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Table I. Oxidation and Reduction Potentials, Their Numerical
Sums, and the Longest Wavelength Absorption Maximum of
Quinones 1, 2, 3, 4 Compared with a Reference Compound,
Tetra-tert-butyldiphenoquinone (11)

H H a
electrochemical properties absorptn max®

quinone ES*  E®  E/™ E;® Efm EST )\ nm (log e)
11 -0.52 —0.89 420 (4.85)
i +1.20 -046 -0.60 1.65 181 558 (4.90)
2 4144 +09!1 -031 -039 122 1.83 678 (4.50)
3 +1.07 +0.63 -0.26 -0.30 0.89 1.37 785 (4.77)
4 4089 +0.55 -0.20 -0.26 0.75 1.15 830 (4.45)

9Obtained by cyclic voltammetry vs SCE with 0.1 M Et,;NClOy at
room temperature (scan rate, 50 mV/s; solvent, 1, 11 in MeCN, 2 in
CH,Cly; 3, 4 in EtCN); E* and E™ values were calculated by aver-
aging the anodic and cathodic peak potentials: E = E} + E7)/2. b1n
MeCN.

Scheme I1

(1 <2< 3<4)is given by the first excitation band in the
electronic absorption spectra of these quinones, namely, the bands
of 1, 2, 3, and 4 show a bathochromic shift by 138, 258, 365, and
410 nm, respectively, from that of 11 in acetonitrile (Table I).
The X-ray crystallographic analysis of these quinones and synthesis
of other correlated systems exhibiting small ES“™ values are in
progress.
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The diastereofacial additions of nonchiral enolates to chiral
aldehydes can be quite selective, but in the case of a-unsubstituted
enolates the facial selection is not significant enough to be
practically useful.!'? The best solution involves the Lewis acid
mediated addition of enolsilanes to chiral aldehydes.>® Heathcock
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proposes that the Lewis acid complex 1-B enhances facial selec-
tivity by favoring approach of the nucleophile on a trajectory that
brings it in greater proximity to the chiral substituent than in the
case of the uncomplexed aldehyde (1-A).> This same kind of
analysis has been successfully applied to the addition of nucleo-
philes to chiral ketones®® and chiral thionium ions.®
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In a previous report from our laboratory,” it was observed that
the enolate of methoxyl stabilized carbene complex 2 would add
to di-2-phenylpropanal that had been pretreated with titanium
tetrachloride to give the aldol adduct 4 as an 8:1 mixture of
diastereomers (l:u).5!'  The carbene complex 2 can serve as a

1) nBuli, THF, -78° ¢
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4-1 4-u
8:1 (59 %)

synthon for methyl acetate since the products 4 can be oxidatively
converted to their corresponding methyl esters, however, for the
purposes of diastereoselection appeared not to be practical since
the selectivity is only slightly better than is observed for methyl
acetate.* One approach to the search for the greater expression
of this asymmetric induction with the enolates of carbene com-
plexes is to consider variations in the ancilliary substituent of the
carbene carbon, and in this regard our attention was first turned
to the (dimethylamino)carbene complex 5.

The aldol reactions of aminocarbene complexes have not been
previously reported, and very quickly it was found that there is
a major difference between the aldol reactions of alkoxy- and
aminocarbene complexes.” Whereas the enolates derived from

(8) For solutions involving a-thioenolates, see: (a) Flippin, L. A.; Dom-
broski, M. A. Tetrahdron Lett. 1985, 26, 2977. (b) Uneishi, J.; Tomozane,
H.; Yamato, M. Tetrahedron Lett. 1985, 26, 3467,
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1987, 109, 2819. (c) Mori, L.; Bartlett, P. A.; Heathcock, C. H. J. Am. Chem.
Soc. 1987, 109, 7199.
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P.; Brunsvold, W. R. J. Organomet. Chem. 1974, 77, 345. (c) Casey, C. P.;
Boggs, R. A.; Anderson, R. L. J. Am. Chem. Soc. 1972, 94, 8947. (d) Casey,
C. P.; Brunsvold, W. R. J. Organomet. Chem. 1975, 102, 175. (e) Brunsvold,
W. R. Ph.D. Thesis, University of Wisconsin, Madison, W1, 1976. (f) An-
derson, R. L. Ph.D. Thesis, University of Wisconsin, Madison, W1, 1974, (g)
Casey, C. P. Organomet. Chem. Libr. 1976, 1, 397. (h) Xu, Y. C.; Wulff,
W. D. J Org. Chem. 1987, 52, 3263. (i) Wulff, W. D. In Advances in
Metal-Organic Chemistry; Liebeskind, L. S., Ed.; JAI Press: Greenwich, CT,
1989; Vol. 1. (j) Xu, Y. C. Ph.D. Thesis, University of Chicago, Chicago,
IL, 1988. (k) Aumann, R.; Heinen, H. Chem. Ber. 1987, 120, 537. (1)
Lattuada, L.; Licandro, E.; Papagni, A.; Maiorana, S.; Villa, A. C.; Cuastini,
C. J. Chem. Soc., Chem. Commun. 1988, 1092,
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by using the Peterson reaction: Macomber, D. W.; Madukar, P.; Rogers, R.
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vanced communication of his results.
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Table I. Aldol Reactions of Aminocarbene Complexes § and 67

yield %
carbony! 8 equiv  of 9% recovery
series  complex R? R3 of 8 (%) ofSoré
a 5 Ph H 5.6 81 17
b n-Pr H 1.7 73 16
c Me H 4.3 81
d 6 Ph H 1.1 96
e n-Pr H 2.0 76 18
f Me H 3.0 79
10.0 94
g i-Pr H 1.5 81
h Me Me 1.7 58 32
1.0 33 26
1.7¢ 39 28
1.7¢ 54 40
i (CHy); 1.7 66 24
1.1 89¢

Unless otherwise specified all reactions were run at 0.1-0.2 M in §
or 6 in THF at =78 °C for 10 min. ?Unless otherwise indicated, all
yields are the average of at least two runs. °This reaction was
quenched by addition of a solution of 0.2 mL of acetic acid (3.8 equiv)
in 1.0 mL of THF which had been precooled to =78 °C. 20.33 M in 6.
¢Isolated by rapid chromatography on silica gel.

alkoxycarbene complexes fail to give aldol products unless the
aldehyde or ketone is activated by precomplexation with a Lewis
acid, the aldol reactions of the enolates of aminocarbene complexes
fail only if the carbonyl compound is precomplexed with a Lewis
acid. The (dimethylamino)carbene anion 7 (from 5'2) leads only

: ST SR
=<‘N—R‘ 1) nBuli, THF =<‘N—H‘ 2) R2 s R3 cone N_H\OH
({CO)Cr ——— [ {CO)sCr= _ __ 8 $Cr
? CHs -78°C, 20 min s CH, 785C.10 min o
5 R'=Me ; 3) agNHCI . R2
6 R'=(CHys

to recovered S upon addition to a variety of Lewis acid carbonyl
complexes (benzaldehyde and di-2-methyl-3-phenylpropanal);
however, this and the pyrrolidinocarbene complex anion 7 (from
6'%) react directly with a variety of aldehydes and ketones to give
aldol adducts 9 in good to excellent yields.

The ketone aldol adducts 9h and 9i have been observed to
undergo retro-aldol on silica gel during purification; however, if
the chromatography is performed rapidly, the cyclohexanone
adduct 9i can be cleanly isolated in 89% yield. Although the
aldehyde adducts have not been observed to undergo retro-aldol
reaction, the fact that the ketone adducts 9h and 9i do, causes
some concern with regard to the initial anticipation of increased
diastereofacial selection in the addition of enolates of § and 6 to
chiral aldehydes. There is further concern over the degree of the
diastereofacial selectivity to be expected for complexes § and 6
since any facial differentiation must be made without the steric
influence of the Lewis acid coordinated carbonyl.

These concerns proved to be ill founded as it was found that
the anion from the dimethylamino complex § will react with
dl-2-phenylpropanal under the conditions described in Table I to
give an 80% yield of the aldol adduct 10a in which the ratio of
the 10a-1 to the 10a-u diastereomer is 40:1.'° Furthermore, it
was demonstrated that the high selectivity observed with d/-2-
phenylpropanal is due to the kinetic addition of the enolate of the
aminocarbene complex. The adduct 10a-I was treated with »-
butyllithium and then exposed to 3 equiv of l-deutero-2-
phenylpropanal 3* under the reaction conditions, the recovered
adduct 10a-1 (65%, isolated) was found not to have incorporated
deuterium (<5% by crude '"H NMR), and additionally, the for-
mation of 5 could not be detected.

The ratios of the u- and |-diastereomers of the carbene complex
aldol adducts 10a and 10b were determined by oxidation of the
crude aldol reactions mixtures with DMSO!* and analysis of the

(12) Conner, J. A,; Fischer, E. O. J. Chem. Soc. A 1969, 578.
(13) The pyrrolidino complex 6 was prepared in 89% yield from the com-
plex 1 and pyrrolidine utilizing the procedure reported for complex 5.!2
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crude mixtures from these oxidations by capillary GC. The
stereochemical assignments were made by GC with the co-injection
of authentic samples of mixtures of the u- and l-diastereomers
of the amides 11a and 11b. Oxidation of the purified adducts
10b (SGC) with DMSO and then purification of the amide 11b
led to a much cleaner GC trace, and the ratio of 11b-I to 11b-u
can be set at =200;1 by capillary GC. This is significant diast-
ereofacial selectivity when it is considered that the highest se-
lectivity observed for a-unsubstituted ketone, ester, or amide
enolates is 4:1, and the highest selectivity reported for the Lewis
acid mediated addition of an a-unsubstituted silyl ketene acetal
or silyl enol ether to this aldehyde was 36:1 (l:u).> A more difficult
test of the diastereofacial selectivity of the aminocarbene complexes
would involve addition to d/-2-methyl-3-phenylpropanal (12), an
aldehyde that resists any significant facial differentiation.® The
selectivity observed for the addition of the anion of 5 to this
aldehyde is modest (4.1:1.0) but other a-unsubstituted enolates
give essentially a I:1 mixture with this aldehyde.}610

1) nBuli, THF, -78° C

NMe,
(CO)sCrm
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131 13- 14 89%
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There are a variety of methods known for removal of the metal
unit from transition-metal carbene complexes which make them
uniquely versatile synthons in organic synthesis.!* An important
new method is the carbonylative cleavage recently reported by
Hegedus, de Weck, and D’Andrea.!® Photolysis of 9i gives the
spirolactone 16 in 52% yield, and photolysis of the l-isomer of 10a
gives the lactone 15 as an 8:1 mixture of isomers (cis;trans).
Derivatives of 2-amino-vy-butyrolactones have biologically inter-
esting properties and have been used as intermediates in prosta-
glandin synthesis.!?

MeN  OH hy
Ph

(COxsCr CHiCN, 4 h
CH, N

10a-1

15 56 % (8:1) 16 52%
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Chem. Soc. 1977, 99, 2127.
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U.; Weiss, K. Transition Metal Carbene Complexes; Verlag Chemie:
Deerfield Beach, FL, 1984. (b) Brown, E. J. Prog. Inorg. Chem. 1980, 27,
1. (¢) Wulff, W. D,; Yang, D. C. J. Am. Chem. Soc. 1983, 105, 6726. (d)
Wulff, W. D. In Advances in Metal-Organic Chemistry; Liebeskind, L. S.,
Ed.; JAL Press Inc.: Greenwich, CI, 1989; Vol. 1.
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The finding that complexes 5 and 6 give high diastereofacial
selectivity in their aldol reactions with chiral aldehydes should
encourage the continued investigation of the origins of the se-
lectivity and the synthetic applications of the reactions of ami-
nocarbene complexes.
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We have designed and synthesized a series of cyclic penta-
peptides as conformational models of reverse turns.!  These
molecules are highly constrained by formation of the cyclic
backbone. Consistent with this, we have observed at least one
strongly nonplanar peptide bond in crystal structures of these cyclic
peptides.? As part of our characterization, we have obtained
electron impact (EI) mass spectra of these synthetic cyclic peptides.
The results of these studies suggest that ring opening of cyclic
pentapeptide radical molecular ions, M**s, produced from electron
impact occurs preferentially in bonds adjacent to a nonplanar
peptide bond in the parent molecule. If general, this mechanism
could offer useful information about conformational properties
of cyclic peptides.

Early EI studies showed that principal breakdown of linear
peptides was by cleavage at peptide bonds.> Substantial evidence
of rearrangements of fragments and secondary fragmentations*
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Figure 1. EI mass spectrum of cyclo(D-Phe,-Pro,-Gly;-D-Ala,-Pros).
Data were collected on a DuPont 21-492B double focusing mass spec-
trometer equipped with a Hewlett-Packard 21MX computer. The sam-
ples were prepared by applying the peptide to the Teflon covered direct
exposure probe tip: 70 eV.

contributed to decreasing application of EI methods for sequence
determination as the softer methods, principally fast atom bom-
bardment, became available.> EI studies of cyclic peptides focused
on the first loss process, which requires the cleavage of at least
two bonds, the first a ring opening and the second analogous to
fragmentation in a linear peptide. Multiple mechanisms have been
proposed:® (1) Cleavage of a C>—CO bond of a residue in M**,
with the loss of a neutral amine fragment carrying the side chain
(NH=CHR), (2) cleavage at the peptide bond preceding an
aromatic residue with migration of a 8-hydrogen atom to the
oxygen of the preceding residue, or (3) cleavage of a C+—CO bond
of a residue with the loss of neutral NHCO.

Figure | shows a typical mass spectrum for a cyclic penta-
peptide, cyclo(D-Phe;-Pro,-Gly;-D-Alay-Pros), I. The peak at m/z
70, C4HgN*, is a characteristic ion observed in the EI mass spectra
of many proline-containing peptides.%’ The most abundant high
mass fragment ions (m/z 357, 286, 229) suggest the sequential
losses of proline + NH (112), alanine (71), and glycine (57).
Peaks corresponding to the molecular ion minus 43 and minus
69 are also observed, suggesting that the 112 loss may occur as
two fragments, a peptide bond unit (CONH, 43), and a proline
ring amine (C4H4N, 69). From the known sequence of the peptide
and the assumption that these ions arise primarily from a single
ring opening followed by sequential loss of residues, we infer that
the proline lost is Pros (not Pro,) and that ring opening occurred
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