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A Conformational Study of Cyclohexane-1,3,5-tricarbonitrileDerivatives
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Cyclohexane-1,3,5-tricarbonitrilereachedequi libriumhaving 1,3-cis-1,5-cis and 1,3-cis-1,5-trans iso-
mersinaratio of 3:7. The cis,cis-isomer preferredtheconfor mationwiththreeequatorial cyanogroups,
whereasthe cis,trans-iso mer displayed two cyanogroupsoneguatorial posi tionsand an other cyanogroupon
axial position. Condensationofcis,cis-cyclohex ane-1,3,5-tricarbonitrilewithL - (S)-valinol by thecatal y sisof
ZnClzinrefluxing 1,2-dichlorobenzene af forded two iso meric cyclo hex ane-1,3,5-trioxazolinesin favor of
the 1,3-cis-1,5-transiso mer. Metalation of cis,cis-cyclohexane-1,3,5-tricarbonitrile,fol lowedbyal kylations
withdimethyl sul fate, benzyl bromideor alyl bro mide, gavethecor respondingtrialkylation productswith
predomi nanceof 1,3- cis-1,5-transiso mers. Thecis,trans-isomer showed two cyanogroupsonaxial posi tions
and an other cyano group on equatorial po si tion, whereasthe cis,cis-isomer ex hibitedthreeaxial cyano
groups. Treat ment of trimethyl cis,cis-cyclohex ane-1,3,5-tricarboxylatewithlithiumdiisopropylamideand
dimethyl sul fate af forded mainly thetrimethyl ester of Kemp’ striacid, which showedthreeaxid carboxylate
groups. Twocompeti tivefactors, i.e. thestericef fect of incoming el ectrophilesandthedipol e-dipoleinterac
tionsof thecyano or carboxylategroups, mightinter play to givedif fer ent stereosel ectivitiesinthesereaction
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systems.

INTRODUCTION

Many ef forts have been ex erted on the conformational
stud ies of sub sti tuted cyclohexanes. Kemp and Petrakis'
havereportedanespecially inter estingcom poundcis,cis-
1,3,5-trimethylcyclohexane-1,3,5-tricarboxylic acid 1la
(Kemp’'striacid), in which all carboxylic groups are ax ial.
Dueto thiswell-defined con for mation, Kemp’sacid and its
deriv ativescanbeused astheunitsfor molecular rec og ni-
tion.?® For ex am ple, the m-phenylenediamine bis(Kemp's
triacidimide) isuti lized asabuilding block formolecularre-
ceptors.? It can stabi lize carboxylate-bridged dimetallic cen-
tersto serveasafunctional model of related en zymes® In cor-
poration of pep tide chainson Kemp’ striacid can gen er ate
col lagen-liketri plehelices.* Kemp'striacid disubstituted de-
rivatives are employed as metal ion-separating agents.
Kemp' striacid can belinked by crown ethersor por phy rinsto
functionasC-cleft agents.® Use of Kemp’striacid and its de-
riv ativesasabuildingscaf foldfor asymmetricsynthesisand
combi natorial synthesi shavebeenrecently ex plored.”

Theconfor mationwiththreeaxial carboxylicgroupsin
Kemp’striacidisat trib ut abletothestabi li zation by intra-
molecular hy drogenbonding. When Kemp' striacidistreated
withNaOH solution,2 asuc cessiveionization makesaflip-
ping of thecyclohex anering. Thisconformational changere-
|easeselectrostaticrepul sionandleadstothether mody nami-
cally morestableconformer with threeequatorial car box-
ylate groups (Eg. 1). Cis,cis-cyclohexane-1,3,5-tricarboxylic

acid 2a also ex istsasthe con former hav ing three carboxylic
groupsontheequatorial posi tions(Eq. 2). UnlikeKemp’s
triacid hav ing threeax ial carboxylic groups, the steric ef fect
by disposi tionsof threeax ial carboxylic groupsin2a might
over ridetheef fect of intramolecular hy drogenbonding. Itis
also known? that heat ing of cis,cis-cyclohexane-1,3,5-tri
carboxylic acid2a at 240=C causes an isomerization to reach
anequi libriumbetween 2a and the cis, transisomer 2b witha
ratio of 44:56. The cis,trans-isomer 2b ex ists as the con
former having one axia and two equatorial carboxylic
groups, but not the other way around.
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RESULTS AND DISCUSSION

Asacontinuation of theabove-mentioned stud ies, we
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prepared sev eral deriv ativesof 1,3,5-trisubstituted cyclo-
hexanesand ex amined their confor mations. Triacid2a was
treated with thionyl chlo rideto give the triacyl chloride 3a
(Scheme 1).° Nucleophilic sub sti tution of 3a with MeOH or
PhOH vyielded the triesters 4a and 5a, respectively.”®
Ammonolysis of 5ainliquid NH; af forded the triamide 6a.’
Dehy dration of thetriamide 6a was car ried out by heat ing
with SOCI, in DMF to give the trinitrile 7a.° All thederiv a-
tives 3a-7awere shown to have the sym met ric cis,cis-struc-
turesby NMR anal y ses. No cis,trans-iso merswerefound.
Attemptsto con vert triacid2adi rectly tothecor responding
trioxazolines by treatments with 2-aminoethanol or 2-
amino- 2-methylpropan-1-ol under vari ouscondi tionsfailed.
Thecondensationreactionof trinitrile 7a with L-(S)-valinol
was realized by the catalysis of ZnCl, in refluxing 1,2-
dichlorobenzene.®™ How ever, asignif i cantisomerization
alsooc curred un der suchreaction condi tions, thustwoiso-
meric trioxazolines 8a and 8b wereobtainedinaratioof 3:7.
The symmetric cis,cis-isomer 8a (C24H39N3O3) showed 8
peaksin the*C NMR spec trum, whereasthecis,trans-isomer
8b displayed the 24 car bonsas 20 peaks. Inthe'H NMR spec-
trum of 8a, theH-1, H-3and H-5 ap peared atéin 2.63 asatrip-
let of trip letswith large and small cou pling con stants (J =
12.6and3.0Hz),indi catingtheir axial disposi tions. Onthe
other hand, the'H NM R spectrum of 8b showed threesignals
at ©2.63,2.78and 2.84 cor respondingtoH-1[ (axial), H-38
(axial) andH-5u (equatorial), respectively, dueto theun-
symmetricori entationof threeoxazolinesub stituents.
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Reagents and conditions: i, for 3a: 2a/SOCl,, reflux, 12 h; >99%.
i, for 4a: 2a/SOCIly/MeOH, rt, 4 h; 96%. iii, for 5a: 3a/PhOH,
gyridine, CH,Cl,, 40 °C, 12 h; 90%. v, for 6a: 5a/liquid NH3, =40
C to rt, 15 h; 85%. v, for 7a: 6a/SOCl,, DMF, 45 oC, 15 h; 65%.
vi, L-valinol, cat. ZnCl,, 1,2-dichlorobenzene, reflux, 24 h; 8a, 20%;
8b, 45%. vii, t-BuOK/t-BuOH, 11, 24 h; 7a/7b = 3:7.
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When dis,cis-trinitrile 7a was treated witht-BuOK in
t-BuOH solutionat roomtem per aturefor aprolonged period
(24 h), amix ture of 7a and the cis,trans-isomer 7b was ob-
tainedinaratioof 3:7. Simi lar treat ment of a1:1 mix ture of
7a and 7b also ended up with theiso mericratio of 3:7. The
struc ture of 7b wasconfirmed by an X-ray dif fraction anal y
sis, which showed two cyano groupson equatorial posi tions
and an other cyano group on ax ial po si tion. The **C NMR
spec trum of 7b (CgHoN3) showed only 6 sig nals due to its
symmetricstructure. Inthe*H NMR spec trum, H-1 and H-3
ontheaxial posi tionsap peared atfi 2.90, whereas H-5 on the
equatorial posi tionap peared at alower field of & 3.19. Ac-
cordingtoanMM3cal culation, thecis,trans-isomer 7b is
more sta ble than the cis,cis-iso mer 7a bear ing three equato-
rial cyano groups by an energy dif fer ence of -0.509 kcal
mol . Thiscal culationwasin agree ment with the ob served
isomericratioof 7a/7b (3:7) at equi librium. Asthe CN group
has asmall size, the steric ef fect should be mini mal. How
ever, theaxial disposi tionof oneCN groupin 7b could re-
lease the di pole-dipolein ter ac tion with the other two CN
groups.*? Thus, thecis,trans-iso mer 7bisther mody nami
cally more sta ble than the cis,cis-isomer 7a, which ex erts
larger di pole-dipolerepul sionsamongthethreeequatorial
cyanogroups. Theal ter nativeconformer of 7b withtwo ax ial
cyano groups was not observed because these two axial
cyano groupswould cause severedi pole-dipolerepul sion.
Simi larreasonscouldbeat trib ut abletothepref er ablecon
formersof triacid 2b and trioxazoline8b.

Theelectrophilic reactions of triester 4a and trinitrile
7apro ceeded with dif fer ent stereoselectivities(Table1).
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Table 1. Electrophilic Reactionsof Cyclohexane Trieser 4a and Trinitrile 7a

H H z z z R z H
H LDA; RX z . 2 z
/ 3
z R R R
4a Z=CO,Me trialkylation, cis-cis triakylation, cis-trans dialkylation, cis-trans
7a Z=CN 9a, 12a, 13a 9b-12b 10c, 11c
Reactant El ectrophile Ratio of Product Z= R=
4a Me,SO, 9a/9b =85:15 Cco,Me Me
7a Me,SO, 10b/10c = 80:20 CN Me
7a PhCH,Br 11b/11c = 4159 CN PhCH,
7a CH,=CHCH,Br 12a/12b =28:72 CN CH,=CHCH,
Ta Ph,PCI 13aonly CN Ph,P

Triester 4a wastreated with LDA (3.3 equiv) in an EbOsolu
tion at 0=C, fol lowed by akylation with ex cessiveamounts
of Me;S04, to give Kemp' s acid trimethyl es ter 9a and the
cistrans-isomer9binaratio of 85:15.% As 9awassubjected
to saponification to give Kemp’ striacidla, itsstruc turewith
three carboxylate groupson theax ial po si tionswasestab-
lished. On the other hand, treat ment of the trinitrile 7a with
LDA and Me;SO, in Et;O/THF solution (v/v, 1:1) at -78 *C
gave atrimethylation prod uct 10b with cis,trans-configura
tion (50% yield). Nocis,cis-isomer 10awas found, though a
side prod uct 10c (11% yield) re sulted from anin com plete
methylation. A simi lar alkylationreaction of 7a with benzyl
bromideal so gavethetribenzylation prod uct 11b (24% yield)
and the dimethylation prod uct 11c (35% yield). Using allyl
bro mide asthe electrophile, two triallylation prod ucts 12a
and 12b wereobtained in aratio of 28:72. The struc tures of
these prod uctswere deter mined by spectral meth ods. For ex-
ample, NOE ex peri mentswereappliedtodeter minetheil lus
tratedconfigurationandconfor mationof 11b. Thus,irradi &
tionof theax i ally ori ented H-4ix (and H-61x) at & 1.64 caused
enhancementsof H-2c: (at & 1.20) andthetwomethy lenesig-
nalsof C-1and C-3 allyl groups (at & 2.36). Irradi ationof the
methy lenesignal (at& 3.04) of C-5allyl group (onax ial posi-
tion) caused a 16% en hance ment of thereso nanceat & 2.47
for H-4p and H-6 2. The C,-symmetricnatureof thedialkyla-
tion prod ucts 10c and 11c werein di cated by their 3C NMR
spec tra, so that 10c and 11c¢ should have the cis,trans-config
urations. Their C-5protons, appearingat 3.20 (tt, J = 12.9,
3.0Hz) and 3.16 (tt, J=13.2, 3.3 Hz), dis played the char ac-
teristic pat ternswith largeand small cou pling con stants, be-
ingconsistentwiththeir axial disposi tionsintheil lustrated
conformers.

Wespeculatedthat stericef fectand di pole-dipoleinter-

actionmightinter play intheseelectrophilicreactionsto af-
fect the stereoselectivity.*? The dianionic intermediateB

might react with asec ond el ectrophileto af ford theinter me-
di atesof cis-anionC and trans-anion D (Schemell). There-
action of C with athird electrophile would give ei ther the
cis,cis-prod uctF viaequatorial at tack, or the cis,trans-prod-
uct Gviaaxial at tack. Thecis,cis-prod uctF with threeaxial

CN groupswouldbether mody nami cally disfavoredbecause
itex hibited severedi pole-dipolerepul sions. Ex ceptfora
bulky electrophile such as PhePCl,”a ky lationsof C should
occur preferentially from the axial approach to give the
cistransproduct G such as10b, 11b, and12b (R =R?=R3).

Thetrialkylation prod ucts10b, 11b, and 12b could also be
derivedfromtheequatorial al ky lationsof thetrans-anionD,

which had an ax ial R? alkyl group to hin der the ax ial ap-

proachof thethirdhalidemol ecule. A similarrationalecould

beap plied to thefor mation of dialkylation prod ucts 10c and

11c, but not other stereocisomers. Ina ky lationsof thetriester

43, the trans-anionintermedi ateJ, hav ing alarger steric ef-
fect betweentheax ial Meand CO,Me groups, was also less
favorable than the cis-anion intermediatel. As Me and
CO,Megroupswere more sterically de mand ing than the CN

group (by comparisonof | and J with C and D), both| and J

would un dergo alkylation viathe equato rial ap proach of an
Me,SO,mol eculetogive, respectively, thecis,cis-product 9a
and the cis,trans-prod uct9b. Asacon sequence, tri methyla
tion of 4a led to 85% of 9a and 15% of 9b.

EXPERIMENTAL

Allreactionsrequiringanhy drouscondi tionswerecon
ductedinaflame-dried ap paratusunder an at mo sphereof ar
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gon. Sy ringesand nee dlesfor thetransfer of re agentswere
dried at 120=Candal lowedto cool inadesiccator over P.Os
beforeuse. Ethersweredistilledfromsodiumbenzophenone
ketyl; (chlori nated) hy dro car bons, and aminesfrom CaHo.

Reactionsweremoni tored by TLC using pre-coated witha
0.25mmlayer of sil icacontainingafluorescentindi cator
(Merck Art. 5544). Col umnchromatog raphy wascar ried out
on Kieselgel 60 (40-63p.m).Opti cal rotationsweremeasured
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onadigi tal polarimeter with acuvette of 1 cm length. [ ]
Valuesaregivenin 10! deg cm? g. *H and *CNMR spectra
were re corded on Bruker AC-200 and AM-300 WB spec-
trometers. Chemi cal shiftsarereportedrel ativetoCHCl3 [
7.26, & (central lineof t) 77.0]. Cou pling con stants (J) are
giveninHz. The X-ray dif frac tion datawere col lected ona
CAD-4 diffractometer. Theanal y seswere car ried out on a
microVAX Il computer usingNRCVAX software.

dis,cisCyclohexane-1,3,5-tricarboxyl trichloride (3a)°

Treat ment of cis,cis-cyclohexane-1,3,5-tricarboxylic
acid 2a (pur chased from Fluka) with thionyl chlo ride, ac-
cordingtothereported procedure,® gave thetriacyl chlo ride
3ainaquanti tativeyield. Solid, mp 44-45°C (lit.° mp 44-46
=C); &, (200 MHz, CDCl;) 1.67 (3H, dt, J 12.6, 12.6), 2.66
(3H, dt,J 12.6, 3.6) and 2.84 (3H, tt,J 12.6, 3.6); &c (50 MHz,
CDCl3) 30.3 (3 CHy), 52.2 (3CH) and 174.2 (3 C).

Trimethyl ciscis-cyclohexane-1,3 5-tricar boxylate (4a)’

Treat ment of thetriacid 2a with thionyl chlorideinthe
presenceof MeOH, ac cording tothereported procedure, ™
gavethetriester 4a (96% yield). &4 (200 MHz, CDCls) 1.47
(3H, dt, J12.6, 12.6), 2.23 (3H, br d, J 12.6) and 2.39 (3H, dt,
J12.6, 3.2); #ic (50 MHz, CDCl3) 30.4 (3 CHy), 41.6 (3 CH),
51.8 (3Me) and 174.4 (3 C).

Triphenyl dis,ciscyclohexane-1,3,5-tricar boxylate(5a)°

Treat ment of thetriacyl chloride 3a with PhOH in the
presenceof pyridine, ac cordingto thereported pro cedure,’
gavethe triester 5a (90% yield). Solid, mp 130-131 =C (lit.’
mp 130~C); &, (200 MHz, CDCl5) 1.89 (3H, dt, J12.6, 12.6),
2.67 (3H, br d,J 12.6), 2.78 (3H, td,J 12.6, 3.2), 7.12 (6H, dd,
J7.6,1.0), 7.22 (3H, tt, J 7.2, 1.0) and 7.40 (6H, dd, J 7.6,
7.2).

dis,cisCyclohexane-1,3,5-tricar boxamide (6a)°

Treat ment of thetriester 5awithliquid am moniaac-
cordingtothereported procedure® gave the triester 4a (85%
yield). Solid, mp 287-289=C (lit.° mp 290 *C); & (300 MHz,
CDs0D) 1.45 (3H, dt, J 12.6, 12.6), 2.10 (3H, br d, J 12.6)
and 2.21 (3H, td, J 12.6, 3.3); &ic (75 MHz, CD;0OD) 34.6 (3
CHy), 47.2 (3CH) and 183.9 (3 C).

cds,cisCyclohexane-1,3,5-tricarbonitrile (7a) and
cistrans-Cyclohexane-1,3,5-tricar bonitrile(7b)

Treat ment of the triamide 6a with thionyl chlo ride ac-
cordingtothereported procedure® gave the trinitrile 7a (65%
yield).
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The trinitrile 7a (30 mg, 0.19 mmol) was treated with
t-BuOK (10 mg) inaso lution of t-BuOH (0.3 mL) and THF
(2mL) at room tem per aturefor 24 h. The mix ture was con
centratedin vacuo, dis solved in CH2Cl2 (20 mL), washed
with water (15 mL) and brine (15 mL), dried (Na,SO,), and
chromatographed on a silica gel column by elution with
EtOAc/hex ane (1:1) to givethe cis,cis-isomer7a (8.5 mg,
28%) and thecis,transisomer 7b (19.5 mg, 65%).

7a: Solid, mp 174-176 =C (lit. mp 175 °C); & (300
MHz, CDCI;) 1.87 (3H, dt, J 12.9, 12.9) and 2.48-2.58 (m,
6H); &c (75 MHz, CDCl3) 26.2 (3 CHy), 30.9 (3 CH) and
118.4 (3 C); m/'z160 (M " + 1, 5%), 106 (84) and 54 (100).

7h: Solid, mp 152-154~C; TLC (EtOAc/hex ane (3:7))
Rr 0.20; ¥max (KBr)/cm™ 2245; &, (300 MHz, CDCl3) 1.81-
1.94(3H, m), 2.30(2H, brd, J13.8), 2.45(1H, d,J 13.8), 2.90
(2H, m), 3.19 (1H, m); &c (75 MHz, CDCl3) 23.9 (2 CHy),
25.2 (CHy), 30.0 (2 CH), 30.8 (CH), 118.6 (C) and 119.0 (2
C); mz 160 (M* + 1, 8%), 159 (1), 106 (98) and 54 (100)
(Found: M*, 159.0818. CsHsNs requires 159.0796). The
struc ture of 7b wasconfirmed by an X-ray dif fraction anal y
Sis.

Crystal dataof com pound7b (CgHeN3, M = 159.08):
monoclinic, space group P2;/c, Z= 8, a = 14.359(2), b =
10.237(8), ¢ = 13.124(1) A, = 111.769(8)°, V = 1791.6(3)
A3, crystal size0.4x 0.5::0.6 mm, T = 298K, reflectionscol
lected 2575, independentreflections2287. R = 0.037, Ry =
0.033. Re fine ment method: full-matrix |east-squares on F.
All bond distances and bond an gles are as ex pected. These
dataaredepositedwiththeCambridgeCrystal lographicData
Center.

as,cis-1,3,5-Trig(S)-4-isopropyl-1,3-oxazolin-2-yl]cycloe
hexane (8a) and cis,trans-1,3,5-Tris[(S)-4-isopropyl-1,3-
oxazolin-2-yl]cyclohexane(8b)

A mix ture of trinitrile 7a (290 mg, 1.8 mmol), L-(S)-
valinol (742 mg, 7.2 mmol) and ZnCl, (30 mg, 0.2 mmol) in
1,2-dichlorobenzene (8 mL) wasrefluxed at 180 =C for 24 h.
Themixturewascon centrated, andtheresi duewasdissolved
in CH2Cl2 (20 mL). Theor ganic phasewaswashed with water
(2= 15 mL) and brine (2 » 15 mL), dried (Na.SO), and
chromatographed on a silica gel column by elution with
EtOAc to give the cis,cis-iso mer8a (151 mg, 20%) and the
cistransisomer8b (337 mg, 45%).

8a: Solid, mp 92-94°C; [1]*p -65.7 (¢ 1.3, CHCl5);
TLC (EtOAC) R 0.17; “max (KBr)/cm™ 1664; fi (300 MHz,
CDCl3) 0.76 (9H, d, J 6.9), 0.84 (9H, d, J 6.9), 1.53 (3H, dt, J
12.6, 12.6, H-2a, H-4 and H-61), 1.59-1.70 (3H, m), 2.15
(3H, br d,J12.6, H-27, H-43 and H-6}3), 2.63 (3H, tt, J12.6,
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3.0, H-1p, H-3P and H-58), 3.75-3.86 (6H, m, 3 CH,O) and
4.08 (3H, dt, J 7.2, 7.2, 3CHN); & (75 MHz, CDCl,) 17.6 (3
Me), 18.5 (3 Me), 32.1 (3 CH,), 32.2 (3 CH), 36.3 (3 CH),
69.5 (3 CHy), 71.6 (3 CH) and 168.6 (3 C);m/z 417 (M*, 8%)
and 374 (100) (Found: M*, 417.2988. C,H39N3;Osrequires
417.2991).

8b: Qil; [1]*p -40.2 (c 2.9, CHCI3); TLC (EtOAC) R
0.22; ¥max (Neat)/cm™ 1662; fiy (300 MHz, CDCl3) 0.77-0.90
(18H, m), 1.44-1.73 (6H, m), 2.17 (1H, br d, J 12.9, H-2b),
2.27 (2H, br d, J 12.9, H-4F and H-6[3), 2.63 (1H, tt, J 12.9,
3.3, H-1B), 2.78 (1H, tt, J 12.9, 3.3, H-3[), 2.84 (1H, br s,
H-5tx), 3.77-3.91 (6H, m), 4.05-4.15 (3H, m); &c (75 MHz,
CDCls) 17.5 (Me), 17.6 (Me), 17.9 (Me), 18.6 (Me), 18.7
(Me), 18.8 (Me), 30.4 (2 CHy), 32.2 (CH), 32.3 (CH), 32.4
(CH), 32.5 (CH), 32.6 (CH), 32.7 (CH,), 32.8 (CH), 69.3
(CHJ), 69.4 (2 CHy), 71.5 (2 CH), 72.0 (CH), 167.7 (C) and
169.4 (2 C); m/iz 417 (M*, 45%) and 374 (100) (Found: M,
417.2986. C,4H39N;Osrequires417.2991).

Trimethyl cis,cis-1,3,5-trimethylcyclohexane-1,3,5-
tricarboxylate (9a) and Trimethyl cis,trans-1,3,5-
trimethylcyclohexane-1,3,5-tricar boxylate (9b)

Method A. Treat ment of Kemp’sacid (pur chased from
Aldrich) withdiazomethaneaccordingtothereportedproce-
dure™ gave the triester 9ainaquanti tativeyield.

Method B. Under anat mo sphereof ar gon, asolution of
the triester 4a (8.8 g, 34.3 mmol) in Et2O (50 mL) was added
dropwisetothefreshly prepared LDA solution (113 mmol)in
Et>O (100 mL) at 0 ®C. The mix turewas stirred for 2 h, and
Me>SO4 (14 mL, 147 mmol) was added. The mix ture was
warmed, stirred at room tem per aturefor 12 h. Theprecipi-
tateswerefil tered off, thefil tratewaswashed with water (3
50 mL), HCI (20 mL of 1 M so lu tion) and brine (20 mL),
dried (Na>SO), and chromatographed on asil icagel col umn
by elu tion with EtOAc/hex ane (10:1) to givethe cis, cis-iso-
mer 9a (6.6 g, 64%) and the cis,transisomer9b (1.2 g, 12%).

9a: Solid, mp 80-81 =C (lit.”* mp 79-81 ©C): TLC
(EtOAc/hex ane(10:1)) R 0.2; @, (200 MHz, CDClI;) 0.86
(3H,d,J14.8), 1.11 (9H, s), 2.63 (3H, d, J 14.8) and 3.56 (9H,
s); &c (50 MHz, CDCI;) 31.0 (Me), 41.2 (3 CH), 43.5 (3 C),
51.4(3Me) and 176.5 (3 C).

9b: Oil; TLC (EtOAc/hex ane(10:1)) Rr 0.2; ¥ max (neat)/
cm™ 1731 and 1715; &x (300 MHz, CDCl3) 1.02 (1H, d, J
14.7), 1.04 (3H, s), 1.07 (6H, s), 1.65 (2H, d, J 14.7), 2.07
(2H,d,J14.7),2.58 (1H, d,J 14.7), 3.52 (6H, s) and 3.54 (3H,
s); 8c (75 MHz, CDCl;) 25.7 (Me), 29.5 (2 Me), 40.1 (2 CH ),
41.1 (2 C), 41.7 (C), 41.8 (CH2), 51.5 (2 Me), 51.6 (Me),
177.5 (2 C) and 178.4 (C); m/z 300 (M", 2%) and 121 (100)
(Found: M*, 300.1583. C;5H,40s requires300.1573).
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cas,trans-1,3,5-Trimethylcyclohexane-1,3,5-tricar bonitrile
(10b) and cistrans-1,3-Dimethylcyclohexane-1,3,5-
tricarbonitrile(10c)

Under an atmosphere of argon, BuLi (4.2 mL, 6.6
mmol, 1.6 M of hex ane so lu tion) was added dropwiseto aso-
lution of i-ProNH (0.92 mL, 6.6 mmol) in Et,O (30 mL) at 0
#C. Themix turewasstirred for 20 min, cooled to-78~C, and
aso lution of thetrinitrile 7a (318 mg, 2 mmol) in THF (30
mL)/Et;O (15 mL) was added dropwise. After 10 min,
Me,SO, (0.63 mL, 6.6 mmol) was added dropwise to the re-
sulting pink solution. Themix turewaswarmed, stirred at 25
“Cfor 12 h, and quenched by ad di tion of sat urated NH4Cl.
Themixturewasconcentrated by rotary evaporation, di luted
with CH:ClI (40 mL ), washed with water (15 mL) and brine
(15mL), dried (Na,S0,), and chromatographed on asil icagel
column by elution with EtOAc/hexane (1:1) to give the
cis,trans-iso mer of trialkylation prod uct 10b (201 mg, 50%)
and the dialkylation prod uct10c (41 mg, 11%).

10b: Solid, mp 227-229°C; TLC (EtOAc/hex ane(1:1))
R; 0.28; ¥max (KBr)/cm 2233; i, (300 MHz, CDCl;) 1.22
(1H,d,J14.4),1.49 (6H, s), 1.70 (2H, d,J 14.4), 1.98 (3H,
s),2.38 (2H, d, J 14.4) and 2.43 (1H, d, J 14.4); &c (75 MHz,
CDCl,) 22.7 (Me), 29.1 (2 C), 29.7 (2 Me), 32.5(C), 43.1 (2
CHy>), 43.9 (CHy), 122.3 (2 C) and 123.5 (C); mVz 201 (M*,
1%) and 134 (100) (Found: M*, 201.1259. C,,H,sN;requires
201.1266) (Anal. Found: C, 71.45; H, 7.49; N, 21.08.
CoHisNsrequiresC, 71.61; H, 7.51; N, 20.88).

10c: Solid, mp 249-250°C; TLC (EtOAc/hex ane(1:1))
Ry 0.20; ¥max (KBr)/cm™ 2236; & (300 MHz, CDCl3) 1.20
(1H,d,J14.4),1.45(2H,t,J12.9),1.48 (6H, s), 2.32 (1H, d,J
14.4,H-23), 2.48 (2H, br d, J 12.9, H-4[3, 6[) and 3.20 (1H, tt,
J 12.9, 3.0, H-5); &c (75 MHz, CDCls) 24.2 (C-5), 28.1
(Me-1, 3), 32.0 (C-1, 3), 39.0 (C-4, 6), 43.3 (C-2), 119.1
(CN-5), 120.7 (CN-1, 3); m/z 187 (M", 1%) and 120 (100)
(Found: M*,187.1107. C 11H13Ns requires 187.1109).

cas,trans-1,3,5-Tribenzylcyclohexane-1,3,5-tricar bonitrile
(11b) and cistrans-1,3-Dibenzylcyclohexane-1,3,5-
tricarbonitrile(11c)

Alkylation of the trinitrile 7a (159 mg, 1 mmol) with
benzyl bro mide (1.2mL, 10mmol) in Et,O solution, by apro
ceduresimi lartothat for 10b, gavethetrialkylation prod ucts
11b (103 mg, 24%) and thedialkylation prod uct 11c (119 mg,
35%).

11b: Solid, mp 225-227 *C; TLC (EtOAc/hex ane(3:7))
R: 0.25; ¥ (KBr)/em™ 2235; &, (300 MHz, CDCl ;) 1.45
(1H, d,J 14.4),1.80(2H, d, J 14.4), 2.30 (1H, d, J 14.4), 2.45
(2H, d,J14.4),2.93(4H, s), 3.46 (2H, s) and 7.22-7.45 (15H,
m); &c (75 MHz, CDCl;) 34.4 (2 C), 38.6 (C), 39.5 (CHy,),
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39.8 (2 CHy), 40.8 (CH.), 48.1 (2 CHy), 121.7 (2 C), 122.5
(C), 127.7 (CH), 128.2 (2 CH), 128.4 (2 CH), 128.7 (4 CH),
130.5 (4 CH), 130.8 (2 CH), 132.4 (2 C) and 134.4 (C); m'z
(FAB) 429 (M"). (Found: M*, 429.2214. C3H,7N3z requires
429.2205).

11c: Solid, mp 262-264 ~C; TLC (EtOAc/hex ane(3:7))
R 0.20; ¥ma (KBr)/cm™ 2240; &y, (300 MHz, CDCl;) 1.32
(1H, d, J14.4), 1.54 (2H, 1,J 13.2), 2.15 (1H, d, J 14.4), 2.38
(2H, br d, J 13.2), 2.89 (4H, s), 3.16 (1H, tt, J13.2, 3.3) and
7.19-7.37 (10H, m); &ic (75 MHz, CDCls) 24.0 (CH), 37.2 (2
C), 37.5 (2 CHy), 40.1 (CH>), 46.9 (2 CH>), 119.3 (C), 119.8
(2C),128.2(2CH), 128.8 (4 CH), 130.3 (4 CH), 132.4 (2 C);
m/z (FAB) 339 (M) (Found: M*, 339.1736. CxsH21N3 re-
quires 339.1735) (Anal. Found: C, 81.15; H, 6.12; N, 12.48.
C,HxNsrequiresC, 81.38; H, 6.24; N, 12.38).

cis,cis1,3,5-Triallylcyclohexane-1,3,5-tricar bonitrile (12a)
and dis,trans-1,3,5-Triallylcyclohexane-1,3,5-
tricarbonitrile(12b)

Alkylation of the trinitrile 7a (159 mg, 1 mmol) with
alyl bromide(0.52mL, 6 mmol) in Et,Osolution, by aproce-
duresimi lar tothat for 10b, gave the trialkylation prod ucts
12a (42 mg, 15%) and 12b (107 mg, 38%).

12a: Solid, mp > 300 “C (dec.); TLC (EtOAc/hex ane
(4:6)) R 0.05; s (KBr)/ecm™ 2236; &, (200 MHz, CDCl5)
1.07 (3H, d, J 14.6), 2.36 (6H, d, J 7.4), 2.42 (3H, d, J 14.6),
5.16-5.32 (6H, m), 5.79-5.97 (3H, m); i&c (50 MHz, CDCl3)
34.6 (3C),41.1 (3CH,), 46.7 (3 CH,), 119.6 (3C), 121.8 (3
CHy), 129.7 (3 CH); m'z 279 (M", 1%) and 136 (100) (Found:
M*, 279.1730. C1sH21N3srequires279.1735).

12b: Solid, mp 103-105°C; TLC (EtOAc/hex ane(4:6))
R 0.20; ¥max (KBr)/cm™ 2236; fin (300 MHz, CDCl3) 1.20
(1H, d, J14.7, H-21), 1.64 (2H, d, J 14.4, H-4 and H-61x),
2.34 (1H, d, J 14.7, H-2P), 2.36 (4H, d, J 7.5, 1-CH, and
3-CHy), 2.45 (2H, d, J 14.4, H-4, and H-6F), 3.04 (2H, d, J
7.5, 5-CH,), 5.24 (2H, d,J 17.1), 5.32 (2H, d, J 10.2), 5.38
(1H, d, J10.2),5.50 (1H, d,J 17.1) and 5.80-5.92 (3H, m); &ic
(75 MHz, CDCl;) 32.9 (2 C), 36.8 (C), 37.7 (CH,), 39.3 (2
CHy), 40.6 (CH>), 46.5 (2 CHy), 121.3 (2 C), 122.0 (2 CH»),
122.1 (C), 122.6 (CH), 129.3 (2 CH), 130.7 (CH); myz 279
(M*, 7%) and 136 (100) (Found: M *, 279.1735. CigH,; N3 re-
quires279.1735).
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