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~2cetylacetonato(c~~cloocta-2,4-dienyl)pallad~um, CaH11Pd( CHBCOCHCOCH~), crystallizes in the triclinic space group P i  
with a = 7.07 3~ 0.02 A, b = 9.92 f 0.02 A, c = 9.89 f 0.02 A,  cy = 94.8 i 0.2', p = 86.8 i 0.2", y = 109.8 += 0 . 2 O ,  
Z = 2. A three-dimensional single-crystal X-ray structural analysis, based on 1768 independent, visually-estimated reflec- 
tions, has led to the location of all atoms other than hydrogen. The complex is shown to be an a-8 unsaturated  allyl- 
palladium derivative, only three atoms of the conjugated dienyl system being bonded to the metal. The three atoms con- 
stituting the r-allyl group are a t  an average distance of 2.11 A from the palladium whereas the remaining two atoms of the 
conjugated system are 2.91 and 3.93 X distant from the metal. 

Introduction 
Although palladium forms some of its most stable 

organometallic complexes with such chelating olefins as 
dicyclopentadiene and cycloocta-l,5-diene, the reac- 
tion of palladium salts with ccnjugated diolefins has 
been shown to result in the formation of a-allylpal- 
ladium species in preference to the expected 1,3-diene 
complexes.2,3 Thus, the reaction of cycloocta-1,3- 
diene with sodium chloropalladite in methanol gives 
rise to the a-(methoxy)allyl complex (I). When this 
is heated, in situ,  methanol is eliminated and a cyclo- 
octadienyl complex is f ~ r m e d . ~  Of the structures (I1 
and 111) proposed for this product, the former was con- 
sidered to  be the more likely, since the infrared spec- 
trum showed no absorption appropriate to an uncom- 
plexed double bond, save for a very n-eak band a t  about 
l6G0 cm-'. The bonding to the palladium of all five 
carbon atoms of a dienyl ligand as in I1 would result in 
an 18-electron complex. However, unlike the majority 
of organo transition metal complexes, square-planar 
complexes of a d8 Pd(I1) ion have a preference for If3 
electrons in their outermost bonding and nonbonding 
orbitals4 This requirement is met by the alternative 
structure (111). 

OCH, (3-pdcli' ( I f P d C Y 2  (3PdCY2 

I I1 I11 

An X-ray structural analysis of the monomeric 
acetylacetonato analog was therefore undertaken in 
order to ascertain whether the complex had a true pal- 
ladium-dienyl linkage (as in 11) or was, in fact, an 
a-p unsaturated 7r-allyl complex (111). A preliminary 
account of this work has been published.6 

(1) J. Chatt ,  L. M. Vallarixio, and L. M. Venanzi, J .  Chem. Soc., 3413 
(1957). 

(2) S. D. Robinson and B. L. Shaw, i b i d . ,  1806 (1963). 
( 3 )  S. D. Robinson and B. L. Shaw, i b id . ,  5002 (1964). 
(4) L. E. Orgel, "An Introduction to Transition-Metal Chemistry: 

Ligand Field Theory," Methuen and C o . ,  London, p 149. 
(5) R1. R. Churchill, C h e m  Coiamz~m.,  625 (1963). 

Experimental Section 
The compound was recrystallized from 40-60" petroleum 

ether a t  - 5 ' .  A single crystal of dimensions 0.3 X 0.3 X 0.15 
mm was used in col1,ecting two zones of Weissenberg data (Okl 
and l k l )  and seven zones of precession data (hKZ, K = 0-3; 
hKL, L = 0-2). Precession data were collected on Ilford In- 
dustrial G X-ray film, and Weissenberg data on tripacks con- 
sisting of G, B, and C film, Mo Ka radiation (% 0.7107 A )  being 
used throughout the analysis. No correction was applied 
for absorption ( M  = 13.9 cn-l). X total of 1753 independent 
reflections were estimated visually using a calibrated wedge 
made from the crystal under investigation. The observed in- 
tensities m-ere corrected for Lorentz and polarization effects and 
placed on a single scale by comparison of common reflections. 
Unobserved reflections were ignored. All data were initially 
placed on the absolute scale suggested by a Wilson plot, which 
also indicated the over-all temperature factor, B = 3.44 A2.  
During the refinement of positional and thermal paramcters 
(vide inj'm), the scale of each of the nine zones was also allowed 
to refine, but the maximum deviation from the original scale 
was only about 4y0 a t  the conclusion of the analysis. 

Unit Cell and Space Group 
The compound appcared to crystallize in a triclinic 

form. Since a systematic survey of the reciprocal lat- 
tice failed to produce evidence for any symmetry other 
than that imposed by the Friedel condition, the crystal; 
were assumed to be truly triclinic. The space group is 
therefore PI (no. 1) or P i  (no. 2). The latter was 
chosen since, statistically, i t  occurs with considerably 
greater frequency than PI when 2 = 2. The accurate 
solution of the structure confirmed this assignment 

Unit-cell dimensions wcre obtained from zero-layer 
photographs taken with Cu Kar radiation (x 1.5118 A). 
The 0kZ Weissenberg film was calibrated using alunii- 
num powder ( a ~ l  = 4.049 A) ; the hk0 and h0Z preces- 
sion photographs were calibrated with a single crystal 
of sodium chloride (ayac1 = 5.640 A). The cell con- 
stants thus obtained are: a = 7.07 * 0.02 A, 0 = 9.92 
f 0.02 A, c = 9.89 f 0.02 A, CY = 94.8 * 0.2', p = 
86.6 i 0.2", y = 109 8 f 0.2". The unit-cell volume 
is 649.5 A3; the observed density is 1.58 f 0.05 g 
cmP3, in satisfactory agreement with the calculated 
density (for 2 = 2 and Jl = 312.4) of 1.60 g cm+. 
The total number of electrons per unit cell is 316; on 
the scale of Table 111, Fo0o = 1580. 
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TABLE I 
CsHllPd( CH3COCHCOCH3) : FINAL POSITIONAL PARAMETERS, 

WITH ESTIMATED STANDARD DEVIATIONS 
Atom x 104,(x) Y 1 0 4 ~ ( ~ )  Z 104~(2) 

Pd 0.20288 0.8 0.16445 0 .8  0.02534 0 .6  
01 0.2916 8.  0.0899 7 .  0.1930 6 .  
0 2  0.0121 7 .  0.2457 8.  0.1496 7 .  
CI 0.2381 10. 0.1156 10. 0.3150 8.  
C2 0.1108 10. 0.1891 10. 0.3593 9.  
Ca 0.0115 11. 0.2452 11. 0.2801 10. 
C4 0.3220 13. 0.0487 14. 0.4157 10. 
Cs -0.1278 16. 0,3244 13. 0.3494 13. 
Ca 0.1751 10. 0,2439 12. -0.1617 9 .  
C7 0.2496 12 .  0.1278 13. -0,1844 9 .  
CS 0.4214 10. 0.1337 8.  -0.1181 8.  
c s  0.6086 10. 0.2561 11. -0.0954 9 .  
ClO 0.6904 11. 0.3518 12 .  -0,1940 10. 
C11 0.5785 12. 0.3792 12. -0.3009 10. 
Cl? 0.4397 12. 0.4600 11. -0,2545 10. 
CiZ 0.2866 11. 0.4019 10. -0,1489 10. 

Structure Determination 
The three-dimensional Pattersona synthesis P(UVW) 

contained large peaks corresponding to the palladium- 
palladium vectors f (2x, 2y, 2z) ,  leading to the un- 
ambiguous assignment of the palladium position to X 
= 0.203, Y = 0.166, Z = 0.028. A three-dimensional 
Fourier6 map, phased only by the palladium atom, R (= 
ZllFol - \Fol\/ZiFol) = 0.27, led to the location of the 
two oxygen atoms and five carbon atoms of the acetyl- 
acetonate group, but a number of subsequent electron- 
density syntheses were required before all eight carbon 

T = exp( - [blJz2 + b22k2 + b d 2  + 2blzhk + 
2bi3hl -k 2bsakl]] 

Three cycles of refinement led to a reduction in the dis- 
crepancy index to the final value R = 7 .08~01  a t  which 
stage refinement was discontinued. Weighting factors 
used in the least-squares treatment were derived from 
the following estimated errors in intensities: ~ ( 1 )  = 

0.11 if I > 2 O I m i n ,  a(1) = 2 I m 1 n  if 1 5 20Irnin, where 
I m i n  is the minimum observable intensity for the zone 
under consideration. 

During the analysis the scattering factors for neutral 
palladium, oxygen, and carbon were used ,8 contribu- 
tions from the hydrogen atoms were not included in the 
calculation. Dispersion corrections are small and were 
ignored. 

Final atomic coordinates are shown in Table I, and 
anisotropic thermal parameters in Table 11. The 
standard deviations u ( j )  in each of these tables were 
estimated by the least-squares program ORFLS’ from the 
diagonal element (a,,) of the matrix inverse to the nor- 
mal equation matrix. lo Observed and calculated 
structure factors are collected in Table 111. 

The Molecular Structure 
The over-all molecular stereochemistry and the 

numbering of atoms in the complex are illustrated in 

TABLE I1 
CsHllPd( CH3COCHCOCH3) : FINAL ANISOTROPIC THERMAL PARAMETERS 

10‘bn (u )  l O 4 b z ~  ( u )  104baa ( u )  lO4b12 (u) 104b1a ( u )  

Pd 221.3(1.3) 117.6 (1.1) 101.6 (0.8) 60.8 (0.7) 21.7 (0.5) 
01 311 (13.) 165 (10. ) 123 (7 .  ) 108 (10. ) 25(7.)  
0 2  273(11.) 151 ( 9 . )  149 (8. ) 105(9.) 71 (7 . )  

cz 248 (15. ) 120 (11. ) 113(9.) 27(12.) 29(10.) 
c3 233 (16.) 109 (12. ) 149 (11 . )  32(12.) 59(11.) 
C4 359 (21. ) 212 (17. ) 124 ( 11 . ) 105 (16. ) -7 (11. ) 
c6 426 (21. ) 189 (16. ) 217 (15. ) 154 ( 17. ) 149 (15. ) 
co 214 (15. ) 202 (17. ) 100 (9. ) 31 (13.)  -30(9.) 
CI 326 (20. ) 153 (14. ) 94(9 . )  91 (17.) 30(10.) 
CS 280 (17. ) 84(9.)  l l 6 ( 9 . )  64(10.) 27 (10. ) 
CS 225 ( 15. ) 169 (14. ) 136 (10. ) 67(12.) 30(10.)  
ClO 248 (18. ) 184 ( 17, ) 142 (18. ) 64 (14, ) -32 (14. ) 
Cll 323 (20.) 152 (15. ) 131 (11, ) 46(14.) 64(12.) 
ClZ 328 (21. ) 140 (13. ) 150 (20. ) 85(15.) 94(17.) 
e13 315 (18. ) 114 (10. ) 135 (11. ) 77(12.) - 12 (11. ) 

c1 227 (15. ) 97 (11. ) 105 (9.  ) 14(12.) 7 ( 9 . )  

a B ,  the equivalent isotropic temperature factor, is obtained by averaging 4b1t/a*~, 4b~z/b*~, and 4b33/~*~. 

104b23 ( u )  

18.3 (0.7) 
39(9.)  
66(9 . )  
3 (11 . )  

-9(12.)  
19(13.)  
58(15.) 

-3(16.) 
24 (14. ) 
lO(13.) 

48 (14. ) 
44(19.) 
29 (14.)  

17 (13 . )  

- 13 (11.) 

43(19.) 

B,a A2 

3.97 
5.03 
5.28 
3.81 
4.31 
4.89 
6.17 
7.49 
4.88 
4.90 
4.12 
5.04 
5.52 
5.35 
5.48 
4.92 

atoms of the cyclooctadienyl group had been unam- 
biguously located. The first structure-factor calcula- 
tion,’ phased by all atoms other than hydrogen, had a 
discrepancy index R = 0.17 which converged, after 
five cycles of least-squares refinement of positional and 
isotropic thermal parameters, to a value R = 0.102. 
The small standard deviations for the isotropic thermal 
parameters prompted continuation of the refine- 
ment using anisotropic thermal parameters ( T )  defined 
by 

(6) Patterson and Fourier syntheses were computed using ERFR-2, a two- 
and three-dimensional Fourier program for the I B M  709/7090 by W. G. 
Sly, D. P. Shoemaker, and J. H. van der Hende. 

(7) Structure-factor calculations and full-matrix least-squares refinement 
of positional and thermal parameters were performed using ORFLS, a Fortran 
least-squares program by w, R. Busing, K, (3. Martin, and H. A. Levy. 

Figure 1. Intramolecular distances and angles are 
listed in Table IV, along with their average estimated 
standard deviations (esd values) .I1 

The palladium atom is within bonding distance of 
(8) “International Tables for X-Ray Crystallography,” Vol. 3, The  

Kynoch Press, Birmingham, England. Values for palladium are taken 
from p 211; those for oxygen and carbon are from p 202. 

(9) The corrected scattering factor for palladium fe = fo,@ + 47 + 
i4f”, where 4f’ = -1.0 electron and 4f” = +1.3 electrons: 

(10) u ( j )  = [ul,(Bw42)/(m - n)]l’z, where m is the number of observa- 
tions, n the number of variables in the refinement, and Z v 4 2  the summed, 
weighted, discrepancy between observed and calculated structure factors 

(11) Since the esd values are calculated using only the diagonal elements 
of the inverted normal equation matrix,’o it is probable tha t  these represent 
a slight underestimate of the true errors. The  slow photodecomposition 
of the crystal by X-rays during the course of the analysis may also have 
led to some systematic errors tha t  will tend t o  increase the esd values. 
Fortunately, a comparison of chemically equivalent bond lengths and 
angles (Table IV) shows only one such set (CI-C~ and Ca-Cs) where the  
difference (0.062 A) is greater than 3 u  (0.054 A). 

ref 8, p 216. 
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only three atoms of the 2,4-dienyl system. The com- 
plex is therefore an a-P unsaturated a-allylpalladium 
derivative. With the acetylacetonate anion and the 
a-allyl anion each contributing four electrons to the 
metal, the molecule may formally be regarded as a 
square-planar complex of a d8 Pd(I1) ion, with 16 elec- 
trons in its outermost bonding and nonbonding orbitals : 
the value of 90.4" found for the angle 01-Pd-02 is 
close to the ideal value expected for a square-planar 
stereochemistry. The acetylacetonate ligand is bonded 
to the metal via its two oxygen atoms, the mean palla- 
dium-oxygen distance being 2.085 (i 0.008) A ;  within 
the limits of experimental error, the acetylacetonate 
group has the expected Czv symmetry and is planar (ex- 

eluding hydrogen atoms). The packing diagrams, 
Figures 2 and 3, illustrate this clearly. The complex is 
seen to be monomeric, there are no short intermolecular 
contacts involving the unsaturated carbon atoms CP 
and Clo, and the shortest Pd-Pd distance ( 3  558 X 
from Pd(x, y ,  z )  to Pd(--x, -y, - z )  is considerably 
longer than that in dimeric a-allylpalladium acetate," 
where the Pd-Pd distance of 2.94 X represents, a t  most, 
an  extremely weak bonding situation The cycloocta- 
dienyl ligand is in a puckered conformation, somewhat 
reminiscent of octasulfur, but rather irregular, due 
to the constraints imposed by the variation in the car- 

(121 II R. Chuichill and R hlason, S a t U t e  204, 777 (1964) 
(13 i; C Abrahams, Aria C ? y s l ,  8 ,  661 (1953) 
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Figure ~ . -C~HIIP~(CH~COCHCOCH~):  stereochemistry and 
numbering of atoms. The molecule is projected along a. 

TABLE IV 
C8HI1Pd( CHBCOCHCOCH~): INTERATOMIC DISTANCES 

AND A N G L E S ~ ~ ~  
Atoms Distance, A Atoms Angle, deg 

Pd-01 2.0801 01-Pd-02 90.4 

CrPd-Cs 38.6 
2.103 Cs-Pd- c8 69 .8  

(i) From Palladium Atom 

Pd-Oz 2.0891 Cs-Pd-C? 
Pd-cs 
Pd-C, 

01-Pd-Cs 
02-Pd-Cs 100.3 

Pd-c8 2.120) 

2.973 01-Pd-Cs 
Pd-Ci 
Pd-Ca 
Pd-Cs 3.335 

4.368 
Pd-C4 
Pd-C6 
Pd-Cg 2.917 
Pd-Cis 2.914 
Pd-Cio 3.940 
Pd-Cii 4.284 
Pd-Ci2 4.070 

(ii) In AcetyIacetonato Ligand 
Pd-01-Ci 
Pd-Oz-Ca 
01-C1-C2 

C1-C2-C3 
01-C1-C, 

Cz-c1-c, 

O~-C~-CZ 

Oz-C3-c6 

I 
i c2-c3-c6 

01-c1 1.275 
O r c 3  1.291 
c1-c2 1.372 
CZ-c3 1.348 
G-C, 2.423 
cl-c, 1.492 
c3-c, 1.554 
OrC2 2.378 
02-cz 2.393 
0 1 - 0 2  2.959 
c2-c, 
cz-c, 
arc, 
02-c, 2.354 

123.7 
121.3 
127.8 
130.2 
126.1 
112.7 
111.3 
119.4 
118.5 

(iii) In Cycloocta-2,4-dienyl Ligand 
ci3-cs-c7 129.8 

1.394 CB-cI-CR 119.0 
1.475 C7-Cs-Cg 129.1 

C8-CS-ClO 121.1 

1.417! 
CVc7 
C,-Ca 
Cs-cs 
C9-C10 1.380 
C1o-C11 1.451 Cg-Cio-Cii 125.0 
C l r  Cl2 1.496 c10-c11-c1z 114.9 
C12-C13 1.464 Cii-Ciz-Ci3 118.6 
C1a-C6 1.495 Ciz-Cis-Cs 116.8 

a Average estimated standard deviations are as follows: 

u(C-C) = 0.018 A; these values do not include any contribu- 
tion from errors in the unit-cell dimensions. Chemically 
equivalent distances and angles are enclosed in braces. 

u(Pd-0) = 0.008 A; u(Pd-C) = 0.012 A; u(0-C) = 0.015 A; 

"3 
d 

0 

\ /J 

P 
Figure 2.-CsH11Pd( CH~COCHCOCHB) : the packing of mole- 

cules in the crystal, viewed along a. 

Figure 3.-CsH11Pd( CH3COCHCOCHa) : the packing of molc- 
cules in the crystal, viewed along c. 

bon-carbon bond order around the ring and by the 
metal-ligand bonding. The dihedral angles between 
the four "quadrants" of the cyclooctadienyl ligand are : 
C6-C.i-C8, C8-C9-ClO, 71.3" ; cS-c9-clO, clO-Cll-c12, 
82.3" ; ClO-Cll-Cl2, ClTC13-C6, 79.6" ; c12-c13-c6, CS- 
C7-Cs, 85.8'. The carbon atoms CS and CIO are distant 
2.917 and 3.940 A from the palladium ion and are ob- 
viously not involved in the metal-ligand bonding; the 
Cs-Clo bond distance of 1.38 A indicates that this is the 
remaining part of the unsaturated system. The carbon 
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atoms of the n-allyl grouping, c6, c7, and cs, are, re- 
spectively, 2.115, 2.103, and 2.120 A distant from the 
palladium ion. These values are in excellent agree- 
ment with those obtained by Sniith14 in his accurate 
low-temperature analysis of dimeric n-allylpalladium 
chloride (2.123, 2.108, 2.121 A ;  u = 0.008 A). It is 
interesting to note that, in each case, the central carbon 
atom is slightly closer to the metal than are the ter- 
minal carbon atoms. The differences are, however, too 
small to be considered statistically significant. The 
apical angle of 119.0' for the allyl group and a mean 
carbon-carbon bond length of 1.405 A for the allyl sys- 
tem in the present complex may be compared to Smith's 
values of 119.8' and 1.376 A. 

The coordination plane of the palladium ion, as de- 
fined by the atoms Pd, 0 1 ,  and 0 2 ,  fits the equation 
1.924X + 3.61GY + 0.5902 = 1. Atoms Cs and C8 are 
0.22 and 0.40 A above, and C7 is 0.30 A below, this 
plane. The x-allyl group (C6-c?-CS) makes a dihedral 
angle of 121.5' with the coordination plane of the palla- 
dium ion. This is not an isolated example of this 
phenomenon. Other n-allyl complexes show the same 
effect to varying degrees (see Table V). This rather 
surprising result has been explained by Kettle and 

(14) A. E. Smith, Acta Ciyst . ,  18, 331 (1965). 

Mason,16 n-ho are able to predict a value of approxi- 
mately 1 10°, by considering the various n-allylpalla- 
dium overlap integrals. 

TABLE T- 
THE DIHEDRAL -4NGLE BZTTTEES T H E  h l E T A L  COORIDSATION 

P L A S E  AXD T H E  T - ~ ~ L L Y L  SYSTEM I N  A N U M B E R  O F  

r-ALLYLPALLADIUM COMPLEXES 

Complex Dihedral angle, deg Kef 

[exo-CzHsO [ C~JCGH;)~]  PdCllz 95u b 
[endo-CnHjO[C4(C5Hj).ll PdCl!a 95" 0 
[ CsHjPdCl] 2 111.5 13 
CHsC3H4Pd[P(CijH;)s] C1 116 c 
[C&PdCHaCOZl2 117 (av) 11 
CZHi,Pd( CHaCOCHCOCH3) 121 

This angle would probably be greater but for the effect of the 
nonbonding interaction between the fourth carbon of the cyclo- 
butenyl system and the palladium atom. I' L .  F. Dah1 and UT. E. 
Oberhansli, Inorg. Chena., 4, 629 (1965). R .  Mason and D.  
R.  Russell, Chenz. Cow?nzzin., 26 (1968). 

Acknowledgmente.-The author is indcbted to 
Dr. S. D. Robinson, who provided the sample. This 
research has been generously supported by grants from 
the William F. Milton Fund of Harvard University, 
the Xational Science Foundation (grant No. GP- 
4223), and the Advanced Research Projects Agency. 

(15) S. F. A.  Kettle and I<. Mason, J .  Oign?zonzelal. Chem., in press. 

Notes 
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Behavior of 
Bis(hexamethylphosphoramide)cobalt(II) 
Complexes in Solutions Containing 
Excess Hexamethylphosphoramide 

BY MICHAEL R. ROSENTHAL~ AND RUSSELL S. DRACO 

Receined Nonembev 22, 1965 

The complexes C O ( H M P A ) ~ X ~ ,  in which HMPA is 
hexamethylphosphoramide, O=P [N (CH3)2]3, and X 
is chloride, bromide, iodide, or thiocyanate, have been 
characterized2 as pseudo-tetrahedral complexes. Some 
of these complexes have been found to  undergo in- 
teresting reactions with excess HMPA. Since no 
changes in the absorption spectrum of the thiocyanato 
or chloro complexes, Co(HMPA)2X2, were observed 
when the complex was dissolved in a solution contain- 
ing an excess of HMPA, it  was concluded that no re- 
action occurred. Extensive displacement of iodide 
occurred for the iodo complex. The spectrophoto- 
metric data in chloroform solution fit an equilibrium 
constant expression for dissociation of one iodide per 

(1) Abstracted in part from the Ph.D. thesis of Michael R. Rosenthal, 

(2) J. T. Donoghue and R. S. Drago, Ino in .  Chem., 2, 572 (1963). 
University of Illinois, Urbana, Ill., 1965. 

molecule, but  in nitromethane, containing excess 
ligand, dissociation of both iodides occurs, producing 
the species Co (HMPh)42+. 

In contrast to  this behavior, the CHC1, solutions of 
a similar series of complexes of general formula CoL2- 
X2-in which L is pyridine or isoquinoiine and which 
contain excess ligand L-exhibit an equilibrium31 
between the four-coordinate species and a six-coordinate 
species, CoLiX2. 

These reactions can be rationalized by employing 
steric considerations and the principles outlined in the 
coordination model for nonaqueous solvent behavior, 5 z  

Experimental Section 
The compounds were prepared by a method previously rc- 

ported.2 Reagent grade nitromethane was used after 2-weeks 
storage over Linde 4A Molecular Sieves. Chloroform was 
shaken over calcium chloride, stored overnight, and distilled, 
Hexamethylphosphoramide was distilled under reduced pressure 
from barium oxide. The portion boiling a t  127" (20 mm) was 
used. Electronic spectra were obtained with a Cary Model 
14 M recording spectrometer, using matched quartz cells. 
When excess ligand was added to a solution, the same amount 
of ligand was added to the reference solution. Equilibrium con- 
stant measurements were performed with a Reckman DU spec- 
trometer using matched quartz cells and a sample compartment 

(3) H. C. A. King, E. Koros, and S. >I. Nelson, J .  Chem. Soc., 544!) 
(1963) 

(4) H. C. A. King, E. Koros, and S. M. Nelson, ibid., 4832 (1964). 
( 5 )  R. S .  Drago, D. hl. Hart ,  and R. L. Car-lson, J .  Am. Chem. Soc., 87 

(F) I<. S .  Drago and K .  F. Purcell, Pvogr .  I n o i g .  Chev. ,  6, 271 (1065). 
1900 (1965). 


