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ABSTRACT 

The addmon of pyndm-2-yl-, (pyndm-2-yImethyl)-hthlum or hthmm 
acetyhde to 1,2 4,5-dl-O-lsopropylidene-~-D-e~~~t~z~~-2,3-hexodmlo-2,6-pyranose (1) 
affords the corresponding tertiary alcohol derlvatlve rn good yield with high stereo- 
selectlvlty Some ehmmatlon of the 4,5-0-lsopropyhdene group of 1 occurs m the 
reaction with lithium acetyhde, as well as with butylhthmm, as shown by the forma- 
tlon of a 3-C-(2-oxopropyl) adduct and 5-deoxy-3-C-ethynyl-1,2-O-lsopropyhdene- 
j?-D-glycero-2,4-hexodmlo-2,6-pyranose Butylhthlum and the Grignard reagents 
tested do not serve effectively as nucleophlles, but cause proton abstractlon.and 
resultant decomposltlon Chemical and n m r -spectroscopic evidence shows that 
the addition products possess the j?-D-rzbo configuratlon and, probably, a shghtly 
flattened ‘C,(D) conformation According to n m r-spectral and rotatory data, 
3-O-methyl denvatlves of the branched alcohols exhlblt a conformatton more highly 
skewed, possibly 3S0, than that of the parent compounds Among the compounds 
synthesized m estabhshmg the configuration at the site of addltlon (C-3) were the 
3,4- and 4,5-cychc carbonates of 1,2-0-~sopropyhdene-3-C-(pyridm-2-yl)-j?-D- 

psicopyranose 

INTRODUCTION 

1,2 4,5-Dl-O-isopropyhdene-j?-D-eryt/lro-_, 3 3-hexodrulo-2,6-pyranose (l), read- 
11y obtainable by oxldatlon of I,2 4,5-dl-0-isopropyhdene-8_D-fructopyranose, IS a 
useful mtermedlate for the synthesis of D psicose ‘-’ That IS, reduction of 1 with 
hydride affords the D-&o product (2) exclusively, from which the free ketose IS 
obtamed by hydrolysis with acid We now describe other nucleophlhc addltlon- 
reactlons of 1 usmg organometalhc reagents, these afforded several novel, branched, 
ketose denvatlves 

RESULTS AND DISCUSS!ON 

Reactrons of ketone 1 wrtlz organonretallrc cornpounds - Addltlon reactlons 
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of 1 wtth several organometalhc compounds have been exammed One mvolved the 

use of pyndm-2-yl-hthmm * The product of thts reactton, whtch crystallized readrly 
m ytelds of 60 to 75 %, was I,2 4,5-dt-0-rsopropyhdene-3-C-@yrtdm-2-yl)-#LD- 

pslcopyranose (3), structural evrdence for whtch IS presented Addrtron to 1 also 

proceeded readtly wtth (pyrtdm-2-ylmethyl)hthmm, gtvmg an 80 % yreId of crystalhne 

4, which is also asstgned the D-r&0 contiguratron From the reactton of 1 wrth hthmm 
acetyhde, the crystallme 3-C-ethynyl adduct (5) was obtamed m 50% yteld 

Several secondary products were formed m the last reactton Two of these 
were Isolated m crystallme form, and characterized by analysts and spectroscopy 

*The kmd collaboration ofDr A R Vmutha m prehmmary expenments IS gratefuily acknowledged 
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as I,2 4,5-dl-O-lsopropylLdene-3-C-(2-oxopropyl)-8-D-pslcopyranose (6) and 5- 
deoxY-3-C-~h~Yl-l,2-O-~sopropyl~dene-~-D-glycero-2,4-hexod~ulo-2,6-pyranose (7) 
Evidence for the presence of the Zoxopropyl group of 6 was provided by the strong 
C=O absorption In the Infrared regon, as well as by CH, and CH, smglets m the 
P m r spectrum at 2 32 and 2 52 p p m , respec,,qcly Other p m r data rn support 
of structure 6 were signals for the two O-lsopropyhdene groups, a hydroxyllc proton 
singlet, and a typlcal AB pattern accountmgfor the l-protons Product 7also exhIbIted 
C = 0 absorption in the Infrared region, as welt as O-H and acetylemc C-H stretchmg 
bands Its p m r spectrum contamed four 8-lme signals comprlsmg an ABMX 
pattern, when 7 was heated brIefly m D,O-pyrldme3 5, two of these signals (H-5,5’) 
no longer appeared, and the other two (H-6,6’) collapsed to a broad AB pattern 
One-proton smglets at 2 59 and 4 07 p p m were ascnbable to the acetylenlc and 
tertiary protons, respectively, only two O-lsopropyhdene methyl smglets were detect- 
able, and protons H-l and H-l’ were accounted for ds an AB pair. The configuratlon 
proposed for C-3 of these compounds 1s made by analo-q with that for adducts 3-5 

The concomitant occurrence of 6 and 7 Indicates a partial loss of the 4,5-O- 
lsopropyltdene group of 1 The acetone hberated can add, as a carbamon m the 
strongly basrc medmm, to hberated 1, to yield 6 Ehmmatlon of the O-lsopropyhdene 
group probably mvolves such enohc Intermediates as S-10, the fact that H-4 under- 
goes a facde, base-catalyzed deutenum-exchange3 ’ supports the formulation of 8 
as an early mtermedlate 

The reactlon of 1 with butylhthlum gave a complex mixture of products, of 
which the 3-(2-oxopropyl) derlvatlve 6, Isolated m 10% yield, was the only one 
IdentIced Its formatIon agam showed that acetone 1s hberated under basic condltlons 
when an O-lsopropyhdene group IS adJacent to a carbonyl group, and IS In accord 
with an earlier report3 of such mstablhty Furthermore, based on chromatographlc 
evidence, compound 6 was produced when 1 was treated m acetone with potassmm 
hydroxide or trltylsodmm Two Grlgnard reagents, methylmagnesmm lodlde and 
benzylmagnesmm bromide, were also used, but gave rise to mixtures of at least eight, 
unidentlEed products 

In all of these reactlons, competltlon between addltlon and proton-abstractlon 
(the latter leadmg to such products as 6 and 7) was to be expected Clearly, the amons 
generated with hthmm are the more effective nucleophdes, this IS particularly true 
of those anlons, e g , pyndm-Z-yl, capable of effective charge delocahzatlon By 
contrast, the ahphatlc member of the group, butylhthmm, appeared to act much 
more selectively m abstractmg the a-proton and promoting subsequent, base- 
catalyzed, degradation products, as also did the Grlgnard reagents 

Co~lfornlatlo}l of ketorle 1 - A knowledge of the conformatlon of 1 may be of 
value for ratlonahzmg the characterlstlcs of Its addltlon reactlons One proposal’ 
favored the OS, conformation, whereas a second posslblhty consIdered was the 
3.~~ conformatlou InspectIon of molecular models suggested that the 5- and 6,6’- 
protons of the former would be spatially related by dihedral angles of - 160” and 
-_~“, and hence, assoclated6 with 3J values of - 8 HZ and - 5 Hz, respectively 
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In the “S, conformatton, by contrast, both dihedral angles (-70” and - 50”) should 
gtve rrse to couplmgs of ~5 Hz As the values observed are 2 0 and 0 7 Hz, the “S, 
conformation 11 is the more probable Other mformatron given by the p m r spec- 
trum of 1 also supports thus hkehhood, and confirms the formulatron of Trpson and 
co-workers” That is, a conpanson of the chemrcal shafts of H-l and H-l’ wrth those 
of structurally related O-rsopropyhdene compounds derived from D-psicose and 
D-fructose (11 compounds m all’), showed that H-l of 1 1s unusually strongly 
deshrelded for compound 1, 6 4 60 (H-l), 3 97 (H-l’), &I (0 63), for related com- 
pounds’, 6 4 144 46 (H-l), 3 88-4 10 (H-l’), d6 (0 19-O 47) This may be attrrbuted 
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to a dzamagnetlc anmtropy contrlbutlon by the carbonyl group, because InspectIon 
of molecular models suggested that, m conformatlon 11, H-l IS positioned relatively 
close to the deshleldmg regon’ of the C=O bond 

Confguratzon of tertzary alcolzols 4, 5, and 6 - As already noted, reduction 
of ketone 1 with hydrzde exclusively affords4 the D-rzbo derlvatlve (2) For this 

reason, the “S, conformation was proposed1 for 1, because It appears to be conslstent 
with a facile approach of hydnde towards C-3 from “above” the plane of the rmg 
However, Inspection of a molecular model suggested that, for the ‘S, conformation 11, 
an mcommg nucleophlle could have access to C-3 about equally as well from below 
(qzzasz-equatorially) as from above (quasz-axially) Hence, the configuration of the 
adducts in these various reactlons may be determmed more by a “product-develop- 
ment control” than by the ease of approach of the nucleophlles Whlchever the reason, 
the experimental evidence available shows that addition products 3-5 are configura- 
tlonally related to 2 

InformatIon about the configuration of C-3 of the C-ethynyl derlvatlve 5 was 
obtained by 13C-n m r spectroscopy, measurements of 13C-lH couplmg m the 

product obtamed by selective hydrolysis of the 4,5-O-lsopropyhdene group of 5 

mdxated” that this product IS 3-C-ethynyl-1,2-O-lsopropyhdene-~-D-pslcopyranose 
(12) The couplmg between C-6 and H-4 of 12 1s t2 Hz, consistent with a gazzdze 

relatIonship between the nuclei, and hence, with the ‘c,(D) conformatlon shown, 
these nuclcl would be antzperzplanar m the altematrve conformation, glvmg rise to a 

3Jc-~ value of, perhaps, > 5 Hz Analogously, the absence of appreclablecouplmg” 
between C-3’ and H-4 places these nuclei m a gauclze relatlonshlp as well, requlrmg 

that the ethynyl group be equatonally attached, as m 12 On this baszs, the parent 
dlacetal derlkatlve 5 may be deszgnated a D-rzbo, rather than a D-arabzzzo, eplmer 

Largely because of slgnal overlap, comparable 13C-lH data were not obtained 
for the C-(pyrtdln-2-yl) derwatlve 3, nor for its selectwe-hydrolysis product corre- 
spondlng to 12, z e , 13 However, the chemical shifts of most of the carbon atoms 

TABLE I 

13c CHEhUCAL.-SHIFTS FOR TERTIARY ALCOHOLS 3,4, AND 5” 

Aryl-C I,2-1pc* 4,5-IpC c-2 c-4 c-3 C-l C-5 C-6 Ip-CN3 

3 1578, 1473, 1365 1130 109 2 1068 760 733 725 716 600 265,260 
123 0, 122 9 25 8(2) 

4 1587, 1480, 1366 111 9 108 8 1070 759 72 5 72 1 71 5 60 0” 26 5,25 9 
124 8, 121 5 

5- 1137 1100 105 8d 767 73 6 71 3 69 7 604 
25 7(2) 
27 2,26 6 
264,258 

UIn p p m from tetramethylsllane (solvent, CDC13) SIgnal aswznments are based on reference to 
appropnate, model compounds, and on slgnal multlphtles m lH-coupled spectra *Ip = Isopropyl- 
ldene ca-C&, 41 6 W-31, 83 4, C-32, 73 8 
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of 3 are closely similar to those of 5, as well as those of 4 (see Table I), which Im- 
plies a strong stereochemical kmstip between all three adducts Furthermore, 
definitive mformatlon In support of a D-~&J assignment for 3 was obtamed from 
chemical evidence mvolvmg the preparation of cychc carbonate denvatlves of trloll3 

Treatment of 13 mth phosgene m pyndme (m dilute solution, to mmlmlze 
dlmer formafion), afforded a mixture of the 3,4- and 4,5-cychc carbonates (14 and 15) 
as the mam products These proved to be difficult to purify by chromatography, 
although their methyl ethers (16 and 17) were cleanly separated by fractlonal re- 
crystalhzatlon, m the ratio of 1 9 The great preponderance of the 4,Scarbonate 
(15 or 17) may be attributed only partially to a relatively low reactlvlty of the tertiary 

3-hydroxyl _group m 13, because, m the reaction of phosgene with 1,2-O-lsopro- 
pyhdene-P-D-psxopyranose (m which H replaces the pyndm-Zyl group of 13), a 
1 4 ratio of 3,4- 4,Scarbonate is obtained’ Ether 17 was characterized as being a 
3-U-methyl derlvatlve through its synthesis by an unambiguous route- methylatlon 
of dl-O-lsopropylldene derlvatlve 3 gave 18, converted mto 19 by acid hydrolysis of 
the 4,5-0-lsopropyhdene group, and then 19 was allowed to react with phosgene 
The location of the O-methyl group m 16 was checked m the followmg way removal 
of the carbonate group with sodium methoxlde gave a dlol (20) that was oxldlzable 
with periodate*, borohydrlde reduction of the resuhmg dlaldehyde, followed by 
hydrolysis, afforded 2-0-methylglycerol (21) This result showed that 16 IS a 5-O- 
methy derivative, and hence, that the cychc carbonate structure 1s located** at 
O-3 and O-4 The structure of 16 revealed by p m r spectroscopy IS also consistent 
with this formulation Therefore, these findings estabhsh that OH-3 and OH-4 of 

trlol 13 are’ CIS, and that 3 and the other C-(pyndm-2-yl) derlvatlves belong to the 
D-nbo series 

Conformatrons of the tertiary alcohol derwatrves - Accordmg to the ‘%-‘H 
coupling evidence cited, 3-C-ethynyl-l,2-O-isopropyhdene-/?-D-pslcopyranose (12) 
assumes the ‘C,(D) conformation Comparable information was not accessible for 

the parent derlvatlve (5) bearing a 4,5-O-isopropyhdene group, nor for the analogous 
pyrldm-2-yl dlacetal (3) However, some n m r--spectral characterlstlcs of 4 suggest 
that derivatives of this type adopt a conformation (22) that approximates ‘C,(D) 
For example, the 5- and 6,6’-protons of 3 are weakly coupled, exhlbltmg spacings 
of 3 2 and 0 8 Hz, the same couplings hold for the 4,5-carbonate analog 15 (see 
Table II) This 1s consistent with the gauche relationship between H-S, H-6, and H-6’ 
requued by structure 22, whereas the alternative conformation should entall a 
coupling of > 5-6 Hz, because H-5 would then be anttpenplanar to one H-6 Never- 
theless, fA 5 IS relatively large (6 0 Hz, the value for 15 1s 6 5 Hz), implying6 that the 
angle between the C-4-H-4 and C-5-H-5 bonds 1s c60”, and hence, that the nng 

‘As expected for a reactlon mvolvmg a tertiary hydroxyl group, the perlodate cleavage of 21 was 
sIow, requwmg 4 days for completion 
**Attempts to lsomenze 3 m acetone-HC1 m order to obtam a 3,4-O-lsopropyhdene denvatwe, 
under condltlons that rapldly ’ lsomerlze 2 mto 1,2 3,4-dl-O-aopropyhdene+L~-pslcofuranose, 
were unsuccessful 
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TABLE II 

‘H-N M R AND ROTATORY DATA” FOR l?ZRTIARY ALCOHOLS 4, 15, AND RELATED COMPOWS 

Compound Spacmgs (Hz) Chenncal sfi~fs (6) MD 

I,I’ 43 5,6 5,6’ 6,6 H-l H-l’ Ip-CH3 

3 

15 
13 
4 

5 

6 

2 

18 

17 
14 
16 

93 60 32 08 13 5 403 364 1 62, 1 49 -634 
1 35.1 12 

9.5 65 08 32 14 5 3 99 3 54 1 40. 1 14 -610 
95 -2 -2 -2 110 3 85 3 62 142 104 -502b 
94 - -c - - 4 37 405 1 57, 1 41 -165 

1 49, 1 20 
92 - -c _ _ 447 409 164,154 -497 

1 49, 1 44 
95 - _= - - 431 3 95 1 57, 148 -404 

1 42, 1 35 
92 65 20 11 13 2 4 25 405 1 56, 1 50 -328 

141, 1 38 
95 -7 36 36 13 0 4 82 4 15 1 58, 146 ;66 

144,144 
97 80 17 10 13 5 490 3 98 139 139 t-8 
98 30 65 82 110 441 4 15 144.060 -362 
97 25 67 90 100 435 409 143,060 -452 

aCDC13 was the solvent for the measurement of chemrcal shifts and opucal rotations, m some 
Instances, spacmgs were measured b% Ith acetone-d6 or CDCls-C6Dt? as the solvent *Solvent, acetone 
%lgnals for H-4 to H-6’ overlapped heavdy 

IS somewhat more flattened m this region than IS mdlcated by formula 22 The 
couphng-constant data for I,2 4,5 dl-O-lsopropyhdene-B-D-pslcopyranose (2) (see 
Table II) are clcse to those for 3 and 15, which led to slmllar concluslons3 about the 
conformation of 2 Consistent with these posslblhtles IS the fact that 13, which does 
not bear a fused 4,5-rmg, exhlblts a small value of J4 + as well as other smal1, vrcmal 
couplings (see Table II), an mdxcatlon that the C-H bonds at C-4, 5, and 6 are all 
staggered, and hence, that the conformatlon of 13 IS closer to the ideal lCLF(~) than 

IS that of the tncychc compounds 
In helping to define the shape of that moiety of the rmg constituted of O-5, 

C-2, and C-3, reference IS made to “anomahes” m the chemical shifts of some protons 
of 3 and related compounds On comparmg the values of 6 for the pyndm-2-yl 
denvatlves 3, 15, and 13 with those of 2 and the ethynyl and 2-oxopropyl derlvatlves 
5 and 6 (see Table II), it was found that the protons of one CH, of each of the former 
group of compounds are particularly strongly shIelded (S 1 04, 1 12, and 1 14 vs 
6 1 38, 1 35, and 1 44), the data for 15 and 13 show that this “atypical” CH3 IS 
located on the 1,2-acetal rmg Slmdarly, one proton (H-l ‘) of the I-methylene group 
of 3, 15, or 13 resonated’ well upfield of the I-methylene protons of 2, 5, and 6 
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(see Table II)* According to a molecular model of 22, the endo (1,2) CH, group IS 
located one (or two) bond Iength(s) from the shieldlug, anisotropic zone of the 
aromatic rmg, and the endo H-l IS also dlrected towards thus region (Indeed, free 

rotation of the aryl substltuent appears to be restrained by this CH3 and the l- 
methyIene group ) Hence, the Iarge, upfield shift experienced by the protons of one 
CH3 group and H-l ’ IS consistent with the orientations of the l-, 2-, and 3-substituents 
depicted for 3 and 15 m conformational formula 22**. 

Other data, for methyl ethers 17 and 18, reinforce the foregoing proposals. 
That IS, the mtroductlon of the ether substltuent removes the evidence of enhanced 
shreldmg, so that all of the 0-lsopropyhdene ‘H signals are now more closely grouped 
together m the spectrum, as for compounds 2, 5, and 6 (see Table II) This IS taken 
to Indicate that 17 and 18 adopt a conformation dlffermg from that of 3 and 15, 
such that the pyndm-Z-y1 nng m the former compounds no Ionger shields an O- 
lsopropyhdene CH3 soup AdditIonally, small differences are observed (see Table II) 

for t le C-4, C-5, and C-6 segments of the molecules spacings for the 5, 6, and 6’ 
prorons are small, which agam corresponds to two gauche relatlonshlps between 
these protons, whereas the Iarge magnitude of J4 5 indicates that the C-H bonds of 
C-4 and C-5 are almost eclipsed Overall, these effects suggest a more skewed con- 

formation, possibly the 3S, (23), for 17 and 18 than for 3 and 15 
There are other striking differences between the tertiary atcohols and their 

O-methyl denvatlves The alcohols (3 and 15) have large, negative specific rotations, 
whereas the values for the correspondmg ethers are slightly posmve (see Table II) 
These drastic differences m optical properties must be due to conformatlonal changes 
introduced on methylatlon This step would, for example, cause interference with 
any mtramolecular hydrogen-bonding by the hydroxyl group of 3 (or IS), and could 
thereby lead to a change m conformation However, no analogous effects are ob- 
served7 when the hydroxyl group IS secondary, z e , on comparmg I,2 4,5-dl-O- 
lsopropylidene-j&D-psicopyranose (2) with Its 3-methyl ether A more probabte 
cause of conformational change 1s rehef of sterlc compression mspectlon of moIecuIar 
models suggested that, weft 17 and 18 in the I&(D) conformanon 22, the OCH, 
group would be hlghIy crowded, and that tlus crowding could be relieved by a slight 
twxstmg of the rmg into, e g_, the ‘S,, conformation 

Data for the 3&carbonate derivative 14 and its methyl ether (16) (see Table II) 
show that the conformation of these compounds is dlstmctly different from those 
of 4,5-substituted denvatlves The large H-5,H-6 and H-S,H-6’ couplmgs indicate 
that the C-4, C-5, C-6 segment of the ring IS inverted with respect to 22 and 23. 

*Exammatlon of the chemical shifts of all of the 1-methylene protons listed m Table II suggested 
that the exa-H has a chemical shift of m 4 0 p p m (designated H-l for 3,15, and 13, and H-l’ for the 
other compounds) This lmphes that the en&~-H of 3, 15, and 13 may expenence “extra” stueldmg 
of =-06-07ppm 
**Data for the 3-C-(pyrldm-Z-ylmethyl) denvatwe 4 (see Table II), suggest that the aromatlc rmg m 
this compound IS so posltloned as to Induce shteldmg of the endo (1,2) CH3 protons (6 120), but IS 
remote from the 1-methylene group, because the chemical shifts of H-l and H-l’ are not atyplcal 
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Furthermore, one of the O-rsopropyhdene CH, groups exhrbrts even stronger shreldmg 
than m the examples (3, etc ) already cued, whrch suggests that this group and the 
pyrrdm-2-yl rmg are correspondmgly closer m space According to molecular models, 
these characterrstrcs are consrstent m general with a conformation such as ‘S, (24) 
It IS also worth noting that, m this instance, the OCH, substnuent (of 16), bemg 
remote from possrble centers of crowdm-, = has no effect on the conformatron of the 
compound, as evrdenced by the close srmrlarrtres m the p m r and rotatory data 
for 14 and 16 

EXPERIMENTAL 

General met/rods - ‘H-N m r spectra were recorded wrth a Varran HA-100 
spectrometer 13C-N m r spectra were recorded at 22 63 MHzwnha Bruker WH-90 FT 
spectrometer Chemrcal shafts (6) are grven wrth reference to tetramethylsrlane I r 
spectra were recorded wrth a Umcam SP-200G gratmg spectrophotometer Optrcal 
rotatrons were determined, for solutions m I-dm tubes, wrth a Carl Zeiss polarrmeter 
(Model 367732) Mrcroanalyses were performed by C Daessle, Montreal Plates of 
Srhca Gel G were used for t 1 c , and the developmg solvents were ethyl acetate or 
1 1 benzene-ether G 1 c was performed with a Hewlett-Packard 402 instrument, 
usmg a column of 4% of r&cone gum rubber UCW 98 on Chromosorb W Solutions 
were usually evaporated below 40” under drmuushed pressure 

I,2 4,5-Dr-0-zsopropylzdene-p-D-erythro- _3,3-Jze~odzztlo-2,6-p~ra?3ose (1) - 
This compound was prepared by oxrdatron of 1,2 4,5-dr-O-rsopropyhdene-D-D- 
fructopyranose, as previously described’, m p_ IOl-102”, [cr]n - 108” (c 1, ethanol), 
ht 4 m p 102-103 O, [LX];’ - 113 5” (c 1 0, ethanol) 

I,2 4,5-Dz-O-zsopropyIzdezze-3-C-(pyrzdzn-2-~l)-~-D-psicop~rarzose (3) - (Itz 

thzs and all szrbseqzterzt addztzorz-reactzons, all glasm az e 11 as drzed at IJO’, azzd azz- 

Jzydrozrs solvetzts were zrsed) Followmg the procedure of Gllman and Spatzr2, a 
solutron of 2-bromopyrrdme (1 ml, 10 mmol) m ether (5 ml) was slowly added, 
with stnrmg, to a 2 35M solutron of butylhthmm (4 25 ml, 10 mmol) m ether (20 ml) 
cooled m a Dry Ice-acetone bath, a deep brown-red color developed Twenty mmutes 
later, a solutton of diketone 1 (2 6 e, 10 mmol) m ether (20 ml) was mtroduced slowly, 
and after an addrtronal 1 h, the temperature was rarsed to room temperature Water- 
saturated ether (50 ml) was added, the solution was poured onto me, and the aqueous 
layer was extracted 4 trmes with ether The extracts were combmed, washed wrth 
water, drred (anhydrous sodmm sulfate), and evaporated, affordmg a crystalhne 
residue (2 5 g, 75%) which was recrystallrzed from hexane, m p 157-159”, [a&, 
- 188 o (c 0 8 chloroform), \ ,,,,-_ 3290, 1590, and 755 cm-’ (s), 1590, 1150, and 1112 
cm-’ (w), ‘H-n m r data (CDCI,) IS 8 57, 7 74, 7 28 (m, 4 H, aryl-H), 5 43 (s, 

1 H, OH), 4 91 (d, 1 H, H-4), 4 36 (m, I H, H-5), 4 29 (q, 1 H, H-6), 4 10 (q, 1 H, 
H-6’), 4 03 (d, 1 H, H-l), 3 64 (d, 1 H, H-l’), and 1 6-1 1 (4 S, 12 H, 4CH,). (acetone- 

&) J1 1 9 2, J4 S 6 0, J5 6 3 2, J, 6 0 8, and J6 6 13 5 Hz r3C-N m r data are given 
m Table II 
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Annl Calc for C1,H,,NOs C, 60 5, H, 6 9. Found C, 60 4; H, 6 9 
I,2 4,5-D~-O-isoprop~~izdene-3-C-(pyrrdm-2-yImetlz~~l)-B_D-psicopyranose (4) - 

Bromobenzene (3 14 g, 20 mmol) was added to a starred suspenston of hthmm turnmgs 
(0 28 g, 40 mmol) m ether (20 ml) at such a rate that the ether refiuxed gently, followed, 
after 1 h, by the addmon of 2-ptcolme (1 86 g, 20 mmol) (procedure of Woodward 
and Kornfeldf3) The deep red-brown solutron formed was cooIed to 0”, a solutron 

of drketone 1 (2 6 g, 10 mmol) m ether (20 ml) was introduced slowly, the temperature 
was raised to room temperature ana the mixture was poured onto ice Ether extrac- 
tion followed by evaporatron afforded a brown syrup (2 9 g, 82%) that crystalhzed 
slowly m the cold The product was decolorrzed with charcoal-Cehte and, after 
successrve recrystalhzatron from hexane and ethanol, had m p 101 5-102 0”, [~]b 
-47“ (c 0 94, chIoroform), ‘H-n m r data (CDCI,) (5 8 43, 7 61, 7 18 (m, 4 H, 
aryl-H), 4 31 (d, 1 H, H-i), 4 05 (d, 1 H, H-l’), 4 3-4 1 (m, 6 H, H-4,5,6,6’, CH?), 
and 1 37-1 20 (4 s, 12 H, 4 CH,) r3C-N m r data are presented m Table II 

Anal Calc for C,,H2sN0, C, 61 5, H, 7 2 Found C, 61 8, H, 7 0 
3-C-Ethyq I-I.2 4,5-dr-0-lsopropj hdene-&D-psrcop] ranose (5) - A soiutron 

of drketone 1 (5 16 g, 20 mmol) m ether (40 ml) was added dropwrse to a stirred 
slurry of 1 1 hthlum acetyhde-ethylenedlamme complexrq m ether (25 ml) at O”, 
accompanied by a slow stream of acetylene led mto the mixture After 1 h, the brown 
mixture was poured onto Ice, addmonal ether was added, and the organic layer was 
evaporated The residual syrup (4 49 g, 79 yOo> was found by t 1 c to contam a major 
component, four mmor ones, and traces or others A portron of the syrup (4 20 g) 
was chromatographed on a column (3 cm x 60 cm) of Srhca Gel G with 1 1 benzene- 

ether as the eluant, to afford crystallme 5 (2 99 g, 52%), m p , after recrystalhzatron 
from hexane, 132 5-133 “, [~]n - 175” (c 1 23, chloroform), 1 mnl 35 10 (broad), 

3270 (sharp, s), and 2110 (sharp, m) cm -r, ‘H-n m r data (CDCl,) 6 4 47 (d, 1 H, 

H-l), 4 09 (d, 1 H, H-I’), 4 5-4 1 (broad m, 4 H, H-4,5,6,6’), 2 35 (s, 1 H, ethynyl-H), 
and 1 64-l 44 (4 s, 12 H, 4 CH,) 13C-N m r data are given m Table II 

&al Calc for C,,HZo06 C, 59 1, H, 7 1 Found C, 59 0, H, 7 5 
5-D~o_~y-3-C-etl~~~rr~~l-I,2-O-rsoprop)Irdene-~-D-glycero-2,4-he~odrrrlo-2,6-p~ra- 

nose (7) - The trtle compound was eluted from the column (preceding paragraph) 

as a second fraction of crystallme material (0 2 g, 4 3 %, this yield may have been 
low, because the compound was observed to sublime at an appreciable rate 112 vaczio 

at room temperature), m p , after recrystalhzatron from 2-propanol, 108 5-lOSo, 
b]n +41 5” (c 0 70, chloroform), v,,,,~ 3230 (s), 2110 (m, sharp), and 1730 (s) cm-‘, 
rH-n m r data (CDCl,) 6 4 42 (d, 1 H, H-l’), 4 22 (d, I H, H-l’), 4 07 (s, 1 H, OH), 

3.93 (0, 1 H, H-6’), 3 78 (0, 1 H, H-6), 3 14 (0, 1 H, H-5), 2 20 (0, 1 H, H-5’), and 
2 59 (s, 1 H, ethynyl-H) 

Anal Calc for CllHljOs C, 58 4, H, 6 2 Found C, 58 8, H, 6 5 
I,2 4,5-D~-O-zsopropyZrdene-3-C-(2-o~oprop~~l)-~-D-pslcopyranose (6) - To 

butylhthmm (2 4 ml of a 2 35M solution m hexane, 5 6 mmol) m ether (15 ml) cooled 
wrth Dry Ice-acetone, was added a solutton of drketone 1 (1 3 g, 5 mmol) m ether 
(10 ml) dunng 1 h. The temperature was brought to room temperature, water- 
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saturated ether (25 ml) was Introduced, followed by Ice, and the orgamc layer was 
separated, and evaporated The syrupy residue, shown by t 1 c to be a complex 
mixture of products, was chromatographed on a column of Slhca Gel G with 1 1 
benzene-ether as the eluant One fraction crystalhzed (yield, 0 09 g, 5 %), and this 
material, after recrystalhzatlon from hexane, had m p 111 5-l 12”, [cx]~ - 128” 
(c 1 0, chloroform), vmnx 348.5 (broad) and 1705 (s) cm-‘, ‘H-n m r data (CDCI,) 
6 4 31 (d, 1 H, H-l), 3 95 (d, 1 H, H-l’), 4 2-4 0 (m, 4 H, H-4,5,6,6’), 2 56 (s, 2 H, 

CH?), 2 32 (s, 3 H, CH,), and 1 57-l 35 (4 s, 12 H, 4 CH3) 
Anal Calc for C1sHZ407 C, 57 0, H, 7 7 Found C, 56 5, H, 7 4 
I,2 4,5-Dt-O-tsoprop~~l~det~e-3-O-tnet~~yl-3-C-(p~~rrd~r~- 2-yl)-P-D-psrcopyt anose 

(18) - A mixture of 3 (1 5 g), methyl lodlde (15 ml), sliver oxide (4 g), and molecular 
sieves (1 g) was shaken m the dark for 10 days The sohds were filtered off, and washed 

with chloroform, and the filtrate and washings were combmed, and evaporated to a 
syrup (1.4 g. 90 ‘A), [glD + 19 3’ (c 0 86, chloroform), ‘H-n m r data (CDC13) 
6 8 44, 7 66, 7 18 (m, 4 H, aryl H), 5 0 (m, 2 H, H-4,5), 4 82 (d, 1 H, H-l), 4 15 (d, 
1 H, H-l ‘), 3 90 (q, 1 H, H-6), 3 59 (q, 1 H, H-6’), 3 15 (s, 3 H, 0CH3), and 1 58-l 44 
(4 s, 12 H. 4 CH,), (acetone-d,) J, , 9 5, J, 5 -7, J, 6 3 6, J, 6 3 6, and J6,6 
130 Hz, 13C-n m r data S 25 6, 26 2, 26 4, 26 7 (4 C, 4 CH,), 63 8 (C-6), 72 2 

(C-5), 73 5 (C-l), 74 0 (C-4), 80 0 (C-3), 106 2 (C-2), 108 5 (4,ilsopropyhdene C), 
109 8 (1 ,Zlsopropyhdene C), and 158-I 22 (5 C, aryl) 

I,2-O-Isopt opyltdetze-3-0-methyl-3-C-(pJ t ldrtr-2-yl)-/?-D-psrcopyt atlose (19) - 

A solution of compound 18 (1 g) m 80% acetlc acid (100 ml) was kept for 5 h at 
room temperature, and evaporated, affordm, = a sohd residue, to which ethanol and 
ethyl acetate were successively added and evaporated off On recrystalhzatlon from 
ethanol, the product (0 62 g, 70%) had m p 136 -137 5 O, [=I0 -98” (c 1 43, acetone), 
‘H-nmr data ( acetone-d,) 6 8 61, 7 74, 7 28 (m 4 H, aryl-H), 4 98 (d, 1 H, H-4), 

4 67 (d, 1 H, H-l), 4 09 (q, 1 H, H-6), 3 92 (m, 1 H, H-5), 3 88 (d, 1 H, H-l ‘), 3 75 
(q, 1 H, H-6’), 3 54 (s, 3 H, OCH,), 1 30 (s, 3 H, CH,), and 0 60 (s, 3 H, CH,) 
J 1 1 9 2, Js 5 3 0, J5 6 1 8. J, 6 2 3, and Js 6 11 5 Hz 

Anal Calc for C,,H2,N0, C, 57 9. H, 6 8. N, 4 5 Found C, 58 0, H, 6 9, 
N,44 

4,5-O-Carbon) I-I,? 4,5-dt-O-Isopt op~~hdetre-3-O-tnetl?l,l-3-C-(pyt mdur-2-l &p-D- 

pszcopyt atzose (17) -To a stlrred solution of 19 (0 5 g) m pyrldme (3 ml) and benzene 
(10 ml) at 0 o was added phosgene m benzene (12 %, w/w) durmg 5 mm After 15 mm 
at room temperature, chloroform was Introduced, and the solutlon was washed 
successively with cold 10% HCI, saturated sodmm hydrogencarbonate, and water, 
dried (anhydrous sodmm sulfate), and evaporated, affordmg crystals (4 2 8, 78 %) 
which were recrystallized from ethyl acetate-hexane, m p 177-182” (dec ), [~]o 
+ 1 7” (c 0 85, chloroform), I*,,,, 1815 cm-’ (s, broad), ‘H-n m r data (CDCI,) 
ii 8 44, 7 64, 7 26 (m, 4 H, aryl-H), 5 62 (d, 1 H, H-4), 5 33 (0, 1 H, H-5), 4 90 (d, 
1 H, H-l), 3 98 (d, 1 H, H-l’), 3 95 (q, 1 H, H-6’), 3 15 (s, 3 H, OCH,), and 1 39 
(s, 6 H, 2 CH,), (acetone-d,) J,,, 9 7, J4 5 8 0, JS 6 1 7, J5 6 1 0, and Jb 6 13 5 Hz 
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Anal. Calc for C16H19N07 C, 57 0, H, 5 7, N, 4 2 Found C, 56 7, H, 5 9, 
N, 3 9. 

I,2-O-Isoprop~?Zrdene-3-C-(pyridzn-2-yZ)-B-D-psicop~~runose (13) - Parttal hy- 
drolysis of 4 m 80% acettc actd for 5 h at room temperature, as for 19, afforded a 
sohd that was recrystalhzed from ethanol (yield, 1 41 g, 80 %), m p 130-13 lo, 

L-MID -169” (c 1 08, acetone), ‘H-n m r data (acetone-d,), 6 8 52, 7 78, 7 32 (m, 
4 H, aryl-H), 4 24 ( m, 1 H, H-5), 4 11 (m, 1 H, H-4), 3 95 (m, 1 H, H-6), 3 85 (d, 1 H, 
H-l), 3 75 (m, 1 H, H-6’), 3 62 (d, 1 H, H-l ‘), 1 42 (s, 3 H, CH3), and 1 04 (s, 3 H, 
CH,);J,, 95,Ja5 -2,J,, h2,JS6 -2,andJ,. 1lOHt 

Anal Calc for CtSHrgNOs N, 4 7 Found N, 4 3 Calc for trt-O-(trrmethyl- 
~1~1) derivative (C,,H,,NO,SI~) mol wt , 513 Found- Mf, 513 

4,5-0-Carbo~zyZ-I,2-O-isoprop~~Zzdene-3-C-(p~rzdzn-2-yZ)-~-D-pszcop~~ranose (15) 
- The monoacetal 13 (3 g) was treated wtth 1 2 molar proporttons of phosgene as 
descrtbed for 17, yielding a syrupy product (2 75 g) T 1 c analysts (solvent, 1 1 

benzene-ether) showed the presence of a maJor product (RF 0 25), a minor product 
(RF 0 32), and several slower-moving, minor components Chromatography of the 
mixture on a column of Sthca Gel G (eluant, 1 1 benzene-ether) afforded crystalhne 
15 (2 09 g) from one fractton M p , after several recrystalhzattons from ethyl acetate- 
hexane, 176 5-177”, [alo -189 o (c 1 13, chloroform), v,,, 3480 (br) and 1850 
cm-’ (s, br), ‘H-n m r data (CDCl,-benzene-de) S 8 6-7 3 (m, 4 H, aryl H), 
4 87 (d, 1 H. H-4), 4 35 (0, 1 H, H-5), 4 21 (q, 1 H, H-6), 3 99 (d, 1 H, H-l), 3 90 
(q, 1 H, H-6’), 3 54 (d, 1 H, H-l ‘), 1 40 (s, 3 H, CH3), 1 14 (s, 3 H, CH,), CDCl,- 
C6D6)- J1 1v 9 5, J, 5 6 5, J,,, 0 8, J,,, 3 0, and JS,6 14 5 Hz 

Allal * Calc for C,,H,,NO, C, 55 7, H, 5 3, N, 4 3 Found C, 55 0, H, 4 8, 
N, 4 0 Calc for O-trtmethylstIy1 derrvattve (CIBH,,NO,St) mol wt , 395 Found 
M+, 395 

3,4-O-CarboJzyZ-I,&O-rsopro,q ZzdeJze-3-C-(pJ rrdzn-2-yZ)-B-D-pszcopyraJzose (14) 

- The other fracttons eluted (prevtous paragraph) were combmed, and rechromato- 
graphed, yteldmg a second crop of 15 (0 69 g), and a fractton (0 19 g) conststmg of 
crystalline 14, after several recrystalhzattons from ethyl acetate-hexane, the latter 
had m p 244-257” (dec ), b]n - 112” (c 0 62, chloroform), v,,, 3450 (s, br) and 
183C cm-’ (s, br), ‘H -n m r data (CDQ) 6 8 67, 7 76, 7 36 (m, 4 H, aryl-H), 
5 81 (0, 1 H, H-5), 5 69 (d, 1 H, H-4), 441 (d, 1 H, H-l), 4 41 (q, 1 H, H-6), 4 15 
(d, 1 H, H-l’), 4 06 (q, 1 H, H-6’), 1 44 (s, 3 H, CH,), and 0 60 (s, 3 H, CH,), 
J 1 1, 9 8, J4 5 3 0, J5 6 6 5, J5 6 8 2, and J6 6 11 0 Hz 

AJzaZ * Calc for C,,H,.NO, C, 55 7, H, 5 3, N, 4 3. Found C, 54 9, H, 5 2, 
N, 4 3 Calc for O-trtmethylsrlyl derlvatrve (C1sHZ6N0+) mol wt , 395 Found 
MC, 395 

*The values of O/oC For 15 and 14 were unsatisfactory, despite repeated recrystalhzatlon However, 
the compounds were pure accordmg to t 1 c and ‘H-n m r spectroscopy, and their O-methyl 
derlvatlves (17 and 16, respectively) gave satisfactory elemental analyses (see later) 
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pymnose (17) - Methylation of 15 (0 46 g), as for 18, afforded a crystalhne product 
(0 43 g, 90 OX,), mdistmgmshable from methyl ether 17 obtained from 19 

3,4-O-CarbonyI-l,2-O-zsopropylzdene-5-O-metJtyl-3-C-(pyrrdzn-2-yI)-jP-D-psrco- 

pyrarzose (16) - Carbonate 14 (0 1 g) was methylated as described for 18, givmg 
0 09 g (87%) of crystalline 16, recrystallized from ethyl acetate-hexane, It had m p 
111.5-112 5”, [a]u -133 7” (c 0 89, chloroform), Y,,,~~ 1815 cm-l (s, br), ‘H-n m r 
data (CDCl,) 6 8 64, 7 78, 7 32 (m, 4 H, aryl-H), 5 57 (d, 1 H, H-4), 4 43 (0, 1 H, 
H-S), 4 35 (d, 1 H, H-l), 4 22 (q, 1 H, H-6), 4 09 (d, 1 H, H-l’), 3 89 (q, 1 H, H-6’), 
3 55 (s, 3 H, OCH3), 1 43 (s, 3 H, CH,), and 0 60 (s, 3 H, CH,); Jz z 9.7, J, 5 2 5, 
J5,6 6 7, J5,6 9 0, and J6 6 10 0 Hz 

Anal Calc for C,,H,,NO, C, 57 0, H, 5 7, N, 4 2 Found C, 57 1, H, 5 9, 
N,40 

Preparatzorz of 16 mzd 17 from 14 - Compounds 16 and 17 were obtamed 
more readily by methylatlon of the crude mixture of carbonates prepared from 14 
When the mixture (1 g) was methylated with methyl iodide-silver oxide, 0 95 g (91%) 
of a syrup was obtained that crystalhzed on standing Recrystalhzed from ethyl 
acetate-hexane, the product (0 67 g, 64 %) was mdistmgulshable from 17 The mother 
hquors were evaporated, affordmg a second solid product that, on recrystallization 
from ethyl acetate-hexane, proved to be 16 (yield, 0 07 g. 6 6 %) 

2-O-~fetlz~llgI~ceroZ from 17 - A solution of 17 (10 mg) m methanol (2 ml) 
was treated with an excess of sodium methoxide, followed after 15 mm by a mixed-bed, 
ion-exchange resm, and then evaporated to dryness The crystalline residue was 
dissolved in 0 lhl sodium periodate (1 5 ml), and the solution was kept m the dark 
for 4 days (oxidation was then almost complete, according to t 1 c ), de-iomzed with 
a mixed-bed, ion-exchange resin, and evaporated Ethanol was introduced, followed 
by aqueous sodium borohydride, and the solution was diluted with water, acidified 

with Amberhte IR-120 (Hf) ion-exchange resm, and evaporated A portion of the 
syrupy residue was acetylated with acetic anhydride-pyridme, and another portion 
was per(trimethylsilyl)ated, the products of both treatments were analyzed by g 1 c 
comparative g 1 c analysis with the corresponding derivatives prepared from authentic 
2-O-methylglycerol showed that the latter was present m the degradation products 

obtamed from 17 

ACKNOWLEDGSlENl-S 

The authors express their gratitude to the Pulp and Paper Research Institute 
of Canada and the National Research Council of Canada for generous support Mass 
spectra were kindly recorded by Dr 0 Mamer, and n m r spectra by Dr. G K Hamer 

and R Simoneau 

REFERENCES 

1 E J MCDONALD, Curbahycir Res, 5(1967)106-108 
2 K Jmmss,A R TATCHELL,AND P K RAY,J Chem Sot ,C,(1967)2681-2686 



148 P. C. M HFXVE DU PENHOAT, A S. PERLIN 

3 G M CREE AND A S m, Can J Biochem ,46 (1968) 765-770. 
4 R S TIPSON, R F BRADY, JR, AND B F WEST, Carbohydr Res , 16 (1971) 383-393. 
5 P- C M HERVE DU PENHOAT AND A S RERUN, Curbohydr Res, 36 (1974) 111-120 
6 M KARPLUS, J Am Chem Sot ,85 (1963) 2870-2871 
7 P C M HERVE DU PENHOAT AND A S PERLIN, Carbohydr Res. 71 (1979) 149-167_ 
8 J A POPLE, X Chem Phys ,37 (1962) 53-59, 60-66 
9 W G DAUBEN, G J FONKM, AND D S NOYCE, J Am Chem Sot, 78 (1956) 2579-2582, 

E L ELIEL, N L ALUNGER, S J. ANGYAL, AND G A MORRISON, Conformattonal Analysrs, 
Intersclence, New York, 1967, pp li5-120 

10 A S PERLXN, N CYR, R G S RITCHIE, AND A PARFONDRY, C’urbohydr Res ,37 (1974) cl-c4 
11 L HOUGH, J E PRIDDLE, AND R S THEOBALD, Ad) Curbohydr Chem , 15 (1960) 91-151. 
12 H GILMAN AND S M SPATZ, J Org Chem , 16 (1951) 1485-1494 
13 R B WIKIDWARD AND E C KORNFELD, Org Synth Coil Vol, 3 (1955) 413-415 
14 0 F BEU~~EL, JR, AND R F HARRIS, J Org Chem ,28 (1963) 2775-2779 


