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bktmct-A C,, smmfed isoprmoid hydrocnrbon, 2,6,lOeimethyi~ haabeenisolatod 
~thaAatrimShak,8ndhasbeenchrvacterizadonthsbasisofcapillarygar,chromatognphyurd 
mamspcctromeay. ~reprerwPtothefirltraportofthisisopieaoidolkawiaau&offsMd~~ 
A~~C~~~o~~~~~~f~l. ~~~~~ta~~~ 
suchasaqualam,maybeaprtcumo rof~~id~~~~~. Therelatively 
szmil proportkm of the Cl, isoprenoid in the Antrim Sbalc suggam that phytol is the probable 
praxrsor. TwoCuieomricahaaesht~baeslayntbeaizbdsadthsir~spectraoomperdlwith 
that of another Cl, immric alkanc,priatanc. Thoclosc&imhtityofthe3espectracmp~the 
cmnaxssptyisassigning~ to organic mmpomdn isolated fbm crude oih and eedimmta, 
partbbiy hydromrbons, without additional confirm&m from other physkai mcwummts. 

To QAIN au insight into the chemical transformations that take place during the 
formation of sediments we have sought to characterize the structure of the organic 
compounds in them and to establish their precursors. owing to the complex chemical 
nature of the organic extract it has been extremely d&cult to isolate individual organic 
compounds in pure form. The synthesis of hydrocarbon standards that are not readily 
available has therefore become an integral part of our identification procedure by 
capillary gas chromatography and mass spectrometry. In particular, our iuterest has 
centered on the saturated isoprenoid hydrocarbons. 

A previous pape+ describes the isolation and identification of a series of isoprenoid 
hydrocarbons from the Antrim Shale, Midland County, Michigan, reported as Late 
Devonian in Age, about 265 x 10s yearst In that paper the procedure for the 
extraction of the total hydrocarbon content was outlined and we commented upon the 
cousistent absence of the C;, isoprenoid from among the isoprenoid alkanes identifkd 
in a series of oils and shales. Qther authors- have also failed to report this isoprenoid. 

*&santadinputatthslSZndNatio~MstingofthsAmgianChdmicnlSodety,~~ 
Division, General Papers, at New York City, SGpteanber ll-16,1966. 

tWsapprcdatethagaruosityofMr.RD.Ma~forhisrpmp~ofthoAntrimrbals 
“The Michigan @&@cal Survey has published a new ‘tstmtigrap~ sumwion in Michigan’ which 
pllrars the Ant&n in the L&a r)tvanian (Cbautaquan). A chronohgy published by Hougb which b 
be& on work by Ladd and Ahms placea tbc end of the Devonian at about 265 million years.” 
Private ammuniwion from Mr. R D. MattJmw of October X),1964. 
‘RB.Jdnos,T.Bt~,8.D.M~y,AL.~~,PatHaug,H,KSchnoes,W.~~ 

pMfM.CXViQG~# Comw&miH AC&l 3@, l191(196@ 
8 0. Egiinton, P. M. Scott, T. &f&y, A. L. Burlitqame, W. Richtcx and M. Calvin, A- k 

orpdc cFedm&Q Vol. 2 pstgamon pregl(1966). 
‘W.~.Ro~~J.J.~~G.U.D~G~~etCo~~A~a~,~9(1~. 
‘ 3. G. Bcndor&is, B. L. Brown, R S. Hqmer, Adyt. Ckm 34,49 (1963). 
*J. 0. Bendora& B. L. Brown, R. S. Hcpner, World Petrohm Ckmgces, Rankfbt/Mpin, 

Germany, June 19-26 (1963). 
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We now report the isolation and identification of this C,, saturated isopreaoid 
hydrocarbon, 2.6.1~trimethyltetradecane in the Antrim Shale. By coinjection 
techniques on a gas liquid chromatograph capillary column and by comparing the 
mass spectrum of the standard with that of the compound isolated convincing evidence 
has been provided for its presence in the shale. The C,, isoprcnoid standard was 
synthesized from famesol by the synthetic scheme outlined in Fig. 1. 

SYNTHETIC PROCEDURE 
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Fm. 1. The synthesis of the C,, saturated iwprcnoid hydrocarbon, 2,6,lMrimcthyl- 
tetradecatx from famesol. 

~:--i_ 

ANTRTM wiAIJ3. BRANCH-CYCLIC. APl-.E. 

FKL 2. Capiuary gas chromatognph of the branchcyclic fwtion from tbo Antrim 
shalt. 

The gas chromatogram of the branch-cyclic hydrocarbon fraction of the Antrim 
Shale is shown in Fig 2. The inset marked in Fig. 2 is shown in detail in Fig. 3 where 
it is compared with the gas chromatogram of the branch-cyclic hydrocarbon fraction 
containing the coinjected C,, saturated isoprenoid hydrocarbon. The gas chromato- 
grams, programmed under identical conditions, are highly reproducible so that 
coinjection with known standards provides a very sensitive method of characterization. 
The coinjection procedure has been repeated on two other phases, SE. 30 silicone gum 
rubber and castorwax,+ and the corresponding coincidence again obtained. It should 
be emphasised that the small increase in relative peak height intensity of the C,, 

l Standard Perkin-Elmer liquid phases: Designation Z and C-W rcsptctivcly. 
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FKL 3. The upper chromtogram shows tbc inact frm Figure 2; the lower chromat- 
ogmn shorn the same region with the CQinjectcd standards, the c,, isoprcnoid, 

%6,t~~hyltet~~, and the C,, isopmmid, pcistme. 

saturated isoprenoid hydrocarbon shown in Fig. 3 is reproducible in every instance 
under the stipulated conditions. Further, an estimation has been made of the relative 
proportion of the C& isoprenoid hydrocarbon found in the Antrim Shale and this is 
shown in the following table compared with the relative proportion of the other 
isoprenoid alkancs identified in the shale. 

kOPRFNDID COSTIWT OF BRANCHED CYCLfC 

AUCANE FRACnON OF ANTRIM sii.4LE 

Ct. 045 f 0.02 
G 0.05 f O-04 

G* 046 i 04x? 
G* 0,27 5 042 
G, 0.23 * oXI2 
G, 0.19 :!: 042 

fkkntifiod isoprcnoids constitute 
approx. 1.6% of the bralrhcyclk 
Jkancs of the Antrim Shak.) 

Although an accurate estimation of the proportion of the C;, isoprcnoid cannot be 
made it is present in considerably smaller quantities than any of the other isoprenoids. 
This is in accord with a diagenetic scheme where phytol is considered the biological 
precursor of these isoprenoid hydrocarbons. 
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The upper part of Fig. 4 shows a collection of the q, isoprenoid region from a 
10’ x i’ preparative column, S.E. 30% phase, before subsequent purification on two 
other phases. The peak labelled “G, isoprenoid” was enhanced by coinjection of the 
standard. Further purification of the C,, isoprenoid was effected by reinjection on and 
collection from tetracyanoethylated pentaerythritol and seven-ring-meta polyphenyl 

__- .-. ..- .J 
FKL 4. uppers C+lhy gas chrommpm of the C,, hopmn~id region dkuai from 
a prcparativc S.E. 30 column, and before subsequent purif3cation on other pti. 
Lomr: C,, isoprenoid region frcm the Antrim Shak. The cut corresponding to C,, 

isoprawid WBS colkctcd and analyscd by mass spaztrometry. 

FIG. 5. Mau spectrum of the C,, isoprcnoid, 2,6,10-trimcthyltctradscane. compared 
with that of the Cl, isoprenoid isolated from the shak. 

ether phases respectively. The lower part of Fig. 4 shows the relative retention times 
of the C,, isoprenoid and the G, LW- and anreiso-alkanes, using 25’ x 4’ column with 
seven ring met-poly-phenyl ether as the phase. The cut corresponding to the C1, 
isoprenoid was collected and analysed by mass spectrometry. 

The mass spectrum of the standard C,, saturated isoprenoid hydrocarbon, and 
that of the sample collected from the Antrim Shale, are shown in Fig. 5. The two mass 
spectra show considerable similarities to each other although certain discrepancies in 
the relative intensities of the peaks should be noted. This is due to the fact that a 
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completely pure cut is difficult to obtain. The mass spectra were obtained from 
chromatographs in which the resolution was far inferior to that obtained on the 
capillary instrument. 

The mass spectra of the G;, iso and anteho-alkanes isolated from the shale are 
shown in Fig. 6. Consideration of these spectra should be made when comparing the 
mass spectrum of the C,, isoprenoid standard with that of the compound isolated from 
the shale. In the shalt sample there would seem to be contributions from parent 
molecular ions at m/e 226 and at m/e 238. The parent molecularionatm/e226 might, in 
part, be reasonably attributed to the presence of the C,, iso- and anreiJo_alkanes, which 
have retention times that are very similar to that of the Cl, saturated isoprenoid 
hydrocarbon, The mass spectral peaks at m/e 211 and mfe 197, more intense than 

Fro. 6. Mas spectra of the C,, &o-Uane and ttu C,, m~cb-alkam both of which 
were isolated and identified in the Antrim Shale. 

expected, could aiso arise from small amounts of the CT,, iso- and mrreiso-a&ants. 
Further, the C;, iso-alkane would contribute to the m/e 183 mass ion which might 
account for a more intense m/e 183, relative to m/e 155, in the shale sample than is 
actually observed for the C;, isoprenoid standard. There is also mass spectrometric 
evidence for unsaturated components, including a mono-olefin of mol wt 238. The 
remaining discrepancies might be better understood with a complete knowledge of the 
structures of the compounds in the cut taken from the C,, isoprenoid region of the gas 
chromatograph shown in Fig. 4. In conclusion, we consider that the available 
evidence argues very strongly for the presence of 2.6.1 O-trimctbyltetradecane as the 
major constituent of this region. 

It has been previously suggested4 that phytol might be the precursor to the saturated 
isoprenoid hydrocarbons. The C, isoprcnoid skeleton is shown in Fig. 7 (i). It can be 
seen that the formation of the C r,,, C,e, C,, isoprenoids would require oniy one 
cleavage in contrast to the q, isoprenoid which would require two cleavage points; 
the fatter process is considered to be inherently less probable. The relative con- 
centrations of these isoprenoids in the Antrim ShaIc wouId seem to vindicate such a 
scheme. 

The possibility that a C, isoprenoid such as squalanc might give rise to the Cr, 
saturated isoprenoid hydrocarbon has also been considered. If squalane is a major 
precursor one might expect to Gnd other isopnnoid hydrocarbon types, in particular 
the C,, isoprenoid. 2.6.1Wrimethylhexadecant. This would be present in addition to 
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the C, isopreaoid. 2,6,10,14-tetramethylpeatadecane, pristane, which has been 
isolated from marine sources .6-s Such a scheme is shown in Fig. 7 (ii). 

The Cl0 isoprenoid 2,6,1O_trimethylhexadecanc has been synthesized from famesol 
by a similar scheme to that used in the synthesis of the C,, isoprenoid hydrocarbon, 
where butyraldehyde rather than acetaldehyde is now allowed to react with the 
Grignard reagent prepared from hexahydrofamesyl bromide. The coinjection of this 

DIAGENETIC PATHWAY 

PHYTOL AS PRECURSOR 

SOUALANE AS PRECURSOR 

1 
FIG. 7. Diagcnctic pathway to the koprenoid alkana with (i) phytol as prcwrsor 

(ii) squalane as precursor. 

Cr, isoprenoid standard into the branch-cyclic hydrocarbon fraction of the Antrim 
Shale does nor provide convincing evidence for its presence. Certainly, if this 
isoprenoid is present it is there in small quantities. On the basis of this evidence 
squalane would not appear to be a significant precursor of the saturated isoprenoid 
alkanes. 

The Czl isoprcnoid provides a more critical test of this hypothesis. The regular 
&, isopreaoid, 2,6,10,I44etramethylheptadecane, already reported by BeadoraiW 
and tentatively identified by this group,’ could be derived from a C, isoprcnoid 
precursor, by analogy with our previous diagenetic schemes (Fig. 7). The C,, iso- 
prenoid 2,6,10,15-tetramethylheptadecanc, could only reasonably arise if a C, 
isoprenoid such as squalane were a precursor. The mass spectra of these two isomers 
should exhibit only very minor differences. An unequivocal identification of the C,, 
isoprenoid present in the Antrim Shale might provide evidence for the nature of the 
precursor. 

’ N. A. Sorenson and J. Mehlum. Acre Ckm. Stand. 2.140 (1%). 
’ M. Blumcr. M. M. Mullin and D. W. Thomas, Science. 140,975 (1963). 
a J. D. Mold, R. K. Stevens. R. E. Means and H. M. Ruth. Narurr. Lo&. 199, 283 (1963). 



Isolation of C,, saturated isoprcnoid hydrocarbon 2,6,10_trimtthyItctrati 2615 

2,6,10.15-Tetramtthylheptadaam 

The coinjcction of the regular C, isoprenoidt into the branchcychc fraction of the 
Antrim Shalt indicates that this isoprcnoid is nof present in any significant quantity, 
but was found to have a retention time very similar to that of a major peak in the 
capillary gas ~hro~to~arn of the branch-cyclic fraction from the Antrim Shale. 
This somewhat surprising result suggests that the alternative C, isopreooid isomer 
derived from squslane may represent the structure of the Cs, isopreaoid isolated from 
the shale. These two isomers would be closely separated on a capillary gas chromato- 
graph. We are at present synthesizing this ahemative Cs, isoprenoid, 2,6,10,15- 
tetramethylheptadecane to confirm this prediction. The identification of the C,, 
isoprcnoid isolated from the Antrim Shale as 2,6,10,15-tetramethylheptadecanc would 
again bring into question the role of squalane as precursor to these saturated isoprenoid 
aikanes. 

Another isomeric C,, alkane, 2,6, IO, 13-tetramethylpentadene has afso been 
synthesised by a similar scheme to those previously mentioned. In this case methyl 
ethyl ketone is allowed to react with the Grignard reagent prepared from hexadydro- 
farnesyl bromide and the tertiary alcohol so formed is dehydrated with iodine. One 
would expect that the three C,@ isomers, pristane, 2,6,i~trimcthyihexad~ane and 
2.6, IO,1 3-tetramethyipentadecane, might have very similar mass spectra and that for a 
slightly impure sample of a C,, isoprenoid isomer isolated from a shale, (which is the 
case for the Antrim C,, isoprenoid), assigning a specific structure to the isomer might 
be difhcult on the basis of mass spectra alone. Moreover this alignment is somewhat 
critical since the C,, alkanc, 2,6,10,13-tctramethylpentadecanc, would not be expected 
to derive from the biologist precursors generally considered to give rise to isoprenoid 
hydrocarbons. A comparison of the mass spectra of the C,* hydrocarbon isomers 
together with that of the C,* isoprenoid isolated from the shale emphasises this 
difficulty explicitly (Fig. 8). 

The order of elution of the C,, isomers is shown in Fig. 9. 
Coinjetting standards in this case, enabled a specific structure to be assigned. For 

the C,, isoprenoid isolated from the Antrim Shale there is iittfe doubt that it has the 
pristane structure. The mass spectrum of the Antrim Cn, isoprcnoid, if anything, 
shows more resemblance to 2,6,10,13-tetramethyi~n~d~ne than to pristane, but 
coinjection of the respective standards indicates that the former possibility is not 
feasible. 

The three C,, isoprcnoid isomers were also distinguished by a close analysis of the 
7.25 ,u (1380 cm-l) region, (the Me symmetrical bending region) of their IR spectra, 
obtained from a Beckman IR-7 instrument. Area analysis of the 7.25 p (1380 cm-r) 

t WC thank Mr. W. If. Van Hocvcn for supplying US with a sample of the regular C,, isoprcnoid. 
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Fm. 8. A awparbon of the mass spectra of three C,, ismcric altraag with the mm 
spkxznm of the CT,, isoprenoid from fhc AntriJn shale. 

i.-_-.-- 
ORDER OF ELUTIOH W C,9 :WEHOIO ISOUERS APICZON 1. PHASE 

Fio. 9. Elution order of the C,, isomcrk aIkanu, Apiaan L phase. 

region can bc used in Me group estimation. * When two MC groups an on the same 
carbon atom the 7-25 j4 (1380 cm-l) peak splits into two components, one at -7.22 ~1 
(1385 cm-*) and the other -7.30 p (1370 cm-‘). These C, isoprenoid isomers 
therefore, in which the number of gemdimttbyl groups and single Me groups is 
different for each isomer, can be identifkd on the basis of their IR spectra. NMR 
might also provide some information. However, the quantity of a pure compound 
isolated from a sediment is generally so smaI1 that this physical m~u~ment is rarely 
possible. 

l J. C. D. Brand and G. Egiinton. Chapter TV. Appllcaihs oJ’S$cefromrry to Oganic Chcmfttry. 
Oldboumc Press, London (l%S). 
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For most sedimentary organic extracts biological precursors are to be anticipated. 
The unequivocal identification of pristane or the C, isoprenoid, phytane, in organic 
hydrocarbon extracts of known non-biogenic origin (for example, the Fischer-Tropsch 
Reaction Product) would seriously undermine the value of these hydrocarbons as 
criteria for biological precursors. The purpose of this discussion seeks to emphasise 
the extreme care necessaq in assigning structures to constituents of complex hydro- 
carbon mixtures on the basis of gas chromatographic analysis or mass spectrometric 
analysis alone. 

Many valuable contributions have been made to the problem of hydrocarbon 
genesis in sediments. TOFU Apart from oxidation, reduction and decarboxylation which 
certainly occur during oil generation, there must also mur destruction of simple 
carbon-carbon bonds. Welter1 has considered the hypothesis that oil genesis is 
primarily the result of a “thermal disintegration of finely disseminated organic 
material in the source rock.” Thermal cracking processes, which are noncatalytic, 
would give rise to lower molecular weight hydrocarbons. Abelson’s has estimated 
that such hydrocarbons could have been formed during 100 million years under an 
average temperature of 160”. Cracking processes of this nature might be reasonably 
postulated to account for the formation of the saturated isoprenoid hydrocarbons from 
the biological precursor, phytol. 

EXPERIMENTAL 

Physid tneusuremenfs. IR spectra wcrc recorded on a Pcrkin-Elmer infmcord using a thin 8hn 
for tha liquids. For high-resolution IR spectra of micro samples the Beckman IR-7 was used with a 
BeckmanBeam Condcmcr. NMR spectra wtft recorded on a Varian A-60 spsuomcta. at 60 IIIC, 
with CC& as solvent and TMS as internal standard; values on the tau scak (ppm) am reported with 
reference IO TMS at a value of 10. Mass spectra wcrc dctcrmincd on a modi&i C.E.C. mass spcctrom- 
ctcr, Model 21-103C. with ionising voltage of 70 cV. and an inkt he&cd to about 200”. 

All prcparativa GLC were run with the following conditions, except where my statcd in 
the manuscript: 10 ft x t in; 3% S.E. 30 on 80-100 mesh Chromosorb W (DMCS); 60 ml/min 
He; dcctor 24y; injector 280” (Aerograph Model. A-%P2). Capillary gas chromatograph condi- 
tions wcrc as follows: Capillary column 150 ft x 091 in; apkzon L; 5Omml/min, He; dctcctor 
185”; injector 305”; programmed at O+S”/min; Perkin-Elmer Model 226. 

Hexahpirofamesol. An 8.9 g sampk of hcxahydrofameao 1(40mM)in25mlofabaakoholwaa 
hydrogcnatcd in a Browns Hydrogcnatori’ (Dclrnar Scientific Laboratories) using a Pt-C catalyst. 
The reaction was carried out at room tcmp and followed quantitatively. The reaction was 9%98x 
compkfe after 4 hr. (The uu of PtO, catalyst instead of PtC gives a 95 % yield of the hydrogenolysis 
product, famesane.) Yield - 8.7 g (90%) [94x hurahydrofamcaol; 5% famesane; I % unhydro- 
kcpatcd mat&al (dctcrmincd by GLC)]. Physical wnsfan~s: (Ibctioo Product) nz 1.4392; 
[lit.“. ?I: 14487, hcxahydrofarncsol; ?I; 1.4303, fannxan c.] IR 3.02 /A; 7.25 p, 7.u)~. Mass 
spectrum m/c 228 (M), m/c 210 (M-18). (Found: C, 78.31; H. 13.79. Cak. for Ci,H,,O: C, 78.86; 
H. 14.13%) 

Hexah$rofamesyI&omi& An 8 g sampk of the reaction product (containing 95 % of hcxahydro- 
farncsol) in 3S ml of n-beptane was brominatcd by bubbliog anhyd HBr through the soln. heated at 
60” for IO hr. The crude product was fractionally distihcd through the 35 cm Podbklniak column at 
I mm pm. The fraction boiling at 122.5”-123.5” was colkotcd, ykld = 5.02 g (48%). Physical 
w~tants: nt 14605 (lit.“*“, a: 14605). Mass spectrum m/c 290 &I). m/e 292 (M). (Found: 
Br. 27.45; Calc. for C,,H,,Br: Br, 27.30x.) 

I’ J. M. Hunt, Inremarbd Seienrific Oil Con/. Proc. pqxint, Budapest (1962). 
ii Dictrkh H. Welte, Bull. Am. Ass’n of Petroknm Geok@ts 49, 2246 (1965). 
i’ P. H. Abelson, 6fh World Pcrroleum Coy, Proc. Set I ; pp. 397-407. Frankfurt/Main (1963). 
I’ H. C. Brown and C. A. Brown, 1. Am. Chem. Sue. 84.1493 (lW2). 
I* I:. G. Fischer, U&s Ann. 464, 89 (1928). 
I’ I. M. Heilbron and A. Thompson, J. C/tern. Sbc. 1,890 (1929). 
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5,9,lj.~i~~hyl~e:rodccan-2-ol. Following the general proadure for Grignard Itaction : 
[see e.g. Cason/Rapoport. Leb. Text in Grg. Chun.. Chapt. 16.1 2.5 g (-8 mM) hcxahydrofamuyl 
bromide in 5 ml of dry ether and Q25 g of Mg in 5 ml of dry ether, was allowed to react with @35 g 
of aataldchydc; Yield = Q65 g (31 ye); Physical wns~ants: IR 2.98 /A; 7.25 cc, 7.30 p. 

2-Au~ox)c5,9.13-rrinufhylrcrrarlrcoru. A sample of 0.65 g of 5.9.13~trimcthyltctrad2-ol, 
l-1 ml of Ac,O. and 4 ml of dry bcnrcnc wcrc refluxcd for 4 hr according to the procedure of Cason 
and Graham.*@ The reaction mixture was cookd. poured onto 5 g of kc and stirred. The residual 
Ac,O was removed by washing with 10% NaHCO,. and the product was cxtractcd with ether. 
yield = @59 g (78%); Physica/ constants. IR 5.70 p; 8.02 p; 7.25 p. 7.30 /1, Mass spectrum NO 
Mol. ion, m/r 238 (M-60). 

5.9,lETrinurhylrrtr~~s. 2-aatoxy-5.9.13~trimcthyltctrad, was pyrolyscd at 515”. 
csscntially according to Baiky and Golden. I’ in a l.Ocm x 2Ocm Pyrex tube to a depth of 16cm 
with 3 mm Pyrex helias. Dry N, was smpt through the apparatus continuously and the aoctatc was 
allowed to drop onto the hcatcd hclias. drop by drop, over 3 mm. The pyrolysate was rinsed from 
the trap with 25 ml of normal hcptanc. Tbc hcptanc soln was washed with 10% NaHCG,aq. then 
with distilled water and dried. To rcmovc rhc residual aatatc the crude product was chromatograpbcd 
on an alumina column (Muck reagent grade) and elutcd with n-hcptanc. Tbc hcptanc cluate was 
then drkd and cvaporatcd. yield - 0.23 g (48 %): Physical CONIWS: IR 6.07 p: 7.25 p. 7.30 p; 
ltMt8 p, IO.97 cc, IO.35 p. NMR 4.6 T, 5.25 T, (compkx multiplets). GLC 3 distinct peaks (capillary 
column). Mass spbctrum m/c 238 (M). 

f6,10_Trimcrhy/rerrodcccuu. The mixture of alkcncs, 0.14 g. in 10 ml of abs alcohol wcrc hydro- 
gcnarcd in a Brown’ HydrogenatoP (Dclmar Scientific Laboratorks) using 15 mg of PtO, as a 
catalyst. The hydrogenation was complete in 5 min. yield .-, 0.13 g (94%); Physical consrants: 
ng I.4291 ; IR 7.25 p, 7.30 p; mass spectrum m/e 240 (M) (Fig. 5). GK one distinct peak 
(capillary column). 

7,11,15-Dinwrhylcunc4ol. Following the proc&ure according to Casoa and Rapoport. 
Lab. Text in Org. Chan.. Chapt. 16. I.0 g (-3 mM) Hexahydrofamcsyl bromide in 5 ml dry ether 
and 0.15 g of Mg turnings in a 5 ml of dry ether wcrc allowed to react with @25 g dry butyraldchydc. 
ykld = 0.47 g (48 ‘/,); Physica wnstonts: IR 2.96 p’; 7.25 p, 7.30 p; mass spctrum m/e 284 (M); 
m/e 266 (M-18). 

CAceloxy 7,11.15-Trlmethyltetra&c~. Proccdurc as for 2-aatoxy-5,9.13-trimcthyltctradccanc; 
a sampk of 0.38 g of 7.11.15-trimcthylhcxadccanc4-ol. was used as starting material, yield - O-325 g 
(75%); Physical CONIOW: IR 5.71 /r; 8.01 18; 7.25 p. 7.30~; mass spzctrum No Mol. ion, 
m/e 266 (M-60). 

7.11.15-Trinterhylhexuakenes. The aatatc cracking was carried out essentially according IO 
Baiky and Goldcn,i’ and as dcsaibcd previously for synthesis of 5.9,lftrimethylte~ra&ccnes. 
Starting material: 0.3 g of 4-aatoxy-7.1 I.15trimcthylhcxadnc, yield = 0.14 g (57%). Physical 
COIISIMIS: IR weak. broad 5.98-6.20 p; 7.25 p, 7.30 p; IO.32 p. NMR 4.6 z (complex muldpkt). 
GLC 2 distinct peaks (capillary column). Mass spectrum m/e 266 (M). 

2,6,10_7rinurhy/~x~c~~. The mixture of alkencs. 90 mg in 10 ml of abs alcohol, wcrc hydro- 
gcnatcd in a Brown’ Hydrogcnatorl*(Dclmar S&milk Laboratorics)wing 12 mgof PtO, asa catalyst. 
The reaction was compkte after 5 min, yield n 85 mg (94%). Physicd wnstattts: IR 7.25 p, 7.30 p. 
Mass spectrum m/c 268 (M) (Fig. 8). GLC 1 distinct peak (capillary column). 

3,6,lO.l~~erronwrhy~nra~c~-3-o/. Following the general procedure described in Cason. 
Rapoport, L8b. Text in Org. Chcm., Chapt. 16. 0.38 g (I.5 mM) Hcxahydrofamuyl bromide in 
3 ml of dry ether and 006 g Mg turnings in 5 ml of dry ether were allowed to react with 0.1 g of 
methyl ethyl ketone, yield - 0.20 g (54%). Physicd consrunts: IR 2.95 p; 7.25 p. 7.30 p. Mass 
spectrum No Mol. ion, m/e 266 (M-18). 

3.6.10.14-Terrumcfh_+en~u&ctnes. A sample of 95 mg of 3,6.10.14-tctramcthylpcntadazanc-3-ol. 
and a few crystals of I, wcrc rcfluxcd in 4 ml of boiling tolucne for 10 hr. The reaction mixture was 
cooled and washed with 5 ml of 5% NaHSO,aq and then with 5 ml distilled water. The :olucnccxtract 
was evaporated and dried. The crude product was purilicd from any residual alcohol on an alumina 
column (Merck reagent grade) and clutcd with hcptanc. The hcptanc cluatc was drkd over MgSG,. 

“J. Cason and D. W. Graham, Tetrahedron 21, 471 (1965). 
I’ W. J. Bailey and H. R. Golden. 1. Am. Chm. Sot. 75, 4780 (1952). 
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yield = 45 mg (547;). Physicof cons~anf~: IR 7-25 p. 7-30 p; weak band 11.2 cc. GLC 5 distinct 
peaks (capillary column), mass spectrum m/c 266 (M). 

Synfhesfr o/2,6,10.13-r~rrcmurhy~~c~. The mixture of alkcncs, 33 mg, in 5 ml of solvent 
(3: I abs akohol: hcptanc) were hydrogenated in a Brown* Hydrogcnator (Dclmar Sckntitk Labom- 
tories) using 4 mg of PtO, catalyst and 3 drops of 10% cone HCl. The reaction was followed to 
compktion within an hr. yield 7 30 mg. Phydcd CONICWUS: IR 7.25 p. 7.30 p; mass spectrum 
m/c 268 (M) (Fig. 8). GLC I distinct peak (capillary column). 
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