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Figure 4. Thermospray LC/MS/MS spectra of (a) the carbox- 
ypeptidase digest of SQ 28546 and (b) glutamic acid. 

ca. tR 1.8 and 1.5 min. No other amino acids were seen 
by LC/MS. MS/MS spectra of the 106+ and 148' ions 
matched those of the protonated molecule of authentic 
serine and glutamic acid (see Figure 4 for Glu). The 
absence of Thr or other amino acids released from the 
carboxy terminus supports the attachment of N-acetyl- 
glucosamine to threonine. 

In a similar manner, mass spectral evidence established 
the attachment of sulfate to N-acetylglucosamine and 
showed its relation to 4-hydroxy-5-(hydroxymethyl)proline 
(bulgecinine). The FAB MS/MS spectrum of the 962- 

Scheme I11 

--+- ns04  

m / r  97 

parent of 1 defined the 397- fragment. This ion was also 
evident from the FAB mass spectra of both 1 and 2. Ex- 
amination of this daughter established the fragmentation 
illustrated in Scheme 111. Ions at m/z 282 and 97 were 
observed. As previously mentioned, the ion at m/z 97 was 
determined as HSO, by high-resolution analysis while the 
m/z 282 fragment is due to sulfated N-acetylglucosamine. 
Comparison of the FAB MS/MS spectra of the 282- and 
397- ions of 1 and 2 with those fragments from the related 
compound bulgecin (4) suggest a similar, if not identical, 
structure for these fragments. The negative FAB mass 
spectrum of bulgecin exhibited the (M - H)- ion at  m/z 
550. The MS/MS spectrum of this ion produced 397- and 
282- fragments. Subsequent analysis of the 282  fragment 
using FAB MS/MS indicated the 97- daughter ion arises 
from this ionic species. 

In conclusion, chemical and spectroscopic characteri- 
zation of glycopeptides 1 and 2 show similarities to bul- 
gecins; however, l and 2 are significantly larger peptides 
and contain two glucosamine residues. Both glycopeptides 
exhibit similar NMR and mass spectral features which 
have been examined in detail to define the structures 
shown. Mass spectral relations are best determined by 
using a combination of MS/MS with high-resolution 
analysis. The presence of structural features common to 
bulgecins and 1 and 2 are of biological interest. All of these 
compounds have been reported to potentiate the activity 
of @-lactam antibiotics. Furthermore, their coproduction 
with monobactams in broth cultures may be of interest 
from a biosynthetic standpoint. 
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A conformational study on di- and trisubstituted y-butyrolactones has been performed using molecular mechanics 
(MM) calculations and analysis of coupling constants through an empirically generalized Karplus equation. Our 
results corroborate the existence of only two envelope conformations for every compound. Calculated coupling 
constants reproduce experimental values with a global root-mean-square (rms) deviation of 0.93 Hz. 

The y-lactone system possesses great importance in 
natural product chemistry. The existence of several me- 
tabolites having as constitutional unit the y-butyrolactone 

0022-3263/86/1951-3946$01.50/0 

ring 1, such as eldanolide, 2, litsenolides 3, and antimy- 
cinones 4, has generated an enormous interest on the 
synthesis and configurational assignments of variously 
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conformational equilibrium and behavior in some cases, 
including five-membered rings (mainly furanosic type 
sugars),6 by analizing its 'H NMR, while Osawa8 prefers 
a different approach: the determination of all possible 
conformers of the target molecule by molecular mechanics 
(MM) and then calculation of the weighted coupling con- 
stants from their MM-calculated geometries. In this article 
we apply the latter combination to determine the most 
stable conformation and the different H-C-C-H coupling 
constants for all the possible relative configurations of 
several di- and trisubstituted y-butyrolactones in order to 
establish unambiguously the exact J values for each class 
of compounds. 

' 

Results and Discussion 
Computational Technique. Program MMz9 was used 

throughout all this work for the computation of the ge- 
ometry and the energy of each conformer. The calculation 
of averaged coupling constants was undertaken using 
program 3 JHH'O which, in turn, is based on Altona's 
generalized Karplus equation." This equation uses as 
variables the H-C-C-H dihedral angle, the number of 
substituents on the fragment and their electronegativities, 
and the configuration on the C-C fragment. 

The knowledge of the number of possible conformers 
for a given molecule, their geometry and relative popula- 
tions (mole fraction), allows us to obtain Jdc by application 
of (eq 1). Comparison of the observed and calculated J's 

Di- and Trisubstituted y-Lactones 

substituted y-butyrolactone rings. 

lA 

4 

02on 
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'H NMR is one of the most widely used techniques for 

configurational assignment, owing to the correlation be- 
tween vicinal coupling constants (J's) and H-C-C-H di- 
hedral angles. I t  is usually considered that dihedral angles, 
in pentacyclic systems, are determined by the relative 
configuration existing at both carbon atoms. However, in 
this article we try to show how molecular conformation(s) 
is(are) the main factor(s) controlling dihedral angles. 

The original Karplus equation, J = 8.5 cos2 8 - 0.3 (Oo 
< B < goo), J = 9.5 cos2 8 - 0.3 (90' < B < MOO), has been 
used to determine the configuration of some nonfused 
y-lactone~.l-~ In those cases, coupling constants of cis- 
oriented protons had geherally a value of 9 Hz whereas 
those for the trans-oriented protons were about 2-4 Hz. 
This generalization has been widely utilized in configu- 
rational a~signment .~ However, Mori5 found that the 
isomers of blastmycinone (trans,trans relationship in 4) 
having cis,trans, trans,cis, and cis,cis relationships on the 
C2-C3-C4 fragment of 4 showed "rather unusual results", 
Le., trans coupling constants were larger than cis. 

The combination of force field calculations, that allow 
one to know the preferred conformations of a molecule, 
with a Karplus-type equation is being currently used in 
coupling constant analysiseM de Leeuw et al.6~' found the 

~ ~~~ 
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m = number of conformers, n = mole fraction 

will provide information about the correctness of the 
configurational assignment and even about the confor- 
mational preference. 

Conformational Analysis. y-Butyrolactone (1). 
Semiempirical quantum chemical calculations12 (CND0/2 
and PCILO) on 1 indicate that 1T is the most stable 
conformer. The unit O5-C1(0)-C2 is planar and C3 is close 
to this plane, while C4 is out of the plane. This situation 
produces an important torsion around the 0,-Cl bond 
(from loo to 17' under CNDO/2). Although PCILO 
calculations are recognized to be the best quantum chem- 
ical calculations on conformational analy~is, '~ some doubt 
can be cast on the correctness of such calculations in the 
case of 1, because PCILO predicts the second most stable 
conformer of 1 to be 1P with all bonds eclipsed.12 

These results are clearly in disagreement with the known 
tendency of esters to have the C-0-CO-C fragment co- 
planar, although with a rotational barrier smaller than that 
in an amide.14 

Mathiesod, already pointed out that 1 exists only in one 
conformation, which is degenerate, having four atoms 
(C4-0,-C1-C2) in one plane and the fith atom (C,) out of 

(8) (a) Jaime, C.; Osawa, E.; Takeuchi, Y.; Camps, P. J. Org. Chem. 
1983,48, 45j4. (b) Masamune, S.; Ma, P.; Moore, R. E.; Fujiyoshi, T.; 
Jaime, C.; Osawa, E. J. Chem. Soc., Chem. Commun. 1986, 261-263. 

(9) (a) Allinger, N. L. J. Am. Chem. SOC. 1977,99,8127. (b) Allinger, 
N. L.; Yuh, Y. H. QCPE 1980,12,395. 

(10) Jaime, C.; Osawa, E. QCPE 1983, Program 12, 461. 
(11) (a) Haasnoot, C. A. G.; de Leeuw, F. A. A. M.; Altona, C. Bull. Soc. 

Chim. Belg. 1980,89,125-131. (b) Haasnoot, C. A. G.; De Leeuw, F. A. 
A. M.; Altona, C. Tetrahedron 1980, 36, 2783. 

(12) Nagy, P. Acta Chim. Acad. Sci. Hung. 1981,108, 401. 
(13) Testa, B. Principles of Organic Stereochemistry; Marcel Dekker, 

Inc.: New York, 1979. 
(14) (a) Oki, M. Top. Stereochem. 1983, 14, 1. (b) Grindley, T. B. 

Tetrahedron Lett. 1982,23, 1757. 
(15) Mathieson, A. Mcl. Tetrahedron Lett. 1963, 4, 81. 
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Table I. Endoeyelie Dihedral Angles (in deg) and Relative 
Energy (in keal/mal) for the Stationary Points of I as 

Obtained by BIGSTRN-3 

conformer endocyclic dihedral angles' energy 
1P 0.0, 0.0,0.0, 0.0, 0.0 1.16 
1A (and 1B)* 28.9, -28.3, 16.6, 2.9, -20.9 0.00 

'Endocyclic dihedral angles are given in the following sequence: 
1-2-3-4, 2-3-4-5, 3-4-51, 4-51-2, 5-1-2-3 (see structure I for 
numbering). b l B  has opposite signs in dihedral angles. 

Chart I 

-60.0 w,ll-5-4-31 
- 
60.0 

Figure 1. Torsional energy surface of y-butyrolactone, 1, as 
calculated by M M 2  (a) three-dimensional representation 
(Contour lines separation is 1.0 kcal/mol); (b) contour map (Line 
separation is 1.0 kcal/mol.). 

the plane, either above (1A) or below (1B). Recently, 
AllingeP stated, according to MM calculations, that "7- 
butyrolactone prefers the conformation with four planar 
ring atoms, and the B carbon out of the plane of the re- 
mainder of the five-membered ring". 

The importance of two-parametric torsional energy 
surface calculation in conformational analysis and dy- 
namics has been demonstrated.'7 In the present work an 
extensive coverage of the torsional energy surface of 1 was 
carried out using a highly automated routine'* imple- 
mented into the MM2 program. Endocyclic dihedral an- 
gles Cl-C5-C4-C3 and Cl-C2-C3-C4 were driven from i60" 
to ~ 6 0 ~  with a 10" step size. Results are shown in Figure 
1, and the existence of only two equivalent conformers, 1A 
and lB,  can be easily deduced. 

In view of the known pitfalls of the two-parametric 
torsional energy  overage,^'' Osawa's p roced~re '~  was 
followed for the analysis of the surface obtained, i.e., the 

(16) Burkert, U.; Allinger, N. L. Moleeulor Mechanics, ACS Mono- 
graph 177, American Chemical Society: Washington, DC, 1982: p 225. 

(17) For some eacamples, see: (a) Jaime, C.; Osswa, E. J.  Chem. Soe., 
Perkin Tram. 2 1984, 995. (b) Jaime, C.; Buda, A. B.; baawa, E. Tet- 
rahedron Lett. 1984.25.3883, (e) Iwamura. H.: Ito. T.: Ito. H.: Toriumi. 
K.; Kawada, Y.; Osswa, E.; Fujiyoshi, T.; Jaime, C. J.  A i .  C&m. Soe: 
1984, 106, 4712. (d) Kane, V. V.; Martin, A. R.; Jaime, C.; Osawa, E. 
Tetrahedron 1984. 40. 2919. le) Ivanov. P. M. J.  Chem. Rea.. Synap. 

par, R. 
B., Jr.; Johnson, C. A.; Mido&, K. J. Org. Chi&. 1982y47, 4829. (h) 
Nachbar, R. B., Jr.: Hsunshell, W. D.; Norman, V. A,; Wennerstrbm, 0.; 
Guenzi. A,: Mislow. K. J. Ore. Chem. 1983. 4R. 1227. li\ Rorkcrt.. IT.; I - .  ~~~~, ~ ,~, 
Allinge;. N. L. J. Comput. &em. 1982.3. 40. 

(18) usawa, E. J.  Ccr 
(19) Ivanov, P. M.; 0 

npput. Chem. 1982,3,400. 
saw*, E. J. Conput. Chem. 1984,5, 307 
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characterization of all the stationary points was carried out 
with BIGSTRN-3 program2@ modified as to he able to  cal- 
culate molecules containing heteroatoms. Starting from 
the transition state for interconversion of 1A into lB, the 
eigenvector distorsion option allows one to find the two 
interconnected minima. The obtained barrier is very low 
(1.16 kcalfrnol); thus an absolutely free interconversion 
between the two conformers exists. The transition state 
for this interconversion is conformation 1P with all en- 
docyclic dihedral angles exactly equal to OD, while the 
minima have the C2-CO-05-C, fragment nearly planar 
(dihedral angle equal to i2.9') (Table I). 
2,3-Disubstituted-y-butyrolactones. Computational 

results on cis- and trans-2,3-dimethyl-~-butyrolactone (5c 
and 5t, respectively) are shown in Table 11. In 5c, con- 
former A is revealed as the most stahle (66.83%). This 
indicates that an "axial" methyl on C3 is preferred over an 
"axial" methyl on C2 as a consequence of the absence of 
IB-diaxial interactions between methyl and protons on O5 
and C, in conformer A. However, conformer B does dis- 

(20) Nachbar, R. B., Jr.; Mislow, K., personal communication, to be 
submitted to QCPE. 
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5c 
5t 
6c 
6t 

7c 
7t 

8c 
8t 
9c 
9t 

l0cc 
lOtt 
lOct 
lOtc 
1 lcc  
l l t t  
1 l c t  
l l t c  
12cc 
12tt 
12ct 
12tc 

Table  11. MM2 Calculated Conformer Distribution (%), 3JHH Calculated Coupling Constants (Hz) for Each Conformer, and  
"Average" Coupling Constants and  Experimental  Coupling Constants (Hz) for the Ring Protons of Compounds 5 to  12 

conformer A" conformer B O  calculated S s  experimental S s  

compd % b  J2,3 J3,4i, J3,42 % b  J2,3 53,419 5 3 . 4  J2,3 J3,41t J3,42 J2,3 J3,4 

66.83 7.29 1.12, 8.65 31.37 7.76 8.91, 5.52 7.44 3.57, 7.67 2.5, 5.5c 
93.46 
96.16d 
66.17d 

96.30 
75.97 

36.16 
81.91 
87.03d 
37.0gd 

86.89 
97.28 
56.26 
89.78 
98.83d 
88.31d 
91.98d 
50.13d 
95.46 
82.97 
85.50 
36.30 

11.14 
5.25e 
9.01e 

10.66, 7.05 
10.32, 7.40 

8.04, 1.11 
10.09, 7.46 
6.21, 1.16e 
8.08, 8.38e 

7.26 
11.15 
7.65 
11.33 
5.24e 
9.12e 
5.56O 
9.03e 
5.22 
9.40 
5.59 
9.31 

J2,31, 52,32 

J21,3, 522,3 

J2,3 

3.58, 8.85 
1.28, 6.92' 
4.44, 6.83' 

10.40, 6.05 
8.80, 1.61 

5.42 
9.27 
3.58e 
7.16e 

5.38 
9.34 
1.30 
6.93 
3.48' 
7.35e 
1.09e 
7.09O 
3.46 
7.60 
1.10 
7.02 

J31,41 J32,4 

J3,4 

J3,4 

6.54 
3.83d 

33.82d 

3.70 
24.03 

63.84 
18.09 
12.97d 
62.91d 

13.11 
2.72 

43.74 
10.22 

1.18d 
11.6gd 
8.02d 

49.Nd 
4.54 

17.03 
14.50 
63.70 

0.75 
8.03' 
0.51' 

2.11, 9.81 
1.20, 8.60 

7.34, 10.75 
1.53, 8.42 
8.42, 8.55' 
1.46, 6.50e 

8.83 
1.74 
7.86 
0.66 
9.07e 
0.86' 
8.20e 
0.47e 
8.92 
1.18 
8.09 
0.54 

J2,31, J2,32 

J21,3, J22,3 

J2,3 

8.79, 1.13 
6.78, 6.52' 
7.16, 1.16e 

2.74, 9.56 
6.41, 10.08 

6.85 
1.41 
7.00e 
1.15' 

7.54 
2.37 
9.44 
5.69 
7.44' 
1.59O 
7.2ge 
3.80e 
7.41 
1.84 
7.50 
4.10 

J31,4, J32,4 

5 3 , 4  

J3,4 

10.46 
5.39 
6.14 

10.35, 7.16 
8.13, 7.69 

7.59, 7.26 
8.54, 7.63 
6.48, 2.12 
3.93, 7.21 

7.47 
10.90 
7.74 
10.54 
5.30 
8.16 
5.81 
4.77 
5.39 
8.00 
5.95 
3.73 

J2,31, J2,32 

J21,3, J22,3 

J2,3 

3.92, 8.35 
1.48, 6.92 
5.36, 4.91 

10.12, 6.17 
8.23, 3.64 

6.33 
7.85 
3.99 
3.39 

5.66 
9.15 
4.86 
6.80 
3.50 
6.68 
1.59 
5.44 
3.64 
6.62 
2.03 
5.16 

J31,4? J32,4 

J3,4 

J3,4 

5.g 

J2,31? J2,32 
12.8, 8.59 
9.0, 8.0h 

J21,3r J22,3 

5.3, 1.d 

J z  3 
7' 

11.5' 
7.5' 
10.8' 
4.7"' 
9.2" 
5.6"' 
5.0" 

6.OP+9 
5.9' 
6.0" 

3.OP,q 

3.6, 6.5k 

531,4, 532.4 
10.8, 6.0s 
7.5, 7.0h 

6.0' 
7.8: 
3.v 
2.8k 
J3,4 
4.5' 
9' 
6' 

6.7' 
3.3"' 
7.4" 
1.1" 
5.0' 

4.5P.q 
4.9' 
3.08 

5.op.q 

J34 

" See structure 1 for explanation. Population according to Boltzman's distribution. Energy values were obtained from MM2 results. 
Reference 21. dValues obtained considering the three rotamers around C-OH bond. ' Coupling constants corresponding to the most stable 

rotamer. f Reference 22. g Values relative to cis-3,5-di-tert-butyl-l. Other reported J values for J2,31, J2,32 and J31,4,  J32,4 are as follows: 
cis-3,5-diphenyl-l, 12.9, 8.1 and 10.8, 5.7 Hz; cis-5-methyl-3-phenyl-1, 12.8, 8.5 and 10.8, 5.7 Hz; cis-3-methyl-5-phenyl-1, 12.9, 8.1 and 10.8, 
5.8 Hz. Reference 24. hValues relative to trans-3,5-di-tert-butyl-l. Other reported J values for 52.31, J2,32 and J31,4,  532.4 are as follows: 
trans-3,5-diphenyl-l, 9.7, 8.1 and 7.8, 5.8 Hz; trans-5-methyl-3-phenyl-1, 9.0, 7.0 and 6.8, 6.2 Hz; trans-3-methyl-5-phenyl-1, 9.0, 7.0 and 7.5, 
5.5 Hz. Reference 24. 'Reference 26. 'Reference 27. Other reported J values for J21,3,  5 2 2 3 ,  and J3,4 are 5.6, 1.2 and 3.8 Hz (ref 28). 
kReference 29. 'Reference 30. "'Values relative to the 2-butyl derivative. Reference 33. "Reference 29. Other reported J values for J 2 , 3  and 
J3,4 are 8.0 and 7.0 Hz (ref 34), 8.5 and 7.0 (ref 35), and 8.2 and 7.5 Hz (footnote m). OReference 34. Other reported Jvalues for J2,3 and J3,4 
are 3.4 and 5.0 Hz (footnote m). "Reference 37. qValues relative to the 3-C16 derivatives. Reference 36. 'Values relative to the 3-butyl- 
4-iso-butoxycarbonyl derivatives. Reference 5. a Reference 40. Other reported J values for J 2 , 3  and J3,4 are 6.0 and 0 Hz (footnotes q and r). 

play a 1,3-diaxial interaction between the C2-methyl and 
the axial hydrogen on C4. The calculated methyl confor- 
mational energy in this system already denotes such a 
phenomenon. An axial methyl group on C2 is 1.16 kcal/ 
mol less stable than an equatorial one, while on C, and on 
C4 it is only 0.64 kcal/mol and 0.46 kcal/mol less stable, 
respectively. 

The situation is similar, but not equal, in 5t. In this 
compound both methyl groups are in equatorial positions 
in conformer A while they are axial in conformer B. 
Consequently, it is not surprising that A is almost exclu- 
sively preferred over B. 

Since a wide range of natural products having y-buty- 
rolactone rings containing one hydroxyl group in the p- 
position (or C3), the corresponding hydroxy derivatives 
were also studied. Thus, cis- and trans-3-hydroxy-2- 
methyl-y-butyrolactone (6c and 6t, respectively) were 
examined. Considering relative configuration, these com- 
pounds should behave similarly to 5. However, compound 
6c presents a conformer distribution very similar to that 
of 5t. This fact should be attributed to the stability of the 
0-C-C-0 unit in a gauche conformation. The program 
MM2 treats the 0-C-C-0 unit as to make gauche more 
stable than anti conformers to reproduce the conforma- 
tional preference on ethylene In turn, compound 
6t presents a conformer distribution similar to 5c, since 

conformer 6t-B is more stable than conformer 6c-B as a 
consequence of the gauche effect. Finally, it is worth 
noting that for all compounds studied so far Jtr,, > Jcis 
(Table 11) (10.46 Hz for 5t vs. 7.44 Hz for 5c, and 6.14 Hz 
for 6t vs. 5.39 Hz for 6c). 
2,4-Disubstituted-y-butyrolactones. Only methyl- 

substituted derivatives were considered. The cis-2,4-di- 
methyl-y-butyrolactone (7c) is calculated to have a great 
preference for conformer A (96.30%) over B; see Table 11. 
Obviously the presence of two axial methyl groups in 
conformer B produces this unstability. In the trans ste- 
reoisomer, 7t, conformer B is slightly more stable than in 
7c. The agreement between calculated and experimental 
coupling constants is qualitatively gooda for these lactones. 
3,4-Disubstituted-y-butyrolactones. According to 

calculations the cis-3,4-dimethyl-y-butyrolactone (8c) ex- 
ists to an extent of 63.84% in conformer B, having C3- 
methyl in axial and C4-methyl in equatorial positions 
(Table 11). 

The small preference of 8c for conformer B rather than 
A is difficultly attributable to one single factor. However, 
a careful study of MM2 results indicates that the torsional 
and van der Waals' contributions to the total steric energy 
are the two main reasons to account for this fact. On the 
other hand, compound 8t shows a clear preference for 
conformer A (81.91%) as a consequence of the stability 
conferred by two equatorial methyl groups. 

(21) Mohr, P.; Waespe-SarEeriE, N.; Tamm, C.; Gawronska, K.; Gaw- 

(22) Wps,  H.; Wgeli, U.; Scheffold, R. Helu. Chirn. Acta 1981,64,775. 
(23) Allinger, N. L.; Chang, S. H-M.; Glaser, D. H.; Honig, H. Isr.  J. 

ronski, J. K. HeEu. Chim. Acta 1983, 66, 2501. 

Chem. 1980,20, 51. 

(24) Tayyeb Hussain, S. A. M.; David Ollis, W.; Smith, C.; Fraser 

(25) The absence of experimental coupling constants for 7c and 7t 
Stoddart, J. J. Chem. SOC., Perkin Trans. 1 1975, 1480. 

should be considered. 
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The 3-hydroxy derivatives, 9c and 9t, show a behavior 
opposite to that of 8. While MM2 results indicate that 8c 
and 8t prefer conformer B and A, respectively, 9c and 9t 
prefer A and B, respectively. Consequently, the change 
of the methyl group for a hydroxyl produces such a dif- 
ferent trend. "Gauche" effect is the main factor for this 
behavior because it stabilizes any conformer having a 
0-C-C-0 unit in gauche conformation (A in 9c and B in 
9t). Conformer B in 9t possesses a destabilization pro- 
duced by the presence of the axial C,-methyl. 

Again the calculated J3,4 indicates that the contribution 
of the two conformers should be taken into account in 
order to match the experimental values. On the other 
hand, it is noteworthy that the influence of the electro- 
negativity of the substituent in the averaged J value, a 
difference of 2-4 Hz, exists when a methyl is changed for 
a hydroxyl group. 
2,3,4-Trisubstituted-~-butyrolactones. Four different 

relative configurations are possible for this class of com- 
pounds, i.e., cis,cis, trans,trans, cis,trans, and trans,cis. 
Both 2,3,4-trimethyl- and 3-hydroxy-2,4-dimethyl-y- 
butyrolactones are considered in this section. 
2,3,4-Trimethyl-y-butyrolactones (lOcc, 10tt, and 10tc) 

show almost exclusive preference for conformer A, while 
in lOct both conformers, A and B, show almost the same 
population (Table 11). 

In lOcc and lOtt, conformer B has a 1,3-diaxial Me/Me 
interaction. Consequently, A will be the most stable 
conformer in both cases. Compound lOtc lacks any 1,3- 
diaxial Me/Me interaction in its conformer B, but it does 
have two axial methyl groups (on C2 and C,) while con- 
former A presents one axial (on C,) and two equatorial (on 
C2 and C,) methyl groups. However, compound lOct 
presents almost equally stable conformers A and B. This 
fact may be surprising because it indicates that an envelope 
conformer having two axial and one equatorial methyl 
groups (A) is as stable as another envelope conformer 
having two equatorial and one axial methyl groups (B). 
The difference is due to which methyl group is equatorial 
and which one is axial. A detailed study of MM2 results 
on lOct indicates that the main reason is based on the 
torsional contribution to the total steric energy. Conformer 
A has an 0-CO-C-Me unit forming a dihedral angle of 
30.lo, while the same unit in conformer B possesses a 
dihedral angle of 76.5'. Translated into energy units it 
means A is more stabilized than B by 1.039 k~al /mol .~ '  
This fact has been previously realized in some calculations 
on 2,4,6-trimethylcyclohexanones32 where the conformers 
having an axial methyl group in either C2 or C6 were less 
stable. 

The MM2 calculated conformer distribution in all these 
compounds, lOcc, lOtt, lOct, and lOtc, should be quan- 
titatively correct on the basis of the good agreement be- 
tween experimental and calculated coupling constants 
(Table 11). 

Jaime et al. 

(26) (a) Najera, C.; Yus, M.; Seebach, D. Helu. Chim. Acta 1984,67, 
289. (b) Bystrom, S.; Hbgberg, H. E.; Norin, T. Tetrahedron 1981, 37, 
2249. (c) Values relative to 4-methyl-5-pentyl-y-butyrolactone: Merci, 
R. Ph.D. Thesis, in preparation. 

(27) Nakaminami, G.; Shiroi, S.; Sugiyama, Y.; Isemura, S.; Shibuya, 
M.; Nakagawa, M. Bull. Chem. SOC. Jpn. 1972,45, 2624. 

(28) Entzeroth, M.; Blackman, A. J.; Mynderse, J. S.; Moore, R. E. J.  
Org. Chem. 1985,50, 1255. 

(29) Chen, S. Y.; Joulli6, M. M. J.  Org. Chem. 1984, 49, 2168. 
(30) Petrzilka, M.; Filix, D.; Eschenmoser, A. Helu. Chim. Acta 1973, 

56, 2950. 
(31) A dihedral angle of 30.1' for the 0-CO-C-Me unit represents an 

energy of -0.1510 kcal, while a value of 76.5O for the same unit gives an 
energy of +0.8881 kcal. 

(32) Castellb, A.; Jaime, C.; Marquet, J.; Moreno-Mafias, M. Tetra- 
hedron 1985, 41, 3791. 

It is noteworthy to say here again that in these com- 
pounds some of the Jbm are larger than the corresponding 
Jcis (compare lOtt and 10cc). Therefore, configurational 
assignments based on the rule J& > J- in five-membered 
rings4 could lead to wrong conclusions. Thus, looking at 
the experimental J's, lOcc could easily be misassigned 
configuration 1Oct. Similarly, lOtt could be misassigned 
as 1Occ. 

All the 3-hydroxy-2,4-dimethyl-y-butyrolactones, except 
the trans,cis configuration l l tc ,  show a clear preference 
for conformer A (percentage larger than 88% in all cases; 
Table 11). In 1 lcc, conformer A has two equatorial methyl 
groups and one axial hydroxyl group. This, in turn, allows 
unit 0-C-C-O to exist in gauche conformation, producing 
a larger proportion of A over B (98.8% over 1.2%). The 
trans,trans configuration, 1 ltt, clearly prefers A because 
in this conformation all the substituents occupy equatorial 
positions. In 1 lct the combination of gauche effect and 
the torsional contribution of the MeCC=O unit produces 
the almost exclusive existence of conformer A. However, 
conformers A and B of l l tc  are almost equally stable, the 
stabilization of conformer B seems to be due to the gauche 
effect on the 0-C-C-0 unit and to the presence of one 
equatorial C,-methyl despite the presence of two equatorial 
groups (hydroxyl and C,-methyl) in conformer A. 

The agreement between calculated and experimental 
coupling constants in these compounds is good. This point 
reinforces the importance of gauche effects since a higher 
contribution of conformers B in l lcc ,  l l t t ,  and l lct  and 
conformer A in 1 ltc would produce very different calcu- 
lated J values, which therefore would show a much poorer 
agreement. We can find here new examples of Jtrm, > JCi, 
in five-membered rings (consider l l cc  and l l t t ) .  

Due to the occurrence of several natural products or 
metabolites having y-butyrolactone structures with an 
esterified hydroxyl group in C3, the corresponding acetates 
of compounds 11, 12cc, 12tt, 12ct, and 12tc were also 
studied (Table 11). Again, their behavior is completely 
similar to that of 11. While 12tc, is calculated to prefer 
conformer B, the other configurations prefer conformer A. 
The explanation of such a preference is totally parallel to 
that found above for 11's. As far as coupling constants are 
concerned, the general agreement between experimental 
and calculated coupling constants for these compounds is 
very 

Conclusions 
An extensive study of the correlation between confor- 

mational equilibrium and observed coupling constants in 
'H NMR has been carried out. The combination of 
MM2/3JHH programs is emerging as a new and powerful 

(33) Aburaki, S.; Konishi, N.; Kinoshita, M. Bull. Chem. SOC. Jpn. 
1975,48, 1254. 

C. T.; van Derveer, D. J .  Org. Chem. 1980,45, 3846. 
(34) Heathcock, C.; Young, S. D.; Hagen, J. P.; Pirrung, M. C.; White, 

(35) Kinoahita, M.: Almuraki, S.: Wada, M.: Umezawa, S. Bull. Chem. 
SOC. Jpn. 1973, 46, 1279. 

(36) Rami, B. M.; Wells, R. J. Aust. J .  Chem. 1982, 35, 105. 
(37) The calculated and experimental6 (see footnote r of Table 11) 

coupling constant values for 12cc and 12tc do not agree. While 12cc has 
calculated values of 5.39 and 3.64 Hz for J2,3 and J3,4, respectively, the 
experimental ones are 3.0 and 5.0 Hz. In 12tc the same situation is found. 
In view of the global agreement between calculated and experimental 
coupling constants found through all this work, we consider that the 
assignment of J's made in ref 5 for 12cc- and 12tc-like compounds should 
be revised. 

(38) The root-mean-square (rms) deviation for calculated J's of each 
individual bond are as follows: J2 = 0.88 Hz and J3 = 0.99 Hz. The 
rms's have been calculated by cdmparison of calcuiated J's and the 
nearest experimentally available J's. The use of the farthest J's produces 
a global rms of 1.27 Hz. 
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technique for conformational and configurational analysis 
as deduced from the agreement (rms = 0.93 Hz) between 
calculated and experimental coupling constants in y b u -  
tyroladone  ring^.^ The importance of taking into account 
the contribution of even the less stable conformers can be 
hardly overemphasized, in order to accurately reproduce 
experimental Jk. As an indirect consequence of this work, 
the rule Jci, > Jtr.,, should be applied cautiously in five- 
membered rings. In several of the products studied herein 
the order is just the opposite (Jt,,, > Jcis); a strict ap- 
plication of the former rule may lead to erroneous con- 
figurational assignments, unless the final conclusion is 

supported by some other evidences, such as chemical proof, 
two-dimensional NMR spectra, etc. 
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Molecular Mechanics Calculations on the Csp~-Csp~ Rotation in the 
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The rotational pathway of the phenyl ring in N93,3-trimethyl-2-phenyl-4-piperidone has been determined by 
molecular mechanics calculations to be chair piperidone + twist-boat piperidone + phenyl rotation. The calculated 
barrier height for the process (ca. 63 kJ/mol) is in good agreement with the previously reported experimental 
value of 54 kJ/mol in a remotely substituted phenyl derivative determined by 'H DNMR. 

The restricted rotation around C, B c S p z  bonds has been 
the subject of a number of studies.? However, not many 
examples can be found wherein the rotational barrier is 
high enough to be observed or measured by dynamic nu- 
clear magnetic resonance spectroscopy techniques. Very 
recently we published2 the synthesis and rotational barrier 
determination of one of the few examples: 1,3,3-tri- 
methyl-2-(3,4,5-trimethoxyphenyl)-4-piperidone (1). The 
aryl group displays a rotational barrier of 54 kJ mol as 

tional barriers of several other compounds (l.HC1,2,2.HCl, 
3,3.HC1, and 4) were also studied, showing a great influ- 
ence of the N-methyl group on the barrier height.2 

Molecular mechanics (MM) calculations have recently 
emerged as a powerful technique3 with wide application 
to conformational analysis and molecular dynamics. One 
of the MM applications to the latter is the study of rota- 
tional barriers. In this respect, a very complete study has 
been published4 recently on the rotational pathways of 
phenylcyclohexane and bicyclohexane systems in which 
the importance of the gauche-progauche4 (gp) and 
gauche-progauche-ortho4 (gpo) interactions on the barrier 
heights for phenyl rotation was stated. The compound of 

determined by 'H NMR with CDC1, as solvent. 4 Rota- 

Universidad Autdnoma de Barcelona. * Facultad de Farmacia, Universidad de Barcelona. 
4 Facultad de Quimica, Universidad de Barcelona. 

\ 
OMe 

3 R = H  

$ R=Me 

c 

our study, 1, can present two gp interactions4 in its rota- 
tional saddle point and, consequently, it can be expected 

(1) For a recent review, see: (a) Oki, M. Top. Stereochern. 1983,14, 
1. (b) Oki, M. Applications of Dynamic NMR Spectroscopy to Organic 
Chemistry; VCH Publishers Inc.; Deerfield Beach, FL, 1985. 

(2) (a) Giralt, E.; Feliz, M.; Rubiralta, M.; Bosch, J. J .  Heterocycl. 
Chem. 1984, 21, 715. (b) Rubiralta. M.; Feliz, M.; Jaime, C.; Giralt, E. 
Tetrahedron, in press. 
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