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Table II. Important Distances (A) and Angles (deg) for
Molecule 1°

Bond Distances

Sn1-Cl1 2.624 (2) Sn2-Cl1 2.607 (2)
Sn1-Cl2 2.627 (2) Sn2-Cl2 2.633 (2)
Sn1-Cl12 2.890 (3) Sn2-Cl11 2.891 (2)
Sn1-Cl22 2.986 (3) Sn2-Cl24 2.880 (3)
Sn1-D1 3.24 Sn2-D3 3.26
Sn1-D2 3.11 Sn2-D4 3.20
Al1-Cl11 2.177 (4) Al2-Cl24 2.164 (4)
Al1-Cl12 2.167 (4) Al2-Cl22 2.169 (4)
Al1-Cl13 2.098 (4) Al2-ClI21 2.104 (4)
All-Cl14 2.100 (4) Al2-Cl23 2.116 (4)
Bond Angles
Sn1-Cl1-Sn2 101.9 (1) Sn1-Cl2-Sn2 101.1 (1)
Cl1-Sn1-CI2 78.4 (1) Cli-Sn2-Cl2 78.6 (1)
Cli2-Sn1-Cl22 169.1 (1) Cl11-8Sn2-Cl24 166.5 (1)
D1-Sn1-D2 101.9 D3-Sn2-D4 99.7
Sn1-Cl12-Al1 120.7 (1) Sn2-Cl11-All 117.8 (1)
Sn1-Cl22-Al2 115.6 (1)  Sn2-Cl24-Al2 122.3 (1)

interplane angles C10-C15/C20-C25 66.3

C30-C35/C40-C45  65.3

angle Sn—D/ring plane normal C10-C15 8.8
C20-C25 5.0
C30-C35 104
C40-C45 6.9

2D1-D4 are centroids of the respective benzene rings.

phosphate). All these compounds have in common that
only one arene molecule is attached to the group 14 metal
center. In an attempt to obtain a first example of bis-
(arene) complexes, the reaction of Sn(AlCl,), with aromatic
hydrocarbons was reinvestigated, and the results are
presented in this communication.

Treatment of the freshly prepared molten salt Sn(AlICl,),
with benzene under reflux conditions, followed by cooling
the resulting solution, affords a benzene-containing col-
orless crystalline product, mp 110 °C, which is stable at
room temperature. The crystal structure analysis’ of this
compound revealed the presence of a dimeric species of
the composition [(#8-C¢gHg)sSnCI(AICL)]CeHj (1) with two
nP-coordinated benzene rings at each tin atom and one
molecule of crystal benzene with no specific metal contacts
(Figure 1). Two (18-C¢Hg)oSn dications are bridged by two
1,3-bidentate tetrahedral AICl,” anions and by two two-
coordinate Cl™ anions. The Sn(II) centers adopt a distorted
octahedral coordination geometry. The structure can also
be described as an eight-membered ring in an elongated
chair form composed of Sn(1)-CIl(12)-Al(1)-Cl(11)-Sn-
(2)-Cl(24)-Al(2)-C1(22) (Figure 2). The tin and the
chlorine atoms of this ring are almost coplanar (maximum
deviation from planarity 0.11 A for Sn2), and the Al atoms
lie above and below this plane, respectively (inclination
angles of 116.17 and 112.43° with the planes Cl111-Al1-Cl12
and C122-A12-Cl24, respectively). Although the molecule
has no crystallographic symmetry, its structure approaches

(6) Lefferts, J. L.; Hossain, M. B.; Molloy, K. C.; Van der Helm, D.;
Zuckerman, J. J. Angew. Chem. 1980, 92, 326; Angew. Chem., Int. Ed.
Engl. 1980, 19, 309.

(7) Crystal structure data for 1.C¢Hg: Syntex P2, diffractometer; Mo
Ko radiation; A = 0.71069 A; graphite monochromator; 7 = -50 °C;
CaoH3pALClyoSn,, M, = 1036.477; orthorhombic, sXace group Pbca (No.
61); a = 19.869 (1), b = 15.941 (1), ¢ = 25.954 (2) A; V = 8220.5 A% Z =
8; deaa = 1.675 g/cm?; u(Mo Ka) = 19.4 em™; F(000) = 4048; 7144
independent reflections were measured, 5542 of which with F, = 4.0 o(F,)
were deemed “observed” and used for all further calculations (hk!, +23,
+18, +30; ((sin 8/A)pax = 0.595 A7), w scan, Aw = 0.8°). Lp and empirical
absorption corrections were applied to the data. Solution was by Pat-
terson methods (SHELXS-86). Anisotropic refinement (H atoms con-
stant with Uy, = 0.05 A2) converged at R (R,) = 0.052 (0.072) (397 refined
parameters, function minimized S w(|F,| - |F))%, w = 1/%F,), SHELX-
76). The final difference map was featureless with Appay/min = +0.82/
-0.95 e/ A3,

C,;, symmetry. Each tin atom is situated nearly centroid
above its two arene rings, which are inclined with respect
to each other, forming angles of 101.9° (Snl) and 99.7°
(Sn2), respectively. The angles between the normals to
the arene planes and the Sn—D (see Table II) lines in the
range between 5.0 and 10.4° are evidence for n%-coordi-
nation. The observed very long distances of the Sn atoms
from the ring centers (3.11 and 3.24 A for Sn(1) and 3.26
and 3.20 A for Sn(2)) indicate only very weak attractive
forces between the two components. The Sn—Cl distances
vary between 2.607 (2) and 2.633 (2) A (Cl” bridge) and
2.880 (3) and 2.986 (3) A (AICl, bridge). The packing of
the molecules in the unit cell is such that there are no
specific contacts between the individual dimers.

We note that there is an interesting parallel for the
structure of 1 in one of the ylide complexes reported
previously from this laboratory.? In [(CH;0)4Ti(CH,),-
P(CHj;),],, the Ti(IV) are the centers of a similar pair of
edge-sharing, doubly-chelated octahedra.

It is also noteworthy that the analogous reactions be-
tween freshly prepared Sn(AlCl,), melts and arenes of
higher donor capability like hexamethylbenzene, xylene,
or mesitylene do not lead to the formation of bis(arene)
complexes. In the case of hexamethylbenzene, the tet-
rameric species [(#5-C¢Meg)SnCl(AICl,)], was isolated
(when chlorobenzene was used as a solvent),’ whereas no
crystalline arene complexes were obtained with xylene and
mesitylene.” With lead as the central atom and benzene
as the donor component, the monoarene complex (55-
CeHg)Pb(AICl,),-CeHg was isolated.*? In the case of the
corresponding Pb(AlBr,), system, benzene-containing
crystals were formed, which were shown to be composed
of cross-linked Pb(AlBr,), units without any metal-arene
contacts.’
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coordinates (7 pages); a listing of structural factors (31 pages).
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When Phenylcyclopropanes Are Generated by
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Summary: 2,3-Dideuterio-r-1-phenylcyclopropanes are
stereospecifically generated by abstraction of the ~-
methoxide groups from erythro- and threo-d ,-CgHs-
(CO),Fe-CHD-CHDCH(OCH,3)CgHs using TMSOT{. These
results established that the cyclopropane ring is formed
by backside attack of electrophilic C., on C, with net in-
version of stereochemistry at C,,.
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Electrophilic iron carbene complexes, C;Hz(CO)(L)-
Fe=CHR*, react with alkenes to give cyclopropanes.”8
The initial stage of the transfer mechanism involves attack
of the iron carbene on the alkenes to generate positive
charge at C,.1*® For example, in the reaction of C;H,-
(CO)gFe=CHCH3 with CH;/~CHCH,(-p-OCH,;) we have
demonstrated that a true v-benzyl carbocation interme-

(1) Brookhart, M.; Studabaker, W. B. Chem. Rev. 1987, 87, 411.

(2) (a) Brookhart, M.; Tucker, J. R.; Husk, G. R. J. Am. Chem. Soc.
1983, 105, 258. (b) Brookhart, M.; Tucker, J. R.; Husk, G. R. J. Am.
Chem. Soc. 1981, 103, 979. (c) Brookhart, M.; Studabaker, W. B.; Husk,
G. R. Organometallics 1987, 68 1141. (d) Brookhart, M.; Humphrey, M
B.; Kratzer, G. O.; Nelson, G. O. J. Am. Chem. Soc. 1980, 102, 7802. (e)
Brookhart, M.; Studabaker, W. B.; Husk, G. R. Organometallics 1985,
4, 943. (f) Brookhart, M.,; Studabaker, W. B.; Husk, G. R.; Humphrey,
M. B. Organometallics 1988, 8, 132.

(3) Brookhart, M.; Timmers, D.; Tucker, J. R.; Williams, G. D.; Husk,
G. R.; Brunner, H.; Hammer, B. J. Am. Chem. Soc. 1983, 105, 6721.

(4) Brookhart, M.; Kegley, S. E.; Husk, G. R. Organometallics 1984,
3, 650.

(5) (a) Casey, C. P.; Miles, W. H.; Tukada, H.; J. Am. Chem. Soc. 1985,
107, 2924. (b) Casey, C. P.; Miles, W. H.; Tukada, H.; O’Connor, J. M.
J. Am. Chem. Soc. 1982, 104, 3761. (c) Casey, C. P.; Miles, W. H. Or-
ganometallics 1984, 3, 808.

(6) (a) Brandt, S.; Helquist, P. J. Am. Chem. Soc. 1979, 101, 6478. (b)
Kremer, K. A. M,; Helquist, P.; Kerber, R. C. J. Am. Chem. Soc. 1981,
103, 1862. (c) Kremer, K. A. M.; Helquist, P. J. Organomet. Chem. 1985,
285, 231. (d) Kremer, K. A. M.; Kuo, G.-H.; O’Connor, E. J.; Helquist,
P.; Kerber, R. C. J. Am. Chem. Soc. 1982, 104, 6119. (e) Iver, R. S.; Kuo,
G.-H.; Helquist, P. J. Org. Chem. 1985, 50, 5898. (f) O'Connor, E. J.;
Brandt, S.; Helquist, P.; Kerber, R. C. J. Am. Chem. Soc. 1987, 109, 3739.
(g) Kuo, G.-H.; Helquist, P.; Kerber, R. C. Organometallics 1984, 3, 806.

(7) (a) Jolly, P. W.; Pettit, R. J. Am. Chem. Soc. 1966, 88, 5044. (b)
Riley, P. E.; Capshew, C. E.; Pettit, R.; Davis, R. E. Inorg. Chem. 1978,
17, 408. (c) Davison, A.; Reger, D. J. Am. Chem. Soc. 1972, 94, 9237. (d)
Davison, A.; Krussell, W. C.; Michaelson, R. C, J. Organomet. Chem.
1974, 72, C7. (e) Brookhart, M.; Tucker, J. R.; Flood, T. C.; Jensen, J.
J. Am. Chem. Soc. 1980, 102, 1203. (f) Flood, T. C.; DiSanti, F. J.; Miles,
D. L. Inorg. Chem. 1976, 15, 1910. (g) Bodnar, T.; Cutler, A. R. J.
Organomet. Chem. 1981, 213, C31. (h) Guerchais, V.; Astruc, D. J. Chem.
Soc., Chem. Commun. 1985, 835. (i) Davidson, J. G.; Barefield, E. K. Van
Derveer, D. G. Organometallics 1985, 4, 1178. (j) Barefield, E. K.;
McCarten, P.; Hillhouse, M. C. Organometallics 1985, 4, 1682.

(8) Relative rates of the reactions of Cp(CQO),Fe=CHCH;* with a
series of para-substituted styrenes have been examined and a good *—p
correlation was observed with p=-22 which implies that substantial
positive charge build up at C, in the transition state: Kegley, S. E. Ph.
D. Dissertation, 1982, Umversnty of North Carolina.
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BsCl = p-BrC¢H,S0,Cl;
Fp K" = C;H,(CO),Fe K.

diate, C;H;(CO),FeCH(CH;)CH,C*(H)(C¢H,OCH,), is
generated.* Two mechanisms for attack of electrophilic
C, on C, which result in C,-C, bond formation and Fe-C,
bond cleavage are shown in Scheme I. One involves
frontside attack of electrophilic C, at the Fe-C, bond and
retention of C, stereochemistry while the other involves
backside attack of C, and inversion of C, stereochemistry.

The latter p0551b111ty was first suggested by us? based
on the close analogy with cyclopropane formation from
solvolysis of y-tin derivatives in which the Sn—C, bond is
cleaved with inversion at C,.>!® Mechanism 2 is further
supported by stereochemical®!! and relative reactivity
studies'!*? which strongly suggest that C;H;(CO){(L)Fe=
CHRY* systems react with alkenes via the minor synclinal
isomers (eq 1) with backside attack of electrophilic C, on

AL " A"
Fe—co
H,c———H = H|—CH3 (Y

Y

PR, PR,

synclinal anticlinal

To further probe the stereochemistry of Fe~C, cleavage,
we have examined ionization of y-iron derivatives stereo-
specifically deuterium labeled at C, and C; As noted
above, this method for generating cyclopropanes is well
established for y-tin,!? y-silicon,!* and vy-boron!® deriva-

(9) (a) Davis, D. D.; Johnson, H. T. J. Am. Chem. Soc. 1974, 96, 7576.
(b) McWilliam, D. C.; Balasubramanian, T. R.; Kuivila, H. G. J. Am.
Chem. Soc. 1978, 100, 6407. (c) Fleming, L; Urch, C. Tetrahedron Lett.
1983, 24, 4591. (d) Fleming, L; Urch, C. J. Organomet Chem. 1985, 285,
173.

(10) In contrast to the observations with y-Sn derivatives, Grubbs, Ho,
and Straus have shown that thermolysis of deuterium-labeled CpgTi-
(I)-CH;-CH(R)-CH,!I derivatives leads to cyclopropane formation with
retention at C,: Ho, S. C. H.; Straus, D. A.; Grubbs, R. H. J. Am. Chem.
Soc. 1984, 106, 1533.

(11) Brookhart, M.; Liu, Y. NATO Advanced Research Workshop.
Advances in Metal Carbene Chemistry; Schubert, U., Ed.; D. Reidel:
Boston, 1989; in press.

(12) Brookhart, M.; Liu, Y.; Buck, R. C. J. Am. Chem. Soc. 1988, 110,
2337.

(13) (a) Davis, D. D.; Chambers, R. L.; Johnson, H. T. J. Organomet.
Chem. 1970, 25, C13. (b) Davis, D. D.; Black, R. H. J. Organomet. Chem.
1974, 82, C30. (c) Kadow, J. F.; Johnson, C. R. Tetrahedron Lett. 1984,
25, 5255. (d) Peterson, D. J.; Robbins, M. D. Tetrahedron Lett. 1972, 21,
2135. (e) Peterson, D. J.; Robbins, M. D.; Hansen, J. R.; J. Organomet.
Chem. 1974, 73, 237. (f) Nicolaou, K. C.; Claremon, D. A.; Barnette, W.
E.; Seitz, S. P. J. Am. Chem. Soc. 1979, 101, 3704.

(14) (a) Apeloig, Y.; Stanger, A. J. Am. Chem. Soc. 1985, 107, 2806. (b)
Sommer, L. H.; Van Strien, R. E.; Whitmore, F. C. J. Am. Chem. Soc.
1949, 71, 3056.
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tives and recently Casey'® has demonstrated that cyclo-
propane itself can be generated from reaction of CsHg(C-
0),Fe-CH,CH,CH,Br with Ag*. As an extension of our
earlier work on the intermediacy of y-benzyl carbocations
in transfer reactions,* we report here stereospecific for-
mation of 2,3-dideuterio-r-1-phenylcyclopropanes by ab-
straction of the y-methoxide group from erythro- and
threo-dy-CsH(CO),Fe-CHD-CHD-CH(OCH;)C¢H; using
trimethylsilyl triflate (TMSOTY). These results establish
Fe—C, bond cleavage with inversion of configuration at C,.

As shown in Scheme II, the stereospecifically labeled
v-methoxy iron complexes threo(syn)- and erythro-
(anti)-d2-C5H5(CO)2Fe~CHD—CHD—CH(OCH3)C6H5,
5a,b!7 and 6a,b,'” respectively, were synthesized from
trans- and cis-ethylene-d, oxides.’®*  Treatment of
trans-ethylene-d, oxide with LiCH(OCH;)C¢H;!° gives
erythro(anti)-d; alcohols 3a,b!"? (75-80%). Similarly,
cis-ethylene-d, oxide leads to threo(syn)-d, alcohols 4a,-
b.1"2l Conversion of 3a,b and 4a,b to brosylates followed
by Sn2 displacement using C;H;(CO),Fe™ yields 5a,b and
6a,b, respectively (60%). The stereochemistry of each step
has literature precedent,? and the expected configurations
of 5a,b and 6a,b were verified by determination of vicinal
3Jun coupling constants and {{H, 'H} COSY 2D NMR ex-
periments.?

(15) (a) Goering, H. L.; Trenbeath, S. L. J. Am. Chem. Soc. 1976, 98,
5016. (b) Marshall, J. A.; Babler, J. H. Chem. Commun. 1968, 993. (c)
Hawthorne, M. F.; Dupont, J. A. J. Am. Chem. Soc. 1958, 80, 5830. (d)
Brown, H. C.; Rhodes, S. P. J. Am. Chem. Soc. 1969, 91, 2149.

(16) Casey, C. P.; Smith, L. J. Organometallics 1988, 7, 2419.

d (17) See Supplementary Material for complete spectral and analytical
ata.

(18) (a) Price, C. C.; Spector, R. J. Am. Chem. Soc. 1966, 88, 4171. (b)
Nicholas, P. P.; Carroll, R. T. J. Org. Chem. 1968, 33, 2345.

(19) LlCH(OCHs)CsH5 were generated by hthlum—tm exchange reac-
tion between n-BuLi and (n-Bu)sSnCH(OCH,;)C¢Hj.!7%

(20) Still, W. C. J. Am. Chem. Soc. 1978, 100, 1481.

(21) MS analysis shows 3a,b and 4a,b to be >95% d,.

(22) (a) Whitesides, G. M.; Boschetto, D. J. J. Am. Chem. Soc. 1969,
91, 4313. (b) Whitesides, G. M.; Bock, P. L. J. Am. Chem. Soc. 1974, 96,
2826. (c) Bock, P. L.; Boschetto, D. J.; Rasmussen, J. R.; Demers, J. P.;
Whitesides, G. M. J. Am. Chem. Soc. 1974, 96, 2814.
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Formation of dy-phenyleyclopropanes by ionization of
5a,b and 6a,b were carried out by addition of TMSOTf
(1.0 equiv) to CH,Cl, solutions of 5a,b or 6a,b at -78 °C
containing triethylamine (0.1 equiv) followed by warming
to 25 °C overnight. The crude d,-phenyleyclopropanes
were purified by GC; yields were determined to be 70-75%
by use of an internal standard.

As illustrated in Scheme III, the threo-d, isomers 5a,b
give a 1:1 mixture of cis-2,cis-3-d,- and trans-2,trans-3-
dy-r-1-phenylcyclopropanes while the erythro-d, isomers
6a,b yield a single product, cis-2,trans-3-dy-r-1-phenyl-
cyclopropane. The configurations of labeled cyclopropanes
are readily assigned by !H NMR analysis. For example,
upon decoupling H;, the H, and H; signals of the cis-
2,trans-3-d, isomer appear as doublets (°Jyous = 6.4 Hz)
while similar decoupling of H, applied to the 1:1 mixture
of cis-2,cis-3-d, and trans-2,trans-3-d, isomers results in
simplification of H, and Hj; to sharp singlets.!”

The deuterium-labeling patterns observed are consistent
only with cyclopropane ring formation by backside attack
of electrophilic C, on C, with net inversion of stereo-
chemistry at C, (mechanism 2 in Scheme I). Frontside
attack of C, on the Fe~C, bond and cleavage with retention
of configuration lead to the converse labeling results.
While a discrete benzyl carbocation is shown in Scheme
III, it is also possible that y-ionization is synchronous with
C,—C, bond formation and Fe-C, bond cleavage.

“These observations coupled with earlier resultsi~1112
lead to a detailed mechanistic description of the carbene
transfer reaction: The electrophilic iron carbene, 1, attacks
the alkene to generate an electrophilic center at C,. In
cases where C, possesses a strongly electron-donating
group, a stabilized carbocation intermediate is formed with
sufficient lifetime to allow C,-Cg bond rotation.* The
developing (or full) ~- carbocatxon then attacks the Fe-C,
bond at the backside such that C, stereochemistry is in-
verted. When substituted carbene complexes of the type
Cs;H;(CO)(L)Fe=CHR* are employed, the transfers pro-
ceed primarily via the less stable but more reactive sync-
linal isomers as opposed to the major anticlinal isomers
(eq 1). In the case of enantiomerically pure systems
C;H;(CO)(L)Fe*=CHR™, the absolute stereochemistry
and high enantiomeric excesses of the cyclopropane
products are completely consistent with reaction through
the synclinal isomers via mechanism 2.3
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Supplementary Material Available: 'H and **C NMR and
elemental analysis data for (n-Bu);SnCH(OCH,)C¢H; and Cs-
H;CH(OCH,)CH,CH,0H, 'H and *C NMR, IR, and elemental
analysis data for C;H;(CO),FeCH,CH,CH(OCH;)C.H;, 'H NMR
data for phenylcyclopropane, {{H, 'H} COSY 2D NMR spectra
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(23) The pB- and a-hydrogens H,, Hp, Hg, and Hp in Cp-
(CO);FeCH,CH,CH(OCH;)C¢H;'" appear at 6 2.15 (H,), 1.95 (Hg), 1.74
(Hg), and 1.36 ppm (Hp). Decoupling experiments establish J(H,H¢) =
4.2 Hz, J(H,Hp) = 13.2 Hz, J(HgHp) = 4.7 Hz, and J(HgH() = 13.1 Ha.
In 5a,b, {'H, 'H} COSY 2D NMR experiments show that H, correlates
with H¢ and Hy with Hp. H, and H appear as doublets with J = 4.2
Hz and Hg and Hy, as doublets with J = 4.7 Hz verifying structures 5b
and 5a, respectively. In 6a,b, {{H, 'H} COSY 2D NMR experiments show
that H, correlate with Hp and Hy with He. H, and Hp appear as
doublets with J = 13.2 Hz and Hg and H¢ as doublets with J = 13.1 Hz,
establishing structures 6b and 6a, respectively.

(24) A concerted process can not be distinguished from a mechanism
involving a discrete y-carbocation with insufficient lifetime to allow C,-C,
bond rotation prior to C,~C., bond formation.
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H3)CeHj;, erythro-d.-3a,b, threo-d,-4a,b, threo-d,-5a,b, and er-
ythro-dy,-6a,b, ¥°C NMR data for threo-d;-5a,b and erythro-
ds;-6a,b, and 'H NMR data and decoupling results for cis-2,cis-
3-d,-r-1-phenylcyclopropane, trans-2,trans-3-dy-r-1-phenyl-
cyclopropane, and cis-2,trans-3-dy-r-1-phenylcyclopropane (13
pages). Ordering information is given on any current masthead
page.

Resolution of the Chiral-at-Iron Acetyl Complexes
CsH;(CO)(PR;)FeC(O)CH, (R = CH;, CH,CH,).
Enantioselective Cyclopropane Synthesis Using the
Chiral Carbene Complexes (Sg,)- and
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(R = CH,, CH,CH,)
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Summary: A simple and efficient method for resolving
acetyl complexes CsHs(CO)PR3)Fe—-C(O)CH; (R = CHj,
CH,CH,) has been developed. These acyl complexes
were converted to optically pure carbene complexes
C;sHs(CO)PRy)Fe==CHCH,* (R = CH,, CH,CH,) which
transfer ethylidene to vinyl acetate with high enantiose-
lectivity. The potential utility of CsHgs(CO)YPMe;)Fe and
CsHg(COXPEt;)Fe as chiral auxillaries is illustrated by the
transfer reactions.

Cs;H;5(NO)(PPhg)Re and CsHz(CO)(PR;)Fe have been
extensively used as chiral auxillaries to carry out diast-
ereoselective reactions!™ and, when the auxillary is opti-
cally pure, enantioselective reactions.”® Of particular

(1) For examples from the Gladysz lab, see: (a) Constable, A. G.;
Gladysz, J. A. J. Organomet. Chem. 1980, 202, C21. (b) Kiel, W. A,; Lin,
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