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Note 

The crystal structure of 1,5-anhydro-4-deoxy-D-glycero-hex-l-en-3-uiose 

The potenttal for converwon of blom,lss restdues Into useful, chemical tntcrc 
mediates has stimulated research Into the ~~~echnn~srn and product\ of the pyrolytw 

decomposltlon of cclluios~c materials ’ -’ Addltlonal Interest has ctrIscn from th 

fact that many volatile, cellulose-pyrolysis products <u-e lntroduccd Into the cnvu-on- 

ment through tobacco- and wood-smol\e’ The trtle compound, 1,5-anhydro-4-d~oxy 
u-glrcelo-hex-1-en-3-ulose (l), ts ,L newly ldentlfied product obtaIned from the pyro- 
IYSIS of cellulose and other ~-@ucms~_ A charactenst~c feature of this n~ole~ulc IS it< 

stable enol function, the presence of which has been confirmed by the single-crystal 
X-ray dIffractIon study reported here 

A stereochemIcal dra\sIng of 1 from the X-ray data IS shown 111 FIN I Th15 

model IS consistent wth the lesurts of the chemwal-structure detclmmatlon’ From 

‘H-n m r spectroscopy, It was concluded that I adopts Che aLN5 conformatlon III 

solution, wth the %(hydroxymethyl) subslituent In a quasi-equatonal posItIon” 
The couplmg observed bet\\een the two protons on C-4 and H-5 mdlcated that one 
of the proton dihedral-angles IS large (.I+ ,5 13 Hz), and the other small (J,,s 5 Hz) 

FIN 2 shows that this Interpretation IS consistent wth the conformatlon adopted bl 
1 In the solId state, nhere tne C-3-C-4-C-5-C-6 dihedral angle of i 75” result\ 111 

proton dlhedrai-angles of 193 aqd 65 o 
The conformatlon of 1 In the crystalhne state can be accurately acses\ed from 
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FIB I ORTEPL4 drawng of 1, sho\\mg bond lengths (pm) wth standard dewatlons m parentheses 
Thermal parameters for hydrogen are not depxted 

H-4’ 

U Ii 

FIN ? Projectron of 1, welted along the C-4-C-5 &MS, wth dihedral angles from X-ray data 

the atomic parameters obtamed m the X-ray study The conformatlon can be described 
rn terms of the devlatlon of atoms from a plane through the rmg, or. more precisely, 
by rmg-puckermg parameters Both of these methods show that 1 adopts a sofa, 
conformatIon (fi ve rmg-atoms coplanar) that IS strongly dlstorted towards the 

&fY5 conformatIon Table I hsts devlatlons of rmg atoms from several, least-squares 

planes calculated for 1 Plane 1 shows that five rmg-atoms are nearly coplanar, none 
bemg dlspiaced more than 6 1 pm from the plane, and that C-5 lres well below the 
plane, at -63-O pm The dIstortIon towards the qHs conformatron IS ewdent from 

plane 11, defined by the four rmg-atoms requn-ed to be coplanar In this conformatlon, 

where C-5 agam lres well below the plane, at -55 1 pm, and C-4 hes above the plane, 
at 12 3 pm The rmg-puckermg parameters, calculated accordmg to Cremer and 
Pople7 (Q = 46 3 pm, 0 = 59 So, and r$ = 286 7”), and plotted on a stereogram*, 
show that 1 adopts a conformation lym g between sofa, (where (b = 300”) and 

‘fY5 (where 4 = 270”) The sofa, and “Hi conformatlons both possess one large 
and one small dihedral angle between the protons on C-4 and C-5, and thus are not 
readdy dIfferentrated by LH-n m r spectroscopy 
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TABLE I 

LEAST-SQUARES PLAhES FOR 1 

321 

Aton Plane 

I II 111 

C-I 
c-2 
c-3 
C-4 
c-5 
o-5 
o-2 
o-3 
H-l 
H-2 
10-31” 

m 
n 
r 
s 

Devlatrons of atoms fi on1 pIam (pan) 
6 1” 4 2’Z 

-2 3a --! 0’1 
-2 1u 1 8” 

-6:: -55 I2 3 1 
-4 7= -_3 @1 

-OS -76 
-03 41 

II 8 61 
II 9 57 

Coeficlents of eqaatronr, fvt phmc 
-3 384 -3411 

11 067 11377 
-2 698 -2 412 

3 067 3 I56 

10 3 
0 09” 

-0 09” 
71 

-573 
13 

-0 04u 
0 OS” 

165 
11 5 

116 3 

-3 435 
10 912 

-2 636 
2 952 

U4n atom definmg the plane &O-3 at 3/Z - 1, 1 - P, ---1/Z rz %3_1- nv-Lrz==s 

TABLE IL 

HYDROGEh-BO>D DISTAhCES AhD ANGLES FOR 1 

Atom 

Donor H 
(D) 

O-6 H-6” O-6 74 208 I87 275 I 152 4 c ‘, ’ --_I,1 -_= _ 
O-2 H-2 O-3 91 210 206 287 8 142 j/2- I,1 -1, -l/2 -_= 
O-2 H-2 o-3 91 243 242 279 1 103 \,l,Z 

“D-H bond-length normahzed to 97 pm 

Hydrogen bondmg plays an Important role III the crystal structure of 1, with 
both hydroxyl groups formmg hydrogen bonds (see Table II) Intermolecular hydro- 
gen-bondmg between O-6 atoms of adjacent molecules forms an lnfimte chain runnmg 
along the A- axls of the crystal, with each O-6 atom servmg as a hydrogen-bondmg 
donor (D) and acceptor (A) This type of mteractlon IS common m carbohydrate 
crystals, although the H A distance of 208 pm IS somewhat longer than the values 
obtamed by neutron dIffractton for mfimte-cham hydrogen-bondmg m other carbo- 
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hydratesg_ However, when the D-H-6” bond-length IS normahzed to the mean, 
neutron-diffraction value’ of 97 pm_ the H-6” A dtstance becomes lS7 pm, which IS 
consistent with values reported for this type of bondmg 

The enohc H-2 forms an mtermolecular hydrogen-bond with the carbonyl O-3, 
lmkmg the crystal lattice m the z directron The H A distance of 210 pm, which IS 
essentially unchanged upon normahzation of the D-H bond-length, mdrcates that 
this bond IS Lveeaher than tne hydrogen bondm g of the ahphatic hydroxy1 H-6” which 
is of the donor-acceptor type_ 

The posrtron of H-2 m the crystal structure mdrcates that It IS also mvolved rn 
an mtramolecular mteraction with O-3, forming a bifurcated, hydrogen-bondmg 
system Although the H A distance of 243 pm and the D-H A angle of 103” are 
not wnhm the range generally accepted for IsoIated hydrogen-bonds, there IS sub- 
stantral evidence suggestmg that a weak, mtramolecular hydrogen-bond occurs 
between H-2 and O-3 111 this structure The mtermolecular, hydrogen-bond distance 
and angle between H-2 and O-3 of 210 pm and 142”, respectively, are much more 
typical of values reported for bifurcated, hydrogen-bondmg systems than for Isolated 
hydrogen-bonds’ As may be seen from plane III m Table I, H-2 hes very close to 
the plane defined by 0-2-C-Z-C-3-0-3 In the absence of an rntramolecular hydrogen- 
bond, the hydroxyl group could, presumabIy, rotate, thereby allowmg H-2 to approach 
O-3 of the adjacent molecule more closely In actuahty, H-2 deviates from this plane 
only very shght!y m the direction of the adJacent O-3 Although the bond distance 
and angle for thus rntramolecular mteractron between H-2 and O-3 mdrcate that It is 
very weak, they are not mconsistent wrth values reported for other weak, hydrogen- 
bondmg mteractions, especially m bifurcated systems9 As noted by Jeffrey”, vicmal, 
intramolecular hydrogen-bondm g IS necessarily weah, due to the geometric restrrc- 
tions of the five-membered rmg-system that IS formed, and unambiguous examples 
of this type of interactron m carbohydrate crystals are rare 

The bifurcated system of 1 IS quite srmrlar to that reported for l,Z-drhydroxy- 

o-3 
0 

a b 

FIN 3 BiFtiEated, hydrogen-bondmg systems m (a) 1, and (b) 1,2-dihydroxybenzene11 
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benzene (see FIN 3), which IS also a planar, five-membered rmg-system hclvmg 
adjacent, sp2-hybrrdlzed carbon atoms Intramolecular hydrogen-bondmg has been 
suggested m the crystallme state of I,2-dlhydroxybenzene, based on Its X-ray cryst‘ll 
structure”. and demonstrated m solution by Infrared spectroscopy’” 

The presence of an mtrdmolecular hydrogen-bond m 1 III the crystal/me state 
had been suggested’ from Infrared spectroscopy (KBr pellet), where the carbonyl 
absorption of O-3 shifts from 1663 cm - ’ for 1 to 16SO and 1690cm-’ for I&S dlbenzo‘ite 
(2) and dtacetate (3), mdlcatmg that the Z-hydroxyl group decreases the carbonyl 
force-constant, presumably through an mtramolecular mteractlon 

0 

Q 0 OR 

lR= P 

2R= Bz 

3R= AC 

EYPERIBIENTAL 

Crystals of 1 (C,H,O, m p 98 5-99 0”) sultable fol cryst.llfographlc worh were 
obtamed from a prewous study’ In which the spectral propertIes were reported By 
Weissenberg and precession photography, the umt cell was found to be orthorhomblc, 
rn space group P2,2,2, (systematic absences at hOO,OkO, and 001 when h, k, or I IS 

odd), z = 4 rntenslry data were collected from a smgle crystal mounted on a com- 
puter-controlled, four-circle diffractometer for 590 umque reflecttons to 2 0 = 120”, 
using CuKa radlatlon Cell parameters were found to be 3 = 477 65(6), b = I S53 15 
(27), and c = 717.33(6) pm The lntensltles of standard reflectIons did not decrease 
dunng the data collectIon, and no decomposttton CorrectIon was apphed An empIn- 
cal, absorption correctron was apphed 

An mltlal phase-set, determmed by direct methods usmg GENTAN13, revealed 
the posltlon of all non-hydrogen atoms, these were refined by CRYLSQ, the least- 
squares program of the X-RAY system’a Thermal parameters for carbon and oxygen 
atoms were refined amsotroplcally, and hydrogen atoms were refined lsotroplcally 
Weights of l/~ were apphed, and the stereochemlstry of C-5 was clsslgned, based on 
the known, D configuratlon of the precursor cellulose The final refinement yIelded 

values havmg all shJft/errors ~0 2, and R (= Z(//FO/ - lFc//)/Z/FOl) equal to 0 045: 
for 577 reflections havmg F, greater than 4 times a(F,) At thus pomt, the Founer- 
difference map showed no pomts havmg a density greater than 2 x 10-7e-/pm3, and 
the lsotroplc thermal parameters (U) for all hydrogen atoms averaged S60(195) pm’, 

where the temperature factor IS of the form exp[-2nz(Uh2a*2 + Uk’b*’ + WC*~)] 
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TABLE III 

BO\D AhGLES FOR 1 

Bond Angie (degrees) Bona Angie (degrees) 

H-l-C-l-C-2 
H-1-C-l-O-i 
C-2-C-l-O-i 
C-l-C-2-0-2 
C-l-C-2-C-3 
O-2-C-2-C-3 
C-2-O-2-H-2 
c-2-c-3-o-3 
c-2-c-3-c-4 
o-3-c-3-c-4 
C-3-C-4-H4 
C-3-C-4-H-4’ 

c-3-c-4-c-i 
H--!-C-4-H-4’ 
H-4-C-4-C-5 

119(4) 
115(4) 
125 3(4) 
119 6(4) 
120 6(4) 
119 6(4) 
114(4) 
122 7(4) 
114 7(4) 
122 6(4) 
104(2) 
106(3) 

111 O(4) 
116(4) 
121(Z) 

H-4’-C-4-C-i 
c-4-c-i-o-5 
C-4-C-5-H-5 
C-4-C-i-C-6 
O-5-C-5-H-i 
O-5-C-i-C-6 
H-5-C-5-C-6 
c-1-o-i-c-5 
C-i-C-6-O-6 
C-i-C-6-H-6 
C-5-C-6-H-6’ 
0-6-C-6-H-6’ 

0-6-C-6-H-6 
H-6-C-6-H-6’ 
C-6-0-6-H-6” 

9W) 
110 5(3) 
116(3) 
113 l(4) 

99(3) 
107 4(4) 
I lO(3) 
114 l(4) 
114 3(4) 
99(2) 

115(2) 
lOl(2) 

117(Z) 
111(3) 
120(4) 

TABLE IV 

FR-ZCIIOVAL ATOUIC-COORDI\ATE.S” ’ FOR 1 

Atom X Y Z 

C-l 
c-2 
c-3 
C-4 
C-i 
C-6 
O-2 
o-3 
o-5 

O-6 
H-l 
H-2 
H4 
H-4’ 
H-5 
H-6 
H-6’ 
H-6m 

2583(13) 
4612(11) 
5205(9) 
3451(10) 
2598(g) 
0635( IO) 
6019(g) 
6905(7) 
1219(S) 

-0086(S) 
213(16) 
709(14) 
4m9) 
161(13) 
406(11> 
175(10) 

- 155(S) 
lOl(l2) 

3388(3) 
3873(2) 
4403(2) 
4335(2) 
3558(2) 
3471(2) 
3905(2) 
4887(2) 
3265(2) 
2754(2) 

305(3) 
431(3) 
463[2) 
452(3) 
323(2) 

3W2) 
373(2) 
249(3) 

-0935[7) 
- 1176(6) 

0244(6) 
1971(6) 
2305(6) 
3917(7) 

-2865~5) 
0026(4) 
0672(4) 

43 lO(5) 
- 195(9) 
-302(S) 

299(6) 
165(S) 
239(7) 

492(6) 
370(6) 
459(S) 

ua = 477 6i(6), b = 1853 15(27), c = 717 33(6) pm, a = p = 7 = 90” 6x 10” for C and 0, x lo3 
for H (standard dewatlons m parentheses) 
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InteratomIc bond-angles and fractlonal atomic-coordmates are reported m Tables 
III and IV, respectively = 
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