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Table of Nucleophiles
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R-C=C™,R-O",H-O  Strong Bases

Medium Nucleophiles
R-CO; , R-S-H, R;S,
NH3;, RNH;, R;NH, NR;

Weak Nucleophiles
R-CO;H, R-O-H, H;O Very Weak Bases

Special Case

Tert-Butoxide (tBuQ") is a strong base, but
is not a nucleophile due to steric hindrance.
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To understand NMR you need to know the following:

A. Physics: Moving charge generates a magnetic field, and a moving magnetic field causes
charges to move in a conductor.

B. Atomic nuclei, like electrons, have a quantum mechanical property of "spin". Spin can be
thought of as a small magnetic field around the nucleus created as if the positive charge of the
nucleus were circulating.

C. NMR, nuclear magnetic resonance, is used to assign structures of organic molecules.

D. We care about the nuclei 'H and '3C since these are commonly found in organic molecules
and they have spin quantum numbers of 1/2.

E. Nuclei with spin quantum number 1/2 are quantized in one of two orientations, "+1/2" (lower
energy) or "-1/2"(higher energy) in the presence of an external magnetic field, that is, with and
against the external field, respectively.
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F. The difference in energy
between the +1/2 and -1/2
nuclear spin states is
proportional to the strength of
the magnetic field felt by the
nucleus.
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G. Electron density is induced to circulate in a strong external magnetic field, which in turn
produces a magnetic field that opposes the external magnetic field. This shields nuclei from the
external magnetic field. The greater the electron density around a nucleus, the more shielded it is,
and the lower the energy (frequency) of electromagnetic radiation required to flip its nuclear
spin.

H. In the classic 'H-NMR experiment, the molecule of interest is placed in solvent (the solvent
has deuterium atoms in place of H atoms so the solvent molecules will not show up in the
spectra, see R.) then is put in a spinning tube in a very strong magnetic field. The sample is
exposed to radiofrequency irradiation and if it is of exactly the right frequency energy is
absorbed and spins flip from +1/2 to -1/2 (come into resonance). The absorbed energy is plotted
in the spectra.

I. All "H-NMR spectra are recorded as chemical shift (9, delta) in the units of ppm (parts per
million). Shielding magnetic field effects are around 1 millionth as large as the external
magnetic field in which the sample is placed. Tetramethylsilane (TMS, (CH3)4S1)) is placed in
the sample as a standard and assigned the value of 0.0 ppm. Warning the NMR scale is plotted
“backwards”, with higher values to the left!!




N M P\ ex \Dcx? menT —

g

b s

The 'H nadeus &t SP™ stte

Yy cbhsorles a ?,ucn’\'"q PAY
e.vw-f“jy- ov ?RC“\ se\'y Fhe
covrecy gm}uznc.,y cnd the
nadeuws s “excited” 4o the
—V3, S stete.



\é.my Po'}n;\' —_

We_ w\a"\:’)'"@(‘ The Q,v\zf;jy '\"'\4{3‘ s qua(EQOA
\Q'y Hae nadiear s?Ns S '\"L\z)/ -@\?'P



$\/ITC\[AT nj —

- E xternal Majne:ht Frald

N

Ma‘)v\::)-xl
Teld cveated
by the uw\‘nD

e\ectvon

Aensidy <
T‘QC W\QDV\?’\'&«A_& O+ ’)'Lle. MQDAQ“PTC. ‘GTQ\O\

c.x?cr?mcul ‘o)( a nudeus under the

ef\ﬁeﬁ‘w‘o\ﬂ o\e‘n s?’\')(



3\’l|Q\CJ\\r\J @Oﬁdv\—) Lul"t@ —D

= Move

&

\eckron Ae\nsd*)/ Dcv\em'k%

SO Y V\hQ\Q.M& k&vmlt'(‘ VLo X z.\ec.‘k'\’?"]

Az«\s‘r\\y c..y?e.r?cvxc<§ e

— Move & eI rony clens'\'\y avound x
nudeus ?vov‘\dc.g of
’\""\C— &){* ecwna \ wa j he.’\‘\\Q, ‘G} &\ 4



Downfield: Upfield:
Corresponds to less Corresponds to more
shielding around nucleus shielding around nucleus ™S
(more deshielded) \
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Chemical Shift (5)

J. The hybridization state of carbon atoms attached to an H atom influences shielding in
predictable ways by removing differing amounts of electron density around adjacent nuclei.

K. Electron density in pi bonds also has a large effect on H atom shielding because pi electrons
are more free to circulate in an a magnetic field compared to electron density in sigma bonds.

Geometry of the pi bond is important.

Table 13.3  The Effect of Hybridization
on Chemical Shift

Type of Hydrogen Name of Chemical
(R = alkyl) Hydrogen Shift §
RCHg3, RyCHy, RgCH Alkyl 0.8-1.7
R,C=C(R)CHR, Allylic 1.6-2.6
RC=CH Acetylenic 2.0-3.0
R,C=CHR, R,C=CH, Vinylic 4.6-5.7
RCHO Aldehydic 9.5-10.1




Type of Hydrogen Chemical Type of Hydrogen Chemical
(R =alkyl, Ar = aryl) Shift (8)* (R=alkyl, Ar=aryl)  Shift (8)*
RCH, OH 3.4-4.0
R2 NH 0.5-5.0 RCH2 Br 3.4-3.6
ROH 0.5-6.0 RCH, Cl 3638
RCH3 0.8-1.0 (e
RCH,R 1.2-1.4 RHZOCH3 3.7-3.9
Rs CH 1.4-1.7 o)
R, C=CRCHR, 1.6-2.6 REOCHz R 4.1-4.7
RC=CH 2.0-3.0 RCHa F 4.4-4.5
O ArOH 4.5-4.7
R&CH3 2.1-2.3 Ro, C=CH» 4.6-5.0
o R, C=CHR 5.0-5.7
R&CHZ R 2.2-2.6
¢ 3.3-4.0
AFCH3 2225 H2 5 H2 3-4.
RCHy NR: 2.3-2.8
27 RH 9.5-10.1
RCH5 | 3.1-3.3 o
RCH, OR 3.3-4.0 =dlon 10-13
*Values are relative to tetramethylsilane. Other atoms within the
molecule may cause the signal to appear outside these ranges.
(R = alkyl, Ar = aryl) ROH o
) RCH,C]
RCH,Br ==
RCH, | m=
RCH,0OH
ArOH == ArCH,R
RCH‘_,F—O A'Cg;—
R(”IOCH3_ R(!CHS—
o R,C=CHR RC=CH
R(I[OH RyC=CH , s R,C=CRCHR,
i ;i CH “H.) Si
(”) o RCH20Rﬂ") RSRCH._,R— (CHy),S
RCH ArH RCOCH,R RCCH R s RCH g m
3 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

Figure 13.8

Average values of chemical
shifts of representative types
of hydrogens. These values are
approximate. Other atoms or
groups in the molecules may
cause signals to appear out-
side of these ranges.

Chemical Shift (8)
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