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Conformational flexibility of longifolene*

K R ACHARYA, S S TAVALE and T N GURU ROW+
Physical Chemistry Division, National Chemical Laboratory, Pune 411 008, India

Abstract. The flexibility of the bicyclo[2.2.1]heptane-based tricyclic bridged system in
longifolene is analysed based on x-ray structural data. In this context, the molecular structure
of three differently substituted longifolenes has been analysed. The highly substituent-
dependent conformation provides scope for the synthesis of a variety of commercially oriented
products.

Keywords. X-ray structure analysis; longifolene derivatives; norbornane conformation;
cycloheptane conformation.

1. Introduction

Longifolene (C, sH,,) has been a molecule of interest to structural chemists because of
the flexibility of its bicyclo[2.2.1]heptane-based tricyclic bridged system, and to natural
product chemists because of the variety of commercially-oriented products (for
example, perfumes) that the molecule can generate owing to this flexibility. From the
time this compound was isolated (Simonsen 1920) substantial chemical research has
resulted, the highlights of which are reported in recent reviews (Jadhav and Nayak
1980; Sukh Dev 1981a,b). Longifolene has such built-in stereoelectronic features in its
" rather complex tricyclic moiety that more often than not chemical transformation
reactions have led to unexpected results. These abnormal products, more ap-
propriately, sterically-diverted products (Sukh Dev 1981b) lead to newer and exciting
chemistry and because of the complexity, x-ray crystallography would be the most
appropriate tool for establishing the structures for such compounds. One such example
is the structure of alloisolongifolene (Shitole et al 1983). The bicyclic[2.2.1]heptane
moiety is by far the most important of bridged systems because of its frequent
occurrence in many mono-, di- and sesquiterpenes. Indeed, this moiety (also called
norbornane) has been subject to extensive physical and chemical studies by itself.
Detailed empirical force field calculations at various levels of sophistication (Allinger et
al 1968; Altona and Sundaralingam 1970; Engler et al 1973) have been performed to
obtain reliable information regarding the geometry of this moiety. Besides norbornane,
the longifolene has another flexible moiety, the seven-membered cycloheptane ring.
Several strain energy calculations (Hendrickson 1961; Bixon and Lifson 1967, McPhail
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Figure 1. Structural formulae for HACPLB, DIBRLB and AILFNB.

and Sim 1973) have been performed on this moiety and several energetically stable
conformational states are realised.

We report here the structure determination of three derivatives of longifolene
(figure 1) which demonstrate the nature of flexibility in the system: '

(a) 4-hydroxy-12-acetoxy cyclopent-[ 3-1'-ene-2'-0x0]-longiborane, hereafter referred
t0 as HACPLB.

(b) 8,11-dibromo longibornane, hereafter referred to as DIBRLB.

(c) Alloisolongifolol-p-nitrobenzoate, hereafter referred to as AILFNB.

We have also analysed the overall conformation of the longifolene molecule in terms of
these crystal data along with the already available crystal structure data from literature.
This analysis is done mainly in two steps (i) the norbornane moiety in terms of the twist
induced due to substitution from the expected C,, symmetry and (ii) the cycloheptane
moiety in terms of the deviation from C, or C, symmetry.

2. Structure determination of HACPLB, DIBRLB and AILFNB

The data were collected on a diffractometer (Enraf-Nonius CAD4-11M) using the /26
scan technique upto 26 = 48°. Three standard reflections were monitored after every
2000 seconds of exposure time to check for crystal decay, if any. The experimental
details are listed in table 1. All the structures were refined using full matrix least squares
technique (Gantzel et al 1961) with anisotropic temperature factors for non-hydrogen
atoms. Hydrogen atoms were fixed based on stereochemical considerations and their
positions verified by differenice Fourier synthesis.

2.1 HACPLB

Attempts to solve the structure in the automatic mode of MULTAN-78 (Main et al 1978)
failed. By a careful examination of the convergence map it was decided to change the
origin fixing reflections. Four other reflections were chosen for multi solution to yield
overall 64 sets. The set with the best combined figure of merit did not yield the structure.
However, the set with the lowest psi zero gave a five-atom fragment which eventually
led to the structure solution after a Karle recycling followed by a Fourier synthesis. The
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final positional and B, thermal parameters for non-hydrogen atoms are given in
table 2a. Figure 2a shows the perspective view of the molecule.

2.2 DIBRLB

From a routine run of MULTAN-78, the highest two peaks were considered to be the
bromine atoms and these were used in a subsequent Fourier synthesis to yield the entire
structure. The final positional and B, thermal parameters for non-H atoms are listed in
table 2b and a view of the molecule is shown in figure 2b.

2.3 AILFNB

With two molecules to be located in the asymmetric unit, this structure involved
determination of 54 atoms. The first MULTAN-78 run gave one of the nitrobenzoate
fragments and this followed by successive Fourier synthesis gave the entire structure.
The positional coordinates and B, temperature factors for non-H atoms are listed in
table 2¢ and a view of the two molecules in the asymmetric unit is shown in figure 2c.
This structure establishes an altogether new facet of longifolene chemistry. The
adopted reaction pathway obviously is not an energetically more favourable one which
indicates a lack of understanding of all the factors which influence carbocation
rearrangements (Shitole et al 1983). The bond lengths, bond angles, positional
parameters for hydrogen atoms, final anisotropic thermal parameters for all the non-H
atoms and the values of calculated and observed structure factors for all the above
mentioned structures can be supplied by the authors on request.

3. Discussion

In order to make a comparative study of the effect of substitution on longifolene, a few
other structures whose x-ray crystallographic study is already available are included
along with the structures described above. Figure 3 depicts all the structures taken for
comparison. However, structure AILFNB is not included in these discussions due to
(i) not possessing cycloheptane ring and (ii) limited accuracy.

3.1 Bicyclo-[2.2.1]-heptane (norbornane)

Extensive experimental studies on the derivatives of norbornane have revealed that the
system is moderately strained and its conformation changes slightly but significantly
due to substitution. In an ideal situation when there are no substituents on the
norbornane moiety, the system would have C,, symmetry. The norbornane system can
be regarded as a three-ring system: ring R, ring L and ring B (table 3). By using valence
force field calculations (Altona and Sundaralingam 1970), the torsion angles in an ideal
norbornane moiety have been calculated. The values obtained for rings R and L in all
the crystallographic studies taken for comparison show significant deviations. The
different modes of twisted norbornane are shown in figure 4. The presence of
substituents on the edge atoms i.e. atoms 7, 8, 10 and 11 appear to induce larger twist.
Altona and Sundaralingam (1970) predict that substitutions on these atoms cause a
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Table 2a. Positional parameters and B, values for 4-hydroxy-12-acetoxy cyclopent-(3-1'-
ene-2"-0x0)-longibornane: HACPLB. {

Atom X y z ch
c@) 0-320(1) 0142 (2) 0-3464 (8) 49 (6)
O (2 ~-0-0596 (9) 0045 (1) —0-0931 (6) 46 (4)
CQ2) 0-327(1) 0127 (2) 0-2348 (8) 4-0(5)
cqy 0-149 (1) 0080 (2) 00539 (7) 4-1(5)
C@y —0-007 (2) 0-069 (2) 0002 (1) 49(5)"
c@y ~0-089 (1) 0083 (3) 00731 (9) 3-5(5)
C(3) ~0-171 (1) 0-103 (2) 0-1562 (8) 2:6(4)
0@« 0-022 (1) 0268 (1) 02270 (6) 4-8(4)
Cc@ 0-031 (1) 0103 (2) 01796 (8) 31(4)
C(5) 0-010(1) —0071 (2) 0-2439 (9) 4-2(5)
C(6) 0-108 (2) 0091 (2) 0-3528 (9) 4-3(6)
c 0-275(1) —0056 (2) 0-3651 (8) 3-7(4)
C(8) 0-336 (1) —0-182(2) 02961 (8) 42 (5)
c© 0-418(1) -0051 (2) 0-2536 (7) 43 (6)
C(10) 0-556 (1) 0014 (2) 0-3440 (8) 4:0(6)
C(11) 0-494 (1) 0154 (2) 0-4055 (9) 47 (6)
0 (12) 0-557 (1) —0265(1) 02012 (5) 434)
C(12) 0-463 (1) —0113(2) 0-1663 (8) 3-0(5)
c@13) 0-615(1) —0-346 (2) 0-1302 (9) 62(7)
O (13) 0-573 (2) —0-293 (2) 0041 (1) 7-3(8)
C(14) 0-715(2) —0:508 (2) 0179 (1) 45 (6)
Cc(15) 0-066 (2) 0048 (3) 04248 (9) 6:3(7)
C(16) 0094 (2) —-0289 (2) 0382 (1) - 59(6)
C(17) 0-379 (1) 0307 (2) 0-1977 (9) 43 (6)

Table 2b. Positional parameters and Beq values for 8,11-dibromo longibornane: DIBRLB.

Atom X y z B,

Br (1) 1-0430 (6) 09512 (7) 00712 (2) 56 (5)
Br(2) 0-8896 (8) 06209 (7) 0-2329 (3) 4-4(5)
c 1-177(3) 0651 (4) 0-070 (1) 2:3(4)
CQ2) 1-114(4) - 0499(6) 0-064 (2) 2:4(4)
C(3) 1-222 (4) 0336 (5) 0-088 (2) 2:8 (4)
C@) 1-380(6) 0368 (6) 0114 (2) 63(5)
C{5) 1-392(5) 0458(6) - 0175(2) 58(@4)
C(6) 1-331 (4) 0617 (5) 0183 (1) C34(5)
c( 1-174 (4) 0-658 (5) 0152 (2) 2:6(3)
C(8) 1-056 (6) 0523 (5) 0-169 (2) 264)
cO® 0-955(S) 0499 (3) 0-100 (1) 28(4)
C(10) 0-878 (5) 0649 (5) 0-072(2) 294
cay 1-032(5) 0752 (6) 0047 (2) 374
C(12) 1-308 (3) 0:632(5) 0-260 (1) 56(5)
Cc(13) 1-443 (6) 0759 (5) 0-166 (2) 5:0(5)
C(14) 1-082 (6) 0443 (5) —0-015(1) 47 4)

- C(15) 0843 (4) 0370 (4) 0103 (2) 31(4)
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c(13)

ci3y c(s)

Figure 2. (a) A view of the molecule HACPLB.
(b) A view of the molecule DIBRLBE.
(c) A view of the molecule AILFNB.

synchro twist S(+, +) or S(—, —) and substituents on atoms 1 and 9 cause contra twist
namely C(+, —)and C(—, +) respectively. However, from the examination of figure 5,
in the case of longifolenes atleast, no such generalisation can be arrived at. Indeed,
structures 1 and 3 have substitution at atom 9 and are generally structurally similar but
yet show different kinds of twist. However, in longifolenes a synchro twist appears to be
energetically favourable. ‘

3.2 The cycloheptane moiety

Another feature of longifolene is the presence of a cycloheptane ring which is flexible
and undergoes pseudo rotation. Strain-energy minimization calculations (Hendrickson
1961) have shown that the twist-chair (Tc)is energetically most stable than the chair (C),
boat (B) and twist-boat (1B) forms. Another set of strain energy calculations (Bixon and
Lifson 1967) has skew-chair, chair, boat and skew-boat with energies 5:55, 622, 795
and 819 kcal/mol respectively. McPhail and Sim (1973) have developed relations to
check the deviation of the ring from C, or C, symmetry (figure 6) as

Ty = (W =W |+ W =W, |+ W - |, (1)
B =W V| (W W |+ | W+ 5+ W | 9
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COOMe

HACPLB DIBRLB BRLBND
{present study) { present study) (Guru Row & Venkatesan 1976 )

LGFHCL BRCYLF LGFBBT
(Cesur & Grant,1965) {Thierry &Weiss, 1972a) (Thierry & Welss, [972b)

BRaALGF

(Thierry & weiss, [972¢) (Thierry & Weiss, 1972d) BRWLGF
( Thierry & Weiss,19724d )

Figure 3. Structural formulae for all structures taken for comparison.

Table 4 lists a comparison of torsion angles in all the above structures and the
theoretically predicted values. It is generally seen that the presence of exocyclic

carbonyls and endocyclic double bonds result in large deviations from the C; and C,

conformations. Indeed, the ratio I, /(Z, + Z;) is a clear measure of the probability of
having either C, or C; symmetry. The ratio obtained in all the structures (table 4) is

around 05 which indicates that the seven-membered ring in longifolene is neither near

C, symmetry nor near C; symmetry. However in HACPLB, DIBRLB, BRLBND and LGFHCL,

this ratio is closer to the chair conformation as predicted by Lifson and Bixon. In the

remaining structures the presence of a methyl substituent in 7 position seems to

considerably distort the molecule.

4. Conclusion

It is obvious that longifolene, even after twenty five years from its structure elucidation,
continues to generate unusual products. The endowed flexibility as seen from the
previous sections complicates the problem further but leads to very exciting chemistry.
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Table 3. Comparison of torsion angles (°) for the norbornane moiety. 1-records the values
obtained by Altona and Sundaralingam (1970).

1 HACPLB DIBRLB BRLBND LGFHCL BRCYLF LGFBBT BRefLF BRaLGF BRwLGF
Ring L
a 36 340 231 322 298 —288 —385 -361 ~323 343
b 0 41 —41 45 50 —-97 21 -29 -56 ~43
c 36 —385 319 -393 -383 445 353 40-7 414 412
d 56 —582 475 ~564 —522 54-8 60-7 59-8 569 586
e 56 593 —505 589 528 —-609 575 —612 —602 ~—617
Ring R .
a 36 —373 478 372 —448 489 264 369 360 374
b 0 46 —206 49 112 —-153 - 77 -16 -23 ~42
¢ 36 273 ~179 291 277 -232 -399 - -339 -321 ~300
d 56 —483 —670 532 599 —603 —489 -552 529 527
e 56 530 566 ~504 -—549 @ 521 546 537 51-8 506
Ring B
f 71 =750 685 -—-741 —T728 75-8 69-1 743 742 746
g n 662 —681 68-0 679 —652 —~719 —689 —663 —698
S 71 689 —52.5 68-8 635 —580 -781 705 —693 —694
g 7 =729 857 =752 =767 822 634 718 722 766

cl(+,-)

Figure 4. Theoretically predicted modes of twist in norbornane.
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n- cl+,~) S(+.+)
DIBRLB BRLBND

Si+,+)
LGFHCL BRCYLF LGFBBT -

St++) 74
BRGWLGF

W, =W, Wy =Wy

Wy = Vg Wy =-Wg

W, = W4 W, --Vl,
Wy o

Figure 6. The C, and C, conformations of cycloheptane ring (the numbering of atoms is
arbitrary).

This analysis however provides an insight into the effects of substitution which might
enable the chemist to engineer to obtain desired products.
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