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Summary 

Resolution of cx-aminoethylcymantrene (I) to its enantiomers has been 
effected for the first time by means of (+)-d-tart&c acid. The molecular struc- 
ture and absolute configuration lof (+)-(R)-~Y-(N-acety1amino)ethyIcymantrene 
prepared from (-)-I have been established by an X-ray analysis. On the basis of 
chemical and chiroptical correlation methods the R-configuration of the chiral 
centre is also assigned to (-)-I, (+)a-(NJV-dimethylamino)ethylcymantrene, (+)-II. 
and (+)-cr-(N,N,N-trimethylammonium)ethylcymantrene iodide, (+)-III. ORD and 
CD curves of the prepared optically active compounds have been studied. 

Continuing our studies of the properties of chiral monosubstituted com- 
pounds of the cymantrene series [1,2], we have carried out the synthesis of op- 
tical isomers of aminoethylcymantrene (I) and three of its derivatives (II-IV). 

Resolution of (R,S)-I to its enantiomers was effected by means of (+)-d- 
tztaric acid in 80% ethanol medium. From the less soluble tartxate of amine I 
(-)578-I was isolated. The optically pure (-)-enantiomer was obtained as a result 
of a triple repetition of the “tartrate formation-tar&ate decomposition” opera- 
tion to a constant value of [aljis_ In every purification stage the optical purity 
of (-)-I was controlled by determining the PMR spectrum in the presence of a 
chiral shifting agent, Dy(tflc)3 (Fig. 1). Pure (-)-I was also prepared by a double 
crystallization of the less soluble tartrate from ethanol. Crystallization of the 
tartrate isoIated from the mother liquor, followed by treatment with 2 M NaOH, 
gave (+)-I with a 60% optical purity. The PMR and electron spectra of racemic I 

* Dedicated to Prof. G-A. Razuvaev on the occasion of his 85th birthday on August 23rd. 1980. 
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Fig. 1. PMR spectra of the cyclic protons of (R.S)-I (a) and of (-_)-<R)-I (b) in the Presence of Dy(tlfc13; 
60 MHz. CHC13. [amine] /[DyWlc)31 = 2. 

and (-)- and (+)-I were identical. 
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Methylation of (-)-I was effected by two independent methods: (a) treat- 
ment with formaldehyde and sodium borohydride in methanol and (b) treat- 
ment with formaldehyde in formic acid. Both methods resulted in the prepara- 
tion of (+)-or-(dimethylamino)ethyIcyarnankene, (+)-II, with similar values of 
Cal 57~, equal to +1’?.19 and +17.23”, respectively. 
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The values of [oL&,~ for (-)-II prepared from (+)-I by reactions a and b were 
also very similar. These data indicated that the transformation of I into II 
occurred stereoselectively without racemization of the chiral centre in either 
methods a or method b. The interaction of (+)- or (-)-II with methyl iodide 
resulted in formation of (+)- or (-)~-(N,N,N-trimethylammonium)ethylcyman- 
trene iodide ((+)- or (-)-III). 
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TABLE 1 

VALUES OF [a] AND THE PARAMETERS OF THE ELECTRONIC AND CD SPECTRAL 
PARAMETERS FOR OPTICAL PURE <R)-(CO)@nC~H&H<CHg)R 

Compound R electronic spectra CD spectra Cal 578 Solvent 

%nax lge Amar WI 

I NHz 330 3.05 335 -190 -10.4 CH=&HzOH 
II 

zz: 
331 3.13 344 -1584 i17.2 CH3CH2OH 

III 3 333 3.09 342 -1736 s26.9 CH30WH&OH 
332 3.05 344 -1105 - CH$N 

IV NH(COCH3) 330 3.21 333 -1705 +24.5 CH3CH20H 

To establish the configurational relationship of the opkxJly active cyman- 
trene derivatives, we studied their ORD and CD spectra (Table 1, Figs. 2 and 3). 
In the circular dichroism spectra of (-)-I and of its derivatives (+)-II and (+)-III, 
a negative maximum was observed in the 330-340 nm region, corresponding to 
the long-wave absorption band of these compounds in the electronic spectrum. 
The optical rotation dispersion curves of (-)-I, (+)-II, (+)-III have a similar rela- 
tionship of variation of [M] when passing to the short-wave region of the spec- 
trum. The ORD curve of (-)-I in the 600-400 nm region corresponds to a sim- 

Fig. 2. The ORD C~~V+ZS of <-)<R)-I in EtOH <OF ). (+)-CR)-11 in EtOH (X -x ). (+)-<R)-III in 
MeCN’(D------o). <+)iR)-IV in EtOH <A- C) and the electronic spectrum <R,S)-I in EtOH (- )- 



Fig. 3. The CD curves of (-P(R)-1 in EtOH (o- n). (+)-<R)-II in EtOH (X -x ). <t)-(R)-111 in 
MeCN <o- ) and in MeOCH2CH20H (- - - -_). (+)-(R)-IV in EtOH (a -----A). 

pie Drude equation in the form: 

l/[alA = (A2 - h:)/A 

with A, = 333 nm and A = 2.05 *. In the case of (+)-II and (+)-III the shape of 
the QRD curves within this region of the spectrum is defined, to a considerable 
extent, by the background rotation. The ORD and CD spectra of (+)-I, (-)-II 
and (-)-III are the mirror images of the curves shown in Figs. 2 and 3 for the 
corresponding enantiomers. Consequentiy, as one couId expect from the method 
of transformation of I into III, derivatives of (-)-I, (+)-II and (+)-III have the 
same configuration at the chiral centre. The opposite configuration can be 
assigned to compounds (+)-I, (-)-II and (-)-III. 

In order to establish the absolute configuration of the optically active com- 
pounds described in this paper, we carried out an X-ray analysis of (+)a-(N- 
acetylamino)ethylcymantrene(IV) prepared from the optically pure (-)-I enan- 
mer 
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(CH3COJ20 
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* The value of A corresponds to A in p. 
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Fig. 4. The molecular structure of (+)-<R)-IV. 

The molecular structure of (+)-IV with bond lengths end angles ‘is shown in 
Fig. 4. Atomic coordinates and temperature factors are given in Table 2. 

The Mn atom in (+)-IV has a typically octahedral coordination (“piano stool”) 
characteristic for (~5-C5H,)Mn(CO), [3] and its derivatives with substantial reten- 
tion of the ideal Cs, symmetry of the Mn(CO)s fragment, i.e. the (O)C-Mn- 
C(0) bond angles are close to 90”. 

The cyclopentadienyl Iigand is planar within -+0.005 A, with mean C-C dist- 
ances in the cycle of 1.43(2) A and Mn-C(Cp) of 2.14(I) A, differing insignif- 
icantly from those found in (q5-C5Hs)Mn(CO), (1.39 and 2.15 A, respectively). 
The C(9) atom is not strictly within the cycle plane, but is displaced outwards 
from it by 0.10 A relative to the metal atom. 

In the molecule of (+)-IV another sub&ntiaIIy planar fragment C(S)NC(ll)C- 
(12)0(4) can be defined (the maximum atomic deviation from the root-mean- 
square plane does not exceed 0.01 A) which forms a dihedral angle of 76.7” with 
the cyciopentadienyl Iigand. The geometrical parameters of the substituent are 
quite usual. Thus, a shortening of the N--C(ll) distance to 1.31(l) A, charac- 
teristic for an amide bond, is observed along with a corresponding elongation of 
the ketone bond C(ll)=O(4) to a value of l-26(2) A comparable with the 
standard values of this bond length in O=C-N fragments 141. 
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The metal-carbonyl groups are linear with normal Mn-C (mean 1.7’7(2) A) 
and C-O (mean l-16(2) a) bond lengths. 

In the crystal the molecules of (+)-IV are linked in chains along screw axes by 
means of rather weak hydrogen bonds N-H...O(4) of 2.82(l) a in length. 

As shown in Fig. 4, the asymmetric C(9) atom has the (R)-configuration. 
Since (+)-IV, both from the method of its preparation and from the shape of the 
ORD and CD curves (Figs. 2 and 3), should have the same configuration at the 
chiral centre as (-)-I, the above data indicate that compounds (-)-I, (+)-II and 
(+)-III also have the (R)configuration. Cbnsequently, the enantiomers (+)-I, 
(T-)-II and (-)-III also have the (S)-configuration. The structural formulae of 
the optically active compounds shown in the diagrams correspond to their abso- 
lute configuration. 

The study of chiroptical characteristics of the optically active cymantrene 
derivatives I-IV discussed here shows that enantiomers of the @)-series have a 
negative Cotton effect and those of the (S)-series a positive one within the 
metal-carbon bond absorption region (ca. 330 nm). 

Experimental 

Values of [a! ] were measured with Polamat-A and Perlcin-Elmer 141 polari- 
meters. The ORD and CD curves were obtained with Jasco ORD/UV-5 and 
Jasco J-20 spectropolarimeters, respectively. Electron spectra were recorded 
with a Specord UV-VIS spectrophotometer and PMR spectra with a Perkin- 
Elmer R-12 spectrometer. The optically active shifting agent Dy(tflc), was pre- 
pared according to ref. 5 from Dy203 and 3-(trifluoroacetyl)-Z-camphor with 
[4% = -149” (c 4, benzene). 

(R,S)-(r-Aminoethylcymantrene, I 
To a solution of 200 g (0.76 mol) of acetylcymantrene oxime [6] in 800 ml 

of glacial CH,COOH and 50 ml of water 247 g (3.8 mol) of zinc powder were 
added in portions over 1.5 hours with stirring under argon atmosphere at 60- 
80°C. After addition of all the zinc the mixture was heated at reflux for one 
hour, the hot solution separated from the precipitate, cooled, neutralized with 
6 M NaOH and extracted with n-hexanol. The extr-ot was vigorously shaken 
with excess 6 M NaOH and rapidly washed with water until the washings were 
neutral. The organic layer was dried with a mixture of Na,SO, and MgSO, and 
the amine was distilled in vacuum. The yield of I was 125 g (66%); b.p. 77-‘78°C 
4 X lo-’ mm Hg, n&O = 1.5920. Analysis: found: C, 48.43,48.45; H, 4.04,4.12; 
C,oH,oNO,Mn, &cd.: C,48.64; H, 4.07%. PMR (Ccl,, 6 ppm): 1.33 (d, 5 H, 
J= 5-3 HZ, CH3 and NH,); 3.83 (q, 1 H, CHCH,); 4.69-4.79 (m, 3 H, C5H4) and 
4.94 (m, 1 H, C&H& 

(-)-R-a-Aminoethylcymantrene, (-)-(RI-1 
(a) Solutions of 116 g (0.53 mol) of I in 1450 ml of aqueous ethanol (d = 

0.870) and of 79.6 g (0.53 mol) of (+)-d-tart&c acid in 1450 ml of aqueous 
ethanol were mixed at 55°C in a thermostat. The temperature of the resulting 
solution was then sIowly lowered during 10 hours to 17.5”C and maintained at 
this temperature for 12 hours. After this time 88.2 g of tartrate were precipi- 
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tated, which after treatment with 2 M NaOH, drying of the ethereal extract and 
21 distillation gave 41.8 g of the amine with [a]57s =-8.5’ (c 2, ethanol). Double repeti. 

tion of the formation of the tartrate and recovery of the amine resulted in (-)- 
@?)-I with [(Y]& = -10.4” (c 2, ethanol). The yield was 17.6 g (30%), b-p. 80- 
81”C/6 X lo-* mm Hg; ng = 1.5910. 

(b) 85 g of the tartrate recovered after the first resclution of racemic I were 
recrystallized directly from ethanol (2 X 650 ml). The yield of tartrate was 52.3 g, 
isolation of the amine was carried out as described in (a). 25.3 g (43%) of (-)- 
@)-I were obtained; [LYE& = -10.3” (c 2, ethanol); b-p. 78”C/4 X lo-’ mm Hg, 
r-z&O = 1.5912. 

(+I-(S)-cr-Aminoethylcymantrene, (+)-(S)-I 
The mother liquor after separation of the first portion of the tartrate (see (a) 

above) was evaporated to dryness and the residue twice recrystallized from 
methanol. Decomposition of the salt gives 38 g of (+)-(S)-I; [a] z& = +6.2” (c 2, 
ethanol); b.p. 78-79”C/4 x lo-’ mm Hg; ng = 1.5910. 

(+)-(Rf-w(Dimethylamino)ethyicymantrene, (+)-(R&II 
13.3 g (0.05 mol) of (-)-@)-I were slowly added with stirring to 12.5 g 

(0.27 mol) of HCOOH. The resulting solution mixed with 11 ml of 37% formalin 
and the temperature gradually (to avoid too vigorous an evolution of COZ) 
raised to 95-100°C. The mixture was refluxed for 8 hours, and then poured into 
water, acidified with 2 M HCl and extracted with ether. 4 M NaOH was added to 
the aqueous layer to pH = 9 and the mixture was again extracted with ether. The 
ethereal extracts were washed with water, dried over MgSO,-Na$O, and distilled 
The yield of (+)-(R)-II was 11.4 g (76%); b-p. 89-9O”C/8 X lo-’ mm Hg; m-p. 
54-55”C, [oL]$ = +17.2” (c 2, ethanol). Analysis found: C, 52.33, 52.19; H, 
4.96,4.90; Mn, 20.20,20.19; C1,H,4NOXMn Calcd.: C, 52.37; H, 5.12; Mn 
19.96%. McI. weight 275 (mass-spectrum). PMR (Ccl,, 6 ppm): 1.25 (d, 3 H, 
J= 6.7 Hz, CH& 2.12 (s, 6 H, N(CH3)2); 3.45 (q, 1 H, J= 6.7 Hz, CHCH& 
4.56 (m, 1 H, CsH4) and 4.73 (m, 3 H, C5H4). 

(-)-(S)-a-(Dimethylamino)ethyZcymantrene, (-)-(S)-II 
(a) Following the above described procedure, 23.8 g (62%) of (-)-(S)-II were 

obtained from 35.3 g (0.14 mol) of (+)-(S)-I (59.6% oprical purity), 36.1 g 
HCOOH and 33.4 ml of 37% formalin; b.p. 75”C/3 X IO-* inm Hg, m.p. 28- 
30°C; ng = 1.5705, [a!]f$ = -10.3” (c 2, ethanol). 

(b) 10 g (0.04 mol) of (+)-(S)-I were dissolved in 247 ml of methanol and to 
this solution 61 ml of 37% formalin were added. The mixture was cooled to 
-10°C and 24 g (0.66 mol) of Nal3H were added in small portions with stirring 
under argon atmosphere. After addition of the hydride the reaction mixture 
was brought up to 40°C and stirring was continued for an additional 1.5 hours. 
The flask contents were poured into 2 litres of water and the mixture extracted 
with ether. The extract was shaken with 2 M HCI and the aqueous solution alkali- 
fied ho pH = 9. The ethereal extracts of the aqueous solutions were washed with 
water, dried over MgSOo and distilled. According to the PMR spectrum, 
(CO)&InC,H&H(CH,)NH(CH,) had been isolated. The yield was 7.1 g; b.p. 
87”C/7 X lo-’ mm Hg; ng = 1.5770. 
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The introduction of the second methyl group was effected in a similar manner 
using 5.3 g of the monomethyl compound, 31 ml of formalin and 12 g of 
NaBH, in 124 ml of methanol. 3.9 g (71%) of (-)-(S)-II were obtained, b.p. 
83OC/5 X UT2 mm Hg; ng = 1.5720, [cy]& = -10.2” (c 2, ethanol). 

(f)-(R)-a-(N,N,N-TrimethyZammonium)ethylcymantrene iodide, (+)-(R)-III 

To a solution of 4.95 g (0.018 mol) of (+)-(R)-II in 10 ml of dry acetone, 5.4 
ml (0.08 mol) of freshly-distilled methyliodide were added dropwise at 0°C un- 
der stirring. The reaction mixture -was maintained at this temperature for 0.5 
hours (a precipitate was formed), diluted with 100 ml of abs. ether and filtered. 
The precipitate was washed with ether on the filter and dried in a desiccator over 
P205. The yield was 7.27 g (99%), m.p. 186-l.SS”C, (,a]$& = +22.6” (C 2, 
ethanol), +26.9” (c 2, methylcellosolve). Analysis found: C, 37.48, 37.36; H, 4.14, 
4.31; I, 30.56, 30.08; Mn 13.23,13.15. C,3HL7N03MnI, c&d.: C, 37.41; H, 4.10; 
I, 30.41; Mn 13.16%. 

c 

(R,S)-a-(N-acetylamino)ethylcymantrene, IV 

A mixture of 2 g (0.008 mol) of (R,S)-I, 9.95 g (0.166 mol) of CH,COOH 
and 1.72 g (0.017 mol) of (CH&O),O was heated at reflex for 8 hours. Excess 
volatile substances were removed in vacuum and the residue was crystallized 
from heptane-chloroform (1: 1) by slow evaporation of the solvent. The yield 
of IV was 1.62 g (70%), m-p. 105-106°C. Analysis found: C, 49.72,49.50; H, 
4.20,4.28; Mn, 19.24,19.41; ClzHIZNOIMn, calcd.: C, 49.84; H, 4.18; Mn 
18.99%. 

(+)-(RI-a-(N-acetylamino)ethylcymantrene, (+)-(R)-IV 

The enantiomer (+)-(R)-IV was prepared by the above procedure from 0.75 g 
(0.003 mol) of (-)-(R)-I. After crystallization, 0.63 g (73%) were isolated; m.p. 
77-78”C, [a]&? = +24.5” (c 1, ethanol). Analysis found: C, 49.94, 49.68; H, 
4.43,4.39; N, 4.60,4.56; Mn, 18.74,19.04; C1lHlzNO,Mn, calcd.: C, 49.84; H, 
4.18; N, 4.84; Mn, 18.99%. PMR (CDCl,, 6, ppm): 1.27 (d, 3 H, J= 5.3 Hz, 
CHCN3); 1.93 (s, 3 H, COCH,); 4.67 ( m, 2 H) and 4.87 (m, 3 H, CSHa and 
CHCH,); 5.95 (d, 1 H, NH). 

Crystals of (+)-(R)-IV are monoclinic, a = 8.120(l), b = 9.4425(S), c=8.576(1) 
A; fl= 93.70(l)“, V = 656.2(2) A3 M = 289.19, dcalc_ = 1.463 g/cm3 for 2 = 2; 
space group P2,. Intensities of 1017 reflections with I > 20 were measured on an 
automatic “Hilger-Watts” diffractometer (Ku, graphite monochromator, e/28- 1 
scanning, 20,,, = 130”), absorption neglected. The structure was solved by the 
heavy atom method and refined by the least-square method in the full-matrix 
anisotropic approximation to .R = 0.066. The absolute configuration of (+)-IV 
was established by the Hamilton test [7]; the R-factor for the inverted structure 
was 0.089. 
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