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ABsTRAcr 

The 13C-n.m.r. spectra of twelve perbenzoylated alditols, ten perbenzoylated 
aldononitriles, six 5-(polybenzoyloxyalkyl)tetrazoles, and six S-(polyhydroxy- 
alkyl)tetrazoles are described and their correlations are discussed. 

INTRODUCTION 

The 13C-n.m.r. spectra give useful correlations of related structures when the 
conformation in solution can be ascertained by *H-n.m.r. spectroscopy for the 
acetylated derivatives1-4 or by X-ray crystallography for the free alditol#. The con- 
formations of the perbenzoylated alditols6, aldononitriles, and tetrazole deriva- 
tives7J agree frequently with those of the acyclic, hydroxylated or acetylated deriva- 
tiveslm4. The i3C-n.m.r. spectra of free alditolsg-12 and of some acetylated acyclic 
derivativeslo-i3 have been reported, but few references were published on acyclic 
benzoylated derivatives14-16. 

RESULTS AND DISCUSSION 

We describe herein the r3C-n.m.r. spectra of the following compounds: 
ethylene dibenzoate17 (1) propylene (R, S)-1 ,2-dibenzoate6 (2)) 1,2,3-tri-O-ben- 
zoylglycero16 (3), 1,2,3,4-tetra-O-benzoyl-D-erythrito11a (4), 1,2,3,4-tetra-o-ben- 
zoyl-D,L-threitollg (5), 1,2,3,4,5-penta-0-benzoyl-I_-arabinito16 (6), 1,2,3,4,5penta- 
0-benzoyl-D-ribitolm (7), 1,2,3,4,5-penta-O-benzoyl-D-xylitoP’ (S), 1,2,3,4,5,6- 
hexa-0-benzoyl-D-galactitol** (lo), 1,2,3,4,5,6-hexa-0-benzoyl-D-glucitolss (l2), 
1,2,3,4,5,6-hexa-O-benzoyl-D-mannitol~ (14), 1,2,3,4,5-penta-O-benzoyl-6-deoxy- 
L-mannito16 (16), 2,3,4,5-tetra-O-benzoyl-o-arabinononitri (l8), 2,3,4,5-tetra- 
O-benzoyl-D-lyxononitrile (l.9), 2,3,4,5-tetra-O-benzoyl-D-xylononitrile2 (g), 

‘Part of this work has been presented at the XIIIth International Carbohydrate Symposium, Ithaca, 
August W-15,1986. 
+To whom correspondence should be addressed. 

OOOS-6215/87/$03.50 @ 1987 Elsevier Science Publishers B.V. 
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TABLE I 

Compound C-I c-2 c-3 c-4 C-5 C-6 

1 62.70 62.70 
2 66.71 69.05 16.77 
3 63.10 69.93 63.10 
4 62.63 70.05 70.05 62.63 
5 62.70 70.00 70.00 62.70 
6 62.95 69.25 69.50 69.86 62.52 
7 62.60 70.43 70.43 70.43 62.60 
8 62.52 69.98 69.76 69.98 62.52 

10 63.01 69.30 69.14 69.14 69.30 63.01 
12 62.64 70.67 69.04 69.49 69.55 62.44 
14 62.59 69.88 69.19 69.19 69.88 61.59 
16 62.40 69.93 69.07 71.94 69.35 15.88 

“Recorded at 25.20 MHz for a solution in (*H)chloroform. The aromatic signals appeared at S 128.04- 
133.71 and the carbonyl signals at S 164.74-165.92. 

L&3,4,5,6-penta-0-benzoyl-D-galactononitrilez6 (ll), 2,3,4,5,6-penta-O-benzoyl-D- 
glucononitrilez6 (l3), 2,3,4,5,6-penta-O-benzoyl-D-mannononitrile26 (ES), 2,3,4,5- 
tetra-O-benzoyl-6-deoxy-L-mannononitrile26 (17), 2,3,4,5,6,7-hexa-O-benzoyl-D- 
g~ycero-D-galacto-heptononitrile27 (20), 2,3,4,5,6,7-hexa-O-benzoyl-D-glycero-D- 
gulo-heptononitrile 28 (21), 2,3,4,5,6,7-hexa-O-benzoyl-D-glycero-~-manno-hepto- 
nonitrile28 (22), 5-(1,2,3,4-tetra-O-benzoyl-D-arubino-tetritol-l-yl)tetrazole25 (23), 
5-(1,2,3,4-tetra-O-benzoyl-D-xylo-tetritol-l-yl)tetrazole25 (24), 5-(1,2,3,4,5-penta- 
0-benzoyl-D-gu~ucto-pentitol-l-yl)tetrazole29 (26), S-(1,2,3,4,5-penta-O-benzoyl-D- 
gluco-pentitol-l-yl)tetrazole25 (28), 5-(1,2,3,4,5-penta-O-benzoyl-D-munno-pen- 

titol-l-yl)tetrazole25 (30)) 5-( 1,2,3,4-tetra-O-benzoyl-6-deoxy-L-manno-pentitol-l- 
yl)tetrazole25 (32), 5-[(1R,S)-l,2-dihydroxyethyl]tetrazole14 (33), 5-(L-urubino-tetri- 
tol-l-yl)tetrazole30 (34), 5-(D-xyZo-tetritol-l-yl)tetrazole25 (25), 5-(D-gulucro-pen- 
titol-l-yl)tetrazole29 (27), 5-(D-gZuco-pentitol-l-yl)tetrazole2s (29), and 5-(D- 

munno-pentitol-l-yl)tetrazole25 (31). 
The rH-n.m.r. spectra of these compounds6-8 allowed the determination of 

their conformations in solution and explained the deviations from the expected 
chemical shifts in the W-n.m.r. correlations. The preferred conformations are as 
follows: 6, extended, planar, zig-zag conformation6; partial rotation at C-2-C-3 and 
C-3-C-4 (ref. 6); 8, partial rotation at C-2-C-3 and C-3-C-4 (ref. 6); 10, extended, 
planar, zig-zag conformation$l2, *G- (ref. 6); 14, contribution of a 2G+ rotamefi; 
16, contribution of a *G- rotamer$ 18, extended, planar, zig-zag conformationa; 9, 
*G- and 3G+ contributions; 11, extended, planar, zig-zag conformation’; 13, *G- 
(ref. 7); 15, *G+ (ref. 7); 14, contribution of a *G- rotamer (ref. 6); 20, extended, 
planar, zig-zag conformation 8; 21, *G- and 4G+ (ref. 8); 22, *G- (ref. 8); 23, ex- 
tended, planar, zig-zag conformation with some rotameric contributions; 26, ex- 
tended, planar, zig-zag conformation 7; 28, ,G- (ref. 7); 30, rG+ (ref. 7); 32, ,G- 

(ref. 8); and 29, ,G- (ref. 7). 
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TABLE II 

‘3C-N.M.R. CHEMICAL SHIFIS (8) OF SOME PERBENZOYLA=D ALDONONITRILES’ 

Compound MH.+ C=N c-2 c-3 C-4 C-5 C-6 C-7 Solvent 

AC 25.20 114.45 59.88 62.31 CDCI, 
18 25.20 114.20 60.59 69.20 69.20 62.18 CDCI, 
19 25.20 114.05 61.37 69.95 69.15 62.22 CDCI, 

Bd,’ 20.15 114.05 61.80 69.70 70.00 62.27 CDC& 
9 25.20 114.15 59.83 68.66 69.09 62.22 CDCI, 

: 109.63 15.08 114.08 114.82 60.51 60.68 68.88 68.75 68.93 69.12 69.11 69.49 62.57 62.50 CDCI, 

CD, 
w 25.20 114.11 59.74 68.32 68.32 69.40 62.42 CDCI, 
15 15.08 114.07 62.01 68.08 68.98 69.26 62.33 CDCI, 

17 25.20 114.05 61.92 68.66 72.03 69.10 16.41 CDC& 
25 75.52 114.03 60.69 68.27 68.78 68.85 69.44 62.39 CDCI, 
21’ 75.52 113.88 61.58 68.64 69.43 69.72 69.94 62.33 CDCI, 
22’ 75.52 113.90 62.27 68.66 68.96 69.08 69.18 63.03 CDCI, 

___...--. -..- ------ .--.- 

The aromatic signals appeared at 127.15-134.40 and the carbonyl signals at 6 163.85-165.94. bRecorded 
at. FZ,3-Di-O-benzoyl-o,L-glyceronitrile’3. d2,3,4,5-Tetra-O-benzoyl-o-ribononitrile’6. Signals were as- 
certained by the APT technique. Bignals were ascertained by a proton-coupled spectrum. 

The i3C-n.m.r. signals of the perbenzoylated alditols l-g, lO,l2,14, and 16 
are listed in Table I. The assignments were attributed by comparison with the 
signals of the acetylated and free compounds having the same structure’J”, and 
correlated with structurally related benzoylated acyclic derivatives. The i3C-n.m.r. 
spectra of the benzoylated aldononitriles 9, 11, 13, 15, and 17-22 were assigned 
and are listed in Table II. The chemical shift of the nitrile group agrees with the 
values given in literature”‘. 

The assignments of the primary CH,OBz groups were ascertained by the 
analysis of the proton-coupled spectrum of 13. Therefore, the assignments given 
for 2,3-di-O-benzoyl-D,r_-glyceronitrilei4 have to be corrected. The assignments for 
20-22 were ascertained by the APT technique. In all compounds, the nitrile carbon 
atom showed a similar shift, 6 114. The signal of the carbon atom of the group 
vicinal to it was easily assigned to the signal having the lowest chemical shift. The 
other carbon signals were assigned by correlation with the structurally related 
benzoylated alditols. This was only possible with good approximation where both 
types of compounds have the same conformation in solution, which was ascertained 
by ‘H-n.m.r. spectrometry 7,H. The spectrum of 13 was recorded for solutions in 
(2H)chloroform and (2H,)benzene. For the latter solvent, all the signals showed a 
downfield shift. 

In comparing the spectra, it is observed that for compounds having the zig- 
zag extended, planar conformation the signal for C-2 appeared at 6 60.6 kO.1 (11, 
18, and 29). For those compounds having a 120” rotation at C-2-C-3 (2,3,4,5tetra- 
O-benzoyl-D-ribononitrile, and l&17, and 22) the signal for C-2 appeared at 6 62.0 
kO.3. Compound 21 showed a 2G- rotation but, in this case, the value of the signal 
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TABLE III 

Compound C-hew. C-l C-2 c-3 c-4 C-5 

Ab,c 156.07 65.74 64.15 
w 157.55 66.76 71.98 69.99 62.61 
Bd,c 155.24 66.95 71.22 69.86 62.73 
24’ 156.77 66.78 71.69 69.73 62.90 
2& 156.70 65.93 70.15 69.41 69.01 62.88 
28c 155.93 66.08 70.38 69.48 69.40 62.50 
w 156.75 67.07 71.23 70.39 69.67 62.91 
3Zc 155.40 66.03 70.15 71.92 69.46 15.98 

ORecorded at 25.20 MHz. b5-[1(R,S)-l,2-Di-O-benzoylethyl]tetrazole13. ‘For a solution in 
(ZH)chloroform. Aromatic signals appeared at 8 126.87-133.64 and the carbonyl signals at 8 164.58- 
165.99. d5-(Tetra-O-benzoyl-D-n’bo-tetritol-l-yl)tetrazole’6. accorded for a solution in (*H,)pyridine. 
Aromatic signals appeared at 8 124.55-136.62 and the carbonyl signals at 8 165.23-165.91. 

changed as a 4G+ rotation was also present. Compounds having a statistical propor- 
tion of similar rotamers, as seen by their coupling constants, gave similar values. 
As an example, the signal for C-2 of 9 and W, C-2 at S 59.8 kO.1 and .I*.3 6 Hz. 

The correlation of the spectra of the benzoylated aldononitriles and alditols 
having the same structure showed that the change from a primary benzoyloxy to a 
nitrile group gave a difference of 51-52 p.p.m. The most affected signal is that of 
the vicinal C-2, and for compounds having the same extended, planar conforma- 
tion, this difference was of 8.6 p.p.m. A similar rotation in the same direction, for 
example *G- in the b-series, and a similar rotameric contribution gave differences 
of 10-11 p.p.m. The correlation of the pairs of substances having different 
rotameric contribution showed unpredictable differences (D-ribo, D-manno, and 
L-F?zunlzo) . 

TABLE IV 

Compound C-heter. C-l c-2 c-3 c-4 C-5 

33s 158.41 66.76 65.07 
34s 159.08 65.76 73.50 71.09 63.59 
A6.c 157.43 66.92 73.95 71.97 63.49 
w 158.25 66.73 73.37 72.10 63.24 
27b 159.82 66.17 73.16 71.02 70.18 64.21 
29d 160.08 69.19 74.13 73.83 73.16 65.41 
3lb 158.58 65.98 69.26 69.08 68.94 63.98 

#For a solution in D,O. bRecorded at 25.20 MHz. c5-(o-ribo-Tetritol-l-yl)tetrazo11~. dRecorded at 100.63 
MHz. The signals were ascertained by the proton-coupled spectrum. 



The W-n.m.r. chemical shifts of 5-lpolybenzoyloxyalkyljtetrazoles (23, 24, 
26, 28, 30, and 32) (see Table III) were assigned by correlation with the signals of 
uthcr acyclk henzoylated compounds of the same cc~nformati~}r~. which had been 
ascertained previously by ‘Ii-n.m.r. spcctrometrp’~“, The signal of the heterocyciic 
carbon appcarcd between 6 IS5 and 160, as expected from previous work”?. The 
signal for C-l. next to the tetrazoic group and the p~mar~ chain carbon. coutd he 
assigned easily. and the other carbon signals were determined by correlation with 
those of the benzoyi~;t~d alditols and nitriles, 

For these bcnzoylated derivatives, the change from a nitrile to a tctrazolc 
carbon atom corresponded to a difference of41-43 pp.m. and from an alditol to it 
heterocyclic carbon arom to a difference of 9-S-95 p.p.m. The signal of C-I of the 
chain, with respect to that of C-, 7 of the nitrile. showed a difference of X0-4.6 
p.p.m, and was the most itffectcd. The rest of the carbon signals showed smaller 
differences. except in the case where a different rotamer appeared in one of the 
correlated compounds. The spectrum of the ~w.mmw derivative 30 had to IX re- 
corded for a soiution in pyridine owing to irs low s~~lubility in other solvents, in 
which no good correlation could be observed because of the solvent effect. 

The “C-n.m.r. chemical shifts of some S-]polyhydroxyalkyl]tetrazotcs (25, 
2’7, 29, 31, 33, 34) are listed in Table IV. The assignment of the signal for the 

TABLE V 

-4J.33 
(I.12 
0.93 
Kh7 

-o.lt~ 
-"(,.I5 

1.53 
0.13 

0.8X 
-0.13 
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terminal carbon atom was based on the coupled spectrum of compound 29. In this 
case, the assignments were attributed by correlation with the spectra of the free 
alditolslO and of the benzoylated tetrazoles having the same configuration. The ‘H- 
n.m.r. coupling constants for 27 (see experimental part) and 29 (ref. 7) showed that 
the same conformation predominates as in the acyclic acetylated and benzoylated 
derivatives and, consequently, no significant change in conformation is likely for 
the other compounds. 

The correlation of the spectra of the 5[polybenzoyloxyalkyl]tetrazoles and 
the 5-[polyhydroxyalkylltetrazoles showed that the acyl groups present shielding 
effects, specially for the P-carbon atoms, as was also reported for cyclic benzoylated 
compounds33. Comparison of the 13C-n.m.r. shifts of the same type of carbon atoms 
in related compounds suggests some genera1 conclusions (see Table V). (a) Re- 
placement of a hydrogen atom by a benzoyloxy group on a terminal carbon atom 
resulted in a difference of 46 p.p.m. for the signal of this carbon atom and impor- 
tant differences for the signal of the &carbon atom. (A-l, A-2, B-l, and C-l). (b) 
When the compounds compared showed the same conformation but a different 
configuration at one carbon atom, the biggest difference was observed for the signal 
of this carbon atom (A-3, B-2, and C-3, ribo vs. arabino; and A-4 and C-2, D-ribo 
vs. D-xylo). (c) The comparison of compounds having a configurational change at 
one carbon atom and an additional conformational change in another part of the 

TABLE VI 

PREDICIED~~C-CHEMICALSHIFTS FORHEXA-0-BENWYLHEPTONONITRILES ANDCOMPAR~SONWITHTHEOB- 

SERVEDVALUES 

Compounds Chemical shifts (6) 

Ref. Obs.” C=N c-2 c-3 c-4 c-5 C-6 c-7 

(C-3) (C-4) (C-5) (C-6) 

11 
14 

20 

114.08 60.68 68.75 68.93 
(69.19) 
69M 
68.78 
0.15 

(69.19) (69.88) (62.59) 
69.19 69.88 62.59 
68.85 69.45 62.39 
0.34 0.43 0.20 

Predict. 114.08 60.68 68.75 
Obs. 114.03 66.69 68.27 
Diff. 0.05 0.01 0.48 

15 
10 

22 

114.07 62.01 68.98 69.08 
(69.14) 
69.11b 
68.96 

0.15 

69.15 
69.04 

(69. IO)” 
69.43 

0.33 

(69.14) (69.30) (63.01) 
69.14 69.30 63.01 
69.00 69.18 63.03 

0.14 0.12 0.02 

Predict. 
Obs. 
Diff. 

114.07 
113.90 

0.17 

114.05 

62.01 68.98 
62.27 68.66 

0.26 0.32 

61.37 69.95 19 
12 

21 
69.49 69.55 62.44 

(69.49) (69.55) (62.44) 
69.72 69.94 62.33 

0.23 0.29 0.11 

Predict. 114.05 61.37 69.95 

Ohs. 113.88 61.58 68.64 
Diff. 0.17 0.21 1.31 

‘Compound for which values are predicted and observed. bAverage between two reference compounds. 
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molecule showed differences for the signals of both carbon atoms. The conforma- 
tional change could even compensate the configurational change (A-S and B-3. 
D-glucu vs. u-galmco). (d) When the compounds compared showed a conforma- 
tional change at the carbon atom having the configurational inversion, the biggest 
difference was noted for the signal of this carbon atom (A-6 and B-4. D-&KU vs. 
D-manno). 

Thus, the “C-n.m.r. spectra of yet unreported benzoylated acyclic com- 
pounds may be calculated with approximation, if their conformation is known. The 
deviations observed with the experimental values may be explained generally by 
conformational changes. As examples, the predicted signals of 2.3.4,5.6.7-hexa- 
benzoylheptononitriles and the observed deviations (which are <I p.p.m.) are 
shown in Table VI. The signals for 20 are in good agreement. as the reference 
compounds show the same conformation. The signals for 22 had to bc calculated 
with a I>-manno spectrum as reference for an L-configuration, but the agreement is 
still good owing to the same conformation in these compounds. To calculate the 
signals for 21, it was necessary to use the signals of 2.3.4,.5-tetra-II-benzoyl-n- 
lyxononitrile (19) instead of the spectrum of the I_. compound which had an un- 
known conformation. The important difference for the signal of C-3 may be due to 
the presence of different rotamers. as 21 showed the presence of a ?G- and a ,G+ 
rotamer. The values determined may be extended to other compounds and, thus, 
it is possible to assign the signals for the octa-O-benzoylaldobiononitriles on rhe 
basis of the values reported by D’Accorso rt al.““. 

EXPERIMENTAL 

General. - The “C-n.m.r. spectra were recorded with a Varian XL 100 
spectrometer at 25.20 MHz (l-10,12-14, 16-19,23-28,3O-34), with a Bruker WP 
60 DS spectrometer at IS.08 MHz (11 and 15), with a Bruker WM 400 spectrometer 
at 100.63 MHz (13 and 29). and with a Bruker EM 360 A spectrometer at 75.52 
MHz (20-22). 

‘H-N.m.r. spectrum of 5-[D-galacto-penrifol-l-yllferruzole (27). - This spec- 
trum was recorded at 400 MHz for a solution in D,O with Me& as internal stand- 
ard: 6 5.47 (d, J,,, 1.6 Hz. H-l), 3.95 (dd, I,, 9.4 Hz, H-2). 3.94 (dd, JJ,5 6.4 Hz, 
H-4). 3.80 (dd, 53,4 1.4 Hz, H-3), and 3.67 (d, H-5). 

‘-%Y-N.m.r. data for 2.3,4,5,6-penta-O-benzoyi-wghcononitrile (13). - This 
spectrum was recorded at 100.63 MHz for a solution in C,D,: 6 60.51 (d, Jc_Z.H_2 
150.97 Hz, C-2), 62.57 (t, J<._h,H_h 144.27 Hz, C-6), 68.88 (d. Jc_1,H_3 138.31 Hz, C-3). 
69.12 (d, Jc_4.H_J 149.59 Hz, C-4). and 69.49 (d. Jc:J,H_5 137.44 Hz. C-5). 

I-T-N.m.r. data for 5[n-gluco-pentitol-I-yljtetruzole (29). - This spectrum 
was recorded at 100.63 MHz for a solution in D20: S 65.41 (t, Jc._s.,,_5 141.69 Hz. 
C-S), 69.19 (d. Jc.I.I,_, 148.24 Hz, C-l). 73.16 (d, Jc_J+H.j 138.93 Hz. C-4). 73.83 (d. 
J (._3.H_J 140.62 Hz, C-3). and 74. I.1 (d. .I,._,.f,_, 144.64 Hz. C-2). 
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