MIT

Massachusetts Institute of Technology
Department of Chemistry

1986 Voot

Laboratory Manual

5.301
Chemistry Laboratory Techniques

Prepared by Katherine J. Franz and Kevin M. Shea

with the assistance of Professors Rick L. Danheiser and Timothy M. Swager

Revised by |. Haseltine, Kevin M. Shea, and Sarah A. Tabacco

IAP 2004

5.301

Katherine J Franz Kevin M Shea
Rich L Danheiser Timonthy M Swager
J Haseltine, Kevin M Shea Sarah A Tabacco

IAP 2004



http://www.core.org.cn/OCW_CN/Global/license.htm

1.1
1.2.
1.3.
1.4.
1.5.
1.6.
1.7.

2.1.

2.2.

3.1
3.2.

4.1.
4.2.

5.1
5.2.

6.1.
6.2.

7.1.

CC “

EE

CcC
EE

EE

CcC “
EE

CcC “
EE ©

Mn(salen)

© 00 N o o1 b W

14

17

19
21

24
26

28
30

32
35

37



8.1. FT-NMR
8.2GC

8.3 TLC
8.4.

8.5.

8.6.

8.7.

8.8.

8.9.

9.1 NMR
9.21R
9.3GC
9.4 UV-Vis

44
46
47
50
53
55
57
59
63

68

73
74
75



1.1
5.301
5.301
UROP UROP
5.301 5 )
oo " CC(Competent Chemist) EE(Expert Experimentalist)
CC
cc EE
EE
3

5.301



5.301

Zubrick

5.301
J. Leonard, B. Lygo

LLP

1.2.

1 James Zubrick
Zubrick 2 J.Leonard, B. Lygo G. Procter
LLP

Zubrick
LLP
G. Procter

Zubrick

Zubrick



5.301

J. Leonard, B. Lygo

Zubrick——

11

1
, 15
Leonard, Lygo
1

G. Procter

2

, 2
, 18
Procter

1.3.

IAP

, 19

Zubrick
5.301
Tabacco
9
, 31
2
8

, 10



1.4.

“ ? 5301 ? UROP
“ ? UROP

“ CC ”

1 EE ”

“ CC ” “ EE ”

5.301 “ CC ” 1 EE ”
1 EE ”



1.5. 5.301

2004 1
1 2 3
5#1 6 #2 7#3 8 #4 9
A cc cc EE 10
cc
EE
12 #5 13 #6 14 #7 15 #8 16
cc EE cC EE
11 cC 17
1
2
19 20 #9 21#10 22 #11 23#11
18 cc EE

Salen Mn




1.6.

2~6
2~6
NMR IR
7 IAP
8 “* ”
5.301
9 5.301

NMR GC IR UV-Vis

5.301

GC

UV-Vis



ok~ wnRE

1.7.

Mircea Gheorghiu Scott Virgil
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3. (5.301 )

10



2004 1 30
$35.00

——4-457
4457
—4-454  4-460
4-454  4-460

4-454

LS LS=Lab Supplies

17mm 5%cm 11cm
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2.1.

7 1

NMR

Zubrick 15 LLP 10
Zubrick 37
Zubrick 87-92
NMR Zubrick 35 LLP 15

5 1
e 6 2

100mL

(125mL)
2x 250mL
150mL
100mL

NMR
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'H NMR

100mg 3-
'H NMR 3-
Et
HO 1
OEt
+ e gy
I-BEEHESE =7k
MP 72-74 °C
50~70mL
10 HCI
'H NMR
NMR
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69

'H NMR

1 CC

73

16

90mg

3-



2.2.

pKa

° “ CC”

Py “ CC”

100mL

(125mL)
4x 250mL
150mL
100mL

NMR

e o6 o o o o o o o
k=]
I
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pKa

4- 100mg pKa

"
-H N""H
o SO
OzN

F-EAE: 4— THEER = 7k EhEs mEER SR
MP 122-123°C  MP 148-151 °C MP 80-82 °C
pKa4d.2 pia (AMNHAY) 1.0 (no acidic protons) PR 157 oKy =T PRy (HaCO9) 6.4
[
[ ]
— Na,CO;
—6M HCI
—1M NaOH
[ ]
[ ]
[
. 113 EE ”
90mg 3 2

Gilbert J. C; Martin S F. Experimental Organic Chemistry: A Miniscale & Microscale

Approach; 3th ed.; Brooks/Cole: Pacific Grove, CA 93950; p. 141.
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3.1.

e 9.

7 v

Zubrick 13 LLP 112

(5  13x 100 mm)
(2x 50-mL, 1x 125-mL)

/
(250mL)

19



2.00g

[ ]
Zubrick 104-105
1.
° 50mL 20mL |
° “ CC " 1.30g
3
77 83

! Fieser, L. F.; Williamson, K. L. Organic Experiments; 7th ed.; D. C. Heath and Company:

Lexington, MA, 1992; p. 40.
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2

Cr(acac)sz

e 50mL MGH,._ e
e 2mL i = fﬂ‘?

N Me % :' Eme
[ ] £l
° D MI{J

e 250mL
° 3 4
o2

2 Szafran, Z.; Pike, R. M.; Sing, M. M. Microscale Inorganic Chemistry: A Comprehensive

Laboratory Experience, Wiley: New York, 1991: “synthesis of Metal Acetylacetonates” p. 224-229.
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n, i T 5 T
FE 2, 4—E_ER
CrCl;. 6H,0 1.00mmol 1
17
2,4- 8
Cr(acac)s
) 50mL CI'C|3- 6H,0
2mL
2,4-
1
° D
X-
° pH NH;
NH; acac 2,4-
2,4-
Cr(acac)s
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8] (8]
Hy
A A
{hydralysis)
HaM NHz HaM H
=
Q 0 NH, 0 9] @
M\ deprotanation). M v
(deprotonat ion)
ha Ma Ma = I3

“ EE " 50 Cr(acac)s
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4.1.

° GC

° Zubrick 36 LLP 11
° Zubrick 20
e GC Zubrick 32

) 1x 25mL, 1x 50mL

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

. 11.20g
GC

GC
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CHg

L CHsy
He /\)\:
HSC vc HEC H3

BTE7 B T a2
(BP 142-143 =C) (BP 112-113 °C)
o) N Hs
)‘\/\/\/CHa
H:‘C/\O Hy
oSl 2y 3— ZEREILIE
(BP 185=189 °C) (BP 156 °C)
[ ]
[
[ ]
[ ]
. 1 CC ” 7loog
GC 92
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[ ]
[ ]
[ ]
e 25mL
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
° a - 7.50g
° Vigreux “ CC ”
HsC. CHg Q
H;
CHs
H,
H3
a-Ionone Octadecane
(BP ~265°C) (BP 317 °C)
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5.1.

“> ”

° TLC

[ ]

[ ]

[ ]

° Zubrick 27

e TLC / Zubrick 28 LLP 9.3.1
° Zubrick 29 LLP 11.6
[ ]

[ ]

[ ]

° T

e 100mL

° 18x 150 mm

[ ]

[ ]

[ ]

[ ]

e 3. TLC

e 10.
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° 2mL
(benzylacetone) /
° TLC
TLC
L] Rf
° 10% /
° 10mL
[ J
[ J
° TLC
° 4- -2-
[}
° TLC
4-FFF—2— TE

0959 4 -2

(guaiazulene) 4- -2-

10% / TLC

509 5

imL

(benzylacetone)

GC
¥
HiC "
HaC
T T
13 CC ”
95
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5.2. “ "

* k% * k%
e “ CC
[ ]
° 20mL 0.29 (guaiazulene) 0.2g (fluorenone) 0.2g9
3- /
° TLC TLC
[
[ ]
[ ]
[
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TLC

TLC R¢

‘" EE o TLC
R¢
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6.1.

- UV-Vis

) 100P 1000P

[

o8

e Eppendorf

e UV-Vis 5mL

° C Pierce
Protein Assay

° Eppendorf 3 50pL
pH 7 25mM MOPS

32

Coomassie® Plus






2 Coomassie®

Coomassie® Plus Coomassie® Plus
0.05mL Eppendorf 3
0.05mL 25mM MOPS pH 7,

1.5mL Coomassie® Plus

595nm
595nm 595nm
595nm
M g/mL
“« cC "
R 0.930
0.048
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6.2.

° UV-Vis imL
° 20P 100P 1000P
[ ]
e Eppendorf
[ ]
[ ]
° Eppendorf
[ ]
. “ CC"
C
Ferrozine
UV-Vis 562nm
Fe AA AA
25mM MOPS PH
HNO3 (5 M)
75 mM C

10 mM

7

(Fe )

Asgr



ul of Fe AA standard (99 wg/mL)

ul of Buffer to add

] 300
6 204
12 288
18 282
24 276
° 30u L (5M)
Eppendorf
30
° 1 2
° 300 L
° 1020u L
° 60u L 75mM C
° 60u L 10mM
. 60 L
° 10 15
° 1.5mL 562nm
Asgo
° Ase; [Fe]
° [Fe]
[ ]
0.995
0.035

36
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7.1. Mn(salen)

5.301
eql
Eric Jacobsen(
) 1 Mn(salen) eql

Mn(salen) Mn(salen)

Mn(salen)

Jacobsen
H R Epoxidation HOR

= X (1)

H Reaction h
QOlefin Epoxide

\Mn -
HaC / c||b Ha © 90}3

I-- Tt [ T ozE TS
lenediamine (one of Jacobsen's Mn(salen) catalysts) bis(salicylaldehyde)ethy

37



salen (eq 2) 'H NMR
Mn(salen) (eq 3)

Jacobsen 1,2-
'H NMR
'H NMR
Salen (eq 2)
Mn(salen)
1) +
2) -1 2- +3 5 - -2-
3) +
4) +
1.00 Mn(salen) 70%

38



OH O

R=H, OMg, NOs, or Cl

F#l:

HABEERTE

OH O OH O

| NO,

FW = 156.57 FW=167.12

2. Mn(salen)
° salen

(eq 3)

1. MR{OAc)z-4H20

BEL R =N, HN=
Mn
2. Licl, Bl » 30nin Hdef éI\D_@_H

39

Rl o ol
]
Bl#Eih
MNHa
—E:
OH O OH O E
I
H H ! /
I F
i HoM NH
]
Me |
]
FW=152.15 FW=122.12 1 FW=114.19
d=1.2189 d=1.146 . d=0.951
i
Jacobsen
Mn(salen)

HaM MHz
FW =80.10
d =0.899



3. 1,2- eq 4
e pH pH
pH
° TLC

0.5 M NasHPOy, Clorox
g 0.10 equiv. Mn(salen) ) g
= - (4)
[g CHoCls, 0 °C to RT @
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8.1. FT-NMR

'H NMR 10mg
NMR NMR
Zubrick 295
NMR
(CDCly) (D20)
(CDsC(0)CDs) (CDsCN) (C4Dg0O)
5.301 CDCl;
CDCl; NMR
CDCl; TMS
K,CO4
5.301 CDCl;
K,CO4
1) NMR
2)
10mL

NMR

44

(CéDe¢)
CDCl;
4A
CDCl;
TMS
NMR
NMR



1)

2)
3) NMR
Pasteur
4)
5)
6)
7 NMR
8) NMR
NMR
1 1-3
2 10mg
3 1mL
4
5 6-8
NMR
1
2 NMR
3 NMR

NMR

NMR

10mL
Kimwipe
Pasteur
NMR
1

45

NMR

10

Kimwipe

NMR



Zubrick 252
1) Pasteur
2) 1mL
3)

4) 1mL
5)

1) 10mg
2)

8.2

3-5

imL

GC

46

GC

10mg



8.3. TLC

TLC

5.301

R¢ 01

LLP145-152

TLC
1)

2)



3)

4)

5)

6)

7)

8)

1~-2mL

Pasteur

0~30%
0~40%
5~30%
5~30%

UROP

90%

5.301

— UROP

48
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9)

10)

11)

TLC

R¢

Ry

49

Rs

5.301



10g

2~3

8.4.

Zubrick 127-138

125mL  250mL

500mL 1L
50 500mg 25 100mL
1/10~1/2
10 HCI NaHCO; 10

50

NaOH



9)

10)

11)

Na,SO,4

51

Na,SO,

Zubrick 136-138

TLC



12

13

30

30
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NMR

15



LLP 9.2

8.5.



Schlenk

14/20 Keck
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1)

2)

3)

4)

5)

6)

7)

Zubrick 114-117

20mL

2mL

8.6.

50mL

15mL

55
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8)

9)

10)

11)
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8.7.

Celite

57

Pasture



CHCl3/
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8.8.

5.301

Vigreux 5.301

— LLP 196

20 30°C

200°C

12 213

5.301 UROP
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10

11

12

13

14

15

16

17

12

70

60

10

70°C

5°C



2~4

6~7

Perkin

Zubrick

5.301

53-55
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8.9.

(Flash Column Chromatography)

5.301

LLP  205-214

R¢ 0.2 03

Re O

63

R¢

02 03

1g



5)

6)

1.5mL

5.301

64

120 1

5.301

LLP

30~50

200mL



50mL

7)

8)

10)
1cm

11) 0.5 g/mL
100g 200mL 1/3

12) 15

13)

14)

15)

65



16

17

18

19

20

21

22)

2cm

TCL

66

2cm

lcm



23

24

25

26

NMR

67

R¢

100mL



1)

1)
2)
3)
4)

9.1. NMR

Varian Mercury 300 Plus FT (NMR)
( )
(NMR) 5.301 (
2~7
'H NMR
'H NMR
'H NMR
5)
6)
7)
FID
° NMR
° NMR
° NMR
° [eject]
° NMR
° [on]

68

'H NMR

IAP
10

[insert]



2)
'H NMR
FID

'H NMR

69

ppm

FID



3)

4cm)

“ shim”

70

20

XY

NMR



4)

FID(



NMR
6)

7)



9.2. IR

5.301 FT-IR

IR “ Plot”

73



HP 3365

1)

2)

3)

4)

5.301

ImL

9.3.

HP 7673

GC

GC

HP5890 Series Il
HP 18765

5.301

GC

74

GC



9.4. - UV-Vis

HP 8542

1)  HP89532A

2) Time/Cell
Functions

3)

Pre-Run Meas. Blank 5

4)
Run Begin

5)
Traces

6)
Screen

7)

75

UV-Vis

Kinetics

596

562

Scan Screen

Return, Tabulate

Escape

Start

Time

Scan



