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ABSTRACT 

Fusion of 1,2;3,4-di-0-isopropylidene-D-mannitoi 5,Gcarbonate (1) with 
nitrogen heterocycles in the presence of catalytic amounts of tetraethylammonium 
bromide (9) and with p-toluenesulfonamide present gave the corresponding I-deoxy-D- 
mannitol- 1 -yl derivatives in good yields. Under the same reaction conditions, 1,2,3,4- 
tetra-0-acetyl-D-mannitol 5,6-carbonate (26) gave a good yield of 2,3,5,6-tetra-O- 
acetyl-1,4-anhydro-D-mannitol (27). Treatment of 1 with benzoyl chloride and 9 
afforded 2-O-benzoyl-l-chloro-1-deoxy-3,4;5,6-di-O-isopropylidene-~-mannitol (36) 
and with acid anhydrides the 1,2-di-0-acyl derivatives of di-O-isopropylidene-D- 
mannitol. The use of 3,4-O-isopropylidene-D-mannitol 1,2;5,6_dicarbonate (37) with 
benzoyl chloride and acid anhydrides in the presence of 9 gave corresponding 
products through reaction of both carbonate groups. The reaction mechanisms are 
discussed. 

INTRODUCTION 

A new method for synthesis of I-deoxy-alditol-l-y1 derivatives of heterocyclic 
compounds has been reported from our laboratory’. Condensation of alditol 

carbonates with various heterocyclic imines, catalyzed by te:raethylammonium 
halides, constitutes an extention of similar reactions of ethylene carbonate with a 

\*ariety of nucleophiles ‘. We now report detailed results of the reactions of D- 

mannitol carbonate derivatives with several heterocyclic compounds under cataljrsis 
by tetraethylammonium bromide. Also reported are different reactions of D-mannitol 

carbonates with some active, acyl compounds. 

RESULTS AND DISCUSSION 

Reactions of 1,2;3,4-di-0-isopropylidene-D-mannitol 5,6-carbonate’ (1) with 
theophylline (2), 6benzylaminopurine (3), benzimidazole (4), 5,6-dimethylbenzi- 

*Part IX of a series: Synthetic Studies by the Use of Carbonates. For Part VIII: See H. Komura, 
T. Yoshino, and Y. Ishido, Corbohydr. Res., 40 (1975) 391-395. 
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midazole (5), 54trouracil (6), phthalimide (7), and succinimide (8) were conducted 
in the presence of tetraethylammonium bromide (9) as the catalyst. The conditions 
used and the results obtained are summarized in Table I. Thus,‘7-N-(I-deoxy-3,4;5,6- 
di-0-isopropylidene-o-mannitol-1-yl)theophylline (lo), 6-henzylamino-3-N-(l-deoxy- 
3,4;5,6-di-O-isopropylidene-o-mannitol-l-yl)purine (ll), l-N-(1-deoxy-3,4;5,6-di-O- 
isopropylidene-D-mannitol-1 -yl)benzimidazole (12), I-N-( I-deoxy-3,4;5,6-di-O-iso- 

propylidene-o-mannitol-1-yl)-5,6-dimethylbenzimidazole (13), I-N-(I-deoxy-3,4;5,6- 
di-O-isopropylidene-D-mannitol-I-yl)-5-nitrouracil (14), and N-(I-deoxy-3,4;5,6-di- 
0-isopropylidene-o-mannitol-l-yl)-phthalimide (15) and -succinimide (16) were 

obtained in good yields. Readily fused heterocycles such as 4, 7, and 8 reacted in the 
molten state to give 12, 15, and 16 in good yields. The reactions of heterocycles that 
were less readily fusibIe were conducted in NJ%dimethylformamide to give 10, 11, 
and 13 in rather poor yields. Confronted with these lower yieIds (except for lo), 
fusion of each heterocycle with 1 was conducted with l-5-3.0 molar equivalents of 

p-toluenesulfonamide3 (17) to effect noteworthy improvements: I1 (79%), 13 (65%), 
and 10 (80%). In addition, the use of 17 permitted use of decreased reaction-times 
(Table I). 

TABLE 1 

REACTIONS OF 1 WITH VARIOUS HETEROCYCLIC COhlWUNDS (2-8) IN THE PRESENCE OF 9 

Heterocyclic 
compound 

Reaction conditions” 

Reaction in Temp. (degrees) Period (h) 

Producr Yield (%) 

2 
2 

3 
3 
4 
5 
5 
6 
7 

8 

HCONMez 
17 

HCONMe+ 
17 

fusion 
HCONMez 
17 
17 
fusion 

150-160 8 10 75 

150-160 2.5 10 80 
170 6 11 45 
160-170 3.5 11 79 
160-170 2 12 55b 
160 11.5 13 49 
155 8.5 13 65 
160-170 4.5 14 53 
160 6 15 84 

150-160 2.5 16 82 

‘Reactions other than those performed in TJ,Wdimethylformamide were done in cacuo. *A consider- 
able proportion of 12 was lost on recrystallization from aqueous methanol. 

The reaction of ii was conducted under fusion with 17 because of 6 was in- 
fusible in admixture with 1 and had only low solubility in NJ%dimethylformamide. 

The substitution position was determined by comparing the u-v. spectra of the 
products isolated with those of the corresponding alkylated heterocycles. Deprotected 
products were, if necessary, used for structural determination; thus the deprotected 
compound 11 was assigned as substituted at N-3 of 3 by use of the empiricai rule 

proposed by Leonard et 01.~; compound 11 had earlier been erroneously assigned as 
the corresponding N-7-substituted isomer because of its ambiguous u.v.-spectral 
behavior*. Proof that the mannitol backbone of 1 underwent substitution at C-l was 
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obtained by the successful transfo~at~on of 10 into ?-f~-(~-a~etoxy~thyi)~eop~ylI~ne 

by methanolysis of the isopropylidene groups with methanolic hydrogen chloridi 
(73%), followed successively by oxidation with sodium metaperiodate, reduction with 
sodium botohydride, and ace~ylation with acetic anhydride-pyr~djnc (48% yield ov& 
the three steps). Deacetonation of M-16 was conducted with methanolic hydrogen 

chloride, as summarized in Tab!e II, to give 7-A’-(I-deoxy-~-mannitol-l-yl)theophyl- 

line (IS), 5-benzylamino-3-N-(l-deoxy-~-mannitol-l-yl)purine hydrochloride mono- 
hydrate (19), l-~~l~deoxy-D-mannitol-I-yI)benzim~dazoIe hydrochloride (201, I-N- 
( I -deoxy-D-mannit& i-yl~-5,6-d~m~thylbenzim~dazole hydrochloride (21), 1 -IV-( I - 
deoxy-D-mannitol-l-y&5-nitrouracil monohydrate (22), N-(l-deoxy-D-mannitol-l- 
yl)phthaIimide (23), and I-amino-I-deoxy-D-mannitol hydrochloride (24), respectively. 
MethanoIysis of 16 at room temperature afforded ~-(~-deoxy-D-mai~nito~-l-y])- 
succinimide (25) in 36O/o yield, together with a 32% recovery of 16, as shown in 
Table II, The effective preparation of compounds 23 and 24 may constitute a useful 
new route for introducing the amino group into the aiditol-1-yl backbone. 

TABLE II 

DEACETONATKON OF N-~l-DEOX~-3,4;~,6-Dl-O-~~PROPYL~DENE-D-~fANNITC)L-I-~~L)H~~ROCYCL~C 

COMPOtJiSDS \Wl’?i hfETtiANOLIC HYDROGEN CHLORSDE 

Product Yield (%) 

Period (fJ) 

10 refiux 
II reflw 
12 &iUX 

13 r&x 
14 reflux 
15 reflnx 
16 room temp. 
16 refiux 

20 
17 
10 

17 
II 
9 
4 

15 

18 73 
19 72” 
20 96* 
21 72* 
22 S‘S’ 
23 96 
25 36* 
2a 60 

“Obtained as the hydrochloride monohydrate. bObtained as the hydrochloride. cObtained as the 
monohydrate. dThe starting material 16 was recovered in 32% yield. 

We interpret the probable reaction mechanism as follows. The fact that 1 is not 
decomposed by ammonium bromide in the absence of heterocyclic compounds under 
the conditions shown (Table I) suggests that the first step of the reaction is induced by 
nucleophilic attack of bromide ion on C-1 of the carbonate I, with concomitant 
hydrogen bonding between the heterocyclic imino group and the carbonyl oxygen 
atom of the carbonate, as depicted in Scheme 1. The second step involves nucleo- 
philic substitution at the terminal bromomethylene carbon atom by tie resulting 
heterocyclic anion, to $ve the final products with accompanying evolution of carbon 

dioxide. 
To examine the anchimeric effect of ace@ groups on the reaction, 1,2,3,4-tetra- 

O-acetyi-D-mannitol 5,dcarbonate (26) was subsequently used in the reaction instead 
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R = 

I 

Scheme I. 

of the carbonate 1. Fusion of 26 with 2 in 17, however, gave no product corresponding 

to PO; instead 2,3,5,6-tetra-0-acetyi-I ,4-anhydro-D-mannitol(27) was isolated in 76% 
yield. Examination of the time-course of this reaction by g.1.c. indicated that the 

reaction afforded an initial intermediate 28, which was gradually transformed into 27. 

The producr 28 was confirmed to be by n.m.r. spectroscopy 3,5,6-tri-O-acetyl-D- 
mannitol 1,2,4-orthoacetate, and was successfully obtained in 42% yield when the 
reaction was performed under milder conditions for a shorter period of time. 

Conversion of 27 into I,4anhydro-D-mannito15 in 75% yield by deacetylation with 
methanolic ammonia supported the foregoing n.m.r.-spectroscopic assignment. The 

acid-catalyzed transformation of sugar orthoester derivatives into the corresponding 
anhydro derivatives has been reported by Bochkov et aL6 and KS11 et aL7. The 

mechanism for formation of 27 by the reaction catalyzed by tetraethylammonium 
bromide may be explained in terms of a sequence of electron-transfers, as depicted in 
Scheme 2; the carbonate 26 may undergo nucleophilic attack by the bromide ion 
with simultaneous hydrogen-bonding between the carbonyl oxygen atom of the 
carbonate group of 26 and 2 or 17, to give the anion 29, accompanied by release of 

carbon dioxide. The preponderant formation of 28 in the initial stage of the reaction, 
and the gradual transformation of 28 into 27, may be rationalized by assuming that 
the anion 29 equilibrates with 28 and the anion 30 by way of pathways A and B, and 
that 28 is formed more rapidly than 27 is formed via 30. 

The proposed mechanism for the reaction of 1 with heterocycles suggested that 
active acyl compounds such as acid anhydrides or acyl halides might replace the 
heterocycles and lead to the corresponding 1,2-d& 0-acyl or 2- 0-acyl-1 -deoxy- 1 -halo 
derivatives. Such active acyl compounds as benzoic anhydride (31), acetic anhydride 
(32), and benzoyl chloride (33) were chosen for the reaction with 1. The conditions 
used and the results thus obtained are summarized in Table III; runs l-5. 
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HCOAc 

I 
eyoAc 

26 

HCOAc 

I 
CH,~AC 

29 

H:OAc 

I 
CHIOAc 

28 

-0r 
HCOAc 

I 

30 

Scheme 2. 

TABLE III 

REACTIONS OF 1 OR 37 WITH SO.ME ACTIVE ACYL COhlPOUNDS IN THE PRESENCE CF 9 

Run 

NO. 

Carbonate Actire my2 Reaction conditions Ptodmr Yield f%) 
precursor compound. 

Temp. (degrees) Period (h) 

1 
1 31 
1 32 
1 32 
1 33 

37 31 
37 31 
37 33 

31 155-l 60 3 34 56 
155-l 60’ 3 34 100 
155-160 3.5 35 87 
160b 1 35 100 
160 2.5 36 99 

155 1.5 41 63 

1550 1.5 41 94 

150-160 5 38 59 

“Performed in the presence of a catalytic amount of sodium benzoate. *Performed in the presence of a 
catalytic amount of sodium acetate. 

The reaction of 1 with 31 (run l), 32 (run 3), and 33 (run 5) afforded 1,2-di-O- 
benzoyl-3,4;5,6-di-0-isopropylidene-D-mannitol (34), 1,2-di-0-acetyl-3,4;5,6-di-O- 

isopropylidene-rj-mannitol (39, and 2-0-benzoyl-1-chloro-l-deoxy-3,4;5,6-di-O- 
isopropylidene-D-mannitol (Xi), respectively. The lower yields observed for 34 and 35 
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led to [he reactions being performed in the presence of the corresponding sodium 
acylates, which may assist the nucleophilic substitution of the resulting bromo- 
methylene group; these conditions afforded both 34 and 35 in quantitative yields 
(runs 2 and 4). These reactions did not proceed at all without the ammonium bromide 
9, even in the presence of the acylate ions; this may reflect the magnitude of the 
nucleophilic constants reported by Pearson er 01.‘. The structures of 34 and 35 were 

confirmed by comparing their properties with those of the corresponding acylation 
products from 1,2;3,4-di-O-isopropylidene-D-mannito1. However, the structure of 36 
could not be confirmed by n-m-r. spectroscopy because of signal overlap (6 3.6-4.5, 
7 H, including H-l and H-i ‘). The reaction of 3,4-U-isopropylidene-D-mannitol 

1,2;5,6-dicarbonate (37) with 33 was thus undertaken (run 8) to give 2,5-di-O-benzoyl- 
1,6-dichloro-l,6-dideoxy-3,~O-isopropylidene-D-mannitol (38), whose n.m.r. spec- 
trum was successfuIly analyzed because of its simplicity. The site of chIorination was 
subsequently confirmed by comparin g the n.m.r.-spectra1 data with those of 1 -chloro- 

propane (39), 2-chloropropane (45), and I ,2,5,6-tetra-O-benzoyl-3,4-O-isopropyiidene 
D-mannitol (41, also prepared from 37 and 31 in the same manner; runs 6 and 7). 
The data are summarized in Table IV. The chemical shifts of the terminal methylene 

sigrzals of 38 are closer to those of 39 than those of 41. On the other hand, the chemical 
shifts of its methine signals appear closer to those of 41 rather than those of 45. It was 

. thus concluded that chlorination had occurred at the terminal bromomethylene group 
by the chloride ion resulting during the course of the reaction, according to the 
mechanism depicted in Scheme 1. Uy analocDy, the chlorination of 36 was likewise 
deduced. 

TABLE IV 

N.M.R.-SPEC77WL DATA FOR 38, 41, AND CHLOROPROPANES 39 AND 40 

Terminal tnetfiylene proiot~s Pettultitttate ttiethitte proton 

38 
I Chloropropane (39)” 
2-Chloropropane (40)” 
41 

3.88 5.39 
3.476 - 
- 4.1tb 

-4.7 5.67 

“See ref. 9. %ata obtained in carbon tetrachloride. 

Generai melhods. - Melting points are uncorrected. Specific rotations were 
measured with a Hitachi polarimeter Model PO-B. Solutions were evaporated in 

t:acuo. 1.r. spectra were recorded with a Hitachi 285 model, and n.m.r. spectra were 
recorded by using Varian NV-14 or NV-21 spectrometers OQ samples in chloroform-d 
with tetramethykilane as the internal standard. Chemical shifts are given on the 
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ci scale, and the J values recorded are first-order spacings_ U.V. spectra were recorded 
with a Hitachi EPS3T spectrophotometer. Column chromatography was conducted 
with Wako-gel C-300. G.1.c. was performed on a Hitachi K-53 instrument with a 
column of 10% of SE-30 on Chromosorb W and nitrogen as the carrier gas. 

General procedure for reaction of 1.2;3,4-di-0-isopropykdene-D-mannitol 
5,6-carbonate (1) uGth heterocyclic compounds in the presence of tetraetltJ,la~nntonitrn2 
bromide (9). - Procedure A. A mixture of 1 (ref. 10,2.9 g, 10 mmol), the heterocyclic 
compound (2, 3, or 5, 1 l-15 mmol), and tetraethylammonium bromide (9, 0.5 g, 
2.5 mmol) was heated in N,N-dimethyiformamide (10 ml) until nc further evolution 
of carbon dioxide was observed (compare Table I). The solution was then evaporated 
to dryness, the residue was dissolved in chloroform (50 ml), and the solution was 
washed successively with hl aqueous sodium hydroxide and twice with water. The 
dried (anhydrous calcium chloride) organic layer was evaporated to give the cor- 
responding products (10, 11, or 13). The crude products were purified by column 
chromatography on silica gel and/or by recrystallization. 

Procedure B. A mixture of 1 (2.9 g, 10 mmol), the heterocyclic compound 
(2, 3, or 5, i l-15 mmol), and compound 9 (0.5 g, 2.5 mmol) was heated with p- 

toluenesulfonamide (17, 14-30 mmol) until no further evolution of carbon dioxicie 
was observed. Chloroform (50 ml) was then added to the hot resulting mixture. The 
chloroform solution was washed successively with M aqueous sodium hydroxide 

6 (twice) and twice with water. After dryin g over anhydrous calcium chloride, the 

solution was evaporated to give the corresponding products (10, 11, or 13). The crude 
products were purified as described in Procedure A. 

Proceclrtre C. A mixture of 1 (2.9 g, 10 mmol), the heterocyclic compound 
(4, 7, or 8, IO-15 mmol), and 9 (0.5 g, 2.5 mmol) was fused it? vacua until no further 
evolution of carbon dioxide was observed. Chloroform (50 ml) was then added to the 
hot mixture and the solution thus obtained was washed, dried, evaporated, and the 

product purified as previously described. 
General deacetonation procedure for proriucts 10-16. - Compounds 10-16 

(2 mmol) were each treated with methanolic hydrogen chloride (from 10 ml saturated 
at O”, plus an additional 50 ml of methanol) under refiux. After a suitable interval of 

time (see Table II), the solvent was evaporated off, and the resulting, crude crystals 
were washed with hot chloroform to remove contaminants, giving products pure 
enough for elementary analysis, except for compounds 14 and 15. Pure 14 was 

obtained simply by filtering off the crystals that precipitated out on cooling. The 

purification procedure used for 15 was-the same as that for 14, except that the product 
precipitated out while the solution was being heated under reflux. 

Getleral procedure for reaction of 1 or 3,4-O-isopropylidene-D-tllannitol 1,2;5,6- 

&carbonate (37) with actiue acyl compoumis (31, 32, or 33) catahzed by 9. - A 

mixture of l(0.59 g, 2 mmol) or 37 (ref. 10,0.55 g, 2 mmol), the active acyl compound 
(31,32, or 33, 13-25 mmol), and 9 (12.5 mmol) was heated until no further evolution of 
carbon dioxide was observed. Chloroform (50 ml) and water (50 ml, saturated with 
sodium hydrogencarbonate) was then added, and the resulting mixture was shaken to 
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(E 7, lOO), 253 (7,100),265 (4,400), 274 (4,SOO), and 28 1 nm (S,OOO), iEEH 222 (E 2,000), 
250 (6,900), 263 (4,3OOj, 270 (3,9OO), and 278 nm (2,500). 

Anal- Calc. for C,,H,6N20,: C, 62.96; H, 7.23; N, 7.73. Found: C, 62.93; 
H, 7.20; N, 7.68. 

Deacetonation Of 12 gave N-( 1-deoxy-D-mannitol-I-yl)benzimidazole hydro- 
chloride (20); m-p. 175~I75.5”, [a];* +29O (c 1.0, water); 22: 245 (E 5,700), 254 
(5,800), 263 ($2001, 269 (6,000), and 276 nm (5,500), AZ: 252 (E 5,7OO), .259 (5,100), 
265 (5,!00), and 273 nm (4,100), I_~~~(b’sic) 247 (E 6,500), 253 (6,500), 265 (4,600), 
273 (4,6OO), and 280 nm (3,700), I_~;~‘hasic) 3 -50 (E 6,500), 262 (4,500), 270 (4,3OO), 
and 277 nm (2,800). 

Anal. Calc. for C, 3H18N205 - HCl: C, 48.98 ; H, 6.30; N, 8.78. Found: C, 48.75; 
H, 6.01; N, 8.66. 

Reaction of 1 with 5,6-dimethylbenzirnidazole (5). - Procedure A or B was 
used to give l-~-(I-deoxy-3,4;5,6-di-O-isopropylidene-~-mannitol-l-yl)-5,6-dimethy~- 
benzimidazole (13). Recrystallized from cyclohexane-benzene it had m-p. 212-213”, 

bl ‘D” -4” (c 1.0, chloroform); REzH 251 (E 8,300), 280 (6,850), and 289 nm (6&O), 
i.2:” 267 (E 4,700), and 286 nm (5,760), I.~~~~~_ 255 nm (E 8,200). 

Anal. Calc. for CZIH30N20i: C, ti4.59; H, 7.74; N, 7.17. Found: C, 64.76; 
H, 7.71; N, 7.02. 

Deacetonation of 13 gave I-iv-( I-deoxy-D-mannitol-1-yl)-5,6_dimethylbenzi- 
midazole hydrochloride (21); m-p. 206-207” (dec.), b]i’ + 32” (c 1.1, water); I_“,;: 
277 (E Q&M) and 286 nm (8,600), A!$,” 283 nm (E 7,600), and AF$gldor 257 (E 5,800), 
and 271 nm (7,300). 

Anal. Calc. for CISHzrN,OS-HCl: C, 51.94; H, 6.65; N, 8.07. Found: C, 51.96; 
H, 6.62; N, 8.22. 

Reaction of 1 with 5-nitrouracil(6). - Procedure B was used. The l-AJ-(l-deoxy- 
3,4;5,6-di-O-isopropylidene-o-mannitol-1 -yl)-5-nitrouracil (14) obtained was 
triturated with hot 19:l benzene-acetone; m.p. 195-196”, [Y]:* +23” (c 1.0, N,N- 
dimethylformkide), %lO~~Xq.E’oH 238 (.z 7,200) and 308 nm (lO,lOO), /?lo~i~q-EroH 216 
(E 6,000) and 263 nm (2,600), ~.‘“~~q~E’oH(b~sic) 324 nm (e 9,800), J_lo~j~q.EroH(bJsic) 
269 nm (E 2,800), and ,?lO$~$&‘~H(b’sic) 244 nm (E 6,400). 

Anal. Calc. for C16H,,N,0,: C, 47.85; H, 5.78; N, 10.47. Found: C, 47.58: 
H, 5.73; N, 10.59. 

Deacetonation of 14 gave I-&( l-deoxy-o-mannitol-I-yl)-5-nitrouracil mono- 
hydrate (22), which was triturated with methanol: m-p. 214-215”, [r];’ +33” (c 0.9, 
water); ;CEu=T(b=ic) 22 0 (E 9,000) and 322 nm (17,600), $.,$~(b’sic) 266 nm (E 2,200), 
J,“,$’ 241 (E 8,100) and 312 nm (12,600), >:>F 264 nm (E 2.800), %~$ncidiu) 242 (E 8,800) 
and 309 nm (12,400), and A~~~(‘Cidic) 264 nm (E 3,100). 

Anal. CaIc. for C10H15N309- H,O: C, 35.40; H, 5.05; N, 12.39. Found: 

C, 35.78: .‘I, 5.05; N, 12.45. 
Reaction 0~~ 1 &it pitthaiimide (7). - Procedure C was used. N-(I-Deoxy- 

3,4;5,6 - di - 0 - isopropylidene- D - mannitol- 1 -yl)phthalimide (15) crystallized from 
aqueous methanol; m.p. 76--77.5”, (3~1;’ -l-44” (c 1 .O, acetone); I-“,‘FXH 222 (E 12,400) 
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chloroform as eluant, to give 0.50 g (76%) of 2,3,5,6-tetra-O-acetyl-l,4-anhydro-n- 
mannitol (27); [r]:’ t20” (c 1.4, chloroform) (lit.’ ’ [czj +23” (acetic acid)) ; veto 
174Ocm- ’ (OAc); n.m.r.: 6 3.82 (l-proton do&let of doublets, H-l, Jt,t, 9.5 Hz 
and J,,, 6.7 Hz), 4.10 (l-proton doublet of doublets, H-l’, J, es? 6.7 Hz), 5.36 (l- 
proton multiplet, H-2, Jt,3 4.8 Hz), 5.54 (l-proton doublet of doublets, H-3, J3,s 
4.0 Hz), 4.17 (l-proton doublet of doublets, H-4, J,,5 9.5 Hz), 5.28 (l-proton 
multiplet, H-5, J,,, 2.5 Hz and J,,,. 5.5 Hz), 4.57 (l-proton doublet of doublets, 

H-6, J6.6’ 12.2 HZ), 4.09 (l-proton doublet of doublets, H-6’), 1.79, 1.83, and 1.84 
(three 3-proton singlets, OAc). 

Anal. Calc. for C,,H2,0,: C, 50.60; H, 6.07. Found: C, 50.21; H, 6.09. 
Decomposition of 26 in the presence of 9 in 17. - The carbonate 26 (0.75 .a, 

2 mmol) and 9 (0.5 g, 2.5 mmol) were heated in 17 (1.0 g, 5.8 mmol) at 150-160” for 
4.5 h irr LXZCUO, followed by the same treatment as before, to give 0.65 g (98%) of 27. 

Isolation of the intermediate, 3,5,6-tri-0-acetvh-rnannitol 1,2,4-orthoacetate 
(28). - The carbonate 26 (0.75 g, 2 mmol) and 9 (0.5 g, 2.5 mmol) were heated in 17 
(0.5 g, 2.9 mmol) for 2 h at 140-150” in CCZCIIO, followed by the same treatment as 

before, to give a syrup, puriiication of which by chromatography on a column of 
silica gel with chloroform as eluant afforded the starting material 26 (0.17 g, 22% 
recovery), 27 (0.21 g, 33% yield), and the orthoacetate 28 (0.29 g, 42%). The product 
28 had m-p., 136137O; v,““=ro 1740 cm-’ (OAc); n.m.r.: 6 4.06 (l-proton doublet of 
doublets, H-i, JIsl. 8.2 Hz and J,,2 1.0 Hz), 3.92 (l-proton doublet of doublets, 
H-l ‘, J, ,,? 8.1 Hz), 4.67 (l-proton multiplet, H-2, J2,3 2.2 Hz), 4.74 (l-proton 
doublet of doublets, H-3, J3,4 3.0 Hz), 4.27 (l-proton doublet of doublets, H-4, J4,5 

9.5 Hz), 5.24 (l-proton muhiplet, H-5, Jss6 5.2 Hz and J5,6. 2.6 Hz), 4.08 (l-proton 
doublet of doublets, H-6, Js,6, 12.5 Hz), 4.48 (l-proton doublet of doublets, H-6’), 
1.99, 2.06, and 2.13 (three 3-proton singlets, OAc). and 1.64 (3-proton singlet. 
orthoacetyi methyl protons). 

Anal. Calc. for C,,H,,O,: C, 50.60; H, 6.07. Found: C, 50.60; H, 6.08. 
Deacetylation of 27. - Compound 27 (0.44 g, 1.3 mmol) was treated with 

methanolic ammonia saturated at 0” (30 ml) in a tightly stoppered, round-bottomed 
flask for 2 days at room temperature whereupon the solution was evaporated and the 

residue was triturated with a small amount of chloroform to remove acetamide. The 
insoluble mass was filtered off and recrystallized from aqueous ethanol to give 0.16 g 

(75%) of 1,4-anhydro-D-mannitol; m-p. 139-140”, b]if’ -26” (c 0.7, water) (lit.5 
145-148”, [z]n -24” in water). 

Anal. Calc. for C6Hrz05: C, 43.90; H, 7.37. Found: C, 43.70; H, 7.26. 
Reaction of 1 wit/t bentoic anhydride (31). - The carbonate 1 (0.59 g, 2 mmol), 

31(0.6 g, 2.6 mm&), and 9 (0.5 g, 2.5 mmol) were heated together for 3 h at 155--160”, 
and the resulting syrup was then purified by column chromatography on silica gel 
with benzene as eluant to give 0.53 g (56%) of 1,2-di-O-be1~oyl-3,4;5,6-di-0- 
isopropyiidene-D-mannitol (34); m.p. 86.5-87.5”, [a]E +28” ic I .O, a=:-$; 6% 
1725 cm- t (OBz). 

Anal. Calc. for C26H,008: C, 66.37; H, 6.48. Found: C, 66.25; H, 6.50. 
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Reaction of 1 with 31 in the presence of sodium benzoate. - The carbonate 1 
(0.59 g, 2 mmol), 31 (0.6 g, 2.7 mmol), 9 (0.5 g, 2.4 mmol), and sodium benzoate 

(1 mg) were heated together for 3 h at 155--160”, and subsequent treatment as before 
afforded 0.98 g (100%) of 1,2-di-0-5enzoyl-3,4;5,6-di-O-isopropylidene-~-mannitol 

04). 
Reaction of 1 zciirlz acetic anizydride (32). - The carbonate 1 (0.59 g, 2 mmol), 

32 (0.2 g, 20 mmol), and 9 (0.5 g, 2.5 mbol) were heated together for 3.5 h at 155- 
160”, and subsequently processed by the general procedure already described to 
afford 0.6 g (87%) of syrupy i,2-di-U-acetyl-3,4;5,6-di-@-isopropylidene-D-mannitol 

(35); [# +27” (c 0.93, chloroform); veto 1740 cm-’ (OAc); n.m.r.: ii 1.36 
(3-proton singlet, Me-C), 1.38 (6-proton singlet, Me-C), 1.43 (3-proton singlet, Me-C), 
2.05 (3-proton singlet, OAc), 2.10 (3-proton singlet, OAc), 4.52 (l-proton doublet of 

doublets, H-l, J,,,, 12.0 Hz and J1,2 3.8 Hzj, and 5.33 (l-proton multiplet, H-2). 
These n.m.r.-spectral data were in good accord with those of an authentic sample 
prepared in quantitative yield by conventional acetyiation of 1,3:3,4-di-O-iso- 
propylidene-D-mannitol with 32-pyridine. 

Reaction of 1 with 32 in the presence of sodiml acetate. - The carbonate 1 

(0.59 g, 2 mmol), 9 (0.5 g, 2.5 mmol), 32 (1 g, 10 mmol), and sodium acetate (1 mg) 
were heated together for 1 h at 160”, and subsequently processed as before to afford 
0.69 g (100%) of 35. After recrystallization from aqueous methanol it had m.p. 55- 
56”, [=I;* +31° (c 1.0, acetone); v:r, 1740 cm-’ (OAc). The n.m.r. spectrum of this 

product was superposable on that of the foregoing product. 
Anal. Calc. for C,6H2608 : C, 55.48; H, 7.57. Found: C, 55.62; H, 7.55. 
Reaction of 1 with benzoyl chloride (33). - The carbonate 1 (0.59 g, 2 mmol), 

9 (0.5 g. 2.5 mmol), and 33 (1.4 g, 10 mmol) were heated together for 2.5 h at 160’ 
and the resulting mixture was processed by the general procedure to give 0.76 g (99%) 
of 2-O-benzoyl-l-chloro-1-deoxy-3,4;5,6-di-O-isopropylidene-D-mannitol (36); m-p. 
59.5-60.5”, [rz]g +4” (c 1.0, acetone); vEEo 1720 cm- * (OBz). 

Anal. Calc. for C,,H&106: C, 59.29; H, 6.54. Found: C, 59.17; H, 6.52. 
Rea’ction of37 zuitlz 33. - The dicarbonate 37 (1.1 g, 4 mmol), 9 (2.2 g, 10 mmol), 

and 33 (1.4 g, 10 mmol) were heated together for 5 h at 150-160’, and crystallization 
and recrystallization (cyclohexane) of the crystals obtained by the general isolation 
procedure gave 1.1 g (59%)* of 2,5-di-0-benzoyi-1,6-dichloro-1,6-dideoxy-3,4-O- 
isopropylidene-D-mannitol (38); m.p. 115-l 16”, [o;] k’ - 10.4” (c 1 _ 1, chloroform); 
vg& 1715 cm-’ (OBz); n-m-r.: 6 1.47 (6-proton singlet, Me-C), 3.88 (4-proton, 

m$tiplet having ABX spacings, H-i, H-l ‘, H-6, and H-6’, J, .2 = J5,6 = 4.0 Hz, 

J ‘* = J5 6.= 5.0 Hz, and J, 1.=J6 6.= 12.0 Hz), 5.39 (2-proton multiplet, H-2 
aAd21-I-5),Vanci 4.51 (Zproton~m’ultiplet’having ABX spacings, H-3 and H-4). 

Anal- Calc. for C2,H&120s: C, 59.10; H, 5.17. Found: C, 59.08; H, 5.11. 
Reuction of 37 with 31. - The dicarbonate 37 (0.55 g, 2 mmol), 9 (0.5 g, 

2.5 m_mol), and 31 (1.0 g. 4.4 mmol) were heated together for 1 S h at 155’, and 

*A considerable amount of 38 was lost on purification on account of its high solubility. 



REACTIONS OF D-MANNITOL CARBONATES 61 

crystallization and recrystallization (cyclohexane) of the crystals obtained by the 
general procedure described gave 0.80 g (63%) of I ,2,5,6-tetra-O-benzoyl-3,4-O- 

isopropyhdene-D-mannitol (41); m.p. 112-l 13”, [tl];’ +243 (c 1.0, acetone) (lit.’ 3 
m.p. 122-123”, [a]n + 15.5”); Vito 1720 cm- ’ (082); n.m.r.: 6 ! .52 (6-proton 
singlet, Me-C) and 5.67 (Zproton multiplet, H-2 and H-5). 

Anal. Calc. for C,,H,,O,,: C, 69.58: H, 5.37. Found: C, 69.55; H, 5.66. 

Preparation of 41 from 3,4-0-isopropylidet~e-D-tt~amitoi. - In zhe conventional 
way, 3,4-O-isopropylidene-@-mannitol ’ 4 (0.45 g, 2 mmol) was treated with 33 (2 ml) 
in a mixture of pyridine (5 ml) and chloroform (20 ml). The resulting mixture was 
washed with water, M aqueous hydrochloric acid, and water, dried over anhydrous 
calcium chloride, and evaporated to give a crude syrup that crystallized after storage 
for about a week at room temperature. Recrystallization of the crystals from 
benzene-cyclohexane gave 0.92 g (70%) of 41. 

Reactiotz of 37 with 31 !lrl the presence of sodium bexoate. - The dicarbonate 37 
(0.28 g, 1 mmol), 9 (0.25 g, 1.2 mmol), 31 (0.6 g, 2.7 mmol), and sodium benzoate 
(1 mg) were heated together for 1.5 h at 155”, and after treatment as already described, 
0.60 g (94%) of 41 was obtained. 
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