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Abstract—The effect of alkyl substituents in 2-alkylbutadienes on their hydromagnesiation with alkyl-
magnesium halides was studied.

Our studies of the reaction of isoprene with alkyl-and determine conditions for preparing hydromagnesi-
magnesium halides in the presence of transition metakion products of the required structure, we considered
complexes [1, 2] showed that the major reaction pathin detail the influence of the reaction conditions on
way is hydromagnesiation of the diene with formationthe composition and structure of 2-alkylbutadiene
of linear products containing both dimeric 3,7-dimeth-hydromagnesiation products.
yl-2,7-octadienylmagnesium halide and monomeric 2- o _
and 3-methyl-2-butenylmagnesium halides. At the Hydromagnesiation of isoprene (see scheme) can
same time, telomeric products were also detectedield two products of the type H{Eig),MgX (I, II)
They formed in smaller amounts, and their relativeand six products of the type HgBg),MgX (I1l -VIII ).
content largely depended on the reaction conditionBy carboxylation of the reaction mixture, organomag-
and nature of the alkylmagnesium halide and catalystesium compounds-VIIl are converted to carboxylic
To obtain additional data on the reaction mechanismacids IX-XVI.
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1774 VIKTOROV, ZUBRITSKII

The simplest reaction pattern is observed with théond: CH=CH and C=CH. These fragments give the
system RMgBretherNi(PPh),Cl,. In the fraction of corresponding signals in théH NMR spectrum.
carboxylic acids H(GHg),CO,H, the major compo- These results, in combination with analytical data,
nent (54%) is known 3,7-dimethyl-1,7-octadiene-3-suggest the presence in both acids of a cyclic frag-
carboxylic acidXl. The structure of the second com-ment. Further analysis of the structure of these two
ponent (27%) was determined as follows. Th&  cyclic acids by such NMR techniques as dept-135 and
NMR spectrum of the mixture, after subtraction ofC-H and H-H correlations allowed identification of
the signals ofXl, contains five medium-intensity sig- XV as 2-(2,5-dimethyl-2-vinylcyclopentyl)acetic acid
nals in the alkyl region (Ck 2CH,, CH), two sig- and ofXVI as 2-(5-methyl-2-isopropenylcyclopentyl)-
nals in the olefinic region (CK C), and a signal of acetic acid (Table 1).

the carboxy group. Since this fraction, according 10 |, some cases, olefins can be separated by selective
elemental analysis, consists exclusively of the isometyqgiion of electrophilic agents, as different types of
ic acids H(Q,Hl%)ZCOZH, we thoroughly looked for the  c=c ponds react at different rates [3]. Our attempt to
three lacking™C signals. Remeasurement of partic-selectively add HCI to the disubstituted double bond
ular regions of thé*C NMR spectrum showed that the jn XVI failed: both acidsxV andXVI remained un-
sought-for three signals overlap with the correspondehanged. At the same time, after prolonged shaking
ing signals of the major isomeX|: 8c 21.9 CH,C"),  of a mixture ofXV andXVI with a concentrated HBr
144.8 (C), and 110.2 ppm (8. Along with the over- solution we obtained a mixture consisting of un-
estimated integral intensity of the GHC’ signal of changedXV and the cyclization product oXVI,

XI in the 3C NMR spectrum of the mixture, these (4a,5,7a)-1,1,5-trimethylperhydrocycloperipjran-
facts show that in the isomer under consideration th8-one XVII [reaction (1)]. The mixture ofXV and
isoprene unit remote from the carboxy group is identiXVIl can be readily separated by selective uptake of
cal to that inXl. The G-H correlation NMR experi- XV with aqueous alkali.

ment allowed reliable identification of the second

component as 2,7-dimethyl-1,7-octadiene-3-carboxylic 0

acid XII , whose precursor is 2,7-dimethyl-2,7-octadi- 40% HBr

enylmagnesium halideV . coH o (1)
In the 1*C NMR spectrum of the H(gHg),COH

acid fraction consisting mainly of acidsl and Xl ,

there are also weak signals from two more unsaturated XVI Xvil

carboxylic acids ¢ 180.8 and 180.9 ppm). As fol-  The NMR spectrum oKV showed that it is a mix-
lows from indirect evidences, these carboxylic acidgyre of two sterecisomers in~d0 : 1 ratio. The minor
are formed from nonallylic organomagnesium comisomer gives weak signals of the vinyl group in the
pounds; withi-PrMgCl used as the initial alkylmag- 3¢ NMR spectrum ab. 112.0 (CH) and 144.4 ppm
nesium halide, their content is appreciably Iarg(_er(CH). The major isomer oKV readily undergoes io-
To isolate these two acids, we treated the reactiofg|actonization (2), which proves thuis arrangement

mixture isoprenei-PrMgCl-etherNi(PPhy),Cl, with of the reacting groups relative to the ring plane [4].
trimethylchlorosilane to selectively scavenge allylic

Grignard reagentdll and IV. Subsequent carboxy- CHyl
lation gave a mixture of two carboxylic acidsV

A O
and XVI. . K1;; NaHCO;, 10% k )
—_—
Elemental analysis of this mixture gave the empir CO,H 0@
ical formula G4H;50,, consistent with the composi-
XV

tion H(C;Hg),CO,H. The 13C NMR spectrum showed
the absence of acidsl and XlIl and the presence of
two new acids giving the above-mentioned signals
at 180.8 and 180.9 ppm. The ratio ¥V and XVI

depends on the nature of the initial alkylmagnesiu
halide, which allowed us to distinguish, basing on th

ratio of the integral intensities, two sets of signalﬁ . .

- : ocated on the same side of the ring plane, tH&lC
corresponding to acidXV: and Xv1. proton would give the signal at about 1.0 ppm [5, 6].
Examination of the olefinic region of th€éC NMR  Hence, the major isomer ofV is [(1SR2SR5SR-

spectrum shows that each acid contains one doubR5-dimethyl-2-vinylcyclopentyllacetic acid.

XVIII

The cis arrangement of CLC® relative to the two
nbove-mentioned substituents follows from théHC
qoroton chemical shift inXV, 1.61 ppm (Table 1).
f the two methyl groups, CKC? and CHC>, were
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Table 1. H and 13C NMR spectra ofXV and XVI
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XV XVI
13C NMR spectrum IH NMR spectrum, 13C NMR spectrum IH NMR spectrum,
6C' ppm 3, ppm 01 HZ) 6C' ppm 3, ppm 01 HZ)
53.6 (CH) 1.61m 44.7 (CH) 2.09m
47.8 (C) _ 48.4 (CH)  |2.65m
37.9 (CH) 1.53mand 1.64 m 28.1 (CH) 1.59mand1.72m
31.4 (CH) 1.26 mand 1.90 m 32.7 (CH) 1.17 mand 1.97 m
396 (CH) |170m 389 (CH) [1.84m
19.8 (CH) |1.00d (6.5) 21.8(CH) |1.02d (5.8)
34.9 (CH) [2.12d.d (7.0;15.6) 2.30 d.d (6.2; 15[6) 35.2 (CH) |2.02d.d (14.4;5.3), 2.19 d.d (14.4; 4.1)
180.9 (C) 11.8 br.s 180.8 (C) 11.8brs
1433 (CH)  [5.80d.d (11.1; 17.5) 145.6 (C) -
112.2 (CH) 4.95d (17.5), 4.99d (11.1) 111.5 (CH) 4.67sand 4.81s
24.9 (CHy) 1.11s 23.0 (CHy) 1.70 s

Table 2. Yields of products of isoprene hydromagnesiation with different alkylmagnesium halides RMgX (1 mol %
Ni(PPh),Cl,, isoprene : RMgX 1:1, 48 h, 10°C)

Content of indicated H CO,H isomer, %
RMgX '>(<|XJ;X>)< T Acids? Gl)2C0

Xl Xl XMI XIV XV XVI

In ether
MeMgBr - -
EtMgCl Traces 20 54 25 - - 7 4
EtMgBr " 26 50 24 5 - 6 10
PrMgCl 5 (3:1) 35 51 25 Traces 7 7
PrMgBr 5 ((25:1) 28 54 27 - - 7 7
PrMgl - 4 49 30 5 - 3 3
i-PrMgCl - 35 41 15 Traces 14 20
i-PrMgBr Traces 22 50 14 3 - 9 24
i-BuMgCl - 5
s-BuMgCl 3(1:1) 28 40 10 - - 19 30

In THF
MeMgBr - -
EtMgCI 4 (15:1) 26 57 15 22 Traces 5 Traces
EtMgBr 6 (2:1) 22 44 24 19 " Traces "
PrMgCl 5(2:1) 33 56 22 8 3 3 3
PrMgBr 4 (2:1) 28 55 23 10 7 Traces | Traces
i-PrMgCl 9 (25:1) 41 40 17 18 7 4 4
i-PrMgBr Traces 37 42 15 14 14 5 5
i-Pr,Mg " 26 46 12 16 20 Traces 5
s-BuMgCl " 11 29 20 14 17 2 8
s-BuMgBr - -

@ Here and in Tables 3 and 4, H{Bg),CO,H acids are meant® Here and in Tables 3 and 4, the quantitative composition of
the mixture of H(GHgG),CO,H acids was determined by integration of thel NMR spectra.
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1776 VIKTOROV, ZUBRITSKII

Table 3. Yields of products of isoprene hydromagnesiation with different alkylmagnesium halides RMgX (1 mol %
NiPy,Cl,, isoprene : RMgX 1 : 1, 48 h, 120°C)

In ether In THF
content of indicated H(EHg),CO,H isomer, %
RMgX IX+ X (IX/X) | £ Acids IX+ X % Acids

Xl Xl XMI XIV XV XVI
MeMgBr - - - -
EtMgCl 7 (3:1) Traces 8 (25:1) 13 30 20 18 5 4 |Traces
EtMgBr 17 (1.5:1) " 19 (2:1) 7 20 10 35 10 3 3
PrMgClI 5(2:1) " 12 (25:1) 17 30 15 17 6 4 4
PrMgBr 10 (2:1) " 8 (4:1) 2
PrMgl 4 (2:1) -
i-PrMgCl 5 (2:1) Traces 17 (3:1) 12 10 5 40 5 | Traces| Traces
i-PrMgBr 11 (2:1) "
i-Pr,Mg 19 1.5:1) Traces
i-BuMgCl 3 (25:1) -
s-BuMgCl 8 (1:1) - 15 (4:1) - - - - - - -
s-BuMgBr 19 (4:1) - - - - - - -

Similarly, facile formation of lactoneXVIl indi- ylmagnesium halide containing np-H atoms, no
catescis arrangement of the reacting groups XVl  diene conversion is observed. Acid¥ and X are
[scheme (1)] relative to the ring plane. The largHC formed only in minor amounts when the reaction is
proton chemical shift in théH NMR spectra of both performed in the presence of Ni(PRCI, catalyst
acid XVI (2.09 ppm) and lacton&VIl (2.06 ppm) (in THF better than in ether), but their amount be-
suggests the absence of vicinals substituents. comes noticeable in the presence of NiBly; in
Hence, the major isomer oAVI is [(1ISR2RS5SR-  the latter case, acid and X are the only products
S-methyl-2-isopropenylcyclopentyllacetic acid. when the reaction is performed in ether. Replacement

The precursors oKV and XVI are cyclic organo- of ether by THF in reactions performed in the pres-
magnesium compoundéll andVIIl , which, in turn, ©NCe of Ni(PP),CI, results in regular decrease in
are formed by the magnesiuene reactions (3) and the yield of cyclic acidsXV andXV!I due to the lower
(4) from open-chain Grignard reagents and VI. cyclization rate. With bromides RMgBr used instead
Such a cyclization, often going to completion in ether0f chlorides RMgCI, the carboxylation products
is suppressed in THF [4], and in this case aftar- H(CsHg),CO,H are formed in lower yields or are not

boxylation we obtain acidXIll andXIV . formed at all (with R =s-Bu). Still lower yields
are obtained with RMgl. The influence of the alkyl

radical in RMgX on the yields of acidbX-XVI is
complex. tert-Butylmagnesium chloride in reaction

MgX with isoprene does not form hydromagnesiation prod-
Z ~ MgX —> () ucts but forms 1,4- and 4,1-addition products [reac-
vV VII tion (5)] in low yield. Trace amounts of such products

are formed in the absence of the catalyst also.

)\/ . —I—MgCl Ni(PPh;),Cl, WMgCl

MgX THEF, ether XIX
AN T MgX — (4)
VI VI CIM (1) COx T
+ g\)\/x (Z)H, W T )\|/><

The ratio and yields of hydromagnesiation products XX CO.H COH
IX-XVI strongly depend on the initial Grignard re- XXI XXII
agent, solvent, and catalyst (Tables 2, 3). With meth- (5)
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Table 4.Yields of products of isoprene hydromagnesiation in the presence of different catalysts (isopReivgCIl/ THF
1:1, 48 h, 1820°C, 1 mol % catalyst)

Content of indicated H CO,H isomer, %
Run Catalyst IX +X (IX/X) | £ Acids (12CC,

) Xl Xl Xl W\ XV XVI
1 |Ni(PPh),Cl, 6 (25:1) 41 40 17 18 7 4 4
2 |NiCl, 28 (25:1) 5
3 |NIiCl, + 2PPh 1@12:1) 28 40 17 25 6 3 3
4 |NIiCl, + 2AsPh 21 (3:1) 8 15 5 35 5 10 3
5 [NiCl, + 2SbPh 6 (2:1) 24 21 13 36 6 9 5
6 |NIiCl, + 2BiPh 22 (3:1) 6 17 10 41 7 9 3
7 |Ni(PPhPI)LCl, - 20 38 17 20 9 3 3
8 |Ni(PPhPg),Cl, - 5
9 |Ni(PBug),Br, - <4

10 | Ni[( p-CH;-CgH,4)3PLCl, 3(1:1) 40

11 |Ni(dppe)Ch 20 (2:1) 5 9 5 27 5 34 Traces
12 |Ni[P(OPh)], - - - - - - - -
13 |Ni[P(OEt)], - - - - - - - -
14 |Ni[P(OCH,Ph)],Br, - - - - - - - -
15 |Ni(COD), 11 (2:1) 5 14 5 45 5 12 4
16 |NIiCP, 28 (3:1) 5 25 10 25 5 10 Traces
17 |NiPy,Cl, 17 (3:1) 12 10 5 40 5 Traces "

18 |Ni(a-dipy)Cl, 25 (3:1) 6

19 |Ni(acac) 13 (35:1) 5

The influence of the nickel complex on the course Variation of the central atom in ligands EPh
of isoprene hydromagnesiation is illustrated by(run nos. 36) shows that with weakly coordinating
data in Table 4. It is seen that nickel phosphite comAsPh; and BiPh the yield of H(diene)CO,H acids
plexes (run nos. 124) do not catalyze the reaction. is higher than with PPhand SbPh A similar pattern
Regular increase in the donor power of the phosphin&as observed in hydromagnesiation of piperylene [6].
ligand on replacing aryl groups by alkyl groups (run  We also tested as isoprene hydromagnesiation cata-
nos. 1, 79) seem to result in a regular decrease irnysts some other transition metal complexes. With
the yield of the reaction products. However, withFe(acac), Fe(acag) Co(PPRO),Cl,, Cu(-dipy),Cl,,
Ni[( p-CH3CgH4)3PLCl5 (run no. 10), in which the li- and Pt(PP),Cl, no diene conversion was observed,
gand basicity is intermediate between those of JMPh and with Cr(acag) Pd(PPh),Cl,, (PhCN)PdC}, and
and PPhPy [7], the yields of the hydromagnesia- Rh(PPR);Cl the conversion was insignificant.

tion products are similar to those obtained with The influence of the chain length in the primary
Ni(PPh),Cl,. Thus,the catalyst activity increases withsypstituent in 2-substituted butadiene was examined
increasing number of aryl substituents in the ligandwith myrcenexXIll as example. 7-Methyl-3-methyl-
Presumably, the course of the catalytic process is irene-1,6-octadien&Xlll proved to be considerably
fluenced by the configuration of the nickel complex:less active in hydrmagnesiation (6) witiPrMgCH
With decreasing number of aryl substituents in theTHF-Ni(PPh;),Cl,, giving after carboxylation only
phosphine the structure of the complex changes frorm ~2 : 1 mixture of acidsXXVIl and XXVIII in
tetrahedral (with PA) to planar (with PAIK) [7]. a 5% yield and traces of telomeric ac¥XIX :

MgCl
o, T /k/\/(/ )\/\/l\/\
)\/\/U\/ T S S + S B MgCl + H(C10H16)2MgC1
XXV

XXIII XX1v XXVI
1)CO,; ()H*
(1) COy; (2) MH/ T )\/\/I\é + H(myrcene),CO,H (6)
- COuH CO,H
XXVII XXVIII XXIX
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1778 VIKTOROV, ZUBRITSKII

With NiPy,Cl, as catalyst, the yield of acids [scheme (7)] by branching in the-position of the
(XXVII /IXXVIII , 70 : 30) increases to 16%, and telo-alkyl substituent in 2-alkyl-substituted butadienes.

dimerization productXXIX (~12%) are formed as a  Reaction (7) is considerably slower than hydromag-
nondistillable (at 1 mm Hg) residue. Owing to thenesiation of isoprene. For example, from the reaction
large difference between the content of ackdsVII performed for 24 h in the presence of Nj@},, we
and XXVIII , the 3C and*H NMR signals could be isolated only acidXXXV andXXXVI (~1.5 : 1 ratio)
assigned to particular isomers. For accurate assigm a low (3%) yield. The prolonged (100 h) reaction
ment, we used data of {&0]. gave a higher (17%) yield oKXXV and XXXVI
(~1:1 ratio), and additionally a mixture of telodi-
Thus, as the length of the primary substituent inmers H[KXX),JCO,H was obtained in 15% yield,
2-substituted butadiene is increased, the number efith 3,7-diisopropyl-1,7-octadiene-3-carboxylic acid
hydromagnesiation products formed in the presence ofXXVII prevailing. When reaction (7) was performed
Ni(PPh),Cl, decreases; in the presence of Njel, with Ni(PPh),Cl, as catalyst, in 24 h we obtained
the compounds H(dien®lgX and H(diene)MgX are only traces of unsaturated acids, and in 100 h we iso-
formed. lated, along with a mixture oKXXV and XXXVI
(~1.5:1 ratio, yield 2%), also telodimexXXXVII
With 2-isopropylbutadieneXXX as example, we (yield 19%) containing a20% impurity of other telo-
studied the effect exerted on hydromagnesiatiodimers XXXVIII .

L — CiMg A + N NMeCl TN NMecl + HIXXX2)]MgCl

XXX XXXI XXXIT XXXII XXXIV
1)CO,; ()HT
L O» DR + | _ 4 + H[(XXX,)]CO,H @)
z = —
co,H  COH COH
XXXV XXXVI XXXVII XXXVIII

With 2-tert-butylbutadieneXXXIX , in which the [reaction (8)] in the presence of Ni(PRCI,, and in
steric hindrance is still stronger, we obtained nahe presence of NIRZI, allylic organomagnesium
noticeable amounts of hydromagnesiation productsompoundsXL and XLl were obtained.

| i-PrMgCl, THF %/M cl +
PNZF T’ = g Z S MeCl

XXXTIX XL XLI
1 COH
(1)COy ()H”
COH
XLII XLIIT XLIV XLV

As the volume of the alkyl substituent increased in However, in the NMR spectra of the fraction of
going from isoprene to myrcene, 2-isopropylbutadi-H[(XXXIX );]JCO,H acids we observed, along with
ene, and Zert-butylbutadiene, the ratio of the 4,1- signals ofXLIl , also the second sets &f and :°C
and 1,4-hydromagnesiation products decreased, as@jjnals, inconsistent with the structure of 2-methyl-
from XXXIX we obtained isomeiXL only. 3-tert-butyl-3-butenoic acid. We suggested that the
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steric hindrance in 3,4,4-trimethyl-2-pentenylmagnedimethyl-2-pentenylmagnesium halide reacts with ke-
sium chloride XL prevents complete rearrangementiones to give a significant amount of the crotyl com-
in the reaction with CQ so that thex-product, 4,5,5- pound in a mixture with the usual-product [12].

trimethyl-3-hexenoic aciXLIll , is partially formed. By independent synthesis (9), we prepared 3,4,4-

It is known that allylmagnesium halides react withtrimethyl-2-pentenylmagnesium chlorid€L, which
sterically hindered diert-butyl ketone without rear- after carboxylation gave, indeed, theproductXLIII
rangement [11]. Furthermore, structurally related 4,4along with they-product XLII .

i H, | SOCl, /ether >§_\/Cl Mg >§—\/Mg ol (1)CO,; @ H | +>§=\/C02H

Lindlar catalyst Py Ether
OH OH CO,H
XL XLIT XLIII
)
The fraction of H[XXXIX ),]CO,H acids contains, Grignard reagents were prepared under argon. Their

along with major isomeKLIV , also an impurity acid solutions were filtered through glass wool and stored
identified by*H and'3C NMR spectroscopy as 3,8-di- in Schlenk vessels. The Grignard reagents were used
tert-butyl-3,8-nonadienoic aciKLV . Here, also, the as 2.0-2.5 N solutions; the solutions of RMgBr in
steric hindrance produced by tkert-butyl substituent THF had a lower concentration, 8B.0 N, because of

in XLI prevents complete allyl rearrangement in thehe limited solubility. The solution concentration was
carboxylation stage. 2,7-Dert-butyl-1,7-octadiene- determined by back-titration with alkali.

3-carboxylic acidXLIV can be readily separated from
the impurity of XLV by recrystallization from aque-
ous methanol.

The nickel complexes were obtained by published
procedures. Isoprene was dried over Gaithd dis-
tilled under argon; technical-grade myrcene was used.

Thus, as the size of the alkyl substituent in 2-alkyl-
butadienes is increased, their hydromagnesiation i
volving both studied catalysts, Ni(PRkCIl, and
NiPy,Cl,, becomes more difficult, but the reaction
selectivity increases. The reaction yields allylic organ

2-1sopropyl-1,3-butadiene XXX. The precursor,
n3',4-dimethyl-l-pentyn-3-ol, was prepared by the Fa-
vorskii reaction. A 2-1 vessel equipped with a high-
power Hershberg stirrer, a reflux condenser, a drop-

. ) ping funnel, and a gas-feeding tube was charged with
omagnesium compounds of the types H(digM&X 355 ¢ of granulated KOH and 300 ml of absolute

and H(dieneMgX. The monomeric Species are giner” The vessel was cooled with a watee mix-
formed by 1,4- and 4,1-addition of [HMgX] t0 the e and a stream of purified acetylene was passed
diene molecule, with the ratio of the 4,1- and 1,4-ady, satyration. Then, a solution of 134 g of methyl iso-
dition products decreasing as the size of the alkyl SprropyI ketone (prepared frorert-amyl alcohol [13])
stituent is increased. In the structure of the telodimersy 600 ml of absolute ether was added dropwise over
one diene unit forms a bondrom the inside to the 4 period of 4 h, with acetylene bubbling5 bubbles
outsid€’ via one of the double bonds, and the otheier second) and cooling being continued, after which
diene unit is subject to conjugated addition, mostithe mixture was stirred for an additidna h in an

by the 1,4 scheme. Only in the presence of the bulkycetylene stream and left overnight. After that, the
tert-butyl group the addition to the second unit fol- reaction mixture was decomposed with ice at cooling,

lows exclusively the 4,1 scheme. the organic layer was separated, and the aqueous layer
was extracted with ether (2100 ml). The combined
EXPERIMENTAL organic phases were dried over,®0;, the solvent

was evaporated, and the residue was distilled. The fol-
The IR spectra were recorded on an IKS-29 spedowing fractions were obtained: the first fraction,
trophotometer from 5% solutions in CQllayer thick- 5.0 g, bp 36-60°C (70 mm Hg), a mixture of un-
ness 250um). The NMR spectra were taken with achanged methyl isopropyl ketone and 3,4-dimethyl-1-
Bruker AC-500 spectrometer (500 MHz, 280 vol %  pentyn-3-ol,~1: 1; the second fraction, 75.8 g, bp
solutions in CDCJ, internal reference HMDS). 60-100°C (70 mm Hg), mainly 3,4-dimethyl-1-pen-
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1780 VIKTOROV, ZUBRITSKII

tyn-3-ol; and the residue, 48.0 g, crystallizing on(500 MHz), 8, ppm: 1.08 d (6H, 2CK J 6.6 Hz),
cooling. Recrystallization of the residue from hexane2.59 septet (1H, CHE J 6.6 Hz), 4.96 s and 4.98 s
gave 22.0 g of pure 2,7-dimethyl-4-octyne-3,6-diol,(1H and 1H, éHH), 5.03d (1H, ¢HH, Js 310.9 Hz),
bp 74-75°C. 'H NMR spectrum (500 MHz)3, ppm:  5.26 d (1H, CHH, J, 5 17.5 Hz), 6.32 d.d (1H,
0.98 d and 1.02 d (12H, 4C§J 6.8 Hz), 1.43 s (6H, C°H, J;, 10.9, 17.5 Hz). *C NMR spectrum
CH,C® and CHC?®), 1.79 septet (2H, &1 and CH, (125 MHz), 3c, ppm: 22.1 (2CH), 28.6 CHC?),
J 6.8 Hz), 2.43 br.s and 2.46 br.s (2H, 20Hjc  112.2 (C), 112.6 (C), 138.7 (C), 152.9 (C).
NMR spectrum (125 MHz)g., ppm: 17.5 and 17.8 'H NMR spectrum of 2,3-dimethyl-1,3-pentadiene
(4CHy), 27.3 CH,C® and CH,C?), 38.8 (Z and C), (500 MHz),8, ppm: 1.72 d (3H, €H;, Js , 7.0 Hz),
71.5 (G and &), 86.7 (¢ and ©). 1.74-1.89 (2CHy), 4.84 s and 4.95 s (€iH), 5.68 q
R N . . GﬁH, C™, J, 5 6.8 Hz)."H NMR spectrum of 3,4-di-
epeated fractionation of the combined first an ethyl-1,3-pentadiene (500 MHz), ppm: 1.74-1.89

second fractions gave 69.0 g of 3,4-dimethyl-1-pen
tyn-3-ol (yield 40%), bp 132137C. Published data: g3§3H3()j' | '(‘Zgﬁ (?HHi’Oséml‘i géﬂ':)’ J1,217.3 Hz),
. . y 2’1 I, . .

bp 134-134.5C [14]. *H NMR spectrum (500 MHz),
8, ppm: 0.99 d (3H, @Hg, Js 4 6.3 Hz), 1.03 d (3H, 2-tert-Butyl-1,3-butadiene was prepared according
Cch“, J 7.3 Hz), 1.44 s (3H, CI;C3), 1.80 septet to [16]; its constants agreed with published data.
(1H, C*H, J ~6.8 Hz), 2.40 br.s (1H, OH), 2.42 s (1H,

C1H). 13 NMR spectrum (125 MHZ)3, ppm: Hydromagnesiation of 2-alkylbutadienes(general

3 procedure). A one-necked flask purged with argon
%421 ?Cq,;j %Ig ((égjaé(izg'(()é)c:mC ), 38.6 (C), (the presence of air, however, does not decrease the
: ' ' ' ' : yield) was charged with 0.01 equiv of a catalyst and
The resulting acetylenic alcohol (69.0 g) was hy-1.0 equiv of a diene. The mixture was cooled with ice,
drogenated at atmospheric pressure in 100 ml aind 1.1 equiv of a solution of alkylmagnesium halide
cyclohexane in the presence of 10.4 g of Lindlar catawas added, after which the mixture was allowed to
lyst without adding quinoline for 24 h. After uptake warm up to room temperature. Then the flask was

of the calculated amount of hydroger16 I), the equipped with a hydroseal filled with silicone oil.
filtered solution was distilled with a dephlegmator; theThe mixture was kept for 4048 h at 20C with inter-
fraction boiling at 130-135°C (3,4-dimethyl-1-pen- mittent shaking. Then the mixture was poured onto
ten-3-ol) was collected. Yield 65.0 g (93%). Publishedexcess of crushed dry ice with stirring. After the mix-
data: bp 131C [14]. *H NMR spectrum (500 MHz), ture became liquid, ice and a saturated aqueous solu-
8, ppm: 0.89 two d (6H, 2Ck J 6.8 Hz), 1.21 s (3H, tion of oxalic acid were added to acidic reaction,
CH,C®), 1.68 septet (1H, tH, J 6.8 Hz), 2.08 br.s avoiding self-heating (acidification with dilute HCI
(1H, OH), 5.03 d (1H, @HH, J, , 10.6 Hz), 5.20 d results in partial isomerization of the methylene dou-
(1H, C*HH, J 17.3 Hz), 5.89 d.d (1H, &, J, 110.6, ble bond into an internal double bond). The mixture
17.3 Hz). was extracted with two portions of ether. The com-

bined extract was shaken with an excess of 10%
g)NaOH. The alkaline aqueous layer was separated and
washed with ether. Then the alkaline aqueous solution
was cooled with ice and acidified with a saturated
}}?Xalic acid solution; the released carboxylic acids
were extracted with ether. The combined ether extracts
_were dried over MgSg@ the solvent was evaporated,
'and the residue was vacuum-distilled.

The resulting 3,4-dimethyl-1-penten-3-ol (65
was dehydrated by dropping onto KHg& ~200°C,
with simultaneous distillation of the products. The

vapor temperature within 160G [15]. The distillate
was washed with water (250 ml) and dried over
CaCl. The resulting product (51.0 g) was distilled
the fraction boiling below 12 (28.8 g) was col-
lected. After additional drying over Caglthis prod- Below we give an example of fractionating the
uct was fractionated. The following fractions weremixture of carboxylic acids obtained from carboxyla-
obtained: the first fraction, 13.1 g, bp 8%/°C, 2-iso- tion of the system isoprene (3.4-¢9PrMgCHTHF-
propylbutadiene, purity~90% (yield 22%, bp 86  Ni(PPh),Cl,: the first fraction, 1.7 g, bp 785°C
87°C [14]); the second fraction, 11.8 g (16%), bp-90 (20 mm Hg), isobutyric acid, traces of butyric acid,
110°C, a mixture of 2,3-dimethyl-1,3-pentadiene and7% impurity of acidsIX and X; the second fraction,
3,4-dimethyl-1,3-pentadiene,l : 1, purity~75%; and 0.4 g, bp 106-105°C (20 mm Hg), mixture of acids
the residue, 2.5 g, mainly unchanged unsaturatelk and X, 2.5:1; the third fraction, 1.9 g, bp 145
alcohol. *H NMR spectrum of 2-isopropylbutadiene 155°C (20 mm Hg), mixture of acidX| (40%), XI|
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(17%), XIIl  (18%), XIV (7%), XV (4%), andXVI

1781

(CH, J 7.6 Hz), 4.9 s (¢H,), 4.95.0 m (CH,),

(4%). The yields of the compounds from the reaction®.65 m (C7H), 12 br.s (CQH). 13C NMR spectrum

with isoprene are listed in Tables-2. 'H NMR spec-
trum of 2,3-dimethyl-3-butenoic acid IX (without its
isolation; 80 MHz),5, ppm: 1.30 d (3H, CHC?,
J 7.0 Hz), 1.82 s (3H, CKC®), 3.10 q (1H, CH,
J 7.0 Hz), 4.87 s (2H, ¢H,), 12.5 br.s (1H, CGH).
13C NMR spectrum (50 MHz),5., ppm: 15.3
(CH,C?), 20.1 CH4C?), 46.5 (&), 112.9 (©), 143.1
(3, 181.0 (@).

'H NMR spectrum of2,2-dimethyl-3-butenoic
acid X (without its isolation; 80 MHz)p, ppm: 1.32 s
(6H, 2CHy), 5.04 d.d (1H, ¢HH, J 10.5, 1 Hz),
5.09 d.d (1H, ¢HH, J 17.5, 1 Hz), 6.03 d.d (1H,
C3H, J 10.5, 17.5 Hz), 12.5 br.s (CH). °*C NMR
spectrum (50 MHz)$., ppm: 24.3 (2CH), 44.6 (C),
113.2 (&), 141.9 (&), 183.2 (C).

'H NMR spectrum of3,7-dimethyl-1,7-octadiene-
3-carboxylic acid Xl (500 MHz), 5, ppm: 1.27 s
(CH,C?), 1.41 m (CH,), 1.56 m and 1.70 m (t&,),
1.66 s (CHC'), 1.98 t (CH,, J 7.2 Hz), 4.64 s and
4.68 s (CH,), 5.10 d (CHH, J 11.0 Hz), 5.11 d
(C*HH, J 17.7 Hz), 6.01 d.d (8H, J 17.7, 11.0 Hz),
11.9 br.s (CGH). 2*C NMR spectrum (125 MHz)5,
ppm: 20.1 CH,C®), 21.9 CH4C"), 22.1 (C), 37.8
(C%, 38.3 (&, 48.2 (), 110.2 (&), 113.8 (&),
140.9 (&), 144.8 (C), 182.6 (CGQH).

'H NMR spectrum of2,7-dimethyl-1,7-octadiene-
3-carboxylic acid XIl (500 MHz), 3, ppm: 1.41 m
(C°H,), 1.57 m and 1.76 m (&1,), 1.67 s (CHC),
1.75 s (CHC?, 2.00 m (CH,), 3.03 t (CH, J
7.5 Hz), 4.90 s (3&142), 4.64 s and 4.68 s (&),
11.9 br.s (CQH). 13C NMR spectrum (125 MHz),
ppm: 19.8 CH,C?), 21.9 CH4C"), 25.1 (C), 29.3
(CY, 37.3 (@), 52.8 (C), 110.2 (&), 114.3 (&),
141.7 (&), 144.8 (C), 180.2 (CGQH).

'H NMR spectrum of 3,6-dimethyl-1,7-octadi-
ene-3-carboxylic acid Xl (without its isolation;
500 MHz), 5, ppm: 0.98 d (CHC®, J 7 Hz), 1.26 s
(CH,C?), 1.4-2.2 m (CH, + C°H, + C°H,), 4.9-
50 m (CH,), 5.10 d.d (GH,), 565 m (CH),
6.00 d.d (GH, J 18 and 11 Hz), 12 br.s (CHI). °C
NMR spectrum (125 MHz)8., ppm: 20.0 CH3C6),
20.1 CH4C%, 31.0 (@), 36.5 (C), 38.0 (©),
48.2 (G), 112.9 (&), 113.9 (C), 140.9 (&), 144.0
(C), 182.5 (CQH).

'H NMR spectrum of 2,6-dimethyl-1,7-octadi-
ene-3-carboxylic acid XIV (without its isolation;
500 MHz), 5, ppm: 0.98 d (CHC®), 1.42.2 m
(C*H, + C°H, + C°H,), 1.75 s (CHC?, 3.00 t

(125 MHz), 5., ppm: 19.8 CH,CP), 19.9 CH,C?),
275 (@), 34.1 (&), 37.7 (@), 53.0 (&), 113.0
(C?), 1444 (&), 141.8 (@), 143.9 (C), 180.3
(COH).

2-(2,5-Dimethyl-2-vinylcyclopentyl)acetic acid
XV and2-(5-methyl-2-isopropenylcyclopentyl)acetic
acid XVI. A mixture of 27.2 g of isoprene, 250 mmol
of i-PrMgCl in ether, and 1.3 g of Ni(PERCI, was
allowed to stand at room temperature for 24 h. Then
35 ml of Me;SiCl was added with cooling, and the
mixture was allowed to stand for an additional 24 h.
The resulting mixture was poured onto an excess of
crushed dry ice and worked up as described above
(with oxalic acid). After distilling off isobutyric acid
[bp ~93°C (80 mm Hg)], 3 ml of water was added to
the residue, and the remaining traces of butyric acids
were steam-distilled. The residue was fractionated; the
fraction with bp 132134C (4 mm Hg) was collected
(2.8 g, mixture of acidsXxV and XVI, ~1:1, yield
8%). Found, %: C 72.31; H 10.20.,(,40,. Cal-
culated, %: C 72.49; H 9.95. The NMR spectra
are given in Table 1. The major~90%) isomers
in the products arg¢(1SR 2SR 5SR)-2,5-dimethyl-2-
vinylcyclopentyllacetic acid and 2-[(ISR2RS5SR)-
5-methyl-2-isopropenylcyclopentyl]acetic acid re-
spectively.

2-(2,5-Dimethyl-2-vinylcyclopentyl)acetic acid
XV and (4aSR5SR 7aRS)-1,1,5-trimethylperhydro-
cyclopentaf]pyran-3-one XVII. A 40% aqueous So-
lution of HBr (7 ml) was added to 1.7 g of the ob-
tained mixture of acidsXV and XVI. The mixture
was shaken on a rocker at room temperature for 10 h,
after which it was extracted with pentanex20 ml).
The extract was washed with 10 ml of water and
dried over MgSQ; the solvent was evaporated. The
residue was a1 :1 mixture of XV and XVII . This
residue was dissolved in 10 ml of 5 M NaOH; the
solution was extracted with pentanex20 ml). The
extract was dried over MgSQ evaporated, and dis-
tilled [bp 91-92°C (1-2 mm Hg)] to give 0.7 g (82%)
of lactoneXVII . The alkaline solution was acidified
with 10% HCI and extracted with pentane 2.0 ml).
The extract was dried over MgSQOevaporated, and
distilled to give 0.7 g (82%) of pure acidV, bp 97
98°C (1 mm Hg). Compoun&VIl . IR spectrum,v,
cml: 2940, 2865, 1750, 1440, 1405, 1370, 1290,
1255, 1223, 1184, 1155, 1130, 970, 950, 930, 908.
H NMR spectrum (500 MHz)g, ppm: 0.96 s (3H,
CH,C%ex9, 0.96 d (3H, CHC®-endq J 13.4 Hz),
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1.01 d (3H, CHC®, J5 5 5.9 Hz), 1.24 m and 1.85 m
(C*H,), 1.79 m (CH), 1.83 m (CH), 1.86 m and
2.01 m (CH,), 2.06 m (CH), 2.30 d (1H, GIHCO,,
J 18.5 Hz), 2.75 d.d (1H, CHCO,, J 9.6, 18.5 Hz).
13C NMR spectrum (125 MHz), §:, ppm:
16.8 (CHC%ex0), 17.2 (CHC%end9, 18.8 (CHCY),
32.3 (&, 34.3 (&), 35.75 (@), 35.78 (C), 42.1
(C%), 48.1 (C), 100.7 (C), 176.9 (CQ). Found, %:
C 72.15; H 10.18. GH,40,. Calculated, %: C 72.49;
H 9.95. CompounV. IR spectrumy, cnt: 3400~

VIKTOROV, ZUBRITSKII

183.3 (GO,H). To compoundXXIl in the 'H NMR
spectrum of the mixture correspond the signals at
& 4.85 and 4.93 ppm, s (€,), and in the’*C NMR
spectrum, the signals . 113.3 (¢), 143.7 (@),
and 180.8 ppm (&.

Hydromagnesiation of myrcene XXIII. From
8.5 g of myrcene (75% content), 55 mmoliePrMgCl
in THF, and 0.327 g of Ni(PR)LCI,, the following
fractions were obtained after distillation: the first frac-

2400 br, 1755, 1685, 1620, 1440, 1395, 1370, 129¢1°N: 2.5 g, bp 108102°C (160 mm Hg), a mixture
1228, 1180, 910. AcickVI does not react with con- ©f 91% of isobutyric acid (traces of PrGB) and 9%

centrated HCI solutions at room temperature.

(4aSR5SR,7aRS)-1-lodomethyl-5,7a-dimethyl-
perhydrocyclopentalc]pyran-3-one XVIII. A solu-
tion of 0.4 g of XV in 10 ml of 5% NaHCQ was
added dropwise with stirring at 20 to a solution of
0.65 g of Kl and 1.0 g ofJin 5 ml of H,O. The mix-

ture was stirred for 15 min and extracted with ethe
(2x15 ml); the extract was washed with a dilute

Na,SO; solution and dried over MgSQOThe solvent
was vacuum-evaporated. The
(0.55 g, mainlyXVIIl , yield 81%).'H NMR spec-
trum of the major isomenXVIll (500 MHz), s, ppm:
0.97 s (3H, CHC', 1.05 d (3H, CHC®, J 6.4 Hz),
1.31-1.43 m (2H), 1.51 m (1H), 1.58.68 m (2H),
1.82 m (1H), 2.21 d.d (1H, ®iH, J, , 14.6, I, 4,
11.1 Hz), 2.70 d.d (1H, &H, J,, 14.6, I, 4,
6.2 Hz), 3.213.32 m (2H, CHI), 4.21 m (1H, CH).
13C NMR spectrum of the major isomer Vil
(125 MHz), 8., ppm: 1.4 (CHI), 18.1 (CHy), 21.3
(CHy), 33.7 (CH), 34.3 (CH), 36.9 (CH), 44.4
(CH), 46.5 (C9, 52.0 (CH), 85.6 (¢H), 172.2
().

Reaction of isoprene with tert-butylmagnesium

chloride. From 50 mmol of isoprene, 55 mmol of

t-BuMgCl in THF, and 0.5 mmol of Ni(PR)Cl,,

residue crystallize

of 2,7-dimethyl-3-methylene-6-octenoic ac{XVIl +
3,7-dimethyl-1,6-octadiene-3-carboxylic ac{XVIIl ,
~2:1; residue, 0.2 g. Yield akKXVII + XXVIII 5%.

From 8.5 g of myrcene (75% content), 55 mmol of
i-PrMgCl in THF, and 0.242 g of NiRXl,, the fol-
lowing fractions were obtained after distillation: the

I’first fraction, 1.3 g, bp 100105°C (110 mm Hg),

a mixture of isobutyric (80%) and butyric (20%) acids;
the second fraction, 1.5 g, bp 1a07C (2 mm Hg),
cids XXVIlI and XXVIIl in a ~70: 30 ratio, yield
6%; the residue, a dark viscous tar, nondistillable at
2 mm Hg (dec.), presumably H(myrcep@D,H.
'H NMR spectrum ofXXVIl (500 MHz), §, ppm:
1.28 d (CHC? J 7.0 Hz), 1.59 s (CKC'), 1.66 s
(C®H,), 2.0-2.15 m (CH, + C°H,), 3.14 q (CH,
J 7.0 Hz), 492 s and 4.98 s (GHC®), 5.10 m
(C°H), 11.9 brs (@0,H). *C NMR spectrum
(125 MHz), 8., ppm: 15.9 CH,C?), 17.5 CH.C),
255 (&), 26.3 (@), 34.6 (&), 455 (@), 111.3
(CH,=C?), 123.7 (¢), 131.6 (C), 147.4 (C), 181.0
(CO,H). 'H NMR spectrum ofXXVIIl (500 MHz),
8, ppm: 1.28 s (CHC®), 1.56 s (CHC'), 1.64 s
(C%), 1.5-2.0 m (C'H, + C°H,), 5.05-5.15 m (CH,),
5.10 m (CH), 6.03 d.d (GH, J, , 10.6, 17.6 Hz),
11.9 br.s (CGH). 3C NMR spectrum (125 MHz)5.,
ppm: 17.4 CH,C’), 20.0 CH,C?), 23.2 (C), 25.4

the following fractions were obtained after distillation:(cs) 38.9 (), 48.3 (&), 113.8 (&), 123.6 (&)

the first fraction, 1.8 g, bp s& (40 mm Hg), 2,2-di- 131.8 ((:7) 141.0 (é) 182.5 (CQH)
methylpropanoic acid; the residue, 0.3 g of a liquid, ' ’

a mixture of~50% of 2,2-dimethylpropanoic acid and

~50% of 2-methyl-2-neopentyl-3-butenoic ackXI
and 3-methyl-2-neopentyl-3-butenoic aeiXIl (~5:1,
yield 2%). 'H NMR spectrum ofXXI (500 MHz),
8, ppm: 0.95 s [9H, (CH)C], 1.37 s (3H, CHC?),
1.66 d and 1.85 d (1H and 1H, GE, J,14.3 H2),
5.06 d (1H, CHH, J, ; 10.8 Hz), 5.10 d (1H, ¢HH,
J; 317.5 Hz), 6.10 d.d (1H, &, J; , 10.8, 17.5 Hz),
11.5 br.s (CGH). *C NMR spectrum (125 MHz)5.,
ppm: 22.2 CH,C?), 31.0 [(CH2),C], 31.8 [(CH,),C],
48.2 (CH,C?, 52.6 (@), 112.8 (C), 142.8 (©),

Hydromagnesiation of 2-isopropylbutadiene
XXX. A mixture of 6.7 g of 2-isopropylbutadiene,
75 mmol of i-PrMgCl in THF, and 0.458 g of
Ni(PPh),Cl, was allowed to stand for 24 h and
worked up by a common procedure. The residue
(0.2 g) after distilling off 2.9 g of isobutyric acid was
a mixture of unsaturated acids.

A mixture of 7.2 g of 2-isopropylbutadiene,
100 mmol of i-PrMgCl in THF, and 0.621 g of
Ni(PPh),Cl, was allowed to stand for 100 h and
carboxylated as described above. The following frac-
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tions were obtained after distillation: the first fraction,
0.8 g, bp 108C (100 mm Hg), pure isobutyric acid;
the second fraction, 0.3 g, bp 45%°C (1-2 mm Hg),
consisting to 80% of a mixture of 2-methyl-3-iso-
propyl-3-butenoic acidXXXV and 2-methyl-2-iso-
propyl-3-butenoic acidXXXVI, 1.5:1 (yield 2%);
and the third fraction, 2.2 g, bp 13642°C (3 mm
Hg), 3,7-diisopropyl-1,7-octadiene-3-carboxylic acid
XXXVII  (~80% in the mixture).!H NMR spectrum
of acid XXXV (without its isolation; 500 MHz)g,
ppm: 1.05 d and 1.07 d [¢d;),CH, J 6.8 Hz], 1.29 d
(CH,C? J 7.1 Hz), 2.34 septet [(CHL,CH, J 6.8 Hz],
3.14 q (GH, J 7.1 Hz), 496 s and 4.98 s {8,),
12.0 br.s (CO,H). *C NMR spectrum (125 MHz),
8c, ppm: 17.3 CH,C?), 21.8 and 22.0 [tH,),CH],
33.9 [(CHy),CH], 43.7 (C), 109.0 (&), 154.5 (G),
181.6 (CO,H).

H NMR spectrum ofXXXVI (without its isola-
tion; 500 MHz),5, ppm: 0.84 d and 0.88 d [(€;),CH,
J 6.8 Hz], 1.17 s (CHC?), 2.15 septet [(CH,CH,
J 6.8 Hz], 511 d (¢HH, J 17.4 Hz), 5.17 d
(C*HH, J 11.6 Hz), 6.0 d.d (éH, J; , 11.6, 17.4 Hz),
12.0 br.s (CO,H). *C NMR spectrum (125 MHz),
8c, ppm: 13.9 CH,C?), 17.1 and 17.6 [{H,),CH],
34.5 [(CHy),CH], 52.4 (C), 114.9 (&), 140.3 (G),
182.9 (CO,H).

1H NMR spectrum of acidkXXVIl (500 MHz),8,
ppm: 0.83 d and 0.88 d [6H, (&),CHC,
J 7.0 Hz], 1.00 d [6H, (€;),CHC’, J 6.8 Hz],
1.31 m and 1.48 m (@), 1.71 m (CH,), 2.02 m
(C°H,), 2.08 septet [1H, $C§2CHC3, J 7.0 Hz],
2.18 septet [1H, (CK,CHC’, J 6.8 Hz], 4.64 s and
4.72 s (2H, &H,), 5.04 d (1H, GHH, J 18.0 Hz),
528 d (1H, GHH, J 11.3 Hz), 6.01 d.d (1H,
C?H, J 11.3, 18.0 Hz), 11.5 br.s (CH). *C NMR
spectrum (125 MHz), 5, ppm: 16.8 and 18.6
[(CH,),CHC?, 21.8 [(CH,),CHC'], 23.2 (C), 33.4
(C%, 33.5 [(CHy),CHC'], 34.8 (&), 35.4 (@),
56.2 (), 106.6 (&), 115.8 (C), 135.2 (&),
155.2 (C), 182.5 (CQH).

A mixture of 5.1 g of 2-isopropylbutadiene, 60 mmol
of i-PrMgCl in THF, and 0.257 g of NiRZI, was
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The following fraction were obtained: the first fraction,
2.1 g, bp 69 74°C (18 mm Hg), isobutyric acid + 6%
PrCOH; the second fraction, 2.3 g, bp 1224°C
(18 mm Hg), a mixture of acid¥XXV and XXXVI ,
1:1 (yield 17%); the third fraction, 1.7 g, bp 133
136°C (3 mm Hg), a mixture of telodimers consisting
to more than 50% of aciXXXVIl (total yield 15%);
and the residue, 1.5 g of a dark tar.

Hydromagnesiation of 2tert-butylbutadiene
XXXIX. A mixture of 5.5 g of 2tert-butylbutadiene,
55 mmol of i-PrMgCl in THF, and 0.327 g of
Ni(PPh),Cl, was allowed to stand for 50 h, carboxy-
lated, and distilled. The following fractions were ob-
tained: the first fraction, 2.3 g, bp 180 (100 mm Hg),
isobutyric acid; the secorfdaction, 0.2 g (théH NMR
spectrum contains noticeable signals of vinyl protons).

A mixture of 5.3 g of Z2tert-butylbutadiene,
55 mmol of i-PrMgCl in THF, and 0.242 g of
NiPy,Cl, was allowed to stand for 50 h, carboxylated,
and distilled. The following fractions were obtained:
the first fraction, 1.8 g, bp 7475°C (30 mm Hg), iso-
butyric acid containing 2% PrC@i; the second frac-
tion, 0.1 g, bp 10813C°C (3 mm Hg), a mixture of
acids XLII and XLIII ; the third fraction, 1.0 g, bp
130-15C¢°C (3 mm Hg), a mixture of acidLII ,
XL, and XLIV + XLV in the ~20: 20 : 60 ratio;
the fourth fraction, 0.3 g, bp 18C (3 mm Hg), a mix-
ture of acidsXLIV andXLV, ~5:1; and the residue,
0.8 g, a viscous tar. Total yield of acidd.ll and
XL (~1:1) 7%; total yield of acidsXLIV and
XLV (~5:1) 14%.

A 0.1-g portion of the viscous liquid from the
fourth fraction was heated with 1 ml of water to
~80°C, and methanol was added dropwise until the
mixture became homogeneous. The solution was left
overnight in a refrigerator-8°C), and the colorless
crystals that formed were filtered off and dried in a
desiccatorPure2,7-ditert-butyl-1,7-octadiene-3-car-
boxylic acid XLIV was obtained; mp 7F4°C. IR
spectrum,v, cnit: 3400-2400 br, 1695, 1620, 1470,
1450, 1400, 1360, 1280, 1230, 1200, 1158, 908, 890,
715. Found, %: C 76.32; H 11.41.,5,0,. Calcu-
lated, %: C 76.64; H 11.35.

allowed to stand for 24 h, carboxylated, and distilled.

The following fractions were obtained: the first frac-
tion, 1.7 g, bp 7590°C (40-35 mm Hg), isobutyric
acid + 6% PrCQH; and the second fraction, 0.4 g, bp
74-80°C (3 mm Hg), consisting to 75% of a mix-
ture of acidsXXXV and XXXVI, 1.5:1 (yield 3%).
A mixture of 9.1 g of 2-isopropylbutadiene, 100 mmol
of i-PrMgCl in THF, and 0.46 g of NiP)Cl, was al-

lowed to stand for 100 h, carboxylated, and distilled139.2 (&),
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NMR spectrum of 2-methyl-2ert-butyl-3-
butenoic acid XLII (500 MHz), 8, ppm: 0.98 s
[(CH3)3;CC?, 1.26 s (CHC?, 5.07 d (CHH, J, 4
17.5 Hz), 5.16 d (éHH, J, 311.2 Hz), 6.31 d.d (&H,
Jy 4 11.2, 17.5 Hz), 10.5 br.s (O,H). °C NMR
spectrum (125 MHz)§., ppm: 15.7 CH3C2), 26.3
[(CH,)sC], 36.1 [(CH).C], 54.1 (G), 114.4 (©),
181.9 (@).
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'H NMR spectrum of 4,5,5-trimethyl-3-hexenoic
acid XLIIl (500 MHz), 8, ppm: 1.04 s [(CH),CCY,
1.63 s (CHC%, 3.08 d (CH,, J, ; 6.6 Hz), 5.39 t
(CH, J;, 6.6 Hz), 10.5 br.s (6O,H). *C NMR
spectrum (125 MHz)3., ppm: 13.1 CH,C%, 28.8
[(CH4)5C], 33.7 (&), 36.3 [(CHy)sC], 112.0 (&),
147.3 (&), 179.2 (©).

'H NMR spectrum ofXLIV (500 MHz), 8, ppm:
1.03 s and 1.09 s [9H and 9H, 2(QKC], 1.41
1.59 m (CH, and CHH), 1.91 m (1H, CHH),
2.03 m (2H, CH,), 3.12 d.d (1H, éH, J;, 9.8,
3.8 Hz), 4.66 s and 4.84 s (2H,%@)), 5.06 s and
5.07 s (2H, CH,), 11.7 br.s (CGH). *C NMR spec-
trum (125 MHz),5., ppm: 27.7 (€), 28.7 and 29.3
[2(CH,)5C], 31.0 (), 35.0 (&), 36.0 and 36.9
[2(CH,)5C], 46.3 (C), 105.8 (C), 109.3 (C), 155.6
(C?), 157.5 (C), 180.8 (CGQH).

'H NMR spectrum of 3,8-dtert-butyl-3,8-nona-
dienoic acidXLV (without its isolation; 500 MHz)3,
ppm: 1.03 s and 1.06 s [2(GHC], 1.50-1.59 m
(C°H,), 2.0-2.1 m (CH, + C'H,), 3.053.12 m
(C°H.,), 4.69 s and 4.87 s {#,), 545 m (CH),
11.7 br.s (CO,H). 3C NMR spectrum (125 MHz),
8¢, ppm: 28.5 (C), 28.7 and 29.3 [Z{H,);C], 30.2
(C°), 32.0 (C), 33.8 (&), 36.1 and 36.7 [2(CH),C],
106.3 (@), 113.3 (&), 151.2 (C), 157.2 (&), 179.1
(C'O,H).

Independent synthesis of 3,4,4-trimethyl-2-pen-
tenylmagnesium chloride XL. A solution of 25.2 g of
3,4,4-trimethyl-1-pentyn-3-ol in 70 ml of cyclohexane

was hydrogenated in the presence of 5 g of Lindlar

catalyst and 1 g of quinoline until 4.8 | of hydrogen

VIKTOROV, ZUBRITSKII

The solvent was evaporated, and the residue was dis-
tilled; the fraction boiling at 6970°C (30 mm Hg)
was collected. 3,4,4-Trimethyl-1-chloro-2-pentene
yield 13.4 g (59%).1H NMR spectrum (500 MHz),

8, ppm: 1.04 s [9H, (CH.C], 1.71 s (3H, CHC®),
4.10 d (2H, CH,, J, , 8.3 Hz), 5.50 t (1H, €H, J, ,

8.3 Hz). *C NMR spectrum (125 MHz)§., ppm:
12.6 (CH4C3), 28.7 [(CH,)4C], 36.4 (C), 41.6 (C),
117.3 (&), 150.5 (©).

A solution of 6.5 g of 3,4,4-trimethyl-1-chloro-2-
pentene in 20 ml of absolute THF was added drop-
wise with stirring and cooling with water to 2.4 g of
Mg in 100 ml of absolute THF at a rate at which the
mixture did not boil. The ready solution of Grignard
reagentXL was decanted from excess magnesium and
its salts and poured onto an excess of crushed dry ice.
The mixture was acidified with an HCI solution and
extracted with pentane (240 ml). The acids were
transferred into an alkaline aqueous solution, which
was then acidified and extracted with pentanex (2
30 ml). The extract was evaporated, and the residue
was distilled; bp 9695°C (2 mm Hg), 1.0 g (14%),
liquid solidifying in a refrigerator to give white crys-
tals of a mixture of3,4,4-trimethyl-1-pentene-3-car-
boxylic acid XLII and 4,5,5-trimethyl-3-hexenoic
acid XLIII in a 68:32 ratio.

Carboxylation of a 1: 2 mixture of organomagne-
sium compoundXL and i-PrMgCl in THF yielded
carboxylic acidsXLIl andXLIIl , 57 : 43. Carboxyla-
tion of Grignard reagenXL prepared in ether yielded
a mixture of acidsxXLIl and XLIlIl in a 91: 9 ratio.
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Thionyl chloride (19.3 g) was added dropwise with
stirring and cooling with ice to a mixture of 20.0 g of
3,4,4-trimethyl-1-penten-3-ol and 12.6 g of pyridine

in 70 ml of absolute ether. The resulting white sus-

pension was allowed to stand for 2 h at-26°C and

then decomposed by adding water until the precipitates.
completely dissolved. The ether layer was separated,

washed with water (2 50 ml), and dried over Cagl
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