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Note 

Synthesis of penta-N,O-acetyl-DL-validamine 

Yalrdsmlne IS a component of the \alldamJcins, unique ant~b~o~rcs that are 

produced bq Strr~ron~_rw~ l~~~groscoprcrrs lar. IIIIIOIIPIIS’-‘. Its structure has been 

zstablrjhcd as If-( /.3.3/I.fi)-4-am~no-6-fhydrouymethyl)-l.2.3-c~clohe~tanetriolJ. 

In tile present note, v.e report a first synthesis of pcn&dV,O-xetyl-tx- 

valrdsminc (IO). Treatment of acrylic acid with furan in 9~1 atmosphere of nitrogen 

in the presence of hydroquinone as a polymerization inhibitor gave the known 

7L’riflo-o~sbJcyClo[~.~. I !hepr-5-ene-?crirbou~ lit acid 5*6 (I). Tbz endo configuration of 

1 was confirmed by convertrng 1 into 7er~~~-o~abicyclo[2.3.I]heptaoe-2-csrbovylic 

acid6 in 9296 yreld 



NOTE 

Oxidation of I wilh hydrogen peroxide in formic acid gsie 9t*so-hgdroky-2.7- 
dioxntricyclo[4.2.1.0’~8]nonnn-3-onzs (2). Reduction of 2 wrh lithium aluminum 

hydride in tetrahydrofuran gave crude Sero. 6wrlo-dihydroxy-:!Fnlio-(hydroxy- 

methyl)-7-oxabicyclo[‘.2. I lheptsne (3). Conventional acetylation of 3 afforded the 

tri-O-acetyl derivarivc (4) as a chromatopmphicall~ homogeneous syrup. Compound 4 

was heated in aqueous acetic acid conraining cont. sulfuric acid. The product was 

acetylated. and purified by column chromatography to give penta-0-acetyl-Dt- 

(1&i/1.4)-5-( h}droxymethyI)- I ,7,j,j-cyclohPXElnetetrol(3). 

Opening of the I,+epo~lde ring. follo\+ed try acetylalion, might conbert -I into 

two diastereomers: compound 5 and pents-0-acefyl-DL-( /,2/3.-U)-5-( hydro\y- 

methyl)-1.2.3,4-cyclohexanctetrol’. The physical and spectral data observed for thz 

pl-oduct were completely diKerent from those of the latter compound as described by 

McCaslnnd and coworkers’. Tbereforz, the aforementioned zonfiguratlon war 

assigned tentatively to 5. 

Deacetylatioo of 5 gabc DL-( 1,3,5/,.~)-S-(hydro~;ynieth~rl)-I .2,3,-l-cyclohe\an+ 

tetrol (6) as a homogeneous syrup. Compouna 6 was treated with 2Jdimethosy- 

propane in NJ-dimethylformamide in the presence of p-toluenesulfonic acid to gibe 

a mixture of 1,3:4,7-di-O-ijopropylidene-DL-( I,3,5!‘,~-S-(h~droxymethyl)-I ,?,3.4- 

cyclohexanetetrol (7) and its positional isomer, the DL-I .2:1.7-di-0-ijopropylidene 

derivative, in the appro\imatc rario of 3 :2. The mixture was tosylnted in pyridine to 

give a crystalline mixture of the corresponding I-sulfonate (8) and 3-sulfonatc. 

When the mixture of sulfooates was heated \+ith sodium azide in N,N-dimethyl- 
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formamide, compound 8 eras preferentially converred Into 1.7:2.3-di-O-isopro- 

pylidcne-~~-(i,3,#,‘,6)-l-arido-6-(hydro~ymethyl)-I,2,3-c~clohcxanetriol (9). The un- 

changed 3-p-toluenesulfonate uas wcovered. 

Catalytic h>Aropenarion of 9 in d hydrogen atmosphere in the presence of Rane) 

nickel, followed by hydrolysis in 3hf hydrochloric acid ga\r a crude hydrochloride 

sa:t. After treating the latter birth AmberlIte lRA--lOO(OH-) resin. the resultant base 

was acetylated to gke pents-.Y.0-ac~t~l-oL-Validaminr (IO) ~1s crystsls. The ’ H-n.m.r. 

and i.r. spectra of 10 were superposable on those ofan authentic sample”. 

Gcnefal nlelllodx. - hleltinp points were determined in cap11lar-y :ubes and are 

uncorrected. Solutions !tere evaporated under diminished pressure. ’ H-n.m.r. 

specrra vberc recorded on a k’arlan A-60D spxtrometcr at 60 hf Hz in chloroform-c/. 

unless other\\isc noted. u ith retramcthgls~lane as the Internal standard. and the peal\ 

positions are gl\cn as ci values. 1.r. spectra \iere recorded on a Hitachi-Pcrl.ln-Elmer 

225 spectrometer .Acrt~lation ~vas performed conventlonslly \~lth acetic anhydride 

in pyndine. T.l.c. ~tas performer! on \Yakogel B-IO (Waho Pyre Chemical Co. Ltd.) 
plates. Silica gel (\\‘abogel C-300) IVas employed for column chromsto,oraph>*. 

Elemental analyses isere perFarmed b> hlr. Sabrlro Nahada. 
Tendo- wtic_l cIo[_? 2. f]lrrpc-5-e,tir~-,$-curi~~.~_~.fj~- acid ii). - A ml\ture of 

acrylic acid (216 g. 3 mol) and furan (XI-I g. 3 mol) containing hydroyuinonr (0.3 $1 

was kept for 75 dajs under nitrogen. The resulting crjstzis \%cre filtered OK and 

recry~tslllzcd from ethyl acetate-llgroln to give 1-10~ (?3”,n) of 1. The Filtrate gave 

another crop of crysrsls (50 g) after bcin g kept for one month: total yield 15”;: 

m.p. 97-100’ ilrt.’ m.p. 98-99.5’). The ‘H-n.m.r. spectrum \ias superpojahk on that 

ofsn authentrc sample reported hy Nelson CI ol.’ ( -!M/. Found: C. 59 79: H. 5.71) 

Compound 1 (IO g) nas hydrogenated In erhjl xerzte (15 ml) owr pallndlum 

black (0. I g) for 30 mln under h>dropen (3.4 kg/cm’). The product \%as rccrys~alllzed 

from ethyl acetate-Igroin to gi\e 9.3 g (9 1’,) of 7rndo-ouabqclo[2.2.I]heptane-2- 

carboiylic acid, m.p. 75-76’: llt.6 .m.p. 76-77.. The ’ H-n.m.r. spscrrum lraj Idrnllcal 
\vith that of an authentic sample reported by Nelson et ~1.~ ( Juu/. Found: C. 59.00: 

H. 7.03). 

9euo-H_1 ~ro.~~~-2.7-tlro.\otrlc~~rf~~[4.~.1.~~~6~r1ot1~t1-_~-~~t~~~ (2). - Compound 1 

:20 g) \+as drssolved in 955, formic acid (38 ml). and 301.1 hydrogen pero\ldc (45 ml) 

\kas added gradually to the solution Hith vigorous srlrrlng at -ij’. After S min. the 

solution was steam-distilled to remove formic acid and then evaporated to gr\e a 

crystalline residue. Recry,staiilizstion from aqueous ethanol gave I7 g (769.0) of 2. 

m.p. 112-i 13’ (Lit.’ m.p. ll5-116”): $f: 3450 (OH) and 1790cm-’ (lactonc): 

‘H-n.m.r. (D,O): 5 2.03 (dd, 1. JAmjrnJO 3, J,,, 13.5 Hz. H-SPMZ’O), 2.31 (ddd. I, 

J J.5rro 9.5, J6 5ex0 4.5 Hz. H-Sexo). 2.89 (dr, I. J, 8 4.5 Hz. H--I). 4.05 (5. I, H-9). 
AM.8 (m. 2. I-i-l and 6), and 5.56 (dd. I, J,., 6 H’z. H-S). (Anal. Found: C. 53.88: 

H, 5.19). 
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5c~o,6endo-Diccero.~~.-~endo-(c~~~fo\:l~nrc~lr~~l)- 7-o vabrc!x-lo[.?..?. l]iwp~arrc (4). - 

To a stirred suspensron of lithium aluminum hydride (0.31 s) in tetrahgdrofuran 

(IO ml) was added a solution of 2 (2.1 P) in tetrohgdrofuran (10 ml) \\lth cooling b) _ 

ice The mtklure \vaj stirred for 15 mtn ai 5’ and then k\ater (3 ml) xas added. The 

rewlttn_g prectpitnte bias filtered OR and the liltsr cake w;lb exrracted in a So\hlet 

stractor with tetrahydrofursn. The filtrate and extract \xere combtncd and evaporated 

to g\e -5r.\o,6crido-uih~dro\~-1 eudo-( hydro\)mcth~I)-7-o~nhic~cl~~[~.2.l]hrptane (3) 

as 9 syrup. 

Compound 3 ( I .8 g) was acctylated and the product \+a~ passed through a short 

column of alumtna l\tth chloroform. The eluatc was evaporated to cite 4 (2.6 c. 69’10) 

as a syrup that sho\\ed only one spot at I?~ 0.79 on 1.1.~. in ?.I (L/I) butanone- 

toluene; ‘H-n.m.r. data: 6 1.99 (5. 3. OAc). 3 0; (5. 3. 0.4~). 2.07 ls. 3. OAc). and 

424.7 (m, -I, H-l, 4. 5. and 6). 

At/a/. Cslc. for C,,H,tiOT: C. 54.54; H. 

I .?.5/2.-1)-5-(1l~~rifo rlwrlll~l)- t ._‘._Z.~-c~~~ctolrl~\otrcr,~frot I 5). 

- Compound 1 t I5 gj was heated tn SO” b aqueous xet~c actd (375 ml) conmrntng 

cont. sulfuric actd (4 ml) for 2’ h under reHu\. The solutton i\as evaporated and the 

residue acetylateJ wth acetic anhydride (140 ml). The product waj fracrronsred on ;t 

column oi stlwa pel with I:10 (\I\) butanone-toluene as cluant. Fracttons sho\\trrg a 

single spot at R, 0.1s on ! l.c. In ths same sol\ent \\crc combtncd and rlaporated. The 

restdue !!a~ recrystsllrzed from ethdnol to ~I\C 5 (4 a. XI”,). m.p. 1 I I -I I?- ; ’ H-n.m.r. 

data: ci 1.99 (5. 3. OAc). 2.01 (5. 3. OAc). 2.0). (5. h. 2 O.Ac). 2 OS (F. 3. OAc). .:.92- 

4 IO (m. 2, H-6 and 6’1. and -i.85-5.23 (m. 4. H-l.Z.3. and 4). 

.-ir?at Calc for C, :HzJO,,,: C. 52.57. H. 6 ‘3. Found: C. 52.71 : H. 6 I?. 

,111 \Illie’ t7f _’ +-If ._ . .T-t/I-0-rsoprop~ I1d~w+/-O-10~~ /-DL- (Sj arrrt t..?:-1.7-h-O- 

isoproCl?.tidr.rrE’-_?-O-to~I,i-DL-( I .?.5/?.1)-.%(II_I tit-0 VI IIWI~I /I-1.2.3.1-c I dth \twcrtlIrd. - 
Compound 5 (3 3 91 \\a~ dissol\cd tn 0 3~ m?thanoltc <odium metholide 130 ml). 

After I h at 70’. the solutton \\a5 deronrzed \\ith Arnh~rltte IR-120(HA) reG1r-t. sncl 

then cLaporated to @i\e DL-(/.j.j/_?. JJ-S-t h)dro~~nlrth~l)-I._‘.3.l-c~clohc\snetetrol 

(6. 1.5 g, 97”b) as a syrup. The product bho\\ed a stngle spot at li, 0.75 on I I c In 

J:5:3 (v/v) butanol-ethanol-water. 

Compound 6 (I .5 g) \\a~ treated \%ith I._ ‘-dimithox> propane I 30 ml) in .I’. ,I’,- 

dimstb>lformnmide (20 ml) in the presence oip-tolucnejulionic acid (5 mgt at 60 . 

After 3 h. the mixttire \vaS neutralized irith solid sodium h~drogsncsrbonare ard 

evaporated to give a crude syrup (2 gj. T.1.c. indicawd the formation of INO ne\\ 

products [R,0.57 and 0.43 in the approxrmate ratto of 3:_’ tn I-I (v/vi butanonc- 

tolueoe] that were assumed IO be ‘.3:j.7-dt-O-tsoprop’lldene-Dt.- (7) and -1.2.1.7~di- 

O-isopropylidene-Dr-(I,_~.~/2.~)-_i-lh~dro~ymeth~ll-l.7.3.1-c~clohe~anetctrol. 

The mixture (3 g) was dissolved tn pjridtne I I5 ml) snd p,-tolucncsulfon>l 

chloride (3 g) was added to the jolutton. After :! cia~s. the mtiture \\a~ poured into _ 

ice-ibarer, and the resulting crystals \tcrc collected by filtration. Recr>stallizati~n 

from Isopropyl alcohol ga\e a crystalline mt\ture (9.9 g. 90”~) of 8 and the 3-p- 

toluenesulfonatc. T.1.c. of the product shoi\ed tk!o spots on t.l.c , at R, 0.63 and 0.51. 
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in the approximate ratio of 3:9 in I:1 (v/v) butanone-toluene. The product melted 

sharply at 146--147G. 

.-~na/. Calc. for ClOH,,OS: C, 58.2-l: H, 6.54: S, 7.?7. Found: C. 58.21; 
H, 6.82: S. 7.43. 

f~trfa-N.O-acef~~I-DL-L’a/t~~t~l~ne (IO). - The preceding mixture of sulfonates 
( i .I0 g) \\ais heated with sodium azide (0.7 g) in /V.h’-dimethylformamidc (55 ml) 

under rcflux. After 2 b, the mixture was filtered and the filtrate was cLaporated. T.l.c. 

Indicated tbnt the faster-mobing sulfonate had disappeared and a nw’single product 

(RF 0.53) bad formed, brrhercas the slower-moving sulfonote remained at the same 

point in 1.1 (v,‘~) butanone-toluene. The residue was crystallized from isopropyl 
alcohol to .g~‘e the unchanged 2-p-toluencsulfonate (0. I2 g, I I ‘XI), m.p. 168-169”. 

4na/. Calc. for C,-,Hz80:S: C. 53.24; H. 6.84: S. 7.77. Found: C, 57.95; H, 6.76; 

S, 7.71. 
The mother liquor was e\aporoted to give I,7:2.3-di-O-isopropliidene-DL- 

(!.3.4,2.6)-1-azldo-6-(hydro\ymeth~l)-l .2.3-c>cloh~uanstrioI (9, 0.51 ,g, 67%) as a 
crude syrup, I kt: 2 I10 cm - ’ (N,), which Iras shown by t.1.c. tocontaina trace of the 
3-5ulfonate. 

Compound 9 (0.4 ,e) In ethanol (50 ml) was hydrogenated (3.4 kg/cm* of 
hydrogen) o\er Rnney nickel for 18 h. The product v,;is heated in 3~ hydrochloric 
acid (10 ml) for I h at SO’ and the solution evaporated. The product i~‘as treated with 

Amherl~ts IRA--IOWOH-) resin and then acctylated for 3 days. The acetylation 

product was rtcr)sfnllvxd repeatedly from ethanol to give 10 (I53 mg, 28?,$) as 

crysrai5, m.p. 197-198:. The ‘H-n.m.r. and i-r. spectra (in CHCI,) \\\crz superposable 
on those of an authentic sample derived from (+)-\nlidamine hydrochloride that 
hsd kindly brzcn supplied by Dr. Sstoshi Horii. 

-Inu/. Calc. for C,:H,,NO,: C, 52.71; H, 6.51; N, 3.62. Found: C. 52.85: 
H. 6.59; 14 i ii , _._... 
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