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with retention is the boron analogue of the well-known Wag-
ner-Meerwein rearrangement.

Acknowledgment. We thank Professors K. G. Hancock and
R. Huisgen for helpful discussions, and we gratefully ac-
knowledge support of the work by the National Science
Foundation (CH76-03738).

References and Notes

(1) G. M. Clark. K. G. Hancock, and G. Zweifel, J. Am. Chem, Soc., 93, 1308
(1971).

(2) The dienylborane was obtained via monohydroboration of isopropenylac-

etylene with bis(trans-2-methylcyclohexyl)borane:. G. Zwelfel, G. M. Clark,

and N. L. Polston, J. Am. Chem. Soc., 93, 3395 (1971).

The NMR data do not permit an unequivocal structural assignment for the

boracyclopent-3-ene Intermedlate 3. It should be noted that the multiplet

observed in the NMR spectrum of the photolysls mixture Is a characteristic

feature of 1,3-dialkylcyclopentenes: J. D. White and D. N. Gupta, J. Am.

Chem. Soc., 90, 6171 (1968).

The allylic rearrangement observed on acetolysis of 3 is characteristic of

allylic boranes,’ and the fact that double-bond protonation and C-B bond

cleavage proceeded in only one of the two possible directlons Is to be

expected.

(5) B. M. Mikhailov, Organomet. Chem. Rev. A, 8, 1 (1972).

(6) The alcohol § was hydrogenated, oxldized to the ketone, and then subjected

to the Baeyer-Villiger degradation. Reduction of the resultant ester afforded

excluslvely trans-2-methylcyclohexanol and 3-methyl-1-butanol, thus

establishing the configuration of the 2-methylcyclohexyl molety.

Since we have not established that cis-2-methylcyclohexyl migrates with

retention, it is conceivable that the migration with retention observed for

trans-2-methylcyclohexyl merely reflects sterecselective formatlon of the

more stable product.

(8) E. Negishi and H. C. Brown, Synthesis, 77 (1974).
(9) E. Negishi, R. M. Williams, G. Lew, and T. Yoshida, J. Organomet. Chem.,

92, C4 (1975).

(10) G. Zweifel and H. Arzoumanian, J. Am. Chem. Soc., 88, 5086 (1967).

(11) Alternatively, lithium triethylborohydride may be used to effect cyclization.
However, in this case the yields of homoallylic alcohols obtained are slightly
lower.

(&)

(4

(7

G. Zweifel,* S. J. Backlund, T. Leung

Department of Chemistry, University of California, Davis
Davis, California 95616

Received March 14, 1977

Synthesis, Structure, and Synthetic Utility of
Thallium(I) Tricyanovinylcyclopentadienide
Sir:

Owing to its highly electrophilic nature, tetracyanoethylene
(TCNE) has been shown to undergo a wide range of reactions,
including insertion, substitution, and addition, as well as the
formation of charge-transfer complexes, with a variety of or-
ganometallic complexes.! Recent work in this laboratory has

demonstrated that the reaction of TCNE with cyclopentadi-
enylthallium (TICp) results in the formation of thallium(I)
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Figure 1, The crystal structure of thallium(I) tricyanovinylcyclopenta-
dienide.

N(2)
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Figure 2. The structure of the tricyanovinylcyclopentadienide anion and
bonded distances and angles. All distances are £0.02 A and angles are
+1°.

tricyanovinylcyclopentadienide (I) and that I has found use
as a general reagent for the synthesis of tricyanovinyl-substi-
tuted metallocenes.

Reaction of an equimolar acetonitrile solution of TICp and
TCNE at room temperature for | h results in the formation
of a 90% yield of I, according toeq 1.

TICsHs + TCNE — TI*[CsHsC(CN)C(CN),]~ + HCN
q))

The reaction mixture turns initially bright blue, but grad-
ually turns a dark red color characteristic of I. This suggests
that the reaction may involve the initial formation of a =
complex, followed by nucleophilic attack of TICp at the TCNE
double bond and finally elimination of HCN to form the cor-
résponding carbanion. Similar mechanisms have been proposed
for the tricyanovinylation of aromatic compounds? and more
recently for the reactions of Grignard reagents with
TCNE.?

The NMR spectra and other physical data for all new cy-
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Table 1.
Compd Yield, % Mp, °C Vemn, cm™! e 'H NMR, r Anal.,, %
1 85-90 175 dec 2200, 2180 (sh) 3.1 (1),23.8(2),23.9(1)¢ Calcd: C, 32.43; H, 1.08; N, 11.35
Found: C, 32.25; H, 1.11; N, 11.36
11 6.2 89.5-90 2220, 2240 (sh)  4.88 (2),4.20 (2)¢ Caled: C, 51.15; H, 1.31; N, 13.77;, Mn, 18.03
Found: C, 51.54; H, 1.87; N, 12.89; Mn, 16.55
1 140-141 dec 2195,2160 (sh)  2.63 (15),% 3.80 (2),c 3.88 (2)¢ e
\% 15.7 270 dec 2204,2199 (sh)  4.87 (4), 5.31 (4),€ 5.68 (10)4 Caled: C, 64.57; H, 4.04; N, 6.28; Fe, 25.11

Found: C, 64.66; H, 3.89; N, 6.12; Fe, 24.97

@ KBr pellets. ® Unresolved multiplets. ¢ Poorly resolved triplets. 4 Singlet. ¢ Satisfactory analysis could not be obtained.

anocarbon compounds are presented in Table I. In contrast to
TICp, which shows properties characteristic of both ionic and
covalent bonding,* I appears to be largely ionic in behavior,
since solution conductivity studies in dimethylformamide give
a molar conductivity of 6.5 X 1072 @~! cm? equiv—! compared
to a value of 5.1 X 1074 for TICp. Also, unlike TICp, I has a
resonable solubility in several solvents. The insolubility and
stability of TICp has often been linked to its polymeric crystal
structure® which consists of zig-zag chains of alternating cy-
clopentadienide ions and thallium atoms. A low-temperature
single crystal x-ray investigation confirmed a similar structure
for I, as shown in Figure 1.

Dark red crystals of various morphological shapes were
obtained by crystallization from acetonitrile and occurred as
monoclinic, P2,/c (# 14, Cy,%), witha = 7.852 (2), b = 9.937
(4),c=12961(5)A,8=111.50(1)° and Dy = 2.616 g/cm?
forz = 4 at —160 £ 5 °C. A total of 2382 reflections were
collected using 6-26 scan techniques on a Picker FACS-1
diffractometer equipped with a highly oriented graphite mo-
nochromator, and molybdenum radiation (A = 0.71069 A).
The data were converted to Fs in the usual manner and cor-
rected for absorption (u = 172.9 cm™?). In all there were 1779
unique intensities, of which 1589 were nonzero and used in the
refinement.

The thallium atom was located by direct methods, and its
position confirmed by Patterson techniques. Two successive
Fourier syntheses were used to locate all remaining nonhy-
drogen atoms. Full matrix anisotropic refinement with hy-
drogen atoms placed in calculated positions (dc_y = 0.95 A,
Biso = 3.5) led to final residuals of R(F) = 0.060 and Rw(F)
= 0.035, where R(F) = Z||F,| — |Fc||/Z|Fo| and Rw(F) =
Sw{|Fo| = |F¢||/Zw|F,|, with w = 1/a(F,). The function
minimized was Z(| Fo| — | F¢|)2

The thallium atoms are located between the cyclopenta-
dienide rings (Figure 1) at distances of 3.014 (12) and 3.065
(19) A from the centers of the rings, and the closest thallium
contact is 3.064 (12) A to C(1). The anion (Figure 2) is nearly
planar, with the cyclopentadienide ring tilted 8.00° with re-
spect to the tricycanovinyl group, and there is no evidence for
delocalized bonding.

TICp has found extensive use® as a mild reagent for the
synthesis of metallocenes and we explored the possibility of
using I as a similar reagent for the production of tricyanov-
inyl-substituted metallocenes. Only one such substituted me-
tallocene,” [35-CsH,C(CN)C(CN),]Fe(53-CsHs), had been
previously known.

The reaction of I with BrMn(CO)s, C1CuP(CgHs)s, or
(23-CsHs)Fe(CO),1 in tetrahydrofuran solution results in the
formation of the corresponding tricyanovinylcyclopentadienyl
compounds (eq 2-4).

I + BrMn(CO)s

_, [7*-CsHsC(CN)C(CN),]Mn(CO);
II
+2CO + TIBr (2)

I+ CICUP(C6H5)3
_, [1-CsH4C(CN)C(CN)2]CuP(C¢Hs)s
1
+ TICl (3)
I+ (ns-CsHs)FC(CO)zl
[7%-CsH4C(CN)C(CN),]Fe(n*-CsHs)
reflux v
+ Tl +2CO (4)

When reaction 4 was carried out in the presence of additional
TICp, a second compound, 1,1-dicyano-2,2-diferrocenylethene
(V), was formed. Subsequently, an alternate synthesis of V was
developed, which involves the reaction of IV with TICp fol-
lowed by addition of (CsHs)Fe(CO),I and reflux (eq 5)

CN
/CN
=<
-

NC.__CN
|

=y

Fe Fe (5)

oo O

Although a number of bridged ferrocenyl systems are
known, compound V is unique, since it appears to be the only
example of such a system containing strongly electron-with-
drawing groups on the bridging unit. The differential pulsed
polarogram of V showed two reversible 1-electron waves at
0.62 and 0.75 vs. SCE. Such polarographic behavior has been
shown to be characteristic of two weakly interacting metal
centers® and we are currently attempting controlled oxidations
of V in order to isolate a mixed valence salt.

TICp  (CHyFe(CO)I

\%
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Regioselectivity of the Iron Carbonyl Promoted
Cyclocoupling Reaction of a,a’-Dibromo Ketones
with Olefins and Dienes!

Sir:

Reaction of a,a’-dibromo ketone 1 and Fe;(CO)s generates
the reactive 2-oxyallyl-Fe(II) species 22 which can cycloadd
across 1,3-dienes in a [3 + 4 — 7] fashion to give the corre-
sponding 4-cycloheptenones.’# In addition, the reactive in-
termediate 2 can be trapped by certain olefinsin a [3 + 2 —
5] manner, producing cyclopentanone derivatives.> Discovery
of such cationic cycloadditions has led to two fundamental
questions, viz., the concertedness of such reactions and the
origin of the regioselectivity in the reaction of unsymmetrically
substituted reactants.

The [3 + 4] reaction of 2 and dienes is classified asa [,2 +
4] process. If this cationic cycloaddition of symmetry-allowed
type proceeds indeed in a concerted manner through the
transition state 3 (path a in Scheme I), the regioselectivity

Scheme I
OFel,] ¥ 6FeL,,
——
3
N7 |patha
OF eln
OF
0 Fe,(CO)g eln 7
Lo L
Br Br 2 path b L
1 4
~ path ¢
R
.
OFeL, OFel,
7z —_—
+
R
L)

L = Br, CO, solvent , etc.

0 OFel,
RH)H(’Rz Al R2
Rr? 7
Br Br R?
6,R' =C,H,;R? = 9,R! =C,H,;R?* =H
7,R! = C,H,; R? = CH, 10, R! = C,H,;R? = CH,
8,R' = R* = CH, 11, R' = R? = CH,
0 o]
CeHs ., CeHs

rR? R? rR? R?

12,R' =R® =R* =H;R? =CH, 14,R' =R?® =R* = H; R*=CH,

13, R' =R? =R* = H; R? = CH, 15,R' =R* = R* = H; R’ = CH,

16,R' =R®*=R*=H;R*=Br 18,R' =R>*=R* =H;R? =Br

17,R' =R?*=R*=H;R*=Br 19,R!' =R?*=R* =H;R® =Br

20, R' =R?* =R* =H; R
COOC, H,

21, R' =R?=R* =H;R?® =
COOC,H,

22,R' = COOC,H,;R? =R® =
R4*=H

23, R! =R?=R® =H;R* =
COOC, H,

24, R' = COOCH,; R? = CH,;
R®*=R*=H

25,R! = R? = H; R® = CH,;
R* = COOCH,

26, R! = COOCH,; R* =R® =
H;R* = CH,

27,R' = CH,; R? = R® = H;
R* = COOCH,

28, R!' = COOCH,; R* = H;
R® = CH,

29, R' =R?® =H; R? = CH,;
R* = COOCH,

would be controlled by frontier MOs of the cycloaddends.® On
the other hand, if the cycloaddition went in a stepwise manner
via path b, the orientation would be determined by the relative
stabilities of the regioisomeric zwitterions of type 4.

Thus the dibromo ketone 6 was treated with Fe;(CO)g and
the resulting oxyallyl species 9 was trapped with various furan
derivatives, leading to the bicyclic adducts 12-29. The results
are summarized in Table I. Apparently, the experimental
findings are not consistent with the stepwise mechanism but
agree with the concerted process where the regioselectivity is
under frontier MO control. Unless other special factors are
operating, the more stable regioisomeric transition state arises
through interaction of the reaction sites having the larger MO
coefficient and of those with the smaller coefficient (primary
MO interaction). The validity has been demonstrated by the
reaction of furans bearing three different kinds of substituents
(methyl, halogen, and ester) at C-3 position (runs 1-3); these
furans have similar MO shapes with respect to the C-2 and C-5§
positions (Figure 1)7 and therefore the reaction exhibits the
same regioselectivity. The results obtained with certain 2-
furoates, except for one case, do fit in with the prediction, but
the bias toward the prediction of the major isomer, we feel, is
far greater than that expected from the degree of MO incli-
nation (particularly run 4). This is presumably due to the op-
eration of the secondary MO interactions between the sub-
stituents where frontier MOs develop to a considerable extent.
In view of the relative magnitude of the C-2 and C-5 coeffi-
cients of 4-methyl-2-furoate, its reaction might have been
conceived to give 29 as the major product. In fact, however, the
regioisomer 28 formed predominantly (run 7), because there
exists strong MO interaction between ortho carbon in phenyl
ring of 9 and carbonyl oxygen of the furoate.

The [3 + 2 — 5] cycloaddition exhibits a different feature

Journal of the American Chemical Society [/ 99:15 [/ July 20, 1977



