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ABSTRACT 

Borate complexes, formed on ad&tlon of sodmm tetraborate to solutions of 
carbohydrates m D20, can be detected by momtormg changes m the 13C magnetic 
resonance spectra of the parent compounds In one type of change the chermcal 
shifts remam constant, but broadening of signals of ’ 3C atoms m the vlclmty of the 
complex occurs In the other type, the signals remam sharp, but changes m chemical 
shift take place In addltlon to permlttmg the detectlon of borate complexmg, it 1s 
often possible to ascertam the chemical structures present and to determme quantl- 
tarlvely the relative proportions of complexes and startmg materials A wide variety of 
polyhydroxy compounds was exammed and the formatlon of complexes of types Ii, 
III, and IV assessed Only two of the 19 compounds exammed, 1,2 5,6-dl-&so- 
propyhdene-D-manmtol and czs-mosltol, undergo spectral changes on addltlon of 
bone acid because of formation of type I and type JV complexes, respectively 

INTRODUCTION 

The cychc borate complexes of carbohydrates that are formed m solutron by 
the actlon of tetraborate or bone acid have been studied extensively Although they 
can exist m many forms (Fig l), as weakly lomsed esters (type I) formed from boric 
acid, or as anions of the types II, HI, and IV formed from tetraborate, the stnct 
requnements for their formatlon have made them useful rn studymg problems of 
structure and stereochermstry They can be detected as borate esters (Type I) by 
conductlvlty measurements’, as amomc complexes, types II, III, and IV, by zone 
electrophoresls2 3 *4 m tetraborate solution, as a type IV complex by the pH decrease 
observed on addltton of carbohydrate to tetraborate so1utlon2’5, or by spectic- 
rotatlonal measurements6 Mazurek and Perhn7 have stuled the borates formed 
from five-membered vlcmal dlols by thermometric measurement of vapor-pressure 
eqmhbna and by p m r spectroscopy of tetraborate solutlons 

The detectlon of complex formatxon by p m r. spectroscopy can be used to 
determme the posltlon(s) of substltutlon m certam cr-D-mannopyranose derlvatlves’ 
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FIN 1 Types of borate complexes 

Those contammg free c&$3-&ols react with excess tetraborate formmg 2,3-borate 
complexes, which cause a downfield shift of the H-l p m r. slgnal of the mannoslde 
by 15-14 Hz Thus contrasts with a shift of2-5 Hz occurrmg W&I 2- or 3-substituted 
mannosldes The present study IS an expansion of the foregomg approach by usmg 
13C magnetic resonance (c m r ) spectroscopy, a techmque that gves a less crowded 
spectrum, when the proton noise-decouphng techmque IS used 

RESULTS AND DISCUSSION 

Imtlal c m r studies were conducted to examme the effect of addmg sodium 
tetraborate on the 13C spectra of various a-D-mannopyranoslde denvatlves dissolved 

in deutenum oxrde The denvatlves were selected because of the posslblhty of borate 
complexmg at the 2,3- or 4,6-posltlons, or at both Sodmm tetraborate was generally 
added progressively to the solutions so that the ratlo of sugar to “available borate”, 
was 2 1, 1 1, and 1 2 The avaIlable borate IS calculated from the equation 

Na,B,O, +7H,O = 2Nai +2B(OH),’ +2H3B03 

Thus means, for example, that this ratlo IS 2 1 when the molar ratlo of sugar to 
Na2B007 IS 4 1 

In order to ald mterpretatlon of the effect of tetraborate on the c m r spectra of 
methyl O-methyl-or-D-mannopyranosides, assignments of the slgnais were made 
Thus was greatly faclhtated by the observation by several workers on moatolsp and 
aldopyranoslde derrvauves l OS1 l that the resonance of a ’ 3C atom IS shifted conslder- 
ably downfield on methylatlon of the attached hydroxyl group Our assignments 
whxch are made on this basis, are summarized m Fig 2 The assrguments for methyl 
or-D-mannopyranoade agree with those of Dorman and Roberts lo and Perlm et al 1 1 

I Berates of methyl O-~t~~y~~-D-~~O~y~~OSl~eS - Marked effects on 
the c m r spectra of methyl 4,6-O-ethyhdene-u-D-mannopyranoslde and methyl 
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II la sl In 14 61 12 II *-O-YET”YL 

ll SlZll3 14 61 II UNSUBSTITUTED 

11 I4 5lIf 6114 II 4-o- YETHYL 

s 

11 14 SIi623 bq4 II 4 6-OI-O-METHYL 
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Fig 2 Assignments of 13C s~gnak of methyl cc-D-mannopyranoslde and Its U-methyl denvatlves, 
based on downfield shifts of 13C signals on methylatlon of their adjacent hydroxyl groups 

4-O-methyl-cr-D-mannopyranoslde m D20 occurred on add&on of sodmm tetra- 
borate A number of the signals of the 4,6-0-ethyhdene denvatlve were almost com- 
pletely replaced with new ones of different chenucal shift when a ratlo of sugar to 
available borate of 1 2 was reached The resultmg spectrum (Table I) mdlcated the 
existence of a preponderating borate complex (type II) having a sugar to borate 
ratlo of 1 1, as It dlsplayed 10 signals, close to the 9 expected for a compound of this 
type Increasing the ratlo to 1 4 gave a spectrum having 9 signals 

At a sugar to avallable borate ratio of 2 1; sixteen c m r signals were obtained, 
some of them bemg dflerent from those of the 1 1 complex and the startmg material 
Thus IS explained by the formatlon of two lsomenc 2 1 splrane complexes (type III) 

Progressive addition of sodmm tetraborate to D20 solutions of methyl 4-O- 
methyl-a-D-mannopyranoslde was conducted up to a sugar to avaIlable borate ratlo 
of l-2 At this level, four new signals were observed (Table r) A new C-l slgnal at 
2798 Hz appeared, and a pro-rated comparison of the size of the ongmal C-l slgnal 
at 2823 Hz with the unchanged C-6 slgnal at 2050 Hz showed that one half of the 
4-O-methyl denvatlves was complexed Methyl 4-0-methyl-cr-D-mannopyranoslde 
therefore appears to have an alignment of the 2- and 3-OH groups somewhat less 
suitable for borate complexmg than that of methyl 4,6-O-ethyhdene-cc-D-mannopyr- 
anoslde, which forms the 1 1 complex exclusively 

A superior, and more generally apphcable, method of analysis was devlsed 
that mvolves use of a 2% solution of acetone as an Internal standard The dlmmutlon 
of concentration of the polyhydroxy compound on addltlon of borate was estimated 
quanfitatlvely by measurement of the decrease in size of the slgnal mtensltles of the 
polyhydroxy compound relative to the methyl resonance of the acetone at 1060 Hz 
This method, whch obviates the unpredlcrable signal responses of a Fourier transform 
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system, gave the same percentage of complexed 4-O-methyl denvative as already 
recorded 

A different spectral effect was observed m expenments on methyl 2-O-methyl- 
cc-D-mannopyranoslde Although no changes m chemical shift of the c m r signals 
occurred on the addltlon of borate, 3 of the 8 signals were simultaneously shortened 
and broadened to a hne width of 40 Hz (Table I) (The possible causes of this pheno- 
menan are discussed m detad at the end of the Results and Dlscusslon section) The 
effect was most marked wth the C-4 and C-5 signals, and was somewhat less with 
the C-6 slgnal (for assignments see Fig 2) It appears therefore that the sugar 1s 
largely converted mto a 4,6-borate complex 

A slmllar effect was noted with methyl 2,3-dl-O-methyl-a-D-mannopyranoside 
as, on addition of borate, marked broadenmg of the C-4 and C-5 signals and some 
broadening of the C-6 slgnal occurred (Table I and Fig 3) These observations are 
reasonably consistent with the findings of Foster and Stacey” who examined a 
number of alkyl glucopyranoslde denvatlves by paper electrophoresrs m the presence 
of 0 2~ sodmm tetraborate Those derlvatlves containing free 4,6-hydroxyl groups 
gave complexes and had MG values (rates of migration compared with glucose) of up 
to 0 20. These values are low, however, and seem to indicate that only small propor- 
tions are complexed, smce the MG value 1s an approvlmate mdlcatlon of the propor- 
tion of lomc borate complex formed 

c3 

cs c4 

I I I I 
3000 2500 2000 l500 

DOWNFIELD FROM D,O. Hz (32001 Hz OFFSET) 

Fzg 3 C m r spectrum of methyl 2,3-dl-0-methyl-a-o-mannopyranoslde plus sodmm tetraborate m 

DA) 

The c m r spectrum of methyl a-D-mannopyranowde m the presence of excess 
sodmm tetraborate was very complex ConsIderable broadenmg of all signals except 
for the methoxy signal occurred This observation 1s consistent with the “broademng” 
property observed above 
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Summanzmg, these c m r results show that two spectral effects can occur on 
borate complexmg One of them mamfests itself by a broadening of 13C signals of 
carbon atoms that exrst close to the borate complex m the molecule, but with no 
change of chenncal shift The other effect IS a change m chemical shift of the 13C 
signals on borate complexmg For example, m the case of the c m r spectra of methyl 
4,6-O-ethyhdene-cr-D-mannopyrauoslde and those of its borate complexes, rt appeared 
that two 2 1 and one l-1 sugar-borate complexes (type II and III) were formed. The 
c m r method appeared to have potential m analysis of borate complexes m solution, 
and a systemahc exammatxon of other compounds that can form borate complexes 
was therefore performed 

2 Berates of c1s-I,2,-~zoZs ~lt a jive-membered rmg - Mazurek and Perhn’ 
showed that czs-3,4-dihydroxytetrahydrofiuan (erythntan) complexes readily wxth 
potassium tetraborate When the proportion of dxol to avadabie borate eon was 2:l 
the degree of compIexmg, according to thermometric vapor-pressure measurements, 
was 70% of that expected for formation of a spirane complex (Type III) The c m r 
spectrum of a similar proportion of erythritan to sodium tetraborate m D20 Indicates 
a marked tendency to form tins complex The spectrum shows two mam signals at 
2210 and 2165 Hz, the latter having a very small shoulder (< 5%) at 2710 Hz (Table I) 
Two mmute signals at 2083 and 2068 Hz, correspondmg to unchanged erythritan, 
were also present These were shown to arise from C-2 and C-3, and C-l and C-4, 
respectively, by heteronuclear decouphng experiments with the proton assignments 
of Mazurek and Perhn’ as a basis When the ratio of dial to avarIable borate was 
changed to 1 1, the signa at 2170 Hz increased in size and thus appeared to arise 
from a complex of type II The signal at 2210 Hz IS common to the type IT and type III 
complex By comparison of the 2165 Hz signal with that of an internal acetone 
standard, the ratio of spnane type III complex to type II complex was found to be 
1 to 1 2 A dial to available borate ratio of 1 2 results m a type III to type II complex- 
ratio of I to 2 

Sodmm tetraborate reacts with methyl 5,6-dl-O-methyl-a-D-mannofuranoslde 
(1) m DzO, and the reactlon IS slmdar to the previous one except that two drfferent 
stereolsomers of the splrane type III complex can be formed This IS shown by the 

complete disappearance of the mannoslde slgnal at 2073 Hz m a solution havmg a 
mannoslde to avadable borate ratlo of 2 1 (Table I) As the spectrum shows 11 Instead 
of the 9 egnals expected from a smgle splrane Isomer, It appears that two lsomerlc 
forms, 2 and 3, are present When higher levels of borate were used, moddicatlon of 
the spectrum occurred because of the formatlon of a complex having structure 4 
(Table I and Fig 4) 

US-1,2-Dzols III a sm-membered cyclrtol mg - Angyal and McHugh5 have 
demonstrated that certain cycIohexanedio1 and cyclohexanetnol derivatives con- 
taining crs-1,2-dial groups mrgrate only slowly on paper electrophoresis m sodium 
tetraborate solution Tlus indication of a low degree of complexmg IS consistent with 
the present c m r data The spectrum of cz.r-cyclohexane-1,2-dial m DzO, showmg 
signals at 2060, 1015 and 8 13 Hz, IS affected by addition of excess sodmm tetraborate, 
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Rg 4 Borate complexes formed with methyl 5,6-dl-O-methyl-a-D-mannofuranosrde and I,2 5,6-dl- 
O-isopropyhdene-D-mannltol 

III contrast to the behavror with the Irazzs-Isomer Some broadenmg and shortenmg 
(50% of ongmal srze) of the 13CHOH srgnal at 2060 Hz occurs, the effect being 
greater than for the signal at 1015 Hz that corresponds to C-3 and C-6 (Table II) 
By a.~alogy wrth methyl 2-U- and 2,3-dr-0-methyl-mannopyranosrde derwatlves, 

thus effect, although less marked, IS Interpreted as bemg due to partial borate com- 
plexmg 

Broadenmg and shortenmg of srgnals occurs to some degree on addrtron of 
tetraborate to solutxons of other cyclrtols contammg czs-1,Zdrol groups m a srx-mem- 
bered rmg, such as 1,4,5,6-tetra-O-methyl-zzzyo-mosrtof and 1,2,3/Pcyclohexanetetrol 
(Table II) 

The Iow apparent degree of borate complexmg indicated by these data contrasts 
wrth that observed wrtb methyl 4,6-0-ethyhdene-a-~mannopyranosrde and methyl 
4-0-methyl-a-D-mannopyranosrde, whrch contam czs-2,3-hydroxyl groups m a srx- 
membered rmg It IS possible that stabrhzatron of the type II borate complexes 
occurs, possibly by hydrogen bonding of a borate hydroxyl group with the oxygen 
atom of the pyranosrde rmg 

W1t.h 1,2 3,4-dr-0-rsopropyhdene-L-chzro-mosrtol, the available hydroxyl 
groups, although l,Ztrms, are abgned m the stramed system somewhat as 1,2-czs- 
hydroxylgroups m an unsubstztuted six-membered rmg Thus IS mdrcated by the ready 
formatron of 1,2 3,4 5,6-tn-O-rsopropyhdene-L-chrro-mosrtol’3 Borate complexmg 
IS evrdenced by c m r spectroscopy, as two of the signals at 2200 and 2085 Hz are 
broadened conslderably (to an extent comparable to that III Fig 3) on addition of 
excess tetraborate (Table II) 

, 

Accordrng to successive n-radratron expenments wrth the OH-3 and OH-4 
signal of 1,2 3,4-dx-0-rsopropyhdene-L-chzro-mosrtol (drmethyl sulfoxrde-d, as 
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TABLE II 

C hi R SPECTRAL CHANGES OBSERVED ON ADDITION CF SODIUM TETRABORATE (OR BORIC ACID) TO 

D20 SOLUTIONS OF CARBOHYDRATES CONTAINING 1,2-DIOL GROUPS IN STRAIGHT CHAINS OR 

SIX-hfEh5BERE.D CYCLOHEXANE RINGS 

Coumpound and sysrem Chenncal shlfrs (see Table I) 
examned 

1 cwCyclohexane- 
1,2-dlol 

2 trans-Cyclohexane- 
1,2-dlol 

3 1,2,3/4-Cyclo- 
hexanetetrol 

4 1,4,5,6-Tetra-0- 
methyl-myo- 
mosltol 

5 Ethylene gl>col 
6 (a) I,2 5,6-DI-0- 

lsopropyhdene- 
o-manmtol 

(b) 2 1 ratto of 
sugar to 
available borate 

(c) 1 1 rat10 of 
above 

(d) 3 1 ratro of 
bone actd to 
sugar 

7. (a) 1,2,3,4 DI-0- 
lsopropyhdene- 
L-chrfo-inositol 

(b) 1 2 ratlo of 
mosltol to 
avmlable oorate 

2060” 1015” 813 

2170” 1105 883 

2163” 2130” 2045 

2388’ 2350a 2335 
1860 

3050 2178 

3050 2225 2218 2185(tr)* 2178 

3050 2225 2218 2185 2178 

3050 2073 2055 2048 1948 

3065 2265 2200 2085(C-3) 958 

3070 2260 2203” 2085” 955 898 

2028 988 925 

2293 2053” 1988” 1973 1788 1713 

2058 (C-3) 1950 935 900 

2058(tr)* 1950 938 900 

1953 935 900 

1875 930 898 

900 

%gnal shortened and broadened on addltton of tetraborate %r = trace 

solvent) as a basis, assignments were made for the H-3 and H-4 agnal and thence to 
the C-3 and C-4 slgnal, w&h had a resonance at 2085 Hz This signal, was together 

with the signal at 2200 Hz, was broadened on treatment of the compound with 
borate The latter signal probably arose from the adjacent 2 and 5 carbon atoms, by 

analogy with the erect on the signal of carbon atoms adJacent to the CHOH groups 

of crs-cyclohexane-1 ,Zdrol 
3 Borates of straight-cham 1,2-dols - The c m r spectrum of ethylene glycol 

m D,O was unaffected by addltlon of sodmm tetraborate Little borate complexmg 
occurs therefore, probably because of the greater thermodynarmc stablhty of the 
compound havmg the hydroxyl groups m the staggered form, m compaflson with the 

borate complex 
A compound havmg hydroxyl groups m a more favorable onentatlon for 

borate complexmg was selected, namely 1,2 5,6-dl-O-isopropyhdene-D-manmtol 
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(FIN 4; 6) Tlus compound 1s analogous to tlzrea-butane-2,3-dlol, which rmgrates m 

borate solutxon at 4 times the rate of eryt/zro-butane-2,3-dlol I4 In D2 0, the manmtol 
denvatlve gave a c m r spectrum showing 7 signals, (Table IQ The two high-field 
signals at 900 and 935 Hz arose from the two O-lsopropyhdene C-methyl groups and 
that at 3050 Hz from the adJoinmg carbon atom. One other assignment was made 

by usmg the p m r spectrum of 6 as a basis One of the signals, which was considerably 
slmphfied by changmg the solvent from dlmethyl sulfoxlde-d, to D20, was evidently 
that of H-3 which IS coupled to the OH-3 group Irradlatlon at the frequency of H-3 
simphfied the 13C slgnal at 2178 Hz, showing the latter to anse from C-3. 

Add&Ion of sodium tetraborate to a solution 1x1 D,O of 1,2 5,6-dx-O-lsopro- 

pyhdene-D-manmtol, m an amount equivalent to a 2 1 ratio of sugar to available 

borate gave, mainly a 2 1 splrane complex (8) according to c m r data (Table II) 

Exammatlon of molecular models showed that only one Isomer IS possible Less than 

5% of the free sugar, as mdlcated by the small slgna! at 2058 Hz, had not reacted 

Increasmg the ratlo to 1 1 gave, m addltlon to the foregoing signals, an apprecrable 

slgnal at 2185 Hz, which arises from a 1 1 complex (7) 

FormatIon of a complex of bone acid with 1,2 5,6-dl-O-lsopropyhdene-D- 

manmtol occurred, as the c m r spectrum was considerably modified after addition 
of boric acid (Table II) The complex appeared to have structure 5, as the pattern of 

the spectrum differed considerably from those of 7 and 8 Of the other compounds 
cited m the present work, only cr.+mosltol was shown to react to any appreciable 

extent with boric acid m D,O 

4 Trldentate borate complexes - Angyal and McHugh’ ’ found that, on 

addltlon of crs-mosltol to aqueous solutions of sodmm tetraborate, a decrease m pH 
took place on formation of a tridentate type of borate complex (Fig 5 10, R = Na+) 

OH 

IO 

14 

Fig 5 Tndentate complexes formed with cls-mosltol and 2,4-dl-O-methyl-D-mannose ortho ester 
formatlon with 1,2-O-isopropyhdene-z-IW$ucofuranose 
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TABLE III 

C bLLR SPEClRAL CHARGES OBSERVED ON ADDITION OF SODIUhl TETRABORATE OR BORIC ACID TO DzO 
SOLUTIONS OF CARBOHYDRATES CAPABLE OF FORhllNG TRIIENTATE BORATE COMPLEXES 

Compound and system ewmmed ChemlcaI shrfts (see Table I) 

(a) cls-Inosltol - - 2123“ 
(b) 2 l-ratio of cychtol to 

avalable borate 2185 - 2123” 
(c) 1 1 and 12 rat10 of above 2185 - - 
(d )1 3 molar excess of bone acid - 2140 2123” 
(a) epl-Inosltol - 2158 - 
(b) 2 1 ratlo of cychtol to 

available borate 2205 2158 2135 
(c) 1 1 and 1 2 ratios of above 2205 - 2135 - 
(a) myu-Inositol 2158 2108 2103 
(b) 2 I and 1 1 ratlo of 

avadable borate 2158 2110 
(a) 2,4-D1-0-methyl-D-mannose 2650(/-C-l) 2568(a-C-1) 
(b) 2 1, 1 1 and 1 2 ratios of 

aldose to avalable borate 2560 2568 
(a) 1,2-0-Isopropyhdene-cr_D- 

glucofmanose 3120 - 2918 
(b) 2 1 ratlo of sugar to 

avadabIe borate 3115 2933 2920 
(c) 1 1 ratlo of above 3113 2933 - 
(d) 6-O-Isopropyl-1,2-O- 

Isopropyhdene-z-D- 
glucofuranose 3120 - 2918 - 2408 

(e) 2 1 rat10 of sugar to 
avzulable borate 3118 2935 2918 2423 2410 

(f) 1 1 ratlo of above 3115 2933 - 2423 - 

2000~ - - 

2000” - 1968 
- - 1968 
20000 1975 - 
2090 2049 - 

2090 2048 2005 
- - 2005 
2078 

2078 2068 2018 1855 
- 23402320 2330 

2548 2343 2323 2233 

- 2408 2290 - 

2423 2410 2290 2173 
2423 - 2288 2173 

- 2295 - 2125 

2315 2295 2160 2123 
2313 - 2160 2120 

“Broad sIgna with hne width of 150 Hz 

Then finding that the eqmhbrmm reactlon favored the complex almost exclusively 
was confirmed by c m r spectroscopy In D,O, cls-mosltol gves a c m r spectrum 
showmg two signals that are much broader than usual, presumably because of rapld 
mterconverslon of one chair form to the other (Table III) Addition of sodmm tetra- 
borate m half of the amount necessary to form a 2 1 cychtol-borate complex resulted 
m a c m r spectrum contalmng two sharp signals supenmposed on the broad doublet 
Add&Ion of sufficient tetraborate to form a 1 1 complex gave a spectrum havmg two 
sharp signals only This observation confirms that the tndentate (Fig 5, 10, R = Na+) 
form IS produced excluavely, as any borate complex of type II or III formed from 
vuzmal dlols should ave three signals or more 

A tndentate complex was also formed on addltlon of bone acid to a solution 
of cis-mosltol m D20 An eqmvalent (1 1) amount of boric acid resulted m a c m r 
spectrum conslstmg mainly of a broad doublet, on whch small sharp s~gnais were 
superposed. The latter were enlarged on add&on of bone acid m a 3 1 molar excess 
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1968 - 

1968 1938 
- 1938 

2223 - - - 2080 - 2040 - - - 1815 1798 1763 - - 

2223 2185 2180 2128 - 2093 2043 1915 1895 1845 181.5 1798 1765 1720 1685 

2138 - 2005 1883 928 915 

2138 2080 2008 1885 935 920 
- 2078 - 1888 935 920 

- - 2035 1980 - 930 918 818 

2060 2053 2035 1980 935 930 920 818 
2060 2053 - - 938 - 923 818 

and had an area approximately one half that of the czs-moetol signals (Table III) 
The tndentate borate compIex should have the novel structure 10, R = H’ (Fig 5) 

epz-Inosltol, m agreement with the findmgs of Angyal and McHugh2*5, gave 
the 1 1 tndentate complex almost exclusively on addltlon of the cychtol to sodium 
tetraborate m D,O The c m r spectrum of the cychtol dzsplayed four agnals, which 
were dlrmmshed by half m size on adJustmg the mosltol to avazlable borate ratlo to 
2 1, and were replaced with 4 new signals (Table IIQ These signals became completely 
dommant when the ratlo was adjusted to 1 1 C m r -spectral examination showed 
that epz-mosltol did not form a complex with borzc acid m D,O 

The c m r spectrum ansmg from myu-mowtol m D20, whch contams 4 signals, 
was modified by addltlon of sodium tetraborate and three new sharp signals were 
formed (Table III), at cychtol to avzlable borate ratros of 2 1 and l-l At the lmtlal 
level of borate, the new signals had lO-20% of the magmtude of the signals of ~?zyo- 
mosltol Thus observation contrasts with the c m r signals of the closely related 



336 P A J GORIN, M MAZURJX 

1,2,3/4_cyclohexanetetrol, which do not undergo changes m chemical sbft on addition 
of borate Instead of formmg type II or IlI complexes it therefore appears probable 
that the new signals from myo-moatol arose from a tndentate type IV complex 

Formation of a tndentate complex was also demonstrated m the mannose series 
A dl-O-methyl derlvatlve of D-mannose was postulated by Urbas et al l5 to be the 

3,5-dl-U-methyl Isomer because It migrated on paper electrophoresls m aqueous 
sodium tetraborate Smce this compound was correctly ldentdied later as 2,4-dl-O- 
methyl-D-mannose’ 6, It appeared probable that a tridentate complex of structure 14 
(Fig 5) was formed 2,4-D!-0-methyl-D-mannose in D20 gave a c m r spectrum 
(Table Ill) showmg a mmor slgnal for C-l of the B form (from 13) at 2650 Hz, a 
major sIgna at 2568 Hz for C-l of the a form (from 12), and two OCH, signals at 
1798 Hz and 1763 Hz After addltlon of sodmm tetraborate, the spectra showed both 
the ongmal signals and new ones from the complex Only one new compound was 
formed, as evidenced by the C-l slgnal of the borate complex (14) at 2548 Hz and the 
OCH, signals, which were at 1720 Hz and 1685 Hz The dlmmutlon of the ongmal 
signals on graded addition of sodium tetraborate to the D,O solution could be 
monitored quantltatlvely by compamon with an mtemal standard In a sol&on 
containing a sugar to avallable borate ratio of 1 2, 2,4-dl-0-methyl-cr,P-D-mannose 
and 14 were present m a 2 3 ratio 

FormatIon of a trldentate complex also appears possible with 1,2-O-lsopro- 
pyhdene-a-D-glucofuranose, as ths compound can be readily converted mto closely 
related 3,5,6-ortho esters of structure 11 (Fig 5) A tridentate structure was also 
suggested by Foster’, followmg his observation that a complex havmg a high electro- 
phoretlc moblhty IS formed m aqueous sodium tetraborate In the present study, the 
c m r spectrum of the compound m D,O was found to show 9 signals (Table nI) 
At a ratlo of sugar to available borate of 2 1 additional signals were formed and the 
former ones decreased by 50%, and when the ratlo was adjusted to 1 1 a spectrum 
dlsplaymg 9 new signals was obtamed, thus mdlcatmg the formation of a type II or 
IV complex The posslblhty of a type III complex being formed by consumption 
of only half the available borate was considered unhkely, as such a complex 
could exist m two lsomenc forms and a larger number of signals would have been 
observed 

The tendency to form a type II 3,5-complex m the related 6-0-isopropyl-1,2- 
0-lsopropyhdene-a-D-glucofuranose IS marked By a senes of expenments para!lel 
to the foregomg ones, the 11 c m r signals of the isopropyl derlvatlves were replaced 

by 11 new signals when a level of sugar to avallable borate was 1 1 (Table III) 
Observatrons on broadenmng of 1 3C srgnals - As can be seen m the preceding 

dlscussIon, two types of c m r spectral effects can occur on addltlon of borate to 
polyhydroxy compounds dissolved m DzO One of these effects IS that upon borate 
addltlon the chemical shifts of the signals of 13C atoms remam unchanged, but 
broadening of signals of ’ 3C atoms m the vIclmty of the borate complex occurs This 
effect IS rather interesting and reqmres explanation 

In general tlus spectral effect takes place with compounds that appear unlikely 
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to undergo conformatIona changes on converslon mto their borate complexes 
These compounds Include the 2-O- and 2,3-dl-O-methyl denvatlves of methyl 
cc-D-mannopyranoside (Table I), and czs-cyclohexane-1,2-dlol and other related com- 
pounds (Table III) 

The broademng of certam signals to a hne-width of 40 Hz suggests either the 
interconversion of two or more conformers or a chemical equrhbratlon of compounds 
that IS too rapld for each mdlvldual moiety to be detected by c m r spectroscopy 
In such cases an average type of spectrum should be obtained In the case of the 
mannosldes forming complexes at O-4 and O-6, the former effect would occur if the 
borate rmg underwent facile mterconverslon from one conformatlon to another 
Another, perhaps more attractive, posslblhty 1s that borate complexes of type II or 
type IIE mterconverted so rapidly that they are not be mdlvzdually detected by c m r 
spectroscopy, a process that could be facllrtated by the favorable conformatlon of 
the sugar The free sugar IS present m only relatively low concentration, as the hne 
heights of the C-4 and C-5 signals (Fig 3) are very small compared with those m the 
c m r spectrum of the free sugar (The slgnais of czs-cyclohexane-1,2-dzol and related 
compounds are not shortened to such an extent on addltlon of borate presumably 
because of the relatively low proportion of borate complex formed ) 

An observation that may possibly be related to thrs broadenmg phenomenon 
has been made by Garegg and Lmdstrom ” They recorded the p m r spectrum 
of the trldentate borate complex of epz-mosltol and found that the signals of H-l, 
H-3, and H-5 (O-l, O-3, and O-5 are complexed by borate) appear as a broad unre- 
solved signal of 0 3 p p m m width However this observation requires explanations 
different from those Just given for the c m r spectral effect It has been shown m the 
present study, and also by Angyal and McHugh2*‘, that epz-mosrtol exists almost 
exclusively as Its borate complex m D20 or H,O contalmng sodmm tetraborate, and 
an average p m r spectrum would not be expected Also an average spectrum IS 
mconslstent with the rz@d conformation of the complex, and It IS thus necessary to 
search for other explanations of the signal broademng 

It IS possible that quadrupole broadening of the slgnal of the nuclei such as 
‘H and 1 3C having spin l/z c ould occur If they are coupled to the “B nucleus of 
spin ’ 8 3/2 Work aimed at elucldatmg the phenomenon of ’ 3C slgnal broademng IS 
bemg continued 

EXPERIMENTAL 

N&ear nuzgrzetzc resonance spectroscopy - C m r spectra were obtained by 
usmg a Vanan XL-loo-15 n m r spectrometer with Fourier transform on D,O solu- 
tlons (4 ml) m 12-mm tubes The sweep width was 5000 Hz, the acqulsltlon time 
0 4 set, and the pulse width 50 psec Chemical shifts are expressed m Hz and are 
based on the downfield difference of the resonance of the signal and that of the 
deutermm lock with a sweep offset of 32001 Hz The weights of carbohydrate and 
the number of transients (trans ) used m each run, with and wIthout borate or boric 
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acrd, are given as follows The number of transrents needed m the presence of borate 
were greater than m rts absence because of drmmution of resolutron 

Methyl 4,6-O-ethylzdene-or-D-mannopyranosrde1g (200 mg, 30,000 trans ), 
S-B* 2 1, 19,000 trans , S-B 1 1,27,000 trans , S-B 12, 19,000 trans 

Methyl 4-O-methyl-a-D-mannopyranosrde20 (37 mg, 84,000 trans.), S-B 2-1, 
89,000 trans ; at S-B l:l, 193,000 trans , at S-B 1 2, 360,000 trans. 

Methyl 4,6-dr-O-methyl-a-r+mannopyranosrde2 ’ (70 mg, 8,000 trans ) 
Methyl 2-0-methyl-a-D-marmopyranosrde ” (86 mg, 27,000 trans ), S-B 2 1, 

137,000 trans ; S-B l-2, 33,000 trans 
Methyl a-D-mannopyranosrde, supphed by Mann Research Laboratones Inc , 

(192 mg, 5,000 trans ) 
Methyl 2,3-dz-O-methyl-a-D-mannopyranosrde23 (90 mg, 15,000 trans ); S-B 

1 2, 37,000 trans 
Erythrrtan, obtained by deromzatron of Its potassmm borate complex’ (80 mg, 

15,000 trans ), S-B 4 1, 20,000 trans , S-B 2 1, 11,000 trans , S-B 1 1, 38,000 trans , 

S-B 1 2, 40,000 trans 
Methyl 5,6-dr-0-methyl-or-D-mannofuranosrde’ 6 (210 mg, 15,000 trans ), 

S-B 2 1, 15,000 trans , S--B 1 1, 26,000 trans ; S-B l-2, 28,000 trans 
CIS And frans-cyclohexane-1,2-drol, supphed by K and K Laboratones, Inc 

Plamvzew, N Y (80 mg, 30,000 trans ), at S-B 2-1, 1 1 and 1-2, 30,000 trans 
1,4,5,6-Tetra-0-methyl-znyo-mosrtol 24 (SOmg, 25,000 trans), S-B 2 1, 31,000 

trans ; S-B l-2, 28,000 trans 
1,2,3/4-( -k)-Cyclohexanetetrol 25 (36 mg, 37,000 trans ), at S-B 2 1, 42,000 

trans , S-B 1 1, 52,000 trans 
1,2 3,4-Dr- 0-zsopropyhdene-L-chrro-moatol’ 3 (180 mg; 4,000 trans , S-B 1 2, 

6,000 trans 
Ethylene glyco1, supphed by Frscher Screntrfic Co (170 mg, 1,000 trans ), 

S-B 1 I, 5,000 trans 
l,:! 5,6-dr-O-Isopropylxdene-D-manmto126 (260 mg, 10,000 trans ), S-B 2 1 

and 1 1,20,000 trans , at bone acrd to carbohydrate ratro of 3 1, 20,000 trans 
czs-rn0s1t01=’ (70 mg, 15,000 trans ) S-B 2 1, 81,000 trans, S-B 1 1, 32,000 

trans , S-B l-2, 30,000 trans , at an mosrtol (36 mg) to borzc acrd ratxo of 1 3, 
122,000 trans 

myo-Inosztol, supphed by H. M Chemzcal Co. Ltd , Santa Monxca, Cahf 

(180 mg, 8,000 trans ), S-B 2 1, 30,000 trans ; S-B l-l, 27,000 trans ; S-B 1 2, 
24,000 trans Srmrlar values for epz-mosrto12* 

2,4-D]- 0-methyl-D-mannose l6 (30 mg, 52,000 trans ), S-B, 2 1, 127,000 trans , 

S-B 1 1,66,000 trans , S-B 12, 127,000 trans 
1,2- 0-Isopropyhdene-a-D-glucofuranose2 ’ (220 mg, 19,000 trans), S-B, 2 1, 

20,000 trans , S-B, 1.1, 40,000 trans , S-B 1 2, 50,000 trans 

*S-B = ratlo of substrate to avdable borate 
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6-O-Isopropyl-1,2- O-lsopropyhdene-a-D-glucofuranose3 ’ (184 mg, 15,000 
trans ); S-B 2 1, 15,000 trans ; S-B 1 1, 28,000 trans , S-B 1 2, 30,000 trans 
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