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The reaction of AgCIO, and NH; in acetone gave [Ag(NH=CMe,),]CIO, (1). The reactions of 1 with [RhCl(diolefin)],
or [RhCI(CO),); (2:1) gave the his(acetimine) complexes [Rh(diolefin)(NH=CMe,),]CIO, [diolefin = 1,5 cyclooctadiene
= cod (2), norbornadiene = nbd (3)] or [Rh(CO),(NH=CMe,),]CIO, (4), respectively. Mono(acetimine) complexes
[Rh(diolefin)(NH=CMe,)(PPh3)]CIO, [diolefin = cod (5), nbd (6)] or [RhCl(diolefin)(NH=CMe,)] [diolefin = cod (7),
nbd (8)] were obtained by reacting 2 or 3 with PPh; (1:1) or with MesNCI (1:1.1), respectively. The reaction of 4
with PR3 (R = Ph, To, molar ratio 1:2) led to [Rh(CO)(NH=CMe,)(PR3),JClO4 [R = Ph (9), CeH;Me-4 = To (10)]
while cis-[Rh(CO)(NH=CMe,),(PPh3)]|CIO, (11) was isolated from the reaction of 1 with [RhCI(CO)(PPh;)], (1:1).
The crystal structures of 5 and [Ag{ H,NC(Me),CH,C(O)Me} (PTos)]CIO; (A), a product obtained in a reaction between
NHs, AgCIO,4, and PTos, have been determined.

Introduction Chart 1. Condensation Products of NHind Acetone

The participation of imines in functional group transfor- HN:< W

mations, carboncarbon bond formation, and ring construc- NH: O
tion processésmakes them important intermediates in A B
synthesis. Unlike N-substituted imines, which are generally acetimine diacetonamine
stable and serve as ligands in many metal compléxes, o)
NH aldimines or ketimines are, with the exception of
diarylketimines, unstable compounds that need to be trapped SN
with various reagentsin particular, NH=CMe, (acetimine) )<
is a reactive compound that decomposes after short periods N N
of storage, even at OC, to give 2,2,4,4,6-pentamethyl- c D
2,3,4,5-tetrahydropyrimidine (acetonine, see Chart 1) with triacetonamine acetonine
NH; loss? Acetimine has been prepared freaminonitriles o
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Synthesis of [Ag(NH=CMe;),]CIO,

catalyzed by NHCI® or HZSM-5 zeolite. However, it has

complex?* (vi) the redox transmetalation of imine from an

long been known that the reactions of acetone and ammoniaacetimine Ct complex and CuBrto give an acetimino Cu

using different stoichiometric ratios and reaction conditions,

complext* (vii) the hydrogen transfer reaction in an alkenyl/

lead to mixtures of a variety of condensation products (see azavinylidene O% complex to give a vinylidene/acetimine

Chart 1), including acetimine (A), MeC(O)GH(Me)NH,

(diacetonamine, B),2,2,6,6-tetramethyl-4-piperidone (tri-
acetonamine, &/ acetonine (DY,and 1,9-diaza-2,2,8,8,10-
hexamethylspiro[5.5]-undecan-4-one {BJlany patents have

0Os' complex2® (viii) the thermal decomposition of amino-
siliceniotrichloroaluminates (ISiINCMe;-AICI3);?8 (ix) the
reaction of a N dinitrogen complex withN-allyldimeth-
yliminium tetraphenylborate to give a Nacetimine com-

been devoted to the study of such reactions since some ofplex?’ (x) the reactions of NgM x(CO)i¢] (M = Cr, W) with
these condensation products have found application as2-Br-2-nitrosopropané or (xi) the reaction of [BuN]-

intermediates for the synthesis of nitroxides, oxoammonium

[Pt(CsFs)s(azaH)] (aza=7-azaindole) with AgCO; and

salts, pharmaceutical products, pesticides, and photostabiNHs(aq) in acetone to give [BN][(CeFs)sPt(u-aza)Ag(NH=

lizers for polymers$:13

The mentioned difficulties in the preparation and handling
of acetimine account for the scarcity of complexes with this
ligand. In fact, acetimine itself has not been used in the
various syntheses of metahcetimino complexes reported
so far}*2° namely (i) the reaction of acetone with ammine
complexes of & Ma? WP, Fe!', Mn',*4 Au', 1516 Od'";17 (ii)

CMe)].2° In conclusion, although nearly as many different
synthetic methods as acetimine complexes have been de-
scribed, none of them have proven to be of general
applicability.

A different type of NH-imines, R(RD)C=NH, R(RNH)C=
NH, and R R'C(O)(PhP=)C}C=NH, also unstable in the
free state, have been obtained by nucleophilic additions to

the reactions in acetone between ammonium salts andmetal-bound nitrile§% 34

complexes containing acetylacetonato ligands'{Auor
hydrido ligands (RU);*8 (iii) the reactions of carbene- or
THF-carbonyl complexes of €t or W°,20 with dimeth-
ylketoxime; (iv) the reactions in acetone between' Pd
complexes and Nifaqg)?* (v) the redox conversion into
acetimine of 2,3-dimethyl-2,3-diaminobutfer isopropyl-
amines ligands in Rl complexes or acetonitrile in one W
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In this paper, we report the synthesis of [Ag(REMe),]-
ClO4 which could provide (i) a general method for preparing
[M] —acetimine complexes by reacting it with the appropriate
[M]—X (X = ClI, Br, I, AcO, etc.) derivatives and (ii) a
source of the free ligand. In an attempt to explore the
application of this complex in synthesis of acetimine
complexes, we have used it to prepare the first-Rh
acetimine complexes.

Experimental Section

IR spectroscopy, elemental analyses, and melting point deter-
minations were carried out as described elsewHerglolar
conductivities were measured on cax3.0~4 M acetone solutions
with a Crison Micro CM2200 conductimeter. The NMR spectra
were recorded on Varian Unity 300 MHz, Bruker Avance 200 MHz,
or Bruker Avance 400 MHz spectrometers. Chemical shifts are
referred to TMS {H and*3C{1H}) and HPO, (3'P{*H}). Unless
otherwise stated, all reactions were carried out at room temperature
and without special precautions against moisture,@#lacetone,
and E$O were distilled before use from CaHKMnQ,, and Na/
benzophenone, respectively. Other solvenipdntane (Baker) and
n-hexane (Scharlau)] and reagents [Ag¢I@Riedel-de Han),
anhydrous NH (Carburos Methicos), NaH (60%, dispersion in
mineral oil), PPB, PTg (CsHsMe-4 = To), MeNCI, cod, nbd
(Fluka)] were obtained from commercial sources and used as
received. The complexes [RhCl(nbg} [RhCI(CO)),,%¢ [RhCI-
(cod)L,®” [RhCI(CO)(PPh),],%8 and [RhCI(CO)(PP$].*° were
prepared according to literature methods.
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Warning! Perchlorate salts of organic cations may be explosive. for C14H,6CIN,O4Rh: C, 39.59; H, 6.17; N, 6.60. Found: C, 39.54;
Preparations on a larger scale than that reported herein should beH, 6.51; N, 6.62.

avoided. Danger! Ammonia solutions of silver salts produce
explosive compounds (silver fulminate and fulminating silver) upon
storing more than 2 h.

[Ag(NH=CMe,),]CIO4 (1). AgCIO4 (512 mg, 2.47 mmol) was
dissolved in acetone (70 mL) and anhydrouszNidbbled through
the solution for 2 min. The reaction mixture was stirred for 30 min,
the solution was concentrated to 2 mL, angE25 mL) was added
to give a colorless solid which was filtered off. The product was
recrystalized from ChCI,/Et,0O (2:30 mL). The resulting mixture
(729 mg) was placed in a flask with HNa (134 mg, 3.35 mmol)
under a nitrogen atmosphere. Dry €, (120 mL) was added,
and the reaction stirred for 75 min under a nitrogen atmosphere.
The mixture was filtered in the air through Celite and concentrated
to 2 mL. Upon adding &O (40 mL), a colorless solid precipitated,
which was filtered and air-dried to give Yield: 559 mg, 1.74
mmol (70%). Mp 103C. 'H NMR (200 MHz, CDC}): 6 = 2.27
(s, 12 H, Me), 9.03 (s, br, 2 H, NH}H NMR (400 MHz, acetone-
ds, 20°C): 6 = 2.30 (s, 12 H, Me), 9.56 (s, br, 2 H, NFj} NMR
(400 MHz, acetonels, —60 °C): 6 = 2.25 (s, 6 H, Me), 2.28 (s,

6 H, Me), 9.78 (br, 2 H, NH)13C{'H} NMR (50 MHz, CDCE):
0 = 28.47 (s, Me), 29.91 (s, Me), 188.20 (s=0). IR (Nujol): v
= 3294 (s) (NH), 1662 (s) (EN) cm™1. Ay: 156Q~1 cn? molt.
Anal. Calcd for GH14AQCIN,O,: C, 22.41; H, 4.39; N, 8.71.
Found: C, 21.94; H, 4.52; N, 8.71.

[Ag{H2NC(Me),CH,C(O)Me} (PTo3)]ClIO4 (A). Anhydrous
NHz was bubbled for 2 min through an acetone (20 mL) solution
of AgCIO, (200 mg, 0.96 mmol). The solution was stirred for 5
min and evaporated and the residue dissolved in acetone (20 mL).
MgSQO, was added, and the suspension was stirred for 7 days and
filtered and the filtrate concentrated to dryness. A colorless oil was
obtained (141 mg) which was dissolved in acetone (10 mL). A
solution of PTg (133 mg, 0.44 mmol) was then added dropwise,
the solution stirred for 10 min and concentrated to 1 mL, an@Et
(20 mL) added to give a sticky solid (124 mg). Its analytical [Calcd
(%) for C,7H3AgCINOsP: C, 51.73; H, 5.47; N, 2.23. Found: C,
53.35; H, 5.75; N, 2.33.] and spectroscopic data showAt gith
some impurities. From this mixture, two crystals of the title
compound grew by the liquid diffusion method (&H,/Et,0). One
was used to determine its crystal structure by X-ray diffraction
methods, and the other was studied by NMR spectrosébjfMR
(400 MHz, CDC}): 6 = 1.36 (s, 6 H, Me), 2.14 (s, 3 H, Me),
2.39 (s, 9 H, Me), 2.75 (s, 2 H, G 3.86 (br, 2 H, NH), 7.24~
7.36 (AABB’, 12 H, GH,). 3P{*H} NMR (162 MHz, CDC}): ¢
= 14.18 (dd,JlogAg;p = 724,J107A9Lp = 631 HZ)

[Rh(diolefin)(NH=CMe,),]CIO 4 [Diolefin = cod (2), nbd (3)].

To a solution of [RhClI(diolefin)] [diolefin = cod (92.5 mg, 0.19
mmol), nbd (113 mg, 0.25 mmol)] in Gi€l, (30 mL) was added
complex1 [121 mg, 0.38 mmol or 158 mg, 0.49 mmol, respec-
tively]. AgCl immediately formed. The resulting suspension was
stirred for 30 min and then filtered through a short pad of Celite.
The yellow filtrate was then concentrated (1 mL), angdCE{30
mL) was added to precipitate a solid, which was stirred for 5 min,
filtered, and air-dried to giv@ (lemon yellow) or3 (yellow).

Compound 2.Yield: 133 mg, 81%. Dec point 17CC. 'H NMR
(200 MHz, CDC}): 6 = 1.87 (m, 4 H, CH), 2.14 (d, 6 H, Me,
4Jy—n = 0.8 Hz), 2.45 (m, 4 H, Ch), 2.52 (s, 6 H, Me), 4.00 (br,
4 H, CH), 8.92 (br, 2 H, NH)}3C{*H} NMR (75 MHz, CDC}):
0 = 28.42 (s, Me), 28.57 (s, Me), 30.42 (s, §H82.52 (d, CH,
Jc-rn = 1.65 Hz), 185.18 (s, €N). IR (Nujol): v = 3252 (s)
(NH), 1660 (s) (G=N) cm™. Ay: 146Q~1cn? mol~. Anal. Calcd
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Compound 3.Yield: 175 mg, 87%. Dec point 124C. 1H NMR
(300 MHz, CDC}): 6 = 1.28 (s, 2 H, CH), 2.12 (s, 6 H, Me),
2.40 (s, 6 H, Me), 3.89 (s, 2 H, CH), 4.10 (s, 4 H, €8H), 8.68
(br, 2 H, NH). 3C{*H} NMR (50 MHz, CDCh): ¢ = 27.93 (s,
Me), 28.49 (s, Me), 51.21 (d, CHJc—rn = 2.56 Hz), 60.43 (d,
CH=CH, YJc_rn = 9.87 Hz), 62.70 (d, CH 3Jc_rn = 5.85 Hz),
184.81 (s, &N). IR (Nujol): v = 3254 (s) (NH), 1656 (m) (EN)
cm L. Ay: 154Q~1 cn? mol1. Anal. Caled for G3H2,CIN,O4Rh:

C, 38.21; H, 5.43; N, 6.85. Found: C, 37.96; H, 5.69; N, 6.75.
cis{Rh(CO)(NH=CMey),]JCIO4 (4). [RhCI(CO)], (60 mg,
0.16 mmol) was added to a solution b{120 mg, 0.31 mmol) in
CH.CI, (20 mL). AgCl immediately precipitated. The resulting
suspension was stirred for 10 min, filtered through a short pad of
Celite, and then concentrated (1 mL). Whea@Etvas added (20
mL), a cloudy solid precipitated, which was filtered and air-dried
to give 4 as a pale yellow solid. Yield: 93 mg, 80%. Dec point
131°C.H NMR (300 MHz, CDC}): 6 = 2.33 (s, 3 H, Me), 2.43
(s, 3 H, Me), 9.14 (br, 1 H, NH)!}3C{'H} NMR (300 MHz,
CDCly): 6 = 28.77 (s, Me), 29.63 (s, Me), 183.31 (d, COg—rn
= 66.7 Hz), 190.94 (s, €N). IR (Nujol): v = 3262 (s) (NH),
2092 (s), 2026 (s) (€0), 1666 (s) (EG=N) cm™L. Ay: 147 Q1
cn? mol~1. Anal. Calcd for GH14CIN,OgRh: C, 25.79; H, 3.79;
N, 7.52. Found: C, 25.85; H, 3.85; N, 7.52.

[Rh(cod)(NH=CMe,)(PPh)]CIO 4 (5). A solution of PPk (50
mg, 0.19 mmol) in CKCI, (5 mL) was added dropwise to a yellow
solution of 2 (80 mg, 0.19 mmol). The resulting orange-yellow
solution was stirred fio3 h and then concentrated to 1 mL. Upon
adding E3O (20 mL), a solid precipitated. The suspension was
filtered and the solid washed with & (2 x 3 mL) and air-dried
to give5 as a bright yellow solid. Yield: 108 mg, 91%. Dec point
163°C.H NMR (400 MHz, CDC}): ¢ = 1.78 (s, 3 H, Me), 1.79
(s, 3H, Me), 2.07 (m, 2 H, Ch), 2.14 (m, 2 H, CH), 2.44 (m, 2
H, CH,), 2.54 (m, 2 H, CH), 3.60 (s, 2 H, CH), 5.19 (s, 2 H, CH),
5.30 (s, 2 H, CHCly), 7.48-7.65 (m, 15 H, Ph), 9.47 (br, 1 H,
NH). 13C{H} NMR (50 MHz, CDCk): ¢ = 27.90 (d, Me3Jc—rn
= 1.46 Hz), 28.25 (s, Me), 29.01 (d, GHJc—rn = 1.83 Hz), 31.69
(d, CH,, 2Jc—rn = 2.56 Hz), 80.04 (d, CHNc_grnh = 11.34 Hz),
102.70 (dd, CH c-rn = 10.6 Hz,2Jc_p = 7.68 Hz), 128.88 (d,
p-Ph,4Jc_p = 9.88 Hz), 129.68 (dipso-Ph, 1Jc_p = 42.42 Hz),
130.75 (dm-Ph,3Jc_p = 2.56 Hz), 133.88 (dp-Ph,2Jc_p = 11.34
Hz), 184.81 (d, &N, 2Jc_rn = 1.46 Hz).3P{H} (162 MHz,
CDCly): 6 = 25.96 (d, PP Jp_grnh = 153 Hz). IR (Nujol): v =
3242 (m) (NH), 1652 (m) (E&N) cm™L. Ay: 147 Q-1 cm? mol1.
Anal. Calcd for GgH3,CINO,PRRCH,Cl,: C, 50.41; H, 5.08; N,
1.96. Found: C, 50.64; H, 5.44; N, 2.05.

[Rh(nbd)(NH=CMe,)(PPhg)]CIO 4 (6). Complex3 (120 mg,
0.29 mmol) and PPh(77 mg, 0.29 mmol) were placed in a flask
under a nitrogen atmosphere. Acetone (20 mL) was added, and the
resulting solution was stirred for 15 min under a nitrogen
atmosphere and then concentrated to 1 mL. Upon the addition of
Et,O under a nitrogen atmosphere, a product precipitated which
was stirred for 5 min, filtered, and air-dried to gi6eas a yellow-
orange solid. Yield: 145 mg, 80%. Mp 15&. *H NMR (200
MHz, CDCk): ¢ = 1.46 (s, 2 H, CH), 1.88 (s, 6 H, Me), 3.65
(br, 2 H, CH=CH), 3.96 (s, 2 H, CH), 5.38 (br, 2 H, GFCH),
7.47-7.54 (m, 15 H, Ph), 9.30 (br, 1 H, NH}H NMR (400 MHz,
CDCls, —60°C): 6 = 1.50 (s, 2 H, CH), 1.82 (s, 3 H, Me), 1.89
(s, 3H, Me), 3.68 (s, 2 H, CHCH), 4.02 (s, 2 H, CH), 5.38 (s, 2
H, CH=CH), 7.52 (m, 15 H, Ph), 9.14 (s, 1 H, NH}C{*H} NMR
(75 MHz, CDCk): 6 = 27.90 (s, Me), 28.37 (s, Me), 52.25 (s,
CH), 62.44 (d, CH=CH, 3Jc_rpn = 8.47 Hz), 65.68 (s, Ch), 84.20
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(s, CH=CH), 128.92 (dp-Ph,%Jc—p = 10.07 Hz), 129.41 (dpso-
Ph,3c_p = 42.37 Hz), 130.72 (dn-Ph,3Jc_p = 2.12 Hz), 133.49
(d, 0-Ph,2Jc_p = 12.18 Hz), 184.47 (s, €N). 31P{*H} (81 MHz,
CDCl): 6 = 28.62 (d, PPY Jp_rn = 168 Hz). IR (Nujol): v =
3222 (m) (NH), 1662 (m) (E&N) cm™. Ay: 116 Q1 cr? mol .
Anal. Calcd for GgH3,CINO4PRIh: C, 54.78; H, 4.93; N, 2.28.
Found: C, 54.81; H, 5.10; N, 2.50.

[RhCl(cod)(NH=CMey,)] (7). Complex2 (160 mg, 0.37 mmol)
was added to a suspension of M€l (45 mg, 0.41 mmol) in

Table 1. Crystal Data for Compounds and A

acetone (80 mL) under a nitrogen atmosphere. The resulting mixture p (deg)

was stirred fo 6 h and then evaporated to dryness. The residue
was extracted with ED (7 x 40 mL), the extractions were collected
and filtered through a short pad of Celite, and the filtrate
concentrated (2 mL). At this point, a solid precipitated, which was
filtered and air-dried to giv&€ as a yellow solid. Yield: 48 mg,
42%. Dec point 223C. *H NMR (400 MHz, CDC}): 6 = 1.80
(m, 4 H, CH), 2.11 (s, 3 H, Me), 2.44 (m, 4 H, G} 2.60 (s, 3
H, Me), 3.61 (br, 2 H, CH), 4.56 (br, 2 H, CH), 8.31 (br, 1 H,
NH). 13C{*H} NMR (100 MHz, CDC}): ¢ = 28.01 (s, Me), 29.47
(s, Me), 30.76 (br, ChH, 56.11 (s, CH), 183.95 (s,=£N). IR
(Nujol): v = 3186 (m) (NH), 1660 (m) (E&N) cm.. Ay: 1 Q71
cm? mol~L. Anal. Calcd for G;H1oCINRN: C, 43.51; H, 6.31; N,
4.61. Found: C, 43.15; H, 6.75; N, 4.75.
[RhCI(nbd)(NH=CMe,)] (8). Complex3 (132 mg, 0.32 mmol)
was added to a suspension of M€l (39 mg, 0.36 mmol) in

5 A
formula C29H34C|NOAPtRh Q7H34AgCIN05P
crystal size (mr¥) 0.36x 0.18x 0.18 0.30x 0.12x 0.08
cryst syst monoclinic triclinic
space group P2,/c P1
a(A) 9.7384(8) 10.1821(8)

b (A) 32.027(3) 12.2233(8)
c(A) 17.5949(14) 12.4631(8)
o (deg) 90 100.159(4)
93.951(4) 108.292(4)
y (deg) 90 96.667(4)
V (A3) 5474.6(8) 1425.07(17)
8 2
pealcd (Mg m~3) 1.528 1.462
Mr 629.90 626.84
T(K) 133(2) 133(2)
F(000) 2592 644
u Mo Ko (mm™2) 0.816 0.893
6 range (deg) 1.27 t0 30.03 1.72t0 30.03
abs corr semiempirical from  semiempirical from
equivalents equivalents
reflns collected 96871 29022
indep reflns 16011 8301
Rint 0.0495 0.0271
transm 0.928/0.828 0.949/0.836
data/restraints/params 16011/29/711 8301/1/339
R1[l > 20(1)] 0.0334 0.0267
WR2 (all reflns) 0.0902 0.0649

acetone (80 mL) under a nitrogen atmosphere. The resulting mixture

was stirred fo 6 h and then evaporated to dryness. The residue
was extracted with CKCl, (15 mL) and the suspension filtered
through a short pad of Celite. The yellow filtrate was evaporated
to dryness, BED (3 mL) was added, and the suspension was filtered
off. Recrystallization of the solid from C}&I,/Et,O afforded8 as

a yellow solid. Yield: 79 mg, 84%. Dec point 1P&. *H NMR
(300 MHz, CDC}): 6 = 1.25 (s, 2 H, CH), 2.06 (s, 3 H, Me),
2.40 (s, 3 H, Me), 3.82 (s, 2 H, CH), 3.99 (s, 4 H, €8H), 8.27

(br, 1 H, NH).13C{*H} NMR (75 MHz, CDCk): 6 = 27.14 (s,
Me), 29.04 (s, Me), 50.08 (s, CH), 50.11 (s, CH), 61.32 (doCH
3Jc—rh = 6.36 Hz), 183.00 (s, €N). IR (Nujol): v = 3194 (m)
(NH), 1652 (m) (G=N) cm™%. Ay: 2 Q™1 cn? molL. Anal. Calcd

for C;oH1sCINRD: C, 41.76; H, 5.26; N, 4.87. Found: C, 41.48;
H, 5.50; N, 4.94.

trans{Rh(CO)(NH=CMe,)(PR3),]CIO4[R = Ph (9), To (10)].

A solution of complex4 (50 mg, 0.13 mmol) in CkCl, (10 mL)
was added dropwise (about 15 min) to another containing(RR

= Ph, 70 mg, 0.27 mmol; To, 82 mg, 0.27 mmol) in the same
solvent (5 mL). The yellow solution turned to bright yellow. The
reaction mixture was stirred ffdl h 45 min andfiltered through
Celite and the filtrate concentrated (1 mL). Upon addingDE®20
mL), a yellow solid precipitated, which was stirred for 5 min,
filtered, and air-dried to giv® (R = Ph) or10 (R = To) as bright
yellow solids.

Compound 9.Yield: 89 mg, 81%. Dec point 178. *H NMR
(400 MHz, CDC}): 6 = 1.24 (s, 3 H, Me), 1.26 (s, 3 H, Me),
7.49-7.67 (m, 30 H, Ph), 8.99 (br, 1 H, NH}3C{'H} NMR (100
MHz, CDCL): 6 = 26.84 (s, Me), 28.88 (s, Me), 128.96 (ptPh,

N = 10.2 Hz), 130.95 (vtippso-Ph, N= 37.6 Hz), 131.03 (an-Ph),
134.17 (vt,0-Ph, N=13.3 Hz), 185.65 (s, €N), 189.97 (dt, CO,
Jc—rh = 65.63 Hz,2Jc—p = 16.53 Hz).3P{H} (162 MHz,

CDCl): 0 = 31.69 (d, PPy Jp_rn = 129 Hz). IR (Nujol): v =

3242 (m) (NH), 1994 (s) (E0), 1662 (m) (EG=N) cm1. Ay: 149
Q-1 cm? mol~1. Anal. Calcd for GoH3,CINOsP,Rh: C, 59.16; H,
4.59; N, 1.72. Found: C, 58.86; H, 4.85; N, 1.81.

Compound 10. Yield: 100 mg, 89%. Dec point 207C. H
NMR (200 MHz, CDC}): 6 = 1.23 (s, 3 H, Me), 1.27 (s, 3 H,

Me), 2.38 (s, 18 H, Me), 7.257.28+ 7.45-7.55 (AABB', 24 H,
To), 8.81 (br, 1 H, NH)X3C{1H} NMR (50 MHz, acetonelk): o
=21.29 (s, Me), 27.50 (s, Me), 29.22 (s, Me), 129.13ipmp-Ph,
N = 48.3 Hz), 130.44 (vtm-Ph, N= 10.6 Hz), 135.01 (vtp-Ph,
N = 13.5 Hz), 142.45 (f-Ph), 186.58 (t, &N, 3Jc_p = 2.7 Hz),
191.48 (dt, CONc—rn = 65.89,2Jc—p = 16.0 Hz).31P{1H} (200
MHz, CDCkL): 6 = 30.37 (d, PTe, Jp_rn = 127.78 Hz). IR
(Nujol): » = 3236 (m) (NH), 1994 (s) (€0), 1660 (m) (G=N)
cm L Ay: 128 Q71 cn? mol~1. Anal. Calcd for GgH4oCINOsP,-
Rh'H,O: C, 60.43; H, 5.62; N, 1.53. Found: C, 60.63; H, 5.83;
N, 1.82.

Cis-[Rh(CO)(NH=CMe,)5(PPhg)]CIO 4 (11).[RhCI(CO)(PPH)].
(200 mg, 0.23 mmol) was added to a solutionlgfLl50 mg, 0.47
mmol) in CHCIl, (20 mL). AgCl immediately formed. The
suspension was stirred for 5 min and then filtered through a short
pad of Celite. The yellow filtrate was then concentrated to 1 mL,
and EtO (25 mL) was added to precipitate a pale yellow solid,
which was stirred for 10 min, filtered, and air-dried to gi/& as
a pale yellow solid. Yield: 260 mg, 93%. Mp 14C. 'H NMR
(400 MHz, CDC}): 6 = 1.72 (s, 3 H, Me), 1.83 (s, 3 H, Me),
2.29 (d, 3 H, MeJy—y = 1.1 Hz), 2.47 (s, 3 H, Me), 7.427.64
(m, 15 H, Ph), 8.60 (s, 1 H, NH), 9.49 (s, 1 H, NHFC{'H}
NMR: too unstable to be recorde#P{1H} (162 MHz, CDC}):

0 = 44.19 (d, PPY Jp_rn = 152 Hz). IR (Nujol): v = 3284 (s)
(NH), 1988 (G=0) (vs), 1662 (&=N) (s) cnT™. Ay: 148Q~1cn¥
mol~1. Anal. Calcd for GsH»9CIN,OsPRh: C, 49.48; H, 4.82; N,
4.62. Found: C, 49.20; H, 5.15; N, 4.67.

X-ray Structure Determinations. The structures ob and A
were solved (Table 1). Data were registered on a Bruker SMART
1000 CCD diffractometer at 133 K using MooKradiation ¢ =
0.71073 A) to a maximumeof 60°. Absorption corrections were
applied using the program SADABS. Structures were solved by
the heavy-atom method and refined anisotropicallfFé(program
system SHELXL, G. M. Sheldrick, University of ®&mgen,
Germany). Hydrogen atoms were included as follows: NH and
coordinated olefin CH freely refined but with distance restraints,
rigid methyls, others riding.
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Compound 5.Crystal data: gH3,CINO4PRh (629.90), mono-
clinic, P2y/c, a = 9.7384(8) Ab = 32.027(3) A c = 17.5949(14)
A, B =93.951(4}, V= 5474.6(8) B, Z = 8, pcaica= 1.528 Mg/
m3, u = 0.816 mn1?, F(000) = 2592,;—-13 < h < 13,-44 < k
< 45,-24 < | < 24; reflns collected, 96871; indep reflns, 16011
(Rnt = 0.0495), data/restraints/params 16011/29/711, GOF%on
=1.012, finalR indices | > 20(1)], R1 = 0.0334, wR2= 0.0815,
Rindices (all data) R¥ 0.0557, wR2= 0.0902; largest diff peak
and hole 2.740 and-0.446 e A3,

[Ag{H2NC(Me),CH,C(O)Me} (PTos)]ClO 4. Crystal data: GHar
AgCINOsP (626.84), triclinic, P1, a = 10.1821(8) A, b =
12.2233(8) Ac = 12.4631(8) Ao = 100.159(49, f = 108.292(4),

y = 96.667(4}, V = 1425.07(17) & Z = 2, pcaica = 1.461 Mg/
m3, u = 0.893 mn?%, F(000)= 644;-13<h < 14,-17<k <
17,—-17 < | < 17; reflns collected, 29022; indep reflns, 83&(
= 0.0271), data/restraints/params 8301/1/339, GOF%cn 0.982,
final Rindices | > 20(1)], R1= 0.0267, wR2= 0.0618,Rindices
(all data) R1= 0.0368, wR2= 0.0649; largest diff peak and hole
0.635 and—0.299 e A3,

Results and Discussion

Synthesis of [Ag(NH=CMe,),]CIO,4 (1) and [Ag{ H:NC-
(Me).,CH,C(O)Me}(PT0o3)]CIO,4 (To = CeHsMe-4) (A).
Complex1 could be obtained by bubbling anhydrous 5
through an acetone solution of AgCJ@r 2 min (Scheme
1) and stirring the solution for 30 min (step 1). At this point,
the reaction was still not complete, sintwas contaminated
with some [Ag(NH)2]ClO4*° (the IR spectrum shows a band
at 3364 cm? due to [Ag(NH),]CIO,). Although recrystal-
lization from CHCI,/E,O removed most of the ammine
complex, treatment of the recrystallized product in,CH
with NaH (step 2) was necessary in order to obtain dyre
since only [Ag(NH),]CIO, reacted to give metallic silver
along with some unidentified soluble decomposition products

(40) Miles, M. G.; Patterson, J. H.; Hobbs, C. W.; Hopper, M. J.; Overend,
J.; Tobias, R. Slnorg. Chem.1968 7, 1721.

7648 Inorganic Chemistry, Vol. 42, No. 23, 2003

Vicente et al.

that could easily be separated upon filtration and precipitation
with Et,O to givel in 70% yield. The reaction times are
crucial because shorter periods of stirring in step 1 (5 or 20
min) lead to mixtures enriched in [Ag(NH3]CIO, while
longer ones give diacetonamine complexes. On the other
hand, acetone solutions of AgCl@ith an excess of aqueous
NH; resulted in mixtures containing contaminated with
variable amounts of [Ag(NE);]CIO,, diacetonamine, and/

or triacetonamine and/or acetonine species (see Chart 1) and/
or other unidentified compounds, depending on the reaction
conditions. We were unable to separate these mixtures.

The gold complexes [AuNHCMe;) )X (X = CIQ,,
CFsSGs), homologous tadl, were prepared in good yields
by stirring [Au(NHs)2]X in acetone for 5 days or by reacting
PPN[Au(acac) with NH4X in acetone, in a shorter time (3
h).16 However, we could not obtain pufefrom [Ag(NH3),]-
ClO4* and acetone, nor from Nj&IO, and AgCO; or
AgOAc. After 24 h of stirring, the reaction of [Ag(Nd]-
ClO4 and acetone produces a mixture of the starting silver
complex and a small amount df When the stirring was
prolonged over 4 days, the mentioned mixture was contami-
nated with diacetonamine (B in Chart 1) or some “Ag-
(diacetonamine)” species (B NMR). After many experi-
ments in which drying agents [anhydrous MgS® CaCl,
or Me;,C(OMe)] were added to the same reaction mixture,
with the intention of facilitating the condensation process,
we concluded that their use not only did not increase the
production ofl but also, in some cases (CaClproduced
additionally triacetonamine (C in Chart 1) or some “Ag-
(triacetonamine)” complex (bH NMR). The reactions of
NH4CIO,4 with Ag.COs or AgOACc also failed to givé since
a complex mixture, which we could not separate, was
obtained in the case of AGOs;, and no reaction was
observed with AgOAc. Experiments in refluxing acetone did
not give any better results.

In the mixture of products obtained after bubbling )
through an acetone solution of AgCJ@2 min), removing
the excess under vacuum, adding fresh acetone and anhy-
drous MgSQ, and stirring the suspension for 7 days, we
observed that a diacetonamine species was the major product,
contaminated with only small amounts of different impurities.
The compound precipitated as a very sticky oily product that,
even after many attempts, we could not convert into a solid.
By reacting it with PTg (To = C¢HsMe-4, in CHCl,,
AgCIO/PTo; = 1:1), a new mixture of products resulted,
from which, by the liquid diffusion method using GEl,
and EtO, single crystals grew of [Ad1.NC(Me)CH,C-
(O)Me} (PT@)]CIO,4 (A, Scheme 1), the crystal structure of
which was determined by X-ray diffraction methods. A
search of the Cambridge Crystallographic Data Center
(CCDC) reveals that this is the first crystal structure of a
diacetonamine complex of any metal.

Synthesis of Acetimine Complexes of Rhodium(l).
[Rh(diolefin)(NH=CMe;,),]ClO, [diolefin = 1,5-cycloocta-
diene= cod @), norbornadiene= nbd @3)] andcis{Rh(CO)-
(NH=CMeg,),]CIO, (4) were obtained in good yield (80
87%) by reactingl in CH,Cl, with the appropriate
[RhCI(diolefin)l, or [RhCI(CO}], complexes in 2:1 molar



Synthesis of [Ag(NH=CMe;),]CIO,

Scheme 2 Scheme 3
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ratio (Scheme 2). The only byproduct, AgCI, was removed 1 Rh” ClO,4

by filtration. Pth/ “NH=CMe,

Complexes2 or 3 reacted in CHCI, with the equimolar
amount of PP§) to give the cationic complex [Rh(diolefin)- 9 while the remainingH and 3P{H} NMR resonances
(NH=CMe,)(PPh)ICIO, [diolefin = cod (), nbd ©)] suggest the main component of the mixture to be one of the
(Scheme 2). Whereas compléwas obtained pure, complex  expected complexesis{Rh(CO)(NH=CMe,),(PPh)]CIO.
6 was contaminated with BRO PF'P{*H} NMR]. The (11) (Scheme 3). A 10:11(1:9) molar ratio was deduced from
isolation of pure6 required working in a dry nitrogen  the 33P{H} NMR spectrum of the mixture. Following the
atmosphere and using acetone as solvent. Similarly, thereaction course byH and3P{'H} NMR, both in the air or
neutral complexes [RhCI(diolefin)(NHCMe,)] [diolefin = in CO atmosphere, showed the disubstitution produti
cod (7), nbd @)] were obtained by reacting or 3, be present in the first measured spectra. The solid IR
respectively, with MeNCI (1:1.1, in acetone, under nitrogen).  spectrum of the mixture reveals the presence of a small
The byproduct MeNCIO,, and the excess of MHCI, were  amount of 4, the H NMR resonances of which were
separated by extracting the complex with@{(7) or CH.Cl, obscured by those of the other complexes. Rureould be
(8). When other ammonium salts (PPNCI, BICl) were  optained in very good yield by reactirigwith [RhCI(CO)-
used instead of M@ICI, the resulting perchlorate salt could  (PPh)], (1:2) in CH,Cl, (Scheme 3)
not be separated from the corresponding complex even after - Although the exclusive formation df1 would suggest a
repeated recrystallizations. greater trans effect of acetimine with respect to CO, its

High yields of puretrans{Rh(CO)(NH=CMe,)(PR)2]- formation can be better understood in terms of the destabiliz-
ClO4 [R = Ph @), CeHsMe-4 (To) (L0)] were obtained by ing effect of two mutually transz-acidic ligands on Rh
reactingd with 2 equiv of the appropriate phosphine (Scheme complexeg? In fact, a search of the CCDC for mononuclear
3). Complex9 was also obtained, though in lower yield square planar Ritomplexes reveals the great tendency of
(52%), by reactindl with [RhCI(CO)(PPB)] (1:1, 45 min,  CO to avoid CO or PRHigands in trans position since, apart
in acetone). However, the dropwise addition of 1 equiv of from [Rh(CO)]* 42 and two [Rh(CO)PR:).]* complexes
PPhto 4in CH.Cl, intended to produce a monosubstituted with very bulky phosphine ligand&#4trans{Rh(CO)Cl,]~ %5
product ([Rh(CO)(NH-CMe;)x(PPh)]CIO4 or [Rh(CO)-
(NH=CMe,)(PPh)]CIO,), gave instead a mixture of com-  (41) Cavallo, L.; SolaM. J. Am. Chem. S0Q001, 123 12294.
pounds that we could not separate Hsand3P{*H} NMR (42) éi‘rﬁlﬂ‘ses“"s’.iﬂf X'rﬁv'g?]‘éﬁt S'\"O'a%'éé\"'lnzef 131'9'\4'(');_ Anderson, O. P.;
spectra showed the presence of a small amount of complex43) Dunbar, K. R.; Haefner, S. G. Am. Chem. Sod 991, 113 9540.
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Table 2. Hydrogen Bonds [A and deg] fds®

D—H-A d(D—H) d(H-+A) d(D--A) O(DHA)
N(1)—H(01)--O(3) 0.79(2) 2.32(2) 3.110(3) 172(3)
N(1')—H(01))---O(8) 0.80(2) 2.31(2) 3.092(3) 169(3)
C(25)-H(25)+-O(1)#1  0.95 2.40 3.261(3) 150.9
C(22)-H(22)--O(7)#2  0.95 2.47 3.421(3) 175.3
C(8)-H(8A)---O(5)#2  0.99 2.52 3.503(3) 170.8
C(35)—H(35)-0(4) 0.95 2.54 3.309(4) 137.8
C(10)-H(10By--O(8)#3 0.98 2.54 3.482(4) 161.1
C(44)-H(44)--O(8)#4  0.95 2.55 3.182(4) 124.3
C(1)=H(L)---0(6) 0.962(16) 2.54(2) 3.348(4) 141(2)
C(33)—H(33)---O(6)#5 0.95 2.56 3.510(3) 177.4

aSymmetry transformations used to generate equivalent atomsx #1,
=1, -y+ Yy z— Yy #2,—x+ 1,~y, —z+ 1; #3,x + 1,y, z+ 1; #4,
X,y,z+1,#,x+ 1y, 2z

Figure 1. Crystal structure of comple% showing the atom numbering.
Ellipsoids correspond to 30% probability levels. Selected bond lengths [A]
and angles [deg]: Rh(£N(1) 2.070(2), Rh(D—N(1) 2.093(2), Rh(1)
C(5) 2.153(2), Rh(3—C(5) 2.124(3), Rh(1)C(6) 2.168(2), Rh(3—C(6)
2.155(3), Rh(1)}C(1) 2.210(2), Rh()—C(1) 2.215(3), Rh(1}C(2) 2.215(2),
Rh(2)—C(2) 2.245(2), Rh(1)}P(1) 2.3371(6), Rh(}—P(1) 2.3003(6),
N(1)—C(9) 1.279(3), N(D—C(9) 1.276(3), C(1)-C(2) 1.375(3), C(9—
C(2) 1.369(4), C(5)-C(6) 1.396(3), C(5—C(6) 1.387(4); N(1)-Rh(1)—
C(1) 88.85(9), N(D—Rh(1)—C(1') 90.33(9), N(1}Rh(1)-C(2) 89.16(9),
N(1)—Rh(Z)—C(2) 89.26(9), N(1)-Rh(1)}-P(1) 90.01(6), N(3—Rh(1)—
P(1) 89.42(6), C(5rRh(1)-P(1) 89.45(7), C(5—Rh(1)—P(1) 92.76(8),
C(6)—Rh(1)-P(1) 98.32(7), C(§—Rh(2)—P(T) 95.57(7).

is the only example of darans{COxRh complex, while
[Rh(CO)(PPHh)s] " *¢ is the only complex with CO trans to
PPh. Accordingly, complexe9—11 would be the thermo- 05 o
dynamlc results of the CorreSpondmg reactions. Figure 2. Crystal structure of complef& showing the atom numbering.
Crystal Structure of [Rh(cod)(NH=CMe,)(PPhs)]CIO 4 Ellipsoids correspond to 50% probability levels. Selected bond lengths [A]
(5). The crystal structure ob (Figure 1) involves two  andangles [deg]: AgN 2.1677(14), Ag-P 2.3385(4), Ag-O(1) 2.6568(11),
independent formula units; the [Rh(cod)(Ri€Me,)(PPh)]* N—Ag-P 167.08(4), N-Ag=0O(1) 81.16(3), PAg-0(1) 111.62(3).
cations display only small differences in bond distances and
angles. The cations show the rhodium atoms in slightly
distorted square-planar environments, the coordinating double
bonds being defined in terms of their midpoints. The-Rh
C(5), Rh—C(5) and RR-C(6), Rh—C(6) distances are longer
than Rh-C(1), Rh—C(1) and Rh-C(2), Rh—-C(2), in
agreement with the greater trans influence of PRith
respect to the imine. The=EN bond distances [1.279(3),
1.276(3) A] are in the range found for the few other acetimine
complexes structurally characterized [1.259(%)290(10)
A].16.21,22.2426 The acetimine ligand is almost coplanar with
the trans olefinic group from cod (interplanar angles 13.6
and 7.8). Classical hydrogen bonds-\H---O are formed
between the perchlorate anions and the NH groups of the
acetimine ligands (Table 2). A further eight interactions
C—H-+-0, with H---O < 2.6 A and angles- 12¢°, may be
regarded as weak hydrogen bonds. Most of them are involved
in forming broad layers of cations and anions parallel to the
xz plane. _ _ _
Crystal Structure of [Ag{H.NC(Me),CH,C(O)Me}- (Figures 2 and 3) consists of perchlorate anions and g

(PT03)]CIO.. The crystal structure of the title compound NC(Me:CH,C(O)Me} (PTay)]™ cations in which the silver
atom is surrounded by the atoms P, N, and (at the greater

Figure 3. Packing diagram oA viewed parallel to theg axis. Secondary
contacts (see text) are drawn as dashed bonds.

(44) Numberg, O.; Werner, HI. Organomet. Cheni993 460, 163. distance of 2.6568(11) A) O(2) to give an essentially planar
(45) #Aatsuligxé%sgg 3?3 Yokoyama, K.; Tanaka JIChem. Soc., Dalton  put distorted T-shaped environment{Rg—N 167.08(47,
rans. . .
(46) Clark, H. C. S.; Coleman, K. S.; Fawcett, J.; Holloway, J. H.; Hope, N—Ag—0(1) 81.16(5), P-Ag—0O(1) 111'62(3)_]' There is
E. G.; Langer, J.; Smith, I. MJ. Fluorine Chem199§ 91, 207. only one reported crystal structure of a silver complex
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Synthesis of [Ag(NH=CMe;),]CIO,

Table 3. Hydrogen Bonds [A and deg] fok? assigned by comparison with those of the free ligand and
D—H---A dD—H) dH--A) d(D--A) [O(DHA) the bis(imine) compl_exgzandS. !n aII_ cases, the resonances

N—H(01)y-0(2) 0.833(15) 2.339(16) 3.1327(19) 159.4(18) from the CH=CH m0|§t|es are high field shifted with respect

N—H(02):-O(4)#1 0.818(15) 2.280(15) 3.089(2) 170.3(18) to those in the free ligands.

C(27-H(27B)--O(2)#2 0.98 2.61 3.580(2)  169.7 -

C(12)-H(12)-0@)#1 095 558 3520(2) 1695 The 3P{'H} NMR ;pectra of the phosphino c.ornplexes

C(26)-H(26)+-0(4) 0.95 2.60 3545(2) 1724 5, 6,9, and10 show, in all cases, one doublet arising from

C()-H(3B)-0(5)#3  0.99 2.46 3.449(2) 1729 coupling with 1%Rh, thus requiring the bis(phosphino)

a Symmetry transformations used to generate equivalent atoms=x¢1, complexe® and10to be of trans geometry and the reactions

+1,-y+1,-z#2,—x+2,-y+1-z+L#x-1yz leading to them to be stereoselective. Comparison of the
o ] ) ) LJp_rn coupling constants i and6 (around 160 Hz), with

containing a primary amine and a phosphine (EjMelts those in9 and 10, (around 128 Hz) suggests the trans

Ag—P (2.373 A) and AgN (2.367 A) distances are greater jnfiuence of triarylphosphines to be greater than that of
than those in our complex [2.3385(4) and 2.1677(14) A, gefins.

respectively]. There is also only one reported crystal structure
of a silver complex containing an intramolecular -A@=

CR; contact through five bond$,with a Ag---O distance
(2.601 A) slightly shorter than in our complex [2.6568(11)
A]. The perchlorate oxygens act as acceptors for a variety
of secondary interactions; classical hydrogen bonds
N—H---O, weak hydrogen bonds-€H---O (Table 3), and
contacts Ag-O [Ag-+-O(4) 3.17 A, Ag--O(3) (1— x, 1 —

y, —2) 3.15 A]. The classical hydrogen bonds, A®
contacts, and the shortest-€l--:O combine to link the
residues into chains parallel to tleaxis (Figure 3).

NMR Spectra. The CO;CN H NMR spectrum of NH=
CMe;® shows one singlety(= 1.93 ppm) for both Me groups
while the NH resonance is not observed. Thé NMR
spectra of complexe$—10 show the NH resonance as a
broad signal in the 8.279.30 ppm range.

At room temperature, thtH NMR spectrum of complex
2 shows two resonanced R.14 (d,*Jy—n = 0.8 Hz), 2.52
(s)] indicating the restricted rotation around the=l€ bond
at room temperature whereas in complege$ and7—10
two singlets are observed. In those reported complexes giving  Although acetimine is unstable, it can be stabilized by
only one doublet in theitH NMR spectra1671820.242527  ¢qordination to silver(l). [Ag(NH=CMe,),]CIO, (1) was
therefore corresponding to the Me trans to the NH proton, prepared by reacting AgCland NH; in acetone. The use
this resonance is at lower frequency than the other oneof 1 as a transmetallating agent toward various chloro
appearing as a singlet. This allows the same assignment forcomplexes of Rh(l) opens a new route for the synthesis of

the doublet at 2.14 ppm i@ and for the singlet at lower  acetimino derivatives. The first Rh(I) complexes containing
frequency in all the other complexes. In the room-temperature gcetimine were prepared and characterized.

spectra of complexekand6, only one singlet resonance is

observed for both Me groups, suggesting the free rotation Acknowledgment. We thank Ministerio de Ciencia y
of the C=N bond, as previously observed in the spectrum Tecnologa, FEDER (BQU2001-0133), and the Fonds der
of [AuNH=CMe,)(PPh)]CIO, at 60 °C.16 However, the = Chemischen Industrie for financial support. R.G. thanks
acetoneds spectrum ofl between—60 and—90 °C shows Cajamurcia (Spain), and 1.V.-H. thanks FundaciBseca
two singlets (2.25, 2.28 ppm). In the cod and nbd complexes for grants.

5—8, the signals corresponding to the olefinic protons were

IR Spectra. The vibrational spectra of NHCMe, show
two weakv(NH) bands (Raman, 3326 and 3260 ¢jnand
two »(C=N) bands (IR, 1658, 1670 sh c#).2 In the IR
spectra of complexeks—10, a medium to strong broadNH)
band is observed in the 3188294 cm* region. Only one
absorption is observed in the 1652666 cnt! range from
the »(C=N) stretching mode, both for the mono- and bis-
(imine) derivatives although the related complex [Au@<H
CMe,),]CIO, shows two bands in the same region (1660,
1643 cmY). The IR spectrum oft shows twor(CO) bands
(2092, 2026 cmt) supporting its cisC,,) geometry. In the
spectra 0® and10, the only»(CO) band is observed at 1994
cm 1. The lower energy of the band in the bis(phosphine)
complexes9 and 10 can be accounted for in terms of the
bettero-donor and poorerr-acceptor ability of two phos-
phine ligands with respect to the substituted CO and imine
ligands in4.

Conclusions
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