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Dimethylaminomethyl- and hydroxymethyl-cymantrenes, when treated with 
n-butyllithium, are selectively metallated in the Z(5) position of the Cp ring 
and are converted into 1,Zdisubstituted derivatives of cymantrene by subse- 
quent treatment with electrophilic reagents. Similar reactions in the case of 
diphenylphosphinocymantrene result in a selective preparation of 1,3-disubsti- 
tuted derivatives. The metallation orientation is established by chemical meth- 
ods and NMR-LIS (lanthanide-induced shift) techniques. A full assignment of 
signals in the PMR and 13C NMR spectra of the studied monosubstituted 
cymantrene derivatives has been effected. 

Introduction 

We have shown earlier that metallation of dimethylaminomethylcymantrene 
(I) with n-butyllithium proceeds predominantly (about 97%) in the 2(5) posi- 
tion of the cyclopentadienyl ring (Cp ring), thus resulting, after a subsequent 
introduction of an electrophilic agent (E) into the reaction mixture, in the for- 
mation of 1,2clisubstituted derivatives of cymantrene [ 11. The substitution 
orientation was established by analysis of PMR spectra of the reaction products 
Ia and Ib and was supported by an X-ray study of one of the Ib enantiomers 

c21, 

1. n-BuLi 2. E 
CH2NMeZ - 

- 7o”c (1a.R = D.E = D,O 

1b.R = CH0.E = DMF 

Mn 
(I) (co,; 

Ic R = PPh,.E = CIPPhp) 

0022-328X/81/000~0000/$02.50, @ 1981, Elsevier Sequoia S.A. 



234 

Continuing our study of the effect of the substituent nature on the metaha- 
tion orientation of monosubstituted cymantrene derivatives, the present paper 
deals with the determination of the structure of the reaction products of hy- 
droxymethylcymantrene (II) and diphenylphosphinocymantiene (III) with 
n-BuLi. 

Results and discussion 

The reaction of n-but&lithium with II and III under the conditions of metal- 
lation of amine I results in the formation of organolithium compounds which, 
after treatment with deuterium oxide, give corresponding deuterated deriva- 
tives IIa and IIIa. PMR spectra of these derivatives, obtained on an instrument 
with a working frequency of 60 MHz using Eu(fod), or Dy(fod), and on an 
instrument with a working frequency of 100 MHz, show that metallation of II 
and III proceeds, within the experiment accuracy limits, fully into one of two 
non-equivalent positions relative to the substituent: either 2(5) or 3(4). No 
substitution of hydrogen with lithium in the CH, group (for II) and in the 
phenyl radicals (for III) is observed. 

(IIIa.R = D: 

3Ittb.R = PPh$ 

For the determination of the direction of attack of the metallation agent in 
the metallation of II, we have carried out the series of transformations shown 
in Scheme 1. The aIcoho1 IIb, containing 1.7 D atoms in the same positions of 
the Cp ring as in IIa, is obtained by a repeated metallation of Ha, followed by 
treating the reaction mixture with deuterium oxide. Oxidation of IIb with 
“active” MnOz gives deuterated formylcymantrene (IV) which is treated with 
dimethylformamide in formic acid to form amine V, fully retaining the initial 
amount of deuterium. 

SCHEME 1 

(!Ib) tlTJ (PI 

* Metallation of II and IIa is effected with excess of n-BuLi for the reaction of n-BuLi with a proton 
of the OH &croup of the alcohol; however. in the isolation of the deuferated product a complete 
exchange of deutedum for-hydrogen occurs in the OD groups. 
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Comparison of PMR spectra of amines V and Ia in CF,COOH or CDCIJ 
shows that in both amines the signal of the ring protons (with its intensity 
lowered due to a partial substitution of protons in this position of the Cp ring 
with deuterium) has the same chemical shift (4.83 and 4.69 ppm, respectively)_ 
Consequently, metallation of alcohol H, as well as amine I, occurs in the 2(5) 
position of the Cp ring, i.e. the hydroxymethyl group possesses a clearly pro- 
nounced or&o-orientation effect in the metallation of alcohol 11. 

It should be noted that an attempt to carry out a counter synthesis of II 
from I by alkaline decomposition of amine I iodomethylate proved to be un- 
successful_ In contrast to a similar quaternary derivative of ferrocene, which 
readily transforms into ferrocenylmethanol [33 under these conditions, reflux- 
ing a solution of (CO),MnC,H,CH,N(CH,),I in 2 N NaOH does not result in the 
formation of II. 

The determination of the deuterium position in phosphine IIIa by a method 
similar to that employed in the case of IIa turned to be difficult due to the 
absence of simple methods for the conversion of phosphine III into amine I or 
vice versa. For this reason, the metallation orientation for III was determined 
by comparing the characteristics of 1-dimethylaminomethyl-2diphenylphos- 
phinocymantrene (Ic) with the ~~ophosph~e derivative of eymantrene (VII) 
which was prepared according to Scheme 2, involving metallation of III. 

SCHEME 2 

1. n-But-i DMF 

2. DMF HCOOH 

Mn 
(CO), 

UZI) 

Analysis of the PMR and 15C NMR spectra of aminophosphines Ic and VII 
(Tables 1 and 2) indicates that compound VII is I-dimethylamino-3-diphenyl- 
phosphinocymantrene. It should be noted that in the PMR spectra of isomeric 
aminophosphines Ic and VII a characteristic difference in the signals of the CH, 
groups is observed, in addition to a difference in the Cp ring proton signals. 
Thus, though in both cases the presence of diastereotopic hydrogen atoms in 
the CH, group results in an AB quartet, the difference between the values of 
6(H(A)) and &H(B)) for the l&isomer (Ic) is 35.23 Hz greater than for the 
1,3-isomer (VII). Moreover, the doublet of one of diastereotopic protons of the 
CHz group in Ic with the values of 6 = 3.47 ppm is additionally split by the 31P 
nucleus of the diphenylphosphino group with J(PH) of 1.7 Hz (Fig. 1). The 
selective fission of one of the two diastereotopic methylene protons and its 
relationship with the conformation of the substituents in Ic is the subject of 
our current studies. We should merely like to note here that the spin-spin 
interaction of 31P with H of the methylene group disappears botb upon the dis- 
placement of the PPhz substituent from the 2 position of the Cp rig to the 
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(b) II 

10 HZ 3.0 Fipm 

Fig. 1. Methylene pattern of the PMR spectra (90 MHz) of aminophosphine Ic: (a) IH spectrum and (b) 
1H-{31Pldoubl - e resonance spectlurn. 

3 position (i.e. on conversion of Ic to VII) and in the conversion from Ic to its 
P-oxide (VIII) (see Table 1). 

Therefore. in contrast to amine I and alcohol II, metallation of phosphine III 
is effected into the remote, from the substituent, 3(4) position of the cyclo- 
pentadienyl ligand. It can be assumed that the 3(4)-orientation effect of the 
diphenylphosphine group in the metallation of III is associated with a low coor- 
dinating ability of the phosphorus atom towards the metallation agent (which 
is obviously the reason for the Z(5)-attack in the reaction of I and II with 
n-BuLi). This low coordinating ability of the phosphorus atom can be 
explained by either the low basicity of phosphine or steric hindrance_ 

The above data show that metallation of dimethylaminomethyl- and hydroxy- 
methylcymantrene is a convenient method for the selective synthesis of 1,2- 
disubstituted cymantrene derivatives, whereas the reaction of n-butyllithium 
with diphenylphosphinocymantrene provides an opportunity for a selective 
preparation of 1,3_disubstituted cymantrene derivatives. 

In addition to chemical methods for the determination of the orientation of 
substitution in the metallation of II and III, we have carried out a direct deter- 
mination of the position of deuterium in Da and IIIa by NMR techniques with 
the use of paramagnetic lanthanide shift reagents (NMR-LIS [4]). Table 3 
shows relative values of LIS for the Cp ring protons in the PMR spectra of II 
and III as well as amine I and aldehyde IV, obtained from the graph of the 
chemical shifts of these protons vs. the value of [LSR J /[substance], wherein 
LSR = lanthanide shift reagent = Eu(fod), in the case of I and IV or Dy(fod), 
for II and III. Since the centre of coordination of atoms Eu and Dy in the LSR- 
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TABLE 3 

RELATIVE VALUES OF INDUCED PARAMAGNETIC SHIFT (LKS) OF CP RING PROTONS IN I-IV * 

Compound LSR Proton 6 (wm) Intensity (au) b LTS (%) 

I Eu(fod)j 2(5) 4.69 0.3 100 

3(4) 4.65 2 11 

II Dy(Fod)3 2(5) 4.77 0.3 100 

3(4) 4.66 2 44 

III c Dy(fod)s z(5) 4.69 2 100 
3(4) 4.67 1 22 

IV Eu(fod)s l(5) 5.45 0.3 100 

3(4) 4.93 2 35 

c Spectra recorded on a Perkin-Elmer R-12 spectrometer (60 MHz) in CC14: TMS internal standard. b For 

the deuterated derivatives of compounds I-IV. c Values of 6 for the a(5)- and 3(4)-positions were 

obtained by extrapolation from a graph of 6 vs. [Dy(fod)31/IIIII. 

substance complex is obviously the heteroatom in the substituent * (N, 0 or 
P), in accordance with ref. 4b, the signal with a higher LIS value (assumed as 
100%) should be attributed in each case to the protons of the Z(5)-positions of 
the ring which are closer to the coordination centre. The intensity of this signal 
in the PMR spectra of deuterated compounds Ia, IIa and IV is below 2 H which 
corresponds to the presence of deuterium atoms in the Z(5)-position of these 
compounds (see above). On the contrary, in the case of IIIa the intensity of 
this signal (i.e. the signal of the Z(5)-protons of the Cp ring) is equal to 2 H, 
whereas the intensity of the signal with lowest LIS value, corresponding to the 
protons of the 3(4)-position, is 1.1 H. This conclusion is in agreement with the 
above conclusion on the 3(4)-orientation of metallation of phosphine III, 

The consistences of the results on the distribution of the deutero-label in the 
Cp ring in deuterated derivatives of compounds I-IV obtained by the NMR- 
LIS technique with the data from chemical studies infers the following. The 
use of paramagnetic shifting reagents makes it possible to effect an unarnbigu- 
ous assignment of the signals of the cyclopentadienyl protons in PMR spectra 
of achiral monosubstituted cymantrene derivatives directly from a graph of the 
change 6 vs. [ LSR] / [ substance]. 

The monosubstituted cymantrene derivatives with a known deuterium 
position in the Cp ring described in this paper enable an unambiguous assign- 
ment of the signals of the ring H and C atoms in PMR and 13C NMR spectra of 
these compounds (Tables 1 and 2). As a result, it was in particular established 
that the proton of the CHO group in the aldehyde IV was coupled via spin- 
spin interaction to those Cp ring protons in the most remote position, 3(4), 
from the substituent. The coupling constant 4J(HH) between H(2( 5)) and the 
proton of the CHO group is too small to be observed in the spectrum. However, 
it apparently differs from zero since the signal of the formyl proton appeared 
to be a broadened singlet and not a doublet. it should be also noted that the 
central lines of the pseudo-triplets from the protons of both the 2(5)- and 3(4)- 

* The use of Eu(fod); and Dy(fod)g in the case of cymantrene and methylcymaatrene results only in 
a slight broadening of the signal of the CP ring protons without significantly changing its chemical 
shift. 
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positions in the PMR spectrum of IV, with spin-decoupling of the forrnyl pro- 
ton are noticeably broadened. That means that the constants 3J(HH) and 
4J(HH) for the magnetically inequivalent protons of the Cp ring are close, but 
not equal. 

Experimental 

The synthesis of amines I and Ia and non-deuterated aldehyde IV was 
effected by the method given in ref. 1, PMR spectra were obtained on Varian 
XL-100 (100.1 IMHz) and RYa-2309 (90 MHz) spectrometers; 13C NMR spectra 
on a Bruker HX-90 (22.635 MHz) instrument. 

I_ General procedure for mefallafion and synthesis of Ic, Ha, b, III, IIIa, b and 
IV 

The reaction of n-BuLi with I, II, III and cymantrene was conducted as in 
ref. 1 for l-2 hours at a molar ratio of the substrate to n-BuLi of 1 : 1.5 (in 
the case of cymantrene, I and III) or 1 : 3 (for alcohols II and Ha). The result- 
ing corresponding organolithium compounds were treated with an appropriate 
electrophihc agent (D,O, DMF, ClPPh,) at -70°C and the reaction mixture 
temperature allowed to rise to lo-20°C. Further treatment of the reaction 
mixture was carried out as described below. 

A) The reaction mixture produced from 10.2 g (0.05 mol) of cymantrene 
and 33 g (0.15 mol) of Ph,PCl was kept at room temperature for 2 hours and 
decomposed by 2 N HCl with cooling_ Then the pH of the aqueous layer was 
brought to 8 by adding 2 N KOH, extracted with ether or CH,Cl, and the 
organic extracts were washed with water. The dried solution was evaporated 
and the residue was crystallized from hexane or ethanol to give 16.9 g (87.4%) 
of phosphine III, m-p_ ill-112“C. Analysis: Found: C, 61-g&61.93; H, 3.62, 
3.59; P, 7.76, 7.82; Mn, 13.80, 14.24. C,,H,,O&nP. Calcd.: C, 61.87; H, 3.63; 
P, 7.97; Mn, 14_14%. 

B) In a similar manner, from 5 g (0.0125 mol) of III and 8.25 g (0.0375 mol) 
of Ph,PCI there were obtained 4.5 g (62.9%) of diphosphine IIIb, m-p. 108- 
109°C (ethanol). Analysis: Found, C, 66.85; 66.97; H, 4.00; 4.22; P, 10.83, 
10.87; Mn, 9.18,9.26. C,,H,,O,MnP,. C&d.: C, 67.15; H, 4.02; P, 10.83; Mn, 
9.61%. 

C) In a simi.Iar manner, from 5 g of III and 2.5 g (0.03’75 mol) of DMF there 
were obtained 3.9 g (74.2%) of phosphinoaldehyde VI, m-p. 112-113°C 
(hexane). Analysis: Found: C, 60.97,60.87; H, 3.59, 3.66; P, 7.40, 7.52; Mn, 
13.12,13.13. C,,H,,O,MnP. CaIcd.: C, 60.60; H, 3.36; P, 7.44; Mn, 13.20%. 

D) The acidic aqueous solution of the reaction products of me&Ration (see 
(A)) obtained -from 13.2 g (0.05 mol) amine I and 33 g (0.15 mol) of Ph2PCl 
was extracted with ether or benzene and brought to pH 9-10 by adding 2 N 
KOH. The extraction with ether or benzene, followed by washing the com- 
bined organic extracts with water, drying over anhydrous Na,SO, and removal 
of the solvent resulted in 16.2 g (72.8%) of 1,Zammophosphine Ic, m-p. 92- 
93°C (ethanol). Analysis: Found: C, 61.86, 61.90; H, 4.69,4.91; N, 3.08,3.09; 
P, 6.81, 7.06; Mn, 12.17, 12.33. C2,H2rN03MnP. C&d.: C, 62.03; H, 4.75; N, 
3.14; P, 6.96; Mn, 12.34%. 
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E) The reaction mixture prepared from 12 g (0.055 mol) of alcohol II and 
7 g (0.35 mol) of DzO was maintained at room temperature for 2 hours and 
poured into 500 ml of water: the pH of the solution was brought to 7-8 and 
the solution was then extracted with ether or benzene, the organic extracts 
were washed with water, dried with anhydrous Na,SO, and the solvent waS 
evaporated. Crystallization of the residue from hexane gives 9.1 g (76%) of Ha, 
m-p. 40-41”C, containing about 1D according to the PMR data. 

The repeated metahation of IIa and subsequent treatment of the reaction 
mixture with deuterium oxide resulted in the formation of alcohol IIb contain- 
ing 1.7 D atoms, m.p. 41-42°C (pentane). 

F) In a manner similar to that of (E), from 5 g (0.0125 m) of III and 3.5 g 
(0.18 mol) of deuterium oxide there were obtained 3.95 g (79%) of deuterated 
phosphine IIIa (about lD), m.p. 112-113°C. 

II Preparafion of l-dimethylaminomethyl-3-diphenyiphosphinocymantrene 
A mixture of 1.46 g (0.02 mol) of DMF, l-15 g (0.025 mol) of HCOOH and 

2.1 g (0.005 mol) of aminoaldehyde VI was refIuxed for 3 hours at 150°C un-. 
der argon. Then the mixture was acidified with 2 iV HCl, poured into water; the 
latter was extracted with benzene_ The acidic solution was brought to pH 9-10 
by adding 2 N KOH and extracted with benzene. The extract was washed with 
water until the washings were neutrai, and dried over Na,SO,. After the 
removal of the solvent the residue was purified by column chromatography on 
AI,O, benzene elrzent. The yield of VII was 0.84 g (38%);.an oil slowly crystal- 
lizing when aliowed to stand for a long time. Analysis: Found: C, 61.85,61.88; 
H, 4.82,4.97; N, 2-96, 3.21; P, 6.70, 6.71; Mn, 11.90. C,,H,,NO,MnP. CaIcd.: 
C, 62.03; H, 4.75; N, 3.14; P, 6.96; Mn, 12.34%. 

III. Preparation of hydroxymethylcymantrene I. from IV 
To a solution of 46.2 g (0.2 mol) of IV in 500 ml of abs. ethanol there were 

added portion-wise 16 g (0.42 mol) of NaBH, for 2 hours with stirring at 20°C. 
The mixture was kept for 1 hour under these conditions, and then into 11 of 
water and extracted with methylene chloride. The organic layer was washed 
with water and dried over Na$O,. After removaI of the solvent, distillation of 
the residue gave 35.1 g (74.7%) of alcohol II, b-p. 92°C (6 X 10m2 mmHg), m-p. 
40-41” C (hexane). M-p. from Literature 41-42” C [ 5 3. 

IV. Oxidation of alcohol II to formylcymantrene IV 
A suspension of 21 g (0.24 mol) of active MnO, in 170 ml of benzene was 

refiuxed for 4 hours with Dean-Stark packing and on addition of 11.2 g (0.05 
mol) of II heated further for 20 hours. After cooling, the benzene solution 
was twice filtered from the residue which was washed with benzene. The ben- 
zene solution was evaporated to dryness and 5.5 g (50%) of IV, m-p. 80-81°C 
(per&me), were isolated from the residue by crystabization from hexane. 

V. Preparation of the P-oxide of I-dimethylaminomethyl-2-diphenylphosphino- 
cymantrene (VIII) 

To a solution of 1.33 g (0.0029 mol) of Ic in abs, acetone 1 ml of 30% H,O, 
was added drop-wise at 10°C with stirring. The mixture was kept for additional 
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1 hour at UY’C, and then poured into 200 ml of water, extracted with benzene 
and the extract was dried over Na,SO,. The solvent was removed and the resi- 
due was crystallized from hexane to give 1.07 g (80%) of the P-oxide, VIII, m-p. 
llO-111°C. Analysis: Found: C, 59.97, 59.77; H, 4.66,4.70; Mn, 11.98, 
12.10. CZ3HZ1N04MnP. Calcd.: C, 59.87; H, 4.59; Mn, 11.91%. 

References 

1 N.M. Loim. N.A. Abramova. Z-N. Parnes and D-N. Kursanov. J. Organometal. Chem.. 168 (1979) C33. 
2 Yu.N. Belokon’. I.E. Zel’tzer. N.M. Loim. V.A. Tsiryapkin. G-G. Aleksandrov. D.N. Kursanov. Z.N. 

Parries. Yu.T. Struchkov and V.M. Belikov. Tetrahedron. 36 (1980) 1089. 
3 J.J. Dannenberg. MX. Levenberg and J.H. Richards. Tetrahedron, 29 (1973) 1575. 
4 0. Hofer. in N-L. Allinger and EL Eliel <Ed=& Topics in Stereochemistry. Wiley-Interscience. New 

York. vol. 9.1976. a) P. 111: b) P. 132. 

5 A.N. Nesme~anov. K.N. Anisimov and Z.P. Valueva. Dokl. Acad. Nauk SSSR. 162 (1965) 112. 


