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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.
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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
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synthetic interest are iron acyl complexes of the type
CsH;(CO)(PR3)FeC(O)R/, since these species can be ela-
borated in many useful ways.]%1® Brunner has prepared
several optically pure acyl complexes.!’?2 For example,
(R)- and (S)-C;H5(CO)(PPhy)Fe-C(O)CH; were resolved
via separation of the diastereomers of CsHz(CO)(PPh,)-
Fe—C(0)-O-menthyl followed by reaction with CHLj.!!13
We have achieved chromatographic separation of the di-
astereomers of C;Hz(CO)(PPh,R*)FeC(O)CH; (R* =
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(S)-2-methylbutyl).” No convenient procedures are
available for resolution of simple trialkylphosphine acyl
complexes. Described here is an easy and inexpensive
procedure for resolution of C;Hz(CO)(PR3)FeC(O)CH; (1,
R = CHjg; 2, CH,CHj;) which should prove to be a general
method for resolution of chiral metal acyl complexes. The
utility of optically pure 1 and 2 is illustrated by conversion
to the corresponding optically pure iron ethylidene com-
plexes followed by ethylidene transfer to vinyl acetate to
form cyclopropanes with high enantioselectivity.

The acyl oxygen of iron acyl complexes C;Hg(CO)-
(PR;)FeC(O)R is basic and can be readily methylated or
protonated to give the corresponding methoxy- or hy-
droxycarbene salts.*”!¢ Protonation of 1'% and 2% (v¢o
= 1910 cm™) in CH,Cl, with either (1S)-(+)- or (1R)-
(-)-10-camphorsulfonic acid leads to complete conversion
to 1:1 mixtures of diastereomeric hydroxycarbene salts (vco
= 1967-1977 cm™). These diastereomeric carbene salts
can be readily separated by successive crystallizations in
CH,Cl,/Et,0 at -25 °C, and optically pure 1 or 2 can be
recovered by simple neutralization. Results are summa-
rized in Scheme I, and a typical resolution procedure is
described.!’® The enantiomeric excesses of the acetyl
complexes 1 and 2 were determined by 'H NMR spec-
troscopy using the chiral shift reagent (+)-Eu(hfc)s.!®
Absolute configurations were assigned by using the sign
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(16) A 0.49-g sample of 1 (1.83 mmol) in 15 mL of CH,Cl; was treated
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an (a]”%= -500° for (S)-1 (>99% ee) and [a]B,55 = +493° for (R)-1
(96% ee); [a]® g6 = —529° for (S)-2 (95% ee) and [a]® 4 = +545° for
(R)-2 (96% ee).
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and magnitude!? of [@]?,3 in analogy with similar acyl
complexes of known configuration,”!%13

Optically pure 1 and 2 are readily converted to optically
pure ethylidene complexes CsH;(CO)(PMe,)Fe=CHCH,*
(3) and C;H;(CO)(PEt,)Fe=CHCH,* (4) using standard
procedures.! Methylation of 1 and 2 with methyl triflate
(CH,Cl,) followed by hydride reduction using NaBH,/
CH3;0H/CH4ONa yields C;H(CO)(PMe;)FeCH(OCHj)-
CH; (5)! and C;H;(CO)(PEt;)FeCH(OCH;3)CH; (6).!8
Treatment of either 5 or 6 with TMSOT{ (CH,Cl,, -78 °C)
yields carbene salts 3 and 4. Both anticlinal and synclinal
isomers are observed at -104 °C (3-anticlinal:3-synclinal
= ca. 4.6:1.0, 4-anticlinal:4-synclinal = ca. 10.9:1.0), and
rates of interconversion have been determined by using
variable-temperature 'H NMR data.*?

Enantioselective ethylidene transfers from 3 and 4 to
vinyl acetate were performed, and results are summarized
in Scheme II. Reactions were conducted by adding
TMSOT (1.1 equiv) to the ether complexes (5 or 6) in
CH,ClI, (-78 °C) containing vinyl acetate (10 equiv) and
triethyl amine (0.1 equiv). Reaction mixtures were warmed
to 25 °C and stirred for 2 h prior to workup. The product
cis- and trans-cyclopropanes'® were separated and purified
by GC; yields of 50-60% for 3 and 27-35% for 4 were
determined by using nonane as an internal standard.
Enantiomeric excesses were determined by 'H NMR
spectroscopy using the chiral shift reagent (+)-Eu(hfc)s.
Optical yields for all products are high and fall in the range
of 89-97%. Absolute configurations are unknown. Con-
figurations shown in Scheme II are based on analogy with
ethylidene transfers to styrene” and are consistent with the
most likely mechanism for transfer that involves alkene
attack on the more reactive synclinal isomers followed by
C,—C, bond formation via inversion of the configuration
at C,.48181% The high ee’s obtained indicate that PMe;
and PEt, effectively shield one face of the carbene moiety
from attack and that such shielding does not necessarily
require phosphines which may place an arene ring in a
face-to-face orientation with the planar carbene ligand. 256

In summary, a simple and efficient method for resolving
acyl complexes C;H;(CO)(PR;)FeC(O)CH; (R = CH,,
CH,CHj,) has been developed and is potentially applicable
to any chiral acyl complex sufficiently basic to be pro-
tonated by alkyl sulfonic acids. Optically pure carbene
complexes CzH;(CO){(PRz)Fe=CHCH;* (R = CH,,
CH,CH,;) were used to carry out ethylidene transfer with
high enantioselectivity that illustrates the potential utility
of C;H;(CO)(PMe;)Fe and C;H;(CO)(PEt;)Fe as chiral
auxillaries.
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