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METHODS
Experimental details

D-allose crystallizes only in the B-*C; conformation. Therefore, a commercial sample of B-D-
allose (m.p. 160°) was used without any further purification. A solid rod was prepared by
pressing the compound’s fine powder mixed with a small amount of commercial binder and
was placed in the ablation nozzle. A picosecond Nd:YAG laser (266 nm, 12 mJ per pulse, 20 ps
pulse width) was used as a vaporization tool. Products of the laser ablation were
supersonically expanded using the flow of carrier gas (Ne, 14 bar) and characterized by
chirped-pulse Fourier transform microwave spectroscopy (LA-CP-FTMW).! Molecular pulses of
800 us were used and the generated molecules of allose in the jet were polarised using 4 ps
chirped microwave pulses. After each microwave pulse, four molecular free induction decais
(FIDs) were collected for 10 ps. These FIDs were stored in a fast oscilloscope in the time
domain, and Fourier transformed to the frequency domain for analysis. Up to 75000 individual
free induction decays at a 2 Hz repetition rate were averaged to obtain the broadband
frequency domain spectrum in the 2 to 812 and 6 to 14 GHz ranges.*® The expected accurary is
about 20 kHz.

Theorical Modeling

In order to guide the experimental characterization, we initially performed a
conformational search. As shown in Figure S1, allose can adopt different configurations
depending on the orientation of the hydroxymethyl group. The Newman projection indicates
the torsion angle as the angle (having an absolute value between 0° and 180°) between bonds
to two specified (fiducial) groups, one from the atom nearer (proximal) to the observer and the
other from the further (distal) atom.® The resulting conformations around the terminal
hydroxymethyl group give rise to the G+ (60°), G- (60°), T (180°), g+ (60°), g- (60°), and t (180°)
configurations. We used the symbol cl or cc to describe the clockwise (cl) or counterclockwise
(cc) arrangement of the cooperative network of intramolecular hydrogen bonds. Additionally,
different intramolecular interactions are expected due to the hydrogen bonds between the
hydroxyl groups. Therefore, several conformers are expected. To ease the conformational
search, an automated exploration of the intermolecular potential energy surface of the B-D-
allose was carried out using fast molecular mechanics methods.” In the second step, geometry
optimizations of the lower-energy conformers were done using Gaussian suite programs.® The
choice model was the Mgller—Plesset (MP2) perturbation theory in the frozen core
approximation® and B3LYP density functional including Grimme’s dispersions'®!! with Becke—
Johnson damping,'?? both with the Pople's 6-311++G (d,p) basis set.**



Figure S1. (a) Haworth projection of B-D-allose. (b) *Ci chair conformation. (c)
Newman projections around the hydroxymethyl group showing the G-, G+, T, g-, g+
and t configurations.
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Figure S2. Predicted low-energy conformers of B-D-allose calculated at MP2 and 6-
311++G (d,p) basis set. The values indicate the relative energy in cm™ with respect to
the global minimum.
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Figure S2. Continuation.
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Table S1. Calculated spectroscopic parameters for the lowest energy conformers of 3-
D-allose. All the calculations were done using MP2 with the Pople’s 6-311++G (d,p)
basis set. 4, B, and C represent the rotational constants (in MHz); ua, ub, and uc are the
electric dipole moment components (in D). AE is the relative electronic energies (in cm’
1) with respect to the global minimum. AEzpg is relative energies (in cm™) with respect
to the global minimum, taking into account the zero point energy. AG is the relative
energy taking into account the total electronic energy plus the thermal correction to
Gibbs free energy (in cm™) calculated at 298K.

* The structures marked with an asterik are categorized with the same label due to small
differences in the geometry that fall within the same category.

Parameters G- Gtg-  Tgteet G-g Gttt G- G- Tt/cl/g+ G-
gt/ce/t /ec/t /eclt t/cc/t  gt/cl/gt gt/clit
A 1273 1233 1466 1370 1252 1316 1289 1477 1286
B 813 801 723 765 784 793 804 730 802
C 562 534 530 552 534 560 558 530 557
[LLa| -3.0 2.8 3.3 -1.8 0.2 -0.3 -0.8 34 2.3
[ Lo -1.6 -1.5 0.2 0.3 -1.1 -1.4 2.6 0.2 0.9
el -2.2 0.4 -0.4 2.1 -0.1 2.2 0.3 -0.3 1.6
AE 0 103 243 808 958 969 1042 899 1140
AEzpe 0 77 290 773 796 829 947 954 962
AG 0 45 320 701 676 735 826 984 787
Parameters G- Tt/clt G-gt+/- G-g+/- Tt- Gtg- G+g- G-t/-  Gtg-/-
gt/cc/t /t* /t* It /cl/g+* /cl/g+* /g- It
A 1254 1467 1262 1258 1489 1230 1223 1262 1410
B 777 729 890 893 724 804 808 894 791
C 530 529 762 760 532 534 534 760 663
|ua 1.7 4.8 -1.1 -1.0 -3.4 1.1 0.0 2.7 0.4
[o] 0.0 1.8 1.2 2.0 -3.7 4.2 3.2 -3.1 0.6
| L] 1.6 0.7 -1.2 -1.2 -0.4 -1.6 -0.8 0.8 0.2
AE 1135 1051 790 956 1349 1541 1571 1300 1512
AEzpE 981 1013 1096 1261 1323 1453 1457 1571 1622
AG 868 982 1314 1455 1317 1382 1366 1791 1656




Parameters G-g+/-/t Tt/-/t Tg-/-t G-t/-/g- G+g-/-t G-t/-t G-gt/-/t Tg-/-t G-gt+/-/t
A 1252 1233 1236 1258 1400 1221 1247 1222 1243
B 883 853 847 894 794 862 892 857 889
C 767 670 667 761 663 670 766 668 764
|Lal 2.2 2.0 1.4 2.3 0.7 1.4 -2.0 0.7 -0.9
[t -0.3 1.6 1.3 23 1.7 2.5 -0.2 2.1 4.5
el -3.3 -1.3 1.0 0.8 0.0 -1.3 1.0 1.0 2.2
AE 1495 1632 1594 1462 1642 1751 1609 1695 1694
AEzpr 1629 1649 1705 1714 1751 1779 1807 1812 1817
AG 1776 1629 1767 1909 1773 1745 1991 1865 1926
Parameters Tt/-/t G+t/-/t G-t/-/t G+g-/-/t G+g-/-/t G-gt/-/t
A 1223 1451 1245 1389 1382 1170
B 849 803 891 787 793 854
C 675 680 765 667 668 646
|ULa| 3.9 2.0 2.7 -1.3 0.2 -1.0
[t 1.0 -1.8 -0.2 -0.8 3.6 2.5
|Kte] 0.3 1.7 -0.5 -1.3 -1.4 1.0
AE 1950 1644 1776 2037 2123 2426
AEzpE 1838 1839 1900 2006 2104 2381
AG 1772 1994 2055 1981 2075 2235




Table S2. Calculated spectroscopic parameters for the lowest energy conformers of 3-
D-allose. All the calculations were done using B3LYP density functional including
Grimme’s dispersion correction with the Pople’s 6-311++G (d,p) basis set. 4, B, and C
represent the rotational constants (in MHz); ua, ub», and uc are the electric dipole
moment components (in D). AE is the relative electronic energies (in cm™) with respect
to the global minimum. AEzpE is relative energies (in cm™) with respect to the global
minimum, taking into account the zero point energy. AG is the relative energy taking
into account the total electronic energy plus the thermal correction to Gibbs free energy
(in cm™) calculated at 298K.

Parameters G- G+g- Tgtlec/t Gtgt/ec/t G- G-g-  Gtt/ec/t  Tt/cl/g+  Tt/clit
gt+/cc/t /ccit +/cl/g- /ecl/t
A 1256 1222 1453 1253 1249 1348 1244 1463 1451
B 809 794 719 884 887 760 775 724 725
C 557 528 524 754 752 545 527 525 524
|Lal 3.0 2.8 3.3 1.0 0.9 1.8 0.3 34 4.7
[o] 1.6 1.5 0.2 0.9 1.7 0.2 1.0 0.2 1.9
|LLe] 2.1 0.4 0.4 1.3 1.2 2.0 0.1 0.3 0.7
AE 0 83 66 66 214 826 952 827 906
AEzpe 0 54 116 418 562 764 801 837 879
AG 0 24 163 671 795 643 695 857 872
Parameters G+g+/cc/t G- G- G- G- Tgt/cl/t G- G-gt/- Gtg-
Tlee/t  gt/cllg  glel/t  t/cl/g- t/cl/g- /t* /cclt
A 1245 1296 1273 1270 1255 1242 1251 1234 1396
B 769 787 798 797 886 879 886 884 787
C 524 554 553 551 750 760 753 757 656
|ual 1.6 0.2 -0.9 23 2.7 -2.0 23 -0.8 0.4
[ Lo 0.0 -1.2 2.4 0.8 3.2 0.5 2.3 -4.2 -0.5
[Ltc] 1.5 2.1 0.3 1.6 -0.8 33 -0.9 2.2 -0.1
AE 1030 1057 1042 1076 636 779 765 1000 1036
AEzpg 895 899 931 933 953 976 1073 1162 1173
AG 793 792 809 790 1200 1166 1308 1298 1225




Parameters  G-g+/- Tt/- G+g-/- Tg-/- G-t/-/g- Tv- G+g-/- G+g-/- Tg-/-
t* t* /t* /t* * t* /gt+* gt* /t
A 1237 1475 1386 1218 1237 1216 1213 1220 1207
B 886 718 789 844 884 849 801 798 852
C 758 527 655 661 757 664 529 528 661
|LLal 1.9 33 0.7 1.5 2.6 2.1 0 1.1 0.8
| Lo 0.4 3.7 1.6 1.2 0.3 1.5 33 4.1 2.0
[Ltc] 0.8 0.4 0.1 1.1 0.4 1.2 0.9 1.6 1.0
AE 1018 1346 1169 1156 1129 1240 1504 1502 1252
AEzpg 1256 1300 1301 1302 1310 1333 1371 1393 1401
AG 1472 1305 1342 1376 1500 1363 1276 1320 1466
Parameters Tt/-/t* Tt/-/t* G+Ht/-/t* G+g-/-/t* G+g-/-/t* G-g+/-/t*
A 1206 1206 1437 1373 1368 1112
B 857 845 798 782 788 881
C 662 668 673 659 662 692
[LLa| 1.4 3.8 2.0 1.3 0.3 0.2
[ Lo 2.4 1.0 1.9 0.9 34 1.9
|LLe| 1.3 0.5 1.7 1.3 1.4 1.0
AE 1347 1616 1385 1613 1692 2126
AEzpg 1450 1573 1592 1620 1696 2148
AG 1470 1543 1752 1624 1681 1967




Table S3. Measured frequencies and residuals (in MHz) for the rotational transitions of
rotamer [ using the LA-CP-FTMB spectrometer.

J’ K’a K’c J’ K, K V obs V obs — V cal
3 2 2 2 2 1 4109.065 -0.003
7 4 4 7 3 5 4343.884 -0.008
6 1 5 6 1 6 4353.598 -0.006
6 1 5 6 0 6 4360.495 0.016
2 2 1 1 1 0 4362.007 0.005
3 2 1 2 2 0 4382.723 0.005
3 1 2 2 1 1 4425971 0.006
2 2 0 1 1 0 4440.417 0.005
7 3 5 7 2 6 4520.138 -0.017
2 2 1 1 1 1 4612.941 0.005
7 5 3 7 4 3 4677.041 -0.024
2 2 0 1 1 1 4691.364 0.018
4 1 3 3 2 2 4715.589 -0.006
4 0 4 3 1 3 4800.796 0.011
4 1 4 3 1 3 4857.034 0.013
6 5 2 6 4 2 4937.746 -0.029
4 0 4 3 0 3 4939.448 -0.024
6 5 1 6 4 2 4942.268 -0.031
4 1 4 3 0 3 4995.734 0.026
6 5 2 6 4 3 5048.371 -0.002
8 5 4 8 4 5 5076.549 0.038
2 2 0 1 0 1 5148.577 0.007
5 2 3 4 3 2 5216.561 0.008
8 3 6 8 2 7 5228.461 -0.009
7 1 6 7 1 7 5267.800 0.023
7 1 6 7 0 7 5269.979 -0.013
7 2 6 7 0 7 5345.901 0.007
5 1 4 4 2 2 5397.078 -0.004
4 2 3 3 2 2 5416.278 0.001
3 1 2 2 0 2 5463.475 0.003
3 2 2 2 1 1 5480.760 0.003
4 3 2 3 3 1 5598.641 0.018
4 3 1 3 3 0 5689.003 0.009
4 1 3 3 1 2 5770.388 0.001
3 2 1 2 1 1 5832.827 0.011
4 2 2 3 2 1 5952.798 0.003
5 0 5 4 1 4 5979.714 0.001
5 1 5 4 1 4 6000.062 -0.012
5 0 5 4 0 4 6035.947 -0.002
5 1 5 4 0 4 6056.312 0.003
3 2 2 2 1 2 6233.568 0.008
5 1 4 4 2 3 6285.673 0.006
3 2 1 2 1 2 6585.637 -0.002
5 2 4 4 2 3 6675.700 0.008
6 2 4 5 3 2 6724.957 0.001
3 2 1 2 0 2 6870.354 0.035
5 1 4 4 1 3 6986.357 -0.001
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V obs
6987.406
6992.765
7003.648
7021.202
7042.306
7065.820
7082.068
7099.519
7122.240
7129.118
7142.607
7149.488
7260.730
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10131.968
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10945.736

10999.416

11038.502

V obs — V cal
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0.002
0.010
0.001
0.003
0.012
-0.013
0.006
-0.002
0.002
0.008
0.009
0.032
0.003
0.003
-0.005
-0.011
-0.005
0.009
0.015
0.008
0.002
0.009
-0.005
0.042
0.010
-0.001
-0.010
0.007
0.003
0.008
-0.011
-0.001
0.005
-0.013
-0.008
0.008
-0.004
0.032
0.001
0.009
0.005
0.004
-0.011
0.025
0.002
-0.004
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K’ J”’ K, K. V obs V obs — V cal
3 7 6 2 11266.304 -0.019
2 7 6 1 11270.753 0.007
6 7 2 5 11274.806 -0.010
5 7 4 4 11286.100 -0.013
4 7 5 3 11330.582 -0.011
8 8 2 7 11332.258 0.012
8 8 1 7 11350.753 -0.002
3 7 5 2 11407.445 -0.014
10 9 1 9 11609.514 -0.014
10 9 0 9 11609.514 -0.014
4 7 4 3 11794.063 -0.014
4 5 2 4 11806.931 -0.021
1 4 4 0 12104.159 -0.024
0 4 4 0 12104.602 -0.005
1 4 4 1 12106.937 -0.012
0 4 4 1 12107.373 0.001
7 8 3 6 12113.310 -0.004
7 8 2 6 12330.150 -0.042
9 9 2 8 12451.058 0.014
9 9 2 8 12454.585 -0.002
9 9 1 8 12461.365 -0.008
9 9 1 8 12464.899 -0.016
3 5 3 3 12465.686 -0.019
7 8 2 6 12514.669 -0.035
2 5 3 3 12576.304 0.004
11 10 1 10 12728.169 -0.004
11 10 0 10 12728.169 -0.004
8 9 3 7 13199.992 0.021
8 9 3 7 13276.958 -0.005
6 8 3 5 13298.509 -0.020
8 9 2 7 13384.453 -0.049
10 10 2 9 13574.101 -0.004
10 10 1 9 13576.467 -0.005
12 11 1 11 13846.851 -0.009
12 11 0 11 13846.851 -0.009
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Table S4. Measured frequencies and residuals (in MHz) for the rotational transitions of

rotamer II.

J’ K’a K’c J’ K, K V obs V obs — V cal
2 2 1 1 1 0 4221.091 0.000
3 2 1 2 2 0 4288.619 0.009
6 1 5 6 1 6 4499.800 0.023
2 2 0 1 1 1 4576.204 -0.005
4 0 4 3 1 3 4598.741 0.025
7 3 5 7 2 6 4600.542 -0.024
4 1 4 3 1 3 4643.366 -0.007
4 0 4 3 0 3 4716.687 0.019
7 4 4 7 2 5 4918.621 0.003
2 2 0 1 0 1 5009.992 0.002
5 2 3 4 3 2 5186.211 -0.008
4 2 3 3 2 2 5236.907 0.013
3 2 2 2 1 1 5282.858 0.007
8 3 6 8 1 7 5372.077 0.011
7 1 6 7 0 7 5421.203 0.015
4 3 2 3 3 1 5443.141 -0.013
4 3 1 3 3 0 5554.447 0.014
4 1 3 3 1 2 5593.745 0.018
5 0 5 4 1 4 5712.174 0.027
5 0 5 4 0 4 5756.815 0.011
5 1 5 4 0 4 5771.925 0.015
4 2 2 3 2 1 5825.127 0.002
5 1 4 4 2 3 6117.877 0.011
4 2 3 3 1 2 6209.554 0.005
5 2 4 4 2 3 6438.497 0.007
3 2 1 2 1 2 6475910 0.020
5 1 4 4 1 3 6733.698 0.010
3 3 1 2 2 0 6773.352 0.001
5 3 3 4 3 2 6792.510 0.016
6 0 6 5 1 5 6792.958 -0.003
6 1 6 5 1 5 6797.742 0.012
6 0 6 5 0 5 6808.073 0.006
6 1 6 5 0 5 6812.848 0.011
5 4 2 4 4 1 6833.212 0.022
5 4 1 4 4 0 6861.753 0.026
3 3 1 2 2 1 6863.039 -0.021
3 3 0 2 2 1 6883.354 -0.003
5 2 4 4 1 3 7054.320 0.008
5 3 2 4 3 1 7112.483 0.012
5 2 3 4 2 2 7289.002 0.012
6 1 5 5 2 4 7447957 0.016
6 2 5 5 2 4 7587.888 0.017
6 1 5 5 1 4 7768.584 0.017
7 0 7 6 1 6 7861.024 0.016
7 1 7 6 1 6 7862.448 0.001
7 0 7 6 0 6 7865.782 0.005
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V obs
7867.207
7908.502
8097.840
8349.028
8456.278
8627.801
8642.464
8696.356
8713.432
8782.438
8925.056
8926.066
9300.494
9345.105
9576.832
9779.115
9807.536
9813.902
9986.950
9987.270
10252.012
10964.773
11747.047
11751.453
12110.448
12110.449
12110.449
12407.779
12438.142
12453.432

V obs — V cal
-0.009
0.007
-0.021
-0.006
-0.009
0.004
-0.027
0.000
0.014
0.019
0.000
-0.008
-0.009
-0.004
0.012
-0.023
0.022
-0.018
-0.039
-0.019
0.017
-0.049
-0.030
-0.028
0.014
-0.006
-0.006
-0.064
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-0.055
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Table S5. Measured frequencies and residuals (in MHz) for the rotational transitions of
rotamer III.

.
g
-
g
-

J’ K’a K. J” K, K. V obs V obs — V cal
4 1 4 3 1 3 4545.419 -0.024
4 0 4 3 0 3 4702.383 0.044
4 2 3 3 2 2 4967.127 -0.013
4 3 2 3 3 1 5051.810 0.011
4 3 1 3 3 0 5073.861 -0.017
4 1 3 3 1 2 5303.830 0.014
5 0 5 4 0 4 5747.263 -0.008
5 2 4 4 2 3 6166.949 0.000
5 3 3 4 3 2 6324.875 -0.006
5 3 2 4 3 1 6398.732 0.019
5 1 4 4 1 3 6541.128 -0.004
5 2 3 4 2 2 6659.144 0.016
6 1 6 5 1 5 6718.127 0.002
6 0 6 5 0 5 6781.211 -0.012
6 2 5 5 2 4 7341.023 -0.004
6 3 4 5 3 3 7591.822 0.014
6 4 3 5 4 2 7602.326 -0.004
6 1 5 5 1 4 7708.113 0.002
6 3 3 5 3 2 7772.235 0.016
7 1 7 6 1 6 7785.900 -0.009
7 0 7 6 0 6 7819.113 -0.006
8 2 6 7 2 5 10634.589 -0.009
8 3 5 7 3 4 10639.478 -0.022
10 0 10 9 0 9 10962.328 0.013
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Table S6. Cartesian coordinates (A) of conformer of G-g+/cc/t at MP2/6-311++G (d,p).

Standard orientation

Center Number Atomic Number X Y V4

1 6 1.118048 -0.145818 -0.563114
2 6 0.787096  0.988689 0.413760
3 6 -0.711412  1.266401 0.434940
4 6 -1.502596 -0.017683 0.618177
5 6 -1.059200 -1.048126 -0.406765
6 1 0.914191  0.191206 -1.590965
7 1 1.117221  0.687765 1.412179
8 1 -0.945994  1.965053 1.248466
9 1 -1.304855 -0.438317 1.613794
10 1 -1.258241 -0.686377 -1.426503
11 8 0.324451 -1.304871 -0.262998
12 8 -1.022149  1.864834 -0.823539
13 1 -1.982528 1.955045 -0.850424
14 8 -2.875143  0.314795 0.458311
15 1 -3.359253  -0.518889 0.433817
16 8 1.506474  2.163259 0.076293
17 1 0.999140  2.588481 -0.627208
18 8 -1.769120 -2.220354 -0.133278
19 1 -1.562074 -2.857351 -0.825297
20 6 2.563285 -0.600470 -0.448769
21 1 3.220058 0.261649 -0.577329
22 1 2.768728 -1.333878 -1.239545
23 8 2.837434 -1.143909 0.833348
24 1 2.206706 -1.862380 0.954540
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Table S7. Cartesian coordinates (A) of conformer of G+g-/cc/t at MP2/6-311++G (d,p).

Standard orientation

Center Atomic X Y Z

1 6 -1.164239 0.018263 0.146704
2 6 -0.516839 1.203280 -0.575394
3 6 0.980192 1.250356 -0.284278
4 6 1.627946 -0.106337 -0.512050
5 6 0.854062 -1.184442 0.228836
6 1 -1.090959 0.159855 1.234978
7 1 -0.665852 1.074937 -1.653618
8 1 1.456947 1.999983 -0.929331
9 1 1.597041 -0.358911 -1.580972
10 1 0.873260 -0.997441 1.312863
11 8 -0.487611 -1.194893 -0.221936
12 8 1.102038 1.637465 1.082886
13 1 2.038812 1.562519 1.302530
14 8 2.965238 -0.007628 -0.041448
15 1 3.328453 -0.900877 -0.055758
16 8 -1.134998 2.426948 -0.216766
17 1 -0.748175 2.677252 0.632343
18 8 1.457447 -2.403342 -0.090665
19 1 1.053526 -3.085764 0.455573
20 6 -2.615927 -0.179535 -0.241991
21 1 -2.673237 -0.331088 -1.329271
22 1 -3.185414 0.712576 0.021574
23 8 -3.194838 -1.270271 0.457195
24 1 -2.633776 -2.028782 0.263994
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Table S8. Cartesian coordinates (A) of conformer of Tg+/cc/t at MP2/6-311++G (d,p).

Standard orientation

Center Atomic X Y Z

1 6 1.006321 0.552649 0.192828
2 6 0.790054 -0.732964 -0.615001
3 6 -0.592248 -1.315107 -0.350621
4 6 -1.664620 -0.248362 -0.505890
5 6 -1.291411 0.990344 0.292328
6 1 0.982849 0.320976 1.267820
7 1 0.877185 -0.482897 -1.678469
8 1 -0.787339 -2.139156 -1.049664
9 1 -1.736893 0.053208 -1.559948
10 1 -1.242460 0.755092 1.366517
11 8 -0.034663 1.478965 -0.136356
12 8 -0.559488 -1.809202 0.986340
13 1 -1.464068 -2.067808 1.201907
14 8 -2.881743 -0.819837 -0.045901
15 1 -3.527518 -0.104236 -0.014242
16 8 1.798931 -1.700543 -0.338182
17 1 1.516546 -2.149229 0.470709
18 8 -2.271137 1.948703 0.022781
19 1 -2.067927 2.729754 0.548718
20 6 2.328533 1.234360 -0.139016
21 1 2.332926 2.226603 0.317634
22 1 2.405931 1.355463 -1.229237
23 8 3.437437 0.527192 0.388846
24 1 3.336301 -0.385510 0.090267
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