


Name Reactions
and Reagents
in Organic Synthesis

Bradford P. Mundy
Michael G. Ellerd

Department of Chemistry
Montana State University
Bozeman, Montana

WILEY
A Wiley-Interscience Publication
JOHN WILEY & SONS
New York . Chichester - Brisbane . Toronto . Singapore



Copyright € 1988 by John Wiley & Sons, Inc.
All rights reserved. Published simultaneously in Canada.

Reproduction or translation of any part of this work
beyond that permitted by Section 107 or 108 of the
1976 United States Copyright Act without the permission
of the copyright owner is unlawful. Requests for
permission or further information should be addressed to
the Permissions Department, John Wiley & Sons, Inc.

Library of Congress Catai~ning in Publication Data:

Mundy, Bradford P., 1938-

Name reactions and reagents in organic synthesis/Bradford P.

Mundy, Michael G. Ellerd.
p. cm.

“A Wiley-Interscience puhiication.”

Bibliography: p.

Includes index.

ISBN 0-471-83626-5

1. Chemical reactions. 2. Chemical tests and reagents.
3. Chemistry, Organic—Synthesis. |. Ellerd, Michael G.
Il. Title.
QD291.m86 1988 :
547’ .2—dc19 : 88-14915

(o]
Printed in the United States of America

10987654321



" Preface

New Year's Day, 1988, and the book is finished. This has been an enjoyable and
interesting project—we have both learned a lot. As | (B.P.M.) sit at the word
processor and reflect on the last two years of effort, | know what | would do
differently, and how the task could be made more simple. But this did not start as
a planned project.

A number of years ago, one of us (B.P.M.) was involved in teaching a course
about how to carry out simple one-step transformations, as a starting point for a
second course in design of complex syntheses. It was clear that many students
did not have a useful vocabulary of reactions, reagents, and knowledge of the
“key players” of organic chemistry. | started by preparing a number of reaction
and reagent cards. Each class period there would be 3-5 new cards added to the
growing list, and each class period | would shuffle the cards and give a random
quiz. . _

As this developed, | needed to add more examples, mechanisms, and so on.
The cards developed into full sheets of paper and students were now putting these
into ring binders. The format was simple to follow, however; | really didn’t take a
lot of time to prepare them. A senior chemistry major (M.G.E.) was in my course
one year, and after the quarter was over | happened to have the opportunity to
see his class notes—they were beautiful! | copied the notes for my dwn use.

During this developmental period, a number of visiting seminar speakers would
see these notes and reaction formats as we discussed educational aspects of the
graduate program—and a number of these well-known chemists encouraged me
to provide them with capies. During the National Organic Symposium held in
Bozeman, Dr. Ted Hoffman, of Wiley-Interscience, encouraged me to organize
the handouts into a book. | agreed, and immediately asked Mike Ellerd to participate
in the project. This book is the result of this collaboration.

| must give special thanks to Mike as a coauthor—he did all of the artwork and
was a tireless library worker. He cculd find references to reactions and reagents
in a spectacular way. This is more difficult these days when the indexing schemes
do not list reactions and reagents as commonly as they used to.

This book is written for the students of organic chemistry—be they young or
old. We have not included every reaction and reagent—this would be impossible
for one text. The Fieser's Reagents series is an indispensable compilation for
practicing organic chemists, and we must give credit to this work for many of the
leads we have incorporated into the Reagent portion of. this book. The reactions
and reagents picked for inclusion express our own natural prejudices, but we have
tried to include those materials usually listed in the most common graduate texts.

Many thanks are required. A number of classes of students have used various
levels of handouts and have given useful insight to teaching effectiveness. Dr.
Andrew G. Williams and Mr. Scott R. Harring read the entire manuscript and gave



valuable suggestions for us and found a number of “typos™ and minor errors in
artwork. Kathy Deter, of Kwik-Kopy Printing, spent countless hours making copies
of all the drawings, one page at a time. We have tried to check each yield, reaction
condition, ard reference for proper citation (it is absolutely amazing how many
citation errors axist in the literature and other monographsy_However, there will
be errors in this text also—nnd for these we apologize to those whose work we
have incorrec:'y rcpiesented. We would appreciate receiving comments from users
of this book. Are there reactions or reagents that should be included in a next
edition? Are there better examples? We encourage anyone to send in a two-page
format (the same as in this text) for future inclusion. The authors will be properly
cited for the effort.

Bradford P. Mundy
Michael G. Ellerd

Bozeman, Montana
January 1988
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In the following section are a number of common named reactions for organic
chemistry. The format for each reaction is the same: The left-facing page has a
general scheme for the reaction, a mechanism, some notes and references. The
right-facing page will have a number of examples.

Left-facing page:
REACTION: REACTION NAME

March's Advanced Organic Chemistry : References to March's text.

GENERAL SCHEME:

A general reaction scheme

MECHANISM:

A possible mechanism
NOTES:

Where applicable, notes are keyed by A
REFERENCES:

References to the reaction examples.

Right-facing page:
EXAMPLES:




REACTION: ACETOACETIC ESTER SYNTHESIS

March's Advanced Organic Chemistry : 413

(o]
1l ‘B I Hyd. Il
CH,CCH,CO,Et -Z-—R—X-F CH,C?HCO,EQ T CH,C?HCO;H
R R
. CoO;

e SR 1
CH,C-CH-CO,Et —2— CH,-C-CH-C-0Et LRX

c
Hyd. ’ﬂ T ﬁ“"H ?
® CH,C-CH-CO,H ———= | . CIT~NC
o]
CI)I"| 1]
—CH,C=CHR —— CH,CCH,R

1. The acidic proton is readily removed by base.

2. By using very strong bases, such as LDA and t-Buli, a dianion can be formed
that will preferentially alkylate at the methyl group.

Via: =
@ : 0° ¢°

[ |
H,C=C-CH=C-OEt
REFERENCES:
1. S.N. Huackin and L. Weiler, J. Am. Chem. So ., (1974), 96, 1082.
2. K. Mori, Tetrahedron, (1974), 30, 4223.
3. J. Kennedy, N.J. M“Corkindale and R.A. Raphael, J. Chem. Sec., (1961), 3813.

4. R. Nishida, T. Sato, Y. Kuwahara, H. Fukami and S. Ishii, Agric. Biol. Chem.,
(1976), 40, 1407

5. W.L. Meyer, M.J. Brannon, C. da G. Burgos, T.E. Goodwin and R.W. Howard, J.
Org. Chem., (1985), 50, 438.



EXAMPLES:

(0]
I NaH, n-Bil CHZ(I.l.CHZCOZEt @ Q
CH,CCH,CO,Et + CH,=CHCH,Br — i
THF, 30 min CH,CH=CH,
(83%)
o) MeO H
/@QA MeC(O)CHZCOZEt. I \s§
Br - "//A\ﬁ//\\v/ﬂ\7€/~\\ @
MeO H ek EtO,C MeO H
(32%)
(o] 0
i 1.) NaOEt i
CO.H , CO,Et CO,H
Br NN i o N (:>
3.) ot (46%)
1.) NaOEt /
Reflux
><;\ /"\\v":() Et [/"\~/’~\~/’~‘~/’\\T;>‘;\
M 2 o @
3. ) Hyd. (10%)
t-BuO o ‘ o

‘-? o )
Yy eH Echo B o TsOh
¢-Bu 2t-Bu S
SO = e ®
0

(90%) (75%)
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REACTION: ACYLOIN CONDENSATION

r.mh'v Advanced Organic Chemlstry 1113-1116

(‘ENERAL SCHEME:

®e o e
NaO ONa HO O
o, Na [ H,0 [l
Z RCOR — & R~-C=C-R —— & RCHCR

MECHANISM:
© ' (=} ' o,
o o OR © OR ©
A e 9 reor ¥ © 11
== RCOR —*— RCOR' ———+ RC-0-C—OR —*— RC-0- COR -
1 3
OrR' O RO o° RO O o I}
L) 1/ 5B 8 I I e
RC-0- cn———»ac cR——-Rtlz CR ——= RC—CR
) 0Q
e

b .

NOTES:

1. J.J. Bloomfield and D.C. Owsley, J. Org. Chem., (1975), 40, 393. For a
compliete explanation of mechanism, see also, NOTE 2.

2. TMSC] = Trimethylchlorosilane, Me;SiCl. It is very important to use freshly
distilied TMSCI in this reaction. The TMSCI should be distilled from CaH, under

nitrogen to remove any other silane impurities. See: Organic Reactions, 23, 306,
{1978).

REFERENLES

. 2.G. Gassman, J. Seter and F.J. Wiliams, J. Am. Chem. Soc., (1971), 93, 1673.
4. G.D. Cutsche, 1.Y.C. Tao, and J. Kozma, J. Org. Chem., (1967), 32, 1782.
3. A. Krebs, Tetrah?dron Lett., (1968), 4511.

i. 2.C. Cookson and S.A. Smith, J. Chem. Soe., Perkin J, (1979), 2447.

;. Jd.!. Bloomfield and J.R.S. Irelan, J. Org. Chem., (1966), 31, 2017.



EXAMPLES:

«(CH,)cOo,CH, N 20
> @
Xylene ~
~(cH,.)co.CH, OH
(76%)
H
o | P
z NaC, ~H 7
CO,Et 1078 -
THF (11%)
(0)
Na z
£10,C >~ CO:Et . ®
Xylene ~OH
(70%)
oTMS
1.) Na/Tol ey OTMS 510, /~°H
. a/loluene
- —
2.) TMSCI N
NMQZ Me
(78%) (70%)
c';OZMe _OH
Na -
- ©ll G
| CeMs
CO,Me (70%)



REACTION: ALDOL CONDENSATION (DIRECTED)

GENERAL SCHEME: (Threo) (Erythro)
OH OH
/’ﬁ\ i M 1 i3 .
e RCCH,R' + R'CHO ————= R)K/\R" + RONNR
A
R' R'
MECHANISAE:
- R H o oM
@\ .tli—-m .
L/.::_. R 1 OI -_— R’\‘/\R
M / H” R" R'
9 it
RECH,R' v R~ RC=CHR' + F;:CHO R\ H Fo) OH
=i{=0"" “
\ Hy 7 00/ > RN R
7 R" "(.
NOTES:

1. M = pMetal = B, Si, Al, Zn, Mg, or Li

o 8 oLi R
S AR T L..<— ’ H—'
", R oLi
2 E-

Base Z | E ratio
i-Pr,NLi 61:39
MeLSi)  NLI 85:15
Me_Ar3i)NIg 99:1
Et,Si),NLI 94:6

S. Masamune and W. Choy, Aldrichimica, (1982), 15, 47.

It has been well establishe:i that (Z)-enolates give rise to erythro aldol products
and that (E)- enolates provide threo aldols. Dialkylboryltriflates have been shown
to be effective in the stereoselective formation of (Z)-enolates.

2. C.H. Heathcock, in Current Trends in Organic_ Synthesis, Proceedings of the
Fourth International Confererce on Organic Synthesis, Pergamon Press, New York,
1683.

REFFRENTES:

1. D.A. Evens and L.R. McGee, Tetrahedron Lett., (1980), 3975.
2. Y. Yamamoto, H. Yatagai and K. Maruyama, Tetrahedron Lett.,(1982), 2387.

3. Y. Tamurs, T. Harada, 5. Nishi, M. Mizutani, T. Hioki and Z. Yoshida, J. Am.
Chem. Soc., (1980), 102, 7806.



4. C. Siegel and E.R. Thornton, Tetrahedron Lett., (1986), 457.

5. G.R. Clark, J. Lin and M. Nikaido, Tetrahedron ‘ett., (1984), 2645.

_________________________________________________________________________________

EXAMPLES
(o) p .
] 1.) (i-Pr)ZNLi PhCHO ()*i i) ()F'
N—"\Ph — - PhMPh . Ph/\/\Ph C‘i
2.) Et,IrCl, :
(0] OLi

LDA . PhCHOI
> + BEt, ——— g\ oH

(90%, 97% threo)

Me
1.) PhCHO, -78°, THF V
Me ) - ‘ Ph\/\/NMez @
X~ NMe + i il
2 2.) H30 OH S
SMg:-Pr (85-100%, 93% erythro)

. | 1.) LDA . Me
OSl—t'BU ., e,
' “Me 2.) C1Ti(i-Pr)3 O OSI\—t-Bu {4
Et - v T “Me
5 3.) @ Y
“*CHO HO (0]
(74-85%, 99% syn)
\ Al Me2CuLi ! (S} E
e T
o) ~
\\o NZ N -

i
(70%) o

o
I
@
w2
-Q
I
el

I
T

T



REACTION: ALDOL CONDENSATION (GENERAL)

——— e e e e e ——

March's Advanced Organic Chemistry : 829-34, 844

GENERAI. SCHEME:

(o} o R
1 ||
2 RC—CIH RC—(I:—(ll—C|H

(o)
“H
MECHANISM:
& , R'CCH,R"
TH S 11T 8 i Hoon .
- - S A 1 R o T | N S, —C=C- =
RC—C-R‘-—B»RC=CH ——— & RC-C-C-CH,-R e ? c. CHR
i K & KR

1. Although both‘_the acid (via the enol) and the base (via the enolate) conditions
can be used for the aldol condensation, base-catalyzed reactions are more frequently
used. '

2. This is an example of a "mixed aldol" condensation. In order for this to be a
useful reaction, the.second carbonyl should not have acidic hydrogens next to the
carbonyl. Both formaldehyde and benzaldehyde are useful for this condensation.

3. This is an example of an "intramolecular aldol condensation".

4. The reaction of a nitroalkane with an aldehyde in the presence of base is called
the Henry Reaction.

\

° OH R X
RCHO *+ RCHNO, ———— R-CH-CH-NO, —————— R-CH=C-NO,

5. The preformed enol-silyl ether is a disguised enolate that is released with
fluoride ior:. .

REFERENCES:

1. R. Noyori,.K. Yokoyama, J. Sakata, I. Kuwajima, E. Nakamura and S. Shimizu, J.
Am. Chem. Soc., (1977), 99, 1265.

2. W. Hoffmann and H. Siegel, Tetrahedron Lett., (1975), 533.

3. B.M. Trost, C.D. Shuey, F.Dininno, Jr., and S.S. McElvain, J. Am. Chem. Soc.,
(1379), 101, 1234.

4. S.C. Welch, J.-M. Assercq and J.-P. Loh, Tetrahedron Lett., (1986), 1115.

5. S.D. Burke, C.W. Murtiashaw, J.O. Saunders and M.S. Dike, J. Am. Chem. Soc.,
(1982), 104, 872.



EXAMPLES:

QSiMes 1.) 10% TBAF, THF
Argon, -78°
+ PhCHO P
+
2.) Hy0
CHO
N Zn0,, Decalin
0 — i
A
H ~- v
PN K t-Buo”
Meozc\\‘ g Meozc\\
H
o H
N ‘ 5% KOH, H,0
» O=
Q’/ RefTux
' —CHO Ticl, =
: e
1 )
o o

OH

Ph

@ A A

(68%)

O

1

@ A
(83%) -

(88%)



REACTION: ARBUZOV REACTION ( MICHAELIS - ARBUZOV )

March's Advanced Organic Chemistry : 848

[

2 (CH,CH,0)sP + R-CH,-X ———————= R-CH,-P(OCH,CH;,),
MBCHANISM:

I

R OEL sy RCH,P(OEt),
(CH,CH,0)sP: + CH,X — RCH,P0;CH,-CH, + X ——= .
7 OEt CH,CH,X
NOTES:

1. The reaction can also be carried out with trimethoxyphosphine

2. When the reaction is carried out with an alpha-bromo ketone it is called the
Perkow Reaction.

1. D.d. Burton and R.M. Flynn, Synthesis, (1979), 615.
2. A. Bhattacharya and G. Thyagarajan, Chem. Rev., (1981), 81, 415.
3. S. Landon and T. Brill, Inorg. Chem., (1984),23, 4177.

4. M. Nikaido, R. Aslanian, F. Scavo, P. Helquist, B. Aakermark and J. Baeckvall, J.
Ovrg. Chem., (1984), 49, 4738.

5. L.M. Harwood and M. Julia, Synthesis, (19803, 456.
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o

(90%)

Nal eto_§
(Eto),P + CF,Br, —~  P-CF.Br
120°, 12 hrs EtO
(70%)
o}
Il
(|:HzBr CH,P(OEt),
MeO P(0Et), MeO__
o
OMe “OMe
® )
< <
~Co_ + P(OCH _Co
RO (och,), P”"1 “pP(OCH,),
-P \-P ||
o
(11%)
P(0Et), I
AcO N AN Cl - —» AcO A \-P(OEt),
o}
Il
CH,Br (I:H,P(ost)2
Ether

11

>
(95%)

®



