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Preface

Organic synthesis is as highly developed. ver-
satile, and interdisciplinary branch of natural
science. It allows the preparation of complex
molecules and new materials with unexpected
properties. Based on the accomplishments of
modern analytical techniques (spectroscopy, X-
ray analysis. chromatography) and on the
knowledge of quantum chemistry, the mecha-
nistic understanding of organic reactions has
been immensely enlarged and may now be used
in the planning of more efficient synthetic
routes. Novel, highly selective reagents appear
every month. New reactions or modifications
of old reactions have been devised to meet the
ever-increasing demands of selectivity in mod-
ern synthesis.

“Organic Synthesis Highlights™ provides an
overview of the rapid progress. the trends. and
the accomplishments of synthetic organic
chemistry over the past five years. It was written
by five young authors. who are all active re-
searchers in different fields of organ.c chemistrs .
“Organic Synthesis Highlights” in not another
textbook on organic chemistry. It addresses
university teachers, research chemists in indus-
try, and advanced students. Instead of attempt-
ing to cover the entire subject in full-blown de-
tail, its essay-like approach gives the reader an
impression of the competitive atmosphere, the
creativity. and resourcefulness which is so char-
acteristic of organic synthesis today.

The book contains 49 articles on almost every
aspect of modern organic synthesis. In the first
part. methodology, reagents. and reactions are
described, especially with respect to their
chemo-, regio-, and stereoselectivity potential.
Particular emphasis has been laid on the rap-
idly developing organometallic and biooriented
procedures. Wherever necessary, mechanisms
are discussed for a better understanding of the
reaction. In the second part, this knowledge is
applied to the synthesis of target compounds,
mostly natural products with remarkable phys-
iological properties such as pheromones. alka-
loids, prostaglandins, and steroids. Frequent
use is made of retrosynthetic analysis to show
how a multi-step synthesis may be planned to
avoid inefficient bond connections and isomeric
mixtures. The syntheses are discussed with the
aid of concise flowcharts aiming at the principal
understanding of the sequence and leaving the
details to the more than 1000 references which
consider even the most recent literature.

It is the hope of the authors that this volume
might be helpful in many respects: for getting a
quick introduction to a new research area, for
preparing seminars, lectures, or examinations,
for getting a hint of how to solve a specific
problem in synthesis, or just for having fun with
good new chemistry.

Berlin, September 1990 J. Mulzer
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I. Methods, Reagents and

Mechanisms

A. Various Aspects of Stereo-
differentiating Addition Reactions

This chapter deals with various aspects of ad-
dition to sp*-carbons. Addition reactions per-
mit C,C- and C-heteroatom bonds to be formed
in such a way as Lo create new stereocenters,
and hence enantiomers or diastercomers. The
process is called “stereodifferentiation” and it
must be performed with as much sclectivity as
possible; a stereoisomer ratio of 9:1- or better
is desirable. Cycloadditions like the Diels-Alder
reaction produce two bonds in one step with
the potential for up to of 16 stereoisomers! It
is one of the great achievements of modern syn-
thetic methodology that such additions may be
controlled to yield only one isomer by use of
appropriate auxiliaries and conditions. Sigma-
tropic rearrangements like the Claisen rear-

rangement proceed with self-immolative stereo-
chemistry, which means that a new stereocenter
is generated at the cost of a previous one. In
the Claisen case, a C—O bond is transformed
into a C—C bond with a quantitative chirality
transfer.

Literature: Asymmetric Synthesis (J. D. Morrison,
Editor), Academic Press, 1983/84, Vol. 2 + 3.
Natural Products Synthesis Through Pericyclic Re-
actions, G. Desimoni, G. Tacconi, A. Barco, G. P. Pol-
lini, ACS Monograph 180, American Chemical So-
ciety, Washington, D. C., 1983.

Stereodifferentiating Reactions, Y. [zumi, A. Tai, Ko-
dansha, 1977.






Cram’s Rule: Theme and Variations

Cram’s rule was formulated in the carly fifties
and has been an evergreen in organic stereo-
chemistry ever since. In their original paper [1]
Cram and Abd Elhafez studied the addition of
various organometals and complex hydrides to
prochiral carbonyl functions, summarizing
their findings in the following postulate: “In
non-catalytic reactions of this type that dia-
stereomer will predominante which could be
formed by the approach of the entering group
from the least hindered side of the double bond
when the rotational conformation of the C—C-
bond is such that the double bond is flanked
by the two least bulky groups attached to the
adjacent center”.

Despite its verbose formulation this so-called
“Cram’s rule” soon became an indispensable in-
gredient of organic textbooks; the simple sub-
stituent classification according to effective size
(L = large, M = medium, S = small) and the
seductively clear influence of steric shiclding on
the direction of nucleophilic attack were re-
sponsible for this popularity. In today’s view,
Cram’s rule — similar to Prelog’s rule [2] -
attempts a heuristic treatment of the problem
of diastereoface selectivity. Owing to the vicinal
chiral center, both faces of the carbonyl group
are diastereotopic, which means that re- and si-
attack differ in energy [ 3] and unequal amounts
of the adducts (2) and (3) are produced. Re-
cently, general descriptions of these phenomena
have been developed, resulting in the Seebach-
Prelog topicity concept [4]. In principle,

Cram’s rule has been applied to both 1,2- and
1,3-inductions; this article, however, will be re-
stricted to the 1,2-case, following Cram’s orig-
inal definition [1]. :
[ronically, concepts based on questionable
premises frequently turn out particularly fruit-
ful. In fact, Cram’s rule appears highly oversim-
plified in several respects: (a) No distinction is
made between ground state and reactive con-
formation. The postulate that (/) is the ground
state conformation of the metal carbonyl com-
plex, is incorrect, as shown by Cornforth [5]
and Karabatsos [6]. True, however, is that
complexation is indispensable for the activation
of the carbonyl group. An uncomplexed car-
bonyl group is unreactive towards organome-
tallic attack. (b) In view of the low rotational
barriers around C(O)— C-bond axes more¢ than
one reactive conformation may be involved, ac-
cording to the Curtin-Hammeltt principle [7].
Among these, (/) is highly unfavorable, as it
leads to the fully eclipsed arrangements (2) and
(3) in the course of nucleophilic addition!
(c) The substituents are classified as S, M, and
L only with respect to their bulk. Any dipolar
interactions with the nucleophile are neglected.
This deficiency was partly remedied by Corn-
forth [5]; he suggested a “dipolar model” for
electronegative a-substituents (Cl, etc.), which
he assumed would adopt the L-position in (/).
A more general improvement was made by
Felkin [8] who realized the importance of the
transition state. To avoid eclipsing interactions



4 Stereodifferentiating Addition Reactions

Cram-Model!
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Felkin preferred the semi-staggered geometries
(4)/(5) and postulated nucleophilic attack from
an antiperiplanar position with respect to sub-
stituent L. Thus, instead of considering one con-
formation and rwo modes of attack, as Cram
and Cornforth had done, Felkin suggested two

reactive conformations (4)/(5) and only one
mode of attack. L is generally the substituent
with the highest repulsive effect, which may be
of steric or dipolar (e.g. OR, NR;) origin. For
electronegative substituents like OR or NR, the
transition states (4)/(5) gain an extra stabiliza-



tion by electron transfer from the nucleophile
into the low-lying o*-orbital of the C—L bond
(“antiperiplanar effect” [9].

However, Felkin’s interpretation failed to ex-
plain why (4) is favored over (5). The answer to
this problem was given by Biirgi/Dunitz and
Anh [10] who developed the concept of “non-
perpendicular attack”. Due to repulsion from
the carbonyl-oxygen, the nucleophile ap-
proaches the carbonyl-carbon at an angle of ca.
100° with respect to the carbonyl axis. Thus,
(4) changes to (6) and (5) to (7), with (6) (R'M
interacts with S) clearly better than (7) (R'M
interacts with M). This co-called Felkin-Anh
model has been reconsidered by Heathcock in
a series of papers [10a]. He found that steric
and electronic effects are sometimes compara-
ble for two substituents (e.g. OMe and Ph), so
that altogether four reactive conformations
have to be considered: two for OMe and two
for Ph in the role of L. Such considerations have
also been the subject of ab-initio calculations
by Houk [10b].

Some time ago, Houk extended the Felkin-
Anh concept to the stereochemistry of C=C-
additions (“Houk’s model” [11]). In this case,
the reactive conformations are (8) (= (6)) and
(9) (= (7)). In contrast to the carbonyl addition,
no repulsive interactions need here be consid-
ered. Hence, orthogonal quasicyclic transition
states are postulated, and the reactive confor-
mation must be so chosen that a minimum of
steric interactions arises inside the cyclic frame-
work. This means that (9) is a better geometry
than (8).

Despite this fascinating theoretical evolution,
reported cases of high Cram-Felkin-Anh selec-
tivity have been rare for some years. Only quite
recently have new solutions to this problem
emerged. One possibility is replacement of the
traditional Grignard or organolithium com-
pound by novel organometallics. For example,
the trialkoxy titanates (11b)/(11c) show a far
superior Felkin-Anh selectivity in many cases
[12,13]. High selectivity is also found for the

Cram’s Rule: Theme and Variations
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6 Stereodifferentiating Addition Reactions

addition of tin(II) or zinc diallyl to alkoxy al-
dehydes like (12) and (13).

Fuganti [14] and Mukaiyama [15] utilized
this observation in certain monosaccharide
syntheses. High Felkin-Anh selection was also
found for 2-metallated furane [15a], thiazole
[15b] and chromium(II) allyl reagents [15c].
Similarly, the Cram-Felkin-Anh selectivity of
ester enolates may be dramatically enhanced by
using the O-silyl-derivatives (/4b) under BF;-
catalysis instead of the lithium compounds
(14a) [16].

OMe

H=C=§) (14)
M

(10) ——04 —

H3 i.la/\ ¥
Ph CO3Me + Ph , CO,Me
OH OH

t43] (16)

(14a) M = Li: (15) :¢16) = 311

(14h) M = SiMeyBu: (15) : (16) = 15 : 1'®

A conceptually different approach makes use
of “double stereodifferentiation”. This means
that the effect of the chiral center in the car-
bonyl compound is superimposed upon a sec-
ond stereodirecting effect from the nucleophile.
If both effects operate in the same direction,
“matched” stereocontrol is achieved, and the
individual effects are mutually reinforcing. In
the “mismatched” case the individual effects are
counteracting and stereocontrol is drastically
reduced [17]. For example, in the addition of
the chiral enolate (18) to the a-chiral aldehyde
(S)-(77) the Cram product is hydroxy ketone
(20). It can be seen that the influence of the
enolate overrides the effect of (77): weak Cram
selection is observed for (R)-(/8), whereas (S)-
(18) strongly induces formation of the anti-
Cram adduct (19). With (R)-(/7) these selectiv-
ites are reversed, so that (R)-(/8)leads to weak
anti-Cram and (S)-(18) to strong Cram selection
[17a]. This principle of “double stereodiffer-

GHg
o MG OLi
m b
H H R
(S)-(17) l/ (18)
CHy CHy CHy CHy
A R R
H | + X |
OH O OH O
(19) (20)
anti-Cram Cram
‘ 0SiMe,
(R-(18) R = —{-ph C(19): (200 = 1:15
CHy
0OSiMey

(S)-(18) R* = 4(.0,43 . (19) : (20) = 8: 1
Ph

entiation” is by no means restricted to carbonyl

additions. It can be extended to any kind of

addition between prochiral sp*-centers.

C = C-Additions Following “Houk’s
Model”

Houk’s model has been applied to hydrobora-
tions [19], osmylations [20], and cycloaddi-
tions [21]. Significant stereoselection may be
achieved by utilizing the “antiperiplanar effect”
[9] of an OR-substituent, which adopts the po-
sition of substituent L. Thus, in the Diels-Alder
addition of the in-situ diene (2/) to acrylic ester
(22) a 4:1-ratio is observed in favor of the
“Houk product” (23). In a similar fashion,
Houk’s model describes cuprate additions to
enone systems like (25). The selectivity in favor
of (26) may be explained via the transition state

(27).

Chelate Cram Model

In his original publication [1] Cram discussed
a “cyclic model” in addition to the acyclic one.
The cyclic model, now better known as the
“chelate Cram model”, should be operative in
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R CO,Et
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(24

is thus opposite to the Feikin-Anh model. It
turns out that the chelate model is far more
reliable and efficient than the non-chelate
model. In particular. ketones like (29) exhibit
an extraordinary degree of stereoselection [23].
Applications in synthesis are manifold. one ex-
ample being the conversion of diol (30) into
racemic muscarine [24]. However. no reliable

_— . .,
HO"™"SCH

(30.

the case of a-alkoxy, a-hydroxy-, and x-amino-
carbonyl compounds. Prior to organometallic
addition the cation M forms a chelate (28)
which is attack from the least hindered face, i.e.
from the side of S. The corresponding induction

Chelate Cram Model
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S R
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