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Abstract-A detailed stereochemical study of the initial step of acid-indueod isoprcnoid cyciixa- 
tion-the addition to the terminal (2.3) double bond-has been made using geranylaoetonc as the 
model compound. The proocss was shown to be non-stercospaeiG: with regard to both the centers 
conamcd, i.e. C, and C, of the acyclic isoprcnoid mokcuk. Possibk explanations of the observed 
stcrcochcmical results and its biogmctical implications arc discussed. 

Trr~ acid-catalyscd formation of the decalioe derivatives from the acyclic isoprenoid 
precursors proceeds stereospccitically, the stereochemistry of the ring-junction being 
determined by the configuration of the central (6,7) doubie bond in the starting 
compouod.’ Since the steric course of the enzymc-catalyscd cyclization is supposed 
to be controlled by the same rule of rranr-anri-planar addition2 the close analogy 
between the acid- and enzyme-catalyscd transformations of acyclic to cyclic terpcnes 
is evident, at least as far as the steric course of the ring-formation is concerned. 
Whether this analogy could be extended to the initial step of the isoprenoid cycli- 
ration-the addition to the terminal double bond-requires clarification. 

The biogenetic studits” have shown that the enzymc-catafyscd formation of the 
cyclic terpencs is not accompanied by the randomization of the label in terminal 
methyl groups, i.e. the initiating attack takes a stereospecific course. At the outset 
of our work there were no data known on the steric course of this reaction for the 
acid-catalyscd cyclization. Recently the cyclization of the simplest 1,5-diene-2,6- 
octadiene under the action of deuterated acids (D$O,-HCOOD) showed that “the 
cyclization process is concerted with proton attack and follows the stereochemical 
predictions made for the terpcne biosynthesis”? Rut the results cited have not so 
much bearing on the general problem of terpene cyclization since the stereochemistry 
of the addition at di- and ~isubstitut~ double bonds may differ considerably and 
there is no obvious reason to suggest that the conclusions mentioned are valid for the 
case of isoprenoid compounds with trisubstituted double bonds. 

The purpose of the present work was to investigate the stereochemistry of the 
addition to the terminal double bond in the course of acid-catalysed cyclization of 

l To whom any in@rics regarding this paper should bc addrd. 

t W. A. Smit, A. V. Samnovsky and V. F. Kw&rov, Terruhe&on titters, No. 33, 2299 (1964); 
W. A. Smit, A. V. Semenovsky, I. I. Brunovknskaya, S. L. Portnova, Doktody Acad. Nauk SSSR 
16q4). 349 (1965). 

* L. Ruxicka, in Pers~ctiues in O~udc CItemdsfry p. 265. New York (1956). 
8 D. Arigoni, Experrhtiu 14, 153 (1958); J. J. Britt and D. Arigoni, Proc. C/rem. S&c. 224 (19Sft); 

A. J. Birch, R. W. Richards and H. Smith, Prw. Chum. Sue. 192 (1958). 
l H. E. Ukry and J. J-f. Richards, I. Amer. Ckem. Sot. Sa, 3113 (1964). 
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isoprenoids, i.e. 1,5dienic compounds with trisubstituted double bonds. In order 
to solve this problem it was necessary to examine the stereochemistry of the reaction 
at C, and/or (&enters of the starting diene 

IA trwu HA ~rans A/B 
B cb 3 cis A/B 

The study of the process at C, requires the use of acyclic compounds with selectively 
labeled cir- or rrun,r-terminal methyl groups. On the other hand deuterated acid may 
prove to be useful as a means to define the steric course of the proton addition at 
C&. We took advantage of both approaches. 

Geranylacetone (I) was chosen as a model isoprenoid compound since its cycli- 
zation had been studied.’ Thus far there is no chemical method available to insert 
the isotope la&l selectively into one of the terminal methyl groups. On the other 
hand it is generally recognized that the ethyl group is stereochemically similar to the 
methyl group; for instance their conformational energy values (AC) are almost equal 
(1.62-1.72 kcaljmole for methyl and 1*67-1.86 k&/mole for ethyl groups)? Thus it 
was reasonable to suppose that the replacement of cis- or trots-terminal methyl 
group in I by ethyl group would not affect the steric course of the cyclixation process. 
At the same time the presence of such a “label” would enable the steric course of this 
reaction at C, to be investigated. 

The compound in question III-the ethyl analog of I-was synthesized’ from 
methyl ethyl ketone (Experimental). The first pair of cis-Irunt isomers of 3-methyloct- 
3-en-?-one was separated by fractional r~ti~~tion of their cyclic ketals.* The mix- 
ture of 7,8-c& and zrun.+isomers of 3,7dimethyldodeca-3,7dien-If-one (Ill) was 
easily separated by efficient fractionation. All four geometric isomers of III (Aa, Ab, 
Ba and Bb) were stereochemically pure according to GLC. The configurations 
assigned to these compounds were based on their physical properties (b.p., GLC 
retention data) and arc supported by well-known steric regularities of the reactions 
used for their preparation.? 

Most of the cyclization experiments were carried out under essentially the same 
conditions (100% H&SO, in nitropropane solution) which were shown earlieti to be 
optimum for the stereospecific (with regard to 6,7double bond) conversion of I 
(A or B) to bicyclic II (yields up to SO”/k). In the case of III (Aa, Ab, Ba and Bb) the 
only reaction products obtained with yields of about 7040% were also bicyclic 

l The attanpts to fractiooate ketones were -f\lf. 

* W. A. Smit. A. V. S@mtoovsky, B. A. RuQnko and V. F. Kmov, Izv. Acad. N& SSSR. SW. 
Khhn. 1782 (lW3); W. A. !&nit, A. V. Semcoovsky and V. F. Kwhcrov, ibid. 1600 (1963). 

l E. Elk1 and T. Brett, /. Amw. Glum. tic. 87.5039 (1965); H. Feltkamp and N. Franklin, Alpprw. 
C&m. 77,806 (1965). 

’ I. N. Nazarov, B. P. Gtscv, S. M. Makin, V. B. M&in, I. 1. Nazarova, V. P. Vinogradov, 
B. K. Krupzov, 0. A. Schawiginr. and D, V. Nazarova, Crokhdy Aad. Nuuk SSSR 114(S). 7% 
(19S7); 0. Iskr, It. Rlkgg, L. Choparddit-Jean, A. Wintentcio and 0. Wiss, H&L c&m. aclu 
II, 786 (19S8). 
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III 

derivatives--isomeric 2,6,l~t~me~yi~thy~hexahydr~~oman~~e sttreochem- 
istry of the ring-junction being cootrolled completely by the stereochemistry of the 
central double bond in the starting compound, i.e. from-fused derivatives (IVA) 
arose from tran.r-?,8 isomers (IIIAa or IIIAb) and &-fused (IVB) from c&-7,8 
isomers (IIIBa or IIXBb), The reaction is highly selective and the admixturn of IVA 
in the product IVB (and cite versa) never exceeds 3-5x.* 

9&95x Co group by 
oxhation 

The bicyclic structures of unsaturated oxides for IVA and IVB were proved by the 
above series of reactions. The stereochemistry of the ring-junction has been taken 
by analogy with the well-known case of IA or B cycbzationb and was substantiated 
further by the close identity of NMR (Table 1) and MS of the ~~~n~ng cycliza- 
tion products: IVA with IIa and IVB with III>. The isomcrization experiments 
(IVA -+ IVB and ofce mmu) also cmfixmed the stcrM&try of their ~~~jun~on. 

According to CLC (f&d columns) IVA (formed from IIIAa or IIIAb) sccmed 
to be an jndi~du~ isomer. With the use of ~~ufficicn~ capillary column we were 
able to demonstrate that in fact IVA was not homogeneous but consisted of two 
closely related compounds (IVAa and IVAb). These compound could not be 
separated by chromato~phy due to the similarity of the corresponding rrtcntion 
data in TLC and GLC in the wide range of conditions used. This mixture gave a 
high yield of a crystalline scmicarbazone of corresponding hydroxyketonc (VIA), 
which could not be separated into individual components (the hydrolysis of VIA 
after rccrystafiization to a constant m.p. gave rise to the initial mixture IVAa and 

* Relative GLC retention data IV8:IVA = 1: 153, 
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IVAb). Since the rruns-fused bicyclic structure for IVA (a $ b) has been proved (see 
above) the only possibility left is that IVAa and IVAb differ only by a configuration 
at C,. The same mixture of IVAa and IVAb in the ratio of about 1: 1 results from the 
cycliration of both 3.4-double bond isomers of IIIA (a or b). The variation of the 
reaction conditions (time, temp, molecular proportion of H,SO, and solvent) or even 
the change of initiating agent (BF, instead of H,SO,) does not affect the composition 
of this mixture (IVA). 

A similar picture was observed for the cyclization of c&7,84somers (IIIBa and 
IIIBb). GLC showed that the reaction product IVB is a mixture of two closely 

Tlsa~a 1. C~CALS~IIF~(~)OF.MTHYLPROTONS~ONALJ(~~ MHz, CCl,,TMS) 

Compound 

IIA (rranr-fusion) 

IVA (a i b) (rronr-fusion) 

6gLe* IO-Me ~-MC 
__ .__. -... - ..- ._- -_--. - 

0.80 0.89 1.09 l*S7 

0.82 0.90 1.20 1.69 

IIB (cir-fusion) 

IVB (a + b) (c&-fusion) 

0.835 1.09 l.S7 

@82S 1.13 1.63 

l The replacement of one G-methyl group in IIA for ethyl group in IVA should have led to the 
splitting of one or another C.-methyl protons bands (b @8 or Q89). The similarity of NMR spectra 
of HA and IVA. i.e. the apparent absence of such splitting may be explained by the overlap of the 
splitted bands of both ~-cpimcrs present (IVAa and IVAb). 

related isomers, their ratio being independent either of the configuration of the 3,4- 
double bond in IIIB (a or b) or of the reaction conditions. Attempts to isolate pure 
IVBa and/or IVBb in this case also failed because the difference in the retention time 
in GLC was too small (1: l-05) to allow an effkicnt separation and because the 
corresponding derivative VIB could not be crystallized. The structure and stereo- 
chemistry of the ring-junction for this mixture IVB (a -i- b) has been proved (see 
above) and therefore one should assume that both IVBa and IVBb possess the same 
structure of c&fused bicyclic oxides and differ only by the stereochemistry at C,. 

The evidence listed indicates clearly that in the course of the reaction studied the 
attack of proton at the terminal double bond led to the loss of stereochemical identity of 
the terminal substituents, whereas the subsequent aaWtion to the central double bond 
proceeds stereospecifically in agreement with the &ta published eorlier.‘*s In other 
words, the first step of the acid-induced isoprenoid cycliration-the protonation of the 
terminal double bond-is a non-stereospecific process. The reported results may be 
best described in terms of non-concerted addition to the terminal 3.4-double bond 
via the possible intermediate carbonium ion (VIIA or VIIB in the scheme below). 
The formation of both possible C&omers of the cyclic products (for IVA as well as 
for IVB) in the ratio close to 1: 1 suggests the low value of the barrier for the rotation 
at G-C, bond in VII (A or B) and confirms the supposed steric equivalence of methyl 
and ethyl groups. 
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The mechanism presented in the scheme implies that the proton added to the 
terminal double bond may occupy equatorial as well as axial positions in the cyclic 
product. In order to prove this we studied the steric outcome of the proton addition 
at C, in I (A or B) or respectively at C, in III (A) with the use of D&I, as described for 
H$O,-induced cyclizations. The deuterium content of the compounds formed 
[II (A or B) or IVA] was determined mass spectrometrically (Table 2). The data 
show that the main reaction products at -70’ are monodeutcro derivatives (see Nos. 
1 and 2). The position of deuterium at C, follows from the consideration of generally 
assumed reaction scheme’ and was confirmed by the detailed analysis of mass spectra.* 

TAEI~Z 2. Reumve c0NTEh-r OF DEUTERO DERIVATIVES IN CYCLlZATlON PRODUCT3 (*A 

No. Reaction condi tious 
Number of D atoms incorporated per mokcuIe 

0 1 2 3 4 5 

1 IA -‘IO “““.1 IIA* 36 56 8 _ - _ 

2 De8o, XCIA _70’ IVA (a + b) 

3 
IA-z+ 

‘Iso4 IIA 

31 61 8 - - - 

16 59 22 3 - - 

4 VCCI~CX-x>CCA J 20 27 25 13 10 

5 VCCC~IX? 4 11 18 21 19 14 

l For 1CB the distribution of dcutcrium incorporation was quahthly the same but exact 
ftgures arc ditihlt to calculate due to the pruencc of M-1 peaks. 

t Cn this case a Iarge amount of inexp0ration (about 13% of tbc tot&) of more than 5 D-atoms 
per mokcuk was obervcd.* 

From the data reported previously in some cases it is possible to deduce the 
orientation of deuterium atom in the cyclic monodeuterated compounds from their 
1R spectra. For example, the IR spectra of mon~c~ic compounds with quatorial 
position of deuterium clearly show C-D stretching absorption at 2171 cm-r, whereas 
the spectrum of axial isomer shows absorption at 2158 cm-l.le Similar data were 
used to identify the deuterium position in 2,3dimethylcyclohexanol formake For 
more complicated compounds the occurrence of two instead of one C-D stretching 
absorption band was reported. l*.ll But as was shown clearly for cholestane derivatives 

‘ N. S. Vulfson, V. I. Zarctsky. V. A. Sadowkaya, A. V. Scmenwky, W. A. &nit and V, F. 
Kuchcrov, Terr&&on 22,653 (1966). 

l Th, J. De Buer, H. A. Van’tHof and J. U. Vccnland, Rec. trw. &in. 83,689 (1964). 
10 E. J. Corey, M. G. Howell, A. Boston, R. Young and R. Snecn.J. Amer. Chem. Sac. 78.5036 (1956). 
1’ 0. Frejavilk, Y. Gounell, J. Julkn and A. PailIons, Bufl. Sot. dim. Fruncc 2171(1%3). 



Cydimtion of isopmnoid compounds 1627 

these absorption bands for the isomer with equatorial deutcrium occur as a rule at a 
frequency higher than that of corresponding axial isomer (AP 2 20-30 cm-l). 

From the data published (some examples are listed in Table 3) one may suppose 
that these conclusions arc valid also for other six-membered cyclic compounds. 

Corresponding IR data for the monodeutero derivatives of HA and IVA are also 
shown in Table 3. The most striking result is the appearance of several (34) C-D 
stretching bands of comparable intensity, their position covering the whole range of 
absorption bands for (a) and (e) deuterium positions. We consider this fact as an 
evidence that these monodeutero derivatives are mixtures of isomers with (e) and 
(a) deutcrium configuration. This interpretation is substantiated by the corresponding 
data for &-fused isomer, IIB, where the presence of both (e) and (a) deuterium 
configurations is ensured by the conformational flexibility of the cti ring-junction. 

Thus we have shown that proton addition at the terminal double bond lea& to the 
formation of the mixture of epimers at C,, i.e. the reaction proceeds non-stereospecifically 
most probably via cationic intermediate of type VII (A or B) with unfixed con- 
figuration and conformation (see scheme on p. 1625). 

The intermediate formation of carbonium ions may be ascertained by thedeutcrium 
incorporation at zcarbon atom (in respect to cationic center).” The cyclization of 
pionone (VIII) on treatment with D,SO, in nitromethane solution at IO0 is accom- 
panied by the significant amount of deuterium incorporation in the molecule of 
B_iononc (IX) formed, especially ingem-dimethyl group(4.8 D-atoms per mole~ule).~ 
This result was advanced as an argument in favour of the formation of carbonium 
ion intermediate.@ Since our results presented above indicate clearly that the inter- 
mediate involved in the initiating step of the cyclization of I is of the carbonium ion 
nature it seems interesting to compare the extent of dcuterium incorporation in the 
latter case with that of pionone cyclization. To this end we carried out the cyclization 
of VIII and IA under the same conditions (D$O,, GH,NO*, +lO”) and compared 
the MS of IIA formed from IA with that of another sample of IIA, prepared from 
VIII by the reaction sequence shown below 

VIII lx X 

IIA 

11 D. N. Kurs~nov. E. V. Bikovn and V. N. Sctkina. Im. Acad. Nauk SSSR, Otd. Khim. Nauk 809 
(1958); D. N. Kursanov md S. N. Pama, 2%. Obshch. Khim. 27,668 (19S8). 
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C-D fc) C-D (a) 

_* 

Ref. 

1 

2 

3 

4 

D 

Ph 

f- 

L=qH 

cc CI 

D 

2171 

2171 2158 10 

2155 2100 11 

2198 2174 11 

2202 2159 11 

2136 2119 11 

217ifml 
2155(s) 

215%) 
2129(m) 

10 

2142 

IIA (fmu) 

1 
21 S?(s) 
2145(s) 
2130(m) 
21081wl 

IIB (cfs) 

I 

2166(m) 
2148(S) 
2140(s) 
2128(m) 

IVA (a + b) 2173(s) 
2153(s) 
2140(m) 
2110(w) 

4 

this work 

this wo* 

this work 
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The corresponding data, togcthcr with the earlier published data for IX* are included 
in Table 2 (Nos. 3-5). 

As one may see, the extent of deutcrium incorporation into the cyclization product 
IIA depends on the reaction temperature (compare Nos. 1 and 3), and at +lO” a 
considerable deuterum incorporation is observed (up to 20-25 ‘A of IIA contains two 
deutcrium atoms per molecule). The position of the second deuterium atom in that 
sample of IIA was deduced from the analysis of its MS. The MS of nondcuterated 
IIA shows an intensive peak with m/e 109 identified as a fragment containing ring A 
with two methyl groups. 8 The MS of the deuterated IIA (+ 10” sample) shows two 
intensive peaks with m/e 110 and 111, i.e. the second dcutcrium atom is incorporated 
in the above-mentioned fragment. Since the addition to the 6,7double bond proceeds 
stcreospccifically and the addition to the 2,3double bond non-stcrcospecifically, one 
can reasonably assume that the second dcutcrium atom is incorporated at the a- 

position lo C, center. This is another independent ecicience in facor of an intermediate 
cafion of fype VII. 

The comparison of the deutcrium content of the two samples of IIA of different 
origin (Nos. 4 and 3 in Table 2) suggests that the observed differences of deuterium 
incorporation may be due to the life-time difference of the intermediate cations VII 
formed in the cyclization of IA and VIII. The longer life-time in the latter case and 
correspondingly greater degree of deuterium exchange reflects the decreased nucleo- 
philicity of the conjugated 6,7double bond in VIII in comparison with that of isolated 
double bond in IA. This suggestion is in good agreement with previously reported 
data about the dependence of steric and structural course of isoprenoid cyclization 
on the nucleophilicity of the double bonds involved. 1.~*19 The formation of a cation 
of type VII is thus a step common to the cyclization of both compounds (see scheme 
below) IA and VIII, but its further fate depends on the rate of the cation interaction 
with 6,7double bond. 

D 

D’ 
=1 

< 
K, 

K,> K, 

l The extent of dcutcrium iacorporatioo in thin work is a little less than in Ref. 9; it may be dw 
to the differcot solvents used-nitromctbanc in Ref. 9 and oitropropnne in the present work. 

I’ W. A. Smit, A. V. Sanenotiy. P. F. Vlad and V. F. Kwherov. Im. Acad. Nank SSSR, Old. 
Khim. Nauk 312 (1962); A. V. Samnotiy. W. A. Smit and V. F. Kuchc~ov, Doklw Acod. Nauk 
SSSR 132, 1107 (1960); W. A. Smit. A. V. Sanenovsky. T. N. Chcmova and V. F. Kuchaov, 
Izo. Acad. Nauk SSSR, Ser. Khim. 1229 (1965); A. V. Sanenovsky. W. A. Smit and V. F. Kucherov, 
ibid.. 1424 (l%S). 
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All these results taken together clearly show that in the acidcatalysed cyclizatioa 
of geranylacetone and its analogs proton attack at the terminal (2.3) double bond 
proceeds non-stereospecifically as regards to both centers concerned (C, and C, for I). 
At the same time the addition to the central 6,7double bond with the formation of 
bicyclic structures proceeds stereospecifically, thus demonstrating the difference of 
the mechanisms operating for the addition of proton to 2,3double bond and for the 
addition of the carbonium ion to 6,7double bond. In the former case the reaction 
involves the formation of carbonium ion of type VII with unhindered rotation, and 
in the latter the reaction should pass via intermediates with a fixed configuration like 
bridged cations or conformationally stabilized carbonium ions. The use of different 
cationic initiators” instead of proton may lead to the change of the stereochemistry 
of the initiating step of the cyclization process. Corresponding studies are in progress. 
Since geranylacetone is quite an ordinary isoprenoid compound we consider the 
results presented to be of general validity for the acid-catalysed isoprenoid cyclization. 
The remarkable difference in the stereochemistry of the proton attack observed for 
tri- and disubstituted double bonds indicates the different mechanism of the proton 
addition in these two cases. 

We believe that the stereospecificity observed for the initiating step of the enzyme- 
catalysed isoprenoid cyclizations may be due to the rigid fixation of the substrate on 
the enzyme surface or/and to the non-protonic type of initiating species. 

EXPERIMENTAL 

All GLC analyses (unless otherwise stated) mre with LChMJ SKB-Ioch chromatograph 
(dctcctorcatharcmeter. carrier gr He; apiczon M (10%) on chromosorb W @uawashed), copper 
columns (250 an long, 4 mm id.). 

IR (UR-10 spectrophotomcter). NMR (6OMHz on J.E.0.L instrument. MS (MCh-1303 
mass-spectrometer). All m.p are uncomxtcd. 

A. Frqmmrion of Lsowsdc 3,7_dlmrrhyldo&a-3,7_dlnu-1 l-one (m) 

The titk corn& were prepared from methyl ethyl ketone by well known rncthodqT which 
include remtAng the cycb of ethynylation. sckctive hydrwnation and reaction with aatoacetic 
ester (via intermediate allylic bromide formation or via pyrolysis of aatoacetic esters of allylic 
alcohols). 

1’ W. A. Smit and A. V. Semenonky, T&ah&on Lcfrers No. 41. 3651 (1965). 
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After each cyck the mixtures of cir-rruns ketones formed wtrt separated by a fractional mctifkation 
with the tru of 13&m &US cohunn (i.e. 14 mm) pm&cd with standard copper hchccs. 

Sepation of kmrrlc 3-ttwthybc&cn-7-on. Sina tbc mixture of c&-rranr isom*ric 3-mcthyloct- 
3-cn-%oncs could not bc separated by fractionation, wc transformed tbc ketones into the cyclic kctaI 
derivative by the following prOCfdurc.*‘* A mixture of isomcrk 3-mcthyloct-3-cn-7_oocr, (IOOg). 
ethylene &co1 (500 ml). BF,-cthcate (ISO ml) and ether (XXl ml) was stirred at 20” for 7 hr. After 
usual treatment ethylenckctal was obtained (106g, 80% yield, b.p. 70-77”/4 mm) and rc&icd 
b.p. 9%100” at 10 mm. rcflux ratio 100: 1). The course of fractionation was controlled by GLC 
(I 30’. 70 ml/mitt. relative retention time CL: rrcur - 1: 1.1). The folIowing fractions were collcctcd: 
low tx$ling+ir-isomer, U%; intermediate--mixture cls + tram (~1: 1); and high boiling-rroru- 
isomer W”f. The pure ketals thus obtained wcrc dissolved in hcxane and then stirred with !IN 
H,S&‘for ‘&era1 hr. Ketones formed wcrc isolated in the usual manner and wcrc shownt to bc 
chromatographically pure (less than 5% of other isomer). Scmioarbazoncs (yields -80%): cls- 
ketone. m.p. 12412Y(McGH-H,O); rrunr-ketone, m.p. 114°(McOH-H,0). Found: c&C, 6O+lS; 
H, 9.74; Iran+C, @386; H, 9.75. Cak. for C,,H,,N,O: C. 6@88: Ii. 9.71.) 

Sewarion of isomric 3,7-dimcrhy/~cu-3,7~e~-ll-o~$ (III). Ry the above-mentioned cycle 
of reactions each isotncric 3-methyl-3-octcn-7-on (c/s or rronr) was transformed into the pair of 
7.8~isomcric 3,7dimcthyIdodcca-3.7.dicne-1 I-one. Careful fractionation Q3.p. I36141’/10 mm, 
refhx ratio 100: 1) gave pure cis-7,&isomcr--IIIRa or IIIRb--(25% of the total) as low boiling 
product and pure rranr-7,8-isomer-IIIAa or IlIAb (55 % of the total)-as high-boiling product. 
GLC (170”. 110 ml/mitt) showed that all four isomeric ketones arc stcrcochcmkally pure (45%). 
Respective retention data IIMa:IIfBa 5 1:1+14; 1IIAb:IIIBb = I : 1.1. Their refractive indexes arc 
very similar-1467W.4679 at 20”. All four isomcrk kctoncs show c~rrcct anaIysis for C,,HUO. 
Scmicarbaxcncs (yields about 80%): IIIAa, m.p. 91-92”. IIIAb, m.p. lOS-106”. III&t, m.p. WPl’, 
IIIBb m.p. 100-101”. All four scmicarbazoncs show correct analysis for Ct,H,N,O. 

B. Cyclirarion of &cnuric 3,7dinuthyl&ca -3,7-dienc-one-I 1 

tram-7.8~Series. A cooled soln of H&G, (25-7 ml, loO?J in nitropropanct (10 ml) was added 
at -70” to a well-stirred soln of IIIAa or IIIAb (2,Og) in nitropropanc (10ml). The resulting 
yellow soln was kept at -70” for 20 min and then poured into a mixture of pet. ether (40 ml) and 
iccco0lcd water (SO ml). The aq layer was cxtractod with pet. cthcr ( x 3) and the extract washed 
with NaHCOgq and dried (MgSG,). After removal of the solvent the residue (I.8 g) was distilled 
over Na giving 1.45 g of TVA, b.p. 103-ltW/4 mm, n, ” 1.4900. (Found: C. 80.50; H, 11.7% 
Cak. for ClrHIIO: C, 80.71; H, 11.61’/,) GLC (Ml*, 95 ml/min) showed the absence of c& 
isomcn, WI3 (relative rctcntion data IVBWA - I: 1.53) and other impurities. Tbc compd gave 
one spot on TLC on SiG, or AI,O, in different systems. 

Oximation of IVA gave 95-97x of carbonyl content. IR sportnun shows a strong absorption 

,cp- bandat 16POan-1(--cH , group). Hydrogenation (‘Ft. AcGH, 2fY) leads to the uptake of 

1 quiv. H, and the dihydro product shows no absorption at 1650-17X) cm-t and does not contain 
carbonyl group (by option). GLC using high-clWcncy capillary column@ showed that IVA 
consists of a mixture of two compds in a ratio of about 1: 1 (IVAa and IVAb). The mixture formed 
from I.IIAa and IIIAb show complctcly identical IR and NMR spectra. 

The scmicarbazonc obtained from mixture IVA (a f b) (yield about 85%) has m.p. 17~177’. 

l The conventional method (rcfluxing of bcnrcnc soln in the prcscnce of pTsOH) was found to 
inducz doubk bond migration. 

t The separation of ketones by 0I.E is rathcs poor and wc found it better to transform them into 
corresponding cyclic kctals for GLC analysis. 

$ A commercial mixture of l- and 2-nitropropants dried over CaCl, and distilled over P.0, was 
used. 

§ Copper capillary. SO m x 0.U mm. coated with the mixture of di-n-cctyl scbacinatc and 
Twccn 40 (1:20), 140”. nitrogen 1 ml/min, flame ionization detector. 

IS D. N. Kirk, D. K. Patcl and V. Pctrow, 1. Chem. Sot. 1046 (1957). 
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after two crystallitations from McGH-HsO 176+177~5”. (Found: C, 63.82; H, 10.42; N, 1476. 
Cak. forC,,H,N,O,: C.6357; H. 10.31; N, 14.83%) 

cis-‘I,&sptict. The @ration of 2.Og IIIB (a or b) under the conditions used for IIIA gave 
1.2 g IVB, b.p. 73-75”/2 mm. (Found : C, 80.50; H. 11.80. Calc. for Ci.Hs.0: C, SO.71 ; H. Il.61 %.) 
GLC analysis (180”. 9Sml/min) indicated the presence of two closely rclatcd compds (relative 
retention time 1.05: I). According to C&C, IR and NMR data the mixtures of IVB (a + b) derived 
from III.& and IIlBb arc identical. Gximation shows the prcscncc of 95 % carbonyl cquiv. There 
is a strong absorption band at 1690 cm- ‘. Hydrogenation (Pt-A&Ii, 1 M H,, 200) led IO compkte 

diippearance of -cH=c 
P 

\ 
group as judged by IR data or oximation. No hydroxy compds 

were present in dihydro product according IR or TLC data. 
Attempts to obtain crystalline scmicarbazonc from IVB (a + b) were unsuccessful. 
fsomcrizdon @VB into WA. The soln of IVB (a + b) (0.2 g) in nitropropanc (2 ml) was added 

to a saturated solution of BF, (044 g) in nitropropane (8 ml) at -M”. The mixture was kept at 
-20’ for 90 min. After working up as usual @I g pr&xt was obtained, which according to GLC 
contained about 61% of IVB (a + b) and 39 % of IVA (a + b). TLC data confirmed the absence of 
other impurities. Under the same conditions the isomerization of IVA gave a mixture of 80% 
IVA (a + b) and 20% IVB (a -!- b)*. 

C. D&O,-fna’u-d cyclizaticns 

Ar -70”. The cyclizations under the action of D$O, (95% deutcrium) wcrc carried out under 
the same conditions as described above. The products fomxd-HA from IA, IIB from IB. IVA 
(a + b) from IIIAa-were pure according to GLC and TLC data. For MS and IR spectra. see 
Tables 2 and 3 rcspaztively. 

A; -i. 10”. (a) Gcranylacctone (IA). A soln of D,SO, (0.75 m,) in nitropropanc (1 ml) was 
added at -~lO” to a soln of Ia (O-5 g) in nitropropane (3 ml). After stirring for another 5 min. the 
mixture was decomposed in the usual way. The product HA (03 g, 8&82’/2 mm) was obtained. its 
identity being proved by TLC, GLC and IR comparison with the authentic sample of HA. For MS. 
see Table 2. 

(b) ycIonone (VIII). A similar treatment of tp-ionone (VIII, 6 g) gave /l-iononc (IX, 2.3 g). 
which was hydrogcnatcd into X (Ni Rancy, MeOH, 20”). The cyclization of X into Ha under the 
action of H,SO, had been already described. * Pure HA (0.3 g) was isolated by preparative GLC. 
For MS, see Table 2. 

.-+c&now~e@t~nrs--lhe authors thank Dn. V. I. Zarctzky and V. A. Sadovskaya for tneasurcmcnts 
and help in interpretation of MS spectra. WC arc also indebted to DR. I. P. Yakovlev and G. A. 
Kogan for IR spectra, to Dn. S. L. Portnova and G. Yu. Peck for NMR measurements and helpful 
discussion. 

l Under comparabk conditions the reversible isomcrization of HA into III3 gave similar results.‘ 


