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hBsTRicT.-The dehydration of carotol (1) by thionyl chloride in pyridine was 
reinvestigated and found to  yield acoradiene i, in addition t o  the previously reported 
daucene (6), thus establishing the absolute configuration of this natural product. I n  
addition, the isomeric acoradiene 11 was isolated from the product mixture. The de- 
hydration of dihydrocarotol (14) n a s  similarly studied and found to  yield only unre- 
arranged products. The reactions of carotol acetate (26) and dihydrocarotol acetate 
(29) with 90% formic acetate were investigated. 4 s  a result of these studies, the role 
of the C-3 double bond, in the carotane skeleton, in facilitating rearrangement to  the 
acorane skeleton is discussed. The epoxidation of the isomeric dihydrodaucenes 
15, 16, 15 was also studied. 

The carotane (daucane) group of sesquiterpenes is a small one based on a novel 
They have been skeleton as exemplified by the parent compound carotol (1). 

OPP 
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2 3 

found almost exclusively in the plant family Umbelliferae (1, 2, 3) and nen- mem- 
bers are slowly being added to the group (4, 5 ,  6, 7, 8). Of particular interest is 
the recent report of the first example of a carotane sesquiterpene isolated from 
fungal origin (4). The biogenesis of this novel group has been of interest for some 
time. I n  1962 SouCek (9) fed l-14C-acetate to  the carrot plant and isolated the 
radioactive carotol. This carotol was degraded so as to yield C-3 and its at- 
tached methyl group as acetic acid (C-3 as carboxyl). Since the isolated acetic 
acid contained approximately one sixth of the molar activity of the carotane 
skeleton, it was postulated that a mechanism involving t r a m ,  cis-farnesol pyro- 
phosphate folded as in 2 was consistent with the biogenetic origin of carotol, 
whereas farnesol pyrophosphate folded as in 3, which would subsequently involve 
a methyl migration to give the C-3 methyl group and ultimately the isolation of 
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inactive acetic acid from the above-de3cribed experiment, would not be appro- 
priate. Tsudo et d. (4) have noir simultaneou.ly fed 2-13C and 2-14C acetate to  
<dspergillus terreus and isolated the labeled fungal carotane sesquiterpene aqpterric 

"OH OH 

4 5 6 

acid (4). From the content, it was determined that the incorporation n-as 
1.32%, and the 13C nmr 3pectruni indicated enrichment a t  C-2, -4, -6. -8, -10, 
-12, -14 and -15 as expected. In  addition, 13C-13C coupling (42. i  Hz) was ob- 
served between C-6 and C-lo; thus the cyclization of t r a m ,  cis-farnesyl pyro- 
phosphate as in 2 was confirmed (C-6 and C-10 both arise from the labeled methyl 
group in 13CH3C02Sa). 

In the past, the carotane sesquiterpenes have been considered to be an i-olated 
biogenetic group arising directly from ~ Y Q ~ Z S ,  cis-farnesol pyrophosphate and not 
closely related to any other hesquiterpenoid family (10). A recent report of bio- 
synthetic interest describes the conversion of the synthetic isoprenoid 5 .  prepared 
efficiently from racemic dehydrolinalool or optically active limonene, into daucene 
(6) and acoradiene 7 (10, 11). Another report describes the conversion of the 

- 
i 8 9 R = O  11 

24 R = < O H  H 10 A "  25 dihydro 

synthetic product b'carotol-ether" (8). prepared by the [3 .3]  aigmatropic rearrange- 
ment of the isoprenoid 9 (itself synthesized from nerolidol) into acoratriene 10 
aq the major product and acoradiene 7 as the minor product n i t h  HAlC1%(12). 

Kaiser and Saegeli (13) isolated a new acordiene from the essential oil of 
J-etzzeria sisauoides (Stapf), n-liicli n a3 synthesized, in the racemic form, as de- 
scribed above (10). It uaq aqqigned an absolute configuration enantiomeric to 
that indicated in 7 .  based on its co-occurrence n i t h  j+)-a-cedrene, (+ )-prezizaene 
and (+)-zizaene. We viwalized by analog\- to the co-formation of daucene (6) 
and acoradiene 7 from 3. a- de.cribed abore, a -tereoapecific conversion of carotol 
(1) of knon-n absolute configuration (14-1s) into acoradiene 7 .  thus unequivocall!- 
establishing the absolute configuration of the nen acoradiene. 

The relative configuration of carotol iq known both from various cheniical 
transformation< (14) and from an X-ray anal) (18) of daucyl ( * ) - a h i n a t e  
hydrobromide. Daucol is obtained easily froni carotol on  treatment of the latter 
with a peracid (14, 19). The abqolute configuration of carotol iq knonn from the 
circular dichroiqm curves of a-broniodaucone and daucone (14). The latter is 
simply the oxidation product of daucol n hile the former is obtained on bromina- 
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tion of the latter. I n  addition, carotol has been correlated with (-) dihydro- 
carvone (15, 16) and, finally, the latter v a s  converted into (+)-daucene (6) which, 
in turn, was converted into carotol, albeit, in very low yield (17). However, 
carotol was reported to be converted into daucene (6) in good yield by treatment 
u-ith thionyl chloride in pyridine (14). The synthesis of (-) daucene from R(+) 
limonene offers further substantiation to the assigned absolute configuration of 
carotol (11). 

Initially, we reinvestigated the previously reported (14) dehydration of carotol 
(1) to give daucene (6), as mentioned above. and under the previously reported 
conditions. We found, in addition to daucene (65%), three other products, A 
(4%)) B (11%) and C (20%), listed in order of increasing retention time by glc. 
Chromatography on silica gel impregnated with silver nitrate provided, first, an 
enriched fraction of B, then, a fraction containing C with daucene and, finally, 
pure daucene. Preparative gas chromatography \vas used t o  obtain analytically 
pure samples of B and C, n hile A has not been identified due to the small amount 
available. The ’H nmr spectrum of B indicated that it contained two olefinic 
protons, an isopropyl group and two methyl groups attached to double bonds. 
These data, together 13-ith the ir spectrum (trisubstituted double bonds) and mass 
spectrum, indicated a bicyclic sesquiterpene. Thus, B could not contain the 
carotol skeleton since there was no quaternary methyl group present. Therefore, 
B had to arise by skeletal rearrangement. As mentioned above, we expected to 
obtain an acorane sesquiterpene by rearrangement of carotol. When B was com- 
pared n-ith the acoradiene isolated by Kaiser and Saegeli (13), it was indeed 
found to be identical t o  the latter in every way including its ord spectrum, thus 
establishing that they were of the same absolute configuration. From the known 
absolute configuration of carotol and the method of preparation, B3 and, therefore, 
the acoradiene of Kaiser and Saegeli (13) could be assigned the absolute configura- 
tion depicted in 7 .  

The spectral properties of C were similar to those of B with the exception that 
in the nmr spectrum of C there appeared a single hydrogen attached to  a trisub- 
stituted double bond, a single methyl group attached to a double bond and a 
vinylidene grouping. The ir spectrum confirmed the presence of a vinylidene 
grouping. It is of interest to note 
that C (11) shon-s a plain positive ord curve, whereas B (7)  shon-s a plain negative 
curve of similar magnitude, even though the absolute configurations around the 
chiral centers C-1 and C-10 have not changed. This can be explained by the 
application of Brewster’s rules (20) to C-1. Thus, if one looks down bond C-1, 
C-7 in 7 and 11, it can be seen that the double bond has reversed its position in 
going from 7 to 11, as indicated in 12 and 13, respectively. According to Bremter’s 

Thus, structure 11 could be assigned to C. 

10 8 IO 8 

12 13 14 

3A4 mechanistically related conversion of carotol oxide to an acoratriene has been described 
(12). 
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rules. the contribution of the double bond to tlie overall rotation a t  cliiral center 
C-1 would also be expected to be reversed. In this ea e, this is the major contri- 
bution t o  the optical rotation of the molecules in question. 

Carotol n-as unreactive toward phosphorous oxychloride at  0" and reacted 
only s l o ~ l j -  with me.s;T-l chloride in refluxing p>-ridine to give the same products 
as obtained u-ith thionyl chlo-ide. In order to  learn more about the effect of the 
C-2 double bond in carotol (1) on the cour.se of t h e  dehydration reaction. carotol 
n-a; hydrogenated as previously described (21) to  give dihydrocarotol (14). The 
13C nnir spectrum immediatel;\- icdicated that the 11)-drogenation had, in fact, 
given an epimeric mixture of isomers by the presence of two sets of 13 signals, the 
minor set being approximately one-third the height of the niajor set. On dehydra- 

1.5 16 11 

tion of dihydrocarotol (14) 11-itli thionyl chloride in pyridine uncler conditions 
similar t o  those used for carotol (l), the three products 16 (31%). 13 (35%) and 
17 ( 2 0 5 )  n-ere obtained. The products were separated by chromatograplij- on 
silica gel impregnated Tl-ith silver nitrate; the structures could be readily assigned 
by spectroscopic analyses. Thus, the mass spectrum of each indicated a molecular 
forniula of C1?H,, (ni c 206) and. in each case, the base peak appeared at 111 e 
163 corresponding to the loss of an isopropyl group. The presence of an iso- 
propyl group, an additional secondary methyl group and a tertiary methyl group 
were evident from the 'H nmr spectra. and the nnir spectra showed that each 
substance contained a double bond. It was evident from the 'H nmr spectra 
that the double bonds in 15 and 16 \\-ere tetrasubstituted, ~ l i i l e  that in 17 was 
trisubstituted. The structures of 13 and 16 were confirmed by their formation 
in a 1:1 ratio by the hydrogenation of daucene (6) in the presence of PtOs. In  
the presence of P d  C at  3 a tm hydrogen pressure, daucene gave 15, 16 and daucane 
(18). Daucane \\--as also obtained, as previouslj- described (32) .  by h!-drogenation 
of carotol. This material. however: is undoubtedly a mixture of C-3 epimers, al- 
though this m s  not evident from a single glc analysis and the 60 MHz 'H nnir 
spectrum. 

ppoH 

OH 

18 19 20 

Equilibration of 13 and 16, re.spectively, n-ith formic acid left them unchanged; 
while. under these conditions, 17 was converted in i 3 5  yield into 16. Thus, the 
C-3 methyl groups in 16 and 17 must possess the same configuration. Reaction 
of dihydrocarotol (14) ~ i t h  formic acid. under the same conditions, gaye a mis- 



386 JoL~RsAL OF S A T U R A L  PRODUCTS [VOL. 43, KO. 3 

ture composed of 16 ( i o%) ,  15 (2376) and 17 (3Yc). This composition is almost 
identical to  that obtained on treatment of dihydrocarotol with thionj-1 chloride in 
pyridine, after one takes into consideration the above-mentioned conversion of 
17 into 16 in 5lYc yield on exposure to formic acid. The assignment of the C-3 
configuration in 15. 16 and 17 is based on inspection of molecular models. Thus, 
catalytic hydrogenation of carotol (1) would be expected to proceed predominantly 
by the addition of hydrogen from the a side. opposite to the 6 oriented C-i  methyl, 
C-6 hydroxj 1 and C-10 i.oprop>-1 groups. Dehydration of this epimeric mixture 
of dihydrocarotols v-ould then be expected to give a mixture of dehydrodihydro- 
carotols (15. 16. 17) in ~ l i i c l i  tlioie isomers with the C-3 methyl group pre- 
dominate and. indeed, the ratio of C-3 p (16. 17) to C-3 CY (15) isomers is approxi- 
mately 3: l .  This ratio also correspond< roughly to  the relative intenqities of the 
two cets of line. in the I3C spectrum of the dihydrocarotol mixture. Of course, 
caution must be exercised in utilizing the I3C line intensities for quantitative 
evaluations due to long relaxation times and varj-ing degrees of Suclear Orer- 
hauser Enhancements. In the catalytic 11) drogenation of daucene (6). a 1 :1 ratio 
of 15 and 16 was produced. An inspection of a molecular model of daucene clearly 
shows that.  as compared to carotol (1)) more attack of hydrogen from the P Yide 
to give more of the C-3 a-methyl group should occur in this case since steric inhibi- 
tion offered by the p-oriented C-G hydroxyl and C-10 isopropyl groups of carotol 
are removed. Other examples of the preferred attack on the a-face of carotol can 
be found in its reaction with perphthalic acid in ether (21) and potasqium per- 
manganate (21) in acetone-ice to give daucol (19) and the triol 20, respectively, 
(14-18). 

The role of the double bond in carotol (1) thus appears to  be essential for the 
formation of rearranged products such as acoradienes 7 and 11 since no such pro- 
ducts are produced from dihydrocarotol (14). In  the preferred conformation of 
carotol for concerted migration of the C-7, C-1 bond to  C-6, as depicted in 21, the 

OH 

C H j  

21 22 23 

T orbital of the C-2, C-3 double bond may be able to provide anchimeric assistance 
to the departing hydroxyl group a t  C-6. I n  this conformation, the angle betn-een 
the x orbital and the C-6 carbon and attached 0-H group is about 40', not the 
most ideal for good overlap. Of perhaps more significance, may be the observation 
that in this conformation the C-7, C-1 a-bond and the x orbital a t  C-2, C-3 are 
only about 30' from planarity. Thus the T orbital could provide additional 
electron density to the C-'7, C-1 bond enhancing its migratory capacity. 

The conformations of the seven-membered rings in the dihydrodaucenes 15 
and 16 u-ere reflected in their reactions 11-ith m-chloroperbenzoic acid. Under 
identical conditions, the reaction 11-ith 16 was complete after 0.5 hr, whereas n-ith 
15. the reaction n-as complete only after 3 hr. While an inseparable mixture of 
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epoxides n a s  obtained in each case. 16 gare the two isomers (22) in a ratio of 2:1, 
while 15 gave an isomeric ratio of 1:1 (23). ,In inspection of Dreiding modelq 
shons that in the preferred conformation for 16 the seven-membered ring is a diq- 
torted chair conformation iyith the C-3 methyl group in a pqeudo-equatorial po-i- 
tion. and the lesa hindered face of the double bond is clearly the a face. This 
situation i- analogous to that in A4-chole-tene (23) .  On the other hand. in n h a t  
appear- to he the preferred conformation of 15. in n hich the qeren-membered 
ring i. again in a di.torted chair conformation and the C-3 methyl group iq p-eudo- 
equatorial. the a-face is clearly more hindered than in 16. Thuq one ob-erre- a 
1:1 ratio of epoxide isomers. On treatment n i th  907 formic acid or <tannic 
chloride in benzene. both 22 and 23 gave complex mixture- : the-e procedure-, 
therefore. did not qeem a viable method of converting the carotane bkeleton into 
the acorane -keleton. 

p 2i pp 28 29 

The s j  nthesi- of y nthetic “carotol ether” (8) via the cycloheptenone 9 11 as 
mentioned earlier. K e  1-i-ualized an ”in-vitro biosynthe-iq” of carotane and or 
acorane sesquiterpenes via an intermediate such as 9. Thui. the biogenesis of 
carotol via 2 would be expected to proceed by an intermediate such as 9 nhere R 
would represent a trigonal carbonium ion. We, therefore, prepared 9 as pre- 
i-iousl\- described (12) and reduced it with lithium aluminum hydride to get an 
inseparable mixture of alcoholic isomers 21, in a 2:1 ratio ah determined b>- ‘H nnir 
analysis of the quaternary methyl Signal. \Then refluxed overnight in acetone 
containing a fen- drop< of 907 formic acid, the alcohol mixture 21 remained un- 
changed After 1.5 hr in refluxing 9OoC formic acid, 2GTc of unreacted 21 re- 
mained: uhereas after 3 hrs at  room temperature, a mixture containing o\-er 15 
products was obtained. The complexit!- of this mixture discouraged u s  from 
further analysis. K e  lvere unable to  prepare the tosylate of 24 in order to study 

usly mentioned. Demole et ~ l .  (1%) reported that **carotol-ether” (8) 
gave acoratriene 10 in i O C ,  yield and acoradiene 7 in ‘7Cc yield on treatment with 
LihlH, =ilCl, (12). In our hands, these conditions gave a much more complex 
mixture containing at  least seven products n-ith no particular major product. 
Stirring of a -olution of “carotol-ether” in 90Yc formic acid at room temperature 
for three hours left 6 3 7  of the “carotol ether” unchanged. Heating a t  50” for 
an additional three hour- gave a product mixture still containing 217, ”carotol 
ether” in addition to qix more volatile products. Similar results 11-ere obtained 
by expo*ure of “carotol-ether” to 9 0 7  formic acid at room temperature for ex- 
tended periods of time; after three days the compoqition of products xas  similar 
to that obtained at  50” for three hour-. remaining eqsentially unchanged for up to 
30 day; B? contraqt, nlien “dill? drocarotol-ether” (25) waq exposed to  SOTc 
formic acid at  room temperature for 30 days, greater than 90yc of the ether re- 
mained unchanged. This again points out the dramatic effect of the double bond 
in the seven-membered ring. However, in the presence of stannic chloride in 



388 JOCRSAL OF SATURAL PRODUCTS [TOL. 43, KO. 3 

benzene, “dihydrocarotol-ether” (25) quicklj- led to four volatile products with 15yc 
mreacted ether remaining. The reaction products obtained from “carotol-ether” 
and “dihydrocarotol-ether” n-ere not further investigated when the subsequent 
reaction of carotol n i th  formic acid n a s  found to yield a separable mixture of in- 
tere.ting compounds, as 1 7  ill be diecussed in the next paper in this series. 

Finally. n-e examined tke reactions of carotol acetate (26) and dihj-drocarotol 
acetate (29) with 90% formic acid a t  room temperature. Carotol acetate n-as 
prepared, a< previously described (14)) by reaction ~ i t h  acetyl chloride in S,S- 
dimethylaniline a t  50”. Interebtingly, these same conditions led to a complex 
mixture of a t  least six product‘ in tlie case of dihydrocarotol acetate (29). When 
carotol acetate \$-a. passed through a silica gel column, it gave daucene (547,), 
acoradiene 7 (19%), acoradiene 11 (150c) and two minor dienes believed to possess 
the carotane skeleton. One of these has been tentatively assigned structure 27 
based on its cpectral properties. The ultraviolet spectrum of this diene is in- 
teresting because of the low intensities of the absorption maxima (XCHC13 253 nm, 
E = 3470; Xhe‘ane 275, E =  2090). We are unable to assign, a t  this time, anystereochem- 
istry to C-G of 27, but an examination of Dreiding models revealb that the double 
bonds in 27 cannot be coplanar regardless of the stereochemistry a t  C-G thus 
accounting for the low e values. Structure 28 has been tentatively assigned to  
the second minor diene mostly on the basis of its ‘H nmr spectrum. This method 
of preparing acoradienes 7 and 11 is particularly facile and, interestingly, gives 
about a 1:l ratio of the tu-o acoradienes, nhereas in the reaction of carotol n-ith 
thionyl chloride in pyridine, the total yield was almost identical, but the ratio of 7 
to 11 \vas about 1:2. Carotol acetate led to rearranged products even on distil- 
lation and could be distilled unchanged only when the glassware was washed in 
1s sodium hydroxide and then n-it11 distilled n-ater and then carrying out the 
distillation in the presence of potassium carbonate. 

I n  the presence of 90% formic acid a t  room temperature, carotol acetate led 
within one minute to  a mixture containing 83% daucene (6) and li% acoradiene 
(7). Under similar conditions, carotol itself gave almost an identical product 
mixture, but in this case the reaction JT-as somewhat slower. The reaction of 
carotol n i th  formic acid has been studied in intensive detail and is the subject 
of the next paper in this series. 

Dihydrocarotol acetate (29) m-as readily prepared as a mixture of C-3 isomers 
n-it11 one predominant (presumably the C-3 @-methyl) by hydrogenation of carotol 
acetate. On the other hand, an attempt to prepare dihj-drocarotol acetate from 
dihj-drocarotol under the conditions used succewfully to  prepare carotol acetate 
led instead to a complex mixture of products. Dihydrocarotol acetate reacted 
with formic acid at  room temperature in a fashion similar to the reaction of di- 
hydrocarotol to give a mixture of olefins 15 (16%), 16 (81%) and 17 (3%). 

PURIFIC~TIOS or C ~ R O T O L  (l).-Carrot seed oil (P. Robertet and Co., Grasse, France or 
Rfagnus, Mabee and Reynard, Inc., New York, N. I-.) was distilled with a Nester-Faust 24x 0.5 

4RIp‘s were taken on a Kofler hot  stage or a Thomas-Hoover capillary apparatus and are  
uncorrected. ‘H 
nmr spectra nere  obtained n i t h  a T-arian .MOD or TGO spectrometer, except where otherwise 
indicated, m-i t l i  Me4Si as an internal standard (6 0) 13C nmr spectra were run on a JOEL- 
PFT-100 F t  spectrometer. Gas 
chromatography n a s  done with a F&lI Biomedical Gas Chromatograph, model 402, and ord 
spectra nere  recorded n i t h  a Jasco ORD,UT -3 instrument. Microanalyses n-ere done by 
Atlantic Rlicrolabs, Atlanta, Georgia. 

I r  spectra were recorded n-ith a Perkin Elmer 237 B spectrophotometer. 

Mass spectra nere  run on a Hitachi RRIU-7 spectrometer. 



I I I T - J U S  19801 Z.iLKO\V ET AL.  C.kROT.1SE SESQUITERPESES 389 

in annular teflon spinning band column t o  give Carotol, bp 73-74".0.35 nim: Y film 3600, 3500 
1H nmr 6 (CDCI,) 0.95 (3 H ,  s), 0.96 (3 H ,  d ,  J=G Hz) ,  1.02 (3 H ,  d ,  / = G  Hzi ,  1.18 (1 H ,  

s ) ,  1.65 (3 H, s ) ,  5.40 (1 H ,  b m ) :  I3C nnir 6 (CDCl,) 13T.7 (s), 121.5 ( d ) ,  84.0 ( s ) ,  48.8 i s ) ,  52.2,  
39.3, 38.5, 34.2, 29.3, 27.4, 25.1, 24.3, 23.9, 21.3; n i / e  222 (>IL, 2 ) ,  204 (24), 179 (14J, lG2 (14),  161 
(100)) 151 (13), 140 ( l l) ,  139 (12), 138 (li), 137 (20), 136 i l l ) ,  123 (26), 121 (lsi, 120 (IS), 119 
(35), 110 (17), 109 (20),  107 (33), 106 ( l i j ,  105 i32), 97 (3G) ,  96 (15), 95 ( 2 7 ) ,  94 i l4 ) ,  93 (261, 84 

33.6), [S]jocN=91.9, :0:,00=172.7, [O]jjo=246.2, [0]~00=389.6". 
(381, 81 (391, 79 (18), 69 ( 3 5 5 ) ;  ord (C, 3.02, CDC1,): [S];00=29.3, [S],,0=58.3, [e;5rr=T4.G i:alzg= 

FOR~LITIOS OF D.IUCESE (6 ) ,  ICORADIESE 5 
ASD .\COR.IDIESE ll.--% solution prepared by dissolving 1.9 g of thionyl chloride in 16 nil of dr>- 
pyridine vias slom-ly added, with stirring, t o  a solution prepared bl- dissolving 1.0 g CaroTol in 
16 ml dry  p>-ridine a t  ice bath temperature. After standing for 10 min a t  O", the  solution was 
poured on t o  ice and extracted with ether .  The ether  extracts were washed with 10% HCI 
until acidic, then m-it11 water until neutral, dried over >lgSO,, filtered and evaporated ii? : O C Z ~ O  

t o  give 0.38 g of a yellon- oil. , 10% SE-GO on 00,80 Gas Chrom Q 
column at 125' sho-ived three products: R, 3.1 min, daucene (61, 6 5 5 ;  R, 4.2 niin, unidentified, 
4:;: I?, 4.13 min, acoradiene 7 ,  117; R t  5.2 min, acoradiene 11, 20'5. Chromatography of this  
product mixture on silica gel impregnated with silver nitrate ( 2 5 5 )  gave, on elution with 
petroleum ether, in order of elution: 76% pure acoradiene 7 ,  a 10:l mixture of daucene 16) and 
acoradiene 11 and finally pure daucene. The daucene shon-ed the follox-ing properties: bp 
100' 0.3 mm (air bathj :  Y film 3030, 830 em-': 'H nmr (CDCl;) 0.90 (3  H ,  d ,  J=6 H z l ,  0.90 (3  
H, s) ,  1.00 (3 H ,  d ,  J=G Hz),  1.40-2.90 (11 H ) ,  5.47 11 H ,  m ) :  13C nmr 6 (CDCl,) 142.0 i s ) ,  139.5 
i s ) ,  138.7 i s ) ,  122.7 id), 49.6 (s), 40.5, 38.7, 3 3 . i ,  27.3, 26.5, 25.S, 23.6, 22.0, 21.Xj 21.2: ?pi P 204 
(U-, T), 162 (18), 161 (loo), 121 (46), 107 (14), 105 ( l5) ,  93 120), 91 (12), 79 (10%): ord i C j  2.92, 
CHCl:): [O]:,:0=62.9, [0]er,r8=6G.3, [B!js~=G9.0 j:(~:&=34.23, [B]j00=94.3, [ O : ; c c  = 160.2, [ O l w  = 178.1, 
[B;:Oc =337.3 ' .  

;icoradiene 5 n-as obtained in >98% purity by preparative glc (G'  x $4", 3% SE-30 on 
100,~120 Gas Chrom Q a t  108") and shoxed the following properties: Y film 3035, 3020, 805, 795 
em-': 1H nnir (CDCI-) 0.80 ( 3  H ,  d ,  / = 6  Hz) ,  0.90 (3 H ,  d,  J = 6  Hz) ,  1.57 ( G  H ,  s j ,  1.40-2.20 
112 H j ,  5.30 (1 H ) ,  5,'s: (1 H ) :  v ' e  204 (ll-, 13), 161 (12), 130 (30), 121 123) ,  105 (12), 95 i l l ) ,  
91  (loo), 93 ( 2 2 ) ,  91 (13j, 79 (li), 78 (12), 77 [13%); ord (C, 1.51, MeOH):  : 0 ] ~ ~ ~ = - 2 T ,  [O;N(O= 

-540.4". The nmr, ir ,  ord and mass spectra of this material were virtually identical to  those 
of an authentic sample 113). 

.Icoradiene 11 n-as obtained >99cc purity by preparative gas Chromatography (same 
column as  above, 140") and shorn-ed the  following properties: Y film 1610, 885 em-': 'H nmr 
(CDCl,) 0.84 13 H ,  d,  / = G . O  H z ) ,  0.94 (3 H,  d! J=G.O H z ) ,  1.05 (3 H ,  s ) ,  1.15-2.70 (12 H I :  4.79 
( 2  H, m) ,  5.41 i l  H ,  m ) :  ?TI e 204 (11-, 21), 162 ( l G j ,  161_1100), 133 (14), 121 (241, 119 ( 2 7 ) ,  107 
(12!, 105 143,1, 95 ( l l ) ,  94 ( 5 2 ) ,  93 i 36 ) ,  91 (291, S1 (29), t 9  (29j, T i  ( 2 1 7 ) :  exa$ ma?s Calc. for 
CIHS4: 204.188, found: 204.187: ord (C, 1.33, C H 3 0 H ) :  [Ojjr,,,=34.0, [S]6cn=a2.9, .0IjiG=55.9, 

REACTIOS OF CIROTOL WITH THIOSTL CHLORIDE. 

Glc analysis on a 6' x 

-33.4,   PI^^^= -33.8, i[a]&,= -16.31, [e] jOa= -60.8, IS],,,= -141.8, [elaja= -249.9, lo!:,,= 

(;a3&=27.4), [S]jrr=86.9, [0]:0~=162.4, [@360=256.9, [0]3~a=460.9~. 

R E . i C T I O S  OF C.IROTOL IVITH P H O S P H O R C S  OXTCHLORIDE A S D  METHASESULFOSTL CHLORIDE.- 
T o  a solution of 1.0 g carotol in pyridine (4 ml) at  0' was added 1.4 g of POCIS, and the entire 
solution was stirred under S2 a t  0' for 3 hr, after n-hich glc analysis indicated no reaction. 
The  solution was then stirred at  room temperature for 89 hr, after which glc analysis indicated 
less than lorc reaction. The solution was then poured on ice and extracted with ether :  The 
ether  extracT was m-ashed with 10% HC1 lintil acidic, then with water until neutral and finally 
dried over 1IgSO:. Evaporation yielded 0.95 g of a >-ellon- oil, glc of which indicated 90% 
carotol. Chromatography on silica gel gave, in addition to  carotol, small amounts of material 
with glc retention times corresponding to  daucene and acoradiene 7 .  

1Iethanesulfonyl chloride (120 mgj  n a s  added b>- syringe t o  a solution of carotol 1210 rng) 
in dry  p!-ridine (4 mli under nitrogen. After 28 hr ,  glc analysis indicated no reaction, and 9n 
additional 1.06 g of niethanesulfon>-l chloride n-a,s added to  the solution. Glc analysis again 
indicated no reaction after an additional 19 hr.  The  solution was then refliised for 25 hr  after 
q-hich glc analysis ( G '  ?; ?$"! lo$ XE-GO on GO 80 Gas Chrom i) a t  170") showed: I?+ 0 . S  min, 
daucene, 41cT: R, 1.0 rnin, acoradiene 7 ,  2 0 5 :  R ,  1.1 niin, acoradiene 11, 1 0 5 :  RT,3'.@ min, wl- 
identified, 3 7 :  R ,  3.5 niin, carotol, 2 4 5 .  Glc analyses -were also run on a 4' s >$ . 3 5  SEX0 
column a: 111' and a 6' s >$" 20'5 XF-1150 column a t  108' with similar results. 

HTDROGESATIOS OF CIROTOL. PREP.LR.ITIOS OF EPIMERIC DIHTDEOCAROTOLS (14) .-Hydro- 
gen was added t o  3.0 g of carotol in 35 nil of glacial acetic acid in the presence of 243 mg of 
8 3 . 4 7  PtO,  a t  22' and 740 nim. Hydrogen uptake ceased after 2 hr  n-hen 415 cc had been 
taken up. The  solution n-as filtered through Celite 545, concentrated i i:  : o c u o .  taken up in 
ether, m-hshed with saturated K H C 0 ;  until basic, then with water until neutral, and finally 
dried over l\lgSO,. Filtration and evaporation gave a yellow oil n-hich on fractional distilla- 
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tion gave 2.75 g of epimeric dihydrocarotols: bp 68-69"/0.075 mm; Y film 3610, 3515 cm-l; lH 
nmr (CDC13) 0.88-1.03 (9 H ,  overlapping multiplets), 1.00 (3 H ,  s) ,  1.25 (1 H,  s), 1.30-2.10 (15 H, 
complex); 13C nmr (CDC13) 83.8, 87.8 (hydroxyl bearing carbons of each epimer); m/e 224 (hf+, 
a ) ,  206 (lo),  191 (22), 163 (loo), 140 (95), 139 (56), 121 (21), 107 (32), 97 (39), 95 (39), 81 (42), 
69 (45%); Calc. for CI5H?~O: C, 80.36; H, 12.50; Found: C, 80.34; H,  12.50. 

REACTIOX OF DIHYDROCAROTOL (14) KITH THIONYL CHLORIDE. FORMATIOS OF DEHYDRO- 
DIHPDROCAROTOLS l 5 ,16  A N D  17.--A solution of thionyl chloride (2.0 ml) in dry pyridine (15 m l )  
was added dropwise to a solution of the epimeric dihydrocarotols (14, 1.0 g) in dry pyridine 
(15 ml) a t  0". After 10 min of stirring, the solution was poured into 10 g of ice/water, extracted 
with ether, washed with 10% HC1 until acidic, then with water until neutral, dried over RlgSOI, 
filtered, and evaporated in VUCZLO to  give 0.92 g of a pale yelloTv oil. Glc analysis (10% XE-60 
column a t  170") showed three products: R, 0.6 min, 15, 28%: R, 0.7 min, 16, 51c0; Rt 1.0 min, 
17, 2 1 5 .  Chromatography on silica gel impregnated with silver nitrate (25%) gave, on elu- 
tion with petroleum ether, in order of elution 15, 16 and, finally, a 1:5 mixture of 16 and 17, 
respectively. Rechromatography of the la t ter  fraction, as above, gave analytically pure 17. 

lp,  ~~-DIMETHYL-~-I~OPROPYLBICYCLO ( ~ . ~ . O ) D E C - ~ - E K E .  (15).-The following da ta  was 
obtained for comuound 15: bo 5&51"/0.07 mm: Y film 1445. 1360. 1845. 117.5. 1100. 1060. 1010. , __.. ~ _._. _._. > ~~~~~~ ~~~~ ~ . . ~  ~__ .  

970 cm-1; 1H nmrA(CDC13) 0.67 (3 H ,  s ) ,  0.88 ( 3 H ,  d ,  J=6  Hz) ,  0.92 (3 H,  d, J=6  Hz) ,  i .03.(3 
H, d, J = 6  Hz) ,  1.20-3.00 (14 H ) ;  nmr (CDC13) 141.9, 139.8 and 13 other higher field sig- 
nals; nile  206 (ML, 12), 191 (50),  163 (100), 135 (ll), 121 (26), 107 (19), 95 (19), 93 (14), 91 (15), 
81 (15), 79 (11), 77 (lOyc); Calc. for C15H~6: C, 87.37; H, 12.63; Found: C, 87.35; H,  12.62. 

1B. ~ ~ - D I w E T H Y L - ~ - I ~ ~ P R ~ P I - L B I c I - c L O  ~~.~.O)DEC-~-EKE 116'1.-The following data W A S  nh- 0 - -  - -  ~ .. . . . . . .. 

tained'for compound 16: bp 50-5lc/O.07 mm: Y film 1440,1365~1080, 1035,1000,980 cm-l; 'H nmr 
(CDC13) 0.93 (3H, d ,  J=6 Hz) ,  0.97 (3 H ,  s), 0.9i (3 H ,  d ,  J=6 H z ) ,  0.98 (3 H ,  d ,  J=6 H z ) ;  
13C nmr (CDC13) 140.9, 139.7 and 13 higher field signals; m/e  206 (>I+, l o ) ,  191 (42), 163 (loo), 
135 (9), 121 (24), 107 (18), 95 (20), 93 (15j, 91 (15), 81 (IS), 79 (12), 77 (11%); Calc. for Cl5H26: 
C, 87.37; H ,  12.63; Found: C, 87.34; H ,  12.63. 

13, ~ ~ - D I ~ ~ E T H ~ L - ~ ~ - I ~ O P R O P Y L B I C ~ - C L O  (5.3.0)DEC-6EKE (l'i).-The following data  was 
obtainedforcompound17: bp 54-55"/0.05 mm; Y film 1461, 1377, 1111, 1161, 1183, 1050, 967, 889, 
861, 844 cm-1, 1H nmr (CDC13) 0.75 (3 H ,  d ,  J = 6 H z ) ,  0.86 (3 H, d ,  J = 6 H z ) ,  0.93 (3 H ,  d ,  J=6 
Hz),  0.98 (3 H,  s) ,  5.40 (1 H ,  m ) ;  13C nmr (CDC13) 153.9, 118.0 and 13 higher field signals: m / e  
206 (M-, 8) ,  191 (21), 163 (loo), 149 (lo), 135 (6), 121 (18), 107 (38), 95 (37), 93 (20), 91 (22), 81 
(33), 79 (19), 77 (14%): Calc. for C16H26: C, 87.37; H, 12.63: Found: C, 87.33; H, 12.65. 

EQUILIBR~TIOSS OF DEHTDRODIHYDROCAROTOLS 15, 16 A N D  17 WITH 90% FORMIC ACID.- 
Approximately 10 mg of each of the isomers 15, 16 and 17 were separately added to  0.5 ml of 
90% formic acid, and the magnetically stirred solutions were periodically analyzed by glc 
(4' x K", 3% SE-30 column a t  130"). There was no change in 15 or 16 after 20 h r  and after 30 
days. However, after one hour the glc of 17 showed i ts  conversion t o  16 in 15% yield. 

I n  another experiment a solution of 98 mg of 17 in 5 ml of 90% formic acid was stirred a t  r t  
for 19 hr  after n-hich water (5  ml) was added, and the solution a a s  then extracted with ether.  
After washing with KHCOI until basic, then with n-ater until neutral, drying over RlgSO, evap- 
oration and removal of solvent in V U C Z ~ O ,  there remained 80 mg of a colorless oil the glc of which 
indicated 73% 16, 7% unidentified and 20% unchanged 17. Chromatography of this oil on 
silica gel impregnated R-ith silver nitrate (25%) gave 16, identical in all respects with tha t  
previously reported. 

tion of 100 mg of dihydrocarotol (14) to  5 ml of 90% formic acid was stirred a t  r t .  Glc analysis 
(4' SE-30 column) after 20 min showed no start ing material and three products. After an addi- 
tional 40 min of stirring. the solution n-as worked UD as described above to  a v e  82 mp of a Dale 

R E ~ C T I O ~  O F  DIHYDROCAROTOL (14) IT ITH 9070 FORMIC ACID.-A solution prepared by the addi- 

yellon- oil. 
showed 25y0 15, 70Yc 16 and 57,17. 

Glc analyses at 132" on three columns (4' 3% SE-30; 6' 10% XE-gO: 6' 20'5%F-li50) 

HYDROGESATIOS OF DAUCESE (6). ISOLATIO?; OF 15, 16.-Daucene (175 mg, 6) and 10 mg 
of 83.5% PtOz were added to 5 ml of ethyl acetate and the solution was stirred in a hydrogen 
atmosphere at  23" and 740 mm. Hydrogen uptake (25 cc) ceased after 3 hr; filtration through 
Celite 545 and removal of the solvent in i'oc710 gave 156 mg of a pale yellow oil. Glc analysis on 
three columns (see above) showed a 1:l  mixture of 15 and 16. This oil remained unchanged when 
dissolved in ethyl acetate (5  ml) and subjected to 3 atm of hydrogen pressure in the presence of 
10 mg of 83.4Yc PtO2 for 23 hr. 

When 220 mg of daucene was hydrogenated at  3 a tm hydrogen pressure in ethanol (4 ml) 
containing 2 drops of cone. HCl in the presence of 15 mg of loyo Pd  on C a t  rt for 24 hr, 215 mg 
of a colorless oil m-as obtained. 

acetic acid (5 nil) was stirred a t  22" under hydrogen at atmospheric pressure in the presence of 

Glc analysis showed 33% 16, 53% 15 and 14% daucane (18). 

HYDROGENATIOK O F  C.iROTOL. FOR?d.iTION OF D.iUC.AKE (18) .-Carotol (520 mg', in glacial 
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104 mg of 10% P d  on carbon. .After six days hydrogen uptake ceased; the solution when worked 
UD in the usual manner eave 465 me of a colorless oil A-ith oroDerties analoeous t o  those me- 
vbus ly  reported ( 2 2 )  for daucane: The follon-ing data  Gas bbtained: bf4445"/0.02 mm:  
Y film 1455, 1380, 1370, 1160, 1080, 1020, 960, 940 cm-1: 1H nmr (CDC13) 0.75-100 (9 H ,  over- 
lapping doublets), 0.93 (3 H ,  s ) :  m e 208 (37), 193 (%), 165 (%), 138 (42), 137 (381, 124 (661, 
123 190), 109 (96), 97 (42) ,  96 (GO), 95 (loo), 83 (63), 82 (T2), 81 (835,) .  

RE.ICTIOS OF 16 WITH JI-CHLOROPERBESZOIC ICID. FORMATIOS OF 22.--.A solution of 8 5 5  
m-chloroperbenzoic (640 mg) in 20 nil of methylene chloride was added dropwise to  a solution 
of 500 mg of 16 in 20 ml of methylene chloride at  0".  .After 0.5 hr ,  no peracid could be de- 
tected with starch-iodide paper. After an additional 15 min of stirring, the solution n-as 
allowed to  warm to  r t ,  q-ashed with saturated KHCO3 until basic, with water until neutral, 
dried over ;\IgS04 and filtered. Removal of the solvent in U Z C I I O  gave 497 mg of a colorless 
oil, and glc (6' x X'' 105,  SE-60 column) of which showed two peaks in a ratio of 2 : l .  Column 
choromatography on silica gel, acid-washed, neutral and basic alumina failed to  resolve the 
mixture. The following da ta  was obtained for the oil: Y film 1450, 1380, 1015, 980, 960, 940, 
920, 890 cm-1; 1H nmr (CDCl,) 0.93 (3 H ,  d,  J = 6 ) ,  1.00 13 H ,  d ,  J=6), 1.03 (3 H ,  d ,  J = 6 ) ,  1.07 
(3 H ,  s ) ;  13C nmr (CDCl,) 2T observable lines, tx-o of which (76.2 and 74.7) could be assigned to  
e ther  carbons: ni / e  222 j13), 161 (14), 136 136), 123 (18), 121 (20) ,  119 i l l ) ,  109 (16)) 107 (20) ,  95 
i44), 94 ( l l) ,  93 (15), 82 (121, 81 (31), 79 (12), 43 (100%); esact mass Calc. for CljH?,O: 222.198; 
found: 222.196 * 0.004. 

FoRlzlaTIos OF 23.-Epoxidation of 15 
1400 mgj ,  as described above, gave 256 mg of a colorless oil Khich %-as shon-n by glc to  be a 1:1 
mixture of products. K i t h  exactly the same ratio of m-chloroperbenzoic acid to  olefin and 
identical conditions, the starch-iodide test indicated the disappearance of peracid only af ter  
3 h r  for the reaction with 15, whereas with 16 a negative test was obtained after only 0.5 hr! 
Product 23 showed the following properties: Y film 1450, 1380, 1362, 1010, 985,960,940, 920,885, 
860, 855 cm-1: 1H nmr (CDC13) 5 sharp signals Yith several shoulders from 0.85-1.20 (12 H ) ;  
13C nmr ICDCl3) 25 observable lines, two of which (75 .2 ,  74.4) could be assigned to ether car- 
bons: n i / e  222 120j, 136 ( i s ) ,  121 1291, 107 (35), 95 (36), 81 (38), 71 ( 5 2 ) ,  55 (38), 43 (100%); exact 
mass Calc. for CljH240: 222.198: found: 222.196+0.004. 

mg) in 6 ml of 90% formic acid containing 1 ml of dio and 0.1 ml water m-as st irred at  r t .  
Glc analysis (4'x K" 3% SE-30 column) indicated that  the composition of the solution remained 
constant after 3 min. After an additional 2 hr, q-ater was added and the mixture was estracted 
with ether.  The combined ether extracts were washed with saturated KHCO, solution until 
basic, then x-ith water until neutral and, finally, dried over ?IIgS04 and filtered. Removal of 
the solvent in vacuo gave 118 mg of a yellon- oil, the glc analysis (same column as above) of 
which indicated three major products (45, 30 and 10%) and four minor products. 

Stannic chloride (0.2 ml) was added to  a chilled solution (ice bath)  of 22 (100 mgj in.10 
ml anhydrous benzene. h f t e r  the solution n-as warmed to rt and stirred for 2 hr ,  5 g of ice 
water was added, and the solution was then extracted with benzene. After n-ashingv-ith water,  
drying over ;\lgSO,, filtration and removal of the solvent in ' i 'acuo, a viscous yellow oil (112 mg) 
n-as obtained. Glc analysis (6' s K" 10% SE-60 column) showed tn'o major products com- 
prising about 85% and 12 minor products. Glc indicated no start ing material remaining af ter  
10 min of reaction time. 

Similar treatment of 23 (244 mg) with formic acid to  that, described above gave complete 
reaction after 10 min. The solution was worked up after 15 hr, as described above, to  give 
220 mg of a yellow oil, glc analysis of which ( 3 5  SE-30 column above) indicated six major 
components. 

Treatment of 10 mg of 23 with stannic chloride, as described above, resulted in the dis- 
appearance of the start ing material after 2 min; the product composition appeared invariant 
after 12 min. Workup, as described above, after 48 h r  gave a product which on glc analysis 
(10% SE-60 column above) shon-ed at  least 12 volatile products, three of which comprised 
about TOT, of the mixture. 

PREPARITIOS OF "CAROTOL-ETHER' ' (8) .-2,5-Dimet hyl-2- (4-methy1-3-penten~-1)-4-cyclo- 
heptenone (9) was prepared as previously described and showed ir, 1H nmr and mass spectra 
similar to  those previously reported (12): I3C nmr 1CDC13) 215.9 (C=O) ,  136.8, 131.5, 124.3, 
121.6 (olefinic carbons). The cycloheptenone 9 was converted into "carotol-ether" (8) as 
described by Demole et  a l .  (12) and show-ed identical ir,  1H nmr and mass spectra to  those re- 
ported (12); 13C nmr (CDCls) 131.0, 119.9 (olefinic carbons), 86.7, 78.0 (ether carbons). 

prepared by the addition of 1.02 g of cycloheptenone9 and 1.T4 g of LihlH;  to  40ml of anhydrous 
ether  was st irred at  r t  for 3 hr .  After the usual workup, 1.03 g of a yellow oilish product m-as 
obtained. Chromatography of this product on silica gel and clution with 1:1 benzene-hexane 
gave 0.70 g of pure alcohol 24 (glc on 3 5  SE-30 column). The compound exhibited the iollom-ing 

REACTIOS OF 15 TVITH A 1 f - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  ACID. 

RE.ICTIOS~ OF 22 I S D  23 K I T H  FORMIC .ICID A S D  ST c CHLORIDE.--;I solution of 22 (I56 

PREP.IR.ITIOS OF 2,%DIJIETHYL-2- (4-JfETHYL-3-PESTESl-L)-4-CTCLOHEPTESOL 124) .--I SOlUtion 
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data:  bp 60-61”/0.05 mm; Y film 3400, 1015 em-1; lH nmr (CDC13) 0.85 (3 H, s), 0.97 (3 H ,  s ) ,  
1.63 (3 H, s), 1.72 (3 H ,  d, J = l ) :  1.75 (3 H, d,  J=0 .5 ) ,  3.53 (1 H, bm), 5.32 (2 H, bm):  13C nmr 
(CDCI,) 140.1 (s), 130.9 (s), 125.4 (d),  122.4 (d),  81.2 (d ) ;  the 13C spectrum indicates the pres- 
ence of two isomers bv the.doubling of manv lines and those listed for the major isomer’ m / e  
222 (131, 204 (ll),  161”(9), 135 (16), 123 (11); 122 (38), 121 (23), 119 (36), 109 (56), 107 (GI), 95 
(341, 91 (24), 93 ( 7 2 ) ,  82 (69), 81 (42), 78 (33), 69 ( i l ) ,  67 (38), 55 (46), 41 (loox), Calc: for 
C15Hi60: C, 81.02: H, 11.78; Found: C, 80.84; H, 11.80. 

Several attempts to  prepare the tosj-late of 24 using p-toluenesulfon~-l chloride and pyridine 
failed. 

addition of 50 mg of 24 and several drops of 90% formic acid in 5 ml of acetone was refluxed for 
19 hrs, glc analysis (4’ x K” 3% SE-30 column) indicated no reaction. Addition of n-ater, 
basification to  p H  10, extraction with ether and the usual x-orkup gave unchanged 24. 

A solution prepared by addition of 60 mg of 24 t o  5 ml of 90% formic acid n-as refluxed for 
1.5 h r  and then worked up as described above gave 20 mg of a yellow oil v,-hich, on glc analysis 
(same column as above), showed 26% of unreacted 24, 387, of a product of lower retention 
time, 26% of a product of higher retention time and 10% of a product of even higher retention 
time . 

When a solution of 99 mg of 24 in 4 ml of 90% formic acid was stirred a t  r t  for 3 hr, a blue 
color developed after 0.5 h r  which became more intense with time. The color disappeared 
a-hen the solution was added to  water. The usual workup gave 85 mg of a yellow oil which, 
by glc analysis (same column as above), showed 15 distinct peaks. 

PREPARATIOS OF DIHYDROCAROTOL ETHER (25) .-A stirred solution of 483 mg of “carotol- 
et$,’’ in 6 ml of acetic acid containing 39 mg of 83.4% P t02  was hydrogenated a t  740 mm and 
23 . The usual n-orkup gave 2G7 mg of a yellow oil, the glc analysis (6’x K” 10% XE-60 column) 
of which indicated a 86:14 ratio of epimers. Chromatography on silica gel gave a “dihydro- 
carotol-ether” with identical 1H nmr and mass spectra to  that  previously reported (12); 13C 
nmr (CDClj) 86.9, 77.5 (ether C‘s) and 13 other lines; vz/e 222 (hIT, 14), 194 (30), 164 (82), 
149 (75), 121 (84), 107 (75), 95 (85) ,  81 ( 7 5 ) ,  69 (100%). 

REACTION OF “CAROTOL-ETHER (8) KITH LISLH~/ALCL~.-A solution of 1.37 g aluminum 
chloride in 4 ml of anhydrous ether was added to  a suspension of 0.19 g of lithium aluminum 
hydride in 4 ml of anhydrous ether cooled in an ice bath.  A solution of 1.12 g of “carotol- 
ether“ (8) in 5 ml of anhydrous ether was slowly added to  the above refluxing solution. After 
2 h r  of refluxing, the usual n-ork-up gave 1.04 g of yellom- oil the glc analysis (4’ x K” 3‘5 SE-30 
column) of which shon-ed a complex mixture of a t  least 7 components with no major product. 

REACTIOS OF “CAROTOL-ETHER” (8). KITH FORMIC .xID.-A solution of ”carotol-ether” (103 
mg) in 90% formic acid (4 ml) was stirred a t  r t  for 3 hr  after which time glc analysis (same 
column as above) showed 63% “carotol-ether” remaining and three additional volatile pro- 
ducts. The solution was then heated a t  50” with stirring for 3 hr,  then cooled to r t ,  5 ml of 
Rater was then added and the solution was extracted with ether.  The ether extracts were 
washed with saturated KHCO8 until basic and with water until neutral, dried over RlgSO4 
and filtered. When the solvent v-as removed in z’acz(o, 84 mg of a yellon- oil was obtained. 
Glc analysis (same column as above) showed “carotol-ether“ (Zlx), one more volatile pro- 
duct (47%) and five less volatile products. 

When this reaction n-as repeated with 11 mg of “carotol-ether” in 1 ml of 90yc formic acid 
a t  r t ,  after three days glc analysis shon-ed the same mixture as obtained under the above condi- 
tions (SOc, 3hr) and the composition remained invariant up to  30 days. 

RE.\CTIOS OF “DIHTDROCAROTOL-ETHER“ (25) KITH STASSIC CHLORIDE ASD FORJIIC ACID.- 
A solution of stannic chloride (83 mg) in 2 ml of anhydrous benzene was added dropwise to  a 
chilled solution of “dihSdrocarotol-ether” (71 mg) in anhydrous ether.  After being stirred 
for 1 hr,  the solution was then made basic with saturated X&O3 and extracted with benzene. 
The la t ter  extracts were m-ashed m-ith water, dried, filtered and evaporated to  give 51 mg of a 
yellon- oil. Glc analysis (6’ x K” 10% XE-60 column) shoq-ed 15% “dihydrocarotol-ether!’, 
three more volatile products and one less volatile product. 

A solution of “dihSdrocaroto1-ether’! (11 mg) in 1 nil of 90% formic acid was stirred a t  rt 
for thir ty  days.  Glc analysis (11 x X’’ 3Yc SE-30 column) indicated greater than 90% “di- 
hydrocarotol-ether“ remaining after this time. 

PREPIR.\TIOX OF CAROTOL .\CETATE (26) .-Carotol acetate %-as prepared a s  previously de- 

REACTIOS O F  C T C L O H E P T E S E S O L  24 W I T H  FORhlIC .iCID.-After a Solution prepared by the 

scribed (14) and showed ir and 1 3  nmr spectra identical t o  those previously reported; bp 80-81” 
(0.013 mm); 13C nmr (CDC13) 169.5 ( C = O ) ,  136.0, 121.2 (olefinic C‘si, 97.4 (C-0) andnine other 
lines: 172 ’ e  204 (RI’-C2H,02, 351, 161 (loo), 136 (491, 121 (421, 119 (36), 107 (251, 105 (51), 94 (53), 
93 (35). 91 ( Z G ) ,  81 (45‘;). 
carotol acetate from KzC03 in an apparatus previously rinsed with 1 s  S a O H  then water.  

In  order to prevent rearrangement, it was necessary to  distill the 
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REARRASGEMEST OF C.\ROTOL ICETATE (26) O S  SILICA GEL.-CarOtOl acetate (5.19 g) dis- 
solved in hexane --as passed through a silica gel (300 g;) column and the column was eluted 
with hexane t o  give 4.83 g of a colorless oil. Stripping of the column with benzene failed to  
give any products detectable by glc. Glc anal>-sis 14’s %” 35; SE-30 column a t  130’) showed 
the following products: R , = 2 . 7  niin R,=3.4 min ( T C , ) ,  R t=3 .6  min (19%), Rt=3.9 niin 
(E%), Rt=5 .5  niin (5s). -4 sample of component Rt=2.7  min was isolated by preparative 
glc (6’s  K” 3 5  SE-30 column, 101”) and showed an 1H nnir spectrum and glc retention time iden- 
tical t o  tha t  of an authentic sample of daucene (6). .isample of component R1=3.6min was col- 
lected by preparative glc (same conditions as  above) and shox-n by lH nmr and glc retention 
time t o  be acoradiene 5.  In  a similar manner, component Rt=3.9 was isolated and identified 
as  acoradiene 11. 

One gram of the original product niistiire was chromatographed on silica gel impregnated 
with silver nitrate ( 2 5 5 ; ) .  The first fraction eluted n-ith petroleum ether  gave 113 mg of a 
3 : 2  mixture of components R,=3.4 niin and R,=5.5 min respectively. Preparative gas chro- 
matography, as described above, gave each component in > 9 8 5  purity with the  properties in- 
dicated belon-. 

R,=3.4 3Iin, Conzpoiciid 2i.-v film 815, 710 em-1; A::$& mm (e=3470), X ~ ~ ~ ~ 5  (2090); 
lH nmr (CDCld 0.53 13 H, d,  J=G),  0.92 (3 H ,  d ,  J=G),  0.85 (3 H, s) 1.63 (3 H ,  m ) ,  5.23  (1 H I  
d, J = l O ) ,  5.32 (1 H, mi ,  5.67 (1 H, d, J = l O ) ;  V I  ‘e  204 114), 161 (E)> 119 (loo), 105 ( 7 2 5 ) ;  exact 
mass Calc. for CIIHS:: 204.188; found: 204.187+0.004. 

R,=5..5 Xz’ii .  Conipoioid 28.-v 1CC14‘~ 1445, 1370, 1130, 1125, 1100, 1060, 1015, 980 em-’: ‘H 
nnir (CDCla) 0.70 (3 H, s) ,  1.57 (3 H ,  s) ,  1.72 (6 H, s), 5.40 (1 H, m ) ;  ni l e  202 (IT-, l l) ,  173 ( 7 ; ) ,  
159 (loo), 157 (14yc). 

in 90% formic acid a t  r t .  Glc anal!-sis after one minute shoq-ed two components and no starting 
material. -1fter an additional 30 min, glc analysis (4’ x K” 3 5  SE-30 column) showed no 
further change and the solution n-as worked up. One nil of ether --as added t o  the solution, 
n-hich v,-aE then washed with saturated RHCO, until basic, then R-ith water until neutral, dried 
and filtered. Glc analysis, alone and on admixture Kith authentic samples, showed tha t  the  
mixture was comprised of 83% daucene (6) and 1 7 5  acoradiene i on the three columns: 4’ x M” 

DIHIDROC.\ROTOL .ICET.\TE (29).-Carotol acetate (2.00 g) in 20 ml of ethyl acetate m-as 
stirred in the presence of 50 mg of 83.4% PtOl  under a hydrogen atmosphere a t  r t  and 740 m m  
pressure and after 2 hr  the theoretical quant i ty  of hydrogen was absorbed. The usual workup 
follov-ed b y  distillation from K&Oa in an apparatus previously washed with 1K S a O H  gave 
1.94 g of dihydrocarotol acetate. I t  gave the following da ta :  bp 79.0-79.5,’0.05 mm:  v film 
1730, 1250, 1015 cm-’: 1H nmr (CDC13) complexity of methyl region indicates a mixture of 
isomers, 1.95 (3  H ,  s j :  (CDCla) 169.2, 98.2, one intense set of peaks and a second weak set 

vi e 20G (AI--C2H40~j lo), 191 116); 163 (loo), 121 (13j, 107 (37), 95 (34), 81 142), GO 
0 ,  : exact mass Calc. for C15Hj( ,0-C2Hi0~:  20G.204: found: 206.204+0.004. 
an at tempt  n a s  made to  prepare dihydrocarotol acetate h?- addition of acetyl chloride 

t o  dihydrocarotol in a\-,.’i-dimethylaniline at  50‘, the exact conditions used in the preparation 
of carotol acetate 1l4), there was obtained a colorless oil containing a t  least six volatile pro- 
ducts n-ith the desired acetate comprising approximately 30% of the mixture. 

carotol acetate 16.3 mgj  in 0.4 nil of 9 0 5  formic acid v-as stirred a t  r t .  Glc analysis (4’ x X’’ 
3 5  SE-30 column) after one minute shon-ed three peaks, none of which corresponded to  the  
starting material. .Ifter an additional 30 min, the composition of the mixture n-as invariant 
and the  solution q-as worked up in the usual manner. Glc analysis alone and on admixture 
with autht.ntic samples showed the mixture to  contain: 15 1 l G C , ) ,  16 ( 8 1 7 )  and 1i ( 3 5 ; )  on the 
three glc columns mentioned above for the analysis of the reaction of carotol acetate n-itli formic 
acid. 
Receired  23  October 1979. 

RE.\CTIOS O F  C.\ROTOL .\CET.\TE (26) K I T H  FORMIC .\CID.-Carotol acetate (6.2 mg) Was stirred 

3 5  SE-30: 6’ s K” 10rc XE-60; 6’ s %” 205; XF-1150. 

REACTIOS OF DIHTDROC.\ROTOL .\CET.\TE 129) TI-ITH FORMIC .\CID.--.i solution Of dihydro- 

1. 

3 -. 
3. 
4. 

5 .  

6. 
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