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1. General:Chemicals were reagent grade and used as suppliesis otherwise
stated. All reactions were carried out in ovenlamk dried glassware, under dry,
oxygen-free nitrogen. Diethyl ether and THF wered by distillation from sodium
and benzophenone; dichloromethane was dried hilatisih from calcium hydride.
Reaction temperatures: —78 °C refers to acetonédr °C refers to ice/ water
cooling. Filtration refers to filtration under watgump suction. TLC was visualized
by UV irradiation (254 nm) or exposure to alkalp@assium permanganate solution
followed by heating. IR spectra were recorded #@srafilm or in solution in the
specified solvent. HRMS measurements were perfowneal high resolution double

focussing (BE) mass spectrometer.
2. Use of 2D NMR spectra to obtain reliable assignts ofH and*3*C NMR spectra:

Assigning the'H NMR spectrum of alcohoRl lllustrates the methods used to
establish the assignments presented in Table SELb&hzylic CH is a characteristic
pair of doublets at ~4.5 ppm which are confirmedhéocoupled by cross peaks in the
COSY spectrum (geminal couplifd = 12.2 Hz). The COSY spectrum also shows
that there is a coupling (vicinal couplifgj= 6.7 Hz) between the inner diene proton
3-H doublet of doublets at 5.27 ppm and the 4-Hbdigtuat 2.70 ppm. Similarly,
couplings J = 7.9 and 6.6 Hz) between the 5-H doublet of deistat 3.02 ppm and



the two 6-H doublet of doublet of doublets at 242l 1.66 ppm are apparent in the
COSY spectrum. Thendo 6B-H in tricarbonyliron complexes is further downtel
thanexo6a-H. This is consistently the case in all thenepies presented in table S1.
There is also a largéX= 14.8 Hz) geminal coupling between the two 6-ldkse On
further expansion of the COSY, cross peaks for lsoeaiplings £ = 3.1 and 2.7 Hz)
can also be identified between the two 6-H peakstha 1-H doublet of doublet of
doublets at 3.57 ppm and a tiny coupling (long-eafiy = 2.0 Hz) is observed
between 1-H and 3-H. The alcohol proton is a sinaflel .58 ppm. The two aromatic
proton peaks can be distinguished because of tss greaks in the NOESY spectrum
between the higher field aromatic peak at 6.87 pyoih the benzylic CHprotons at
4.61 and 4.52 ppm and also a cross peak betweelowse field aromatic peak at
7.14 ppm and 4-H at 2.70 ppm, as shown by the taubly boxed peaks in the
NOESY spectrum (Figure S1). The NOSEY spectrum alkaws the three methoxy
groups to be unambiguously assigned. The 2-OMeeidurthest upfield at 3.67 ppm
and can be identified because of the cross pedk3vil at 5.27 ppm in the NOESY
spectrum. The next methoxy peak is at 3.87 ppmshdvs a cross peak with 6.87
ppm. The one remaining tall singlet at 3.95 pproosfirmed by the cross peak with
7.14 ppm. These significant nOe effects are shoyhé three singly boxed peaks in
the NOESY spectrum (Figure S.1). In summary, the teefull assignment of the
structure is to use NOESY data to differentiate #mematic hydrogens by the
proximity to the benzylic protons and then use thirmation to distinguish the
OMe groups on the arene by further pairs of crosskp. The OMe in the diene
complex is typically upfield of Ar-OMe signals as is easily identified in all the

examples in Table S1.

With the 'H NMR assignments complete, the HSQC spectra shoaledhe
correlations between théd and *C NMR spectra, so that all the carbons could be
accurately assigned, except for the five quaterrampons. For these, however,
chemical shift positions give a good guide, astihe at the lowest field (148.3 and
146.8 ppm) which are aromatic are shifted downfledause they carry the oxygens
of OMe groups. The diene carbon 2-C bearing an exyand is identified at 140.5
ppm consistently in all the structures with C-2 ONteups, leaving the other two
aromatic carbons (the point of attachment betwéenatene and the diene, and the

position bearing the benzylic GBH) at higher field at 135.7 and 130.1 ppm. This



general quaternary carbon assignment offers a luggide for most of the

compounds found in Table S2.

Similar methods have been used to complete thgrassints shown in Tables SH(
NMR) and S2 {C NMR). The full details of the 2D NRM spectra agmsented in

Section 2.
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Figure S1. Example of the use of NOESY cross-gealkistinguish 3’-H and 6’-H
and the three OMe groups.



Table S1. Assignments fot NMR spectra

9
i 10 OMe
s 3 -Fe(CO)s
MeO__4 2, n

12

MeO” 5 6 1™R B
11 (A) 8(A) 9(A) 21 (B) 18b(B) | 18c(B) | 10(C) 13 (D) 14 (D) 15 (E) 19a(F) [ 19b(F) | 19c(F)
Number
(structure
type)
CHO CHOM | CH,OH | CHOH | CHO- CH,O- - OSEM OH - CHO- CH,0O- CH,0-
R e TBDPS | TIPS Me TBDPS | TIPS
On lopm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm]
1-H 3.48dd | 3.50- 3.51- 357ddd | 3.47m 355m 3.33%d 3.48dt 3.46 dt 3.60dd| 3.45- 3.17- 3.40d
342m | 3.45m 3.38m | 3.10m
(11
3-H 522dd | 519dd | 5.19dd| 5.27 dd| 513di 525 8P1| 5.16dd | 5.18dd | 5.17dd| 5.41d 527dd | 5.36d
(99
(89
4-H 2.72dd | 2.74dd | 2.73dd] 2.70d 2.61d 2.724 2B8H2.83dd | 2.79dd | 2978d| 3.26dd | 3.17- 326d
3.10 M
(89
(99
5-H 417 3.50- 3.51- 3.02 dd 2.69dd | 2.82dd| 3.12'dd 3.71m 3.61dt 3.80dd| 3.45- 3.17- 330m
ddd' 3.42m | 3.45m 3.38 3.10
(7
6p-H 2.48ddd| 2.37ddd 2.39dd 242ddd 2.11ddd e[ 4&5‘ 2.39ddd | 2.40ddd] 5.31%d| 2.16ddd| 1.61dd| 2.12dd
d 8
(129
60-H 1.73dd | 1.66dd | 1.68d 1.66ddi 1.50did 1.60¢4d - 1.68ddd | 1.76ddd - 1.76ddd  1.47d 1.744
(129
3'-H 7.28 6.66 6.68 6.87 7.04 7.13 6.52 - - - 6.90 7.01 7.17
(69
4'-H - - - - - - - 6.72d 6.82- 6.66dd | - B B
6.68
(49
5-H - - - - - - - 6.99t 6.82- 6.77dd | - B B
6.68
(59
6'-H 6.76 6.78 6.80° 7.14 7.07 7.09 6.69 6.72d 6.82- 6.70dd | 6.95 6.88 6.90
(39 6.68
2-O0Me | 371 3.70 3.71 3.67 3.63 3.68 364 | 3.70 3.69 3.61 - B
(10-OMe)
53-OMe 3.45- 3.23 3.22
3.38
(10-OMe)
3-OMe | - - - - - - 3.80 3.87 3.83
(3-OMe)




4'-OMe | 390 3.88 3.85' 3.87 3.83 3.86 3.84 - - 3.91 3.85 3.90
(5-OMe)
5'-OMe | 396 3.87 3.88 3.95 3.95 3.94 3.87 - - 3.87 3.88 3.87
(4-OMe)
R CH,O | 1019 4.33 4.63 461d, | 467d, | 474d, |- 5.09 5.71 4.48 4.81d, | 4.97d,
4.52d 457d 4.62d 4.71d 4.81
R OP - 3.39 1.60 1.58 7.67dt, | 1.21- - 3.99- 57T 3.41 7.67dd,| 1.21-
7.48- 1.05m, 3.78 7.63dd, | 1.08m,
7.34m, | 1.08d 7.48- 1.09
1.07 7.33,
1.08

a

numbering used in images of spectra to aid coerarl
numberlng for (8) and (9) is reversed in

position 4 in C & E;°

osition 2 in C & Ef unusualdbecause next to

Ar;"1in C & E;¢ unusualdbecause next tq(EEOMeh unusualdbecause next to formyl Ar;
posmon 10b in CJ position 9b i in E¥ position 4a in C & E! unusualdbecause next to .
position 7 in C position 8 |n EY posmon 7in EP posmon 10 in C? position 9 in E; 3-
OMe in C & E;°6-OMe in E;' 8- OMe in C"9-OMeinC; unusualdbecause formyl CHO
YOH;* phenollc OH.

Table S2. Assignments f3€ NMR spectra.

10_-OMe
--Fe(CO);

B

9
10 -OMe
3 --Fe(CO)s
MeO__ 4 2, n
T
Me0” 5 1R
6

C

OMe

9
o 0,
-Fe(CO)s
3
MeO_4 2 11 MeO.
12
)
Meo” 5N 1
6

9
) 2
-Fe(CO);
1

(©OC)xFe, 9

10,.-OMe

11(A) | 8(A) 9 (A) 21(B) | 180(B) | 18c(B) | 10(C) | 13(D) | 14 (D) | 15(E) | 19a(F) | 19b (F) | 19c (F)
Number
(structure
type)

CHO CHO | CH,OH | CHOH | CHO- | CH,O- | - OSEM | OH - CHO- | CH,0- | CH,O-
R Me TBDPS | TIPS Me TBDPS | TIPS
dc lopm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm]
1-C 53.0 53.4 53.3 55.7 55.7 55.7 52.0 | 53.7 53.6 532 | 75.4 75.4 75.4
(119
2-C 140.3 140.2 140.2 140.5 140.4 140.4 141.1 140.8/ | 140.1 1404 | 106.5 | 106.2 | 106.5
(loa) 140.3
3-C 66.1 66.5 66.2 65.5 65.5 65.6 75.0 | 66.6 66.6 677 | 86.3 86.7 82.%
(99
4-C 54.4 55.8 55.6 55.7 55.7 55.5 59.7 | 55.7 54.6 49% | 61.2 61.0 60.9
(89
5-C 36.7 38.5 38.2 33.1 32.8 32.9 3541 357 36.1 45%6 | 62.4 62.2 62.1
(79
6-C 34.6 34.3 345 38.2 37.1 37.1 65.8 | 34.0 33.0 86.9 34.6 34.2 345
(129




1-C 144.2 137.7 | 137.2 | 135.7/ | 134.3/ | 133.4/ | 131.7 | 140.8/ | 132.1 136.T | 130.0/ | 133.3/ | 133.7/
29 130.1 | 130.5 | 131.0 140.3 129.2 | 133.0 | 126.6
2’.C 126.4 127.6 | 130.1 | 135.7/ | 134.3/ | 133.4/ | 126.8 | 152.0 146.1/] 147.2/ | 130.0/ | 133.3/ | 133.7/
19 130.1 | 130.5 | 131.0 142.8 | 144.4 | 129.2 | 133.0 | 126.6
3-C 111.1 109.5 109.6 111.9 111.0 109.9 108.0 144.1 146.1/| 147.2/ | 112.3 110.4 109.6
(69 142.8 | 144.4
4'-C 147.5 148.7/ | 148.6/ | 148.3/ | 147.8/ | 147.2/ | 148.5/ | 109.9 108.2 11557 | 149.1/ | 148.9/ | 149.0/
(59 146.9 | 147.0 | 146.8 | 146.9 | 146.8 | 147.1 148.3 | 147.5 | 147.2
5-C 153.8 | 148.7/ | 148.6/ | 148.3/ | 147.8/ | 147.2/ | 148.5/ | 124.5 119.3/] 120.8' | 149.1/ | 148.9/ | 149.0/
(49 146.9 | 147.0 | 146.8 | 146.9 | 146.8 | 147.1 119.1 148.3 | 147.5 | 147.2
6-C 108.7 112.5 111.7 110.0 109.8 109.6 111.2 118.7 119.3/| 111.0" | 114.0 113.5 113.5
(39 119.1
2.-0Me | 54.5 54.4 54.4 54.5 54.3 54.5 54.7 | 54.3 54.3 548 | - - -
(10-OMe)
53-OMe | - - - - - - - 55.9 55.1 55.3
(10-OMe)
4'-OMe | 56.0 55.9 55.8 55.9 55.7 55.7 55.9 - 55.9 55.8 55.8
(5-OMe)
5-OMe | 56.0 56.0 55.9 55.8 55.7 55.8 56.0 55.6 56.0 55.8 55.9 56.0 56.0
(4-OMe)
(3-OMeY
R CHO | 189.4° | 7256 62.7 62.8 63.0 62.2 62.7 97.4 - 72.4 63.7 .962
R OP - 58.1 - - 135.7, | 18.1, - 64.7 - - 55.2 135.6, | 18.0,

133.6, | 12.0 18.1 129.9, | 12.0

129.8, -1.6 129.8,

127.8, 127.8,

26.7, 127.7,

19.2 127.3,

26.8,
19.3

Fe-CO | n.o® 212.7 211.2 211.5 211.5 . | 210.7 211.5 211.3 nd. | 211.0 210.7 210.7

® numbering used in images of spectra to aid corsparl posmon 4inC &EY unusuald

because next to Af;position 3 in C & E* unusualdbecausé: Ar;

posmon 2inC & E!

unusuald because next to A¥; ;position 1inC & E position 10b in C; position 9b in EJ
posmon 9ain E;
position 8 in C
position 7 in E! posmon 9in C} posmon 8in E; posmon 10in C)" posmon 9in E 3-
(numbered in scans as 3- OMe in D & £8-OMe in E;** CHO; ®

unusualdbecause C-0f position 4a inC & E! posmon 10a in C"
position 6a in C posmon 5a |n EP position 7 |n C;%position 6 in E;

OMelnC&D

observed.

The similarities in chemical shift positions in kb S1 and S2 add further

not

confirmation to the assignments. In many casesf(s#aotes) the structural causes

for exceptions to the general pattern are appafenta few examples, additional




information about the interpretation of 2D NMR da&aeeded to support the
assignments. For structut8 (the cyclised product with a 6-membered ring
containing OCH), the resonance at 6.69 ppm shows NOESY crosspittakhe

signal at 2.88 ppm which corresponds to a hydragethe dieneiron complex, and
6.52 shows NOESY cross-peak with 4.30 which isafithe Hs of the OCHlin the
oxacyclic ring. The OMe group at 3.84 ppm showsGHSY cross-peak with the
signal at 6.52 ppm, and the OMe at 3.87 ppm shoM®BSY cross-peak with 6.69.
For structurell (which has a formyl group on Ar), the aromatic togens are much
more widely separated (7.28 and 6.76 ppm) witrstgeal at 7.28 showing a NOESY
cross-peak with the formyl hydrogen at 10.19 pphe fesonance for the aromatic
hydrogen at 7.28 ppm is moved substantially becatidee formyl group and is now
the more down-field of the two aromatic hydrogerise other aromatic hydrogen at
6.76 ppm shows a NOESY cross-peak with 6a-H at ipr and so is beside the
point of attachment of the cyclohexadienyliron grolihe OMe group at 3.96 ppm
shows a NOESY cross-peak with 6.76, and the OMepyad 3.90 ppm shows a
NOESY cross-peak with the signal at 7.28 ppm. Foicgirel8b, aromatic
hydrogens at 7.04.and 7.07 ppm are distinguishetidopOe between 7.07 and 4-H at
2.61 which shows that the signal at 7.04 ppm meadidside the benzylic position, so
order of Ar Hs is reversed comparedl8t. So forl8b 7.07 is near to 4-H and is also
beside OMe at 3.95 (NOESY cross peak) and 7.0éxsto OMe at 3.83. (see
expansion NOESY). For structut8c, the aromatic hydrogens are at 7.13.and 7.09
ppm. In this case, NOESY cross peak with the bénhyldrogens was not observed.
The nOe between 7.09 and 4-H at 2.72, however, stioat the hydrogen with the
resonance at 7.13 ppm must be beside the benogitiqn, so order of Ar Hs is
reversed compared i8b. For rearranged 2-aryldiene structa®a, the signal at 6.90
ppm shows a NOESY cross-peak with the benzylig @i.48. The other aromatic
hydrogen shows a NOESY cross-peak with the inndrdgen (3-H) of the
rearranged diene (the CH beside the Ar group)4dt Ghis cross-peak for the inner H
on the diene is a signature for the rearrangedtstre). The aromatic hydrogens are
reversed in order ii9a, compared td9b and19c. The 7.17 signal shows NOESY
cross-peak with the OMe group at 3.90 and the Ar6120 shows NOESY cross-
peak with the OMe group at 3.87, so distinguishimgtwo OMe groups. Fd©Qb, the
aromatic hydrogen at 7.01 ppm shows a NOESY creak-with the benzylic CHs at
4.81 and 4.71. The other aromatic hydrogen at B8 shows a NOESY cross-peak



with the inner of the rearranged diene (CH bedimgeAr group) at 5.27 (again, note
that this cross-peak for the inner H on the diere signature for the rearranged
structure). The 7.01 signal shows a NOESY cros&-path the OMe group at 3.85
ppm, and the aromatic hydrogens at 6.88 ppm shdWSEBSY cross-peak with the
OMe group at 3.88 ppm, so distinguishing the twoeldrioups. Foi9c, the aromatic
hydrogen at 7.17 ppm shows a NOESY cross-peakthattbenzylic CHs at 4.97 and
4.81 ppm. The other aromatic hydrogen shows a NOE&B3s-peak with the inner of
the rearranged diene (CH beside the Ar group)3&t 8he signature for the
rearranged structure). The 7.17 ppm signal ShoW®BSY cross-peak with the OMe
group at 3.90 ppm, and the aromatic hydrogen & B®n shows a NOESY cross-
peak with the OMe group at 3.87 ppm, so distingagsthe two OMe groups. In the
three unexpected rearranged structut®a,(19b, 19c), the new nOe effect between
the inner H on the diene and the aromatic hydragerirms that the 2-aryldiene

structure confirmed by X-ray crystallography f®a is present in all three examples.

3. Spectroscopic and Mass Spectrometric Data:
(3)-Tricarbonyl[(1,2,3,4r)-50-(4’,5'-dimethoxy-2"-methoxymethyl-phenyl)-2-methpA,, 3-

cyclohexadieneliron(08

9 8 7 6 5 a 3 2 1 0 ppm



(3)-Tricarbonyl[(1,2,3,45)-50-(4',5'-dimethoxy-2’-hydroxymethyl-phenyl)-2-methpx, 3-

cyclohexadieneliron(09

3 8 7 6 5 4 3 2 1 . 0 ppm

(x)-Tricarbonyl[(1,2,3,4R)-(4a,10b-dihydro-3,8,9-trimethoxy6
dibenzop,d]pyran)]iron(0)

10
312 (dd, *Tpam 93, V0 3.9, 1H, 10b-H)
2.880dd, %N, 63,° 710,39, 1H, 1-H)
5.01(dd,3n,63,%5,22 1H 2-H)
6.69 (s, 1 H, 10-H) 5
3 _OMe — 3¢ (s, 3H, 3-0Me)
3.87 (s, 3H, 9-OMe) 1
N g 10 10b ~Fe(CO);
MeO e
333 (dd, 34,37, Y04 2.2, 1H, 4H)
O 5 456 (dd, *ham 9.3, V40 37, 1 H, 4a-H)
MeO 6a
i 7

6 "\
‘ 447 (d, %% 14.0, 1 H, 6-H)

384 (5 3, 8-0M2) 4.30 (d, 2 s 14.0, 1H, 61 (t )"‘1 0

6.52 (s, 1 H, 7-10)

(£)-Tricarbonyl[(1,2,3 4-1)-(4a, 10b-dihydro-3,8 9-trimethoxy-64- dibenz o[b, d]pyran)]iron(0) 10
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(3)-Tricarbonyl[(1,2,3,45)-50-(2'-formyl-4’,5’-dimethoxyphenyl)-2-methoxy-1,3-

cyclohexadiene]iron(0)1

CRDA91b2-4
STANDARD 1H OBSERVE

Automation directory: /export/home/walkup/auto/auto_20.06.07
File : 3902

Pulse Sequence: s2pul

solvent: cdcl3
Ambient temperature
sample #33

File: 3901
UNITYplus-400 “chesuna"

Relax. delay 2.256 sec

Total time 1 min, 36 sec

0.18 40.60 0.42 1.28
29.36 1.78

10



(3)-Tricarbonyl[(1,2,3,4r)-2-methoxy-5i-(3'-methoxy-2'-(2”-trimethylsilanyl-ethoxymethoxy
phenyl)-1,3-cyclohexadiene]iron(Qp

u e
CRC356b5-8 OI |

T
MeO__ 5 . "

“-13

DISPLAY

(3)-Tricarbonyl[(1,2,3,45)-50-(2'-hydroxy-3’-methoxy-phenyl)-2-methoxy-1,3-
cyclohexadieneliron(0)4
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Mo s 2\ 1+ “
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16
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TRANSMITTER
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57 ri
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(3)-Tricarbonyl[(1,2,3,4r)-(3,6-dimethoxy-4a,9b-dihydrodibenzofuran)]iron ()
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(3)-Tricarbonyl[(1,2,3,4r)-5B-(2'-(tert-butyl-diphenyl-silanyloxymethyl)-4’,5’-dimethoxymyl)-2-

methoxy-1,3-cyclohexadiene]iron(Q3b

10, OMe

Fe(COl

, s lieo” NN N
(£)-18b z’




(3)-Tricarbonyl[(1,2,3,4r)-2-(2'-(tert-butyl-diphenyl-silanyloxymethyl)-4’,5’-dimethoxymyl)-53-
methoxy-1,3-cyclohexadieneliron(Q9b

(OC)Fe,

ort/home/walkup/auto/auto_04.06.07

*)-190 |

399.9565132 MHz

16 rep
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DATA PROCESSING
size 32768

T
Total time 1 min, 36 sec

(3)-Tricarbonyl[(1,2,3,4r)-5B-(4',5'-dimethoxy-2'-triisopropylsilanyloxymethyl4penyl)-2-methoxy-
1,3-cyclohexadiene]iron(@8c
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For 18c: Ar Hs at 7.13.and 7.09. NoE between 7.09 and &hti@vs that 7.13 must be beside the benzylic oE®Y cross
peak missing), so order of Ar Hs is reversed corqhao18b

(3)-Tricarbonyl[(1,2,3,4r)-2-(4",5'-dimethoxy-2’-triisopropylsilanyloxymetHyphenyl)-33-meth oxy-
1,3-cyclohexadiene]iron(@9c

CRD477b47-56
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(3)-Tricarbonyl[(1,2,3,45)-5B-(4',5'-dimethoxy-2’-hydroxymethyl-phenyl)-2-methpx, 3-

cyclohexadieneliron(021

& it |
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for Y s |
tpwr 57 rp 18 |
o s.00 1 By |
vEcoupLER pror |
dn €13 we 250 |
dor s |
in 188 |
e
dper oh
i )
‘ |
I
‘ ‘
|
| [
|
| |
‘ 1
{ |
\‘ ‘
| i W |
| h ,l U
7 6 5 4 3 2 1 ppm

(3)-Tricarbonyl[(1,2,3,4,5)-2-methoxycyclohexadienyl]iron(1+) hexafluorophbape(1-)7

.
+ B
CRALOSa2 Fe(CO)s PFy
STANDARD 1H OBSERVE L s
Y o
expl  szpu

(*)-7
ct 1e Y
TRANSMITTER sp 77.7
n 1 wp 32854
sfrq 399.920 rf1 -17.7
tof -279.5 rfp 0
tpur 57 rp 13,7
pw s.000 1p -82.6
DECOUPLER pLOT
dn 3 we 250
dof o
dn 61
dnm 4
dpwr ph
dnf
1 |
i
8 7 6 5 a 3 2 t ppm

8u (400 MHz, ¢-acetone) 7.32 (1H, dg4 6.0, 3-H), 6.28 (1H, ddl s 6.8,J54 6.0, 4-
H), 4.51 (1H, ddJ,5 6.8,Js,63 6.5, 5-H), 4.26 (1H, dl; ¢ 6.4, 1-H), 3.95 (3H, s, 7-
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Hg), 3.21 (1H, dddJeqes 15.2,s65 6.5,J1.65 6.4, B-H), 2.24 (1H, dJse.65 15.2, Gi-
H).

dc (75 MHz, d-acetone) 123.7 (2-C), 100.1 (4-C), 76.9 (3-C)465-C), 57.7 (7-C),
43.8 (1-C), 27.4 (6-C).

cRAL0Saz .
STANDARD 1H OBSERVE | -Fe(CO); PFg.
Y OMe.

Automation directory: /export/home/walkup/auto/auto_i8.07.05 |
File : 1105
(£)-7

Pulse Sequence: gCOSY |

1104
UNITYplus-400 “chesund" i n

Relax. delay 1.000 sec
Acq. time 0.156 sec

nts
OBSERVE  H1, 399.9181831 MHz
DATA PROCESSING

Sq. sine bell 0.078 sec F2
F1"bATA PROCESSIHD

Sq. sine bell 0.033 sec (ppm)
FTli1ze T00s x 1004 B

Total time 2 min, 51 sec

_— 2 °
 — o L]
°
3
— L # 0
— u K
- . o ®
— ° ° -
5
6
— ° o °
7
— ° e .
8
8 7 6 L ] a 3 2 1
F1 (ppm)

STANDARD 1H OBSERVE

Automation directo
File : 7605

Jexport/home /walkup/auto/auto_23.01.06 A Fe(CO) PFE
Y ome

Pulse Sequence: gHSQC

S ysiie Tacatine *)-7
Jont cempevasure
L
HTARY
St Fe aetesn chesuns» "
b 7 €
Relax. delay 1.000 sec '
Raask datey Som
2is
S hetn Syegi e e
o
'R, 595 9181825 Mz
Sonetaciazs s
F2
S7Ee o Rcay o1t 1on (pom)
2
S Lot
A T
7 3
3 4 &
6
7
8
140 120 100 80 60 40 20 0

F1 (ppm)
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4. Selected bond lengths and angles:

X-ray structure of the cyclisation produi.

Selected geometric informations for 10

Atoms 1,2 d 1,2 [A] Atoms 1,2 d 1,2 [A]
Fe1l—C23 1.7869(19) C7—H71 0.98(2)
Fel1—C21 1.7902(19) C7—H72 0.99(2)
Fel1—C22 1.7992(19) C7—H73 0.96(2)
Fel—C2 2.0751(17) C8—C9 1.383(2)
Fe1—C1 2.0873(16) C8—C13 1.400(2)
Fe1—C3 2.0878(16) C9—C10 1.403(2)
Fel—C4 2.0997(17) C9—Ci14 1.505(2)
C21—021 1.143(2) C10—C11 1.379(2)
C22—022 1.143(2) C10—H12 0.93(2)
C23—023 1.144(2) C11—03 1.371(2)
Cc1—C2 1.428(2) C11—C12 1.409(2)
C1—C6 1.529(2) C12—04 1.366(2)
C1—H1 0.95(2) C12—C13 1.383(2)
C2—C3 1.412(2) C13—H13 0.902(19)
C2—H2 0.91(2) C14—02 1.423(2)
C3—01 1.360(2) C14—H141 0.95(2)
C3—C4 1.425(2) C14—H142 0.98(2)
C4—C5 1.512(2) 03—C15 1.425(2)
C4—H4a 0.97(2) C15—H151 0.96(2)
C5—02 1.445(2) C15—H152 0.93(2)
C5—C6 1.534(2) C15—H153 0.98(2)
C5—H5 0.995(19) 04—C16 1.431(2)
Cc6—C8 1.528(2) C16—H161 0.99(2)
C6—H6 0.931(19) C16—H162 0.98(2)
01—C7 1.437(2) C16—H163 0.95(2)

Atoms 1,2,3 Angle 1,2,3 [°] Atoms 1,2,3 Angle 1,2,3 [°]

C23—Fel1—C21 100.06(8) C6—C5—H5 111.3(11)
C23—Fel1—C22 102.32(8) C8—C6—C1 113.59(13)
C21—Fel1—C22 91.85(8) C8—C6—C5 112.88(13)
C23—Fel—C2 134.40(7) C1—C6—C5 108.66(14)
C21—Fel—C2 94.89(7) C8—C6—H6 106.1(11)
C22—Fel—C2 120.07(8) C1—C6—H6 108.3(11)
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C23—Fel—-C1
C21—Fel—-C1
C22—Fel—-C1
C2—Fel—C1
C23—Fel1—C3
C21—Fel—C3
C22—Fel—C3
C2—Fel—C3
Cl—Fel—C3
C23—Fel—C4
C21—Fel—C4
C22—Fel—C4
C2—Fel—C4
Cl—Fel—C4
C3—Fel—C4
021—C21—Fel
022—C22—Fel
023—C23—Fel
C2—C1—-C6
C2—C1—Fel
C6—C1—Fel
C2—C1—H1
C6—C1—H1
Fel—C1—H1
c3—C2—-C1
C3—C2—Fel
Cl1—C2—Fel
C3—C2—H2
Cl1—C2—H2
Fel—C2—H2
01—-C3—C2
01—-C3—-C4
C2—C3—-C4
01—C3—Fel
C2—C3—Fel
C4—C3—Fel
C3—C4—C5
C3—C4—Fel
C5—C4—Fel
C3—C4—H4
C5—C4—H4
Fel—C4—H4
02—-C5—C4
02—C5—C6
C4—C5—C6
02—C5—H5
C4—C5—H5

95.75(7)
93.70(7)
159.86(8)
40.14(7)
132.11(7)
125.43(8)
91.35(7)
39.64(7)
69.72(7)
93.12(7)
164.30(8)
93.64(8)
69.66(7)
76.40(7)
39.79(7)
179.43(18)
179.43(17)
178.41(18)
121.47(15)
69.47(9)
108.37(11)
114.8(12)
116.2(12)
117.6(12)
114.34(15)
70.66(9)
70.39(9)
124.1(12)
121.2(12)
122.4(12)
126.82(16)
118.67(15)
114.42(15)
125.87(11)
69.7(1)
70.56(9)
113.86(14)
69.65(9)
113.00(11)
115.2(12)
116.2(12)
120.6(11)
103.91(13)
112.11(13)
110.38(14)
106.5(10)
112.4(11)

C5—C6—H6
C3—01—-C7
01—-C7—H71
01—-C7—H72
H71—C7—H72
01—C7—H73
H71—C7—H73
H72—C7—H73
C9—C8—C13
C9—C8—Cé6
C13—C8—Cé6
C8—C9—C10
C8—C9—C14
C10—C9—C14
C11—-C10—C9
C11—C10—H12
C9—C10—H12
03—C11—-C10
03—C11—-C12
C10—C11—-C12
04—C12—C13
04—C12—C11
C13—-C12—C11
C12—C13—C8
C12—C13—H13
C8—C13—H13
02—C14—C9
02—C14—H141
C9—C14—H141
02—C14—H142
C9—C14—H142
H141—C14—H142
C14—02—-C5
C11—03—C15
03—C15—H151
03—C15—H152
H151—C15—H152
03—C15—H153
H151—C15—H153
H152—C15—H153
C12—04—C16
04—C16—H161
04—C16—H162
H161—C16—H162
04—C16—H163
H161—C16—H163
H162—C16—H163

106.9(11)
116.33(14)
109.9(13)
111.1(13)
106.9(19)
112.6(13)
110.0(18)
106.1(18)
119.27(15)
121.02(15)
119.67(14)
119.86(15)
120.14(15)
119.97(15)
120.76(15)
122.3(13)
116.9(13)
124.94(15)
115.44(15)
119.61(15)
125.57(15)
115.18(14)
119.24(15)
121.23(15)
119.1(12)
119.6(12)
110.68(14)
107.9(13)
110.7(13)
109.5(13)
112.2(13)
105.8(18)
112.08(13)
116.11(14)
111.7(14)
107.0(13)
109.0(18)
110.6(12)
109.4(19)
109.0(17)
116.36(13)
112.4(12)
109.9(11)
109.7(16)
104.1(12)
110.6(16)
110.0(17)

X-ray structure of the Bndearyl productl8b
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Atoms 1,2
Fel—C43
Fel—C41
Fel—C42
Fel—C2
Fel—C1
Fel1—C3
Fel—C4
C41—-041
C42—042
C43—043
Ci—C2
C1—C6
C1—H1
c2—C3
C2—H2
C3—-01
C3—C4
C4—C5
C4—H4
C5—Ce6
C5—H5A
C5—H5B
C6—C8
C6—H6A
01-—-C7
C7—H7A
C7—H7B
C7—H7C
c8—C9
C8—C13
C9—C10
C9—C14
C10—C11
C10—H10A
C11-03

d 1,2 [A]

1.789(4)
1.796(4)
1.802(4)
2.048(4)
2.086(4)
2.108(3)
2.110(4)
1.141(5)
1.138(5)
1.147(4)
1.434(5)
1.536(5)
0.96(4)

1.406(5)
0.95(4)

1.361(4)
1.427(5)
1.518(5)
0.98(4)

1.540(5)
0.9900

0.9900

1.523(5)
1.0000

1.428(4)
0.9800

0.9800

0.9800

1.386(5)
1.409(5)
1.400(5)
1.514(5)
1.387(5)
0.9500

1.376(4)

Atoms 1,2

Fe2—C54
Fe2—C53
C91—-091
C92—092
C93—093
C51—C52
C51—C56
C51—H51
C52—C53
C52—H52
C53—051
C53—C54
C54—C55
C54—H54
C55—C56
C55—H55A
C55—H558B
C56—C58
C56—H56A
051—C57
C57—H57A
C57—H578B
C57—H57C
C58—C59
C58—C63
C59—C60
C59—C64
C60—Ce61
C60—H60A
C61—053
C61—C62
C62—054
C62—C63
C63—H63A
C64—052

Selected geometric informations for 18b

d 1,2 [A]

2.102(4)
2.112(4)
1.145(5)
1.132(5)
1.146(5)
1.437(5)
1.515(5)
1.01(4)
1.401(5)
1.05(4)
1.360(4)
1.419(5)
1.500(5)
0.92(4)
1.548(5)
0.9900
0.9900
1.535(5)
1.0000
1.434(5)
0.9800
0.9800
0.9800
1.395(5)
1.400(5)
1.404(5)
1.504(5)
1.378(5)
0.9500
1.372(4)
1.399(5)
1.367(4)
1.383(5)
0.9500
1.443(4)
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Cl1—-C12
C12—-04
C12—C13
C13—H13A
C14—02
Cl14—H14A
Cl14—H14B
02—-Si1
Si1l—C15
Sil—C27
Sil—C21
C15—C16
C15—C20
Cl16—C17
C16—H16A
C17—-C18
Cl17—H17A
C18—C19
C18—H18A
C19—C20
C19—H19A
C20—H20A
C21—-C22
C21—-C26
C22—C23
C22—H22A
C23—-C24
C23—H23A
C24—C25
C24—H24A
C25—C26
C25—H25A
C26—H26A
C27—C30
C27—C28
C27—C29
C28—H28A
C28—H28B
C28—H28C
C29—H29A
C29—H29B
C29—H29C
C30—H30A
C30—H30B
C30—H30C
03—C31
C31—H31A
C31—H31B
C31—H31C
04—C32
C32—H32A
C32—H32B
C32—H32C
Fe2—C93
Fe2—C91
Fe2—C92
Fe2—C52
Fe2—C51

1.400(5)
1.371(4)
1.378(5)
0.9500
1.425(4)
0.9900
0.9900
1.648(2)
1.869(4)
1.885(4)
1.886(4)
1.394(5)
1.405(5)
1.383(5)
0.9500
1.396(6)
0.9500
1.382(5)
0.9500
1.383(5)
0.9500
0.9500
1.388(5)
1.398(5)
1.392(5)
0.9500
1.379(6)
0.9500
1.360(6)
0.9500
1.398(5)
0.9500
0.9500
1.530(5)
1.535(5)
1.537(5)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.423(5)
0.9800
0.9800
0.9800
1.427(4)
0.9800
0.9800
0.9800
1.781(4)
1.799(5)
1.801(4)
2.065(4)
2.094(4)

C64—H64A
C64—H64B
052—Si2
Si2—C71
Si2—C65
Si2—C77
C65—C66
C65—C70
C66—C67
C66—H66A
C67—C68
C67—H67A
C68—C69
C68—H68A
C69—C70
C69—H69A
C70—H70A
C71—C76
C71—C72
C72—C73
C72—H72A
C73—C74
C73—H73A
C74—C75
C74—H74A
C75—C76
C75—H75A
C76—H76A
C77—C79
C77—C80
C77—C78
C78—H78A
C78—H78B
C78—H78C
C79—H79A
C79—H79B
C79—H79C
C80—H80A
C80—H80B
C80—H80C
053—C81
C81—H81A
C81—H81B
C81—H81C
054—C82
C82—H82A
C82—H82B
C82—H82C
C101—C101’
C101—C102
C101—H10B
C101—H10C
C102—C103
C102—H10D
C102—H10E
C103—H10F
C103—H10G
C103—H10H

0.9900
0.9900
1.651(3)
1.876(4)
1.876(4)
1.889(4)
1.397(5)
1.399(5)
1.383(6)
0.9500
1.372(6)
0.9500
1.383(6)
0.9500
1.386(6)
0.9500
0.9500
1.388(5)
1.406(5)
1.385(5)
0.9500
1.377(6)
0.9500
1.395(6)
0.9500
1.387(5)
0.9500
0.9500
1.539(6)
1.538(6)
1.550(6)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.428(4)
0.9800
0.9800
0.9800
1.426(4)
0.9800
0.9800
0.9800
1.366(11)
1.513(8)
0.9900
0.9900
1.365(9)
0.9900
0.9900
0.9800
0.9800
0.9800

20



Atoms 1,2,3
C43—Fel—C41
C43—Fel—C42
C41—Fel1—C42
C43—Fel—C2
C41—Fel—C2
C42—Fel1—C2
C43—Fel—C1
C41—Fel—C1
C42—Fel—C1
C2—Fel—C1
C43—Fel—C3
C41—Fel—C3
C42—Fel—C3
C2—Fel—C3
Cl1—Fel—C3
C43—Fel—C4
C41—Fel—C4
C42—Fel—C4
C2—Fel—C4
Cl—Fel—C4
C3—Fel—C4
041—C41—Fel
042—C42—Fel
043—C43—Fel
C2—C1—C6
C2—C1—Fel
C6—C1—Fel
C2—C1—H1
C6—C1—H1
Fel—C1—H1
C3—C2—C1
C3—C2—Fel
C1—C2—Fel
C3—C2—H2
C1—C2—H2
Fel—C2—H2
01—C3—C2
01—-C3—-C4
C2—C3—C4
01—C3—Fel
C2—C3—Fel
C4—C3—Fel
C3—C4—C5
C3—C4—Fel
C5—C4—Fel
C3—C4—H4
C5—C4—H4
Fel—C4—H4
C4—C5—Ce6
C4—C5—H5A
C6—C5—H5A
C4—C5—H5B
C6—C5—H5B
H5A—C5—H5B
C8—C6—C1
C8—C6—C5

Angle 1,2,3 [°]
98.69(17)
101.49(16)
92.13(17)
140.64(15)
95.63(16)
114.43(15)
102.27(15)
91.95(16)
154.98(15)
40.57(13)
131.01(16)
128.79(16)
89.47(15)
39.52(14)
68.93(14)
91.60(16)
165.74(16)
95.49(16)
70.24(14)
76.14(14)
39.54(14)
178.9(3)
177.5(3)
179.3(3)
116.5(3)
68.3(2)
114.1(2)
115.(2)
114.(2)
121.(2)
113.4(3)
72.5(2)
71.1(2)
122.(2)
124.(2)
125.(2)
127.0(3)
117.1(3)
115.3(3)
124.6(2)
68.0(2)
70.3(2)
119.8(3)
70.1(2)
108.4(2)
117.(2)
114.(2)
121.(2)
110.4(3)
109.600
109.600
109.600
109.600
108.100
115.1(3)
111.2(3)

Atoms 1,2,3
C52—Fe2—C51
C93—Fe2—C54
C91—Fe2—C54
C92—Fe2—C54
C52—Fe2—C54
C51—Fe2—C54
C93—Fe2—C53
C91—Fe2—C53
C92—Fe2—C53
C52—Fe2—C53
C51—Fe2—C53
C54—Fe2—C53
091—C91—Fe2
092—C92—Fe2
093—C93—Fe2
C52—C51—C56
C52—C51—Fe2
C56—C51—Fe2
C52—C51—H51
C56—C51—H51
Fe2—C51—H51
C53—C52—C51
C53—C52—Fe2
C51—C52—Fe2
C53—C52—H52
C51—C52—H52
Fe2—C52—H52
051—C53—C52
051—C53—C54
C52—C53—C54
051—C53—Fe2
C52—C53—Fe2
C54—C53—Fe2
C53—C54—C55
C53—C54—Fe2
C55—C54—Fe2
C53—C54—H54
C55—C54—H54
Fe2—C54—H54
C54—C55—C56
C54—C55—H55A
C56—C55—H55A
C54—C55—H55B
C56—C55—H55B

H55A—C55—H55B

C51—C56—C58
C51—C56—C55
C58—C56—C55
C51—C56—H56A
C58—C56—H56A
C55—C56—H56A
C53—051—C57
051—C57—H57A
051—C57—H57B

H57A—C57—H57B

051—C57—H57C

Angle 1,2,3 [°]
40.41(15)
91.70(17)
165.58(18)
95.17(17)
69.87(16)
76.42(15)
130.88(16)
128.57(17)
91.58(16)
39.17(15)
68.81(15)
39.37(15)
177.3(4)
179.2(4)
178.3(4)
119.0(3)
68.7(2)
111.5(3)
115.(2)
115.(2)
121.(2)
113.8(4)
72.2(2)
70.9(2)
124.(2)
123.(2)
124.(2)
125.9(3)
118.0(3)
115.6(3)
124.4(2)
68.6(2)
69.9(2)
119.8(3)
70.7(2)
107.7(3)
116.(3)
113.(3)
123.(3)
111.5(3)
109.300
109.300
109.300
109.300
108.000
114.1(3)
108.8(3)
114.2(3)
106.400
106.400
106.400
116.5(3)
109.500
109.500
109.500
109.500
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C1—-C6—C5
C8—C6—H6A
C1—C6—H6A
C5—C6—H6A
C3—01—-C7
01—-C7—H7A
01—-C7—H7B
H7A—C7—H7B
01—-C7—H7C
H7A—C7—H7C
H7B—C7—H7C
C9—C8—C13
C9—C8—C6
C13—C8—C6
C8—C9—C10
C8—C9—C14
C10—C9—C14
C11—-C10—C9
C11—C10—H10A
C9—C10—H10A
03—C11—C10
03—C11—C12
C10—C11—-C12
04—C12—C13
04—C12—C11
C13—-C12—C11
C12—C13—C8
C12—C13—H13A
C8—C13—H13A
02—C14—C9
02—C14—H14A
C9—C14—H14A
02—C14—H14B
C9—C14—H14B
H14A—C14—H14B
C14—02—-si1
02—-Si1—C15
02—Si1—-C27
C15—-Si1—-C27
02—sSi1—C21
C15—-Si1—C21
C27—-Si1—C21
C16—C15—C20
C16—C15—Si1
C20—C15—Si1
C17—C16—C15
C17—C16—H16A
C15—C16—H16A
C16—C17—C18
C16—C17—H17A
C18—C17—H17A
C19—-C18—C17
C19—C18—H18A
C17—C18—H18A
C18—C19—C20
C18—C19—H19A
C20—C19—H19A
C19—C20—C15

108.5(3)
107.200
107.200
107.200
117.7(3)
109.500
109.500
109.500
109.500
109.500
109.500
118.8(3)
122.0(3)
119.1(3)
119.8(3)
122.0(3)
118.2(3)
121.0(3)
119.500
119.500
125.3(3)
115.5(3)
119.2(3)
124.5(3)
115.7(3)
119.8(3)
121.2(3)
119.400
119.400
109.8(3)
109.700
109.700
109.700
109.700
108.200
123.9(2)
107.82(15)
104.40(15)
110.66(16)
109.43(14)
108.43(16)
115.79(17)
117.2(3)
123.2(3)
119.5(3)
121.5(4)
119.200
119.200
120.0(3)
120.000
120.000
119.7(4)
120.200
120.200
119.9(4)
120.100
120.100
121.7(3)

H57A—C57—H57C
H57B—C57—H57C
C59—C58—C63
C59—C58—C56
C63—C58—C56
C58—C59—C60
C58—C59—Cé64
C60—C59—C64
C61—C60—C59
C61—C60—H60A
C59—C60—H60A
053—C61—C60
053—C61—C62
C60—C61—C62
054—C62—C63
054—C62—C61
C63—C62—C61
C62—C63—C58
C62—C63—H63A
C58—C63—H63A
052—C64—C59
052—C64—H64A
C59—C64—H64A
052—C64—H64B
C59—C64—H64B
H64A—C64—H64B
C64—052—-Si2
052—-Si2—C71
052—Si2—C65
C71—Si2—C65
052—Si2—C77
C71—-Si2—C77
C65—Si2—C77
C66—C65—C70
C66—C65—Si2
C70—C65—Si2
C67—C66—C65
C67—C66—H66A
C65—C66—H66A
C68—C67—C66
C68—C67—H67A
C66—C67—H67A
C67—C68—C69
C67—C68—H68A
C69—C68—H68A
C68—C69—C70
C68—C69—H69A
C70—C69—H69A
C69—C70—C65
C69—C70—H70A
C65—C70—H70A
C76—C71—-C72
C76—C71—-Si2
C72—C71-Si2
C73—C72—C71
C73—C72—H72A
C71—C72—H72A
C74—C73—C72

109.500
109.500
118.3(3)
120.8(3)
120.9(3)
119.6(3)
122.8(3)
117.6(3)
121.5(3)
119.300
119.300
125.6(3)
115.3(3)
119.1(3)
125.4(3)
115.1(3)
119.5(3)
121.9(3)
119.000
119.000
111.6(3)
109.300
109.300
109.300
109.300
108.000
123.2(2)
107.91(15)
110.32(15)
109.57(16)
105.11(16)
109.46(17)
114.22(18)
116.3(4)
123.7(3)
120.0(3)
122.1(4)
119.000
119.000
120.3(4)
119.800
119.800
119.4(4)
120.300
120.300
120.1(4)
119.900
119.900
121.8(4)
119.100
119.100
117.1(3)
119.4(3)
123.1(3)
121.2(4)
119.400
119.400
120.3(4)
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C19—C20—H20A
C15—C20—H20A
C22—C21—-C26
C22—C21-Si1
C26—C21-Si1
C21—-C22—C23
C21—C22—H22A
C23—C22—H22A
C24—C23—C22
C24—C23—H23A
C22—C23—H23A
C25—C24—C23
C25—C24—H24A
C23—C24—H24A
C24—C25—C26
C24—C25—H25A
C26—C25—H25A
C25—C26—C21
C25—C26—H26A
C21—C26—H26A
C30—C27—C28
C30—C27—C29
C28—C27—C29
C30—C27—-Si1
C28—C27—Si1
C29—C27-Si1
C27—C28—H28A
C27—C28—H28B
H28A—C28—H28B
C27—C28—H28C
H28A—C28—H28C
H28B—C28—H28C
C27—C29—H29A
C27—C29—H29B
H29A—C29—H29B
C27—C29—H29C
H29A—C29—H29C
H29B—C29—H29C
C27—C30—H30A
C27—C30—H30B
H30A—C30—H30B
C27—C30—H30C
H30A—C30—H30C
H30B—C30—H30C
C11—03—C31
03—C31—H31A
03—C31—H31B
H31A—C31—H31B
03—C31—H31C
H31A—C31—H31C
H31B—C31—H31C
C12—04—C32
04—C32—H32A
04—C32—H32B
H32A—C32—H32B
04—C32—H32C
H32A—C32—H32C
H32B—C32—H32C

119.200
119.200
117.2(3)
119.3(3)
123.4(3)
121.2(4)
119.400
119.400
120.4(4)
119.800
119.800
119.7(4)
120.100
120.100
120.2(4)
119.900
119.900
121.3(4)
119.400
119.400
107.6(3)
109.8(3)
109.6(3)
112.4(3)
108.0(3)
109.4(3)
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
117.5(3)
109.500
109.500
109.500
109.500
109.500
109.500
116.6(3)
109.500
109.500
109.500
109.500
109.500
109.500

C74—C73—H73A
C72—C73—H73A
C73—C74—C75
C73—C74—H74A
C75—C74—H74A
C76—C75—C74
C76—C75—H75A
C74—C75—H75A
C75—C76—C71
C75—C76—H76A
C71—C76—H76A
C79—C77—C80
C79—C77—C78
C80—C77—C78
C79—C77—Si2
C80—C77—Si2
C78—C77—Si2
C77—C78—H78A
C77—C78—H78B
H78A—C78—H78B
C77—C78—H78C
H78A—C78—H78C
H78B—C78—H78C
C77—C79—H79A
C77—C79—H79B
H79A—C79—H79B
C77—C79—H79C
H79A—C79—H79C
H79B—C79—H79C
C77—C80—H80A
C77—C80—H80B
H80A—C80—H80B
C77—C80—H80C
H80A—C80—H80C
H80B—C80—H80C
C61—053—C81
053—C81—H81A
053—C81—H81B
H81A—C81—H81B
053—C81—H81C
H81A—C81—H81C
H81B—C81—H81C
C62—054—C82
054—C82—H82A
054—C82—H82B
H82A—C82—H82B
054—C82—H82C
H82A—C82—H82C
H82B—C82—H82C
C101'—C101—C102

119.800
119.800
119.7(4)
120.100
120.100
119.4(4)
120.300
120.300
122.2(4)
118.900
118.900
109.8(4)
109.6(4)
107.9(4)
109.5(3)
108.7(3)
111.3(3)
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
109.500
117.0(3)
109.500
109.500
109.500
109.500
109.500
109.500
117.6(3)
109.500
109.500
109.500
109.500
109.500
109.500
111.1(7)

C101'—C101—H10B 109.400

C102—C101—H10B

109.400

C101'—C101—H10C 109.400

C102—C101—H10C
H10B—C101—H10C
C103—C102—C101
C103—C102—H10D
C101—C102—H10D

109.400
108.000
116.8(6)
108.100
108.100
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C93—Fe2—C91 98.87(18) C103—C102—H10E 108.100

C93—Fe2—C92 98.74(18) C101—C102—H10E 108.100
C91—Fe2—C92 92.91(19) H10D—C102—H10E 107.300
C93—Fe2—C52 139.98(16) C102—C103—H10F 109.500
C91—Fe2—C52 95.79(18) C102—C103—H10G 109.500
C92—Fe2—C52 117.51(17) H10F—C103—H10G 109.500
C93—Fe2—C51 101.91(16) C102—C103—H10H 109.500
C91—Fe2—C51 91.72(18) H10F—C103—H10H 109.500
C92—Fe2—C51 157.86(17) H10G—C103—H10H 109.500

X-ray structure of the rearrangecedomethoxy product9a

Selected geometric informations for 19a

Atoms 1,2 d 1,2 [A] Atoms 1,2 d 1,2 [A]
Fe1l—C23 1.7910(19) Fe2—C72 1.791(2)
Fel—C22 1.796(2) Fe2—C73 1.7913(19)
Fe1—C21 1.8017(19) Fe2—C71 1.804(2)
Fe1—C3 2.0535(18) Fe2—C53 2.0573(19)
Fel—C2 2.0754(17) Fe2—C52 2.0754(17)
Fe1—C1 2.0944(18) Fe2—C51 2.0915(19)
Fel—C4 2.1025(19) Fe2—C54 2.1074(19)
C21—021 1.143(2) C71—071 1.137(2)
C22—022 1.145(2) C72—072 1.147(2)
C23—023 1.144(2) C73—073 1.149(2)
Cc1—C2 1.438(2) C51—C52 1.439(3)
C1—C6 1.519(3) C51—C56 1.512(3)
C1—H1 0.976(19) C51—H51 0.95(2)
C2—C3 1.412(2) C52—C53 1.411(3)
c2—C8 1.492(2) C52—C58 1.497(2)
C3—C4 1.430(3) C53—C54 1.432(3)
C3—H3 1.01(2) C53—H53 0.95(2)
C4—C5 1.521(3) C54—C55 1.513(3)
C4—H4a 0.92(2) C54—H54 0.95(2)
C5—01 1.431(2) C55—051 1.436(2)
C5—C6 1.528(3) C55—C56 1.528(3)
C5—H5 0.987(19) C55—H55 1.01(2)
01—C7 1.419(2) 051—C57 1.422(3)

C7—H71 0.98(2) C57—H571 0.96(2)



C7—H72
C7—H73
C6—He61
C6—H62
Cc8—C9
C8—C13
C9—C10
C9—C14
C10—C11
C10—H10
C11—-03
Cl1—-C12
C12—-04
C12—C13
C13—H13
C14—02
Cl14—H141
Cl4—H142
02—C15
C15—H151
C15—H152
C15—H153
03—C16
Cl6—H161
Cl16—H162
C16—H163
04—C17
C17—H171
C17—H172
C17—H173

Atoms 1,2,3
C23—Fel—C22
C23—Fel—C21
C22—Fel1—C21
C23—Fel—C3
C22—Fel—C3
C21—Fel—C3
C23—Fel—C2
C22—Fel1—C2
C21—Fel1—C2
C3—Fel—C2
C23—Fel—C1
C22—Fel1—C1
C21—Fel—C1
C3—Fel—C1
C2—Fel—C1
C23—Fel—C4
C22—Fel—C4
C21—Fel—C4
C3—Fel—C4
C2—Fel—C4
Cl—Fel—C4
021—C21—Fel
022—C22—Fel
023—C23—Fel
C2—C1—C6
C2—C1—Fel

0.94(3)
0.99(3)
1.00(2)
0.89(2)
1.394(2)
1.407(2)
1.403(2)
1.509(3)
1.390(3)
0.94(2)
1.365(2)
1.407(2)
1.371(2)
1.383(2)
0.98(2)
1.426(2)
0.98(2)
0.95(2)
1.424(2)
0.97(3)
0.97(2)
1.03(2)
1.431(2)
0.96(2)
0.96(2)
0.95(3)
1.427(2)
0.96(2)
1.00(2)
0.99(2)

Angle 1,2,3 [°]
99.31(8)
100.02(8)
93.28(8)
131.30(8)
91.86(8)
126.64(8)
137.88(8)
119.44(8)
93.96(7)
39.98(7)
99.59(8)
159.69(8)
90.72(8)
69.96(7)
40.33(7)
91.32(8)
95.61(8)
164.28(7)
40.23(7)
70.37(7)
76.57(7)
179.07(17)
179.61(16)
177.49(17)
119.15(16)
69.12(10)

C57—H572
C57—H573
C56—H561
C56—H562
C58—C59
C58—C63
C59—C60
C59—C64
C60—C61
C60—H60
C61—053
C61—C62
C62—054
C62—C63
C63—H63
C64—052
C64—H641
C64—H642
052—C65
C65—H651
C65—H652
C65—H653
053—C66
C66—H661
C66—H662
C66—H663
054—C67
C67—H671
C67—H672
C67—H673

Atoms 1,2,3
C72—Fe2—C73
C72—Fe2—C71
C73—Fe2—C71
C72—Fe2—C53
C73—Fe2—C53
C71—Fe2—C53
C72—Fe2—C52
C73—Fe2—C52
C71—Fe2—C52
C53—Fe2—C52
C72—Fe2—C51
C73—Fe2—C51
C71—Fe2—C51
C53—Fe2—C51
C52—Fe2—C51
C72—Fe2—C54
C73—Fe2—C54
C71—Fe2—C54
C53—Fe2—C54
C52—Fe2—C54
C51—Fe2—C54
071—C71—Fe2
072—C72—Fe2
073—C73—Fe2
C52—C51—C56
C52—C51—Fe2

0.94(3)
1.01(3)
0.98(2)
1.02(2)
1.399(3)
1.409(3)
1.404(3)
1.516(3)
1.384(3)
0.94(2)
1.367(2)
1.409(3)
1.369(2)
1.386(2)
0.96(2)
1.426(3)
0.95(2)
1.01(2)
1.419(3)
0.95(2)
0.97(3)
0.99(3)
1.430(2)
0.94(2)
0.99(2)
0.94(3)
1.427(2)
0.97(2)
0.93(2)
0.97(2)

Angle 1,2,3 [°]
99.41(8)
93.24(8)
99.54(8)
94.29(8)
132.64(8)
124.80(8)
122.31(8)
135.86(8)
92.36(8)
39.94(7)
162.54(8)
96.81(8)
90.40(8)
69.78(8)
40.39(7)
96.08(8)
93.10(8)
162.86(8)
40.19(7)
70.50(7)
76.56(8)
177.97(16)
179.8(2)
177.77(17)
119.00(17)
69.2(1)
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C6—C1—Fel
C2—C1—H1
C6—C1—H1
Fel—C1—H1
c3—C2—-C1
C3—C2—C8
C1—-C2—-C8
C3—C2—Fel
Cl1—C2—Fel
C8—C2—Fel
C2—C3—-C4
C2—C3—Fel
C4—C3—Fel
C2—C3—H3
C4—C3—H3
Fel—C3—H3
C3—C4—C5
C3—C4—Fel
C5—C4—Fel
C3—C4—H4
C5—C4—H4
Fel—C4—H4
01—-C5—C4
01—-C5—Cé6
C4—C5—C6
01—C5—H5
C4—C5—H5
C6—C5—H5
C7—01—-C5
01—-C7—H71
01—-C7—H72
H71—C7—H72
01—C7—H73
H71—C7—H73
H72—C7—H73
C1—-C6—C5
Cl1—-C6—H61
C5—C6—H61
C1—-C6—H62
C5—C6—H62
H61—C6—H62
C9—C8—C13
C9—C8—C2
C13—-C8—C2
C8—C9—C10
C8—C9—C14
C10—C9—C14
C11—-C10—C9
C11—C10—H10
C9—C10—H10
03—C11—C10
03—C11—-C12
C10—C11—-C12
04—C12—C13
04—C12—C11
C13—-C12—C11
C12—C13—C8
C12—C13—H13

110.49(12)
115.8(11)
116.5(11)
116.9(11)
113.16(16)
122.29(16)
124.49(16)
69.18(10)
70.55(10)
126.27(12)
115.83(17)
70.84(10)
71.73(10)
120.9(12)
122.6(12)
119.4(12)
119.11(16)
68.04(10)
110.43(12)
115.3(13)
115.8(13)
119.7(13)
113.08(15)
106.68(15)
110.29(15)
110.1(11)
108.5(11)
108.1(11)
113.58(15)
105.7(14)
111.0(15)
110.(2)
112.5(14)
107.7(19)
110.(2)
111.03(16)
108.6(12)
112.4(12)
112.0(13)
107.2(13)
105.5(17)
119.13(16)
120.85(16)
119.86(16)
119.39(17)
123.02(16)
117.49(16)
121.33(17)
119.6(12)
119.1(12)
124.48(16)
116.39(16)
119.12(16)
125.10(16)
115.20(15)
119.69(17)
121.28(17)
119.4(12)

C56—C51—Fe2
C52—C51—H51
C56—C51—H51
Fe2—C51—H51
C53—C52—-C51
C53—C52—C58
C51—C52—C58
C53—C52—Fe2
C51—C52—Fe2
C58—C52—Fe2
C52—C53—C54
C52—C53—Fe2
C54—C53—Fe2
C52—C53—H53
C54—C53—H53
Fe2—C53—H53
C53—C54—C55
C53—C54—Fe2
C55—C54—Fe2
C53—C54—H54
C55—C54—H54
Fe2—C54—H54
051—C55—C54
051—C55—C56
C54—C55—C56
051—C55—H55
C54—C55—H55
C56—C55—H55
C57—051—C55
051—C57—H571
051—C57—H572

H571—C57—H572

051—C57—H573

H571—C57—H573
H572—C57—H573

C51—C56—C55

C51—C56—H561
C55—C56—H561
C51—C56—H562
C55—C56—H562

H561—C56—H562

C59—C58—C63
C59—C58—C52
C63—C58—C52
C58—C59—C60
C58—C59—C64
C60—C59—C64
C61—C60—C59
C61—C60—H60
C59—C60—H60
053—C61—C60
053—C61—C62
C60—C61—C62
054—C62—C63
054—C62—C61
C63—C62—C61
C62—C63—C58
C62—C63—H63

110.44(13)
116.2(12)
116.1(13)
117.2(12)
112.76(16)
121.20(17)
125.94(17)
69.34(10)
70.41(10)
125.44(12)
116.24(17)
70.72(11)
71.79(11)
117.2(12)
126.5(13)
124.0(13)
119.73(18)
68.02(11)
109.66(13)
116.9(13)
114.7(13)
119.6(13)
112.33(16)
107.54(15)
110.12(16)
108.2(12)
109.7(12)
108.9(12)
113.54(16)
107.0(14)
107.2(17)
110.(2)
112.5(16)
111.(2)
110.(2)
111.42(16)
111.0(13)
108.1(13)
109.0(13)
111.1(13)
106.2(18)
119.24(17)
121.36(16)
119.20(16)
118.86(17)
122.73(17)
118.34(17)
121.89(18)
120.3(12)
117.8(12)
125.33(17)
115.44(16)
119.22(17)
125.14(17)
115.44(16)
119.42(17)
121.35(17)
121.5(12)
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C8—C13—H13
02—C14—C9
02—C14—H141
C9—C14—H141
02—C14—H142
C9—C14—H142
H141—C14—H142
C15—02—C14
02—C15—H151
02—C15—H152
H151—C15—H152
02—C15—H153
H151—C15—H153
H152—C15—H153
C11—03—C16
03—C16—H161
03—C16—H162
H161—C16—H162
03—C16—H163
H161—C16—H163
H162—C16—H163
C12—-04—-C17
04—C17—H171
04—C17—H172
H171—C17—H172
04—C17—H173
H171—C17—H173
H172—C17—H173

119.3(12)
108.60(15)
108.3(12)
111.5(12)
110.9(12)
113.0(12)
104.3(16)
111.36(16)
111.1(15)
111.1(14)
107.(2)
112.8(13)
108.(2)
106.5(19)
116.38(15)
104.2(12)
110.3(13)
114.2(18)
110.6(14)
111.5(18)
106.1(19)
116.93(14)
105.9(13)
108.4(12)
111.9(17)
111.3(11)
109.8(17)
109.5(16)

C58—C63—H63
052—C64—C59
052—C64—H641
C59—C64—H641
052—C64—H642
C59—C64—H642
H641—C64—H642
C65—052—C64
052—C65—H651
052—C65—H652
H651—C65—H652
052—C65—H653
H651—C65—H653
H652—C65—H653
C61—053—C66
053—C66—H661
053—C66—H662
H661—C66—H662
053—C66—H663
H661—C66—H663
H662—C66—H663
C62—054—C67
054—C67—H671
054—C67—H672
H671—C67—H672
054—C67—H673
H671—C67—H673
H672—C67—H673

117.1(12)
113.67(17)
109.5(13)
109.7(13)
105.3(12)
113.4(12)
104.8(17)
112.18(17)
107.9(14)
106.5(16)
105.(2)
112.7(15)
112.(2)
113.(2)
116.48(15)
104.2(14)
110.7(13)
110.6(18)
110.9(15)
112.(2)
109.(2)
117.12(15)
105.9(13)
108.1(13)
110.7(19)
112.7(13)
107.3(18)
111.9(18)
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