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Bent and Twisted Amides
Synthesis, Spectroscopy, Reactivity, Utility

Reviews:
Chem Rev 83, 549 (1983) H.K. Hall Jr., Ali EI-Shekeil

Structure and Reactivity J.F. Liebman, A. Greenberg eds.

CH 4 Twisted Bridgehead Bicyclic Lactams, A. Greenberg

J.K. Lynch Group Meeting 4/30/91



Bredt's Rule

A A " in systems of the camphane and pinane
series and related compounds (1) and (2),
the branching points A and B of the carbon

B bridges (bridgeheads) cannot be involved in
B a carbon double bond."
(1) (2)
O O
COOH
O ﬁ(_> S (o) <+ g
B/ -HBr H,0 COOH
o] 0]
COOR -HBr COOR
e /
COOR COOR
Br
O
COOH -H20
O
COOH
O

Justus Lieb.Ann.Chem. 437,1(1924) J.Bredt, H.Thouet, J.Schmitz
ACIEE 12, 464 (1973) G. Koebrich (review)

02-Bredt'sRule-1 5/1/91 11:46 AM



Bredt's Rule- Strained Bridgehead Olefins

Isolated Bridgehead Olefins

BUR

[3.3.1] [4.2.1] [4.2.1]

Detected by Trapping
[2.2.1] [2.2.2] [3.2.1] [3.2.1]

Chem. Rev. 83, 549 (1983) H.K. Hall Jr., S. EI-Skekeil
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Synthesis of Bridgehead Bicyclic Lactams

COOH cocl
Ignited
SOCl, K,COs aq. cho3 ﬁ
—_— —
NH 60°C, 4h CHCl,
NH
.HC| .HCl
C,H{1ON
Cal N 11.20
J.Gen.Chem.USSR (Eng.Trans) 27, 83 (1957) Found N 11.61

L.N. Yakhontov, M.V. Rubsitov

COClI

Rs Rs
R{=R>,=R3=H
EtsN R{=R,=H, R3=CH3 Note: pka=5.33
N Ry=H, Ro=R3=CH3

Ro R{=R3=CHs, Ro=H
NH o) Ry=R;=R3=CHj
‘HCI Ry
Structure and Reactivity CH4, p140 A.Greenberg
Tet. 21, 2257, (1965) V.H. Pracejus, M. Kehlen, H. Kehlen, H. Matschiner
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Synthesis-Active Ester

OH

X
DCC, CH4CN
- >90%
N N @]

CHN, COOH
X
1) AgeO, EtOH DCC, CH3CN
2)HCI 3) KOH
N

I
TOS

JOC 51, 2676 (1986) R. S. Brown, V. Somayaji
0
H
N N
X N
COOH
\j 1) CH,=CHCOOEt \j CICOOEt \j
NH > N —
Ci 2) NaOH 3) NaBH, Cl EtsN o N
Ph Ph

Ph
JOC 34, 183 (1969) M. Denzer, H. Ott
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Synthesis- DibutylTinOxide

El\lj/HO\ALO

H

HoN—(CH,),COOH

l Bu,SnO

0 ?H
Al\o/S”Rz -H,0
—

(CHa)n
Hy

1.0 BUZSnO

—_—l

Toluene [/__N 77%

A, 12hrs Y (A, 2.5%)

JACS 105, 7130(1983) K. Steliou, M. Poupart
Helv. 70, 1981(1987) R. Brehm, D. Ohnhauser, H.Gerlach

I I
/‘\O\ A\ H + Bu,SnO
(CHan  §nm, . (CHy),
N/
H n=3,4,5

(5,6,7 membered lactams)

)J\( NH,
H N/(CHz)n\"/O—Sn—O CH.y~ —>  polyamide
2
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Synthesis- Pd, Rh

R
R
X
0.1 Pd(OAG),, 0.2 PP 7
N | : ( 0)2’ . 3 . R=H 88%
Et4NC|, KQCOS N R=Ph 55°/o
o CH4CN, 30-80 °C
(0]
JCS Chem Comm. 1696(1986) R. Grigg, et. al
| | I i
OtBu TsNg, 25°C CN3 OtBu Rho(OAC)4 50%
., e CHeCN Ve CgHe, A, 1hr
| —NH
L NH Y
O/

JACS 108, 6431 (1986) R.M. Williams, B.H. Lee
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Synthesis- Spiro Pyrazolium Ylides

EtO CO,Et H
X/\N—NH2 E< ? —_— X</\N_N CO,Et
N * CO,E \=< >95%
CO,Et
X
H < > /\
X/\N—N CO,Et -EtOH, A AN O A AN o X
N4 ? s N N
— - \
CO,Et — [1.4]
CO,Et CO,Et
ol isolable 40-50% overall
1,4 elim. electrocy. 60-70% o

EtOH
spiro pyrazolium ylide

X O X=C HQCHQ
7 g CH,OCH,
L (CHa)s
\ _)l\ (CH2)4
N=— CO,Et

JOC 50, 909 (1985) J. Chuche et. al.
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Spectroscopy-IR

@k/‘\ 1750 cm’™
N N0 _1
171
1641 cm’ y > 1716.cm
. o
CH,

|
CHs, NH
@(\ 1695 cm™”
o

—

o #— 1730 cm™

Y —N Horn,,
O/‘\ o/ \R
‘\ {BUOLC
1791 cm’™ 1 f H
1745-60 cm’ o w\
1750 cm’’
1795 cm™’
1755 cm’™
'/—\ /\ 1705 cm™’
N o)

(6]

09-IR 5/1/91 11:49 AM



Spectroscopy- NMR

1 H .
O
Ph
H .
6/ W coupling Heq-Heq C*°6,8,9
N o Heg N y none to C-4
eq
9 8
Hax Hax
JCS Chem Comm 814 (1981) G.L. Buchanon
13C
N O O
I N 0
CHa CHs

&/\213 ppm @&\192 ppm , > 188 ppm
N @] N

0]
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Reactivity-Reduction

JACS 80, 2590 (1958) S.Uyeo, H.M. Fales, R.J. Highet, W.C. Wildman

=z
OH
4 )
o N
OH

Haemanthidine

JOC 34, 183 (1969) M. Denzer, H. Ott

N

)

Cl
Ph
Pt, AcOH l
NH
Cl
PH

11-React.-NaBH4 4/30/91 5:48 PM

OCHs

\l\ka\BH4

p OCHj
OH
o J
o N
0
0
NH
100%
Cl NH
PH
NH\l HO
N/\)
Cl
Ph



Reactivity-General

1) Protic nucleophilic reagents break the lactam linkage
COOR

RH R= OH, MeO, HNNH,»
- NHOH, morpholine
Me N 0 Me Me
Me

Me N Me

2) Nucleophilic reagents, aprotic media break the N-C(CH3) pong

CN OH
Me

Ho_ FN Me

M .
e />XQ\ 1) PhLi Me

-— —_—
Me N o) 2) H,O
Me
Me N O Me N O
Me H Me H

3) Quaternization reactions that leave the bicyclic ring intact occur with HCI and CHj|

CHal HCl
B S
Me N{ O Me — Me Ni O
Me | N 0] M
| Md e | A

Me
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Twist and Tilt Deformations

Tilt Angle ©
1 @ I"
Y I wCa
N\m
J—x ! -
yA :\Cs
Twist Angle ©
Y

o
Y

L
@)
@]
o
e Jupune P

JOC 51, 2676 (1986) V. Somayaji, R.S. Brown
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Reactivity-Twist vs Tilt

QIO

MMod

Twist Angle & ~ 90°

Tilt Angle ©~15-20°
koy Ms™

2.62 X 10%

X-ray

AL

Twist Angle ®= 30-35°

Tilt Angle B=

koy M

6.0 X 10

15-20°

s koy M's™

7.55 X 10°

JOC 15, 2676 (1986) V. Somayaiji, R.S. Brown

v

Twist Angle @ O0+- 10°
Tilt Angle © 34°

X kOH |\/|-‘IS-‘I
OCHjy 0.27
H 1.1
2.8
Br 16.9
NO,

14-HydrolBBL 4/30/91 5:51 PM

Me

=—2=

kouM's?  6.0X10°

JOC 52, 805 (1987)
H.S. Tilk, R.S. Brown



JOC 51, 4866 (1986) V. Somayaji, K.I. Skorey, R.S. Brown, R.G. Ball
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Acylation of 3-Amino Alcohols
Model for Serine Protease

| .
N R | /\/OH
&7/ N | +  (CHaN
N
(0]

A

.
R=H, R'= CH,OH R=CHy" |
R=H, R'= CHj R=:
R=CHg, R'=CH,OH

R= R'=CHj

JOC 51, 4866 (1986) V. Somayaji
K.I Skorey, R.S. Brown, R.G. Ball
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Acylation of 3-Amino Alcohols

Rl

(7

N

A

17-JKLSer3 4/30/91 3:13 PM

R=H, R'= CH,OH
R=H, R'= CHj

R=C 3 R'=CH20H
R= R'=CHj

+

HsC

0]

X

NO,
/©/ +
0

R

OH
Y

Y

R=CHg" I

JOC 51, 4866 (1986) V. Somayaji
K. Skorey, R.S. Brown, R.G. Ball



Mechanism of Rotomase Enzymes

Science 863 (1990) M.K. Rosen, R.F Standert, A. Galat, M. Nakatsuka, S.L. Schreiber
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Rotomase Inhibitors- Leucine Twisted Amide Mimics

Biochemistry 3813 (1990) R.K. Harrison, R.L. Stein
JOC 4984 (1990) M.W. Albers, C.T. Walsh, S.L. Schreiber
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Rotomase Inhibitors

Science 251, 283 (1991) S. L. Schreiber
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Rotational Barriers, Amide and Ester Resonance
K.B. Wiberg, K.E. Laidig JACS 109, 5935 (1987)

J]\ AG-exp  3.900 Kcal/mole
/H e e
H O H (I) AG-calc  4.61 Kcal/mole
H
O 0 AG-exp 3.850 Kcal/mole
4.750 Kcal/mole
_CHs -
H o H (I) AG-calc  5.59 Kcal/mole
CHs,
i /&H Q H AG-exp 1.19 Kcal/mole
H o H ~ H)]\O/k“"" AG-calc 1.15 Kcal/mole

0]
Q AG-exp 8.51 Kcal/mole
/CH3 - » )I\
HsC o)

HsC AG-calc 8.63 Kcal/mole

O—0

21-Wiberg1 4/30/91 10:38 AM



Amide Resonance?

0 Rotational Barrier

Exp 18-19 Kcal/mole
Calc 15.3 Kcal/mole

"calculated satisfactorally"

I—2=

0
)I\ M -
H N
I
H
Calc. RC-O A
o)
HSC\O/CHs 1.400
o)
H3C\)I\H 1.188
0
J
H T/ 1.193
H

22-Wiberg2 4/30/91 11:09 AM

0]

PR

H

0
)I\ JH < >
H N7

AG-calc 2.3 Kcal/mole

Nl
V-
H

H

model for 50%
charge transfer

C-0O single bond

K.B. Wiberg, K.E. Laidig

JACS 109, 5935 (1987)
no resonance

indicative of a normal C=0
double bond, little evidence
of loss of double bond character



Calculated energies,dipole
moment and bond lenghts

DE Kcal/mole
(calc)

w(D)

r'c=0
r'c-N
fc-H
'N-H

O
M
H N
I
H
planar

0.0

4.095(3.85exp)

1.1927
1.3489
1.0910
0.9957
0.9923

Amide Resonance?

0
)I\ oH
H N7

A

15.34

1.573

1.1832
1.4273
1.0876
1.0055

17.60

4.080

1.1789
1.4230
1.0943
1.0046

C-N bond length decreases 0.08A suggests some double bond character

But, C-O bond length increases by only 0.01A suggesting C=Orelatively

unaffected by rotation

planar
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N 8.476

N 8.222
A -0.254

N 8.209
A -0.267

C 4.020
C 4.242
A +0.222

C 4.226
A +0.206

Calculated Electron Populations (units-electrons)

O 9.392

O 9.343
A -0.049

O 9.318
A -0.074



Twisted Amides- Support for No Amide Resonance

oy oy ofy o

o o}

Twist 90 31 36 16

Tilt 15-20 25 16.4 10

Ko _ 260 60 17 5.52 X 10_4

M's

0 - - h
O. OH gas phase
)I\ ﬂ, >\ "barrierless"
H NH, H NH, by calculation

solution high energy barrier to formation
- solvent interactions on TS and products
- must be due to structural changes for rehybridization
at N. Twist amides don't have to rehybridize and therefore
have a faster rate of hydrolysis (destabilized GS).

JACS 112, 6383 (1990) R.S. Brown et.al.
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Atomic Size Dependence of Bader Electron Populations:
Significance for Questions of Resonance Stabilization

JACS 113, 2865 (1991) Charles L. Perrin

Bader electron populations (used by Wiberg) exaggerate electron density at electronegative atoms.
The resulting atomic charges are judged to be unreliable, especially as evidence against resonance

in carboxylate anions and related species.

" At this time we decline to judge whether resonance is important for carboxylates and related species.
Our results do not justifyany conclusions except the one that some previous objections to resonance

are unfounded."
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