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Abstract 

The series of complexes Au(C=--CR)(nmdpp) (R = Ph (2), 4-C6H4NO 2 (3), 4,4 ' -CrH4CrH4NO 2 (4), (E)-4,4'- 
C6H4CH=CHCrH4NO2 (5), (Z)-4,4 '-C6H4CH=CHCrH4NO 2 (6), 4,4'-C6H4C~CC6H4NO2 (7), 4 ,4 ' -CrH4N=CHCrI t4NO 2 (8); 
nmdpp = (+)-neomenthyldiphenylphosphine) has been synthesized by reaction of AuCl(nmdpp) with the corresponding acetylene and 
methoxide in the presence of trace amounts of a phosphine oxide, and complexes 2 and 5 have been structurally characteri~'ed Complexes 
2-8 and analogous (tfiphenylphosphine)gold acetylides and precursor (phosphine)gold chlorides have been examined for their second-order 
bulk susceptibilities X (2) by the Kurtz powder technique, with the largest response (ca. 2 × urea) being that from 3. O 1997 Elsevier 
Science S.A. 
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1. Introduct ion  

The non-linear optical (NLO) properties of 
organometallic complexes are of great current interest 
[2-5]. Our investigations in this field have focused on 
metal acetylide complexes; they are usually thermally 
robust, oxidatively stable, and accessible in high yield 
by established synthetic methodologies. We have con- 
centrated thus far on molecular measurements, and have 
utilized electric-field-induced second harmonic genera- 
tion and hyper-Rayleigh scattering to probe second-order 
non-linearities [1,6-9], ZINDO [10] to compute second- 
order non-linearities [6,8,11-13], and Z-scan and degen- 
erate four-wave mixing to determine third-order non- 
linearities [1,8,14-16]. Bulk material NLO responses 
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are of importance to assess potential in various device 
applications, but we have not until now evaluated the 
macroscopic quadratic NLO merit of acetylide com- 
plexes. We report herein syntheses of (phosphine)gold 
acetylide complexes incorporating the chiral phosphine 
(+)-neomenthyldiphenylphosphine (nmdpp), X-ray 
crystal structures of two examples, and Kurtz powder 
measurements of their efficiency at (second harmonic 
generation SHG), together with similar data for the 
previously-reported (triphenylphosphine)gold acetylide 
analogues and precursor (phosphine)gold chlorides. 

2. Results  and discuss ion 

2.1. Syntheses and characterization of gold complexes 

AuCl(nmdpp) was prepared by adapting the literature 
synthesis, where tetrachloroauric acid is reduced by 
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Scheme I. 
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tetrahydrothiophene (tht) [17] and the tht-stabilized 
product AuCl(tht) is subsequently reacted with one 
equivalent of phosphine. This procedure avoids con- 
sumption of phosphine in the reduction of Au nl to Au ~ 
in, fo r  e x a m p l e ,  the  p r e p a r a t i o n  o f  
(triphenylphosphine)gold chloride from direct reaction 
between HAuC14 and PPh 3 [18], an important consider- 
ation when utilizing an expensive phosphine. Following 
this procedure, AuCl(tht) was reacted with one equiva- 
lent of nmdpp at room temperature to afford 
AuCl(nmdpp) (1) as a colourless complex (Scheme 1). 
Complex 1 was identified by 1H and 31p NMR, UV-vis 
spectroscopies, mass spectrometry and satisfactory mi- 
croanalyses. 
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Scheme 2. 

The new acetylide complexes were prepared in good 
to excellent yields (47-78%) by extension of literature 
procedures [7,19,20], or modifications thereof (Scheme 
2). Complexes 2 -8  were characterized by IR, 1H and 
31p NMR spectroscopies, mass spectrometry, and satis- 
factory microanalyses. For 2-8,  charactelistic v(C--=C) 
in the solution IR spectra are found between 2113 and 
2116cm-I;  as v(C-=C) was found in the. range 2112- 
2116cm-1 for the analogous series of (triphenylphos- 
phine)gold acetylide complexes [7], this parameter is 
insensitive to variation in the phosphine. For 2-8,  phos- 
phine P in the 31p NMR are insensitive to acetylide 
variation, being found between 38.5 and 38.6ppm. The 
mass spectra for 2 -8  all show peaks corresponding to 
protonation of the molecular ion and fragmentation by 
loss of acetylide, together with peaks assigned to (phos- 
phine)auration of the molecular ion and [Au(nmdpp) 2 ]+. 
The UV-visible spectra for complexes 3 -8  are charac- 
terized by intense ( e =  15 000-39 000 M-1 cm- l )  
MLCT bands at lowest frequency together with higher 
energy bands assigned to o-(Au ~ P) -+ :r * (PPh). Re- 
placement of aryl 4-H by 4-NO, in the phenylacetylide 
ligand in proceeding from 2 to 3 results in a red shift of 
46nm in ,)tmax; a similar replacement for Au(4- 
C=-CC6HaR)(PPh 3) (R = H, NO 2) resulted in a 42rim 
shift to lower energy [7]. Chain lengthening of the 
acetylide chromophore leads, as expected, to a 
bathochromic shift of the MLCT band, with 5 and 8 
containing the lowest energy transitions. 

2.2. X-ray structural studies 

We have completed X-ray diffraction studies on 
complexes 2 and 5. Both complexes 2 and 5 contain 

Table 1 
Crystallographic data for complexes 2 and 5 

2 5 

Empirical formula C30H34AuP C ~sHIsAuNO2P 
Molecular weight 622.5 7485 
Crystal colour, habit colourless, block yellow, block 
Crystal dimensions (ram 3) 0.2 × 0.4 × 0.4 0.3 ,'< 0.3 × 0.2 

Space group P21 (#4) P'I (#2) 

a (,~) 10.187(7) 12.833(1) 

b (,~) 17.355(2) 15.422(2) 

c (,~) 15.46 l(2) 19.1352(2) 
c~ (deg) 7'1.848(9) 
13 (deg) 102.36(2) 8.0.551(9) 
y (deg) 73.884(8) 

V (~3) 2670(1 ) 3429.5(7) 
Z 4 4 
Dealc (gcm -3) 1.55 1.45 
Trans. factors 0.28- 1 . 0 0  0.82-1.00 
N 4900 10200 
N 0 (1 > 3.00o-(1)) 4048 755[ 
No. variables 576 732 
p-factor 0.001 13,.020 
R 0.033 13,.073 
R~,. 0.023 0.087 
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Table 2 
Important geometric parameters for Au(C=-CPh)(nmdpp) (2) 

191 

2A 2B 2A 2B 

Au(1)-P(1) 2.296(4) 2.292(3) C(3)-C(4) 1.37(2) ~.36(2) 
Au(1)-C(1) 2.00(1) 2.00(2) C(3)-C(8) 1.40(2) ~[.34(2) 
P(1)-C(111) 1.93(1) 1.85(1) C(4)-C(5) 1.33(2) ~[.38(2) 
P(1)-C(121) 1.86(1) 1.83(1) C(5)-C(6) 1.33(2) :t.33(2) 
P(1)-C(13 l) 1.87(1) 1.88(1) C(6)-C(7) 1.40(2) :[.31(3) 
C(1)-C(2) 1.21(2) 1.21(2) C(7)-C(8) 1.40(2) :t .42(2) 
C(2)-C(3) 1.46(2) 1.42(2) 

P(1)-Au(1)-C(I) 179.6(4) 177.3(4) C(2)-C(3)-C(4) 122(1) 121(1) 
Au(I)-P(1)-C(111) 116.6(5) 117.3(4) C(2)-C(3)-C(8) 117(1) 122(1) 
Au(1)-P(1)-C(121) 111.1(5) 113.9(5) C(4)-C(3)-C8) 120(1) 117(1) 
Au(1)-P(I)-C(131) 110.4(4) 108.5(4) C(3)-C(4)-C(5) 120(2) 122(1) 
C(111)-P(I)-C(121) 106.7(7) 104.0(7) C(4)-C(5)-C(6) 123(2) 122(2) 
C(111)-P(1)-C(131) 106.9(6) 109.4(6) C(5)-C(6)-C(7) 119(2) 117(2) 
C( 121 )-P( 1)-C( 131 ) 104.4(6) 102.7(6) C(6)-C(7)-C(8) l 19(2) 124(2) 
Au(1)-C(I)-C(2) 176(1) 175(1) C(3)-C(8)-C(7) 118(1) 119(2) 
C(1)-C(2)-C(3) 176(2) 176(2) 

two independent molecules in the asymmetric unit, nei- 
ther of which differs in bond length and angle data 
within the error margins. Problems associated with 
pseudosymmetry have necessitated a cautious exposi- 
tion of the crystal structure of  5; the determination is 
sufficient to confirm the atom connectivity and molecu- 
lar disposition in the crystal lattice, and subsequent 
discussion of 5 is restricted to these considerations. 
Crystallographic data are collected in Table 1 and im- 
portant geometric parameters for 2 are shown in Table 
2. ORTEP plots of one independent molecule of both 2 
and 5 are displayed in Fig. 1 (2) and Fig. 2 (5). 

The structural study of 2 confirms the molecular 
composition inferred from spectral data. It is the first 
(nmdpp)gold complex to be structurally characterized, 
although examples of this ligand attached to chromium 
[21], iron [22], ruthenium [23], and platinum [24] have 
appeared. The Au-P(1)  distance (2.296(4), 2.292(3) A) 

CI18 

C122A CI2IA/~O C~119AC 
PIA 

AulA 
CIA C4A 

~ C 2 A  C3A C5Ac6A 

Fig. 1. Molecular structure and atomic labelling scheme for one of 
the molecules of Au(C---CPh)(nmdpp) (2). 20% thermal ellipsoids 
are shown for the non-hydrogen atoms; hydrogen atoms have arbi- 
trary radii. 

is similar to that in other (phosphine)gold complexes 
(e.g. 2.277(1),~ in Au(4-C--CC6H4NO2)(PPh 3) [7]), 
and intraphosphine bond lengths and angles are unex- 
ceptional. The P(1) -Au-C(1)  (179.6(4) °) and A u -  
C(1)-C(2)  (176(1) °) angles are close to linearity as 
expected, and the arylacetylide distances and angles are 
within the range of those previously ob,;erved (for a 
comprehensive listing of relevant data fi'om previous 
(phosphine)gold acetylide structural studies, see Ref. 
[7]); complex 2 is the first structural study of a gold 
acetylide incorporating a chiral phosphine ligand. Al- 
most half the previous (phosphine)gold acetylide X-ray 
structural analyses have revealed a short A u - - - A u  
contact believed to result from a weak relativistic bond- 
ing force, one exoample being Au(C--CPh)(PPh 3) 
( A u . . .  Au 3.379(1)A). It is interesting that replacing 
phenyl by neomenthyl in proceeding to 2 modifies the 
steric interactions so as to disfavour a short Au • • • Au 
contact (no Au - . .  Au interaction exists :in the crystal 
lattice of 2 within an intermolecular separation of 5 A). 

The most interesting feature of the structural studies 
of 2 and 5 is the molecular disposition i[n the crystal 

c ~o C 22A CI31A C4A CI21 PIA AuIA CSA 
CIA C2A C6A C 10A 

CILIA CISA a~CllA OIA 
CII6(AI5 C9A CI2A NIA 

O2A 

Fig. 2. Molecular structure and atomic labelling scherae for one of 
t h e  m o l e c u  le s o f A u ( (  E ) - 4 , 4 '  
C--=CC6H4CH=CHC6H4NO2)(nmdpp) (5). 20% thermal ellipsoids 
are shown for the non-hydrogen atoms; hydrogen atoms have arbi- 
trary radii. 
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% 
Fig. 3. Cell packing diagram of Au(C~CPh)(nmdpp) (2). 

lattice. With  this in mind, the cell packing for both 2 
and 5 has been investigated, and is displayed in Fig. 3 
(2) and Fig. 4 (5). With 5, the molecular  dipole is 
opposed  to that o f  an adjacent molecule.  A similar 
antiparallel ar rangement  of  phenylacetyl ide groups is 
found in the crystal  structure of  2. Although incorpora-  
tion of  chiral l igands has been suggested as one route to 
enforce favourable  molecular  a l ignment  required to 
translate large molecular  non-linearities into large bulk 
susceptibilities, the driving force for opposing dipoles in 
d o n o r - a c c e p t o r  molecules  such as 5 is sufficiently great 
as to limit the usefulness of  this strategy. Even exam-  
ples such as 2, which do not have a large ground state 
dipole, can pack such that the m e t a l - a l k y n y l  groups 
adopt antiparallel ar rangements  on adjacent molecules.  

Fig. 4. Cell packing diagram of A u ( ( E ) - 4 , 4 ' -  
C---CC6 H4CH =CHC6 H4 NO2)(nmdpp) (5). 

2.3. Powder  SHG measurements  

The powder  S H G  and responses of  complexes  1 - 8 ,  
together with those of  their t r iphenylphosphine ana- 
logues, were  measured  by the Kurtz method [25] and 
are listed in Table  3. 

Significantly,  all four (phosphine)gold chlorides and 
phenylacetyl ides  which lack a strong d o n o r - b r i d g e -  
acceptor  composi t ion gave  zero responses.  All ten com-  
pounds of  the 'extended chain '  acetylide ligands decom-  
posed with f luorescence (this f luorescence is likely to 
be a result o f  mult iphoton,  particularly two-photon,  
absorption).  It is significant that when carrying out 
hyper-Rayle igh  scattering measurements  to determine 
m o l e c u l a r  n o n - l i n e a r i t i e s  o f  t h e  
( t r iphenylphosphine)gold acetylide complexes ,  we noted 

Table 3 
Bulk second-order responses by the Kurtz powder technique 

Complex Powder response (urea = 1) 

AuCl(nmdpp) (1) 
Au(C-=CPh)(nmdpp) (2) 
Au(4-C-=CC 6 H 4 NO2)(nmdpp) (3) 
Au(4,4'-C -= C C 6 H 4 C 6 H 4 NO 2 )(nmdpp) (4) 
Au((E)-4,4'-C=-CC6 H4CH =CHC6Ha NO2)(nmdpp) (5) 
Au((Z)-4,4'-C=-CC6 H4CH=CHC6 H4 NO2)(nmdpp) (6) 
Au(4,4'-C--=CC 6 H 4C------CC 6 H 4 NO2 )(nmdpp) (7) 
Au(4,4'-C ------ CC 6 H 4 N = C HC 6 H 4 N O 2 )(nmdpp) (8) 
AuCI(PPh 3) 
Au(C--=CPh)(PPh 3) 
Au(4-C--= CC 6 H 4 NO2 XPPh 3 ) 
Au(4,4'-C ~CC6 H 4C 6 H 4NO2)(PPh 3 ) 
Au((E)-4,4'-C--=CC6 HaCH =CHC6H4 NO2)(PPh3) 
Au(( Z)-4,4'-C =--CC 6 H 4CH = CHC 6 H 4 NO2 )(PPh 3) 
Au(4,4'-C--= CC6 H 4C =-CC6 Ha NO2)(PPh 3) 
Au(4,4'-C-=CC6 H 4 N=CHC6 H4NO2)(PPh3) 

0 
0 
2 
< 1 fluoresced, decomposed 
< 1 fluoresced, decomposed 
< 1 fluoresced, decomposed 
< 1 fluoresced, decomposed 
< 1 fluoresced, decomposed 
0 
0 
0 
fluoresced, decomposed 
fluoresced, decomposed 
fluoresced, decomposed 
fluoresced, decomposed 
fluoresced, decomposed 



L R. Whittall et al, / Journal of  Organometallic Chemist O, 544 (1997) 189-196 193 

s t r o n g  f l u o r e s c e n c e  o f  A u ( ( Z ) - 4 , 4 ' -  
C-=CC6H4CH=CHC6H4NO2)(PPh3); see Ref. [7]. The 
4-nitrophenylacetylide complexes were stable to irradia- 
tion by the laser, with only the nmdpp example produc- 
ing a measurable bulk non-linearity (2 × urea). Molecu- 
lar NLO measurements of (cyclopentadienyl)bis(phos- 
phine)ruthenium acetylide complexes revealed a small 
decrease in non-linearity upon replacing triphenylphos- 
phine by trimethylphosphine [11], so replacing triph- 
enylphosphine by nmdpp would not be expected to 
increase the molecular non-linearity; it is likely, there- 
fore, that favourable molecular alignment not observed 
with the triphenylphosphine analogue is responsible for 
the significant bulk non-linearity for complex 3. Com- 
plex Au(4-C-CC6H4NO2)(PPh 3) crystallizes in the 
centrosymmetric space group P2j/c  [7], but the lack of 
an X-ray structural study of 3 and consequent crystal 
packing information precludes anything more than this 
cautious comment. Although chiral ligand introduction 
has been successful in the present work in affording the 
enhanced non-linearity of 3 compared to that of its 
triphenylphosphine analogue, the cell packing of both 2 
and 5 shows that this strategy is somewhat 'hit or miss' 
as it suffers from lack of control over the molecular 
disposition in the crystal. Further studies of the NLO 
responses of organometallic complexes are currently 
underway. 

Me 
, , neomenthyl 

.,,,, p / A u - -  C 

ph 2 
Pfl 

R = H6 (2) 

R = NO 2 (3) 

C Q - - - R  

H+ H s 

R = - - ~  NO 2 (4) 

/ \ 
Hw HH 

XY = (E)-CHts=CH!e: (5) 

R = - -  XY NO2 = (Z)-CH:5-CH16 (6) 

= C-=C (7) 

Hio Hit 
= N=CH~6 (8) 

Fig. 5. Numbering scheme for NMR spectral assignment. 

photometer. IH and 3~p NMR spectra were recorded 
using a Varian Gemini-300 FT NMR spectrometer and 
are referenced to residual CHC13 (7.24 ppm) or external 
85% H3PO 4 (0.0ppm), respectively. Spectral assign- 
ments follow the numbering scheme shown in Fig. 5. 

3.2. Syntheses of (nmdpp)gold acetylides 

3. Experimental section 

3.1. General conditions 

All organometallic reactions were carried out under 
an atmosphere of nitrogen with the use of standard 
Schlenk techniques; no attempt was made to exclude air 
during work-up of organometallic products. Pheny- 
lacetylene (Aldrich), tht and chloroauric acid (BDH) 
were used as-received; nmdpp [26], 4-HC-=CC6H4NO 2 
[27], 4,4'-HC=-CC6H4CrH4NO 2 [8], (E)- and (Z)-4,4'- 
H C - - - - - - C C 6 H 4 C H = C H C r H 4 N O  2 [28], 4,4'-  
H C ~ C C 6 H 4 C ~ C C 6 H 4 N O  2 [ 8 ]  and 4,4'-  
H C ~ C C 6 H 4 N = C H C 6 H 4 N O 2  [6] were prepared fol- 
lowing the literature methods. Triphenylphosphine ox- 
ide and nmdpp oxide are the by-products of the reaction 
of two equivalents of the corresponding phosphine with 
chloroauric acid. Mass spectra were recorded using a 
VG ZAB 2SEQ instrument (30kV Cs + ions, current 
1 mA, accelerating potential 8 kV, 3-nitrobenzyl alcohol 
matrix) at the Research School of Chemistry, Australian 
National University; peaks are reported as m/z (assign- 
ment, relative intensity). Microanalyses were carried out 
at the Research School of Chemistry, Australian Na- 
tional University. Infrared spectra were recorded using a 
Perkin-Elmer System 2000 FF-IR spectrometer. UV-  
visible spectra were recorded using a Cary 5 spectro- 

3.2.1. Synthesis of AuCl(nmdpp) (1) 
The complex AuCl(nmdpp) (1) was prepared by a 

modification to the literature procedure [17]. The drop- 
wise addition of tht to an ethanol solution of HAuC14 - 
~ 3H20 (1 g in 10ml) caused a white solid to precipi- 
tate; addition of tht was continued until no further 
precipitate formed. The precipitated AuCl(tht) was col- 
lected by filtration (0.76g, 93% based on HAuC14. 
3H20). AuCl(tht) (0.76 g, 2.37 mmol) and (+)-nmdpp 
(0.78g, 2.40mmol) were stirred together in acetone 
(10ml) for 10min at room temperature. The solvent 
volume was reduced, whereupon the white product 
AuCl(nmdpp) (1) precipitated and was collected by 
filtration and washed with ether (0.98 g, 74%). (A fur- 
ther 200rag (15%) of slightly lower quality could be 
collected by reducing the filtrate to dryness.) Anal. 
Calc. for C2,H29AuC1P: C 47.45, H 5.25%. Found: C 
47.54, H 5.36%. H NMR: (6 ,300MHz,  CDL13); (0.49 
(d, JHn = 6 Hz, 3H), 0.58 (d, Jnn = 6 Hz, 3H), 0.76 (d, 
JHH = 6Hz, 3H), 0.97 (m), 1.32 (m), 1.63 (m), 1.92 
(m), 2.08 (m), 2.80 (m), 3.50 (m), neome, nthyl), (7.43 
(m), 7.88 (m), 8.07 (m), Ph). 31p NMR: (6, 121MHz, 
CDC13); 31.9. UV-vis: A (nm) (6 (M -t cm-1)) (thf): 
275 (1200), 267 (1600). FAB MS; m/z (fragment, 
relative intensity): 1077 ([M + Au(nmdpp)] +, 100), 845 
([Au(nmdpp)2] +, 22), 521 ( [ M -  C1] +, 33), 383 ( [ M -  
C1 - neomenthyl + H] +, 34). 
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3.2.2. Synthesis of  Au(C=- CPh)(nmdpp) (2) 
AuCl(nmdpp) (95 rag, 0.17mmol), a trace of 

nmdppoxide and phenylacetylene (50rag, 0.49retool) 
were added to a methanol solution of sodium methoxide 
(10ml, 0.25 M), and the resultant mixture stirred for 5 h 
at room temperature. The solvent volume was concen- 
trated to 2 ml, affording the product as a white powder 
(50mg, 47%). Anal. Calc. for C30H34AuP: C 57.87, H 
5.52%. Found: C 57.84, H 5.74%. IR: (CH2CI e) 
u(C--C) 2115 (vw)cm i IH NMR: (6, 300MHz, 
CDC13); (0.48 (d, Jm~ = 6 Hz, 3H), 0.57 (d, JHH = 6 Hz, 
3H), 0.76 (d, JHH = 6Hz, 3H), 0.95 (m), 1.30 (m), 1.60 
(m), 1.96 (m), 2.78 (m), 3.58 (m), neomenthyl), (7.40 
(m), 7.93 (m), 8.12 (m), Ph), 7.23 (m, Hs), H 6 is 
obscured, 7.55 (d, JHH ---- 8 H z ,  2H, H4) .  31p NMR: (6, 
121MHz, CDCI3); 38.6. UV-vis: 3. (nm) (e  
(M-Jcm-~))  (thf): 293 (11700), 284 (33300), 270 
(30000), 257 (16700), 237 (28800). FAB MS; m / z  
(fragment, relative intensity): 1144 ([M + Au(nmdpp)]+, 
100), 845 ([Au(nmdpp)z] +, 94), 623 ([M + H] +, 11), 
521 ( [M-C~-CPh]  +, 17) ,  383 ( [ M - C - = C P h -  
neomenthyl + H] +, 80), 305 ([M - C~CPh - 
neomenthyl-Ph]  ÷, 20). Crystals of 2 suitable for 
diffraction analysis were grown by slow evaporation of 
acetone from a solution in acetone-hexane. 

3.2.3. Synthesis of  Au(4- C =- CC 6 H 4 NO 2 )(nmdpp) (3) 
Following the method for the preparation of 2, 

AuCl(nmdpp) (140 nag, 0.25 retool) and 4,4'- 
HC-CC6H4NO 2 (50rag, 0.34retool) were reacted af- 
fording Au(4-C-=CC6H4NOz)(nmdpp) (3) as a pale 
yellow powder (50rag, 69%). Anal. Calc. for 
C30H33AuNO2P: C 53.98, H 4.98, N 2.10%. Found: C 
53.86, H 4.94, N 1.97%. IR: (CH,C12) p(C~C) 
2116cm -1. ~H NMR: (6, 300MHz, CDC13); (0.49 (d, 
Jl-l14 = 6Hz, 3H), 0.58 (d, JuH = 6Hz, 3H), 0.77 (d, 
J~H = 6Hz, 3H), 0.96 (m), 1.30 (m), 1.60 (m), 1.95 
(m), 2.74 (m), 3.59 (m), neomenthyl), (7.43 (m), 7.91 
(m), 8.09 (m), Ph), 7.64 (d, JHu = 9Hz, 2H, H4), 8.13 
(d, JHH=9Hz, 2H, Hs). 31p NMR: (6, 121MHz, 
CDC10; 38.5. UV-vis: 3. (nm) (e (M -1 cm-I))  (thf): 
339 (21 400). FAB MS; m / z  (fragment, relative inten- 
sity): 1188 ([M + Au(nmdpp)]  +, 16), 845 
([Au(nmdpp)2] +, 100), 668 ([M + H] +, 5), 521 ( [ M -  
C~CC6H4NO2] +, 11), 383 ( [ M -  C~CC6H4NO 2 - 
neomenthyl + H] +, 30), 305 ([M - C~CC6H4NO 2 - 
neomenthyl - Ph] +, 7). 

4 ml affording the product as a yellow powder (42 mg, 
65%). Anal. Calc. for C36H37AuNO:,P: C 58.14, H 
5.03, N 1.88%. Found: C 58.45, H 5.22, N 1.83%. IR: 
(CH2CI 2) v(C-~C) 2115cm -I IHNMR:(6 ,300MHz,  
CDC13); (0.48 (d, JHH ----- 6Hz, 3H), 0.58 (d, JHH ---- 6Hz, 
3H), 0.75 (d, JHH = 6 Hz, 3H), 0.95 (m), 1.30 (m), 1.60 
(m), 1.95 (m), 2.80 (m), 3.50 (m), neomenthyl), (7.42 
(m), 7.88 (m), 8.06 (m), Ph), H 4 is obscured, 7.57 (d, 
JH~ = 8Hz, 2H, Hs), 7.72 (d, JHH-----9Hz, 2H, Hi0), 
8.28 (d, JH~ = 9Hz, 2H, HH)..~tp NMR: (6, 121MHz, 
CDC13); 38.6. UV-vis: A (nm) (e (M -1 cm-I))  (thf): 
348 (28700), 285 (35 100), 270 (20500). FAB MS; 
m / z  (fragment, relative intensity): 11264 ([M + 
Au(nmdpp)] +, 58), 845 ([Au(nmdpp)2] +, 62), 744 ([M 
+H]  ~, 32), 521 ([M-C~CC6H4C6H4NO2] +, 40), 
383 ([M - C=CC6H4C6H4NO 2 - neomenthyl + H] +, 
100), 305 ( [M - C ~ C C 6 H 4 C 6 H 4 N O  2 - neomenthyl -- 
Ph] +, 20). 

3 . 2 . 5 .  S y n t h e s i s  o f  A u ( ( E ) - 4 , 4 '  
C =-- CC 6 H 4 CH = CHC 6 H 4 NOz )(nmdpp) (5) 

Following the method for the preparation of (4), 
AuCl(nmdpp) (50rag, 0.09mmol) and (E)-4,4'- 
HC=-CC6H4CH=CHC6H4NO 2 (22 mg, 0.09 mmol) 
w e re  r e a c t e d  a f f o r d i n g  A u((  E ) - 4 , 4 ' -  
C--=CC6H4CH=CHC6H4NO2)(nmdpp) (5) as a yellow 
powder (42 mg, 61%). Anal. Calc. for C38 H39AuNO2P: 
C 59.29, H 5.12, N 1.82%. Found: C 59.30, H 5.19, N 
1.79%. IR: (CH2Cl 2) u(C--=C) 2113cm -/.  IH NMR: 
(6, 300MHz, CDCI3); (0.49 (d, J~H = 6Hz, 3H), 0.58 
(d, JHH = 6Hz, 3H), 0.76 (d, JHH = ,SI-[z, 3H), 0.95 
(m), 1.30 (m), 1.60 (m), 1.95 (m), 2.78 (m), 3.59 (m), 
neomenthyl), (7.42 (m), 7.94 (m), 8.13 (m), Ph), 7.10 
(d, Jrm = 16Hz, 1H, H15), 7.23 (d, JHH = 16Hz, 1H, 
H16), 7.48 (d, JHH = 8Hz, 2H, H4), 7.57 (d, JHlq =: 
9Hz, 2H, Hlo), 7.60 (d, J~H = 8Hz, 2H, Hs), 8.20 (d, 
JHH -~ 9Hz, 2H, HH). 31p NMR: (6, 121MHz, CDC13); 
38.6. UV-vis: A (nm) (e  (M-Jcm-J ) )  ( th0 :388  
(38 900), 302 (19 200). FAB MS; rn/z  (fi'agment, rela- 
tive intensity): 1290 ([M+Au(nmdpp)i] +, 54), 845 
([Au(nmdpp)~] +, 94), 770 ([M + H] ÷, 60), 521 ( [ M -  
C~CCoH4CH=CHC6HnNO2] +, 40), 383 ( [ M -  
C~CC6H4CH=CHC6H4NO 2 - neorneathyl + H] +, 
100), 305 ([M - C~CC6H4CH=CHC6H4NO 2 - 
neomenthyl - Ph] +, 23). Crystals of 5 suitable for X-ray 
diffraction analysis were grown by slow evaporation of 
a solution in dichloromethane. 

3 . 2 . 4 .  S y n t h e s i s  o f  A u ( 4 , 4 '  

C -  CC 6 H 4 C 6 H 4 NO 2 )(nmdpp) (4) 
AuCl(nmdpp) (50rag, 0.09mmol), a trace of 

nmdppoxide and 4,4'-HC~CC6H4C6H4NO 2 (28mg, 
0.49 retool) were dissolved in dichloromethane (5 ml). A 
methanol solution of sodium methoxide (5 ml, 0.5 M) 
was added and the mixture was stirred for 16 h at room 
temperature. The solvent volume was concentrated to 

3 . 2 . 6 .  S y n t h e s i s  o f  A u ( ( Z ) - 4 , 4 '  
C =- CC 6 H 4 CH = CHC 6 H 4 NO 2 )(nmdpp) (6) 

AuCl(nmdpp) (100mg, 0.18retool), a trace of 
n m  d p p  o x i d e  a n d  ( Z ) - 4 , 4 '  
HC~CC6H4CH=CHC6HeNO 2 (50 rag, 0.20 mmol) 
were added to methanol (5 ml). A methanol solution of 
sodium methoxide (5ml, 0.20M) was added and the 
mixture was stirred at room temperature for 16h after 
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which time a yellow solid had precipitated. Filtration 
afforded the product as a yellow microcrystalline pow- 
der (108mg, 78%). Anal. Calc. for C38H39AuNO2P: C 
59.29, H 5.12, N 1.82%. Found: C 59.50, H 5.02, N 
1.65%. IR: (CH2CI 2) u(C~C) 2114cm -1. IH NMR: 
(6, 300MHz, CDCI3); (0.48 (d, JHH = 6Hz, 3H), 0.57 
(d ,  JHH = 6Hz, 3H), 0.75 (d, JHH = 6Hz, 3H), 0.95 
(m), 1.28 (m), 1.60 (m), 1.95 (m), 2.75 (m), 3.58 (m), 
neomenthyl), (7.41 (m), 7.93 (m), 8.10 (m), Ph), 6.55 
(d, JH~ = 12Hz, 1H, His), 6.76 (d, JHH = 12Hz, 1H, 
H16), 7.10 (d, JHH = 8Hz, 2H, H 4 )  , 7.36 (d, JHH = 

8Hz, 2H, Hs), Hi0 is obscured, 8.04 (d, JHH =9Hz ,  
2H, HH). 31p NMR: (8, 121MHz, CDC13); 38.6. UV-  
vis: h (rim) (e  (M -~ cm-l ) )  (thO: 370 (15500), 295 
(30800). FAB MS; m / z  (fragment, relative intensity): 
1290 ([M + Au(nmdpp)] +, 20), 845 ([Au(nmdpp)e] +, 
100), 770 ([M + H] +, 22), 521 ( [ M -  
C~CC6H4CH=CHC6H4NO2] +, 13), 383 ( [ M -  
C~CC6H4CH=CHC6H4NO 2 - neomenthyl + H] +, 
45), 305 ([M - C~CC6H4CH=CHC6H4NO 2 - 
neomenthyl - Ph] +, 15). 

3 . 2 . 7 .  S y n t h e s i s  o f  A u ( 4 , 4 '  
C = CC 6 H 4 C =-- CC 6 H 4 NO 2 )(nmdpp) (7) 

AuCl(nmdpp) (52 mg, 0.09 mmol) and 4,4'- 
HC=CC6H4C-=CC6H4NO2 (30mg, 0.12mmol) and 
triphenylphosphine oxide (5 mg, 0.02 mmol) were added 
to methanol (15ml) and dichloromethane (5ml). A 
methanol solution of sodium methoxide (5 ml, 0.20 M) 
was added and the mixture was stirred at room tempera- 
ture for 16 h. The dichloromethane was removed under 
reduced pressure and the mixture was filtered. 

Concentration of the filtrate and addition of water 
(0.5 ml) precipitated the product as a yellow powder 
(51 mg, 71%). Anal. Calc. for C38H37AuNO2P: C 59.45, 
H 4.98, N 1.82%. Found: C 59.53, H 4.73, N 1.85%. 
IR: (CH2CI 2) u(C~C) 2114cm -1 IH NMR: (6, 
300MHz, CDC13); (0.49 (d, JHr~ = 6Hz, 3H), 0.58 (d, 
JHH = 6Hz, 3H), 0.77 (d, JHH = 6Hz, 3H), 0.95 (m), 
1.30 (m), 1.60 (m), 1.95 (m), 2.77 (m), 3.59 (m), 
neomenthyl), (7.43 (m), 7.94 (m), 8.12 (m), Ph), H 4 is 
obscured, 7.55 (d, JHH = 8 HZ, 2H, Hs), 7.64 (d, JH" = 
9Hz, 2H, Hi0), 8.20 (d, JHH=9Hz, 2H, HH).~IP 
NMR: (6, 121 MHz, CDC13); 38.6. UV-vis: A (nm) (e  
( M - l c m - l ) )  (thf): 366 (34600), 301 (29300). FAB 
MS; m / z  (fragment, relative intensity): 1288 ([M + 
Au(nmdpp)] +, 42), 845 ([Au(nmdpp)2] +, 76), 768 ([M 
+ H] +, 21), 521 ([M - C~CC6H4C~CC6H4NO2] +, 
16), 383 ([M --  C ~ C C 6 H 4 C ~ C C 6 H 4 N O  2 - 

n e o m e n t h y l  + H] +, 100) ,  305 ([M - 
C ~ C C 6 H 4 C ~ C C 6 H 4 N O 2  - neomenthyl - Phi +, 14). 

3 . 2 . 8 .  S y n t h e s i s  o f  A u ( 4 , 4 '  
C -  CC 6 H 4 N = CHC 6 H 4 NO: )(nmdpp) (8) 

AuCl (nmdpp)  (50 mg, 0.09 mmol) ,  4,4'- 
HC=--CC6H4N=CHC6H4NO 2 (25 mg, 0.10mmol) and 

triphenylphosphine oxide (5 rag, 0.02 mmol) were added 
to methanol (15ml). A methanol solution of sodium 
methoxide (5 ml, 0.20M) was added and the mixture 
was stirred at room temperature for 16h. The mixture 
was filtered and the filtrate concentrated under reduced 
pressure to afford the product as a yellow powder 
(37mg, 53%). Anal. Calc. for C37H38AuNOzP: C 
57.66, H 4.98, N 3.64%. Found: C 57.49, tt 4.68, N 
3.49%. IR: (CH2C12) u(C~C) 2114cm-  IH NMR: 
(6, 300MHz, CDC13); (0.49 (d, JHH = 6H[z, 3H), 0.58 
(d ,  JHH = 6Hz, 3H), 0.77 (d, J~H = 6Hz, 3H), 0.95 
(m), 1.30 (m), 1.60 (m), 1.95 (m), 2.77 (m), 3.59 (m), 
neomenthyl), (7.43 (m), 7.94 (m), 8.12 (m), Ph), 7.19 
(d, JHH = 8 Hz, 2H, H4), 7.61 (d, Jm~ = 8 Hz, 2H, Hs), 
8.05 (d, JHH =9Hz,  2H, H,,,), 8.31 (d, JHH=9Hz, 
2H, HH), 8.56 (IH, HI6). ~l'p NMR: (i~, 121MHz, 
CDC13); 38.6. UV-vis: h (nm) (e  (M -1 cm-l) )  (thf): 
394 (20300), 293 (31 300). FAB MS; m / z  (fragment, 
relative intensity): 1292 ([M + Au(nmdpp)]+, 100), 845 
([Au(nmdpp)2] +, 31), 771 ([M + H] +, 46), 521 ( [ M -  
C~CC6H4N=CHC6H4NO2] +, 19), 383 ( [ M -  
C~CC6H4N=CHC6H4NO 2 - neomenthyl + H] +, 70), 
305 ([M --  C ~ C C 6 H 4 N = C H C 6 H 4 N O  2 --  neomenthyl 
- Ph]+, 1 6 ) .  

3.3. X-ray structure determinations 

3.3.1. General considerations 
Unique diffractometer data sets were obtained using 

the ~o-20 scan technique ° (graphite monochromated 
MoKe~ radiation; 0.71069A; 20ma x = 50. l°; 295 K for 
2 and o graphite monochromated Cu K,a radiation; 
1.5418A; 20ma × = 120.2°; 295K for 5) and yielded N 
independent reflections, N 0 of these with 1 >~ 3.00 o- (I)  
being considered 'observed' and used in full matrix 
least squares refinement; an empirical psi-type absorp- 
tion correction was applied in each case. Anisotropic 
thermal parameters were refined for the non-hydrogen 
atoms (2) or non-carbon or non-hydrogen atoms (5); (x, 
y, z, U,~o)H were included constrained at estimated 
values, except for hydrogen atoms on the neomenthyl 
group in 5 which were omitted. Conventional residuals 
R and R w on IF[ are given; the weighting function 
w = 4Fo2/o'2(Fo z) w h e r e  o - 2 ( F g )  = [32(C -+- 4B) + 
(pF~)Z] /Lp  z (S is the scan rate, C is the peak count, 
B is the background count, p is the p factor determined 
experimentally from standard reflections) was em- 
ployed. Computation used the teXsan package [29]. 
Specific data collection, solution and refinement param- 
eters are given in Table 1. Pertinent results are given in 
the figures and tables. For 2, tables of atomic coordi- 
nates and thermal parameters and complete lists of bond 
lengths and angles for non-hydrogen atoms have been 
deposited at the Cambridge Crystallographic Data Cen- 
tre. 



196 LR. Whittall et aL / Journal of Organometallic Chemistry 544 (1997) 189- 196 

3.3.2. Unusual features / variations in procedure 
Complex  2 ref ined  sat isfactori ly.  Compl ex  5 was 

ref ined in the cen t rosymmet r i c  space group P1 ( two 
molecules  in the asymmet r i c  unit) with d isorder  and 
consequent  bond  and angle  restraints  in the neomenthy l  
groups.  At tempts  to ref ine the structure in the more  
' s ens ib le '  (g iven the exis tence o f  opt ica l ly  pure chiral  
substi tuents)  space group P1 (four  molecules  in the 
asymmet r i c  unit) were unsuccessful .  The unsat is fac tory  
structural  s tudy does,  however ,  es tabl ish  conclus ive ly  
the molecu la r  d ispos i t ion  in the crysta l  latt ice,  inc luding 
the ant iparal le l  a r rangement  of  ne ighbour ing  d ipolar  
gold  acetyl ides .  

3.4. Powder measurements 

Samples  were  ungraded  microcrys ta l l ine  powders  
p laced  in the circular  cavi ty  (10 m m  diameter  × 0.5 m m  
depth)  of  a mic roscope  slide with a cover  slip. Powder  
S H G  eff ic iencies  were  measured  using the Kurtz tech- 
nique [25]. The  fundamenta l  output  o f  a Q-swi tched  
Quan ta -Ray  GC-130  N d : Y A G  laser  was di rec ted  onto 
the sample  (spot  size ca. 5 nun; energy per  pulse: up to 
2 0 m  J). A col lect ing lens (or thogonal ly  p laced  with 
respect  to the fundamenta l  beam)  focused the backscat -  
tered second-harmonic  l ight through an infrared absorb-  
ing fi l ter and a 532 nm interference fi l ter onto a photo-  
d iode  detector ,  which was connec ted  to an HP digi tal  
54510A osci l loscope.  Measurements  thus made  were 
compared  with a urea powder  sample.  
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