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Suggested solutions for Chapter 2
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{h} Twao sharp hands above 3000 cm - must be an NTE: group and two bands between 1600 and
1700 cm' suggests two double bonds, presumally o C=0 and & C=C. This leaves just three
hydrogen aloms and gives us structures such as bii or biiis. € NMR would help because the
C=0 shift would show whether the compound was an amide or an aldehyde and the alkene
shifts would reveal the presence of the NH- group in biiil.

b /\!(NHZ B "ZN\/Y"

o o

¢t Omne strong broad hand abaove 3000 cm ' must be an O and a band at about 2200 cm must
he a triple bond, presumably CN as there would otherwise he NHs as well. That leaves C-H.
again but we do not need a ning and we have structures like these.

OH

HO\/\N )\\N

Problem 6

Four compounds having the molecular formula C4HgQ2z have the IR and *3C NMR spectra
given below. How many DBEs (Double Bond Equivalents) are there in CaHg02? What are the
structures of the four compounds? You might again find it belpful to draw out some or all
possibilities before you start.

(a) IR: 1745 cm~: PC NMR: 214, 82, 58, and 41 p.p.m.

{b) IR: 3300 (broad) cm **; *C NMR: 62 and 79 p.p.m.

{c) IR: 1770 cm™'; *'C NMR: 178, 86, 40, and 27 p.p.m.

(d) IR: 1720 and 1850 (strong) cm '; '*C NMR: 165, 131. 133, and 54 p.p.m.

Purpose of the problem

First steps in real identification using two different methods. Because the molecules are so small
fonky tour varbon atoms? drawing out a few trial structires gives vou some ideas as o the types of
compounds likely to be found.

Suggested solution

Here are some possible structures for C.11,00:. IUis clear that two double bonds or ene double hond
amd a ring are likelv 1 teature. The double bunds have got 1o be C+( oy C=( tor both if there is no
rimgg}. Functional groups are likely w indlude alcohol, aldehvde, acid, and ketone.

0
0
YL e, > [
‘OH M

-]

]

P must be a C=0r group; C NMR: 214 p.pam. taldehyde or ketone), 82 and 38

{a) IR: 1745 em
ppam. (twao saturated carbons nest w oxygen?s, and 41 p.pan. fone saturated carbon not next
1o oxygen but near some electron-withdrawing group). The second oxygen dees not show up in
the IR so it must be an ether. As there is only one double bond. there must be a ring. This
suggests one strudture.

3IR: 3300 {broady em ' must he an OH; VO NMR: 62 and TV e
molecule with no alkenes and no C=0 so it must be a wipie bond 1.
seturated carbon next 1o oxyvgen. This again gives one struciere, Neiy i
show up in the IR because it 1s svmmetrical.

ust be asvmmetrical
Ti=X0 p.pam.yand a
e alhvne does ot







i




£




7§ vy

Vo e )

=







1

e 2
'I'v..ll| |

=

in




¢
1

Chapter 4 Sugpgested solutions for Chapter 4

Problem 4
Though no helium 'molecule’ He; exists, an ion Hej does exist. Explain.

Purpose of the problem

To encourage vou to think about the flling of atomic orbitals and to accept surprising conclusions.

Suggested solution

The orbitals of the He atom and the fact that no He: molecule exists are discussed in the book on
pp. 97-8. The problem ix that the s orbitals overlap 10 form a bonding (o} and an antibonding
(g™} orbital but both would be filled in the Hex molecule and the bond order is zero. 1 there &s ome
fewer clectron, only one electron need go inmo the antibonding orbital (o7} and there is a bond
order of one-half. The ion HeT does exist.

He, % ant-bonading u* Hey e arubonding a*
; " BRI B

S O w05 =G
He @ % ar (15 ) He  He f\-—-/ T ’—v'— 1s ) He

~H— bonding o ‘-H'—f ponding o

Probiem 5

You may be surprised to know that the molecule CHz, with divalent carbon, can exist. It is, of
course, very unstable but it is known and it can have two different structures. One has an
H-C-H bond angle of 180 and the ather an angle of 120°. Suggest structures for these
species and say which orbitals will be occupied by all bonding and nonbonding electrons.
Which structure is likely to be more stable?

Purpose of the problem

To demonstrate that a simple MO treatment can be applied to strange and unknown nrokecules,

Suggested solution

The hasic arrangements of the orbitals to get the 180 and 120 bond angles must be an sp
hybridized carbon for 1807 and an sp” carbon for 120, This leaves over two p orbitals in the first
case bul just one p orbital and an spl orbital in the second.

50 G atom - 180 sp” € atom - 120°
H i H
=p? o-bital
H 2 orhitals UTH
p orbital

The orbitals for the o structure are straightforward.

2527 orbitat
ﬁao@)is @ *
Z2sp urbitak +TH) 15

1s{H; 2en? orbtal’

There will be tour electrons in cach of these ¢ bonds leaving two clectrons to make up the six
required (divalent carbon has only siv valency electrons and cannat achieve a noble gas structure),
In the 180 case, the two remaining p orhirals are degenerate so we can put one electron in each. In
the 120 case, the remaining sp® orbital is of lower energy than the p orbital and will have hoth
¢lectrons,
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The imine has a C=N double bond so it must have sp* hvbridized C and N, This means that the
lone pair on N is in an sp” orbital and not in a p orbital. The molecule is planar {except for the
methy] group which is, of course, tetrahedral) and bent at the nitrogen atom.

AL
sp =N

A\
H CH3 sp?

Trifluoromethane is, of course, tetrahedral with an sp® hybridized ¢ atom. The arrangement of
the lone pairs around the fluorine atoms {not shown? is also prabably tetrahedral.

K F

Figp® H

The next molecule, CH: C=CH, 1 allenc and it has the same shape as CO; and for the same
reasans, except that we can now he sure that the end carbon atoms are sp” hybridized as they are
planar. However, the two planes are orthogonal so the molecule as a whole is not planar.

H P
H

Finally, {CH;1,0 must be a three-membered ring and therefore the (-C-0 skeleton of the
molecule must be planar (three points are always in a plane!i. However, the two carbon atoms are
p* hybridized (four o bonds) and are approximately tetrahzdral with the H atoms above and below
she plane. The oxvgen atom might also be sp* hybridized. but whe knows?
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Organic Chemistry Solutions Manual

Problem 2

Draw a fuil orbital diagram for all the bonding and antibonding m orbitals in the three-
membered cyelic cation shown here, The molecule is obviously very strained. Might it survive
by also being arcmatic?

Purpose of the problem

Revision of MO diagrams for conjugated systems with aromaticity.

Suggested solution

There are only two electrons in this simple cation but we need to mix the  bond (r and n* orbitals}
with the empty p orbital to give the MOs, One MO will be bonding all round the ring and this is the
only one that matters to the structure. The others may have given you problems. We can mix the p-
AQ with the 1-MO as they have the same symmetry in a three-membered ring but we cannot mix p
with n*. So our three MOs are 1 + p, = — p, and n™.

#MOs of the alkene Wy=pe Yo=n-p
-8 =
’{ ‘1' \‘-

A \ _ [8> 8"‘ _____ A
e/

ne Y g
[T S

The cyclic cation is stable and can be made because of the gain in energy in populating only
the lowest all-bonding orbital. As it happens W; and W are degenerate. If you count the number
of bonding and antibonding interactions in cach vou will see that the net result is one
antibonding interaction in both orbitals. It is alse aromatic, having 4n + 2 m-electrons where
n=10

You get the same result if you mix three p-AQOs, one on each carbon atom. Then it is casier if we
look down on the ring showing the top lobe of the p orbital at each atom. The lowest, all-bonding
orbital has no nodes (except the plane of the ring) and the two degenerate, antibonding, and

unoccupied orbitals have one node each.

— — W;and W:one node
P { )
i
? LN —H %, no nodes

p-AQ of the cation

¥
o
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2 nelectrons
2 n-electrons [
do not count
2 n-electrons - - = Ahese a-electrons

3 total: 6 2 neléctrons

: this compound I total: 4

i is aromatic i

2 lone pair el this compound is not aromatic

: coenzyme from

count these lone pair
electrons in a p orbital

2 lone pair electrons
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gt procyclidine we need to change both the alkyl halide and the ketone, but the reaction is

1. Mg, Et;0

———










W 2 Wﬁfﬁ 'ﬁ‘g@fﬂ?

R '-"-" TR i i

inp E@?e - I "‘;\’be
O 0 /u\o/\f 0













\/\)\/Iﬂi\ BuMgBr/Cu(l) [} BuMgBr
-— —_—
or Bul/Cu(l) /\* or Bull




b58.0
Z/o\“/“
e o
At 65227 as1.20 Me ~ adios ad1.50




66,63
H




e

37.82?°H,_

56.417H’

5 1.8 (3H)

85.5 (1H) 52,9 (2H)

s1a@H | O O

P e




097 200 .

five neigribours - 2 i s,




«F =

Rl

i AR B S T ——



L




Chapter 11 Suggested solutions for Chapter 11
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the proton at C3 occurs because it is not affected by the nitro group but it is affected by electron
donation from the amine nitrogen atom.

Problem 9

The natural product bullatenone was isolated in the 1950s from a New Zealand myrtle and
assigned the structure 9A. Then compound 9A was synthesized and found not to be identical
with natural bullatenone. Predict the expected 14 NMR spectrum of 9A. Given the. fuil
spectroscopic data available ncwadays. but not i |n the 1950s, say why 9Ais deﬁmteiy WIORE
and sugigest a better structure for bullatenone.

Spectra of bullatenone:

Mass spectrum: m/z 188 (10%) (high resolution confirms C,H,;0;}, 105 (20%), 102 (100%), and
77 {20%).

Infrated: 1604 and 1705 cm™'.

'H NMR: 8y (p.p.m.} 1.45 (6H, s5), 5.82 (1H, 5), 7.35 (3H, m), and 7.68 (2H, m).

Purpose of the problem

Detecting wrong structures is fun and teaches us to be alert to what the spectra are telling us rather
than what we expect.

Suggested solution

The mass spectrum and infrared are all right for structure 9A but the NMR shows at once that
bullatenone cannot be YA. There is indeed a monosubstituted benzene ring (the 2H and 3H signals
in the aromatic region confirm this} but the aliphatic protons consist of a 6H signal, almost
certainly a CMe; group, and a 1H singlet in the alkene region at 5.82 p.p.m.

The fragments we have are Ph, carbonyl, and CMe; groups and an alkene with one H on it. That
adds up to CyyH,>0 and leaves only one oxygen atom to fit in. There must still be a ring or else
there will be too few hydrogen atoms and the ring is five-membered (just try other possibilities
yourself). There are three basic rings we can choose and each can have the phenyl group on either
end of the double bond making six possibilities in all.”

0o P 0 Ph Ph Ph
e e e IS
P N o 0T ™o\ 9T N 97" o

The last four are all esters {cydlic esters or lactones) and they would have IR carbonyl stretches at
higher frequency in the 1745-1780 cm™" range. The hydrogen on the alkene cannot be on the same
carbon atom as the oxygen or it would be at a very large shift indeed whereas it is close to the ‘normal’
alkene shift of 5.25 p.p.m. For 9C we could estimate 5.25 + 0,64 p.p.m. for O, + 0.36 p.p.m. for Ph,
and + 0.87 p.p.m. for C=0O making 7.12 p.p.m., a long way from the observed 5.82 p.p.m. Structure 98
is correct and the spectra can be assigned.

Compound 98 was synthesized and proved identical t¢ natural bullatenone.

9B

1.4
7.35 ] bullatenone

Ph ]

9A
alleged bullatenone

Ph

B You can read the full story in

W. Parker et ai., J, Chem. Soc.,
1958, 3871; see also T. Reffstrup
and P. M. Boll, Acta Chem. Scand.,
1977, 318, 727, Tetrahedron Lett.,
1971, 4891, and R. F. W. Jackson
and R. A. Raphael, J. Chem. Soc.,
Perkin Trans. 1, 1984, 535.
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chemical shifts of the alkene protons would be very different: H* predicted to be about 8y 4.5 p.p.m.

and HY about &y 6.2 p.p.m.
H* Ma0. H
- e
H® Mel' ﬂ/ H
@

The third structure (which is the correct one) fits all the data. The two alkene protons are at
normal shifts for such protons {estimated from tables in Williams and Fleming: 6,35 p.p.m. for
Hand 5.53 p.p.m. for H*), the two OMe groups on the ring are slightly different, and the loss of a
methyl group in the mass spectrum is easily explained by removal of an electron from oxygen
followed by loss of Me® ta form a stable aromatic cation.

MeO.

MeQ

& [. H. Williams and I. Fleming,
Spectroscopic methods in organic
chemistry (5th edn), McGraw Hill,
London (1995).

# More de1ails of the discovery,
biological activity, and structural
elucidation of precocene are given
by W. S. Bowers et al. Science,
1976, 193, 542,

6,42 or 6.58; 1H, 5 =H H® 6.37; iH,d, J10 Hz

M. HP 5.54; 1H,d, J10Hz | Mabl. Me0.
3,80 and 3.82 = oS o
two 3H singlets P
Mel (] MeO' _9 MeQ g

1.34,6H, s

6.42 or 8.58; 1H, 5--=H

Problem 13

Suggest structures for the products of these reactions, interpreting the spectroscopic data.
Though these products, unlike those in Problem 11, are reasonably logical, you will net meet
the mechanisms for the reactions until Chapters 22, 29, and 23, respectively, and you are
advised to soive the structures through the gpectra.

Br A, C1oHyO
N Vudont™) C-H and fingefoint onty
Selp.pm) 163, 144, 127, 116, 59, 33, 24
Aty Beip.pm.) 121 {6H, o, J 7 Hz), 2.83 (1M, septuplet, 4 7 Hz)

3,72 (3H, 8}, 6.74 (2H, 0, /9 Hy), and 7.18.12H, d, JOHE

B.CaHu0y

| mefo)A748,1730
/L%/“"“‘! + 7 core TIcY belpm.) 202, 176, 62,48, 34, 22,15

Bulp.p.n) 1.21 (6H,5) LB (A, | ST HE),
2.24 (2H, 1, J T Hz}, 4.3 (3H, &), 10.01 {1H, 8}

. €. CaaHyghOy Tl
CHO on _NaH L meferhivie T
* Me N N T | scipnm) 191,164,132, 130, 115, 64,41, 28 | T -
F ) : " Bip.pam} 232 (BH, 81, 3.05 2H, 6 W L
o A0 (N, SE D) BT (2H, 9, ST ), AP
. 7.82(2H, 4, 17 sz‘gm‘m'g) FCIR ST,

Purpose of the problem

Your second attempt at determining the structures of reaction products, now of moderate
complexity.
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In basic solution. the frst thing that happens is the removal of the acidic proton from the
aarboxvlic acid. Nucleophiles will not now artack the carboxvlate anton - the strongly nucleophilic

aikoxide anion, in particular, will be repelled trom another anion.

o 0
| rase i )
=" e e - o fu_Fher
~ reaction

R? OH R? o
Acid anhydrides and chlorides do not have this acidic hvdrogen so the alcohal artacks them
ceadily and the base is helpful to remove a prowon from the mtermediate and encourage
decomposition. The most popular bases are amines such as pyridine or Ei:N, which are not strong
¢nough to remove the proton from the alcohol before the reaction stares. The by-product trom the
ancatalysed reaction is HCE tar R*CORH from an anhyvdridet and the base removes that.

D o el & 0
g b o ¢
5 UL AV §
R el R og rR2” “oR! R2” oRt
|
H

Problem 3

Predict the success or failure of these attempted nucleophilic substitutions at the carbony!
group. You should use estimated pK, or pi,y values in your answer and, of course, draw
mechanisms.

0 ? o 0 X ? Q
/"\ __‘n-PrOaH /L /[L )\/' ECL- /”\
Me OPh Me QPr Me N Me Ci
base H

o ? Q
)]\ * T /u\
Me OPr  H,N Me :

Purpose of the problem

A chance to try out the carrelation between leaving group abiity and pK, explained in the chaprer.

Suggested solution

You need w draw mechanisms tor each reaction and identify the best leaving group by pK, or pRy
value, Note the difference between the second two teactions. In acid solution the important pR. of an
amine s abour 10 but in base sbout 35, Even protonated nitrogen is not as goud a leaving group as

chloride.
o ':0 OPr~- - PKy about 16 o]
/u\ . tpfﬂi._ /\4 . /'I\ successfal
Me’ CPh base Me OPh=--- PHan about 10 Me oPr fRACto™

[T
belie: ieaving gioup)

i
| cetter teaving group
HO cu.m

0
-------- oHKan about -7
/lL _“E - ! Lnsuccessfui
- Me N reacticn:

1 goes "backwards”
H Hg .- 5Hayaboui 10 g

S —
| DEler leaving group
L )

successiuy 0

) l//\\l L H0><0Pr- rrrrrrr [ P anout 16 reseton /u\
== .

Me OPr  H,N < Me N o K, about 35
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-mbered cyclic hydrate is less stable than cyclopentanone but the three-membered cyclic hydrate
more stable than cyclopropanone.
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Suggested solution

The equilibrium position is determined both by enthalpy and entropy as discussed on p. 312 of the
hapter. Entrapy favours the larger number of molecules as they have greater randomness so heat
will drive the equilibrium to the right. Enthalpy will favour the eight-reembered ring as it has ne
ving strain and so lower temperatures favour the left-hand side.

Problem 12

Draw transition states and intermediates for this reaction and fit each on an energy profile
diagram. Be careful to distinguish between transition states and intermediates.

o o
NaOH o®
°c — o®
0 0
Purpose of the problem

Zonstructing an energy profile diagram for a multistep process.

Suggested solution
irst, a mechanism is essential. This is quite a long job as there are several steps s¢ we must patiently
~ork our way through them. And no short cuts are allowed!

[+]
o @o
OH {in ﬂ@ou
- OH 0 o
step 1 step 2 step 3
[+] —_— p B ————— —_—
2]

at o®

Step 3 must be fast as i is just a proton transler between oxvgen atoms. The decomposition of the
-etrahedral intermediate is Likely to be fast as the leaving group (carboxylate ion, pKyy about 5) is
-ach a good one. The first step, the bimolecular attack of hvdroxide on the anhydride, will be the
rite-determining step. We need only draw the structures of the transition states and we can
Zonstruct our diagram.

transition
T state OH
transition
””””” state 0=
o
intermeaiate ]
= -).H-0oH
-
w /A N OH N transition
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starting materials intermediate
1:)g 0 2
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To avoid this trap we must use the chemistry from Chapters 6 and 14 - carbonyl chemistry.
Reactions of the kind we need were used in Problem 5 where formaldehyde was also a reagent. First,
we must make formaldehyde from its bisulfite adduct and then add it to the amino group of
dapsone,

0

/\C"fl" o H 0]

0 S=L +H Ar

) %<0 i + TN = N o
9, Hoo ~o© R ~n HaN

S

formaldehyce sogium hisulfite ArfNH2 = dapsone

bisulfite agduct

=
X

Now we can form an iminium salt and add the bisulfite back into this reactive elecirophile to give
the final product. This is loss of carbonyl oxygen in an unusual setting as the carbonyl group is not
there at the start.

o
Na®©
. Ar O)/\@ _ Ar\.()/, /"\g Al o~ a@

N o == N H N S o ="~ g0d
H N (M et Ho™ "o H

Problem 8

Suggest a detailed mechanism for the acetal exchange used in this chapter to make an
acetal of a ketone from an orthoester.

OMe 0 Manﬂ H* cat.
J<0Me . )l\
H “oMe o 20 °C, £6 min

trimethyl orthoformate methyl forrmate

Purpose of the problem

Reminder of chemistry from this chapter — making acetals from ketones is difficult — and drawing a
—echanism related to, but different from, ane in Problem 4.

Suggested solution

~he equilibrium between a ketone and an alcohel on the one hand and the dimethyl acetal on the
.ther is unfavourable and must be driven over by devices such as this. The orthoformate is even
~xore unstable than the acetal (three C—O bonds instead of twa at the same carbon atom} and the
zster even more stable, because of conjugation, than the ketone. There are various mechanisms you
~right have drawn, which differ only in details such as the order of the steps. Here is one such.

@
0 H
u?
0 0 HOMe 0

D
OMe HO OMe HOMe
<

=
T—O®

Q
XOMe ye <l OMe )<(;)|-|2 OH %
H OMe H OMe H Ohte

®

The first line shows the normal mechanism for acetal formation and points out the by-product, a
molecule of water. This water is consumed in the hyvdrolysis of the orthoformate {by an acetal
2vdrolysis mechanism) te give a stable ordinary ester. The favourable second equilibrium pulls the
“rst across to the right.

“OLK/ _ O/ .

HCO Me
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Purpose of the problem
Extension of acetal and aminal formation into examples where the intermediate is trapped by =
different nucleophile.

Suggested solution

The first reaction starts with the usual attack of an alcohol on an aldehyde but the se
nucleophile is a carboxylic acid. Though a poor nucleophile, it is good enough to react with
oxonium ion, especially when the product is cyclic.

The second reaction starts with nucleophilic attack by the amine on the more electrophilic
carbonyl group — thekmne.lmmeformauonmfollowedbycydtzanonmd(ﬁsmondmps
normal nucleophilic substitution at the carbonyl group of an ester (Chapter 12). The imine doubl
bond moves into the ring to secure conjugation with the ester.

s I - ¢ )a?-u

® B. S. Fumiss et al., Vogel's ‘The third example uses very simple molecules and again starts with imine formation. Cyanide &

(8th edn), Lo i the nuc-leophllc that captures the iminium jon and a second imine formation completes
1989, p. 753. mechamsm.

'0 o
CHy—o NECNNHCL_ OF) L n —— N oN C=0_ N__c




Chapter 14 Suggested solutions for Chapter 14

107

Purpose of the problem

Extension of the mechanism for acetal formation into dithioacetal {dithiane) formation.

Suggested solution

The mechanism is a direct analogue of acetal formation. The debydration step is more difficult
because the C=5 bond is less stable than the C=0 bond because overlap of 2p and 3p orbitals is not
as good as overlap of orbitals (for example, two 2ps) of the same size and energy.

HS HS HS
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Problem 10

This compound racemizes in base. Why is that?

Purpose of the problem

To draw your attention to the dangers in nearly symmetrical molecules and revision of ester exchange,

Suggested solution

Ester exchange in base goes through a symumetrical tetrahedral intermediate with a plane of
svmmetry. Loss of the right-hand leaving group gives one enantiomer of the ester and loss of the
left-hand leaving group gives the other,

Problem 11

Draw mechanisms for these reactions. Will the products be single steregisomers?

Purpose of the problem

Revision of direct tChapter 6) canjugate addition (Chapter 10} and some minor stereochemical
points.

Suggested solution

Reaction (a) proceeds by a straightforward conjugate addition of a sulfur nucleophile. One
stereogenic centre is formed from two achiral reagents and the product must therefore be racemic.

{] 0~

]
X—H -~
9 o 0 ‘
)L )I\ )L ragemic
f= mixture
SO\/ < S

Example (b} creates a centre that is drawn to look chiral but isn't. The molecule has a plane of
synunetry. It consists of a single (I, E-) geometrical isemer, of course, as the alkenes are not affected
by the reaction.
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b : < )\ H 0N Tco,Me
" coMe 0N COo,Me C0,Me 2 2
A i
Completion of the svnthesis requires epoxidation of the enone. This electrophilic alkene

Chapter 23) is best epoxidized by alkaline hyvdrogen peroxide (p. 388). Nucleophilic attack on

he enone occurs from the opposite face 1o the large substituent already present. The nitro

Zroup must also be reduced to an amino group. It is best to do this atter the epoxidation to
nolase ke svoid exidation of the aniino group and because of the danger of hydrogenation of the alkene.
¢ and the
lepetitior - ‘]’
manon.
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There are many ways 1o make the other isomers (Z£.2- EE-; Z,E-dienes! and vou might have used
alternative stvles of Wittig reactions or reduction of alkvnes (pp. 81319} or other methods
described in Chapter 31.

Problem 3
How would you prepare samples of both geometrical isomers of this compound?

COH

How

Purpase of the problem

A simple stereocontrolled alkene svnthesis but both isomers are wanted.

Suggested solution

There are many methods that can be used 1o tackle this question, The only snags are protecting the

OH groop if necessary and care in releasing the Z-compound s it will isemerize easily to the F-
® TM stands for target molecule i N . f - . . -

compaound by reversible conjugate addition. Here is one wayv to the Z-alkene using reduction ot an
alkvne to contral the stereachemistry. The O group is protected as a benavl ether removable by
hvdrogenation, perhaps under the same conditions as tie reduction of the alkyvne.

1, BuLl 1, BuLi Hz,Pd
= - — M
2. R Bno/\/\/\/\\ 2.¢0, BnD \\\\\\ Ldiar
catalvst
COzH -

The E-alkyne might be praduced by reduction ol the alkyne with alkali metal in ammonia bul a
Wittig reaction is probably easier. Either an viid or a phosphonate could be nsed. Protection of the
OH as an acetate allows hydrolvsts of both esters in the same step.

o

@ 1, MeQ NaOH
Pth/\‘c02ME e Aco/\\«/\\/\\/\\’///\cozﬂﬂe —H—E- ETIM
2. RCHO 2

Aco”” """ puo = ReHO

Problem 4

Decomposition of this diazocompound in methanol gives an unstable alkene A {CgH1,40)
whose NMR spectrum contains these signals: iy (p.p.m.) 3.50 (3H, s), 5.50 (1H, dd, J17.9
and 7.9 Hz). 5.80 (1H, ddd, 1 17.9, 9.2, and 4.3 Hz), 4.20 (1H, m), and 1.3-2.7 (8H, m).
What is its structure and geometry? You are not expected to work out a mechanism for the
reaction.

_MeOH A

N2 C5HL0

Purpase of the problem

NMR revision and a surprising stracture — a test of vour belief in phvsical methods, especially

NMR.
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Suggested solution

The starting material is C-H;5N 50 it has Jost nitrogen X271 and gained CHLO - one molecule of
methanol, We can see the MeO) group ar 3.5 and the four CH. groups in the ring are still there
18H nt at 1,3 2.7 All that s left is a multipler ar 4.2, obviously next t MeQ, and a pair of alkene
signals at 3,5 and 5.8, coupled with | = 17.9 Hz — vbviousiy an F-alkene. One ¢nd of the alkene 13.5;

is coupled to one proton, the other {3.8} 1o 2. We now have these fragments.

?
g D H
.. T <. ,'? A
’ 2 Me0 ——H CgH150
- H H ?

i CqHg CyHg CoHa0 =C1oH;,0

These add up to C;H: too much! Ciearly, the CH attached to OMe and the CH attached to the
alkene must be the same and the CH- at the other end of the alkene musi be one end of the cham of
four. We now have a structure, but it dogsn't join up.

?
. H
A
?)‘,\Wome 5 CeHu0
R H

This is the test of your beliet - the dotted ends must be joined up to give the structure of AL Yes,
thiy does put an E-alkene r a seven-membered ring, and it is difficult to draw. but vou were warned
that the compound is unstable. The CH- greup next to the CHOMe group is diastereotapic and so
the coupling constants are different.

?
. _H A
L T = =
H H

Problem 5

Why do these reactions give different alkene geometries?

0 0o oOH 0
HCO,EL Me.SiC|
—_— 7 — # " 05iMe,
e base
EtO

Purpose of the problem

Revisian of enol chemistry from Chapters 21 and 27 with the question of enol geometry added.

Suggested solution

The geometry of the enol preduct of the frst reaction changes easily because of delocatization and

tautomerism. It settles down in the more favourable geometry under thermodynamic control and
the Z-alkene is favourced because of hvdrogen bonding.

H® H.

‘ S ?H CHO )‘\) “ /‘

261

o This was the discovery of

H Jendralia, Angew. Chenr, It Ed.
Engt. 1980, 19. 1032, If you were
real’y on the bal.. vou might have
noticed that a rranscycinhepteng 1s
chiral 56 this compound must be a
single dastereolsores 1o, thoagh
W€ Nt Know which.
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The silvl enol ether does not enjov the advantage of the hvdrogen-bonded structure so it prefers
the E-alkene for steric reasons. It might form only in this shape [rom the E-enolate but it might also

equilibrate by silyl transfer.

Problem 6
Here is a synthesis of a prostaglandin analogue. Suggest reagents for the steps marked '?°, give mechanisms for those not so
marked, and explain any control of alkene geometry.

9 2 oMo 2
CO;Me N COMe ? Co;Me
- —_————————

0
1. MeNO,, Me0 © SN C0aMe

- -

2. cold H,50, cHo

Purpose of the problem

Making double bends bath inside rings and in open chain.

Suggested solution
There is no difficulty in alkylating the P-keto-ester and remaoving the ester group but that teaves the
guestion of how to introduce the double bend into the five-membered ring.

C02Me 0

0 . \ ‘i\
c0;Me 1. MED NaCl R ? R
H _ S — -
2. RBr DMSO
R= CHZ\/\/\/C02M8

The most obvious wav is a halogenation in acid solution {Chapter 217 on the more substitured
side of the ketone and elimination of HX in base. The double bond will prefer to go inside the ring
and there is no argument about its stereochemistry. Typical bases would be tertiary amines ov
hindered alkoxides fe.g. t-Bud j.

9 2 e %
R Br R pase R 1 MeNo,, Meo ©
— - —_— : -
HOAc . 2. cold Hy50,

The mechanism for this last step must involve conjugate addition of the nitromethane anion and
conversion of the nitro group to an aldehvde. The stereochemistry is set during the conjugare
addition when protonation of the enolate from the less hindered side creates the an#f relationship.

CHO

Notice that the nitromethane anion Is regenerated in this step.

CAi g

1'
\g\\f, o &g
N

MeO [~

MeNO; — = O

AU I8 e o

SR 0 1

2u

R
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Conversion into the aldehvde involves hydralysis of the ‘enol” form of the nitro compound. This
15 rather like the hydrolysis of any imine and particularly like that of an oxime (Chapter 14),

o]
e we 5 . R
N /‘\
@,\\\0 hylmlne CHO

drolysis
H H H.0 J

Finally, the second alkene must be inserted sterecspecifically trans. Here 2 Wittig reagent using a
stabilized vlid 1s best as these react with aldhchydes and not with ketones.

<R a 2
B N Phsp/\[(\/\/ I
[+]

CHO

Probhlem 7

Isoeugenol, the flavouring principle of cloves, occurs in the plant in both the £ (solid) and Z
(liguid) forms, How wauld you prepare a pure sample of each and how would you purify each
from any of the other iscmer?

MaOD/\/ Meom
HO HO

Purpose of the problem

Making simple double bonds with full sterenchemical control.

Suggested solution
There are many possibilities. A Wittig approach is particularly attractive as the required aldehyde is
sanillin, the common flavouring. Since the ylid would not be stabilized, this approach would give

mostly Z-isoeugenol. Two molecules of base would be needed as the first would remove the proton
from the phenal.

MeO CHO phﬁ ~ Me0 g
2 « Bull
HO * B HO

E-Isoeugenol could be made from the same aldehyde by a Julia reaction (p. 810) or by
somerizing Z-isoeugenol with light or iodine, or by a stereochemically controlled Petersan reaciion
p- 812). Pure Z-isocugenol could be separated from a small amount of E-isoeugenol by distillation
w1 chromatography and pure F-isocugenol could be separated from a small amount of Z-isoeugenol
v erystallization or chromategraphy.



2 T's was @ mechar st.c
invesligation ard {1 wncovered more
evidence thal the awitierion was
ingeed an intermediate .n the
decarboxylation (! Mulzer and

M. Zippel. Tetrahedron Lett., 1980,
21, 7513
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Problem 8
Thermal decomposition of this lactone gives mainly the Z-alkene shown with minor amounts
of the E-alkene and an unsaturated acid. Suggest a mechanism for the reaction that explains
these resuits.

0
tBu
0 heat R
—_— Ph/\ + Ph/\/t-Bu ., Pb =
t-Bu CO.H
Ph t-Bu BE% yle'a 9% yield 5% yield

Purpose of the problem

Practice in anabysing 2 mechanism where stereochemistry gives a clue,

Suggested solution

The reaction is highly stereosclective burt the minor products suggest that a simple dropping out of
CO: from the lactone 15 not the answer. An E1 reaction with a zwitterionic intermediate formed by
opening the lactone gives a way to all the products. The clue is that, at the moment CO; is lost, the
bond linking it to the rest of the molecule must be parallel 1o the empty p orbital of the cation.

H
S 0o o1 N
PN e ST R 2 e
-Bu

+Bu Ph/—\f-Bu

t-Bu
260
'otatim' }
c1 Ph hand ph, -
t-Bu E1 ., E1
ph” - Had H o lo@tan oy y — Ph/\/"s"
& . o [+]
COH o
2 +8u°%2 t-Bu

If loss of CO. is faster than rotation about the central bond, the Z-acid is formed. If rotation
occurs, then the +-Bu and Ph groups can adopt a favourable ans alignment and either CO- or H can
be lost depending on which happens to be in the right place.

What controls the double bond geometry in these examples? In the second example, one alkene is not defined by the drawing.

COMe

B Nole the chemoseloctivity: the
keione 's more electrophiic than the
esler.

0
COyMe
S Ph/\/MgBr ra Ph base
2. KH50, neat Sy PP
[}

|

Purpose of the problem

Practice in explaining or even predicting the stereochemistry of an alkenc,

Suggested solution
The first is simple. Addition of the Grignard reagent to the ketone produces a tertiary alcohol, which
dehvdrates in acid. The dehvdration is reversible so the more stable F-alkene is formed selectively.
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Now a Wittig reaction with an unstabilized ylid selectively gives the Z-alkene. Note that thes
molecules of base are needed: one to open the lactol, one to remove the proton from CO,H, ane

one to make the ylid.
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Alternative syntheses would include a direct Dieis—Alder reaction with an alkyvne, but that would ~ ® Tois is a general synthesis of
give the wrong ' parad] regioisemer, or the Birch reduction ot a m-methaxvbenzoate ester but that metggubstiluled aromatic

. . .. compounds by S, Danishefsky and
too would have given the wrong regioselectivity. group, J. Am. Chem. Soc., 1978,

100, 2918.
Ome OMe OMe
COzMe |
co,Me -
(VT —T b -
COsMe

OMe OMe

@ _ Na, t-BuoH @ Na. t-BuCH
NH3(l) NHKI
= COMe ) C0.Me
Problem 11

Give mechanisms for these reactions and explain the regio- and stereochemical control (or
the lack of it!}.

H
N p, / Fh L Zn, HOAS
| 2T e
%\09 N“‘O H 2. Mnoz

mixture of sterecisomers (oxidizes allylic
aicohols to ketones)

Purpose of the problem

selectivity and application of 1.3 dipolar ¢ycloadditions.

Suggested solution

“he first thing to do 15 to sort out the mechanism for the cycloaddition. The nitrone uses its TUMO B “he 1.3dipclar cycloaddition was

Sre 7* of the C=N bond) to react with the HOMO of the diene whase largest coefficient is at the  developed by J. ). Tutarslle and
R. G. Gatrong, Tetranedron Lett..

.ad away from the pheny] group. There is no stereoselectivity as there is no conjugating group and 1978, 9753,

©1no exefendo selection.

MN\
S N .
=N
&™~p®

0°

Reduction with zine cleaves the N~ bond and MnQ). oxidizes the allvlic alcohal to the enone. At
this point there is only one chiral centre so the mixture of diastereoisemers has become one
compound. Conjugate addition of the amine gives the new ring.

h
1. Zn, HOAc 2. Mn0

———-

Ph Ph

‘The stereochemistry is more difficult to explain. The product has a rans ring junction trom
:hoice but has the Ph group axial — obviously not from choice. This must be the kinetic product, It






C0,Me
%m

o,

i
R






asa
vide
{ we
MO
ven-
ctin

fiene
lergy

The

st

Chapter 35 Suggested sclutions for Chapter 35

311

Purpose of the problem

Two unusual things: a stercoselectivity and a subsequent reacrion.

Suggested solution

There has obviously been a cveloaddition between the furan as diene and maleic anhydride and an
esterification of 1the free OH group by the anhvdride. Whichever we do first, the stereochemisiry is
exo. This is because {urans are aromatic and the Diels—Alder reaction is reversible and under
thermodynamic control. We'll do that first,

OH 1]
o

The second step is vbviously some sort of elimiination driven by the formation of a benzene ring.
Both the lactene and the CO-H group are still there so it Jooks as though MeO™ acts as a base and
that the bridging oxvgen atom is lost, presumably as water. The EI¢B mechanism looks likely,

[ 0

B A Pelter and B. Singaram,
J. Chem. Soc., Perkin Trans. 1,
1983, 1383.
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substituted carbon atom migrates with retention of configuration {pp. 992-7). The aldehyde
rearranges with migration of the benzene ring in preference to the hydrogen atom. The last
compound is C; symmetric so it doesn’t matter which group migrates as long as you ensure
retention of configuration (and take care when re-drawing as the migrating group is drawn the

other way up). The products are:

{enantiomerically pure)

Problem 9

Suggest mechanisms for these rearrangements explaining the stereochemistry in the second example.

B NH
NaHCO,
N ———» y

e

Purpose of the problem

Unravelling one rearrangement after another involving ring expansion and ring contraction with
some stereochemistry.

Suggested solution

The first reaction is a simple ring expansion. The amine is not invelved as it is completely
protonated. The final loss of the proton may be concerted with the migration as this would explain
the position of the alkene in the product.

%"@% ‘?@

® Nl’la

The second reaction starts with bromination of the alkene and interception of the bromonium
:on by the amine. Only when the bromine adds to the opposite face of the alkene can the amine

nvelize so this reaction resembles iodolactonization. Probably the imitial bromination is
eversible,

o

HaN
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make an extended enolate and eliminating the sulfone group as a sulfinate anion (PhSO; ) in
ElcB process. These proton transfers need not be intramolecular.
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Mechanism 3 requires the exchange of at least one hydrogen atom with the solvent so, if D;O
were used as the solvent or, better, deuterated starting material were used, the exchange of one
whole deuterium atom would indicate mechanism 3 while no exchange or minor amounts from the
inevitable enolization would show mechanisms 1 or 2. In mechanisms 1 and 3, the added OH ends
up in the acid group but in mechanism 2 it ends up as the phenol. Using labelled HI*O or, better,
labelling the ester oxygen as "*O would separate mechanisms 1 and 3 from 2.

mechanisms 1 or 2 mechanism 3 002
-— o —
\g\ mechanisms 1 ar 3 m mechanism 2 \Q\/\
0 —

Other experiments we might do could include trying to trap the ketene in a [2 + 2]
cycloaddition, perhaps with dihydropyran as in Problem 35.1, studying the reaction by UV, hoping
to sce the release of p-nitrophenolate in the slow step, changing the structure of the starting material
so that one or other of the mechanisms would become more difficult, even measuring the kinetics
and studying the effects on the rate of aryl substituents (pp. 1090-100), or locking for a deuterium
isolope effect in the labelled lactone.

Problem 2
Explain the stereochemistry and labelling pattem in this reaction.
t-Bu =1 t-Bu
o® HaS04
rfz,ao )k “oh . 21 > 8 )l\
enantiomericatly pure ’ racemic
Purpose of the problem

A combination of labelling and stereochemistry reveals the details of an interesting rearrangement.

Suggested solution

The randomization of the label and the racemization suggest that the carboxylate falls off the allyl
<ation and comes back again at either end. While they are detached, the distinction between the two
ends of both cation and anion disappears as they are delocalized.

Bu t-Bu

BEA i;

©g® o
4]
The product is racemic because the two intermediates have planes of symmetry and are achiral.
The retention of relative stereochemistry (formation of trans product from trans starting material)

zould result from stereoselective recombination (the two faces of the allylic cation are not the same)
ar from the two ions sticking together as an ion pair so that the acetate anion slides across the cation
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Since Syl produces a carbocation delocalized around the benzene ring in the slow step, a large
negative Hammett p value is reasonable. 1t is not obvious what sign the Hammett p value would
have in the Sn2 mechanism as there is no build-up of charge near the benzene ring in the transition
state so a small value is reasonable. The actual value -0.3 is very small indeed but, if we can read
anything into it at all, it does sugges a slightly loose transition state with a very small (6 =7 ) charge
on the carbon atom.

<' Con Ho™ t oH
‘\ B+7
S cF — N e — x ] =
X X T
= = s
Problem 7
Explain how chloride ion catalyses this reaction.
0 o
er®
ct MaOH OMe
0N MeCN 0N

Purpose of the problem

An extreme example of surprising catalysis.

Suggested solution

At first you might ask how chloride can catalyse anything at all. It is a weak base and not a very good
nucleophile for the carbonyl group. However, in polar aprotic solvents like acetonitrile {MeCN),
chloride is not solvated and is both more basic and more nucleophilic. In this reaction it cannot be a
nucleophilic catalyst as attack on the carbonyl group simply regenerates the starting material. It
cannot be a specific base as it is too weak, even in MeCN, to deprotonate methanel. But it can act as
a general base. Notice how we have arrived at general species catalysis as a last resort after
eliminating the other possibilities.

02N

Problem 8
The hydrolysis of this oxaziridine in C.1M sulfuric acid has kM.0)/kD.0) = 0.7 and an
entropy of activation of AS* = -76 J mol~2K-1, Suggest a mechanism for the reaction.

(1] H@
< _tBu PhCHO + t-BuNHOH
fh” N HaO

Purpase of the problem

Deducing & mechanism from isotope effects and entropy of activation.
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W This work was done to apply the There are no 2-substituted pyridines in the list since they are like ortho-substituted benzez-- .
Hammett relationship to the reaction K

of pyridines with acid chlorides
{R. B. Moody and group, J. Chem.
Soc.. Perkin Trans 2, 1976, £8).

cannot be expected to give a good correlation because of steric effects.

Problem 11

- These two reactions of diazo compounds with carboxylic acids give gaseous nitrogen and esters as products. In both cases *-=
rate of the reaction is proportional to [diazo compound] - [RCO,H]. Use the data far each reaction to suggest mechanisms & -
comment on the difference between them.

" RCOH a0 0
: 2 . &
/g &) —— )\ )’I\ + N2 E10. C/\‘ N RCOzH )‘k +
Ar 0 R . 2 :;.:.NG /\o R hI

Ar Na N — Et0:C

p=-1.6 KRCOuH)/ MRCO;D) =3.5 : . KRCO,D}/ MRCO,H) = 2.9 -

Purpose of the problem ﬂ

Application of contrasted isotope effects to detailed mechanistic analysis.

Suggested solution ¥
The first reaction has a normal kinetic isotope effect (RCO5H reacts faster than RCO; D) while -

second has an inverse deuterium isotope effect (RCO;H reacts slower than RCO,D)). This sugg-

that there is rate-delermining proton transfer in the first reaction but specific acid catalysis (ie. -2
equilibrium proton transfer followed by slow reaction of a protonated species) in the sece-
Protonation must occur at carbon to give the products and this can be slow.

Ar
/#@ rate-
determining Ar N Ar
Ar N\@ step 2 /b ar e
H N — o —Le Jo" 3 mR— )\ )J\
Ar N Ar Ar Q R
<) H H
o R o
® This Is just a small sample of \"/
work on the acid-catalysed 0

decomposition of diazo compounds

reviewed hy R. A. More O'Ferrall, . . L . . .
Adv. Phys. Org. Chem., 1967, B, Loss of nitregen is fast because it gives a stable secondary benzylic cation. You might corre:

331 have called the slow protonation at carbon general acid catalysis. This mechanism fits a nega::
Hammiett p value as electrons are being donated out of the site of attachment of the aromatic ri-.
and a small value because the electron donation from the diazo group is more important. If the i
of nitrogen had been the rate-determining step, the Hammett p value would have been large a-:

negative.
o rate- 0

R determining
fast step )I\

/\6)
R &
Et0,C N%N@ o szc/EN\ 0o — Etozc/\‘o

The second reaction follows much the same pathway except that loss of nitrogen is now difficc
because the cation would be very unstable (primary and next to a carbonyl group) and the seco-.
step is Sx2 rather than Sx1 and is rate-determining,
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reaction include: &
{i) The rate i s slower in H.0 than in D;0.
(i) Hydroxy-acid deuterated at C2 shows practically no kinetic isotope effect,
{iii) The Hammett p value is -4.5.
What conclusions can you draw about the dehydration?
Recaliing that the dehvdration goes faster than the isomerization, what wauld be present in the reaction mixture if =~z
isomerization were stopped at 50% completion?
Purpose of the problem
Interpretation of data for three closely related reactions where results from each support the o2
Suggested solution o
Our first impressions of the E/Z isomerization are that it is a simple reaction. Protonation obvi.
occurs at C2 in the rate-determining step and a catien delocalized round the benzene ring m.
formed in the step too. The slow step is proton transfer to carbon. There is more than :
deuteration at C2 because, although only one deuterium atom is added, the last step will lc.:
the E/Z Isomerization mechanism
rate- o
HS determining 4 fast @ COH !
Ar step Ar rotation Ar/ﬁ/
/}/ Ar /\/COZH
COH CO2H H

rather than D because of the kinetic isotope effect. A ratio of 4:1 is reasonable.

The dehvdration reaction shows a normal kinetic deuterium isotope effect indicating loss
C2 proton as the rate-determining step. This fits with fast protonation at oxygen followed ©. .
formation of the same cation with the rest of the mechanism the same. The dehydration is faser i
than the isomerization so loss of water is faster than protonation of the alkene. We have

the dehydration mechanism

® & rate ke
oH @ Ha CO,H  determining s
/l\/ H fast Ar/b/ step /\/CC
COH COH - = _— ot
Ar Ar AT

fast H

determining loss of proton from carbon. ‘
The racemization doesn’t include that last siep, rate-determining in the dehydration. Now w_

an inverse solvent deuterium isotope effect indicating specific acid catalysis. The loss of wa:-

form the same cation is now the slow step. The large Hammett o value also suggests the [orm:

the racemization mechanism e

oH @ ®H2 determining N %H2 OH
H H ] step & COH E
H R = S Py _— R H
Ar,/‘\\/COZH —-— Ar /\/CDZH Ar/\/ -— Ar COH —— Ar/\/c:"‘
fast

W This is a difficult problem! Don't  of a cation delocalized around the ring in the rate-determining step.

be too disappointed if you failed to Note that the racemization tells us that water is adding to the cation and falling off again :.

see the whole picture. . . . - ,
than any other process. This means that during the E/Z isomerization, any amount, pers.:

OH %H
H@ z
COzH CO2H
Ar Ar

fast

RDS in
racemisation

H® RDS in e fast @ COH RDSin
Ar isemerization Ar rotation Ay dehydration
somazte sty A YT et cogh
cozH GOzH
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Chapter 48 Suggested solutions for Chapter 48
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Tt Now a second molecule of cyanoacetate condenses with the pyridine. The nitrogen ol the . 4
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Problem 14
The synthesis of the Bristol-Myers Squibb anti-migraine drug Avitriptan (a 5-HT10 receptor antagonist) involves this palladium-
catalysed indole synthesis. Suggest a mechanism and comment on the regioselectivity of the alkyne attachment.
N"%\\lN
Sy
'/\N ?\
"\) OMe  Os=jg N/\
o= ! _ NHMe K/N N
| + H cat, PA{OAC)a, PhaP, N SiEty ‘\|
H NHMe uiCl, Na,C03 H | N
3 NH2 MeO #
Purpose of the problem
A new reaction for vou to try - a palladium-catalvsed indole ssnthesis.
Suggested solution
Though palladium {111 is added to the solution, the aryvi jodide tells vou that this is an oxidative  ® Th's s the Lasock indoe
imertion of Pd(0; produced by one of the methods on p. 1322, The resulting P species  Syrtresss (R C. Lerock and
o S . - E K Yum, JAm. Chom. Soc
; eX alkyne 2 2 ¢ G s aitack iL. fives ¢ rocyade with PdiT1 c = N .
Lf"l'll["lf_.\t‘h I.u LheA alkyne and Lhe. umine can now ail wk it K.ﬂ‘ll\ gives a Lieterocyvdde \ll..ll Pdinl .111 the 1961, 123 6389 and 15 used
ting. Coupling of the two organic fragments extrudes PAi03 w0 start o new cvcle and gives the indale. o oreesetion of Avitipar
The nitragen atoms attacks the more hindered end of the alhyne so that the palladivm atom can P, R. Brodfuehrer et al. £ Org
oveupy the less hindered end. Chem . 1997 62, 91921,
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W The synthesis of d4T 15 disclosed
by the Bristol-Myers Squibb company
in 1997 oy US Patent 5. 672, 698,
Same details are in B. Cher ot af

Tetrahedron Lett., 1995, 36, 7957,

Qrganic Chemistry Solutions Manual

metallation of the bromide and loss of mesvlate. It turns out thar the two-electron donor zine does
this job well. Finallv, the protecting groupn must be removed. There are many wavs to do this and
butylamine was in fact used.

0 Q
HN | HN ‘ HN |
PhQCO )\ PhQCO % HO )\
0 o N Zn 0 o N BuNH, 0 o N
Ms0 Br

Problem 10
Mannose usually exists as the pyranoside shown below. This is in equilibrivm with the
furanoside. What is the conformation of the pyranoside and what is the sterecchemistry of
the furanoside? What other stereochemical change will occur mare guickly than this
isamarization?

HoO OH

° W¥  Ho o, _oH
manre-pyrancside MO (L | = manno-furareside

HO OH HO OH

Treatment of mannose with acetone and HCI gives the acetal shown. Explain the selectivity.

a HO
A ;
T HO e o OF
HCI

0 0

manno-pyranaside X

Purpose of the problem

Checking on your understanding of the stereochemistry of sugars and their selective protection.

Suggested solution

I’s quite tricky to unravel the sugar and do it up again but that’s what we have to do, It’s casy to
draw the conformation of the pyranoside and to answer the question about the ‘other
stereochemical change’. This is the hemiacetal equilibration at the anomeric centre.

HO CH OH OH OH
et e ﬂﬂ, R o
HO HO #

Now for the unravelling. The same intermediate (open-chain aldehvde) is involved but the
hemiacetal is formed with a different secondary OH group. There are many wavs to work this out.
The front OHs stav the same, of course: vou just have to twist the back round.

OH
HO 0 OH

HO

HO

HO oy

marnd-pyranoside manre-furaroside
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This intermediate is an enol but it is also an enamine and a vinyl sulfide. Nitrogen and sulfur
together are mare electran-donating than OH hy itself so it does the conjugate addition from the
‘wrong’ end of the enol. Proton transfer and reversal of the fAirst addition give the product and the
catalyst ready fior another cycle. The sequence 15 not only biomimetic in using a thiamine mimic, It
also uses Nature's familiar trick: decarboxyviation rather than removal of 4 proton from carbon.

Now to make cis-jasmone. The compound Is an enone so an aldol reaction is called for and the
starting material is o 1,4-diketone. Then we can use the Stetter reaction,

[

[¢]
Eqme l il I| )I\/\_/\
\fo '
X —

cistasmaneg X =HorCOzH

The required aldehvde or keto-acid can be made in a number of wavs with the cis-alkene
probably best derived tfrom an alkyne. Here are two possibilities.

oq 1. Hz/Pd/C

1. Bull {Lindlar) B
_ — — = — e B T
2, °\ 2. PBry, pyr
1. BulLi

J 2. {Me0);CH
on 1. Hz/Pd/C v

iLindlar) enamine
= / —_— Bf/\‘\___/-\— - — OHCM—

2, PBr3, pyr

The published svnthesis uses Stetter’s method with the aldehvde rather than the keto acid as the  ® H. Stetter and H. Kuhimann,

‘ oy -
source of the d! reagent. Synthesis. 1975, 379.
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hydrolyses both pnitrophenyl acetate and pnitrophenyl thiclacetate at the same rate. Which
is the rate-determining step?

oY O

p-nitrophenyl acetate p-nitrapheny| thiolacetate

Finaily, an aspartic acid residue is necessary for full catalysis and this residue is thought to
use its CO; group as a general base. A chemical model shows that the hydrolysis of p
nitrophenyl acetate in aqueous acetonitrile containing sodium benzoate and imidazole
follows the rate law: rate = K pnitrophenyl acetate] [benzoate] [imidazoie]. Suggest a
mechanism for the chemical reaction.

a N _NH OH
oYy
4} =
0N PhCOS MeCN, Hz0 0N

p-nitropheny| acetate

Purpose of the problem
Exploration of a method of finding the active site of an enzyme by kinetics and by model studies.
Revision of chapter 41.

Suggested solution

The normal primary deuterium isotope effect in the first part shows that an OH bond is being  ® This investigation was specitically
aimed at understanding the
mochanisim of action of sering

i R crzymes (T, H. Fife and

faster breakdown of the tetrahedral ntermediate and hydrolysis of the lactone. Lactomes are g . Berjamin, 2. Am. Chen. Soc..
hydrolysed faster than esters because thev lack anomeric stabilization {p. 1134}, The role ol the 01T 1973, 95, 2058;.

group s Intramolecular nucleephilic catalyst.

broken in the rate-determining step. Imidazole 15 o weak a base to remove the OH proton
completely s its role must be as general base catalyst. Attack on the carbonyl is the slow step with

o

C'@‘o 0
rate-dstermiing OF
t TOEt S16p N Hy0 OH
— _ o0 — = o —
4] / \ fast OH
H *N NH

s Sy

In outline, the mechanism of the enzyme catalysed hydrolysis must use the serine OH as a
nucleophilic catalyst to form the known intermediate and then hydrolyse that intermediate with
water. The intermediate is an ordinary ester rather than a lactone so its hydrolysis will need help
from the enzyme (oo,

NO 7
0 z o/
. X
o Chr0H, 0
Iv] [1]
L. N iy N
_ - R
R ™) N'\ enzyme NN N“\ enzyme OH
H | H
1] 0

With the involvement of the imidarzole group of histidine as a general base, as we deduced in the
first part of the guestion, we can [l in more details of this outline mechanism. I the ester and the
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Purpose of the problem
Your chance to speculate freely on the biosynthesis of a natural product from ‘mixed metabolism’.
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It is easy to draw a mechanism for the second cyclization as the nucleophilic end of the exe-
methylene alkene attacks the allylic pyrophasphate to form a new six-membered ring,

Conformational drawings reveal that the product has the larger group equatorial but it is not so easy
this time to draw good conformations for the cyclization itself. We need o get the p orbitals of the
alkenes pointing at each other. The best we can do is to form the new six-membered ring initially in a
twist-boat conformation and flip it into a chair afterwards. You may well have done better.

% —

Finally, a migrationelimination sequence starting with protonation of the vinyl group leads to
abietic acid jself. The methyl migradon and prown loss in this step and the two previous
cyclizations are, in their own small way, quite like the sequence of reactions in steroid biosynthesis
(pp. 1445-7} except that the sequences are initiated by protonation rather than ¢poxidation and
they are a series of small steps rather than one majestic sequence. The conformational contrel by
folding of the chain is very similar.

Problem 12

Borneol, camphene, and «-pinene are made in nature from geranyl pyrophosphate. The
biosynthesis of a-pinene and the related camphor are described in the chapter. In the
laboratory bornyl chlaride and camphene can be made from o-pinene by the reactions
described belaw. Give mechanisms for these reactions and say whether you consider them
to be biomimetic.

HCl KOH
———— ————
] ArOH
<l
a-pinene kamy! chioride camphene

Purpose of the problem

Sorne model reactions based on monoterpene biosynthesis.

Suggested solution

Protonation of e-pinene, migration of the bridge, and attack by chloride give bornyl chloride. Or do
they? Two questions must be answered. Why does that bridge (CMe,) migrate and not the other
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sometimes called a “pre polymer’ since it is the next step thar links these units together in the final
polvmer.

Q
H i
OCN s N D\/‘%O/\TO\AOJLN
poymrer A —= w \"/ ld H
S e polymer B

Now the diamine reacts with the free isocyanates by forming a urea at sach end of the chain o
link them together. It is passible to show only a small fragment of this massive polvmer but rhat is

S

enough to see the black of polvethyvlene glveal, the block of 1one) diarvimethane, and the double
urea linkage bevond. There is more detail of this sort of reaction in the chapter (p. 14381

RNH._ 0 s

‘ !

polymer O [

H
/\\O/A\/O\/\}OA\/O\"/N%
LIPS

Problem 11

Why does polvmerization occur only af relatively low temperatures, often below 200 C? What
oceurs at higher temperatures? Formaldehyde polymerizes only below about 100 C but
ethylene still polymerizes up to about 500 C. Why the difference?

Purpose of the problem

Going back to the fundamentals of polvmerization, particularly the thermodynamics.

Suggested solution

Polvmerization is favourable thermedvnamically i the conversion of many 7 bands inle & bonds is
suthcienthy favourable to make up tor the inevitable negative entropy ol the reaction.
Polvmerization always Involves many molecules giving one so the entropy is always large and
negative, The vital equation 1s [p. 313:

=-RT ln K = Al TAS

Thus there must be o compensating gair in M, that is, in the stability of the bonds in the
polymer compared with those in the moenomer, o oifsel the loss of entropy. The relatve
contribution made by entropy increases as the wmperalure goes up so polynierization tends o be
favourad at lower teniperatures, AU highe: emperaiures depolymerization tends o oceur.

Formaldehyde containg a very strong C—0 double bond while polvtormaldehyde has € O single
bonds instead. The single bond is only slightly stronger than two double bonds (in other carbonyl
compounds such as ketones, C=0 is move than twice as strong as C-0). Low températures are
needed for entropy not o play o big a part in the thermodynamics. Ethvlene fethenes, on the
other hand, has a weak C=C double bond while the polymer has C—=C single honds. These are much

\]/ H - /ﬁ\ d I
HN "T°\/\o/\/}°\/\o e "
NH
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B Depolymenzation 20esr’t aways
ocour as the nalyrer ~gy
decompose in soma cther way.
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