze §5536

Total time 11 min, 59 sec
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