
Remarkable thiocarbonyl and ring-size effects on the amide
bond twisting were observed for N-acetylamides 1–3.  The amide
linkage of 2 is perpendicularly twisted, whereas the oxygen ana-
log 1 and five-membered analog 3 are virtually planar, which
were revealed by 13C NMR and IR spectroscopies, and X-ray
analysis.

It has been well documented that amide linkages have planar
geometry due to amide resonance.1 This fundamental character of
amide linkages is responsible for the conformation of various
compounds containing an amide group.  However, steric and elec-
tronic effects of the substituents around the amide bond change
the conformational preference or cause deformation in the amide
linkage.2 Therefore, it will be important to explore the factors
which affect the amide geometry because the geometry plays key
roles in the bioactivity of various compounds and the process of
biochemical reactions.3 We have previously reported the struc-
ture and reactivity of sterically-hindered extremely twisted
amides2 having thiazolidine-2-thiones4 and phthalimide5 frame-
works, where a bulky pivaloyl group was required to twist the
amide bond using steric repulsion.  In this communication, we
report that replacing of a carbonyl group of N-acetylbenzoxazi-
none 1 by a thiocarbonyl group resulted in significant amide
bond twisting; moreover, the ring-size of the framework structure
is also critical for the geometry of the amide linkage. 

The geometries of amides 16 and 37, and newly prepared 2
by the acetylation of 2H-1,4-benzoxazine-3(4H)-thione8 were
studied by 13C NMR and IR spectroscopies, and X-ray analysis.
N,N-Dimethylacetamide (4) was used as a standard for 13C
NMR (δ13C=O for 4 = 170.6) and IR (νC=O for 4 = 1634.6 cm–1)
spectroscopic analysis. Table 1 lists the δ13C=O and νC=O values
for 1–3, and the ∆δ13C=O and ∆νC=O values.  Among the ∆δ13C=O,
that of 2 was the highest.  A similar tendency was observed for the
∆νC=O.  Since it has been known that the ∆δ13

C=O and ∆νC=O

increase with increasing in the amide bond twisting,2,9 these
data suggest that the amide linkage of 2 is more twisted than
those of 1 and 3.

To elucidate the geometrical differences among 1–3, X-ray
analyses were carried out at 230 K.10 Figure 1 shows their crystal
structures and Figure 2 indicates the projection of their amide
groups down the C(O)–N bonds.  Though a single crystal of 1 con-
tains two independent molecules in a unit cell, one of which is dis-
played in Figure 1 because of their sufficient similarity.
Winkler–Dunitz parameters11 for them are listed in Table 2.  As
expected, Figures 1 and 2 clearly show remarkable geometrical dif-
ferences among them.  Thus, the amide linkage of 2 is perpendicu-
larly twisted (τ = 89.0°), whereas that of 1, an oxygen analog of 2,
is virtually planar (τ = 10.4°).  This means that replacing of the car-
bonyl to a thiocarbonyl plays a critical role in the amide geometry.
Harrison and his coworkers have found that the thiocarbonyl
affects the geometry of 1,6-diacetyl-3,4,7,8-tetramethyl-2,5-dithio-
glycoluril, the twist angle of which is 55.0°, while that of the oxy-
gen analog is 21.6°.12 Since an S atom has a much larger size than
an O atom, the steric repulsion between the thiocarbonyl and the
acetyl groups in 2 would be larger than that between the carbonyl
and the acetyl groups in 1.  An electronic effect of the thiocarbonyl
group would be another important factor. Thus, in an N-acylthio-
amide system, it has been known that the lone pair electrons of the
nitrogen atom conjugate more efficiently with the thiocarbonyl
than the carbonyl,13 therefore, the adjacent N–C(O) double bond
character in 2 is weakened compared to that in 1; as a result, the
thiocarbonyl would induce the amide bond twisting. 

Comparison of the crystal structures between 2 and 3 clari-
fied a critical role of the ring-size of the framework structure on
the amide geometry; amide 2 having a six-membered ring is
extremely twisted as described above, while five-membered
analog 3 is planar (τ = 3.1°) despite possessing a thiocarbonyl
group.  This ring-size effect would arise from the difference in
the bond angles of C1–N1–C2 between 2 and 3, the angles of
which are 119.1° and 128.1°, respectively.  Therefore, the thio-
carbonyl group of 2 closely approaches the acetyl group com-
pared to 3, thus causing steric repulsion sufficient to effect sig-
nificant amide bond twisting.  The effect of crystal packing on
the amide geometry will be negligible because no intermolecu-
lar interaction around the amide groups was observed in the
crystal packing structures.  This was supported by the fact that
the calculated geometries by the RHF/3-21G* optimization of
those amides closely resembles the observed geometries.14
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The structural differences are observed not only in the twist
angles but also in the bond lengths.  The C1–N1 distance of
1.475(2) Å in 2 is much longer than those in 1 and 3 [1.432(3)
and 1.427(2) Å, respectively] and close to the C–N single bond
length.  In contrast, the C2–N1 distance of 1.338(2) Å in 2 is
significantly shorter than those in 1 and 3 [1.405(3) and
1.400(2) Å, respectively]; moreover, the distance of C1–O1 in 2
is also shorter than those in 1 and 3, and the C2–S1 distance of
2 is longer than that of 3 [1.649(2) and 1.622(2) Å, respective-
ly].  These significant differences in the bond lengths are unam-
biguously ascribed to the amide bond twisting. Thus, the signif-
icant amide bond twisting inhibits the amide resonance, and
instead, enhances the thioamide resonance, which resulted in
the lengthening of the C1–N1 bond and shortening of the
C2–N1 and C1–O1 bonds. 

An additional characteristic feature of 2 is the very small
χN value (Table 2). In general, amide bond twisting accompa-
nies significant pyramidalization of the N atom; for example,
3,5,7-trimethyl-1-azaadamantan-2-one (τ = 90°, χN = 60°)15 and
N-pivaloyl-1,3-thiazolidine-2-thione (τ = 74.3°, χN = 30°).5

This small χN in 2 may be ascribed to effective resonance of the
nitrogen lone pair electrons with the aromatic ring as well as
with the thiocarbonyl group. There are three types of distorted
amides based on the distortion mode as previously defined by
us2: twisted amide, nonplanar amide and twisted planar amide.
According to the definition, amide 2 is a representative "twisted
amide" because it has a planar nitrogen atom and a perpendicu-
larly twisted amide linkage.

In conclusion, the structural studies of 1–3 elucidated that
the significant amide bond twisting in 2 can be ascribed to both
the steric and electronic effects of the thiocarbonyl group. The
steric repulsion around the amide linkage of 2 would have an
enough energy to inhibit the amide resonance weakened by the
thioamide resonance. 
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