Accepted Manuscript

Organo
metallic
hemistry

AT Y
Preparation of Diethylcyanamide and Cyanoguanidine Complexes of Manganese and “6—6).
Rhenium {fﬁ

Gabriele Albertin , Stefano Antoniutti , Jesus Castro , Silvio Siddi

PII: S0022-328X(14)00265-4
DOI: 10.1016/j.jorganchem.2014.05.028
Reference: JOM 18600

To appearin:  Journal of Organometallic Chemistry

Received Date: 11 April 2014
Revised Date: 16 May 2014
Accepted Date: 22 May 2014

Please cite this article as: G. Albertin, S. Antoniutti, J. Castro, S. Siddi, Preparation of Diethylcyanamide
and Cyanoguanidine Complexes of Manganese and Rhenium, Journal of Organometallic Chemistry
(2014), doi: 10.1016/j.jorganchem.2014.05.028.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jorganchem.2014.05.028

> Synthesis of diethylcyanamide and cyanoguanidine complexes of manganese and rhenium.
> Thefirst bis(diethylcyanamide) complexes of manganese and rhenium were also prepared.

> Crystallographic characterization of two complexes is described.
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ABSTRACT

Diethycyanamide complexes [MECNEL)(CO)Ls.n]BPh (12a-59 [M = Mn, Re;n =1, 2,
3; L = PPh(OEY, P(OEt}] were prepared by allowing hydrides MH(GDy, to react first with
triflic acid (HOTTf) and then with an excess of digtyanamide. The related cyanoguanidine
derivatives [M{N=CN(H)C(NH,)=NH}(CO),Ls]BPh, (1b—4b) were prepared by reacting hydrides
MH(CO),Ls., first with an equivalent of HOTf and then with excess of cyanamideSCNH; or,
alternatively, with cyanoguanidine. Bis(diethylcgamde) complexes MBr(ECNEt)(CO); (6, 7)
were prepared by allowing pentacarbonyl species(fBjs to react with an excess of cyanamide
N=CNEtb. The complexes were characterised by spectroggBpiH, *'P,*C NMR) and by X-ray
crystal structure determination of [MrENEL)(CO){PPh(OEt}}s]BPh, (2a) and
ReBr(NECNEb),(CO); (7a).

Keywords:Manganese; Rhenium; Diethylcyanamide; Cyanoguaejdbynthesis
1. Introduction

The synthesis and reactivity of transition metahplexes containing cyanamideGNR;
(R = H, alkyl, aryl) or its dimeric form, cyanogudime N=CN(H)C(NH,)=NH, as ligands has been
relatively little developed over the years [1-8] spite of the close relationship with the nitREN
complexes [9] and the biological and syntheticriege[10] of these amino-functionalised nitrile
species. Only a limited number of cyanamide anechagaanidine complexes of transition metals
have been reported, mainly with molybdenum [7]tiplan [6] or copper [5] as central metals.



Instead, only two papers give reports for both naaege [11] and rhenium [12], involving My
CsHs)(CO)(N=CNEb) and ReGI(N=CNEL)(PMePh); derivatives, respectively.

We are interested in the chemistry not only ofZi” complexes of transition metals with
configuration [13], but also of nitrile derivativEs4] and, recently, diethylcyanamide and
cyanoguanidine complexes of ruthenium and osmiush (e have now extended these studies on
cyanamide derivatives to the manganese triad,l@agaper reports the synthesis of the first

cyanoguanidine and bis(diethylcyanamide) compl@tesanganese and rhenium.

2. Experimental section

2.1. General comments

All reactions were carried out in an inert atmosph@rgon) by means of standard Schlenk
techniques or in an inert-atmosphere glove box.eOsalated, the complexes were found to be
relatively stable in air. All solvents were driedeo appropriate drying agents, degassed on a
vacuum line, and distilled into vacuum-tight stadigisks. Mp(CO)o and Rg(CO),o were
Pressure Chemical Co. (USA) products, used asvestel he phosphane PPh(OENas prepared
by the method of Rabinowitz and Pellon [16], wheregethoxyphosphane P(OEtyas an Aldrich
product, purified by distillation under nitrogenth@r reagents were purchased from commercial
sources in the highest available purity and usae@sved. Infrared spectra were recorded on a
Perkin-Elmer Spectrum-One FT-IR spectrophotom@&®tR spectraH, 3'P, *C) were obtained
on an AVANCE 300 Bruker spectrometer at temperatbetween -90 and +30 °C, unless
otherwise notedH and**C{*H} spectra are referred to internal tetramethytstd'P{'H}
chemical shifts are reported with respect to 858®; downfield shifts are considered positive.
COSY, HMQC and HMBC NMR experiments were performagth standard programs. The INMR
software package [17] was used to process NMR @agconductivity of 18 mol dni® solutions
of the complexes in GO, at 25 °C was measured on a Radiometer CDM 83. éfie@hanalyses
were determined in the Microanalytical Laboratofyhe Dipartimento di Scienze del Farmaco,
University of Padova (ltaly).

2.2. Synthesis of complexes
Hydrides MnH(CO)Ls., (n = 3, 2, 1) and ReH(CQDs., (n= 3, 2) [L = P(OEY, PPh(OEL)]
were prepared following the previously reportedhods [18,19].



2.2.1. [Mn(N=CNEb)(CO)Ls.BPh, (1239 [n = 3 (1&), 2 a), 1 3a); L = PPh(OELY]

A slight excess of triflic acid HOSGF; (HOTf) (0.22 mmol, 20 pL) was added to a solution
of the appropriate hydride MnH(CE)., (0.20 mmol) in 8 mL of CkCl, cooled to -196 °C. The
reaction mixture was allowed to reach the room tmapire, stirred for 1 h, and then an excess of
diethylcyanamide HCNE#® (0.8 mmol, 93 pL) added. After 3 h of stirringetbolvent was
removed under reduced pressure to give an oil,iwivas triturated with ethanol (2 mL) containing
an excess of NaBRI(0.28 mmol, 96 mg). A yellow solid slowly sepahtaut from the resulting
solution cooled to -25 °C, which was filtered amgstallised from ethanol; yield 0.137 g (72%) for
la 0.177 g (79%) foRa, 0.220 g (85%) foBa.

1a: IR (KBr pellet)ven: 2258 (m)veo: 2062 (w), 1987, 1947 (s) ém'H NMR (CD.Cl,,

20 °C)d: 7.65-6.89 (m, 30 H, Ph), 4.11, 4.01 (m, 8 H,@Hos), 2.42 (g, 4 H, CGityanamide),
1.42 (t, 12 H, CHphos), 0.80 (t, 6 H, C+tyanamide) ppntP{*H} NMR (CD,Cl,, 20 °C)3: A,
spin syst, 190.5 (s br); (GDBl,, -70 °C):d = (A, spin syst) 191.1 (s) ppmw = 51.8Q* mol™* cn?.
Cs2HoN2BMNO;P, (952.74): calcd. C 65.55, H 6.35, N 2.94; found3C36, H 6.42, N 3.03%.

2a: IR (KBr pellet)ven: 2253 (m)veo: 1978, 1897 (s) cth *H NMR (CD,Cly, 20 °C)3:
7.60-6.88 (m, 35 H, Ph), 4.15-3.75 (m, 12 H,@Hos), 2.36 (q, 4 H, CHtyanamide), 1.37, 1.35,
1.34 (t, 18 H, CHphos), 0.80 (t, 6 H, Cftyanamide) ppntP{*H} NMR (CD,Cl,, -70 °C)d:

A,B spin systpa 197.3,8s 182.0,Ja = 62.0 HzAy = 55.1Q™ mol™ cnf. CeiH7sN.BMnOgP;
(1122.93): calcd. C 65.24, H 6.73, N 2.49; foun@35X05, H 6.59, N 2.41%.

3a: IR (KBr pellet)ven: 2253 (m):veo: 1880 (s) crit. *H NMR (CD.Cly, 20 °C)3: 7.58-6.88
(m, 40 H, Ph), 3.63 (m, 16 H, Gighos), 2.77 (q, 4 H, CHtyanamide), 1.18 (t, 24 H, Glghos),
1.04 (t, 6 H, CHcyanamide) ppnt'P{*H} NMR (CDCly, 20 °C)3: A4 spin syst, 200.0 (br);
(CD,Cl,, -70 °C):8 = (A4 spin syst) 197.2 (s br) ppmw = 55.6Q ™ mol™* cm?. C;oHgoN.BMNOgP4
(1293.12): calcd. C 65.02, H 7.02, N 2.17; founf4384, H 7.16, N 2.06%.

2.2.2. [MNn{N=CN(H)C(NH)=NH}(CO),Ls.]BPh, (1b, 28 [n = 3 (1b), 2 @b); L = PPh(OEt}]
Method 1: A slight excess of HOTf (0.22 mmol, 20)wtas added to a solution of the
appropriate hydride MnH(CGls., (0.20 mmol) in 8 mL of toluene cooled to -196 @&ldhe
reaction mixture, brought to room temperature, stased for 1 h. An excess of cyanamide
N=CNH, (0.8 mmol, 34 mg) in ethanol (5 mL) was added #wedresulting mixture stirred for 24 h.
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The solvent was removed under reduced pressunegeag oil, which was triturated with ethanol
(2 mL) containing an excess of NaBRA.4 mmol, 137 mg). A white solid slowly separated by
cooling the resulting solution to -25 °C, which witered and crystallised from dichloromethane
and ethanol; yield 0.122 g (65%) fbip, 0.133 g (60%) foRb.

Method 2: A An excess of HOTf (0.22 mmol, 20 pldssadded to a solution of the
appropriate hydride MnH(CGls., (0.20 mmol) in 8 mL of toluene cooled to -196 &ldhe
reaction mixture, brought to room temperature, staged for 1 h. An excess of cyanoguanidine
N=CN(H)C(NH;)=NH (0.4 mmol, 34 mg) in ethanol (5 mL) was added the resulting mixture
stirred for 24 h. The solvent was removed undeuaced pressure to give an oil, which was treated
with ethanol (2 mL) containing an excess of NaB@4 mmol, 137 mg). A white solid slowly
separated out by cooling the resulting solutiofr2tw °C, which was filtered and crystallised from
dichloromethane and ethanol; yield 0.143 g (76%)Ltp 0.164 g (74%) foRb.

1b: IR (KBr pellet)vyu: 3456, 3407, 3326 (Myicn: 2237 (M) Veo: 2059 (m), 1972, 1942 (s);
SnHy: 1632 (s) crit. *H NMR (CDxCly, 20 °C)3: 7.65-6.89 (m, 30 H, Ph), 4.06, 3.96 (m, 8 HGH
3.51 (s br, 4 H, NH+Nklcyanamide), 1.38 (t, 12 H, GH (CD.Cl,, -70 °C):d = 7.55-6.89 (m br,
30 H, Ph), 3.96, 3.84 (br, 8 H, GH3.09, 2.29 (br, 4 H, NH+Nityanamide), 1.29 (t br, 12 H,
CHs) ppm.3'P{*H} NMR (CD,Cl,, 20 °C)3: A, spin syst, 189.5 (s br); (GDly, -70 °C):5 = (A;
spin syst) 189.6 (s) ppMw = 53.2Q ™ mol* cn?. CygHsaN4BMnO,P, (938.67): calcd. C 62.70, H
5.80, N 5.97; found C 62.58, H 5.92, N 6.11%.

2b: IR (KBr pellet)vny: 3502 (w), 3439, 3389, 3367 (mign: 2247 (M)Vco: 1967, 1903 (S);
Snry: 1623 (s) cnit. *H NMR (CD.Cl,, 20 °C)&: 7.50-6.88 (m, 35 H, Ph), 3.96, 3.83, 3.73, 3167 (
12 H, CH), 3.47 (s br, 4 H, NH+NKcyanamide), 1.32, 1.31, 1.27 (t, 18 H, {LLHCD.CI,,

-70 °C):5 = 3.55, 2.13 (br, 4 H, NH+N¥tyanamide) ppm3C{*H} NMR (CD,Cl,, 20 °C)d:
222.1, 219.6 (m br, CO), 165-122 (m, Ph), 63.10GH), 58.6 (s, C=NH), 16.48 (m, GHppm.
31p{’H} NMR (CD.Cl,, -70 °C)3: A,B spin systpa 195.7,0g 182.8,Jas = 58.3 Hz Ay = 52.7Q™
mol ™ cf. CsgHeoN4BMNOgPs (1108.86): calcd. C 62.82, H 6.27, N 5.05; foun@3X00, H 6.17, N
4.96%.

2.2.3. [Re(NCNEbL)(CO){PPh(OEt}},]BPh, (4a) and [Re(NECNEL)(CO){P(OEt)s}3]|BPh, (59)
A slight excess of HOTf (0.165 mmol, 15 pL) wasled to a solution of the appropriate
hydride ReH(CQ)Ls., (0.15 mmol) in 8 mL of ChkLCl, cooled to -196 °C and the reaction mixture,
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brought to room temperature, was stirred for 1 tme&cess of diethylcyanamideeQNE® (0.75
mmol, 87 pL) was added and the reaction mixtureestifor 24 h. The solvent was removed under
reduced pressure to give an oil, which was treatddethanol (2 mL) containing an excess of
NaBPh (0.3 mmol, 103 mg). A pale-yellow solid slowly segted out by cooling the resulting
solution to -25 °C, which was filtered and cryssatl from ethanol; yield 0.137 g (84%) i,
0.141 g (81%) foba.

4a: IR (KBr pellet)ven: 2260 (m):veo: 2068 (w), 1980, 1942 (s) ¢hn'H NMR (CD,Cl,
20 °C)d: 7.65-6.88 (m, 30 H, Ph), 4.03, 3.96 (m, 8 H,@Hos), 2.56 (g, 4 H, Cityanamide),
1.40 (t, 12 H, CHphos), 0.87 (t, 6 H, Cftyanamide) ppnt P{*H} NMR (CD,Cl,, 20 °C)&: A,
spin syst, 134.8 (s br); (GDl,, -70 °C):5 = (A, spin syst) 136.25 (s) ppmy = 52.5Q mol™*
cnt. Cs2HsoN2BO;P,Re(1084.01): calcd. C 57.62, H 5.58, N 2.58; found7C39, H 5.46, N
2.64%.

5a: IR (KBr pellet)ven: 2264 (m)veo: 1905, 1892 (s) cth *H NMR (CD,Cly, 20 °C)3:
7.32-6.88 (m, 20 H, Ph), 4.05 (m, 18 H, {ihos), 3.09 (g, 4 H, Crtyanamide), 1.34, 1.32 (t, 27
H, CH; phos), 1.25 (t, 6 H, Cityanamide) ppm>C{*H} NMR (CD,Cl,, 20 °C)3: 193.58 (td,
CO,Jcp= 11.3,Jcp = 2.3 Hz), 191.94 (td, CQcp = 80.0,Jcp = 8.3 Hz), 165-122 (m, Ph), 66.04 (s,
C=N), 62.05 (m, CHphos), 46.7 (s, Cktcyanamide), 16.32 (m, GHbhos), 13.37 (s, CH
cyanamide) ppntP{*H} NMR (CD.Cl,, -30 °C)&: A,B spin systda 115.6,0s 114.4,Jas = 47.5
Hz. Av = 53.0Q mol* cm?. CigH7sN,BO11PsRe (1158.07): caled. C 50.82, H 6.53, N 2.42; found
C 50.65, H 6.63, N 2.35%.

2.2.4. [Re{Ne=CN(H)C(NH)=NH}CO)s{PPh(OELt}},]BPh, (4b) and [Re{NsCN(H)C(NH,)=NH}-
(COX{P(OEt)s}s]BPhs (Sb)

Method 1: An excess of HOTf (0.165 mmol, 15 puLsvealded to a solution of the
appropriate hydride ReH(Cf)s.» (0.20 mmol) in 8 mL of CkLCl, cooled to -196 °C and the
reaction mixture, brought to room temperature, stased for 1 h. An excess of cyanamide
N=CNH, (0.6 mmol, 25 mg) in ethanol (5 mL) was added #wedresulting mixture stirred for 24 h.
The solvent was removed under reduced pressutiggag oil, which was triturated with ethanol
(2 mL) containing an excess of NaBRB.3 mmol, 103 mg). A pale-yellow solid slowly seated
out by cooling the resulting solution to -25 °C,igthwas filtered and crystallised from
dichloromethane and ethanol; yield 0.170 g (80%Xp 0.195 g (85%) fobb.



Method 2: The complex was prepared exactly likinwlethod 1, but using cyanoguanidine
(0.3 mmol, 25 mg) as a reagent; yield 0.175 g (8&%0db, 0.195 g (85%) fobb.

4b: IR (KBr pellet)vnn: 3493 (w), 3411, 3322 (myen: 2240 (M) veo: 2061 (w), 1972, 1955
(s); dnr,: 1632 (s) crit. 'H NMR (CD.Cl,, 20 °C)d: 7.62—6.88 (m, 30 H, Ph), 4.28 (br, 4 H,
NH+NH, cyanamide), 4.06, 3.99 (m, 8 H, @H1.37 (t, 12 H, Ck); (CD.Cl,, -30 °C):5 = 7.60—
6.97 (m, 30 H, Ph), 4.03, 3.88 (m br, 8 H, £i18.77, 2.78 (br, 4 H, NH+N}tyanamide), 1.38 (t,
12 H, CH) ppm.**P{*H} NMR (CD,Cl,, 20 °C)d: A, spin syst, 134.0 (s); (GBI, -30 °C):5 =
(A spin syst) 134.4 (s) ppmw = 52.6Q mol™ cn?. CygHssN4BO/P,Re(1069.94): calcd. C 55.01,
H 5.09, N 5.24; found C 54.82, H 5.18, N 5.15%.

5b: IR (KBr pellet)vny: 3529, 3440, 3344 (myen: 2247 (M) Veo: 1981, 1900 (S)ONH,:
1634 (s) crit. 'H NMR (CD,Cl,, 20 °C)&: 7.52—6.88 (m, 20 H, Ph), 4.78 (m, 4 H, NH+NH
cyanamide), 4.12 (m, 18 H, G{1.40, 1.39 (t, 27 H, C#t (CD,Cl, -70 °C):5 = 7.53-7.07 (m, 20
H, Ph), 4.99, 4.31 (br, 4 H, NH+NHyanamide), 4.10, 3.87 (br, 18 H, @H1.41, 1.39 (t, 27 H,
CHs) ppm.3'P{*H} NMR (CD,Cl,, -70 °C)3: AB, spin systpa 119.2,8 116.5,Jag = 46.2 Hz.
Aw = 54.40 molt ent. CagHegN4BO11PsRe (1144.00): caled. C 48.29, H 6.08, N 4.90; found C
49.07, H 6.00, N 5.12%.

2.2.5. fac-MnBr(NCNEb),(CO); (6a)

An excess of diethylcyanamide (1.8 mmol, 209 uL¥a&edded to a solution of the
pentacarbonyl complex MnBr(C©(100 mg, 0.36 mmol) in toluene (8 mL) and the tieac
mixture was stirred at room temperature for 24 e $olvent was removed under reduced pressure
to give an oil, which was triturated with ethan®IniL). A pale-yellow solid slowly separated out
by cooling the resulting solution to -25 °C, whiehs filtered and crystallised from
dichloromethane and ethanol; yield 130 mg (87%)HKRBr pellet)vcn: 2264 (M) vco: 2033 (m),
1930, 1910 (s) cth *H NMR (CD,Cl,, 20 °C)3: 3.19 (g, 8 H, Ch), 1.32 (t, 12 H, Ck) ppm.
Ci13H20N4BrMnO;3 (415.16): caled. C 37.61, H 4.86, N 13.50; found7C79, H 4.75, N 13.37%.

2.2.6. fac-ReBr(HCNEbL)(CO) (7a)

An excess of diethylcyanamide (1.23 mmol, 143 phywdded to a solution of the
pentacarbonyl complex ReBr(C£L00 mg, 0.25 mmol) in toluene (8 mL) and the tieacmixture
was refluxed for 5 h. The solvent was removed unelduced pressure to give an oil, which was
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triturated with ethanol (3 mL). A white solid slonseparated out by cooling the resulting solution
to -25 °C, which was filtered and crystallised frdmmhloromethane and ethanol; yield 116 mg
(85%). IR (KBr pelletien: 2264 (M)veo: 2023 (M), 1917, 1897 (s) ém*H NMR (CD,Cls,

20 °C)3: 3.17 (q, 8 H, Ch), 1.33 (t, 12 H, Ck) ppm. GsHooN4BrOsRe (546.43): calcd. C 28.57, H
3.69, N 10.25; found C 28.43, H 3.80, N 10.12%.

2.2.6. mer-cis-ReBr(ECNEb)(CO); (7a;)

In a 25-mL three-necked round-bottomed flask wéaegqd 80 mg (0.15 mmol) déc-
ReBr(NeCNEb),(CO); (7a), an excess of NaBRKO.2 mmol, 68 mg) and 10 mL of ethanol. The
reaction mixture was stirred for 2 h and then thigent removed under reduced presure to about 2
mL. By cooling the reaction mixture to -25 °C, depgellow solid separated out, which was filtered
and dried under vacuum; yield 72 mg (90%). IR (WBHet)vcn: 2264 (M)veo: 2034 (w), 1928,
1872 (s) crit. 'H NMR (CD.Cl,, 20 °C)&: 3.11, 3.02 (q, 8 H, CH, 1.27, 1.23 (t, 12 H, CHi ppm.
Ci3H20N4BrOsRe (546.43): caled. C 28.57, H 3.69, N 10.25; found8%9, H 3.75, N 10.12%.

2.3. X-ray Crystallography

Crystallographic data were collected (at room terafure for2a and at low temperature for
7a) on a Bruker Smart 1000 CCD diffractometer at CAQJIniversidade de Vigo) using graphite
monochromated Mo-Kradiation A = 0.71073 A), and were corrected for Lorentz aokyisation
effects. The software SMART [20] was used for azlleg frames of data, indexing reflections, and
the determination of lattice parameters, SAINT [&i]integration of intensity of reflections and
scaling, and SADABS [22] for empirical absorptiarrection. The crystallographic treatment was
performed with the Oscail program [23]. The stroesuwere solved by Patterson method and
refined by a full-matrix least-squares based df2&]. Non-hydrogen atoms were refined with
anisotropic displacement parameters. Hydrogen ateens included in idealized positions and
refined with isotropic displacement parameters. NB# fragment of the dialkylcyanamide groups
are usually disorder [25], so f@m it was necessary to apply some restrains. The SAdiuction
was applied for fix C—C and C-N lengths. Detail€yfstal data and structural refinement are given
in Table 1. CCDC 981666-981667 contain the suppteang crystallographic data for this paper.
These data can be obtained free of charge frorGémebridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.



3. Results and discussion

3.1. Preparation of diethylcyanamide and cyanogden@ complexes
Diethylcyanamide complexes of manganese and rhefM(N=CNEL)(CO)Ls.,|BPh, (la—
5a) were prepared by reacting hydrides MH(QQ), first with triflic acid (HOTf) and then with an

excess of BCNEt, as shown in Scheme 1.

L L +
_— CNEt.
- 2
.. | ‘\\“OTf exc. N=CNEt, OC,,,“' | _‘\\\‘N 1

L
OC/I:,,,l_.\n‘H Hott  OCu,,

M — M: A M oTf "
“H ~oTf
oc/ | Neo M oc/ | Neo oc/ | oo
L L L
la,4a (1)
L L L +
| | | _—CNEt,
OC//,,,,M_‘\\\\H HOTY OC’I:,,,M_‘\\\\OTf exc. N=CNEt, OC"/,.,M_.\\\\N = or-
—_— —_—
“H “oTt
o™ | ~, 2 oc” | N, oc®” | ~,
L L L
2a,5a (1)
L L H + L +
_—CNEt
- 2
L ,,.,\L.‘\\“H HOTF """'~,\|,,»“‘\\\H ot~ SXCN=CNEt LI""'I\|/|"“\\N/ oTf"
—_— _—
“oTt
oc”” | ~, oc”” | N~ oc?” | ~,
L L L

3a (Ill)

Scheme 1. M = Mn]( 2, 33, Re @, 95; L = PPh(OEY (1-4), P(OEt} (5)

The reaction of the hydride MH(CRLs., (n = 2, 3) with triflic acid is known to proceed withe
formation of dihydrogen complex [M¢-H,)(COXLs.]* which, by loss of b yields the triflate
intermediate MK'-OTf)(CO)Ls.n [18,19]. Substitution of the triflate ligand by=RNE®, afforded
the final diethylcyanamide complexgs, 2a, 4a, 5a which were separated as BPsalts and

characterised.
The related monocarbonyl MnH(CQ)Wwas also reacted with triflic acid to give thebdta

dihydrogen cation [Mn{?-H,)(CO)Ls]* [18], which underwent substitution of thé-H, group by
N=CNEt yielding the final diethylcynamide derivative [MMECNEL)(CO)Ly]BPhy (34).
The related cyanoguanidine complexes [M{IN(H)C(NH;)=NH}(CO),Ls.|BPh, (1b-5b)



were prepared following two different methods iniog, in one case, the reaction of hydrides
MH(CO).Ls., first with an equivalent of triflic acid and thenth an excess of cyanamideeQINH,,

as shown in Scheme 2.

L L exc. N=CNH, L &C/ . _~NH;
ocy,, | H o pote OCs, | \\\\OTf OCu,, | WNF /7:
e e g ort-
-H — ~AN—
oc?”” | N M oo | N \W=CN=C(NHy), oc?”” | Neo NH
L L L
1b,4b (V) " —‘J,
T T exc. N=CNH, L ¢C/N\ __NH,
OC/,,,' “\\\H HOTf OCI/,,’ “\\\OTf OC/,,“ | “\\\N/ /7:
‘M 3 ‘M- ‘M OTf ™
o | N, H e | N, N=CN=C(NH,), o | N, NH
L L L
2b,5b (V)

Scheme 2. L=M =Mn]( 2, Re @, 5; L = PPh(OEY (1, 2, 4, P(OEt} (5)

Alternatively, the cyanoguanidine complexes weeppred by reacting hydrides MH(G{Dy., first
with HOTf and then with an excess of free cyanogiliae NECN=C(NH,). in ethanol.

The formation of complexelb, 2b, 4b, 5b from the reaction with cyanamide was not
unexpected, in view of the known ease of dimesatit NSCNH,. The initial coordination of
N=CNH, to the metal fragment, giving [MECNH,)(CO).Ls]", may be followed by nucleophilic
attack by a second®CNH, on the cyanamide carbon atom of the coordinataary&de yielding,
after H-shift, the N-imine-bonded cyanoguanidinenptexes
[M{N(H)=C(NH 2)N(H)C=N}(CO),Ls,]". Linkage isomerisation of this ligand gave thefin
N-nitrile-bonded derivativesb, 2b, 4b, 5b.

Cyanamide and cyanoguanidine complexes of the aresg triad are very rare and, to the
best of our knowledge, only one example of both gaaese [11] and rhenium [12]
diethylcyanamide complexes have been reportednand for cyanoguanidine. The use as
precursors of mixed-ligand hydride complexes MH((@@), containing phosphanes and carbonyls,
allowed easy synthesis of both diethylcyanamide@@ashoguanidine complexes of Mn and Re.

It is worth noting that the cyanamide and cyanogniae complexes of both Mn and Rie-@)
were all prepared with phenyldiethoxyphosphane BELY as supporting ligand. Instead, rhenium
dicarbonyls [Re(RCNEL)(CO)L3]BPh, (5a) and [Re{N(H)=C(NH)N(H)C=N}(CO),L3s]BPhy
(5b) were obtained with triethoxyphosphane P(@B&$) supporting ligand.



Complexed—-5were all isolated as white or yellow solids stahlair and in solution of polar
organic solvents, where they behave as 1:1 elgtt[26]. Their characterisation is supported by
analytical and spectroscopic (IR, NMR) data anlnay crystal structure determination of
complex [Mn(NECNEL)(COR{PPh(OEt}}s]BPh, (28), the ORTEP [27] of which is shown in
Figure 1.

Figure 1. ORTEP view of the cati@a, drawn at 30% probability level. Phenyl and ethgrgups

on all the phosphanes were not drawn for clarity.

The compound consists of a tetraphenylborate gmotshown in figure) and a manganese
cation complex. In the cation, the manganese asornardinated by two carbonyl ligands, three
PPh(OEt)ligands and a N,N-diethylcyanamide ligang@NE#®. The overall geometry is best
described as octahedral, and the arrangement atbamdetal is such that the phosphane ligands
are inmeridionaldisposition. Consequently, both carbonyl ligandsces arranged and the
cyanamide ligand isansto a carbonyl ligand. Some distortion arises bseanf the bending of the
mutuallytrans phosphanes towards the carbonyl ligand, doubdesgo the steric requirements of
the phosphanes. This distortion gives a P-MmaRs angle of 170.22(4)°. The other twans
angles are 178.46(14) and 176.84(10)°, andithangles range from 84.21(11) to 95.82(5)°. The
Mn—C carbonyl bond lengtinansto the phosphane ligand is slightly longer that tifansto the
cyanamide ligand, 1.801(4)¥s 1.758(3) A. The Mn—P bond lengths of the mutuptpsphane
ligands, 2.2618(18) and 2.2722(17) A, are sligbtigrter than thatansto the carbonyl ligand,
2.2945(19) A. The Mn-N bond length, 2.002(3)t¥ansto a carbonyl ligand, is longer than that
found in Mnf;°-CsHs)(CO)(N=CNEL), 1.977(2) A [11]. It is worth noting that suchlfssandwich
compound is the first N,N-diethylcyanamide mangaresnplex to be crystallographically
describedand, at the moment of writing this paper, theeerar others in the CCDC database [28].
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The N,N-diethylcyanamide ligand shows a C(1)-NyIn)-bond angle of 175.6(3)°, and a
N(1)-C(1)-N(2) bond angle of 175.5(5)°, matching #p character of C(1), as confirmed by the
N(1)-C(1) bond length of only 1.133(4) A, as expedibr a triple bond [29]. The N(2)-C(1) bond
length, 1.300(5) A, matches a double bond lengdh §&d is similar to that found in other N,N-
diethylcyanamide complexes, for example, NACsHs)(COR(N=CNEw) [11] or
[Ru(NH,'Pr)(NCNEL)XP(OEt)s} 4](BPhy), [15b]. These values show conjugation between the
nitrogen NEj lone pair and the €N = bond [1]. It has been stated thtbound NCNR species
can adopt a bent or linear form in the complexekthat the linear coordination mode (M-N-C
angle of 176—-180°) is more common in transitionainemplexes. For compou2a, the angle,
175.5(5)°, falls within the lower limit for line@oordination mode, perhaps due to titaes
coordination of a carbonyl ligand. It is believéat thetransinfluence enhances the significance of
the bent M-N=C=NEtstructurg(A) shown in Scheme 3 [1,30].

) +/CH2—CH3 CH,—CH,4
N=——C=—7/=N ~—>» Mn N=—=C N

/ N

Mn CHZ_'CHg CHZ_'CH3
(A) (B)

Scheme 3.

Also worthy of note is the trigonal planar coomion around the amino N-atom of the
diethylcyanamide ligand [the sum of the angles adoN(2) is 357.6°]. This feature has also been
found in Mng;°-CsHs)(CO)(N=CNE®) [11] and in other dialkylcyanamide complexes, &nd
interpreted as a consequence of the delocalisafitre amide lone pair of electrons and the
significant contribution of sphybridised N resonance [1,30,31].

The IR spectra of diethylcyanamide complexes [MOUNEL)(CO){PPh(OEt}},|BPh, (1a,
43) show a strong band at 2260—2258"cwtributed to thecy of the nitrile group. In addition, in
the CO stretching region between 2068 and 1942, ¢hnee bands appear — one of medium
intensity and two strong — indicatingv@er arrangement of the three carbonyl ligands. In the
temperature range +20 to -80 °C, {2 NMR spectra show a sharp singlet, indicatingntlagnetic
equivalence of the two phosphanes. On this basas;transgeometryl (Scheme 1) is proposed for
tricarbonyl derivativedaand4a As well as the signals of the phosphanes and Bfttion, the'H
NMR spectra show a quartet and a triplet of ethjlssituents of cyanamide, matching the proposed

formulation for the complexes.
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Besides the strong:y band of the RCNE®L group at 2264—2253 ¢ithe IR spectra of
dicarbonyl compounds [MECNEL)(CO),{PPh(OELt}}3]BPh, (2a, 59 show two strongco bands
at 1978-1905 and 1897-1892 trattributed to two carbonyl ligands in a mutuaiiy position.
The'*C NMR spectrum o5a also indicates that the two CO groups are not miacaily
equivalent, since they show two triplets of doubletthe carbonyl carbon region, at 193.58 and
191.94 ppm. At 203 K, th&P NMR spectra of complex@a and5adisplay an AB multiplet,
indicating that two phosphanes are magneticallyvadgnt and different from the third. On this
basis,mer-cisgeometnyl , like that found in the solid state, is proposaddicarbonyl derivatives
2aand5a

The IR spectrum of the monocarbonyl compound [MrENEL)(CO){PPh(OEt)} 4|BPh,

(3a) showsvcy at 2253 crit andvco at 1880 crit. TheH NMR spectrum supports the presence of
the diethylcyanamide ligand, showing the quarté&. a7 ppm and the triplet at 1.18 ppm of the
ethyl substituents of the cyanamide. In the tentpegaange +20 to -80 °C, thi# NMR spectra
show only one singlet, indicating the magnetic eal@nce of the four phosphane ligands. On this
basistransgeometrylll (Scheme 1) is proposed for monocarbonyl derivaeve

The IR spectra of cyanoguanidine derivatives [M{IW(H)C(NH;)=NH}(CO)sL,]|BPh, (1b,
4b) show thevyy absorptions of the NH and Nigroups at 3493-3322 ¢mwhereavcy appears
as one medium-intensity band at 2237—2247 éon both Mn and Re derivatives. The presence of
only onevcy absorption also indicates that the cyanoguanidtya&d is present in the amine form.
In addition,dnw, is observed as a strong band at 1632 arhile the CO stretching region has three
bands — one of medium intensity and two strongse ptesent at 2061-1942 ¢nindicating amer
arrangement for the three carbonyl ligands.

Besides the characteristic signals of the phosgthand BPh anion, the'H NMR spectra
show either a broad signal at 3.51 pdr) (or two at 4.28 and 4.06 pprk), attributed to the NE
and NH protons of cyanoguanidine. However, whenmatemperature is lowered, the profiles of
the spectra change and, at -70 °C, two broad sga.09 and 2.29 appear fidr, and at 2.78 and
3.77 ppm, with an intensity ratio of 2:1, fép, attributed to the NEiprotons and one NH proton of
cyanoguanidine. The other NH signal is probablykadsy the methylene protons of phosphane.
In the temperature range +20 to -70 °C,¥®eNMR spectra show only one singlet, indicating the
magnetic equivalence of the two phosphane liga@dshis basismer-transgeometrylvV (Scheme

2) is proposed for cyanoguanidine complekesind4b.
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The IR spectra of dicarbonyl derivatives [MERN(H)C(NH,)=NH}(CO).L;]|BPh, (2b, 5b
show thevny of the cyanoguanidine at 3529—3344 ¢y, falls to 2247 cnt anddwk, is observed
as a strong band at 1634-1623'cwo vco bands also appear at 1981-1967 and 1903—-19380 cm

attributed to two carbonyls in mutualtys position.

The'*C NMR spectrum ofb indicates that the two CO ligands are magnetiaadty-
equivalent, showing two signals in the carbonyboarregion at 219.6 and 222.1 ppm. The signals
of the phosphanes and BPhnion, and a singlet at 58.6 ppm attributed ta¢isenance of the
C(NH,)=NH group of cyanoguanidine, are also present."FhidMR spectra confirm the presence
of the cyanoguanidine ligand showing, at -70 °@ twoad signals at 3.55 and 2.13 ppm (Mn) and
at 4.99 and 4.31 ppm (Re), with an intensity rafid:2, attributed to one NH and the Ngroups
of the NSCN(H)C(NH,)=NH ligand. In the temperature range +20 to -80tP@>'P spectra show
either an AB or A,B multiplet, indicating that two phosphanes are natigally equivalent and
different from the third. On this basimer-cisgeometryvV (Scheme 2) is proposed for
cyanoguanidine derivativeXh and5b.

3.2. Preparation of bis(diethylcyanamide) complexes

Results from the phosphane-carbonyl mixed-ligaagrhents M(CQ)Ls., prompted us to
extend study of diethylcyanamide and cyanoguanittirtbe simple carbonyl compounds
MBr(CO)s (M = Mn, Re). The reaction with diethylcyanamidegeeds with substitution of the
carbonyl ligands, giving bis(derivatives) MBERNEL),(CO); (6a, 79, which were isolated in

good yield and characterised (Scheme 4).

Br Br
_—CNE,
/
oC,,,, | €O eye N=cnEt,  OC,, | N
X "
toluene
o™ | o o™ | \N%
3 o CNEt,
6a, 7a (VI)

Scheme 4. M = MnG@), Re (7a).

Although the reaction proceeded at room tempegatith manganese, reflux conditions were
required for rhenium. However, only bis(diethylcgamde) complexe6aand7awere obtained
from this reaction: the addition of an equimolarcamt of NSCNE#t did not yield monocyanamide
derivatives of the type MBr(lRCNEt)(CO), but a mixture of bis-complexé&s and7aand the
starting MBr(CO3j compounds. It is probable that substitution of caoonyl in the
13



monocyanamide species MBERNE®L)(CO), is faster than that in MBr(C@)mainly yielding bis-
ones MBr(NeCNEb),(CO). In addition, reflux conditions for Mn, or longezaction times for Re,
did not afford any tris(cyanamide) MBrCNEL)3(CO), species, but only mixtures of bis-
complexes and decomposition products. Pentacarlwonypounds MBr(CQ)were also treated

with both cyanamide SKCNH, and cyanoguanidine, but no pure compounds resuliedsolated
products being intractable mixtures. Thereforeg#gms that only bis(diethylcyanamide) complexes
6aand7acan be obtained from the reaction of MBr(G@j)th cyanamide.

Bis(cyanamide) complexes of transition metalsvany rare [5¢,6¢,32] and involve only Pt
[6¢,32a,b], Ru [32c] and Cu [5c] derivatives. Thagation of pentacarbonyl compounds MBr(gO)
with diethylcyanamide allows the preparation of fingt examples of bis(cyanamide) derivatives of
the manganese triad.

Complexes MBr(I#CNEL),(CO); (6a, 79 were isolated as pale-yellowd) or white {7a)
solids, stable in air and in solution of commonamig solvents, where they behave as non-
electrolytes [26]. Their formulation is supporteddnalytical and spectroscopic (IR, NMR) data
and by X-ray crystal structure determination of ptew ReBr(NeCNE#t),(CO); (7a), the ORTEP
[27] of which is shown in Figure 2.

Figure 2. ORTEP view ofa drawn at 30% probability level. Phenyl and ethgryups on all the
phosphanes were not drawn for clarity.

The compound consists of a rhenium atom coordinayesone bromine ligand, three carbonyl
ligands, and two N,N-diethylcyanamide ligands. ©herall geometry is best described as
octahedral, and the arrangement around the metattsthat the carbonyl ligands ardanial
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disposition. Consequently, both cyanamide ligand<ia-disposed. The Re—C carbonyl bond
distances are in the range 1.903(4) to 1.917(4hé shorter one corresponding to that which is
transto the bromine ligand, but they do not show sigaiit differences. Theansinfluence of the
cyanamide ligand is comparable with tiedonor bromine ligand, as previously reported [32,3
The Re-Br bond length, 2.6191(5) A, is close torttean value found in the CCDC database [34].

To the best of our knowledge [28], only one cyammhenium complex has been
crystallographically described, the already-merdgRe(ll) complexmer
ReChL(NCNE®L)(PMePh)s [12]. The latter has a Re—N distance of 2.109(Sy@&nsto a phosphane
ligand. Complex’a shows two Re—N(cyanamide) bond lengths of 2.142(8)2.138(3) Atransto
a carbonyl ligand. Although these values are lotigan that of the Re(ll) complerer
ReCL(NCNEL)Ps, they are comparable to othiegins carbonyl-nitrile Re(l) complexes, like the
values of 2.145(7) A in [Re(N,N’-terpy)(C@LHsCN)]PFRs [35] or 2.151(7) Ain
[Re(COX(CH:CN){H(pzAn"®)}]PF [36].

As in2a (see above) or other N,N-diethylcyanamide compg&¢l5b] these ligands have
average C-N-Re bond angles of 172.7(3)° and a NHoid angles of 177.5(4)°. Again, the
cyanamide moiety shows extensive electronic defeaiadn, and the C—N bond lengths
alternatively match triple [1.146(5), 1.148(5) Ajcadouble bonds [1.304(5), 1.308(5) A]. The
amine nitrogen atoms also display a distorted tragigplanar geometry, as demonstrated by the sum
of angles of 356.5(3) and 359.5(3)°. It is worthimg that, in the Re(Il) compournder
ReCL(NCNE®L)(PMePh); [12] the coordination around this atom is desatibe trigonal-
pyramidal.

The average C-N-Re bond angles of 172.7(3)° [13)Lahd 173.6(3)°] lie both out of the
range (180-176°) proposed for linear arrangemehbanof the values proposed for bent
coordination (M-N-C< 170°), being more acute than the value foundhieRe(ll) compoundher
ReCL(NCNEL)(PMePh); [12], 174.3(6)°. Again as iRa, thetransinfluence of the carbonyl
groups may explain this bending.

In the carbonyl stretching region, the IR speofrhis(diethylcyanamide) complexes
MBr(N=CNEt),(CO); (6a, 79 show three strong bands at 2033, 1930 and 1970(@a) and
2023, 1917 and 1897 ¢h{7a), indicating a&ac arrangement of the carbonyl ligands. A strong band
at 2264 crit also appears in the spectraéafand7a, and was attributed to tivey of the
diethylcyanamide ligand. The presence of only canedls rather surprising, as the two cyanamides

must be in mutuallgis position and should thus show twgy bands. Thecy values of theis
15



cyanamides are probably so close that the instrtiooend only detect one slightly broad signal.
The'H NMR spectra obaand7aconfirm the presence of the diethylcyanamide ligashowing
one quartet at 3.19-3.17 ppm and one triplet 81132 ppm of their ethyl substituents. The
presence of only a single signal (one quartet aredquintet) indicates the magnetic equivalence of
the two NECNE® ligands. On this basifac geometryI, like that found in the solid state féa,
may be proposed in solution for the bis(diethyl@mide) derivative$aand7a.

In ethanol solution containing NaBRltomplexfac-ReBr(NECNEL),(CO); (7a) slowly
isomerised to give theer-cisderivative7a;, which was isolated as a white solid and charesetdr
(Scheme 5).

i CNE 0 CNE
— t. — 1.
- 2 - 2
0Cu,,, | N EtOH OCu,,, | N
‘Re ‘Re.
NaBPh,
SRS RGN
co CNEt, co CNEt,
fac-7a mer-cis-7a; (VI )

Scheme 5.

Crucial for thefac-merisomerisation o¥ was the presence of the NaBRAlt which, by rendering
the bromide ligand labile, may favour rearrangenoénihe ligands. This isomerisation is not
surprising, owing to the large number of known ibemcomplexes havinmergeometry [37].

The IR spectrum dfa, shows thre®co bands, one of medium intensity at 2034’cand two
strong ones at 1928 and 1872 %rimdicating anerarrangement of of the three carbonyl groups.
The spectrum also displays a band of medium inteas2264 crit, attributed to thecy of the
diethylcyanamide ligands. The presence of thesmtlg was confirmed by tfiel NMR spectrum,
which shows two quartets at 3.11 and 3.02 ppmwanodriplets at 1.27 and 1.23 ppm of the ethyl
substituents of KCNE®. Such a pattern also indicates that the two cyalehgands are
magnetically non-equivalent. On this basmgr-cisgeometryIl is proposed for compleka,. As
observed in the related compléa, the presence of only oneyn band for two CNEL, groups in
mutuallycis position may be because the twg have such close values that only a single band is

visible in the spectrum.

4. Conclusions

In this report we describe the preparation oftdiletyanamide and cyanoguanidine complexes
16



of manganese and rhenium stabilised by the migahtl fragment M(CQL.s.,, containing
phosphanes and carbonyls as supporting groupssytttieesis of the first bis(diethylcyanamide)
derivatives MBr(NCNEL),(CO); of manganese and rhenium is reported. The stalgtarameters

of both mono- and bis(diethylcyanamide) complexesanalso determined.
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Table 1. Crystal data and structure refinementéonplexeaand7a

Identification code 2a 7a
Empirical formula G1H7sBMnNN,OgP3 Ci13H2cBrN4OsRe
Formula weight 1122.89 546.44
Temperature 293(2) K 100(2) K
Wavelength 0.71073 A 0.71073 A
Crystal system Triclinic Monoclinic
Space group P-1 C2/c
Unit cell dimensions a=11.114(10) A a=17.46143)
b =15.082(14) A b =16.463(3) A
c =18.021(16) A c =14.343(2) A
a = 86.985(14)° a =90°
B =84.740(14)° B =119.469(2)°
y = 82.889(16)° vy =90°
Volume 2982(5) A 3589.6(10) A
z 2 8
Density (calculated) 1.251 Mgfm 2.022 Mg/ni
Absorption coefficient 0.356 mm 9.012 mnt
F(000) 1188 2080
Crystal size 0.46% 0.41% 0.29 mm 0.3% 0.15% 0.09 mm
O range for data collection  2.26 to 25.69° 1.821®Q2°
Index ranges -13h<13 -23<h<22
-17<k<18 -21<k<21
-21<1<21 -18<1<18
Reflections collected 43956 16193
Independent reflections 11063 [R(int) = 0.0397] FM(int) = 0.0472]
Reflections observed (82 7506 3551
Data Completeness 0.975 0.989
Absorption correction Semi-empirical from equivak®emi-empirical from equivalents
Max. and min. transmission 0.7452 and 0.7052 0.401B0.1879
Refinement method Full-matrix least-squares on Full-matrix least-squares off F
Data / restraints / parameters 11063/ 2 /692 4285212
Goodness-of-fit on £ 1.020 1.035
Final R indices [I>2(1)] R, =0.0488 R=0.0247
wR; = 0.1160 wR; = 0.0548
R indices (all data) R=0.0845 R=0.0367
wR; = 0.1438 wR; = 0.0600
Largest diff. peak and hole  0.801 and -0.777% A 1.765 and -2.211 e'A
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Table 2. Bond lengths [A] and angles [°] &=

Mn—N(1)
Mn—P(2)
Mn—C(6)
N(1)-C(2)
N(2)-C(4)
C(2)-C(3)
C(6)-O(6)

N(1)-Mn-P(1)
N(1)-Mn-C(6)
N(1)-Mn-C(7)
P(2)-Mn-C(6)
P(3)-Mn-C(6)
N(1)-Mn-P(3)
C(6)-Mn-P(1)
P(3)-Mn-P(1)
N(1)-C(1)-N(2)
C(1)-N(2)-C(2)
C(3)-C(2)-N(2)
Mn-C(6)-O(6)

2.002(3)
2.2618(18)
1.758(3)
1.133(4)
1.356(8)
1.274(8)
1.154(4)

85.30(10)
178.46(14)
92.17(14)
91.19(12)
86.94(12)
92.83(10)
93.21(13)
95.82(5)
175.5(5)
115.5(5)
119.5(7)
178.1(3)

Mn—-P(1)
Mn—P(3)
Mn—-C(7)
C(1)-N(2)
N(2)-C(2)
C(4)-C(5)
C(7)-0(7)

P(1)-Mn-P(2)
N(1)-Mn-P(2)
C(6)-Mn-C(7)
P(2)-Mn-C(7)
P(3)-Mn-C(7)
P(2)-Mn-P(3)
C(7)-Mn-P(1)
C(1)-N(1)-Mn
C(1)-N(2)-C(4)
C(4)-N(2)-C(2)
N(2)-C(4)-C(5)
Mn-C(7)-O(7)

2.2945(19)
2.2722(17)
1.801(4)
1.300(5)
1.572(8)
1.390(12)
1.138(4)

93.86(5)
89.28(9)
89.34(16)
84.21(11)
86.17(11)
170.22(4)
176.84(10)
175.6(3)
125.0(6)
117.1(6)
116.7(8)
176.8(3)

23



Table 3. Bond lengths [A] and angles [°] #x

Re-C(1)
Re—-C(3)
Re—N(11)
C(1)-0(2)
C(3)-0(3)
C(11)-N(12)
N(12)}-C(14)
C(14)-C(15A)
N(21)}-C(21)
N(22)}-C(22)
C(22)-C(23)

C(1)-Re-C(2)
C(1)-Re-C(3)
C(3)-Re-N(21)
C(2)-Re-N(11)
C(1)-Re-N(11)
C(2)-Re-Br
C(1)-Re-Br
N(11)-Re-Br
0(2)-C(2)-Re
C(11)-N(11)-Re
C(11)-N(12)-C(12)
C(12)-N(12)-C(14)
C(21)-N(22)-C(22)
C(22)-N(22)-C(24)

1.917(4)
1.906(4)
2.142(3)
1.140(5)
1.154(5)
1.304(5)
1.480(5)
1.465(12)
1.148(5)
1.476(5)
1.500(6)

90.23(18)
86.16(16)
177.35(14)
94.93(16)
174.81(15)
176.47(12)
91.57(12)
83.25(9)
178.4(4)
171.8(3)
120.6(3)
119.6(3)
119.0(3)
119.0(3)

Re-C(2)
Re—-Br
Re—-N(21)
C(2)-0(2)
N(11FC(11)
N(12>C(12)
C(12-C(13)
C(14)-C(15B)
C(21)-N(22)
N(22)}-C(24)
C(24)-C(25)

C(2)-Re-C(3)
C(2)-Re-N(21)
C(1)-Re-N(21)
C(3)-Re-N(11)
N(21)-Re-N(11)
C(3)-Re-Br
N(21)-Re-Br
0(1)-C(1)-Re
0(3)-C(3)-Re
N(11)-C(11)-N(12)
C(11)-N(12)-C(14)
C(21)-N(21)-Re
N(21)-C(21)-N(22)
C(21)-N(22)-C(24)

1.903(4)
2.6191(5)
2.138(3)
1.149(5)
1.146(5)
1.476(5)
1.499(6)
1.329(17)
1.308(5)
1.476(5)
1.505(6)

88.75(16)
93.32(15)
95.48(14)
94.54(14)
83.64(12)
94.40(11)
83.48(9)
176.7(4)
177.4(3)
178.0(5)
11BB(
173.6(3)
177.0(4)
118)5(
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M = Mn, Re; L = PPh(OEt),

The preparation of diethylcyanamide and cyanoguaeaidomplexes of manganese and rhenium is

described. The first example of bis(diethylcyanahicbmplexes of these metals is also reported.
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