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The crystal structure of the title compound was determined using 2095 reflections (1822 with I > 2 . 3 ~ ~  used in refinement) 
measured on a four-circle automated diffractometer using monochromatic Mo Kwl radiation. The complex crystallized 
in the monoclinic space group P21: a = 11.739 (4) A, b = 18.158 (7) A, c = 10.062 ( 3 )  A, fl  = 90.45 (2)O. The final 
value for the discrepancy index was Rl = 0.055. The iron atom lies in the plane of the porphine coordinated to the four 
nitrogen atoms (Fe-N = 2.026 (9)-2.042 (8) A) and, axially, to the oxygen atoms of two ethanol molecules (Fe-0 = 2.1 13 
(8), 2.160 (8) A). Both the equatorial and axial bonds are considerably longer than those of low-spin porphinatoiron(II1) 
complexes, consistent with a mixed- or high-spin electronic ground state. 

In recent years several porphinato iron complexes have been 
prepared which have intermediate-spin ground states.'J In 
particular (octaethylporphinato)iron(III) perchlorate (Fe- 
(0EP)ClOJ and Fe(OEP)C104.2EtOH have ground states 
with S = 3 / 2  which have been shown to be single-spin states 
and not thermally induced spin crossovers. These two 
compounds were thought to be structurally quite different as 
there was evidence of iron-perchlorate interactions in Fe- 
(OEP)C104 and of iron-ethanol interactions in Fe(0EP)- 
C104-2EtOH. It was predicted that the former would have 
a coordination number of 5 and the latter 6. '  

This study was initiated to determine the stereochemistry 
of the solvated species. The geometry about the iron atom was 
expected to resemble that of low-spin porphinatoiron(II1) 
complexes, but with some small differences in bond lengths 
owing to changes in the occupancy of some of the d orbitals. 
Experimental Section 

Fe(OEP)C104-2EtOH was prepared by the standard method.' 
Crystals were obtained by the slow evaporation of an ethanol solution 
of the complex, but if left to stand in the air for any length of time 
the crystals lost solvent and became unsuitable for X-ray crystal- 
lographic studies. To prevent efflorescence, a large crystal was freshly 
prepared and a prismatic fragment of axial dimensions 0.80 X 0.50 
X 0.50 mm cleaved off, immediately covered in grease and sealed in 
a Lindemann tube. Photographs taken of the crystal fragment with 
Cu Ka radiation revealed Laut  2/m symmetry and gave approximate 
unit cell parameters. They also confirmed that the crystal was not 
decomposing. Accurate cell dimensions were obtained by a least- 
squares analysis from the setting angles of nine reflections with 28 
> 25O which were accurately centered on a Picker FACS-I four-circle 
automated diffractometer employing monochromatic Mo Koi, ra- 
diation. Crystal data are given in Table I. The intensities of 2095 
unique reflections with 26 < 40' were measured and of these 1822 
with Z > 2 . 3 ~ ~  (uI is the standard deviation in the intensity derived 
from counter statistics) were regarded as observed and used in structure 
solution and refinement. The average intensity of reflections decreased 
rapidly with increasing 26 so data were collected in two shells (see 
Table 11). Two standard reflections were measured after every 75 
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Table I. Crystal Data 

C,,H,,C1FeN,O, 
space group P2  
u = 11.739(4) A 
b = 18.158(7) A 
c =  10.062(3) A 
.P = 90.45(2)' 
U =  2144.7 A3 
2 = 2  

fw 826.29 
p = 4.79 cm-' 
poa = 1.27 g cm-' 
pc = 1.279 g cm-' 
finaIR,b = 0.055 
finalRzC = 0.061 
final extinction 

correction 2.2 (4) x lo-'  

'Flotation in C6H6/CC1,. R , =  XllF,,l- l F c l l / ~ l ~ o l .  R,= 
( Z W ( l F O l  - IFcI)~/ZFo2)"~. 

Table 11. Data Collection 

radiation 
takeoff angle 5" 
8-28 scan 2" min-l 
scan width with 

dispersion cor 
stationar y-crystal, 

stationar y-coun ter 
bgd counts 

monochromatic Ma K a ,  ( h  0.709 26 A) 

28 G 30", (1.2 + 0.692 tan e)"; 
30" < 20 4 40", (1.1 + 0.692 tan e)" 
28 < 30°, 4 s at each scan limit; 
30" < 28 < 40", 10 s at each scan limit 

data points and the data scaled accordingly. No absorption correction 
was applied. 

Solution and Refinement of the Structure 
The structure was solved by conventional heavy-atom procedures. 

Least-squares refinement of the nonhydrogen atoms with individual 
isotropic temperature factors yielded R,  = 0.101. The coordinates 
of the hydrogen atoms attached to nonmethyl carbons were determined 
geometrically (sp' or sp3 coordination at the carbon, rC-H = 0.95 A).  
The H(n1) atoms were assigned the average temperature factor of 
the C(n1) atoms and the H(n3A) and H(n4A) the average of the eight 
C(n3A) and C(n4A). These hydrogen atom parameters were not 
refined, but the scattering contribution was included in all further 
calculations. In addition, the iron atom and the atoms of the per- 
chlorate were assigned anisotropic temperature factors, the resultant 
R, being 0.072. A difference map using data 26 < 32" revealed H(5), 
H(7),  and many of the methyl hydrogen atoms. The remaining 
hydrogens were positioned geometrically from these. Examination 
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simply to be aberrations. There is no indication of DZd ruffling 
of the porphine core; the deviations of the methine carbons 
from the least-squares plane of the core are all C0.03 A and 
do not have the correct signs for the "circular standing wave" 
configuration.6 

The terminal ethyl carbon atoms assume a ++,++,--,-- 
conformation7 as in uncoordinated H2(0EP).8 Examples of 
four-, five-, and six-coordinate metalloporphyrins with this 
conformation are known.9 Other conformations have also been 
reported.1° 

The iron atom lies approximately in the plane of the OEP 
macrocycle and is coordinated to the four porphine nitrogens. 
The oxygen atoms of two ethanol molecules complete an 
approximately octahedral coordination geometry around the 
iron atom. There is no evidence of doming for, although the 
iron atom is displaced axially from the center of the nitrogen 
atoms by 0.008 A, the nitrogen atoms themselves are not 
coplanar and deviate from the least-squares "plane" they define 
by comparable distances. 

The Fe-N,, bond lengths (2.026 (9), 2.029 (8), 2.040 (7), 
and 2.042 (8) A) are considerably longer than those of the 
low-spin six-coordinate complexes [Fe(TPP)(Im)2]+ (TPP = 
5,10,15,20-tetraphenylporphine, Im = imidazole) (1.980-1.999 
A)I1 and [Fe(PP-IX)( l-Me-Im)2]+ (PP-IX = protoporphyrin 
IX) (1.973-2.012 A),12 but are comparable with those of two 
other mixed- or high-spin six-coordinate porphinatoiron(II1) 
complexes, [Fe(TPP)(H,O),]+ (2.035-2.041 A) and [Fe- 
(TPP)(TMS0)2]+ (TMSO = tetramethylene sulfoxide) 
(average 2.045 ( 5 )  A)., In five-coordinate high-spin Fe(II1) 
complexes the Fe-Nporph bonds are typically 2.065 A with a 
very short Fe-axial atom distance.6 

As the oxygen atoms of the coordinated ethanol molecules 
did not require a disordered-atom description, the difference 
between the two Fe-0 bond lengths (2.1 12 (8); cf. 2.160 (8) 
A) is apparently significant. A smaller, but also meaningful, 
asymmetry is re orted for [Fe(TPP)(TMSO),]+ (2.087 (3) 

are crystallographically constrained to be equal (2.090 (2) A). 
Asymmetry of the axial bonds is also observed in [Fe- 
(TPP)(Im),] and [Fe(PP-IX)( l-Me-Im)2]+ where it was 
accredited to a nonbonding interaction between the imidazole 
2,4 hydrogen atoms and the porphine nitrogens."J2 The 
interaction will be a maximum when the dihedral angle be- 
tween the Fe-NI,-N,,,, plane and the imidazole plane verges 
on 0 or 90' causing the Fe-N,, bond to lengthen concomi- 
tantly. A corresponding relationship may exist for [Fe- 
(OEP)(EtOH),]+ but cannot be satisfactorily tested as the 
ethanol carbon atoms are disordered and therefore the hy- 
drogen atom positions are very poorly defined. It would seem 
likely, however, that the greater geometric freedom of the 
ethanol molecules could reduce the importance of the effect. 
The iron atom is displaced from the least-squares plane 
through the porphine nitrogens in the direction of the closer 
oxygen atom in contrast to the imidazole derivatives where 
the displacement of -0.009 is toward the more distant axial 
atom. 

A; cf. 2.069 (3) K ), but in [Fe(TPP)(H20)2]' the axial bonds 

Fe 
I 
12 034 8 

L 
\ ,I t 

C(n4A)-C(n4B) 
1 5 1  i 

C(n3B)- ' c ( n L )  

Figure 1. Atom-labeling scheme for the pyrrole rings and averaged 
geometry. 

of a full-data difference map indicated that C(14B), C(34B), and O(7) 
should also be anisotropic and that the ethanol carbon atoms were 
disordered. Each ethanol carbon atom was therefore assigned two 
sites with estimated relative occupancies which were adjusted during 
further refinement to give equal temperature factors for both sites. 
Resolution was achieved for all but C(7B) which was therefore 
considered to be one site with strongly anisotropic thermal motion. 
This model for the ethanol molecules is not ideal but adequate: any 
shortcomings will have little effect on the geometry of the iron co- 
ordination sphere and the porphine core. The only major feature in 
a final difference map was a peak of 0.27 e A-3 (ofl = 0.06 e k3) 
a t  (0.198, 0.059,0.561) within the perchlorate group. Attempts to 
fit this peak by adjustment of the perchlorate geometry were un- 
successful and refinement was terminated a t  this point. The function 
being minimized in the least-squares analysis was Cw(lFol - 1 
+ E J ) .  In early stages of refinement unit weights were used (w = 
1) and the isotropic extinction parameter was set to zero (E,  = 0)j 
in the final cycles the weighting scheme was of the form w = l / u F  
and E,  was refined. All shift-to-error ratios in the final cycle were 
less than 0.1. Neutral scattering factors3 were employed and 
anomalous dispersion corrections4 applied for Fe and C1. A description 
of the computer programs has been given p rev i~us ly .~  

The atomic coordinates and associated thermal parameters are listed 
in Table 111, bond lengths and angles in Table IV, and relevant 
least-squares planes in Table V. Figure 1 shows the numbering scheme 
of the porphyrin and the averaged geometry assuming that the halves 
of all of the pyrrole rings are equivalent. 

Description and Discussion 
The crystal structure consists of discrete [Fe(OEP)- 

(EtOH),]' cations, perchlorate anions, and ethanol molecules 
of crystallization giving an overall stoichiometry of Fe- 
(OEP)C104.3EtOH rather than Fe(OEP)C104.2EtOH as 
previously reported by Dolphin.' There is considerable doubt 
that the structure reported here is of Dolphin's compound (see 
below). 

The OEP macrocycle has approximate C,, symmetry (see 
Figure 2 for a stereoscopic view of the cation). Several of the 
individual values differ from the mean by significant amounts, 
but in view of their apparent chemical equivalence they appear 

h 

Figure 2. Stereoscopic view of the molecule showing ring numbering. Here and in Figure 3 the thermal ellipsoids show 50% probability levels, 
and the hydrogen atoms and the minor orientations of the disordered molecules have been deleted for clarity. 
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Table 111. Final Positional and Thermal Parameters for [Fe(OEP)(C,H,OH), ]tC1O,-~C,H,OHa 

Frederick W. B. Einstein and Anthony C. Willis 

(a) Nonhydrogen Atomsb 

atom X Y Z U, A’ atom X Y Z u, A2 

5667 (1) 
6957 (6) 
8279 (9) 
7969 (8) 
8610 (9) 
9755 (11) 

10743 (12) 
8024 (8) 
8386 (9) 
8985 (12) 
6988 (8) 
4761 (7) 
6116 (9) 
5086 (9) 
4178 (10) 
4210 (11) 
4595 (12) 
3319 (9) 
2175 (12) 
2105 (13) 
3678 (9) 
4374 (7) 
3070 (9) 

2500 (-) 6806 (2) 
2391 (5) 5474 (7) 42 (2) 
1676 (6) 6830 (10) 45 (3) 
2028 (6) 5682 (10) 43  (3) 
2064 (6) 4452 (10) 5 0  (3) 
1718 (7) 4275 (12) 69 (4) 
2204 (8) 4611 (13) 90  (4) 
2467 (7) 3587 (9) 47 (3) 
2692 (6) 2215 (10) 60 (3) 
3423 (7) 2138 (13) 
2679 (6) 4187 (9) 47 (3) 
3098 (5) 5467 (8) 48 (2) 
3096 (6) 3620 (10) 49 (3) 
3291 (6) 4170 (10) 52 (3) 
3696 (6) 3537 (11) 55 (3) 
4001 (8) 2146 (12) 70 (4) 
4791 (9) 2116 (13) 95 (5) 
3748 (6) 4430 (10) 54  (3) 
4099 (7) 4234 (13) 75 (4) 
4887 (9) 4725 (14) 94  (5) 
3371 (6) 5618 (10) 53  (3) 
2589 (6) 8122 (8) 49 (2) 
3315 (6) 6760 (10) 50 (3) 

3374 (9) 2954 (6) 
2677 (9) 2878 (6) 
1492 (10) 3197 (7) 
0586 (12) 2658 (9) 
3246 (9) 2480 (9) 
2887 (11) 2212 (7) 
2424 (14) 1443 (9) 
4357 (9) 2284 (6) 
6586 (7) 1900 (5) 
5213 (9) 1890 (6) 
6237 (9) 1709 (6) 
7146 (9) 1293 (6) 
7064 (10) 972 (7) 
6460 (11) 225 (7) 
7977 (9) 1245 (6) 
9112 (10) 869 (7) 
9051 (13) 54  (9) 
7636 (8) 1605 (6) 
2110 (3) 581 (2) 
2734 (11) 1222 (7) 
985 (9) 688 (9) 

2642 (10) 12  (7) 
2040 (12) 347 (9) 

7934 (10) 
9079 (11) 
9230 (11) 
8789 (14) 
9989 (10) 

11312 (12) 
11303 (13) 
9377 (10) 
8155 (8) 
9967 (11) 
9416 (10) 

10049 (10) 
11424 (12) 
11463 (12) 
9184 (10) 
9431 (11) 
9079 (15) 
7990 (9) 
7140 (4) 
7083 (15) 
6686 (13) 
6489 (13) 
8461 (13) 

occu- occu- 
atom pancy x Y Z v A2 atom pancy X Y Z u, A2 

1.00 6438 (6) 
0.65 6150 (20) 
0.35 6806 (41) 
0.49 6990 (44) 
0.51 6725 (37) 
1.00 4860 (6) 
0.50 4616 (28) 

U,IC u2, 

3482 (4) 7490 (7) 63 (2) C(6A)P 0.50 5073 (24) 1090 (17) 5000 (29) 73 (8) 
3962 (15) 8640 (22) 84 (7) C(6B) 0.61 4634 (23) 635 (18) 4276 (26) 104 (8) 
3627 (26) 9012 (49) 80 (13) C(6B)P 0.39 4132 (37) 1265 (28) 4042 (45) 102 (15) 
3869 (35) 9644 (51) 150 (20) O(7) 1.00 7791 (10) 4269 (6) 5943 (9) 
4418 (37) 9328 (44) 145 (16) C(7A) 0.82 8978 (20) 4192 (13) 6076 (20) 108 (7) 
1505 (4) 6093 (7) 60 (2) C(7A)P 0.18 8822 (88) 4827 (62) 6512 (9) 108 (31) 
1405 (17) 4669 (31) 72 (8) C(7B) 1.00 9497 (17) 4637 (17) 7039 (22) 

u3 3 U,, U,, U 2 ,  atom U,, u22 u 3 3  u12 u13 u 2 3  

Fe 47 (1) 48 (1) 36 (1 )  -2 (1 )  lO(1)  5 (1) O(2) 90 (9) 233 (15) 194(12)  34 (10) -12 (8) 78 (12) 
C(14B) 156(15)  96 (12) 7 2 ( 9 )  -39(11) 44 (9) 8 ( 9 )  O(3) 111 (9) 139 (10) 198 (12) 15 (8) 9 ( 8 )  -82(10) 
C(34B) 112 (11) 63 (9) 73 (9 )  -24(8)  34(8)  5 (7) O(4) 177 (13) 236 (18) 121 (10) 2 (12) -12(9) 33 (11) 
c1 63(2)  78 (3) 103 (3) -2 (2) 15 (2) -16 (2) O(7) 116 (9) 144 (10) 103 (7) -45 (7) -15 (6) 58 (7 )  
O(1) 155 (11) 87 (8) 261 (16) -53 (8) 92 (11) -36 (9) C(7B) 96 (15) 266 (33) 182 (21) 8 (19) -44 (15) -32 (22) 

(b) Hydrogen Atomsd 

atom X Y Z atom X Y Z 

H(11) 233 356 676 H(31) 904 145 684 
Hl(13A) 143 364 869 H 1 (3 3A) 982 157 334 
H2(13A) 137 332 1017 H2(33A) 979 128 484 
H1( 13B) 60 264 776 H 1 (33B) 1092 25 1 372 
H2(13B) 46 229 933 H2(33B) 1144 196 48 1 
H3(13B) -15 292 877 H2(33B) 1054 258 523 
Hl(14A) 230 254 1165 Hl(34A) 77 1 272 165 
H2(14A) 35 5 22 3 1191 H2(34A) 890 231 188 
Hl(14B) 306 105 1167 H 1 (34B) 962 345 280 
H2(14B) 226 122 1041 H2(34B) 846 383 231 
H3(14B) 179 133 1188 H3(34B) 934 35 1 124 
H(21) 5 08 172 1088 H(41) 625 328 272 
H 1 (2 3 A) 664 132 1198 Hl(43A) 344 397 176 
H2(23A) 783 91 1179 H2(43A) 474 370 162 
Hl(23B) 660 -6 1233 H l(4 3B) 429 508 289 
H2(23B) 662 -11 1074 H2 (4 3 B) 431 503 130 
H3(23B) 557 28 1146 H 3 (4 3 B) 544 485 214 
Hl(24A) 932 92 1037 Hl(44A) 16 1 381 47 1 
H2 (24A) 969 110 888 H2(44A) 199 410 328 
Hl(24B) 882 -9 825 Hl(44B) 230 489 577 
H2(24B) 869 -24 991 H2(44B) 130 509 483 
H 3 (24 B) 98 1 -21 919 H3(44B) 25 7 524 433 
H(5) 707 374 701 Hl(6A)P 5 09 53  5 29 
Hl(5A) 540 383 894 H2 (6 A)P 589 117 47 1 
H2(5A) 615 447 829 H(7) 748 442 518 
H 1 (5 A)P 759 344 909 Hl(7A) 932 433 522 
H2(5A)P 631 331 955 H2(7A) 916 368 627 
Hl(6A) 526 161 417 Hl(7A)P 848 523 703 
H2(6A) 392 157 44 3 H2(7A)P 919 507 571 

a Estimated standard deviations of the least significant figures are given in parentheses here and in succeeding tables. The values of the 
positional parameters are multiplied by lo4  and thermal parameters (in A’) by 10’. 
e ~ p [ - 2 d ( U , , h ~ a * ~  + ... + 2U2,klb*c*)]. 

Anisotropic temperature factors are in the form 
The values of the positional parameters are multiplied by lo3.  
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Table IV. Interatomic Distance (A) and Angles (deg) 
a. Coordination Sphere 

Fe-N( 1) 2.029 (8) Fe-N(4) 2.026 (9) 
Fe-N(2) 2.042 (8) Fe-0(5) 2.113 (8) 
Fe-N( 3) 2.040 (7) Fe-0(6) 2.160 (8) 
N( l)-Fe-N( 2) 90.2 (3) N(2)-Fe-O( 6) 90.2 (3) 
N( 1)-Fe-N(3) 178.9 (5) N( 3)-Fe-N(4) 90.2 (3) 
N( 1)-Fe-N(4) 89.9 (3) N( 3)-Fe-0(5) 88.8 (3) 
N(l)-Fe-0(5) 92.3 (4) N(3)-Fe-0(6) 91.5 (3) 
N( 1)-Fe-0(6) 87.4 (3) N(4)-Fe-O( 5) 89.2 (3) 
N(2)-Fe-N( 3) 89.7 (3) N(4)-Fe-0(6) 90.0 (3) 
N( 2)-Fe-N(4) 179.8 (4) O( 5)-Fe-0( 6) 179.2 (3) 
N( 2)-Fe-0(5) 90.6 (3) 

b. Porphyrina 

n = l  n = 2  n = 3  n = 4  

C(n 1)-C(n2) i C(n5)-C(m 1) 

C(n 3)-C(n4) 
C(n 3)-C(n 3A) 
C(n 4)-C(n4A) 
C(n 3A)-C(n 3B) 
i 

C(n 4A)-C(n 4 B) 
C@5)-C(nl)-C(n2) 
i 

C(n l)-C(nZ)-N(n) 
C(m l)-C(n5)-N(n) 
C(n 1)-C(n2)-C(n3) 
i 1 C(m i)-c(n5)-c(n4) 

N(n)-C(n2)-C(n 3) 
N(n)-C(nS)-C(n4) 
C(nZ)-N(n)-C(nS) 
C(n2)-N(n)-Fe 1 C(nS)-N(n)-Fe 
C(n2)-C(n 3)-C(n4) 
C(nS)-C(n4)-C(n 3) 
C(n2)-C(n 3)-C(n 3A) 
C(n 5)-C(n 4)-C(n 4A) 
C(n4)-C(n 3)-C(n 3A) 
C(n3)-C(n4)-C(n4A) 
C(n 3)-C(n 3A)-C(n 3B) { C(n4)-C(n4A)-C(n4B) 

i 

C1-0(1) 
C1-0(2) 
O( 1)-C1-0(2) 
O( l)-Cl-O( 3) 
O( l)-C1-0(4) 

0(5)-H(5) 
0(5)-C(5A) 
0(5)-C(5A)P 
C(5A)-C(5B) 
C(SA)P-C(SB)P 
O( 6)-C (6 A) 
0(6)-C(6A)P 
Fe-O(5)-H(5) 
Fe-O(5)-C(5A) 
Fe-O(5)-C(5A)P 
H(5)-0(5)-C(5 A) 
H(5)-0(5)-C(5A)P 
0(5)-C(5 A)-C(5 B) 
0(5)-C(5A)P-C(5B)P 

0(2)...H(31)C 
O(2) ... H2(24A)' 
O(2) ... H2( 33A)C 
O( 3). ..H2( 34B)d 

1.39 (1) 
1.36 (1) 
1.35 (1) 
1.38 (1) 
1.43 (1) 
1.49 (1) 
1.34 (2) 
1.52 (2) 
1.48 (2) 
1.51 (2) 
1.50 (2) 
128.0 (11) 
124.7 (10) 
126.3 (10) 
125.9 (10) 
126.1 (10) 
109.4 (9) 
107.5 (9) 
108.1 (8) 
126.3 (7) 
125.5 (7) 
108.7 (10) 
106.3 (9) 
125.1 (10) 
123.3 (11) 
126.2 (10) 
130.3 (11) 
111.5 (11) 
113.9 (11) 

1.37 (1) 
1.40 (1) 
1.38 (1) 
1.36 (1) 
1.45 (1) 
1.42 (1) 
1.32 (1) 
1.51 (2) 
1.52 (1) 
1.53 (2) 
1.52 (2) 
126.6 (11) 
125.4 (10) 
124.2 (9) 
126.4 (10) 
126.6 (9) 
108.1 (9) 
109.2 (9) 
106.9 (9) 
125.9 (7) 
127.3 (7) 
106.9 (9) 
108.9 (9) 
123.5 (10) 
125.9 (9) 
129.5 (10) 
125.2 (10) 
113.6 (10) 
111.1 (11) 

1.37 (1) 
1.39 (1) 
1.37 (1) 
1.40 (1) 
1.45 ( 1 )  
1.42 (1) 
1.33 (1) 
1.50 (2) 
1.50 (1) 
1.49 (2) 
1.50 (2) 
127.3 (10) 
125.3 (9) 
124.0 (9) 
127.2 (9) 
127.2 (9) 
107.5 (8) 
108.8 (8) 
107.0 (7) 
126.3 (6) 
126.7 (6) 
108.3 (9) 
108.2 (9) 
123.6 (10) 
124.6 (9) 
128.0 (10) 
127.1 (9) 
115.0 (11) 
115.0 (10) 

c. Perchlorate 
1.38 (l), 1.48 (l)b C1-0(3) 
1.41 ( l ) ,  1.50 (l)b C1-0(4) 
111.5 (9) 0(2)-C1-0( 3) 
111.9 (7) 0(2)-C1-0(4) 
109.4 (9) O( 3)-C1-0(4) 

d. Ethanols 
1.00 C( 6A)-C(6 B) 
1.49 (2) C(6A)P-C(6B)P 

1.42 (5) 0(7)-C(7A) 
1.48 (7) 0(7)-C(7A)P 
1.47 (3) C(7A)-C(7 B) 
1.36 (3) C(7 A)P-C(7 B)P 

1.61 (5) 0(7)-H(7) 

123 Fe-O(6)-C(6A) 
130 (1) Fe-O(6)-C(6A)P 
124 (2) 0(6)-C(6A)-C(6B) 
106 0(6)-C(6A)P-C(6B)P 
101 H(7)-0(7)-C(7A) 
109 (3) H(7)-0(7)-C(7A)P 
110 (4) 0(7)-C(7A)-C(7B) 

0(7)-C(7A)P-C(7B) 
e. Intermolecular Contacts 42 .8  A 

1.38 (1) 
1.36 (1) 
1.41 (1) 
1.37 (1) 
1.44 (1) 
1.44 (1) 
1.36 (1) 
1.50 (2) 
1.50 (2) 
1.51 (2) 
1.5 1 (2) 
128.2 (10) 
123.6 (10) 
123.9 (10) 
127.0 (10) 
125.9 (10) 
109.4 (9) 
110.2 (9) 
105.7 (9) 
127.2 (7) 
127.0 (7) 
107.1 (10) 
107.6 (10) 
125.2 (10) 
124.6 (10) 
127.8 (11) 
127.7 (11) 
112.3 (1 1) 
114.2 (12) 

1.38 ( l ) ,  1.45 (l)b 
1.40 ( l ) ,  1.50 (l)b 
112.2 (9) 
106.7 (8) 

1.45 (4) 
1.49 (5) 
0.89 
1.41 (2) 
1.68 (1 1) 
1.40 (3) 
1.01 (10) 
121 (1) 
131 (1) 
112 (4) 
105 (3) 
121 
114 
116 (2) 
122 (10) 

2.68 O( 3). ..H3(4 3B)d 2.65 

2.55 O(4) ... H2( 14B) 2.53 
2.79 0(7).. .H(5) 1.68 

2.80 O(3)...H(7)d 2.00 

a m = n + 1 except n = 4 when m = 1; p = it - 1 except n = 1 when p =4. Corrected for thermal motion. Atom at x - 1, y ,  z. Atom 
at 1 - x ,  y - I / * ,  1 - 2 .  
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Figure 3. Molecular packing in the unit cell. 

Table V 

Least-Squares Planesa 

a. Plane through N(l) ,  N(2), N(3), and N(4) 

N(1) 0.014 N(4) -0.012 C(21)b 0.026 
- 0 . 4 0 9 8 ~  - 0.8406,~ - 0.35422 + 8.9380 -- 0 (x*= 6.79) 

N(2) -0.011 Feb -0.008 C(31)b -0.014 
N(3) 0.010 C ( l l ) b  0.015 C(41)b -0.009 

b. Plane through N(l) ,  N(3), 0(5),  and O(6) 
- 0 . 5 2 0 6 ~  + 0.52951, - 0.66982 + 5.6113 = 0 (x’ = 5.07) 
N(1) -0.012 O(5) 0.008 Feb -0.007 
N(3) -0.008 O(6) 0.007 

c. Plane through N(2), N(4), O(5), and O(6) 
0 . 7 3 4 6 ~  - 0.1150,~ -- 0.66872 + 0.2555 = 0 (x’ = 0.74) 

N(2) 0.004 O(5) -0.003 Feb 0.002 
N(4) 0.004 O(6) -0.003 

d. Plane through N(1), C(12), C(13), C(14), and C(15) 

N ( l )  0.002 C(15) 0.000 C(14A)b 0.073 
- 0 . 4 0 1 7 ~  - 0.8343,~  - 0.37752 + 9.0459 = 0 (x’ = 0.40) 

C(12) -0.004 C ( l l ) b  0.030 C(21)b -0.030 

C(14) -0.004 
C(13) 0.004 C(13A)b 0.022 Feb 0.022 

e. Plane through N(2), C(22), C(23), C(24), and C(25) 
-0.39792 - 0.84773, - 0.35082 t 8.8452 = 0 (x’ = 4.42) 

N(2) -0.009 C(25) 0.014 C(24A)b -0.047 
C(22) 0.008 C(21)’ 0.015 C(31)b 0.010 
C(23) 0.002 C(23A)b 0.054 Feb -0.031 
C(24) -0.010 

f. Plane through N(3), C(32), C(33), C(34), and C(35) 
- 0 . 4 2 9 8 ~  - 0.8364,~  - 0.34012 + 9.0054 = 0 (x’ = 8.95) 

N(3) 0.010 C(35) -0.007 C(34AIb --0.065 
C(32) -0.020 C(31)b -0.031 C(41f’ -0.009 
C(33) 0.018 C(33@ 0.026 Feb 0.043 
C(34) -0.006 

g. Plane through N(4), C(42), C(43), C(44), and C(45) 

N(4) -0.003 C(45) 0.006 C(44A)b 0.031 
C(42) 0.002 C(41)b 0.033 C ( l l ) b  -0.030 
C(43) 0.001 C(43Nb -0.003 Feb 0.053 
C(44) -0.005 

Dihedral Angles between Planes (deg) 
a-d 1.46 d-e 1.73 a-b 89.68 
a-e 0.82 e-f 2.04 a-c 88.14 
a-f 1.42 f-g 2.96 b-c 89.74 
a-g 1.80 g-d 2.32 

- 0 . 3 8 2 7 ~  - 0 . 8 5 5 5 ~  - 0.34872 + 8.8498 = 0 (x’ 0.69) 

Deviations of atoms from the planes are given in A. The equa- 
tions of the planes are referred to  the orthogonal axesa, b’ ,  and 
c*. Not used in defining plane. 

For an iron(II1) complex to have a purely S = 3 / 2  ground 
state the dZ2 and t2g orbitals must be occupied while the dX5,2 
orbital remains vacant. Structurally this will cause the axial 
bonds to be longer than in low-spin complexes but the 
equatorial bond lengths will stay similar. In [Fe(OEP)- 

(EtOH),]+ the Fe-0 distances are long, but the Fe-N dis- 
tances are also long indicating that the d,2~~2 orbital has an 
appreciable electron population. Consequently this complex 
does not have a pure S = ’I2 ground state but has either a 
quantum mechanical mixing of S = 3 /2  and or simply 
high-spin S = 5 / 2 .  Dolphin’s studies were carried out on a 
dried sample of this c ~ m p o u n d ’ ~  which analyzed for only two 
ethanol molecules. X-ray powder photographs show that a 
phase change occurs when triethanol crystals are dried, but 
it is not known if the iron environment of this compound differs 
from that of Dolphin’s compound. The crystals effloresced 
too readily to allow the magnetic susceptibility or Mossbauer 
spectrum to be measured which would have clarified this point. 

Hydrogen bonding plays an important role in the crystal 
packing as it connects all the molecular species. A list of the 
shorter hydrogen-heavy atom contacts is given in Table IV. 
There are three short O.-O distances: 0(3)-0(7), 2.84 (1); 
0(5)-.0(7), 2.65 (1); 0(1)-0(6), 2.74 (1) A. The first is 
associated with the very short hydrogen bond O(3)- 
H(7)-O(7) and the second with 0(7)-.H(5)-0(5). The third 
is consistent with a hydrogen bond involving H(6), though that 
atom was not found in difference maps. 
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The reaction of (CO)5WC(OCH3)C6H5 with K+HB[OCH(CH3)2]3- followed by cation exchange with N(CH2CH3)4+Br- 
gives N(CH2CH3)4+(CO)5WCH(OCH3)C6H<, 3, which is the precursor of (CO)5WCHC6H5. 3 was characterized spectrally 
and by single-crystal X-ray diffraction. 3 crystallizes in the monoclinic system, space group P2,lc. The unit cell constants 
are a = 12.908 ( 6 )  A, b = 11.663 (6) A, c = 16.875 (9) A, 0 = 11 1.60 (4)', and Z = 4. The final discrepancy indices 
are RI  = 3.55% and R2 = 4.31% for the 2941 independent reflections having I2 2 4  in the range 3' I 20 5 45'. The 
temperature-dependent NMR of the closely related compound N(CH2CH3)4+(C0)5WCH(OCH3) [C6H3-3,5-(CH3)J, 
5, indicates that there is a barrier to rotation (AG* = 8.7 kcal) about the aryl-benzylic carbon bond of 5. 

Introduction 
(CO)5WC(C6H5)2 reacts with alkenes to give cyclopropanes, 

olefin scission products, and new carbene complexes.' A 
mechanistic scheme involving the equilibrium between a 
metallacyclobutane and a metal complex bearing both an 
alkene and a carbene ligand was proposed to explain these 
results. Earlier, a similar equilibration had been suggested 
by Herrisson and Chauvin2 as a sufficient mechanism for the 
olefin metathesis r e a ~ t i o n . ~  The recent demonstration that 
the olefin metathesis reaction proceeds via a nonpairwise 
exchange of alkylidene groups is consistent with the equili- 
bration between a metallacyclobutane and a metal complex 
bearing both carbene and alkene ligands and excludes 
mechanisms requiring the pairwise exchange of alkylidene 
groups of a pair of alkenes complexed to a metaL4 

Earlier we pointed out that the moderate stereospecificity 
observed in the metathesis of 2-pentenes5 can be explained in 
terms of the formation of the more stable puckered metal- 
lacyclobutane in which repulsive, 1,3-diaxial interactions are 
m i n i m i ~ e d . ~ . ~  In addition, the puckered metallacyclobutane 
hypothesis predicts the preferential formation of cis cyclo- 
propanes from the reaction of a "largesmall" carbene complex 
with a l-alkene.6 

w=c ,Large -qR- A R  yy 
'Srna1 I 

P 

Our initial attempts to test the puckered metallacyclobutane 
hypothesis were frustrated by the rapid decomposition of 
(C0)5WC(C6H5)CH, via facile @-hydride elimination from 
the methyl group.6 In another attempt to test the puckered 
metallacyclobutane hypothesis, we set out to prepare 
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(CO),WC(C6H,)H, 1, which could not undergo decomposition 
by @-hydride elimination. A two-step synthesis of 1 from 
(CO)5WC(OCH3)C6H5, 2, was developed. Reduction of 2 
with K+HB[OCH(CH,),],- gave the key intermediate N- 
(CH2CH3)4+(CO)5WCH(OCH3)C,H,-, 3.8 Protonation of 
3 with CF3C02H at -78 "C gave the desired phenylcarbene 
complex 1 which was observed by 'H N M R  at  -78 "C but 
which decomposes rapidly at -50 OCS8 The reactions of 1 with 
alkenes to give cyclopropanes will be the subject of a future 
paper. In this paper, we report the synthesis, X-ray crystal 
structure, and temperature-dependent N M R  spectrum of the 
key intermediate, N(CH2CH,)4+(CO)5WCH(OCH3)C6H5-, 
3. These findings represent the first data available on the 
bonding and conformational preferences in alkylpenta- 
carbonyltungs ten compounds. 
Results and Discussion 

Synthesis. Since nucleophiles attack metal carbene com- 
plexes at the carbene carbon atom, we set out to prepare 
(CO)5WCH(OCH3)C6H5- by hydride addition to aryl- 
methoxycarbene complexes. Addition of potassium triiso- 
propoxyb~rohydride,~ 4, to a red solution of (CO),WC(O- 
CH3)C6HS, 2, in T H F  at 0 "C gave a light yellow solution. 
Addition of aqueous tetraethylammonium bromide followed 
by evaporation of T H F  gave an 86% yield of N- 
(CH2CH3)4+(CO)5WCH(OCH3)C,H,-, 3, as a bright yellow 
solid which was further purified by recrystallization from 
CH2C12 at -20 OC. This reduction could also be accomplished 
with Na+HB(OCH3)c lo but this proved to be less convenient 
since the later reagent decomposed at a moderate rate even 
when stored at -20 'C. Reduction of (CO)5WC(OCH3)C6H5 
with NaBH4 was briefly investigated by NMR; the production 
of (C0)5WCH2C6H5-11 and of (CO),WHW(CO),- was 
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