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Ab&ut-&enlxwatacotomen of 1~~rritlydroxy-pm have been s*i. Their stmochcmistry, 
proved maidy & cbcmical tmmfm ad codnd by ‘H-NM& is dimmed. 

We have recently reported the isolation of a novel 
naturany occWing derivative of p-menthaW to which, 
on the basis of chemical and ‘H-NMR evidence, we 
assignal tbc strucave of la&JjStrihydroxy-p-men- 
thanc 1 (or its aumtiomer).‘~ 

The potential biological activity of this molccuk 
promptcdustou&ltakcthesyntIn?sisof1aswenas 
that of an its possibk stereoisomers: the nsult!4 are 
dcsc&ediutbcpresentpaper. 

Because of tbc nature and locntion of its functionali- 
ties,(*)piperitone2waschosenastbestartingmateriel, 
andtbcsyntbcticworkprocc&daloqgtwodilfercnt 
rootcs(!M~cmesAandB).Intbctlnt,2wasamvcrtcd 
bynductionintothekaown(*)cis_3and(~)trons- 

. upaiments by feedin mcvdmic acid 2-“C 
pfovattbat1isPbtEmctab&0fttlcpbytatoxicfullglu 
IWwccmn Anrgbdoli, Del.? \ Q OR 

R=DBN k R=H 6 

pipmitol4?ThcfofmcrwaslItilkdtlsynthesisetriols 
1,5,7aadO(~ha~a3~-OH),whilethelattaledto 
the dias&coisomeric triols 6, 9 and 10 (all having, a 
3a-OH). Triols 1 ad 5, both having a cis armn6cment of 
the OH groups at C-l and C-2, were obtained as a 
mixturc,intheratiorepo&dinSchemeA,byactionof 
OsO, upon jl followed by aMine hydrolysis: evidently 
attack of the reagent took place preferentially on the less 
hirMkfcdsideofthemokcukandthepfcscnceofthe . . 
- (DNB) group obviously helped in guidiog 
to the desired stcrcachcmistry. Compound 6 was like- 
wiscobtainedfrom4afoUowingthesameproccdure 
&scn’bedabove.T~~‘IaDdbhaviseinturnalrorw 
C-l OH, C-2 OH arrangement, were sea& by lronc 
hyhlytic opening of the epoxidc mixture resulting from 
actionofmchloroperbenzoicacidon3:thcirratio,aiso 
rcportcdinSchemeA,isanobviousconqucnceofthe 
known preferential cis- (to C-3 OH) attack of such a 
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Yhly one satipwk is here represented. 

Scheme B‘. 

reagent on allylic cyclohexanols4 and of the mechanism 
gweming asymmetric epoxidc op~ning.~~ By means of 
the same ~xy~tio~hy~l~is procedure, trials 9 and 
10 were obtained from 1, and, in this case also, the yields 
can be rat&&cd on the same mechanistic basis. 

Triols 1, S,7 and 8 could also be obtained (Scheme B) 
by direct oxidation of 2, either by means of H& (fol- 
lowed by acidic hydrolysis) although, in this case, the 
stereochemistry of the respective attacks is less prcdict- 
abk and is in fact deduced exclusively on comparison of 
the products obtained with those descrii above. As a 
matter of fact, when 2 was allowed to react with OS04 

and the resulting crude mixture was decomposed with 
Ii& we obtained (racemic) 1&.24X-p-mcnthauc-3-one 11 
(1096) with (racemic) 1&2/3-p-menthane-3+ne l2 (90%), 
as demonstrated by their respective reduction (NaBI&), 
after separation, to tziols 1 and 5. Two points can be 
hence dcducedz (i) preferential attack of 2 by 0904 is 
nversed, if comparison is made with 3; hence it seems 
that such an attack is quite sensitive to the C-3 
geometry; (ii) action of NaBH, results always in for- 
mation of a @-OH. Epoxidation of 2 by HZ& seems to 
be less intlucnced than OsO. attack the diol mixture 
nsukiag after NaBIt rchction is in fact coastihrtcd by 
triols 7 (6096) and 8 (4096). We must stress agahl that the 
stereo&em&y of the resulting triols was cstablishaI by 
comparison with those obtained acwding to Scheme A, 
and that NaBH; reduction seems to proceed with 
exclusive introduction of a 3B_oH. 

Thcstereochemistryofthesofarducriitriolswas 
confimmi indcpendenUy by a combiuation of chcmkaI 
(see scheme C) and ‘H-NMR spectroscopic means, ie. 
formation of acctonidc derivatives, taken as a dcmon- 
stration of CL rclatioaship of the involved OH groups, 
followad by acctylation, the reactive site b&g detected 
by the characteristic downfkkl chemical shift of the 
corresponding proton; the lack of such a shjft bch~ 
taken as a proof of the tertiary function (C-l), while 
faihw of acetylation was intcxprcted as a proof of s&k 
hi&we of such a function. 

The 243-H ci$ or tmns relationship WBS in 
agreement with the particular mag&& of the 12.3 
(Table 1). The co&uration previously assigned by us to 
1 was thus ddh&ively wdlrmcd. 

Analysis of the ‘YXMR spectra of these compotmds 
wiJlbereportedinascparatepapcr? 
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Table 1. 

aq!am4 8-Z 8-3 
3 3 4 

J2,3 J3,4 J2,4 

1 3.45 6 

lb 3.76 6 

lc 3.66 4 

5 3.03 4 

5b 3.12 4 

7 3.29 4 

Ib 3.15 dd 

7c 4.10 dd 

a 3.46 a 

6 2.93 4 

6b 3.14 4 

SC 3.12 4 

9 3;42 613 

9b 3.16 66 

9c 4.05 a 

10 3.13 4 

11 4.02 . 

12 3.67 4 

13 4.10 l 

14 4.13 ‘ 

4.02 b4 

4.29 ba 

5.45 ba 

1.95 t 
4.37 dd 

3.97 t 

4.49 bd 

4.46 a 

3.90 t 

3.33 t 
3.64 t 

5.24 . 

3.m dd 

3.97 dd 

3.97 64 

3.01 t 

___ 

_- 

-_ 

_- 

4.6 2.0 

3.0 -_ 

3.0 -_ 

3.0 2.1 

6.0 3.5 

3.4 2.5 

7.0 2.0 

7.0 2.0 

3.5 2.1 

6.? 9.5 

9.0 10.0 

9.0 10.0 

3.2 9.2 

4.9 9.0 

5.0 9.6 

9.2 6.2 

me- ___ 

-_ -- 

1.3 

1.5 

1.2 

___ 

-_ 

0.9 

0.9 

1.4 

-_ 

0.5 



~~,h~~~~~~~~~V~ 
cJYabw¶ from bm2ad&t pdrokam (1:1) albid s8 

ad I8 rtsplahely. 
Camped Ia, WI& needles, m.p. 165-16T R/ - 0.63 (wlvcnt 

A); r-234, 254 (sb) Ml (e- 15660 and 8790 rcqcctkely~; 
s&#IHC& 3760, 1730 and 1275cs’; II (CD&l: 9.22ppm 
(1% t), 9.10 (2H* d), 553 (IH, dd, iv = 4.5 Hz and J,d = 2.0 Hz), 
3.71 (lH, d, Ju a4.5 Hz), 136 (3Ii, a), OS9 and 0.95 QH each, 
both d, J-6,OHz). (Found: C, 53.18; H, 5.73; N, 739; 
C,,HpNE)r e: C, S3Aa; H, SBO; N;t.33%). 

Coolpo& se, white lu!aues, l&p. 174-1rR 4 =0.72 bdvalt 
A); A-234, 253 (sh) Illa (e = 13640 ud 6873 nspectively); 
r&ZIiCl,) 3S60. 1735, aml 1285cnr’. (Foond: C, 53.05; H, 
5.69; N, 7.17; &H&0, rquirca: C, 53.40; H. 5.&I N, 733%). 

(Li)CQmpOk&&~44ml)~trestedwith~,(6oolD6)oad 
~~~~~VC.~~~~~ 

pcduct~~1mo)~~b-gdum.~ 

chromrtrqenipbytOgiVC(rWliChdtalCVWdayrtrlhEatioar 

fmm chkwofam pc ydbw eccdlcs, In.p. 162-1610; R/ - 0.36 
blvcnt A); A-234, w (a) nm (c f 13100 and 7640 rcspcc- 
tivdy); P,,&HC&) noa, 3sao. 10, aad 1285 cm-‘; I (pyridina 
dJ): tMLK?!Bp (%I, bm), 5.71 (HI, t, Ju = 8.7 Hz and J>., = 
95 Hz), 3.57 (IH, d, Jtc - 8.7 Hz), 1.48 (3H, sf, 0.93 and 0.90 (3H 
each, both d, J - 65 Hz). (Fooad: C. SJJJ; H. 5.85: N, 7.42 

&e-r daq yellow‘o8;llmidoe which wa d&olvfxl in beilxew 
8Ddchrormtolrsphedonsilicpgel(loog).Elutiaowithbenzenc 
8udbcnxmecontsh&hmuipD amotnlt!3ofEtoAc(upto 
309b)kdtotwooilyfrstioasD(468n@andF(241m0). 

~D~~~~t~~~.,~ 
~~~~~~~~~~ 
fromii$ht~to6ivel21360ms)rlittkwtdtc~~ 
m.p. 63-65’$ R, -0.74 (aolvat B); ~r.(cHCl,) 3550-3&O. 
171Ocnr’; (I (CDCl& 3.57 ppm (IH, 6 J = OJ Hz). 1.36 (3H, 0. 
O.~~091(3H~,bdb~J=4OHz).~:C,~~H, 
9.68; C,&O, rcqdrmx C, 64.49; H, 9.73%). Fmction F was 

fairly pare state as i pale y&w ol; k, - 0.69 (iv& B); 
hf+- 18- 168 (C,&,,O,Mqr l&i); v,,&HCl~ 357M450, 
17Ucni’; d (CDCl& 4.iEppm (lH, s), 135 (3H. s), 1.09 and 
0.84(3Hca&bothd.J=6.OHz). 

&rded 6 (138 in@ as loq map. 937 & = 0.67 (solvent 
B); M+-18 = 170 (C,&O, MW 188); pbu(CHCbI 3450 cm-‘; b: 
4.Mppm (lW, dd, Ju= 3.OHz and J,A-2OHz1, 3.16 (18, d, 
Ju = 3.0 Hz), 1.22 (3H. s), 0.93 (6H, d, J - 6.5 Hz). (Famd: C, 
633; H, 10.60; C,&& requiws C. 63.79, H. 10.71%). 

L’ampolard(*)6 
cbmpoul c 02lIng) was dbolvcd ia &ha (lomu aod 

bYdIO@dMb+bGdRbO~.ACOmpOlmd~oMohwdWlliCh 
~~~t~R~~~~~~~ 

gave 6 as white ntedks, m.p. 7678”; R, -0.58 (solvent B); 
M+-18 = 170 (C,,H&, MW 188); v.&HCl,) 3700,3580, and 
~cm-‘;b:333ppm(1H,fJU=R7HzudJjA=9~HZ),29j 
(1H. d, Ju - 8.7 Hz), 215 (lH, in), 1.16 (3H, s), 0.89 pad 0.79 f3H 
each, both d, J = ?.OHz). (Fouadz C, 63.w; ii, 1O.m; C,&&, 
requires C, 63.79; H. 10.71%). 

Cornpowd(*)5b 
Callpound 5 (127mg) ww4 converted into the acetonide 

dwktive ill tbc usu&l way. Tbc oily residue (131 lug) obtabd, 
dissolved in cbbruforlll, was cbromssognq, haionsilicagd 
(2~aEordiq35b@2mg)iaaptucstatcasapakydlowoil;f?j 
-056 (solvait CT): M* - 224 (25%). M+-15 = 213 (33.M) 
(C&,0, MW 228): d (CDCl& 4.37 ppm (lH, dd, Jz, = 6.0 Hz 
and Ju-35Hz). 3.72 (lH, d, Ju=6.0H& 132 (3H, s), 136 
(3H, s), 1.15 (3H, s), OS7 aad OS4 (3H each, both d. I= 6.0 Hz). 

compound 6 (1Mmg) was Kmvertcd into the aLxtol& 
~~h~~~~~~ve~~e~ 
~~inapunstatearapaleycIba,oil,~-O~(solveatc); 
M+ = 228 (1.4296), M+-15 = 213 (71.48%) (C,,IfA MW 228); 8 
(CDCI,): 3.64 ppm (lH, 1, Ju = 9.0 Hz and Ju = 10.0 Hz), 3.14 
(lH, d, Ju = 9.0 Hz), 1.4 (3H, s), 1.37 (3H, s), 1.29 OH, ~1.0.85 
andOS4(3Heach,botitd,J=6.3Hz). 

~~(~~~~~~~~~~~Y~~ 
oily yeibw rc!iduc obtakd (54lDgI dissolved in bcllzuic was 
chlomatograp&xloasiliraIpJ(38).EMionwithbcPzavaod 
benzae&yl~(%:s)lplvebcaii6b(2Tme),6cina 
pure state 8s a pale yclbw oil @.2lll&; J&-o58 (SokIlt 0; 
I@ = 270 @16%)* hf+-15 = 255 (51.12%) V&Hwo, Mw 2701; 
v,&!HC&) 1725,123Ocnr’; 8 (CDCQ: 5.24uppm tlH, ml. 3.12 
(lH, d, Ju=9.0Hz). 205 (3H, s), 1.42 (3H, s), 1.36 OH, 3. 1.29 
(3H, s). 0.99 and 0.86 QH each, both d, J = 6.9 Hz). 



svntheskr of lDwydfoxy-pa 649 

plmstatc.Tll!sre&c@4oml;)kftirwrtbee~oftbc 
mothalkpJorof~~of9di!tsolvulincbloloformwas 
cam on si6cE gel pop); &tion with cbbmfm 
and cbkxoform amtaiI& iuxwiug amolmtofmstbsmt(upto 
4%) gave hi&s 9 (13Omg) a frach wbicb sfM scvaal . . 
t3ydmMs from i-iuxcw+thyl act4ate (3: 1) affordsd 10 
(26omg). 

hg white aystals, m.p l37-138p; R, 1053 (solvart B); 
M+-18= 170 (C&@t& hfw 188); v-@icls) 3700~3600 and 
Wocm-‘; 8: 3.7Oppm (lfi, dd, Ju=3.21iz and Ju-9.2Hzh 
3.42 (1X, dd, Ju=32Hz amJ Ju=0.9H@, 2.11 (lH, 3, 1.18 
(3H,s),O9oandO.79(3)Ierdr,bDthd,J~?.OIfi).~C, 
6&e, H, 10.83; C&s& requhrs: C, 63.79; H, 10.7196). 

White cqstals, m.p. 150-1~ IQ - 0.49 (s&eat Bf: M’-18 = 
170 (CssHapo, Mw 188); P&xicQ 3670,3&o IUKI 343Ocm-‘: 
b: 3.13 ppm (lH, d, Ju = 9.2 Hz), 3.01 (lH, t, Ju = 9.2 Hz and 
J,,= 82 Hz), 214 (lH, m), 1.10 (3H. s), 0.88 and 0.75 (3H cat& 
botb d, J=7JH& (FOUD& C, 63.6 H, 10.8; C#Hpo, 
rut* c, 63.73; H, 10.71%). 

fc) Cogoand 2 (Se) w8s d&!&at in MCGH (3snlr) and 
trawatoDwitb3o%H~(l5ml)asdssuhdinialit- 
cwurc~~AmixtmeofciJMdhDnrcpoxidest4.7p)wastbtts 
obtahdasadarkyeilowoil,witbstroqlmiatflavow,whicb 
~~~el%H~,~~~~~~ve. 
ncyclhwoitymixturebecamcsoM&ercool&crystai- 
tiZllthfrom#-hexaaesftab#iU120(8)SSwirite~.Ul.P. 

112-1130; &=0.49 @oivent A); Y&&x~ 3570-uai). 
lr#)cm-‘: 4 KTiXi& 4.0# {la i&OS9 f3H. s). OS6 and 0.90 13H 

dG&ative in the usual way. Tbc oily ydk#w residue (31Omg.I 
dhwlvcdincllbYoformwasBlta#lthrorqBhsilicapelcl~; 
&tionwitbdJbroformgwc&s&?s7(43ll@compowi7b 
~~~a~~~s~~~~~o~~= 
057 (sdvcnt c); M+ -228 (MM), hi+-15 ~213 (32.89%) 
(C&s&, MW z%); d (CDCQ 4.49ppm {IH, dd, Ju = 7.0 Hz 
sad J,,,=ZOHz), 3.75 (lH, dd, Ju=7.0Hz aad Ju=13Hz), 
1.43 f3H. s). 1.32 f3H. $1. 1.23 f3H. ~1.0.99 and 0.93 f3H each. . . 
botbh, J=6.OHzji 

. 

compMmd7b(210mg)was#lcdywdhtbcusnalwayforfive 
days albd the oily w@ow fesidw thus owned. dissolvut in 
~,~~~00~~~4~~~~ 
bcnzzDeal¶d~(99:1)ti~beskics7b(96~ 
w3pixmdk(l22mg)hasstisfactarypmzstateasapak 
ye&w oil; 4 = 0.65 (suhnt c!); M’ = 270 @06%)* I@+-15 = 225 
(Si.U2%; (C&i&, MW 270); v&CHC&) 1725, and l23Ocm-‘; 
a(C!IlCi&4.48ppm(lH,dd,JU=7.OHzandJ,,,=20Hz),4.l0 
(lH, dd, J= = 7.OHz and Ju = 15 Hz), I.94 QH, s). 1.48 QH, $1, 
1.43 (3H, s), 1.32 (3H, s), 0.9 (6H, d, J = 6.0 Hz). 

Canrpwrrdr(*)*bMd*)k 
Campotmd 9 (38omg) was amvrftcd into tbc awadde 

daivative 86 dwc&ed above to give a dark-ydkhv oily r&due 
(~~~~~~C~~~C~ 

~~~~(lO~.~~~C~~~C~ 
form-ctkylac&tc@O:1o)ahkdbesklu9(38mg)compond 
~bl9mll)inapmestate~apekydlo7voil;R,=OSI(sdw;nt 
cf; M+ = 228 (O.&t%), I@+-15 = 213 (70.48%) (C&& MW zzs); 
d (CD&I: 3.97 ppm (l& dd, Ju = 4.9 Hz and J>& = 9.0 Hz), 3.78 
(lH.dd,J~=49HzandJw =0.9Hz), 1.45 (3H, Q 1.33 QH, s), 
1.32 (3&i, s), OS6 and 0.86 (3H cacb, both d, J = 7.0 Hz). 

~#~4~~~f~lO~~~~~ 
way.Thedarl-yellowoilthusoMaia#1(28la4g)Mlsdissdvedin 
bulzwand~onsilicagcl(4g).Ehrtioawitb 
~~ve~~(l~~~~~~~~a~ 
ye&w oil; & = 0.65 (solvent CT); hf+ = rm (0.42%). hf+-1s = 255 
f6l.SS%) (CuH&, MW no); v.,&Ht&I 1730,1230cm-‘; dl 
(cDc73: 4.05 ppm (IH, dd, Jo = 5.0 Hz and J, = 1.4 Hz), 3.97 
(lH, dd, Ju=S.OHz and Ju=S.6Hz). 1.97 (3H. s), 1.62(3H, s), 
1.46 OH. s), 1.35 (3H. s), 6.95 aad 0.64 (3H Each. botb d, 
J=XOHz). 
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