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and C;H; positions in monosubstituted ferrocenes are tabulated and employed for determining
'H NMR assignments in 1,2- and 1,1'-disubstituted ferrocene derivatives. © 1999 Elsevier Science Ltd.
Keywords: ferrocenes, models, NMR, regiochemistry.

Introduction

There has recently been a resurgence of interest in the chemistry of ferrocene derivatives due to their
increasing application in asymmetric catalysis and materials science.' In particular, several methods have been
published on the asymmetric synthesis of 1,2-disubstituted ferrocene derivatives displaying planar chirality,’’
and also on the synthesis of unsymmetrical 1,1'-disubstituted derivatives. A feature of our own and other
groups contributions to this area is the lack of detailed 'H NMR assignments for the substituted
cyclopentadienyl rings, assignments that would significantly aid product verification. In our own case this
deficiency is due to the absence of a comprehensive table of chemical shifts for ferrocene derivatives.
Although the older literature contains a number of studies and tables detailing such substituent effects, these
do not include many of the functional groups now frequently employed, nor has it been shown that these can
be used in the same manner as tables are applied to determining assignments in multiply

o ]

substituted benzenes.® In this Letter we collate the effect of 29 commonly encountered groups on BB@; X

the chemical shifts of a, B and CsH; positions in monosubstituted ferrocenes, and show that these Cii
can be applied to determining assignments in 1,2- and 1,1'-disubstituted derivatives. 1-29

Results and Discussion

The 400 MHz 'H NMR spectra of 29 substituted derivatives’ were all recorded in CDCl;, and shifts in
the ., B and CsH; positions relative to ferrocene itself (4.19 ppm) are given in Table 1. Although most of these
spectra have been previously reported, they were re-recorded to ensure uniformity of solvent and

concentration, and consistency of reference to an internal standard of either residual CHCl; (7.27 ppm),
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Table 1. Changes in chemical shift (S) for o, and CsHs positions relative to ferrocene (4.19 ppm).*

ab Bb CsHs ab Bb CsHs
N
1 -CHy 011 015 008 45 ¢ :] 4056  +0.15  +0.01
o}
2 -CH,OH 0.00 +0.03  0.00 16 -NO, +1.06 +0.33  +0.15
3 -CH,NMe, 004 010  0.10 17 -NH, 017 0.32 0.07
H
4 +003  +017 008 18 ‘mecﬂs +038 019 002
o
5 -Ph +046  +0.13  -0.13 18° -OH 020 043 005
6 —== +0.28 +0.02 +0.04 20 -SPh +0.22 +0.15 +0.08
7 —=N +0.48  +0.21  +0.16 219 -SOPh +0.32  +0.18  +0.20
o)
8 JLH +0.55 4036 +002 22 -SOPh 4050 4022  +0.31
o
9 ,u\CHa +0.59 +0.32 +0.02 23 -F +0.13 0.39 +0.09
o]
10 JLOH 068  +028 4007 24 -C 4021 013 +0.06
o)
1 ’u\onae +0.61 +020 +001 25 -Br +0.23 008  +0.05
o
12 JLN/\/OH +0.50 +0.18 +0.04 2 - +0.23 -0.03 +0.01
oH
13 Jj\cn ome OT4 038 4016 2 -MS 006  +017 -0.03
14® 0.04 4017  +0.02 28  -SnBu, .12 +0.19  -0.04
0 '4
OMe
29 -PPh, 012  +014 015

a) All spectra were recorded at room temperature in CDCl; at a concentration of ~0.04 mmol/ml. b) Where resolved, peaks observed
as triplets with / = 1.45 - 2.14 Hz. ¢) Values obtained from 2-(2-hydroxyferrocenyl)-4,4-dimethyloxazoline® after subtraction of the
oxazoline contribution. d) a value an average of +0.42 and +0.22 for the two diastereotopic positions, B value an average of +0.19
and +0.16.
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ferrocene, or both. The assignment of o and P positions in 1, 4, 6, 8 and 9 have previously been achieved by
comparison of their spectra to those of the corresponding 2,5-dideuterated derivatives.”® By analogy with the
two latter examples, the o positions of compounds containing other electron-accepting substituents are
assigned the larger of the two positive chemical shifts (7, 10-13, 15, 16, 21, 22). Also in this category (5, > 5p
> 0) is 5, assigned by the NOE between the ortho-hydrogens of the phenyl group and the o positions (3%
enhancement). The uniformity of the sulfide-sulfoxide-sulfone series (20-22) is matched by that of the
halogens (23-26) in which o, assignments (8, > 0, 8p < 0) have been established by deuterium labeling,* and
on this basis the p positions of 18 are also assigned to the upfield signal. Similarly, the amino and hydroxy
substituents of 17 and 19 both result in an upfield shift, with the effect on the B positions being greatest (RS
8a < 0).> Due to their electropositive character, three of the substituents (14, 28, 29) fell into a final category
to which 27 has previously been assigned (8, <0, 8p > 0).%

(@.47) (5.53) (4.03)
(4.06) 4.07 pieg COzMe (4.94) 4.80 520 CO,H (3.92) 3.91 3% Me
@20)422 [\, (559553 [ “no, (433425 TN
& 443 & 441 & 417
30%(4.10) 31%0(4.53) 32° (4.14)
(4.53) (5.00) (4.95)
0 o)
@2 a2 coMe  (438) 448&&} ---- (4.46) 451 é:i/g}um
o4t TN PN @62)422 T pph, (4204287 T Sqys
&9 W & 405 & 417
33° (:.-112) Bbe 3410(4.22) 3510(4.19)
(4.72) o (5.29) {4.15)
47 5,30 413
4.52) 4.52@/'L (4.57) 4,57 NO, (4.12) 4,092 _Me
Me @’ 09@'
Fe Fe Fe
CO,Me Br Br

(4.43)4.4100462(483)  (4.23)4.26_,4.57 (4.55) (4.08)4.03 5, 4y4.34 (4.34)

Figure 1. Calculated (5 = 4.19 + XS;) and observed (in parenthesis) chemical shifts for 30-38.

The use of Table 1 for determining assignments in 1,2-disubstituted ferrocenes was tested with
derivatives 30-35, these containing a representative mixture of the four categories mentioned above. The
agreement between calculated and observed values is generally good permitting assignment of each
cyclopentadieny! position as shown in Figure 1. The only exceptions arose in 33 and 34 for positions adjacent
to substituents that display a pronounced anisotropic effect, the conformation of which is affected by the
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second substituent. Application of these tables to a variety of 1,2-disubstituted derivatives containing acetal''

and sulfoxide®™ groups also gave good agreement between calculated and reported values. Finally, the

excelient agreement in values for the three 1,1'-derivatives 36-38 indicates the validity of incorporating the

CsH; contribution into these calculations.
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