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presence of small amounta of adventitious oxygen may lie 
at the root of the reported differences in the reaction of 
Ni(C0)4 with C6Me6-Li+.2p3 

Experimental Section 
All manipulations were performed under an atmosphere of 

dinitrogen using standard Schlenk techniques. Solvents were 
freshly distilled from sodium/benzophenone (THF), sodium/ 
potaesium alloy (hexane), or phosphorus pentoxide (dichloro- 
methane). The naphthalenide anion was prepared by stirring a 
THF solution of freshly sublimed naphthalene with the appro- 
priate alkali metal overnight and the molarity of the solution 
determined by the difference in acid titrations of a sample 
quenched in water and one quenched initially in benzyl chloride. 
Infrared spectra were measured on a Perkin-Elmer 1710 Fourier 
transform spectrometer using CaFz solution cells fitted with Luer 
lock taps. NMR spectra were recorded on either a JEOL EX90 
or a Bruker AC300 spectrometer. Elemental analyses were by 
Butterworth Laboratories, London. 
Ni,(+-C6Me,),(C0), (3). A solution of CsMe&¶gC1'2 (56 cm3 

of a 0.32 M solution in THF) was added dropwise with stirring 
to a suspension of NiBrlDME' (5 g, 17.93 "01) in THF (50 cm9 

(12) Fagan, P. J.; Manriquez, J. M.; Maatta, E. A.; Seyam, A. M.; 
Marks, T. J. J.  Am. Chem. SOC. 1981,103,66Ei0-6667. 

at -30 OC. The solution was stirred for 24 h at  the same tam- 
perature. Carbon monoxide was then bubbled through the so- 
lution of 10 min at -20 "C, the solution warmed to 0 OC, and 
amalgamated zinc (5 g) added. The solution was stirred for a 
further 30 min. The resulting claret solution was reduced to 
dryness in vacuo at  0 OC and the residue extracted into hexane 
and stored at -80 "C. Red platelike cryatals were produced (2.32 
g, 57%). Anal. Calcd for CaaHgoOzNiz (3): C, 59.52; H, 6.81. 
Found C, 58.88; H, 7.05. IR (hexane): 1857, 1816 cm-'. IR 
(THF): 1853,1809 cm-'. NMFt (toluenade): 'H (6 1.70 (e, Me); 
l3C(lHJ 6 238.1 (CO), 101.3 ( m e ) ,  9.2 (Me). 
NI(~-C~Me,)(CO)(SnPh~) (6). A THF solution of aadium 

naphthalenide (1.36 "01) wm added dropwise with stirring to 
a solution of Ni2(~6-CSMe6)z(CO)z (302 mg, 0.68 "01) in THF 
(20 cm3) maintained at  -78 OC. The solution turned from red 
to brown. Stirring was continued for 20 min, and PhsSnC1 was 
added (581 mg, 1.51 mmol). The solution was warmed to room 
temperature, and all  volatilea were removed in vacuo. The residue 
was extracted into hexane and column chromatographed on grade 
IV silica gel at -30 "C. Naphthalene and a small amount of 3 
were eluted with hexane. The product, Ni($-C&le&!O)(SnPhJ, 
eluted as a reddish brown band with 10% CHzClz in hexane. 
Cryatahation from hexane at -80 OC afforded red-orange crystale 
of Ni(~6-C6Me6)(CO)(SnPh3) (400 mg, 51%). Anal. Calcd for 
CGNOSnNi (6): C, 60.90, H, 5.29. Found C, 61.06; H, 5.45. 
IR (hexane): 2001 cm-'. NMR (benzene-d,): 'H 6 7.8-7.1 (m, 
15 H, Ph), 1.62 (s,15 H, Me, J(SnH) = 13.2 Hz); lBC(lH) 6 194.6 
(CO), 143.8 (Cl, Ph, J(SnC) = 352 Hz), 137.7 (Cz& Ph, J(SnC) 
= 38 Hz), 128.5 (C,,, Ph, J(SnC) = 43 Hz), 128.4 (C,, Ph), 102.0 
(CMe), 10.4 (Me). 
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Summery: A series of compounds with the general for- 

been synthesized, characterized, and used to grow thin 
films of ZnS or ZnSe by MOCVD. An X-ray crystal 
structve for Me3CCH~nSe2CNEt2 has been determined 
and shows the compound to be dimeric. The compound 
crystathes In space group P 1, with a = 12.993 (3) A, b 
= 12.631 (3) A, c = 10.179 (2) A, a = 94.96 (2)O, 0 = 
109.75O, and y = 106.48 (2)'. 

mula RZnE2CNEt2 (R = M3CCH2, M3C; E = S, Se) have 

Recently a substantial interest has developed in sin- 
gle-molecule precursors for the deposition of compound 

0276-733319212311-3136$03.00/0 

semiconductors by metalloorganic chemical vapor depos- 
ition (MOCVD). Suitable molecules for the deposition of 
III/V materials, such as InP and GaAs, have been de- 
veloped by Bradley and Faktor' and Cowley and J ~ n e s . ~ . ~  
A number of reports have also appeared concerning sin- 
gle-molecule precursors for the deposition of II/VI mate- 
rials, and systems studied have included thio- 

(1) Andrewe, D. A; Davies, G. J.; Bradley, D. C.; Faktor, M. M.; Frigo, 

(2) Cowley, A. H.; Benac, B. L.; Ekerdt, J. G.; Jones, R. A.; Kidd, K. 

(3) Cowley, A. H.; Jones, R. A. Angew. Chem., Znt. Ed. Engl. 1989,28, 

D. M.; White, E. A. D. Semicond. Sci. Technol. 1988,3,1063. 

B.; Lee, J. Y.; Miller, J. E. J. Am. Chem. SOC. 1988,110,6248. 
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Notes 

phosphinates,"6 thiocarbamates?' selenocarbamates,* 
thiolate~,*~~2,4,6-tri-tert-butylphenyl chalcogenides,lOJ1 
silicon-baaed systems (e.g. MESi(SiCH3)3: M = Zn, Cd, 
Hg; E = Se, Te),12 and alkylmetal thio- and aeleno- 
carbamates.13J4 Akylmetal thio- and selenocarbamates 
have been found to be dimers of empirical formula 
[RME2CNR'2!2, and a wide range of derivatives of di- 
methyl- and &ethylzinc and dimethylcadmium have been 
prepared (e.g. R = Me, R' = Me, Et, M = Cd, Zn, C&,s- 

E = S and R = Et, E = Se).13J4 X-ray crystal 
structures of [MeZnS2CNEtJ2,13 [MeZnSe&NEt& 
[EtZnSe2CNEh12, and [MeC&.5Zn&3e2CNEtJ216 have 
established a common dimeric structure in which each 
carbamate chelatea one metal atom and bridges to the next 
one. In the present paper we have extended our studies 
to compounds derived from the more bulky tert-butyl- and 
neopentylzinc species. Four new compounds, the thio- and 
selenocarbamato derivatives for each alkyl, have been 
prepared and used to deposit thin films of metal chalcogen 
by MOCVD. The X-ray crystal structure of one of the 
precursors, [MeCCH2ZnSe2CNEhl2, is reported. 

Experimental Section 
Chemicals. (Diethyldithiocarbamato)zinc(II), l-Bromo-2,2- 

dimethylpropane, and 2-Brome2-methylpropane were purchad  
from Aldrich Chemical Co. Ltd. Solvents were obtained from 
BDH and were dried and degassed before use. 
Physical Measurements. NMR spectra were recorded using 

a Bruker AM250 pulaed Fourier transform instrument, infrared 
spectra were recorded on a Mattson Polarie ET-IR spectrometer 
as Nujol mulls between KBr plates, and electronic spectra were 
recorded with a Perkin-Elmer 330 spectrophotometer. Melting 
pointa were measured in sealed tubes with an Electrothermal 
melting point apparatus and are unmrrected. Microanalyses were 
performed by the University College London service. Electron 
miroecopy and elemental detection by analytical X-ray methods 
(EDAX) were carried out with a JEOL JSM35CF scanning 
electron microscope. 

Syntheris. (D ie thy ld iee l enoo)z inc ( I I ) .  C& was 
prepared by the method of Henrikson16 and incorporated into 
(diethyldiselenocarbamato)zinc(II) as described previo~ely.'~ 

Metal Alkyls. All reactions were performed under an inert 
atmosphere using Schlenk techniques and a vacuum line. Di- 
neopentylzinc and di-tert-butylzinc were prepared from Grignmd 
reagenta."J8 

Alkylzinc Diethyldiselenocarbamates. In a typical prep- 
aration a solution of (diethyldiselenocarbamato)zinc(II) (3.5 g, 
6.4 mmol) in toluene (35 cm3) was stirred with dineopentylzinc 
(1.32 g, 6.4 mmol) at rmm temperature for 0.5 h. The colorless 
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(4) Takahashi, Y.; Yuki, R.; Motojima, M.; Sugiyama, K. J.  Cryst. 

(5) Evans, M. A. H.; Williams, J. 0. Thin Solid Films 1982,87, L1. 
(6) Saundere, A.; Vecht, A.; Tyrell, G. Ternury Multinury Cmpd., 

(7) Frigo, D. M.; Khan, 0. F. Z.; O'Brien, P. J.  Cryst. Growth 1989, 

(8) Humthouse, M. B.; Malik, M. A.; Motivalli, M.; O'Brien, P. Poly- 

(9) Osaka, K.; Yamamoto, T. Znorg. Chem. 1991,30, 2328. 
(10) Bochmann, M.; Webb, K.; Harman, M.; Humthouse, M. B. An- 
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hedron 1991, 11,46. 

gew. Chem., Int. Ed. Engl. 1990,29,638. 
(11) Bochmann. M.; Webb, K. J.; Humthouse, M. B.; Mazid, M. J .  

Chem. Soc., Dalton Trans. 1991,2317. 

1991, lJ3,3186. 
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Mater. Chem., submitted for publication. 

A 1972,2, 133. 

2187. 

1085. Abrahame, M. H. J .  Chem. SOC. 1960,4130. 

(12) Dabbousi, B. 0.; Bonasia, P. J.; Amold, J. J. Am. Chem. SOC. 

(13) Humthouse, M. B.; Malik, M. A.; Motivalli, M.; OBrien, P. Or- 

(14) Malik, M. A.; O'Brien, P. Mater. Chem. lSSl,3,999. 
(15) Humthouse, M. B.; Malik, M. A.; Motivalli, M.; O'Brien, P. J. 

(16) Henrickson, L.; Kristaneen, E. S .  S .  Znt. J .  Sulfur Chem., Part 

(17) Moorhouee, S.; Wilkineon, G. J. Chem. SOC., Dalton Trans. 1974, 

(18) Coatee, G. E.; Roberts, P. D.; Downs, A. J. J. Chem. SOC. A 1967, 

Table I. Crystal Data, Intensity Measurement, and Structure 
Refinement 

formula 
Mr 
cryat Byat 
space g~oup 
a, A 
b, A 
c, A 
a, deg 
8, deg 
7,  deg 
V, A3 

D,, g cmd 
F(000) 
radiation 
A, A 
p, cm-' 
 mu? deg 
total no. of rflns 
no. of unique rflna 
no. of obsd rflns (F,, > 3u(F,,)) 
no. of refined params 
weighting scheme param g in w = 1[$(F) + gpl 
final R 
final RG 

2 

CzoH,zNzSe,Znz 
757.187 
triclinic 
P1 
12.993 (3) 
12.631 (3) 
10.179 (2) 
94.96 (2) 
109.75 (2) 
106.48 (2) 
1476.58 (65) 
2 
1.703 
744 
Mo Ka 
0.71069 
65.571 
1.5125 
4378 
4099 
1953 
295 
0.000021 
0.0587 
0.0402 

solution, on concentration under vacuum, gave transparent crystals 
of neopentylzinc diethyldiselenocarbamate (2; 4.30 g, 11.4 11111101, 
89%), mp 135 "C. Other compounds were prepared by the same 
method using the required carbamate and alkyl compounds. All 
the compounds have been characterized by eatisfadory elemental 
analysis and NMR and infrared spectroscopy. 

Me,CCHzZnSzCNEtz (1): 92% yield; mp 158-160 OC; 'H 
NMR (['H6]C&, 250.1 MHz) 6 3.41 (4 H, 9, 'JH-H 7.2 Hz, 
(CH&Hz)zN), 0.91 (6 H, t, 'JH-H 7.2 Hz, (CH&HZ)zN), 1.37 
(9 H, 8, (CH&C), 1.06 (2 H, 8, CHzZn); '3C NMFt ([%IC&, 62.9 
MHz) 6 201.39 (CSZ), 49.61 (NCHZ), 36.20 (C(CH3)3), 33.16 (C- 
HzZn), 32.22 ((C(CH3)J, 12.65 ((CH3CHZ),N); IR (major bands 
and tenative assignments, an-') 423 (v(Zn-S)),  506,563 ( v ( Z n 4 ) ) ,  
994 (v(C-S)), 1493 (v(C-N)). Anal. Calcd for CloHZ1NSzZn: C, 
42.18; H, 7.43; N, 4.29. Found C, 41.97; H, 7.38; N, 5.04. 

Me,CCH2ZnSe2CNEtz (2): 89% yield; mp 135 "C; 'H NMR 

(9 H, 8, ((CH3)3C), 1.03 (2 H, 8 ,  CHzZn); 13C NMR ([2Hs]c6&, 
62.9 MHz) 6 188.26 (CSe2), 51.62 (CHzN), 36.24 ((CH&C), 33.41 
(CH2Zn), 32.25 ((C(CH&), 12.42 ((CH3CHazN); IR (major bands 
and tentative assignments, cm-') 457 (v(Zn-Se)), 510, 604 (v- 
(Zn-C)), 854 (v(C-Se)), 1499 (v(C-N)). Anal. Calcd for 
CloHzlNSezZn: C, 31.72; H, 5.59; N, 3.70. Found: C, 31.66; H, 
5.55; N, 3.74. 

MeaCZnS2CNEtz (3): 94% yield; mp 177-179 OC; 'H NMR 

([2H&& 250.1 MHz) 6 3.50 (4 H, 9, 3 J ~ - ~  = 7.1 HZ, 
(CH&Hz)zN), 0.95 (6 H, t, 3 J ~ - ~  = 7.1 Hz, (CH,CH,),N), 1.35 

(['H6]C&, 250.1 MHz) 6 3.43 (4 H, 9, 'JH-H = 7.2 Hz, 
(CHSCHz),N), 0.91 (6 H, t, 3 J ~ - ~  = 7.2 Hz, (CH&H2)2N), 1.60 
(9 H, 8, ((CH&C); '9C NMR ([%&I&, 62.9 MHz)  6 201.12 (CQ, 
49.56 (CHZN), 34.17 ((CH,)&), 26.33 (C(CH3)3), 12.63 ((CH3C- 
Hz)zN); IR (major bands and tentative assignments, cm-') 420 
(v(Zn-S)), 506,559 (v(Zn-C)), 989 (@a)), 1502 (v(C-N)). Anal. 
Calcd for C$Il,$VS&: C, 39.92; H, 7.07; N, 5.17. Found C, 4O.W; 
H, 7.11; N, 5.21. 

MeSCZnSezCNEtz (4): 92% yield; mp 163 "C; 'H NMR 
(['H6]C&e, 250.1 MHz) 6 3.51 (4 H, q, 'JH-H = 7.1 HZ, 
(CH&Hz)zN), 0.96 (6 H, t, 3 J ~ - ~  = 7.1 HZ, (CH&Hz)zN), 1.59 

(CHZN), 34.13 (C(CH,),), 25.70 (C(CH&, 12.35 ((CHSCH2)2N); 
((CHd3C); '3C NMR ([SIC&, 62.9 MHz) 6 188.09 (CSs), 52.01 

IR (major bands and tenative assignments, cm-') 466 (v(Zn-Se)), 
509, 590 (v(Zn-C)), 853 (v(C-Se)), 1504 (v(C-N)). Anal. Calcd 
for C9Hl$JSezZn: C, 29.65; H, 5.25; N, 3.84. Found C, 29.72; 
H, 5.23; N, 3.88. 

Crystallography. Measurements were made on a sample 
mounted in a glass capillary with an Enraf-Nonius CAD4 dif- 
fractometer operating in the w/28 scan mode with graphite- 
monochromated Mo Ka radiation as described previously.1s The 

(19) Jones, R. A.; Humthouse, M. B.; Malik, K. M.; Wilkinaon, G. J. 
Am. Chem. SOC. 1979,101,4128. 
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Table 11. Fractional Atomic Coordinates (XlO‘) for 
[Me&CHzZnSe&NEt,], (2) 

It Y z 
Zn(1) 4771 (1) 

1174 (2) 
3407 (1) 
4947 (1) 
113 (1) 

2463 (1) 
3511 (8) 
1496 (9) 
3941 (10) 
4552 (11) 
3484 (12) 
1403 (10) 
1528 (12) 
1125 (11) 
3850 (11) 
4877 (11) 
2715 (10) 
1557 (10) 
589 (12) 
820 (13) 

2440 (11) 
3342 (13) 
3381 (14) 
3348 (15) 
2487 (13) 
1473 (14) 
-171 (12) 
1558 (14) 

8667 (2) 
9501 (2) 
9826 (1) 
9672 (2) 

10677 (1) 
11459 (1) 
10967 (10) 
12925 (9) 
10279 (11) 
7137 (11) 
6206 (13) 

11833 (11) 
8159 (11) 
7546 (11) 

11346 (12) 
12397 (12) 
11535 (12) 
10934 (13) 
13257 (12) 
13407 (14) 
13912 (13) 
14210 (16) 
5003 (12) 
6231 (16) 
6339 (15) 
6515 (12) 
7180 (15) 
8341 (14) 

4064 (2) 
5914 (2) 
3923 (2) 
2114 (2) 
6804 (2) 
6283 (2) 
1719 (11) 
7246 (14) 
2454 (14) 
4284 (17) 
3567 (17) 
6861 (14) 
6430 (17) 
7419 (15) 
574 (15) 

1060 (15) 
2013 (15) 
1166 (15) 
7592 (16) 
9122 (17) 
7088 (18) 
8367 (19) 
3531 (20) 
2054 (20) 
3438 (26) 
7692 (17) 
6826 (17) 
8828 (16) 

structures were solved via standard heavy-atom procedures and 
refined by using full-matrix leashquam methodsm with scattering 
factors calculated by using the data from ref 21. AU non-hydrogen 
atoms were refined with anisotropic displacement factors; hy- 
drogen atoms were identified in difference maps and included 
with isotropic displacement factors. Crystal data and details of 
the intensity measurements and refinement are given in Table 
I. Positional parameters are given in Table II. Tables of H atom 
coordinates, all bond lengths and angles, and anisotropic dis- 
placement factor coefficients are included in the supplementary 
material. 

Deposition of Thin Films. Thin f h  of ZnS and ZnSe were 
deprmited onto glaes microscope slides. Samples of the precursors 
(30-40 mg) were placed at one end of a W e n k  tube (12 mm 0.d.) 
which was inserted into a tube furnace. The sample tube was 
kept under a continuous vacuum Torr) at 450 OC. The 
precursor-containing end of the tube was allowed to protrude 
slightly outside the furnace, keeping the precursor at somewhat 
lower temperature than the furnace. The glass slide was placed 
at the center (hottest part) of the furnace. Thin specular films 
were grown over about 30 min. 

Results and Discussion 
The compounds of stoichiometry Me3CCH2ZnS2CNEh 

(l), Me3CCHzZnSe2CNEh (21, MeSCZnS2CNEh (31, and 
MeSCZnSezCNEh (4) were prepared as described in the 
Experimental Section. All are air-sensitive white crys- 
talline solids with well-defined melting points. They can 
be recrystallized from hot toluene or benzene. The thio- 
carbamato derivatives are more soluble in common organic 
solvents than those of the selenocarbamates. 

Structure of MesCCH2ZnSezCNEt2. The structure 
of compound 2 was determined from a single crystal by 
X-ray methods and is shown in Figure 1. Selected bond 
lengths and angles are summarized in Table 111. The 
structure consists of discrete centrosymmetric dimeric 
molecules, [Me3CCH2ZnSe2CNEt2] 2; each diseleno- 
carbamate chelates one zinc atom and bridges to the next. 

(20) Sheldrick, G. M. SHELX 76, Program for Cryetal Structure De- 

(21) International Tables for X-ray Crystallography; Kynoch Press: 
termination; University of Cambridge: Cambridge, U. K., 1979. 

Birmingham, U.K., 1974; Vol. 4. 

CI 4 

CI 19 
C3 2 

G3’ 
CI 2 

Z N I  

Z N I ’  1 1 
C12‘ 

CI’ C13’ A 

C14’ c3 I ’ 

C32’ 
Figure 1. Molecular structure of [Me3CCH2ZnSe2CNEt& (2) 
with the atom-numbering scheme. 

Table 111. Selected Bond Distancei (A) and Angles (deg) for 
Me.CCH.ZnSe.CNEt. (2) - ,  . 

Se(1)-Zn( 1) 2.578 (5) Se(B)-Zn(l) 2.486 (5) 
Se(3)-Zn(2) 2.588 (5) Se(4)-Zn(2) 2.475 (4) 
Se( 1’)-Zn(1) 2.630 (5) Se(l)-Zn(l’) 2.630 (5) 
Se(3’)-Zn(2) 2.656 (5) Se(3)-Zn(2’) 2.656 (5) 
C(2)-Zn(l) 1.917 (16) C(l)-Se(l) 1.915 (16) 
C(l)-Se(P) 1.802 (15) C(l)-N(l) 1.316 (16) 
C(4)-Se(3) 1.864 (5) C(4)-Se(4) 1.826 (2) 

77.7 (2) 
95.2 (8) 
114.8 (5) 
92.7 (11) 
96.4 (6) 
80.1 (5) 
84.9 (6) 
80.1 (5) 
83.9 (6) 
118.2 (1) 
124.9 (6) 
119.6 (1) 
133.8 (5) 
84.9 (6) 
118.2 (11) 

C(B)-Zn(l)-Se(l) 
Se(2)-Zn(l)-Se(l’) 
se(2)-Zn(l)-C(2) 
Se(3)-Zn(2)-Se(4) 
Zn(l’)-Se(l)-Zn(l) 
Zn(1’)-Se( 1)-C (1) 
Zn(2)-Se(3)-Zn(2’) 
Zn(2’)-Se(3)-C(4) 
Se(l)-C(I)-Se(P) 
Se(2)-C( 1)-N( 1) 
Se(3)-C(4)-Se(4) 
Se(4)-C(4)-N(2) 
C(l)-Se(l)-Zn( 1) 
Se(l)-C(I)-Se( 1) 
N(l)-C(l)-Se(2) 

129.5 (6) 
94.8 (7) 
133.8 (5) 
77.5 (2) 
84.7 (2) 
92.6 (4) 
87.2 (9) 
96.2 (6) 
117.3 (4) 
124.4 (12) 
118.4 (8) 
121.8 (11) 
80.1 (5) 
117.3 (8) 
124.4 (12) 

The zinc atoms are four-coordinate, and the coordination 
can be described as distorted tetrahedral. The structure 
is similar to thoee recently reported for a methylzinc di- 
thiocarbamate dimer13 and methyl- and ethyl(diethy1- 
~elenocarbamato)zinc(II).~~ The structure also resembles 
the dimeric units found in bis(thiocarbamate8) and bis- 
(selenocarbamates),22-24 but with the alkyl group replacing 
the chelating-only carbamato group. The bond distances 
and angles are similar to those in other alkylzinc di- 
ethylselenocarbamate~.~~ The Zn-Se bond lengths (2.58, 
2.49, 2.63 A) are almost same as those found in methyl- 
or ethylzinc diethyldiselenocarbamates. However, the 
Zn-C bond length (1.92 A) is slightly shorter than those 
reportedl5 (1.95 A (methyl) and 1.97 A (ethyl) for the above 
compounds. The Zn-Se bond lengths are slightly longer 
than those in bis(diethyldiselenocarbamato)zinc(I~ (Zn-Se 
= 2.57, 2.45, 2.44, 2.40 A). Neopentylzinc diethyldi- 
selenocarbamate has longer E-Zn and E-C bond lengths 
than methylzinc diethyldithiocarbamate (S-Zn = 2.51, 
2.37, 2.50 A; S-C = 1.73 which is as expected on the 
basis of the accepted difference in radii between sulfur (rim 

(22) Bonamico, M.; Mazzone, G.; Vaciago, A,; Zambonelli, L. Acta 

(23) Bonamico, M.; Dessy, G. J. Chem. SOC. A 1971, 264. 
(24) Domenico, A.; Torelli, L.; Vaciago, A.; Zambonelli, L. J. Chem. 

Crystallogr. 1965, 19, 898. 

SOC. A 1968, 1351. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Se
pt

em
be

r 
8,

 2
00

9 
| h

ttp
://

pu
bs

.a
cs

.o
rg

 
 P

ub
lic

at
io

n 
D

at
e:

 S
ep

te
m

be
r 

1,
 1

99
2 

| d
oi

: 1
0.

10
21

/o
m

00
04

5a
03

3



Organometallics 1992,11,3139-3143 3139 

= 1.70 A and r ,  = 1.02 A) and selenium (rh = 1.84 A and 
r,, = 1.17 A). The zinc-carbon bond length (1.92 A) is 
within the limits reported for other zinc a l l c y l ~ . ' ~ * ~ ~ ~  

The packing involves two independent molecules with 
different orientations with respect to each other within the 
unit cell; there are no short or unusual contacts between 
the molecules. We had hoped that the use of the larger 
neopentyl alkyl group might lead to a structure different 
from that observed for the earlier compounds we have 
studied; unfortunately, this is not found to be the case. 

Spectroscopic Studies. 'H NMR spectra show a 
quartet and triplet for the N-ethyl groups (ld), singlets 
for the methylene and methyl protons of neopentyl(1 and 
2), and a singlet for the methyl protons of the tert-butyl 
group (3 and 4). These singleta can easily be assigned to 
the correaponding protons by the differences in their in- 
tensities. Only a small change in chemical shift is observed 
from thio- to selenocarbamates, but a significant shift to 
lower field ia noted for the methyl protons as one goes from 
the neopentyl to the tert-butyl group. A slight change is 
noted in the chemical shift of N-ethyl protons as the alkyl 
substituent at the metal is varied.13J6 

Proton-decoupled I3C NMR spectroscopy reveals six- 
and five-line spectra for neopentyl and tert-butyl deriva- 
tives, respectively. A considerable difference in chemical 
shift ie obeerved in the 13C spectra between the thio- and 
selenocarbamates, especially for the -CS2-/-CSe2- car- 
bons. S i  differences in chemical shift have been noted 

(25) Bell, N. A,; Moseley, P. T. J.  Organomet. Chem. 1987,325,47. 
(26) Pqjerski, A D.; BergStreeeer, G. L.; Parvez, M.; Richey, H. G. J. 

(27) Gorrel, I. B.; Looney, A.; Parkin, G. J. Chem. SOC., Chem. Com- 

(28) Hurethouee, M. B.; Motavalli, M.; OBrien, P.; Wahh, J. R.; Jones, 

Am. Chem. SOC. 1988,110,4844. 

mun. 1990,220. 

A. C. J. Mater. Chem. 1991, 1, 139. 

for the methyl- and ethylzinc derivatives of thio- and 
selen~carbamates.*~*'~ The quaternary carbons appear at 
lower field in the neopentyl derivatives than in the tert- 
butyl derivativea as the quaternary carbon in the tert-butyl 
group is more shielded. 

The infrared spectra show the expected bands for Zn- 
S/Zn-Se, Zn-C, C-S/C-Se, and C-N stretching. A large 
decrease in stretching frequency is observed from ZnS to 
Zn-Se, as expected, due to the larger mass of Se. 

The similarity of the spectroscopic properties of all of 
the compounds strongly suggests that all the solids contain 
similar dimeric units. 

Deposition of Thin Films. Using compounds 1-4, thin 
specular films of zinc chalcogens were deposited onto glass 
at 450 "C, under continuous vacuum, as described previ- 
0 ~ s l y . l ~  Electron microscopy showed these fis to be 
polycrystalline with ca. 1-pm crystallites. The optical band 
gaps measured at room temperature were 2.70 eV for ZnSe 
films grown from either 1 or 3 (lit.29 2.70 eV; and 3.72 eV 
for ZnS film grown from 2 and 3.70 eV for the film grown 
from 4 (lit.29 3.68 eV). The elemental composition of the 
films was confirmed by elemental detection analytical 
X-ray methods (EDAX). 
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Summery: The complexes ($-C,H,)Fe(CO),R (R = 
Si-,, Si&de6, S13Me,, Si,Me,, c-Si,Me,,) have been 
synthesired, and thek reactMty toward I-Pr$ILl (KIA) has 
been examined. Intermediate salts, [($-R-C,H,)Fe- 
(CO),]-LI+, were formed and quenched with Me1 or 
Ph,SnCI. The resulting complexes were shown by spec- 
troscopy to Involve migration of the R group to the 1- 
posltkn of the Lndenyl ligand. In the case of the migrated 
product (qs-1SiMe3-C,H,)Fe(CO),SnPh, a second treat- 
ment with I D A  followed by addition of Ph,SnCI or Me1 
produced (~s-l-S/Me3-~SnPh3C~Hs)Fe(C0)2R" (R" = 
Ph,Sn, Me). The complex with R" = Ph,Sn was char- 
acterized by single-crystal X-ray analysis to confirm the 
tocation of the migrated groups. 

Migration of silyl, germyl, stannyl, and plumbyl groups 
from transition-metal centers to q5-cyclopentadienyl lig- 

(1) Organometalloidal Derivativen of the Transition Metals. 32. Part 
31: Pannell, K. H.; Kobayashi, T.; Kapoor, R. N. Organometallics 1992, 
11,2229. 

ands upon initial deprotonation of the cyclopentadienyl 
ligand has been studied extensively.2 Related migrations 
of certain acyl and substituted alkyl groups have also been 
rep~r ted .~  Given the relationship between the cyclo- 
pentadienyl and indenyl ligands, and the often greater 
reactivity of the indenyl system due to the q6-q3 ring- 

(2) (a) Dean, W. K.; Graham, W. A. G. Inorg. Chem. 1977,16,1060. 
(b) Berryhill, S. R.; Sharenow, B. J. J. Organomet. Chem. 1981,221,143. 
(c) Thum, G.; Ria,  W.; Maliach, W. J. Organomet. Chem. 1983,252, C67. 
(d) Berryhill, S. R.; Clevenger, G. L.; Burdurli, Y. P. Organometallics 
1985,4,1509. (e) Heah, P. C.; Gladysz, J. A. J. Am. Chem. Soc. 1984, lM, 
7636. (0 Crocco, G. L.; Gladysz, J. A. J.  Chem. SOC., Chem. Commun. 
1985,283. (9) Pannell, K. H.; Hemandez, C.; Cervantes, J.; Cassias, J.; 
Vincenti, S. P. Organometallics 1986,5,1056. (h) Crocco, J. L.; Young, 
C. 5.; Lee, K. E.; Gladysz, J. A. Organometallics 1988, 7, 2158. (i) Cer- 
vantea, J.; Vincenti, 5. P.; Kapoor, R. N.; Pannell, K. H. Organometallics 
1989,8,744. (i) Berryhill, S. R.; Corriu, R. J. P. J. Organomet. Chem. 
1989, 370, C1. 

(3) (a) Abbott, S.; Baird, G. J.; Davies, S. G.; Dordor-Hedgecock, I. M.; 
Maberly, T. D.; Walker, J. C.; Warner, P. J. Organomet. Chem. 1988,289, 
C17. (b) Heah, P. C.; Patton, A. T.; Gladysz, J. A. J. Am. Chem. SOC. 
1986, 108, 1185. (c)  Pannell, K. H.; Vincenti, 5. P.; Scott, R., 111. Or- 
ganometallics 1987,6,1593. (d) Sharma, S.; Kapoor, R. N.; Cervantae- 
Lee, F.; Pannell, K. H. Polyhedron 1991, 11, 1177. 

0276-7333/92/2311-3139$03.00/0 0 1992 American Chemical Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Se
pt

em
be

r 
8,

 2
00

9 
| h

ttp
://

pu
bs

.a
cs

.o
rg

 
 P

ub
lic

at
io

n 
D

at
e:

 S
ep

te
m

be
r 

1,
 1

99
2 

| d
oi

: 1
0.

10
21

/o
m

00
04

5a
03

3


