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4BSTRACT 

1,6-D~am~no-2,5-anhydro-1,6-d~deoxy-L-~d~tol (31) and It5 denvatlves were 

synthesized starting from 2,4-0-benzyl~dene-l,6-d~-O-tosyl-~-~luc~tol The 1,6-bus- 

(acetamldo)-L-&o epoxlde was readily hydrolyzed to the corresponding L-ldltol 

derlvatlve under anchmlerlc assistance of the I-acetamtdo group On treatment wth 

formaldehyde-formic acid, dlamlne 31 gave a tncychc, I,4 3,6-bls(N,O-methylene) 

denvatlve which was stable under acldlc condttlons but, accordmg to 13C-n m r 

spectroscopy, was readily hydrolyzed to an equlhbrmm mixture In neutral, aqueous 

solution The correspondmg 1,6-bls(dmiethylammo) denvatwe could be obtalned by 
reducmg this equlhbrwm mixture with borohydrlde The different, quaternary salts 

obtamed on methylatlon of the correspondln g I .6-bls(dlmethylamlno) denvatwes 

wth methyl lodlde (almIng at the structure of epr-n//o-muscarme) showed no musca- 

rme-hke, blologlcal actwlty 

INTRODUCTION 

The blologcal actlwty of muscarme and Its Isomers has prompted extensive 

studies concernmg structure-actlvlty relatlonshlps ‘-’ The synthesis of these choral 

compounds, startmg from 2-ammo-2-deouq-D-glucose or Its gluconlc acid, N~F 

described m the late fifties? - ’ Wang et cd * have pubhshed a new, facile synthesis of 

D-epwllo-muscarme, starting from D-glucose 

From structure-actlwty studies, It became clear’ that the relative, stew arrange- 
ment of the basic center and the oxygen atom of the oxolane r1n.g IS essential for 

actlwty Furthermore, smce, ns In all muscclrlnes Isolated from natural sources, 

C-2 has the S configuration”, the synthesis of ‘double-headed” analogs (compounds 

RO 

(epr-al/o-musca-me) 
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of type l), contalnmg two termmal, trlmethylammo groups m trans arrangement 
(ZS, 5S), was decided on, alming, at the structure of musclmol (epz-al/o-muscarme)* 

The ready formation, under acldlc condlttons’“-‘3. of 2,5-anhydrohexltols 
from hexltol derivatives possessmZ (1 a free hydroxyl group at C-2(5) and a strongly 

polarized C-5(2) atom provides a new and convenient synthetic approach to such 
chn-al compounds, starting from hexltols 

RESULTS AND DISCUSSION 

For syntheslzmg 2,5-anhydro-L-ldltol denvatlves, compounds of the type of 1, 
o-glucrtol may be used as the startm, = material, and the 2,Sanhydro rmg has then to 

be introduced with srmultaneous mverslon at C-5 For this reason, the readily avail- 

able 2 4-U-benzyhdene-1,6-dl-O-tosyl-D-glucltolia (2) was converted mto Its dlace- 
tate” (3) which, on treatment with sodium azlde m aqueous N,N-dlmethylformamlde, 
gave, besides the 6-azlde (4), the 1,6-dlazlde 7 The structure of the monoazlde 4 

was proved by Its deacetylatlon with sodium methoxlde, yleldmg compound 5 In 
the case of a I-audo-6-tosylate, the correspondmg 5,6-epoxlde should be formed 

under similar condltlons” 
The drazlde 7 gave, after deacetylatlon to 8 and subsequent mesylatlon of 8, 

the 3,5-dlmesylate 9, which, on treatment with cone hydrochloric acid m ethanol at 

elevated temperature, underwent deprotectlon and ring closure, affordmg 2,5-an- 
hydro-1,6-dlazldo-l,6-dldeoxy-3-O-mesyl-L-ldltol (10) For large-scale preparations, 
the synthesis of this key Intermediate was slmphfied, as the benzyhdene compound 2 
could be converted mto dlazlde 8 without protection of the hydroxyl groups On the 

other hand, the dlmesyl-dlazlde 9 could be prepared VKI mesylatlon of the tosyl-azlde 
5 m very low yield only, as the resulting dlmesylate 6 gave, on treatment with sodmm 
azlde, a mixture of further-substituted derlvatlves The anhydrIde 10, a syrup, had 
to be freed from the accompanymg benzaldehyde by column chromatography, as all 
attempts to remove the aldehyde by chemical methods were unsuccessful 

Mesylatlon of 10 gave the crystalline dlmesylate 11, which was reduced to the 

dlamme 13 with hydrogen sulfide m pyndme’ 6 When the reactlon was repeated on a 
larger scale, a new L-altrltol derivative (18) could be separated from the mother 
liquor, this was formed from 13 vuz 1,4(or 3,6)-anhydro-ring formatlon (by ehmma- 
tlon of methanesulfomc acid), and IS a member of the 2-oxa-Sazablcyclo[Z 2 I]hep- 
tane system”_ 

On acetylatlon, compound 13 gave a crystalhne, dlacetamldo derivative 14, 
and, on methylatlon with formaldehyde-formic acid’*, the correspondmg 1,6-bls(dl- 
methylammo) derivative 15 From the latter, the bls(N-oxide) 16 could be obtamed 
with hydrogen peroxide, but this underwent no Cope el~mmatlon’g on heating m 

*epr-alfo-IMuscanne IS a 2S,5R Isomer s, but, .n compounds of type 1, an oxygen atom IS attached to 

C-4, and, therefore, the absolute configuration of C-5 IS changed to S 
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dimethyl sulfoxide Treatment of 15 wth methyl Iodide afforded the correspondln,o 

bls-quaternary salt 17, which showed no muscarme-hhe actwty 
Because the presence of a Free hydroxyt group seems to be necessary for 

blologlcal actwlty. subsequent experiments were conducted wth the monomesyl 

derivative 10, reduction of which save the dlamme 19 m moderate yield The yield 
could be substantially Increased when the 4-O-acetyl derlvatlve 12 was reduced, but, 
in this case, an 0-N acetyl mlgratlon took place, and the 6-acetamldo compound 
24 could be separated For convemence, the crude reaction-mixture was dlrectty 
converted mto the trlacetate 25. which was obtained m excellent yield Acid hydrolysis 
of 24 or 25 afforded the dlamme 19 On methylatlon wth formaldehyde-forrmc acid, 
19 ga\e the I,6-bls(dlmethytamlno) derlvattve 20. which was quatermzed wth methyl 
rodlde. to afford 21 

When 20 was treated wth sodmm methoxlde, the correspondmg L-t&o epoxlde 
22 was obtamed and, on methytdtlon wth methyl lodtde, this gave 23 

For obtdmmg derlvdtwes havmg the OH-3 and OH-4 groups free, the trlacetate 
25 was treated wth sodium methovlde However on hydrolysis with weak cwd, 

the resulting l-6-bls(acetamIdo)-t_-frrlo epoxlde 26 gave, not the expected i L-IHCIIIIIO 

Isomer 27, but. excluswely the r-ldltol derlvatwe 29 the structure of which was 
unambiguously proved by ‘H-n m r spectroscopy 

In the ‘H-n m r spectra of furanosldes, a J,,, > J,,,, relatIonshIp exists for 
the couphng constants of vmnal rmg-protons 23 Thus general rule 1s valtd m the 

case of five-membered rmgs (Included 2,Sanhydro dewawes), as for example, In 
the spectrum of the mlxed ester 12, where all signals appear well resolved, the couplmg 
constants for the w-related H-2,3 and H-4,5 were J, 3 - 4 3 and Ja 5 -4 5 Hz, 
respectwely, whereas the trclns-related H-3,4 had a couplmg of only 1 6 Hz, verified 

by a decouplmg experiment In the symmetrical 3,4-dlmesylate 11, the equivalent 
H-3 and H-4 gave a doublet havmg Jz j = J4 5 = 4 Hz A sunlIar doublet of 4 Hz 
appeared at 5 26 p p m for H-3,4 In the spectrum of the symmetrIca peracetate 30 
(obtained on acetylatlon of 29). provmg the cwrelatlonshlp of H-2,3 and H-4 5, 
respectwely (correspondmg to the L-ldltol configuratlon) Hydrolysis of 29 or 30 
wth hydrochloric acid afforded the dlamme 31 In quantltatlve yield_ 

The strict stereoselectwlty*” of the cleavage of the oxlrane ring, as well as the 
unusually fast reactlon, which wds complete in - 15 mm at 90 O, even m the absence 

of acid, suggested nelghbormg-group partlclpatlon The I-acetamldo group can 
readily form an “oxazme ’ rmg by attack of Its carbonyl group on C-3 of the oxlrane 
rmg, and the IntermedIate 28 so formed 1s hydrolyzed by attack of water on the 
carbomum catlon 

When the dlamme 31 was methylated wth formaldehyde-formic acid”, the 

*The attack of \\ater would be expected to tahe place mamly at the less hmdered, C-4 bridge-atom 
of the oxn-ane ring”‘’ 
**In the mother hquor of 29, no other Isomer was preent, accordmg to g I c mvestlgatlon of the 
crude residue obtamed after evaporation and subsequent acetylatlon 
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TABLE I 

‘H-h H R DATA~FOR~,~-O-BEXZYLIDENEDERIVATIVES 4-9 

Compowrd H-l H-2 H-3 H-4 H-S H-6 CHPh Other 
protorts 

4* 

5= 

6” 

71 

SC 

9” 

4 1.5 

41 

43 

3 4s 
3 17 

3 86 
3 50 

4 10 5 10 4 15 5 03 3 51 5 57 2 05 and 
2 00 acetyl 

3s 3 so 42 42 3 43 5 62 5 43 and 
4S6OH 

43 496 4 35 4 88 3 97 5 62 3 37 mesyl 
3 63 

4 15 5 05 4 15 5 15 3 53 5 66 2 03 and 
2 06 acetyl 

35-42 340 5 67 5 42 and 
4880H 

4 35 4 92 44 4 90 404 5 70 321and 
3 67 3 16 mesyl 

‘*On the tb scale ThIoroform-r/ bolutton cMezSO-A soluuon 

resulttng, methylated compound shobbed several N-methyl signals m the ‘H-n m r 
spectrum of Its aqueous solution, but, by m s , the product proved to be homogeneous 

The mass spectrum gave a molecular peak at nl/= 214 (61 %), suggestmg the presence 

of the I,3 4,6-bls(LV,‘,O-methylene) derivative 33 Quatermzatlon of 33, usmg methyl 
lodlde, gave 34, showing two dlstmct, methyl signals m Its ‘H-n m r spectrum, at 
3 lOand ppm. representmg two methyl groups each, th1.s IS m full agreement 

with the proposed dloxazme structure 34, contammg two e\o- and two en&-situated 
N-methyl groups These facts su,, DOested that, m the presence of formaldehyde, 

dramme 31 IS first converted Into the bIs(dloxazme) 32, which IS subsequently me- 
thylated to 33 A slmllar reactlon was described In 1971 by Magerlem”, who In- 
vestrgated the N-methylatlon of lmcomycm m the presence of formaldehyde 

Under acldlc condltlons (aqueous formic acid), this trlcychc compound 33 IS 

fairly stable, as, even after repeated treatment with formaldehyde-formic acid, the dl- 
methylammo derlvatlve 36 (which must be formed WCJ the hydrolyzed mtermedlate 
35) IS present only as a mmor component This could be proved by convertmg the 
crude, methylated mixture mto Its quaternary salt, which, on crystalhzatlon, gave, 

besIdes the pure, trlcychc denvatlve 34, the mono-(tnmethylammo) derlvatlve 38 
m - 25% yield The carbon atoms attached to the I-situated N atom have well 
resolved, 13C-15N couphngs of -3 5 Hz, due to the almost tetrahedral arrangement 
In the case of the rmg-mcorporated, 6-situated N atom, this arrangement IS Iess 
symmetncal, and, consequently, the couphngs are !ess resolved, of -2 6 Hz, because 
of the faster reIaxationZ4 of 14N 

Tt IS mterestmg that, m compound 33, the N,O-acetal rmgs are readily hydrolyzed 
under neutral condltlons, causmg the further sphttmg of the N-methyl signals m the 
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TABLE II 

~H-N M R DA-I-AR s=oR 2,5-ANHYDRO DERIVATLVES 10-21, 23-26, 29-31, 33, 34. 39-41, 43, 46, SO, 

A&D $8 f 52 

1oc 
11= 
12c 

13” 
14” 

lr3J 
16” 

17” 

19” 

203 
21” 
23” 

24” 
25” 

26’l 

29” 

30” 

31” 

33” 

34” 

39” 
40” 

41= 
43” 
46’ 
50= 

-35 
3 50 
3 50 

3 42 
-3 35 
-3 35 

3 50 
3 48 
3 77 
3 SO 
3 87 

~3 35 

3 47 
-3 75 

3 58 
3 77 

-35 
-33 

3 38 
3 10 

3 29 
3 35 
3 37 
3 34 
3 58 
391 
3 77 
404 

3 38 
3 62 

3 69 

-35 
-33 
-345 
-34 

3 35 500 41465 - 3 13 
447 5 28 528 447 - 3 15 

-44 5 36 5 03 -44 - 3 15 

3 36 

3 36 
3 40 
3 3-l 

3 4s 

3 33 

3 34 

3 36 
- 

3 43 
3 36 
- 
- 

- 

- 
- 

- 

- 
- 

- 
- 
- 
- 

- 
- 
2 10 acetyl 

- 

1 83 acetyl, 8 0 NHAc 
- 
- 

4 67 5 60 

4 33 5 32 

4 93 5 60 

5 10 5 56 

5 60 467 - 

5 32 433 - 
5 60 493 300 

5 56 5 10 3 20 
3 25 

3 72 5 16 3 33 5 16 5 52 

N4S 

-49 

-49 
-49 

5 23 

5 22 

5 25 
100 

-4 55 -4s - 

4 so m-47 3 00 

4 70 -48 3 25 
4 17 A-!9 3 28 

3 24 
4 65 N435= - 
5 13 426 - 

-39 Jr15 - 

3 59 395 - 

- 
- 
- 
- 

2 1 clCLIYl 
1 55 and 2 1 acetyl 
2 05 ‘lcctyl 
1 S1 uxyl, 7 95 NH, 

512OH 
I 95 and 2 13 .uxt>l 

- 

~4 4.5 NCHrO 

-4 75 NCH_O 

-4 75’ 3 30 
426 5 33 

4 15 -39 
3 95 3 89 

4 38 5 26 5 26 43s - 

-44 4 38 4 38 -44 - 

498 4 70 4 70 4 98 2 80 

495 -47 -47 495 3 10 
3 21 

4 27 459 300 
431 4 70 3 20 

4 59 
4 70 

427 
431 

-42 3 67r 3 78= -42 - 
-42 -455 -42 -42 - 
-4 1s 51 41 41 - 

41 41 5 25 430 - 

- 
- 
- 

- - 2 0 acetyl 48-i-52= -3 4 -40 -50 -40 -40 - 

“On the d scale “MeZGO-dt solution CChloroform-rlsolutlon dD?O solution CArbltrary asslgnmLnts 

‘H-n m r spectrum, as already mentloned In aqueous solutlon, a fast equlhbnum 

1s reached, m which, besldes the dlacetal 33 and the N-(hydroxymethyl)-monoacetal 

35, the fully hydrolyzed 1,6-bls-N-(hydroxymethyl) compound 37 IS also present 

This was proved by ‘?C-n m r spectroscopy, as, m the spectrum of 33 m dry Me,SO, 

a total of five signals, namely, one N-methyl slgnal (39 3 p p m ), two signals corre- 

spondmg to the oxolane carbon atoms C-2 = C-5 and C-3 E C-4 (73 1 and 75 S 
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cotn- C-l c-2 c-3 c-4 c-5 C-6 NTHJ N-CH20 0th p, atom 
pow1d 

331 52 5 73 I 78 s 7s 8 73 1 52 5 39 3 so s 

34’ 617 733 79 4 79 4 73 1 617 527 58 3 

50 9 
35c+” 49 9 719 77 4 s3 2 7s 4 50 0 35 0 81 7 

39 5 

37=-” 49 9 73 6 78 1 75 1 73 6 49 9 350 - 
3% 6S 1 79 7 73 6 82 4 76 5 62 0 56 Se s9 1 

519t 
51 7f 

39= 69 4 79 3 77 1 77 1 79 3 69 3 56s - 

40= 59 s ‘9 3 77 5 77 5 79 3 59 8 464 - 

- 
- 

81 6” N-CHzOH 

819” N-CHzOH 
NTCH9 ‘Jc-x N 3 5 Hz 
NCHzf ‘Jc-1 N 2 6 Hz 

NCHJ ‘Jc-> -3 9 Hz 

NCHzO ‘Jc-\ - 3 8 Hz 
- 

aOn the 3 scdc ‘Me_SO-r/a, solution =D_O botutron “Arbltraq ashxgnmmt ‘C-I-N fC-6-N 

p p m )_ the sIgna of the termmal methylene groups (C-l = C-6, 5 25 p p m ), and 

those of the N,U-methylene groups (SO S p p m ), could be detected, due to the C, 
symmetry of the molecule 

On addmg water to the solution, the number of signals for the ovolane carbon 

atoms mcreased from two to eight provmg that besides the two symmetrical struc- 
tures 33 and 37 the asymmetrical 35 must also be present (see Table III) The 
eqwhbrmm bet\\een the closed-nn g form and the hydrolyzed structures IS reached m 
-30 mm at room temperature as mdlcated by the “mutarotatlon’ of compound 
33 m water the optlcal rotation changmg from f39” (5 mm) to +22” at 30 mm 

For obtamlng the desired N,N’-tetramethyl derlvatlve 39 the dloxazme 33 

was hydrogenated accordmg to the literature”, over Pd-C as the catalyst, but no 
substantial reactlon could be observed As the hydroxymethyl groups of the mter- 

mediate 35 (and 37) should be readdy reducible by borohydnde, the aqueous solution 
of 33 was treated wth an excess of this reagent, gwmg 39 m excellent yield Methyla- 
tlon of 39 wth methyl lodlde afforded the crystalhne, quaternary salt 40 

For rn\ estlgatmg the influence, on the biologIca actlwty, of the two OH groups, 
removal of one of them was desired Treatment of the 3-mesyl-dlazlde 10 wth sodium 
methoxlde afforded the r-tahtol epoxlde 41 which, on catalytic reduction wth 
hydrogen m the presence of Pd-C, gave the dlamme 42 as dn unstable syrup When 
reduction of dlazlde 41 was conducted wth hydrogen sulfide m pyrldme, not only 

were the azldo groups reduced, but simultaneous addmon of hydrogen sulfide to the 
oxlrane rmg occurred, and the crystallme 4-thlo-t_-manmtol derlvatlve 43 was ob- 
tamed. The thlol group of 43 could not be ehmmated by treatment wth Raney ruckel 
as, instead of the 4-deoxy derlvatlve 44, only decomposltlon products were formed 

When the epoxlde 41 was bolled m aqueous solution as for the acetamldo derwatlve 
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26, no hydrolytic cleavage of the oxlrane 11ng tool, place. even after bolllng tile 

solution for 8 h In the presence of acetIc acid The different behawor of these two 
epoxldes clearly lndlcates partlclpatlon of the acetamldo groups III the llydrolysls of 

epoxlde 26 

The oxu-ane ring of 41 may be opened by strong nucleophlles c g- , sodium 

azlde s!ow!y converted It Into a 43 7 mI\ture of the corresponding tn,tzIdo-L-/,lrrrl/ro 

(45) and -r-do (49) derwatlves, which means that. In this case, the electromc and 

stenc effects seem to oppose each other III the c!edvC~~e of 41 by azldc Ion, but that 

the electromc effect of the azIdomethy1 group IS less pronounced than that of the 

methoxy! group” In t I c , epoxlde 41 had the same R, value ah the trlaztdo Isomers 

45 and 49, but, after acety!atIon, the resultmg rmxture (46 + SO) could be scpar&ed 

from unchanged startmg-matena! by column chromatogrclphy Al! attempts to 

separate the two trlazldo Isomers falled, <md separation after deacetylat1on (45 + 49) 

reduction (47 + 51), and subsequent dcetylatlon (48 + 52) wd\ also unsucce~~t~~~l 

On blo!ogIcal testing, the qwlternarv s,l!ts 17, 21 23, 31, and 10 proved to be 

re!atIvely nontowc (LD,, > 200 m&kg), but none of them posscsccd muscarmc-hhe 

actlwty 

E\PERIXlENTAL 

Gen~~ral n~crlzodr - After orgamc solutions had been dried wth sodium sultate, 

a!! evaporations were conducted In ‘L rotary evapolcltor under dlmmrshcd pressure 

Light petroleum had b p 60-SO” Optlcd! rotations were determined m chloroform 

(c I), If not stated otherwse T I c WA effected on Kle5elgel G wrth cthy! &et&c- 

carbon tetrachlonde, I I (A), I 3 (B) I 5 (C), .md I 9 (D), wth cone dmmonIum 

hydroxide-ethanol I 3 (E) ‘md I 9 (F), and \\lt!l water (G) For detectton, I I 

0 I hl potassium permang,mate-x1 sulfunc acid ~‘1s used .it 105” Column chromato- 

graphy was performed on Kleselge! 40 (63-200 /cm) 13C-N m r spectra (25 2 MHz) 

and ‘H-n m r spectra (90 MHz) wcIe recorded at room temperature with ‘1 Vanan 

XL-100 FT and a Varlan EM-390 spectrometer respectwely, for so!utIons In chloro- 

form-r/, wth tetramethylb1lane db the mternd! standard, or for solutions III D,O or 

dImethy! sulfoxlde-c(,, wth 2 2-dImcthy!-2-silapentane-I-sulfomc ‘lc~d, sodium salt, 

<is the Internal standard G I c was conducted wth a Hck\!ett--Packard 5720 A gar 

chromatograph, usmg IO’,/, of UWC 9S2 on Gas Chrom Q (SO-100 mesh), tempcr,l- 

ture 250”, and mtrogen as the carrier gas at the rate of 45 mL mm-’ Mass spectra 

were recorded with a V,uwn-MAT SM-I spectrometer dt 70 eV (e!cctron energy) 

and 2 600 MeV (multlpher voltage) 

3,5-Dl-O-met> I-6-a=~~lo--7,J-O-be~l=~l~clL~re-6-r~~o \ 1 -I-O-p-toll l~~dfoq I-D -gkr- 

to1 (4) unn 3,5-rlr-O-met ~/-1,6-~f1m~rrlo-2,4-O-hetr=~ lrtknc-(,6-cir&o \ i -D-S’hKrtd (7) - 

A solution of the dlacetyl-dltosylate Is 3 (66 g) and sod1t.m dzlde (13 g) In N,N- 

dlmethylformamIde (330 mL) and water (50 mL) was heated on a steam bath for 

2. h The residue obtamed after evaporatron of the mixture ~‘1s partItIoned between 

chloroform and water, and the orgamc solution was washed wth water, dried, and 
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evaporated The residue gave on crystalhzation from ethanol pure monoazlde 4 
(25 2 g 46 5%). m p 105-107” [Y]:” +-2O. R, 0 50 (B) 

4nnl Calc for Cz,H1,N,09S C. 5-I 02 H, 5 10 N, 7 SS, S, 6 01 Found 
C 5130 H. 5 03 N 7 S3. S 5 SS 

The mother hquor was evaporated and treated for S h with sodium azlde 
(10 g) as just described. to gl\e, after srmllar processing and recrystalhzatlon from 
carbon tetr&llorlde-hght petroleum, pure dlazlde 7 (14 5 g, 35 9 %), m p S6-SS”, 

[~]p -6” R, 0 70 (B) 
Anal Calc for CISH,,N,O, C 50 -I9 H, 4 99, N, 20 78 Found C, 50 62, 

H_ 5 10. N_ 20 42 
6-/1=r~lo-2,4-0-betl=r Idme-6-deo 1~ -I-0-p-tolj Isrrlfotz~ I-mgirrcrtol (5) - To a 

solution of compound 4 (10 7 g) m dry chloroform (20 mL) and methanol (10 mL) 
was added \I methanohc sodturn methoxlde solution (0 1 mL) After 15 mm at room 
temperature, crystalhzatlon of 5 started The crystals were filtered off after 20 h, 
and recrystalltzed from acetone (300 mL) to yield pure 5 (5 4 g, 60”!), m p 163” 
(dec )_ k]io ~22~ (acetone) R, 0 65 (,l) 

AMI Calc for CZ0HZ3N307S C. 53 44 H 5 16 N, 9 35 S 7 13 Found 
C-5336 H 517 N-955-S 690 

E-klrfo-2 GO-ben=J l1de11e-6-&0 v-3 -C-di-O-(metlz~ fsdfoi~ L l) -I -0 -p - tolj Isrrlfo- 

~z_rl-D-,o/rrcrtof (6) - A solutlon of S (2 6 g) In pyrldlnc (15 mL) was treated with 
mesll chloride (2 mL) to give, after the usual processing, and evaporation of the 
chloroform solution, a syrup that crystall[zed on treatment wth ethanol The m p 
(136-l 39”) of the crude 6 decreased to m p 12S-130” on recrystalhzatlon from 
ethyl acetate-hght petroleum (2 6 g, 74 2”/,), [Y]F -3” Rr 0 SO (A) 

,frml Calc For Cz2HITN301LS3 C. 43 63; H. 449 N 6 94 S, 15 SS Found 

C,-i366 H 443 N,699 S. 1552 
1,6-Dru=lrio-~,l-O-b~~tI~~Il~~~Jle-l 6-ddeo \_I -D-glrrcrtol (8) - Method a The 

dlacetate 7 (20 2 g) was deacetylated as described for 5 and the crystals were filtered 
off and washed \\ ith methanol and water to give pure 8 (14 1 g SS %), m p 1 S7-189”, 
[Y];o +31 o (V-h’-drmethylformamlde) R, 0 45 (B) On recrybtalllzatlon from lV,hr- 
dm~etl~ylformam~de-water_ the m p decreased to 159-I 6 1 D 

Method b A solution of the dltosylatel& 2 (259 g) and sodwn azlde (I 25 g) 

m Iv.l~r-dlmerhylforniamlde (2 L) and water (250 mL) was bolled for 30 nnn The 
solution was cooled, and poured mto water (4 L), and the resultmg preclpltate was 

filtered off. and successwely washed wth water and methanol, to gwe 8 (153 g, 

95 5%), ldentlcal wth that obtamed by method a 

Anal Calc for C,3H16N60-F C 45 75 H, 5 04 N, 26 24_ Found C, 48 64, 
H, 5 10 N, 26 11 

1,6-DIUXIO-2 4-0-belzz_i Irde~~e- I 6-ddeo \_I -3,4-A-0-(metlzj Isrllfon~ I)- D -girrcrtoi 

(9) -Astlrred,water-cooledslurryof dlazlde8 (160g)m pyrldme (SO0 mL) was treated 
wth mesyl chlortde (150 mL) gtvmg a clear solution The mixture was kept overmght 
at room temperature, and. after the usual processmg, and treatment of the evaporated 
resrdue wth methanol, gave crude 9 (224 g, 94%, m p 129-130”) pure enough for 
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the next step Recrystalhzntlon from ethyl acetate-ether-lrght petroleum gave pure 9 
(IS3 g, SO So/o), m p 130-132” [y]i” 0” RF 0 60 (B) 

Awl Calc for C,,H2,N60,S, C, 37 S I, H, 4 23 N, 17 64 S, I3 46 Found 
C,3795 H,420.N, 1762 S, 1322 

2,s-Afrlr~ nf o- I,6-rlmxlo- I,6-&fco \J -3-0-(rrrc r71-r fs~rlfotr~ I)-L-rdrtol (10) - A 
stirred slurry of drmesylate 9 (130 g) III ethanol (1 3 L) and cone hydrochlorx acid 

(400 mL) was borled on a steam bath for I 11 The clear solutron was cooled, and 
made neutral by addmon of sohd sodium hydrogencarbonate The suspcnsron i\as 
filtered, the filtrate evaporated, the resrdue pcu-trtroned between ether and water 
and the orgamc solutron washed wrth water, dried, and evaporated The trsrduc \\‘LF 
chromatographed on a column of sthca gel (700 2) prep‘trcd wtth carbon tcttachlortde 
The column was washed first wtth solvent D (- I 5 L) to remove benznldehydc, and 
then wtth B Evaporatron of the fr actions havm, 0 R, 0 70 (-1) gave pure 10 as a sl&tly 
yellow syrup (67 2, 53 7”/,), [v]F +x0 

Afxtl Calc for CiH,,NsOSS N, 2s 76, S, 10 97 Found N, 2s 15 S, 11 24 
2,5-Adz, c/t 0-~,6-hnzrcio-~ 6-cf1ck~o \_I -3,4-c~J-o-(JJlcth~ ~JLJlfoJI~ 7)-L-rr/ito7 (11) - 

A solutton of syrupy 10 (60 g) m pyrtdtne (120 mL) was tre‘tted wrth mesyl chlortdc 
(26 mL) The mrvture was kept overmght at room temperature and then poured 
Into water The precrpttated soled was filtered off (69 g_ 90 57,) to give, after re- 
crystalhzatton from methanol (10 vol ), pure 11 (60 g, 7s 5 70, m p I 1 I-I 1 j” 
[IX]? 0”, R, 0 70 (A) Tl le compound IS shghtly sensrtrve to Irght and cd11 be stored 

wthout decomposrtron only m the dark 
Awl/ Calc for CsHIAN607S1 C, 25 91 H, 3 Sl N, 22 70 S, 17 31 Found 

C, 25 89, H, 3 95, N, 22 63 S, 17 22 
&,-/t&J b?,ktJliJ, ciJ 0-~,6-dtcl=lcfO-~ 6-d&=0 \_I - 3-0 - (JJIC t/l_1 h~fOJl_, I)- L-IchId 

(12) - A solutton of 10 (30 g) m pyrrdme (30 rnL) and KCCIC Cmhydrtde (15 mL) 
was kept overmght at room temperature, to Z ~~IVC, after the usual processrng crude 12 
(31 4 g) rhtch was recrystJhzed from ethmol (30 S g, 91 yO). m p 72-7-F”, [Y]: 

-5” RF 0 40 (B) 
AJ~ Calc for C,H,,N,O,S C, 32 33, H 4 22 S, 9 59 Found C 32 55 

H, 434, S, 9 15 
~,6-~l~if?llJ~O-~,~-aJl~I~ dJ o-I,6-rlr&o X) -3,4-~fJ-o-(JJlctil~ hffOJ1~ I)-L-ItirrO/ cilil> dJ O- 

cldor I& (13) and 1,6-rimmo-J 4 2,.WranJ~_wi~ o-1,6-dho \_I -3-0-(iuctllj l,rrJfon~~l)-L- 

a/tJJtol (18) - Through a solutron of drazrde 11 (IS 5 g) 111 pyrrdrne (I S5 mL) and 
water (90 mL) was passed a stream of hydrogen sulfide An e\othermrc reactron 
took place, and the temperature of the reactron mixture rose to 50” In t I c (1-J. 
besrdes the spot of the startrn, u materral (f?, 0 95), two new components, R,- 0 SO 
(monoamIno-monoazrde) and Xr 0 55 (13), \vere detected After 3 h, M hen the 
reductron was complete (srngle spot of 13, In t I c ), acetrc actd (IO mL) was .tddcd, 

and the solutton was evaporated The restdue was filtered wtth the atd of water, to 
remove the precrprtated sulfur The filtrate was evaporated, .md ethanol was ,tdded 
to, and evaporated from, the resrdue, whrch wets then drssolvcd In ethanol (40 mL), 
and cone hydrochlorx acid (10 mL) was added The precrprtdted salt was filtered 
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off and washed with ethanol Co gve pure 13 (14 3 g. 73 I:',). m p 210-213” (dec )_ 

[~]z -2-C” (water) RF 0 55 (F) 

rl/zaf Calc for CsH,,N,OiSI Z HCI C, 2455 H, 5 15_ Cl, IS 12 N, 7 15 

S. 163s Found C 2442 H 521,Cl lS20. N,70!3, S 16 15 

The ethanohc mother hquor was evaporated. and the sohd restdue (3 8) wds 

twice recrysralhzed from water-ethanol to give pure dtanhydnde 18 as Its mesylate 

hydrochloride (0 S g 4 5”/,) m p 240”. [x];’ -46” (water). RF 0 50 (F), ‘H-n m r 

data 5 5 53 (m_ H-3)_ 4 99 (d H-2), 4 6 (m, H-4) -i 5 (m_ H-5), 3 S (s, H-l. I ‘), 

3 15 and 3 24 (m H-6 6’) 3 39 (me&Me), and 2 75 (mesylate-Me) 

-~rzcz/ Calc fat C,H,,N,O,S HCI CH,SO,H C, 27 07 H, 5 39 Cl, 9 94. 
N 7S9 S, IS07 Found C,2702 H,550 Cl,9SS N,770 S, 17S5 

I_6-Bts(czcetcizizzrlo)- 5atzlz~ A o-1,6-rircIr0 \_I -3 4-clr - 0 - (met/z> Irzrlfotz~ I) - L - rdztol 

(1-l) - A solution of 13 (1 7 g) and sodturn acetate (I g) In pyrldme (10 mL) and 
acetIc anhydrIde (5 mL) \\as hept for tk\o day5 at room temperature The mIxCure 
\\as then evaporated. the restdue ml\ed wth acetone .tnd the wspenslon filtered 
The filtrate was evaporated the restdue was dissolved In water, and the solution 
freed of salts by treatment ~1 tth Ion-ewhange rcslns The filtrate was evaporated, and 

the sohd restdue wds filtered wlh the ald of acetone to gave pure 14 (I g, 57 2%) 
m p 14-l-1463, [Y]? -26 5” (water), R,- 0 70 (G) 

Awl Calc for C,2H2,N,0,S, C_ 35 Sl, H, 5 51, N. 6 96_ S, 15 9; Found 
C 3605_H,545 N,6Sl,S, 1576 

2,5-‘4fZll\ Cfi o-/.6-CfZ&O\ I - I 6-flr\(chzc tizt lrrfzzzlzo)-3,4-h -o- (nrctlz~ I\zrlfozz, Q-L- 

dztol clz~z~dzo~~zloz c& (15) - A solwon of 13 (2 g) In aqueous formaldehyde (36”,, 

10 mL) ,md formic acid (907,,, 15 mL) W.IS heated on a steam bath for 10 h The 

solution was evaporated, and the restdue wets filtered wth the aId of XI hydrochlonc 

acid (10 mL) to gwe, after evaporation of the filtrate and treatment of the restdue 

wch ethanol. pure 15 (1 7 g, 75 :;, , ) m p 225” (dec ), CT]: -27” (watcr),R,O SO (f) 
A~znl Calc for C,zH1,N107SZ 2 HCI C, 32 21 H, 6 30 Cl, 15 S5 N, 6 26 

S, 1433 Found C 3235, H,64S Cl, 1557, N 6 II,S, 141s 

2,5-41zl11 r/t o-l,kiz&o\ I’- I ,6-bz~(dztwtlz~ Ia,nu~o) - 3,4-A-O - (meth Iszrlfo~z~~l)-L- 

rdztol brs(N-o\dc) (16) -- To a stIrred slurry of 15 (I 5 g) m methanol (15 mL) was 

added 44b1 methanohc sodmm methoxlde (1 5 mL), and the preclpltated sodturn 

chloride was filtered otT Hydrogen peroxlde (30’:/,, I 5 mL) was then added to the 

filtrate and the solution \\as kept In CL desiccator over cone sulfuric actd for three 

days The crystals that bepardted were filtered off, and washed wrth ethanol, to give 

pure 16 (1 1 g SlYi,) m p 153” (dec ), [Y]? - 25” (water), RF 0 40 (E) 

Azzni Calc for C,lH,,N,O,S, C, 35 45, H 6 -I4 N 6 89 S, 15 77 Found 

C,3530_H_652,N 676 S, 1552 

2 s-=AizIz~ (I, o-i,6-~fzcko \ I-3,1-rlr-O- (izz~‘ztz~ IJzrlfozzi I)-/ 6-bzs(tt zzzzdzj Imzz~zo)-L- 

rdtol duotlrdc (17) - To a stmed slurry of 15 (3 2 2) In methanol (32 mL) was added 

4 6x1 methanohc sodium methowde (3 2 mL), the slurry was evaporated, and the 

restdue filtered with the ald of acetone (20 mL) Methyl lodtde (7 mL) \\as added to 
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the filtrate, and the ctystallme, quaternary salt 17 was filtered off, after 30 mm and 

washed wth acetone (4 6 g, S7’;/,), III p 300”, [z]:” - 1 I o (water) 

/i/ml Calc for C,,H,,IIN20,SI C, 23 53, H, -t S9 I 3S 55, N, -F 25 S, 9 7-l 

Found C, 25 3s H, S IO, I, 3s 65, N, 4 09, S, 9 5s 

I,6-Dmt~llno-2,5-rrrlll~ <[I o-/,6-hh~ \j -3-0-(Im’tll~ lslrlforl\ I)-L-rtl1tol CM1 \‘dl ocrllo- 

I K/C (19) - A solution of dlazlde 10 (3 g) III pyrldme (30 mL) clncl water (I 5 mL) 

was reduced wth hydrogen sulfide as described for compound 13, to g19’e 19 (2 1 g, 

69x), m p 207”, [ZIP - 14” (water), R, 0 55 (15) 

When the eupertment was conducted on n larger scale, the yield of 19 decrea\ed 

to 35% 

Alznl Calc for C,H,,NIO,S 2 HCI C, 26 S4, H, 5 79, Cl, 216-C, N, S 94, 

S IO 23 Found C 26 71 H 5 S9, Cl, 22 30 N. S 72 S, IO 00 

2,5-Anl~~~1o-l,6-h~i~o~~-I,6-D1~(~lrn1eth~ l~~n~r11o)-3-O-(tn~~th~ Iwifo~~~ I)-I_-uhtol 

dd~~dochlo~ u/e (20) - A solution of 19 (4 5 g) III aqueous formaldehyde (36”,& 

30 mL) and formic acid (90:!,, 45 mL) \\ds heated on pi steam bath for 24 h The 

solution was evaporated and the residue was mIxed wth &I hydrochlonc acid (20 mL), 

the suspension filtered. .md the filtrate evaporated Then ethanol was added to, and 

evaporated from, the residue, which became ‘1 solId foam The crude 20 (4 4 g, S3”<,) 

so obtaIned could not be clystalhzed, but was pure enough for further cupmrnents 
[a]? -10” (water) RF 0 60 (15) 

Arzcrf Calc for C, IH,,N205S 2 HCI Cl, 19 20_ N, 7 3s S S 6s Found Cl, 

1890,N,743 S,S75 

-~,~-/III~IJ rlro-1,6-~l1&0\~ -3-O-(ti1c~rl1~~ls~rlfot~~ I)-I$-brr(tr ri~~ctl~~l~it~rrt~o)-~-~~i~tol 

clrrodrde (21) - A solution of clmorphous 20 (3 9 g) m methanol (10 nL) wa\ made 

alkahne (m the presence of phenolphthaleIn) wth 4 411 methanolIc 5odIum mctho\Idc 

(5 3 mL) Acetone (10 mL) ~‘1s added to the resultmg slurry, and the sodIum chlondc 

was filtered OK Methyl lodtde (3 mL) wde added to the filtrate, and, alter I h at room 

temperature, the mtxture WCLS concentrated to IO mL The preclpltatcd crystal\ (4 2 g 

69’%,) gave, after recrystallization from water-ethanol pure 21 (2 15 s 35 ;“A), 

m p 227” (dec ), [Y]? -5 3” (water) 

Awl Calc for C,,H,,I,N,O$ C, 26 90, H, 5 21 I, -C3 74 N, 4 S2 S 5 52 

Found C, 26 76, H, 5 3s I, 42 95, N 4 70, S, 5 5s 

2 5 ~,~-DIUII~IQ lit 0-1,6-~~1~1~~0 \y-l,bbw(tt mctli~ Irrtllltlo)-L-tCIIItol clrrorhrlc (23) 
- To a solution of amorphous 20 (1 S5 g) in methanol (10 mL) was added 4 411 

methanohc sodIum methoxlde (3 5 n;L, 3 1 equlv ), dnd the nuxturc wrls bollcd 

for 4 h The starttng materIa1 (R, 0 60, f) was completely converted Into the 
epoxlde 22 (R, 0 70) The mixture wets cooled, and made neutral wth carbon 

dloxlde, and the salts uere filtered off The filtrate was evaporated, and the restdue 

was taben up In acetone the susperwon filtered, and methyl Iodide (4 mL) added 

The mixture was bolled for 30 mln, cooled, and evaporated, and the solId restdue 

wets filtered wth the aId of methanol, to give pure 23 (I 45 2, 59 5‘,‘6), 111 p 260”, 

[~]z -6O (water) 

Ad Calc for C,,H,,I,N,02 C, 29 76, H, 5 41, I, 52 42, N, 5 7s Found 

C, 39 65, H, 5 48, I, 51 95, N, 5 66 
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6-Acetat)21~IO-I-a1111~10-2,5-ami~ydt o-1,6-drdeo IJ -3-O-(~~1erl1ylsu[foil_l I)-r-ldrtol lzq - 

drochlot me (24) - A soiutlon of dlaztde 12 (16 7 g) m pyrldlne (160 mL) and water 
(50 mL) W&S reduced with hydrogen sulfide as described for 13 The hydrochloride 
dtd not crystalke from the ethanohc solutron on addlttonof hydrochloric acid and 
therefore the soIutlon was evaporated to a semIsolId residue, which was twce re- 
crystakzed from ethanol. to yield pure 23 (3 7 g. 23 2x), m p 170-l 71 O, L-V]; 
-21 0 (water)_ RF 0 60 (F) 

AIM/ Calc for CgH,,N,O,S HCI C 33 90, H 6 00, Cl I I I2 N, S 78 
S. IO 05 Found C 33 75. H 6 12 Cl, 11 35 N, S 62, S 9 S6 

I,6-BIs(acefatitirfo)-CO-aLet~ I-.? 5-mr/iJ clr o-1,6-rlrdeo IJ -3 -0 -(rmth~ hlfor~_~ I)+- 

lrilfol (25) - Sferhod CI A solutton of dlazlde 12 (25 g) In pyridlne (250 mL) and 
water (SO mL) was reduced by passmg a stream of hydrogen sulfide through It The 
temperature of the reactlon mixture rose to 60”. and the reduction was complete In 

2 h Acem acid (10 mL) was then added the mxture was evaporated and the residue 
was dissolved rn l\ater, filtered from sulfur and evaporated Then ethanol was twce 
added to, and evaporated from, the residue, the residue was dissolved m pyrldlne 
(70 mL), and acetlc acid (50 mL) was added wthout coohng After the exothermlc 
reactIon had ended cryst~lhzatIon of the acerylatlon product started After 3 h at 
room temperature, the crystals were filtered off, and washed wth water to give pure 

25 (12 2 s_ SO S 7,;) m p 17%ISO”, b]F -24” (water), RF 0 60 (G) 
Met/rodh A slurry of 24 (3 g) and sodmm acetate (0 S g) m pyrldlne (10 mL) 

dnd acetlc anhydrlde (5 mL) was stIrred for 4s h at room temperature evaporated 
and the residue filtered \\ Ith the ard of water. to give 25 (3 _e 76 5 ‘x,) Identical wth 

that Just described 

tlnrtl Calc for C,,HZ2N20sS C, 42 61 H, 6 05 N 7 64, S S 75 Found 
C 4292 H 590, N. 749 KS69 

I,6-Bls(acetanlrrfo)-1,5 3 4-dmrzlz~ clr o-l 6-dtdeo 1~ -L-talrtol(26). - A slurry of 
compound 25 (IS 3 g) m methanol (60 mL) and 4 411 methanohc sodwm methoxlde 
(12 5 mL) \\as stIrred for 20 h nt room temperature. and then made neutral wth 
carbon dloxtde The preclpltated salt was filtered off and the filtrate was evaporated 
The sohd residue was bolled with ethanol (300 mL) and the hot suspension wdh 
filtered, and the filtrate evaporated On filtration with the ald of acetone, the residue 
gake 26 (10 9 g_ 96%) m p 163-165”, [vlAO T36 6” (water), R, 0 60 (G) 

Afml Calc for C,,H,6N20S C, 52 61, H, 7 06 IV, I2 27 Found C 52 67 
H, 707 N, 12 15 

I,6-Brs(acctanu~lo)-~,3-anl~_~ dt 0-1,6-d&0 \,I +-mdctol(29) - Epoxlde 26 ( I I 4 g) 

was bolled m \\ater (70 mL) for 20 mm, to g~vc, after evaporation and filtranon wth 
the ald of ethanol, pure 29 (1 I 2 g 91 2,) 111 p 174--176”, b]io -43 3” (water), 
RF 0 75 (G) 

Atrai Calc for C,oH,,N,05 C 48 76 H, 7 36, N 1 I 37 Found C, 4s 71 
H 7 44, N, I1 25 
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solution of 29 (3 25 g) In pyrldme (10 mL) and acetic anhydrlde (7 mL) was heated 
on a steam bath for 1 5 h, and then evaporated The residue was filtered with the aid 
of acetone, to give after recrystalhzation from ethanol, pure 30 (2 9 g, 66 6‘%,), 
m p 15%159” [Y-J;’ -34O (water). RF 0 55 (G) 

Ami Calc for C,-1-H31NZ07 C, 50 90 H, 6 71. N, S 45 Found C 50 56 

H, 6 SO, N 8 36 

1,6-Dtanmo-2 S-cmh~ dt o-l,6-ddco~~ -L-mdttol d&j chocl~lo~ I& (31) - The dl- 
acetate 29 (7 8 ,g) was bolled In XI hydrochloric acid (100 mL) for I 5 h The solution 

was evaporated, and the residue filtered wth the ald of ethanol, to give pure 31 

(6 S g 92 6 “A,), m p 23 I-233” [a]Ao +3” (water) R, 0 30 (E) 

Arznl Calc for C,H,,N303 2 HCI C 3064. H 6 S5 Cl 30 16 N I I91 

Found C, 30 59. H, 6 92. Cl 30 21 N I I 45 

The same compound was obtamed, m ‘L yield of 90’:<, when tetrancctatc 30 

was used as the starting material 
1,5-AI&\ dt o-1,6-&fco\ I-/,6-brr(rnc t/r_l fcrt~w~o)-1 3 4,6-(11 -N,O-mctlt_~ Ic~m-L-I& 

to/ dlhl dl oclllot I& (33) - A solution of 31 (4 7 g) In aqueous formaldehyde (36 2, 

S mL) and formic acid (90 I$,, 12 5 mL) was hept for S h dt 90” cooled, and evaporated 

and the residue was tahen up In \I hydrochloric acid (IO mL) the suspension filtered, 

and the filtrate evaporated Ethanol was added to, and evaporated from the rcsldue 

which gradually solrdIfied The residue was filtered wth the ,ud of ethanol, to yield 

pure 33 (5 I g, SS’X), m p 213” (dec ) [%]p +44” (dunethyl sulfoxlde), +39 

(5 mln)++22” (water 24 h) 

And Calc for C,oH,8N203 2 HCI C. 41 SO. H, 7 01 Cl 24 69 N 9 75 

Found C. 41 89, H, 7 12 Cl, 24 55 N, 9 6s 

Z,i-At~l~j rlr ~-I,~-c~K~co\J - 1,6-br~(ifuncvlr~ lc1t1zt110)-l,3 1,6-ctf-N,O-t,lctlt~ICt1L-L- 

rthto/ c/~rot/~c/c (34) - A solution of 33 (2 9 g) In methanol (30 mL) was made alballne 

(In the presence of phenolphthaleln) wth 5 531 methanolic sodium methoxlde (4 mL> 

Acetone (30 mL) was then added to the mixture, and the preclpltatcd sodrum chloride 

was filtered off Methyl lodlde (4 5 mL) was added to the solution_ which was then 

kept for 20 h at + 5” The preclpltated crystals were filtered off, and washed \\lth 

ethanol, to gave pure 34 (4 4 g, SS 7,:) m.p 240” (dec > [a]$’ f40” (water) 

Am/ Calc for C,2H1312Nz03 C, 25 93. H, 4 S3 I, 50 96 N 5 62 Found 

C, 29 12. H, 4 95, I, 50 35 N. 5 51 

When the treatment of 31 with formaldehyde-tormlc acid \\rls repeated three 

times, and the solld material obtamed was converted Into the quaternary calt by 

methyl lodrde as Just described, only 2 4 p (48’%,) of 3-1 crystalked from the ethanollc 
solution Evaporation of the mother lquor gave ‘1 -2 3 mrxturc of 34 and 38 
(2 4 g), as determlned by 13C-n m r spectroscopy 

Z,.?i-A~~h~ dt 0-1,6-rirti~~o \_I -/,6-br~(dmrtl~~ I~tt~lrno)-t-rcfltol ihh> d ocidot I& (39) - 

A solution of 31 (5 6 g) was methylated as described for 33, but the residue from 
evaporation of the hydrochloric actd solution wds dissolved m water ( IO mL) and the 
solutlon made alkahne wth 2h1 sodturn hydroxide (30 mL) Then, sodium borohydrldc 
(1 5 g) was gradually added to the stlrred solution and \tIrrlng wds contmued for 2 h 
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at room temperature The solution was acrdified \\ith 2%~ hydrochlorrc acid (using 

Methyl Red as indicator), and evaporated, and then methanol (3 x 100 mL) was 

added to_ and evaporated from the residue (to remove the boric acid) The restdue 

was dissolved m methanol (20 mL), the solutron was made alkalme wtth 5ht methano- 
hc sodrum methowde, the precrprtated morgamc salts were filtered off, the filtrate 
was evaporated, and the residue Mas taken up in ethanol, and the suspension filtered 

The filtrate was acidified with 5~ methanohc hydrochlorrc acid, and evaporated- 
the sohd restdue was dtssolved m bo:hng methanoI (100 mL), and the solution con- 

centrated to 30 mL, and diluted wrh ethanol (30 mL), to gve crystallme 39 (5 65 g, 
Sl 3”/,), m p 150” (dec ), [z];’ -9 4” (water), RF 0 70 (E) 

4nal Calc for C,,H22NZ0, 2 HCI C, 41 25, H, S 27, Cl, 24 35. N, 9 62 

Found C, 11 19 H, S 35. Cl, 24 17, N. 9 5s 
_7_5-/1t1/1~ d1 o-l,bdmfo 1-r -1.6-brJ (r~ metl~_~ Iammo)-l-&toI dtlod& (40) - A 

soIutron of 39 (2 9 S) m methanol was treated with methyl iodide as descrrbed for 
compound 34, to grve. after recrystalhzatron from methanol-water, pure 40 (3 4 g, 
6s %). m p > 260”. b]A” - 1 o (water) 

AraI Calc for C,IH2,11N,0, C, 28 69 H, 5 62, I, 50 54 N 5 57 Found 

C, 28 52 H. 5 5s. I, 49 S3_ N, 5 60 

2,s 3 3-D~anl~~rf~o-l,6-dm~~rlo-I,brf~deo~~-~-talrtol (41) - To a solution of 

the syrupy d,azrde 10 (14 5 g) or its crystalhne acetate 12 (16 7 g) in chloroform 
(I 50 mL) and methanol (30 mL) was added 4sr methanohc sodium methoxrde (13 mL) 

at room temperature The mrvture was stirred for 30 mm and was then made neutral 

with sohd carbon dloxlde, and evaporated The restdue was parttttoned between 
chloroform and water, and the chloroform solution was washed wth water, dried, 

evaporated, and the restdue purtfied by column chromatography (B), yteldmg 41 
as a colorless syrup (1 S 5 g, 94 5 %), [z]$’ t26 “; RF 0 70 (B) 

Anal Calc for C,H,N,O, N, 42 84 Found N, 42 37 

l,6-Drm~uno-2,5 3.4-~1anl1_1 do o-i 6-ch&oy~-L-rthtol (42) - A solutron of dt- 
azrde 41 (2 g) rn ethanol (150 mL) was hydrogenated m the presence of 10% Pd-C 

catalyst (1 g). the reaction hem g complete after 1 5 h The suspension was filtered, 

and the filtrate evaporated, to grve 42 as a pale-yellow syrup (I 3 g, S7”/0), which 
decomposed slowly on standm g at room temperature In t 1 c , 42 gave a single spot 

(RF 0 55, E), both on developmg wth permanganate, or 4-(p-mtrobenzyl)pyrldtne 
(the latter reagent bemg specrfic for epoxides”) 

Anal for C,H,,NzO, N, 19 43 Found N, 19 16 
I 6-Dmrilnlo--7,5-arzh I d/ o-i 6-d&o \J -4-rlrlo-r-r,lannrtol drhydroc h/or [de (43) - 

The epoxy-azlde 41 (20 g) was reduced wth hydrogen sulfide as described for com- 
pound 13, to give 43 (19 7 g, 77 %) m p >260”, [~]z + 11 o (water), RF 0 55 (E) 

4rrcrf Calc for C6H IsNzOIS 2 HCl C, 2s 88, H, 6 42, Cl, 28 23 N, 1 I 15, 
S, 12 76 Found C, 2s 76, H, 6 30, Cl, 27 90, N, 10 97, S, 12 95 

Z,s-,=Anlr~ dt o-1,4,6-n ra-ido-1,4,6-t] Idea\) -L-matztrrtof and -L-tdltol (45 f 49) - 
A solutron of epoxide 11 (6 3 g) and sodnun azrde (4 1 g) m methanol (60 mL) and 
water (15 mL) was boned on a steam bath, and the developmg alkahmty was contmu- 
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ally neutrahzed wth dcetlc xld, usmg phenolphthalem ‘1s mdicator After 8 h, when 
the reactlon mixture remamed neutral, It was evaporated, and the residue was acetyl- 

ated wth pyrldme (25 ml)-acetlc anhydnde (IO mL) After the usual processing, 

the resulting syrup \\as separated by column chromatography, usln,o solvent C for 

elutlon Evaporation of the fractions havmg RF 0 75 gave (accordInS to 2 I c ) a 

43 7 mtxture of the lsomerlc trlazldes 46 and 50 (5 S g, 64 5 ‘:{,), [x]AO - 164”, with 

retention times of 3 72 and 4 14 mm, respectively and evaporation of the fraction\ 

having R, 0 60 gave unreacted epoxlde 31 (I 3 g, 20 6%) 

The mixture of acetates (46 + 50) gave, on deacetqlatIon wth \odlurn mcthowdc, 

a mt\ture of 45 and 49, [=I:” - ISO”, R, 0 60 (C) 

/,4,6-Tt motirtno-&5wrh I d o-1,4,6-t) r&o \ 1 -L-nmmtol md -L-icf~rol tr I/I I cff o- 

cidofde (47 + 51) - A solution of the mixture of trlazldes 45 + -19 (5 g) In methanol 

(50 mL) was hydrogenated over 10:; Pd-C (3 g) for 6 h The suspenblon wab filtelcd 

the filtrate evaporated the residue acldlfied wth 5~ hydtochlot~c ,Lcld, the solutron 

mlxed with charcoal and filtered, and the filtrate cvapor,ltcd Ethanol ~‘1s then 

added to, and evaporated from, the reslduc, which gave CL ml\ture of 47 ‘md 51 ‘1s ‘1 

sohd foam (4 9 2, 90:/[,), [z]? -42” (water) R, 0 45 (E) 

Allo/ Calc for C,H,,N,O, 3 HCI CI, 39 30, N I5 52 Found Cl, 3S S5 

N, 1536 

Acetylatlon of this mlktule of 47 and 51 was conducted wth pyrldlne (30 mL) 

acettc anhydnde (20 mL), .md sodium acetate (1 2) The ntl\ture ~~14 kept for 20 h 

.tt room temperature and then evapol.ltcd The reslduc WJS dlssoived 111 water, freed 

of salts by means of Ion-exchange resins, and evaporated Ethanol W,LS .ldded to 

and evaporated from the residue which gave a mwure of the tetrdclcetrue~ 48 and 

52 (4 g”, 67 0%) as a sohd foam, [XI;” -40” (water) R, 0 70 (ethanol) 

A& Calc for C,,H,,N,O, N, I2 75 Found N, I2 _5S 
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