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Abstract: Carbon-13 NMR spectra otis-2-(N,N-dimethylamino)cyclopentyl]trimethylammonium iodidéaj and
triflate (4b) in acetoneds and in CANO, show inversion of the amine with rotation about the rii¢y bond to be
unusually slow withAH* and AS* (4b in acetoneds) of 17 kcal/mol and 14 eu, similar to the values tos-2-tert-
butyl-1-(N,N-dimethylamino)cyclopentang) in Et,O-d;o of 16 kcal/mol and 17 eu, indicating that steric and not
electrostatic interactions are responsible for the slow rates. In addition, theethyls of4a and 4b, which are
magnetically nonequivalent ByC NMR at low temperatures, undergo signal averaging with increasing temperature,
the result of rotation dynamics around the Frig™ bonds giving for4b in acetoneds AH* and AS', respectively,

of 7.2 kcal/mol and-9 eu. Similar values are found ftart-butyl rotation in3 in Et,O-d;o. Around room temperature

for 4a and 4b, 1J(**N,13C) is resolved and found to be ca. 3.6 Hz. With decreasing temperature, this coupling is
averaged by progressively fastéN electric quadrupole induced relaxation. Line shape analysis of@&IMR
spectra showd, for the correlation time to be-22.7 kcal/mol. X-ray crystallography ofb and gis-2-tert-
butylcyclopentyl)trimethylammonium triflate7) shows the rings to adopt the half-chair structure with vicinal
substituents located at the puckered carbons4hbinthe NFMes group is pseudoequatorial with the NMgroup
pseudoaxial; whereas, i) thetert-butyl group is pseudoequatorial with the' Me; group pseudoaxial. Interesting
correlations are noted dfC NMR shifts of individual methyls with their crystallographic structural assignments.

Cyclic cis vicinal diamine$, a hitherto neglected class of

conformational interconversidh.In the course of this work,

compounds due to the absence of an efficient preparation, arewe had occasion to prepare and investigate quaternary am-

potentially useful as ligands for metal ions, are catalysts in the monium derivatives of these compounds.

formation and reactions of organometallic compouhdsd
show significant physiological activity. The Pt(ll) complex of

They displayed
unusual dynamic behavior. This paper reports X-ray crystal-
lographic studies and NMR investigations of dynamics in what

cis-1,2-diaminocyclohexane is an active anticancer agent. now appear to be unusually crowded molecular species.

Several substituted cis vicinal diaminocyclohexanes, for example

(£)-cis-2-amino-4,5-dichlordN-methylN-[2-(1-pyrrolidinyl)cy-
clohexyllbenzeneacetamide, were reported to bind toahe
receptor in the guinea pig brain.

Our synthesis of cyclic cis vicinal tertiary diamifa8

Results and Discussion

For convenience, the amines used in this work are listed as
1 to 3 together with their corresponding quaternary ammonium
salts,4—7.

rendered these compounds readily accessible for the detailed

study of their acid/base behavior and of their dynamics of
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Of the compounds used in this wor&is-1,2-di(N,N-dim-
ethylamino)cyclopentanel was prepared as described previ-
ously>6 In parallel fashiongis-2-tert-butyl-1-(N,N-dimethyl-
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Table 1. Quaternization of Amines

J. Am. Chem. Soc., Vol. 118, No. 50, 19962805

A o}
<:]: reagent <:Ii
B D

A B reagent, solvent C D
1 N(CHj)2  N(CH) cis CHyl, Et,0 N(CHy)sH1~ N(CHa), cis 4a
1 N(CHg)z N(CH3)2 cis CF:;SQ;CH:;, CH2C|2 N(CH3)3+CF33Q57 N(CH3)2 cis 4b
2 N(CHa) N(CHa)z trans CHI, EtO N(CHs)sH1~ N(CHa)z trans  5a
2 N(CH3)2 N(CH3)2 trans CESO;CHz, CH.Cl» N(CH3)3+CF33037 N(CH3)3+CF35037 trans 6
da N(CHs)2 N(CHa)s"I~ cis picric acid, EfO N(CHs) N(CHg)s" picrate” cis 4c
3 N(CH3)2 C(CH3)3 cis CBSQ;CH3, CH2C|2 N(CH3)3+CF3303_ C(CH3)3 cis 7

amino)cyclopentane3] came from hydrogenation over Pd(C)
of the enamin® obtained from Zert-butylcyclopentanong8).

o N
Me,NH Ha 3
TiCl, Pd(C)

8 9

Compound3 was assigned the cis structure on the basis that
cyclic aminoenamines were already known to undergo catalytic
hydrogenation on the unhindered skleSubsequent X-ray
crystallography of quaternary ammonium saktonfirmed the
assignment (see below)trans-Diamine 2 was prepared by
sodium in hot ethanol reduction of tteti-dioxine of cyclo-
pentane-1,2-diorfefollowed by EschweilerClark reductive
alkylation of the resultingrans-1,2-diaminocyclopentand.().

o

NH,
10

CH,O

2, ,
HCOH

Formation of quaternary ammonium salts is summarized in
Table 1. Alkylation ofcis-diaminel using CHI, methyl triflate,
or methyl picrate gave only monoquaternization (compo@ind
Repulsion between cis, Nsubstituents must render the corre-
sponding transition state energetically inaccessible. However,
with the nitrogens further apart, th@ns-diammonium ditriflate
6 is rapidly formed and is stable.

Amines1 and3 were monoalkylated with methyl triflate as
indicated in Table 1, and the resulting quaternary ammonium
triflates4b and7 were subjected to X-ray crystallography. The

Figure 1. ORTEP drawing of4b. The non-hydrogen atoms are
represented by 50% probability thermal ellipsoids. The hydrogen atoms
are drawn with an artificial radius.

Figure 2. ORTEP drawing of7. The non-hydrogen atoms are
represented by 50% probability thermal ellipsoids. The hydrogen atoms
are drawn with an artificial radius.

Within the pseudoequatorial substituent${@Hs)z in 4b and

salient feature of these two structures is that the cyclopentanetert-butyl in 7, one methyl group is sited perpendicular to the

ring adopts the half-chair configuration with the vicinal sub-

cyclopentane plane and the other two point away from the ring.

stituents located on the puckered carbons (Figure 1 and 2). InThis reduces hydrogerhydrogen interactions. The bond to the

4b, the trimethylammonium substituent is pseudoequatorial with
the dimethylamino substituent pseudoaxial. Compotis

a similar arrangement with thert-butyl pseudoequatorial and
the trimethylammonium pseudoaxial. This is clearly seen by
reference to the appropriate torsion angles (Table 2). t@ite
butyl group of7 and the trimethyl ammonium group 4b have
torsion angles within the range af(165—180) with respect

pseudoaxial substituent nearly parallels the bond connecting the
vertical methyl to the pseudoequatorial substituent.

The crystal structure ofb is also consistent with’C NMR
data fordb in acetoneds. At low temperature, rotation around
the ring—N* bond is slow enough to resolve three lines for the
nonequivalent N methyls (see below). One is unusually
shielded with respect to the other two by B ppm and thus

to the unsubstituted ring carbons, whereas the correspondingcorrelates with the perpendicular ammonium methyl seen with

values for the dimethylamine b and the trimethylammonium
in 7 are 97.4(4) and —99.0(6Y, respectively.

(5) (a) Fraenkel, G.; Gallucci, J.; Rosenzweig, H1.80rg. Chem 1989
54, 677-681. (b) Previous procedures are summarized in cited refs33
in ref 5a (given here). (c) Fraenkel, G.; Pramanik)FOrg. Chem 1984
49, 1314.

(6) Fraenkel, G.; Balasubramanian, V.; Chang, H. L.; Galluccl, Am
Chem Soc 1993 115 6795-6802.

(7) Chan, J. H.; Paterson, J.; PinnsonnaulfTekrahedron Lett1977,
48, 4183.

(8) (a) Jaeger, F. M.; Blumendal, H. B. Anorg Chem 1928 161. (b)
Belcher, R.; Hoyle, W.; West, T. S. Chem Soc 1961, 667. (c) Toftland,
H.; Pederson, EActa ChemScand 1972 26, 4019.

X-ray crystallography.

The structure o#tb is similar to that of the monopicrate of
cis-1,2-bis(dimethylamino)cyclopentane. X-ray crystallography
showed the protonated nitrogen to be pseudoequatorial; the
methyls point away from the ring with the NHproton and
picrate hydrogen-bonded to it, perpendicular to the three
methylene carbon plarfe.

Bond lengths and distances between groups indicate that the
ring in 7 is larger and less symmetrical than thatdlf The
average ring bond length #b is 1.52 A with a range of 1.588
1.511 A, and in7 it is 1.54 A with a range of 1.5881.527 A.
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Table 2. Selected Crystallographic Structural Parameters TK Obs Calcks™
4a 7
Bond Length (A) 315 8250
c) c@) 1.528(5) c() c@) 1.588(7)

%

c(1) c(5) 1.511(6) c() C(5) 1.533(8)
c(2) Cc(3) 1.528(6) c@) c@) 1.527(8) 2950
c(3) c(4) 1.508(6) C(3) C(4) 1.528(9) 305

C(4) c(5) 1.523(6) C() C(5) 1.548(10)

N(1) c(1) 1.528(4) N C(1) 1.544(7)

N(2) c(2) 1.457(5) c(2) C(6) 1.557(7) 1300
Bond Angles (deg) 297

C(1) C(@) C(3) 100.6(3) C(1) C(2 C(@B) 104.7(4)
C(2) C(B) C(4) 100.0(4) C(2) C(3) C(4) 105.7(5) h ! Wi - 700
| |

c(2 c@) C(G) 100.9(3) C(2 C(1) C(5) 100.5(4)
C(3) C@) C() 107.2(4) C(3) C(4) C(5) 106.3(5) 2901

C(1) C(5) C(4) 103.6(4) C(l) C(5) C(@4) 108.5(5) i T 4 |

N(L) C(1) C(@) 1185(3) C(l) C(2) 120.8(4) i

N
N@2) C(2) C(1) 117.0(3) Cl) C(2) C(6) 127.3(4) i

<b PR 200
Torsion Angles (deg) /\
N() C(1) C2) N(2) 443 "N C(1) C(2) C(6) ~59.4(7)
N(2) C(2) C(3) C(4) 97.4(4) N C(1) C(5) C(4)—99.0(6) NMMM h— T

N(1) C(1) C(5) C(4) 107.1(3) C(4) C(3) C(2) C(6¥179.4(5) o

)

40
In the separation of the groups, the-822 bond of7 is 1.588(7)
A and that ofabis 1.528(8) A. The length of the NAC1 bond
is 1.544(7) A for7 and 1.528(4) A fodb. The C2-C6 bond

. . ’ ' : gl

is 1.557(7) A, and the N2C2 bond ofdb is 1.457(5) A. The 50 48 46 44 42 40 38 36 528 0 Hz 528
distance between N1 and_CGbi‘s 3.558(7) A, and the distance Figure 3. 3C NMR compoundda in CDsNO,, N(CHs), part (left)
between N1 and N2 ofb is 3.085(5) A. observed at different temperatures and (right) calculated to fit with rate

The bond angles in Table 2 show the increased distortion of oonstants.
7 due to the two bulky groups. I, the N-C1-C2 angle is
120.8(4y and the C+C2—-C6 angle is 127.3(4) For4b, the nonequivalent (see Figures 3 and 4), conditions under which
N1—-C1-C2 angle is 118.5(8)and the N2-C2—C1 angle is the rates of inversion at nitrogen and rotation around the—ring
117.0(3y. The bond angles for the cyclopentyl ring are larger N(CHs), bonds are slow relative to the NMR time scale. To
(~2°) for 7 compared to those afb. The positioning of the see whether this behavior was unique to the proximity of a cis

methyl groups is reflected in the bond angles. ThgENT— vicinal trimethylammonium substituent, tHéC NMR of 3,
CHs angle in4b for the methyl sited over the ring is 114hile isoelectronic with the cation moiety @b, was also obtained
the other methyls are near the® ybridization angle with values  at low temperature (Figure 5). The N(@H °C NMR
of 108 and 109. resonance o8 behaved in similar fashion to those 4& and

In sum, the X-ray structures show that the cyclopentane rings 4b; hence, the line shape changes are of steric and not
distort to accommodate adjacent bulky groups. electrostatic origin. As seen in Table 4, th€ NMR shifts

The NMR data for compound8 to 7 displayed some  within each dimethylamino pair f@, 4a and4b are remarkably
unexpected correlations as well as detailed insight into the similar. One methyl at cad 46 is quite similar to that in a
dynamic behavior of three particular specids, (4b, and 3). “normal” acyclic environment; the other is shielded by ca. 7

At room temperature'3C NMR spectra of N(Ch), in 1-5 ppm. This suggests that the structure3a$ similar to that of
all show single lines with much the same shifts (see Table 3), 4b, with the dimethylamino group being pseudoaxial with the
apparently independent of electrostatic and steric effects. Theshielded methyl ab 38—39 directed over the cyclopentane
series includes cis and trans vicinal diamines as well as cis andmoiety, by analogy to the X-ray crystallographic results.
trans vicinal aminoammonium salts. At room temperature all but one of the quaternary ammonium

In compounds4a and 4b at low temperaturel3C NMR salts display spin coupling between tH#\ and the directly
spectroscopy shows the N(G} methyls to be magnetically  bonded!*C of methyl of around 4 Hz (see Table 3), the

Table 3. 3C NMR Shifts ¢) and*J(**C,**N) Values (Hz) for Amines and Salts (at 300 K)

5 1.L
T
3 2™
L M 1 2 3 4 5 L M 1J(13C 1N)
12 cis NMe NMe, 68.72 68.72 25.91 22.00 25.91 44 .32 44 .32
22 trans NMe NMe; 69.97 69.97 26.75 24.32 26.75 42.99 42.99
4 cis NMetl~ NMe, 74.86 64.24 20.23 19.94 23.52 53.03 43.08 3.4
4pPd cis NMe;*CRSO,™ NMe; 74.88 64.12 19.95 19.64 23.06 52.14 43.15 3.4
5a& trans NMe*I- NMe, 76.82 66.28 22.18 20.34 26.24 52.53  40.99 3.9
6°d trans NMe"CRSO;~ NMes™CRSO;™ 77.36 77.36 29.01 25.59 29.01 52.93 52.93
3 cis NMe CMe; 67.08 35.77 23.07 22.50 25.64 43.56 28.91
7bd cis NMe;*CRSOs™ CMes 80.23 56.21 25.08 19.98 26.60 53.92 32.03 3.4
30.46
32.01

a CDCl; solution.? Acetoneds. © Diethyl etherelo. 9 Triflate 1J(*3C,1°F) = 320 Hz.
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A
320 / ! J&
b M’Wﬂﬂ
310

500

'*""""“”*"NA’\\W ﬂ
)

"

WW \ M
L L
_L L N

3400 Hz 2800

Figure 4. 13C NMR compound4b in acetoneds, N(CHs), portion (left)
observed at different temperatures and (right) calculated to fit with rate
constants.
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Figure 5. 3C NMR compound3 in diethyl etherd;,, N(CHs), part
(left) observed at different temperatures and (right) calculated line
shapes, to fit with rate constants.

exception being thérans-1,2-diammonium sal6. Evidently,
electric field gradients around tHéN in these salts must be
quite small compared to most ammonium salts wheté

J. Am. Chem. Soc., Vol. 118, No. 50, 19962807

Table 4. Low Temperaturé*C NMR Chemical Shifts ) for
CiS—l-N(CH3)2-2-X(CH3)3-C-C5H8

X(CHz)s X(CHy)s N(CHs),
3 2321 296 335 C(Che 39.64 46.8
4% 4745 52.96 5599 N(CHE'I- 39.15 46.36
42 N(CHs)s*1~ 39.64 46.79
4p* 47.00 52.92 56.05 N(CHE'CRSOs 38.19 46.23

a Acetoneds. ® Nitromethaneda.

TK obs Calck, /R s
880000
295
«’»Jttw\‘ _L 0.3
180000
05

P

220

W

270

500
~ 682.7 Hz -1
T
55 47 4150 Hz 3450

Figure 6. 3C NMR compound4a|n acetoneds, N(CHs)s™ part (left)
observed at different temperatures and (right) calculated to fit with rate
constants for rotation antdN quadrupole-induced relaxation.

structure due tdJ(*3C,*N) in 4aand4b in acetoneds solution
undergoes averaging, due to fast® nuclear electric quad-
rupole-induced relaxation, followed by extensive broadening of
the resonance and then by 200 K three lines of equal intensity
resolve indicating that by this temperature rotation around the
ring—N* bond has become slow relative to the NMR time scale
(see Figures 6 and 7). The spacing of the three NCHC
NMR resonances ofia and 4b at low temperature is quite
similar to that seen for the C methyls@i&-2-tert-butyl-1-(N,N-
dimethylamino)cyclopentan&)in Et,O-d;o solution at 170 K
(see Table 4). One can also conclude that theniethyls in

4a and 4b and the C methyls iB must reside in similar
environments; in each case, one methyl is shielded with respect
to the other two in the group. This is consistent with the
crystallographic finding that one of the ammonium methyls of
4b is perpendicular to the three methylene carbon plane of the
ring and the other two are pointing away from the ring (Figure
1). The significance of the N-CHz 13C NMR data will be
further discussed below.

NMR line shapes for the’®C NMR resonances of the
dimethylamino methyls were calculated as a function of the
composite rate of inversion at nitrogen with rotation around the
ring—N bond? This resonance is treated as an uncoupled,
equally populated, two half-spin exchanging system (eq 1),
wherein the numbers label the spifdQ) and X and Y stand

electric quadrupole-induced relaxation is fast enough to averagefor the two environments Comparison of experimental N(G}4

LJ(*3C¥N). In addition to common values for the latter spin
coupling, thel®3C NMR shifts for NCH™ are similar for the
ammonium salts. With decreasing temperature, the triplet

9) (a) Gutowsky, H. S.; Saika, H. J. Chem Phys 1953 21, 1688.
(b) Gutowsky, H. S.; Holm, C. Hibid. 1957, 25, 1288. (c) Kaplan, J. I.;
Fraenkel, GJ. Am Chem Soc 1972 94, 2907.
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XY, =YX, 1) Calck, s ™'

13C NMR line shapes for compounds, 4b, and3 with the 170000
calculated line shapes, respectively, (Figure$pprovides the .,JL_ I 98
rate constants for inversion/rotation treated in, for example, the
Eyring plot shown in Figure 9. Table 5 lists the associated 95000
activation parameters. The similarity ofH* for 4a and 4b 280 053
might have been expected; that their values resemble the barrier — :
for 3 confirms the similarity of the N-(CHs), environments in /\
all three species as proposed above and implies that the 804 N /\ !100
mechanisms for inversion/rotation must be similar and that steric a — 0.1
effects are predominantly responsible for the large magnitude 1650

. .. . . . 220 /
of the barriers rather than electrostatic interactions. Ordinarily /\
in the absence of steric effects such barriers are much lower —

than those found in this work. For example ,NgN-dimethyl- 650

tert-butylamine the value is 6 kcal/mél. 2 /\
Symbols used in the following NMR line shape calculations

are conveniently collected in Table 6. 200
Carbon-13 NMR line shape changes for the-butyl methyls

of 3 due to rotation around thtert-butyl ring bond are treated

as an equally populated uncoupled three half-spin exchanging o

system (eq 2}!

T T T
A < B 56 & 47 4100 Hz 3300

Figure 7. 3C NMR compound4b in acetoneds as in Figure 6.

\ / @ | TK obs Calcks™

the absorption is given by the summation (eq 3) 245 | 122000
Abs(<) = —Im(p* + p® + p° 3
(<) (0" tp +p) 3) o 4000
the o' being abbreviations for the density matrix elements
[B|o'|00 The three latter elements are obtained by solving the )
three coupled density matrix equations, shown in matrix form l ,
(e 4) 220 | {20000
q T \ -~
i |
iZﬂAVA i
Tl K k A 20/
i2mAv P 1 °
k 1 B k Bl = |C 1 w,“,,»”/” N
-T'—2 P
27 Avc pc 1 200 W 1900
k k \
| 2k 4) e /\

which were generated from the three elements of the density
matrix equationg”sq, andpBg, andpCs, the first of which

.

is shown in (eq 5), 170 | Bt
‘A A A -1 A A A ”/\NJ\"J*IS“ =
P pa= Blilp"HT+ T 0" + k(p"(ae)— (o")lol (5) % 5 2 20 Hz s

Figure 8. 3C NMR compound3 in diethyl ether, C-CHz); part (left)
observed at different temperatures and (right) calculated to fit with rate
constants for rotation around the rintert-butyl bond.

with the symbols defined as in Table 6. The after exchange
elements of the density matrix are obtained by inspection of
the exchange process (see for example an elemept(ag),

eq 6). to nuclear electric quadrupole-induced relaxatiotf!1 2 The
Aae)= 0B + o° ©) Hamiltonian H), rotating frame, needed to ultimately plot the
p p-Tp methyl 13C line shape is given by (eq 7)
Comparison of observed and calculated carbi@rHs reso- . 202 .
nances of3 (Figure 8, in diethyl ethetho) provided the rate ~ H = 2”Z(”"i — i+ Z”‘le il'n i=AB,C (7)
| |

constants for rotation and activation parameisk and AS
of 16 kcal/mol and 17 eu, respectively; Figure 10 is the Eyring
plot (see Table 5).
Analysis of the trimethylammoniuf¥C NMR line shapes is
a little more complicated than that above, since account must

also be taken ofJ(13C *N) in 4aand4b and its averaging due (11) Kaplan, J. 1.; Fraenkel, ®IMR in Chemically Exchanging Systems
Academic Press: New York, 1980; Chapters 4 and 6.

(10) Bushweller, C. H.; Anderson, W. G.; Stevenson, P. E.; Burkey, D. (12) Fraenkel, G.; Subramanian, S.; ChowJAAM Chem Soc 1995
L.; O'Neil, J. W.J. Am Chem Soc 1974 96, 3892. 117, 10336-10344.

whereJ is 1J(13C 1“N) and the other symbols are defined in Table
6. We use the spin product representatjegy to list the13C
transitions of interest and abbreviate the statek¥Méfby their
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I—3r -2k r 2r k 0 0 k 0 0
r —2r—2k r 0 k 0 0 k 0
2r r —-3r—2k 0 0 k 0 0 k
k 0 0 —3r—2kr 2r k 0 0
R+K=]|0 k 0 r —2r—2k r 0 k 0 (11)
0 0 k 2r r —-3r—2k 0 0 k
k 0 0 —k 0 0 —3r—2k r 2r
0 k 0 0 k 0 r —2r—2k r
IO 0 k 0 0 k 2r r —-3r—2k
4 10
S
™~ in(¥)
2+ 5]
In () .
0+ 04
2 - S 3 5'l 6
10'T
, . Figure 10. Eyring plot for rotation of theert-butyl group in3.
Y 34 36 38 N . . o
in which Bgo is @ column of nine 1'spicol is p*1, o2, 0”3, pB1,
10T 082, pB3, pC1, pC2 pC. The elements of the diagonal A

Figure 9. Eyring plot for inversion/rotation at the dimethylamino
substituent ida in CD3NO,.

Table 5. Activation Parameters from NMR Line Shape Analysis

compound da 4a 4b 3

anion N I~ CRSO;
solvent CDNO, acetoneds acetoneds Et,O-tio
inverting N

AH* (kcal/mol) 18 17.3 16

AS (eu) 17 14 17
rotation X(CH)s

AH* 10.7 7.2 7.8

AS 5.5 -9 -3
1N quadrupole 2.7 2

relaxationE,

Table 6. Symbols Used in NMR Line Shape Calculations

Avi=v —w;

v; shift frequency

v frequency axis

T Lintrinsic line width
k rate constant

R quadrupole relaxation operator
o' density matrix

o'(ae) density matrix after exchange
H spin Hamiltonian

C arbitrary weighting constant

m; values +1, 0, or—1) asa(+1) — S(+1), a(0) — 5(0) and
a(—1) — B(—1). The required elements of the density matrix
are p'g),a(+) p',g(o),a(o) and P'ﬂ(—;),a(—l) withi = A, B, and C
and are abbreviated, p',, andp's, respectively. In this system

the p'(ae) elements for rotation are obtained as before (eq 6),

and we assume the spin state'®f does not change during a
rotation of A— B. One takes all elements of the density matrix
equation connected by am, = 1 13C

Boylile',H] + (R — T o + ko'(ae)— p)lop,0=0 (8)

transition and diagonal it*N. This generates the set of nine

coupled inhomogeneous equations in phelements shown in

matrix form as (eq 9),
[A+T'+R+K,,=—iCB 9)

col

frequency matrix are shown in eqs X0E0i and the remaining
R+K matrix is shown in eq 11.

Elements of the quadrupole relaxation operator were obtained
as described previoush:13 Since the extreme narrowing
conditionis assumed to applonly one relaxation parameter,

AL =i2a(Av, =) - T (10a)
Ay, =i2mAv, — T (10b)
Ags=i2a(Avy +9) - T (10c)
Ay =i2a(Avg =) - T (10d)
Ags=i2mAvg — T * (10e)
Age=i2n(Avg +3) — T * (10f)
A, =2a(Ave =) - T ! (10g)
Age= i2nAve — T+ (10h)
Ago=i2(Ave+3) - T (10i)
r, is needed; it is defined in eq 12

r= o.a(ez%Q)zr (12)

wherein the term in parentheses is the quadrupole splitting
constant and is the correlation time. As before, the absorption
comes from the summation (eq 13).

AbS=—|mZ(pil+pi2+pi3)A i=AB,C (13)
|

(13) Chow, A. M.S. Thesis, Ohio State University, Columbus, OH, 1982.
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Since the ring-N* rotation and averaging &8(*3C N) effect
the NMR over different temperature ranges, it was possible to

Fraenkel et al.

was recrystallized from isopropyl alcohol and petroleum ether to give
3.92 g (0.012 mol) of a white crystalline solid;i§-2-(N,N-dimethyl-

to the full line shape procedure described above. The resulting
fitted, calculated line shapes (Figure 6) gave Eyring parameters

AH* andAS for rotation of respectively 10.7 kcal/mol and 5.5
eu (see Table 5). RegardiitN quadrupole-induced relaxation,
we have plotted t/which givesE, for 771, or the correlation
rate, of 2.7 kcal/mol (Table 5). The corresponding results for
triflate 4b in acetoneds are similar to those foda (see Table
5). Notice the similarity of the activation parameters for rotation
of tert-butyl in 3 and of N(CH)s™ in 4aand4b. This shows
again the major influence of steric interactions in controlling
dynamic processes in these systems.

All of the cis-2-substituted trimethylammonium species
exhibit slow rotation around their rirgN* bonds at low
temperature, as evidenced by sepafd@ peaks for the N

94% vyield. 'H NMR (D20) 6: 3.09 (s, 9H, N(CH)3), 2.04 (s, 6H,
N(CHz)2), 1.9-1.4 (m, 6H, CH). 3C NMR (D;0) o: 127.95 (CR),
122.85 (CR), 117.76 (CR), 112.67 (CE), 74.88 (CH-N*), 64.12
(CH—N), 52.14 (N(CH)3), 43.15 (N(CH)2), 23.06 (CH), 19.95 (CH),
19.64 (CH).
[cis-2-(N,N-Dimethylamino)cyclopentyljtrimethylammonium Pic-
rate (4c). In a 100 mL beaker containing boiling ethanol (60 mL)
were combined dis-2-(N,N-dimethylamino)cyclopentyl]trimethyl-
ammonium iodide (0.54 g, 0.0035 mol) and picric acid (0.56 g, 0.0025
mol). The solution turned red-brown and was cooled to room
temperature. The oily red-brown solid which precipitated from the
solution was left standing overnight, and a yellow crystalline solid
formed. Ethanol was decanted from the solids. Recrystallization from
acetone gave 0.5 g of a yellow-orange solid, [cidNIMNcdimethylami-
no)cyclopentylJtrimethylammonium picrate, in 50% vyield (mp 153
158°C). 3C NMR (acetone): 126.16 (Ar), 76.75 (CHN™), 66.25

methyls or just broadening of the resonance. The latter is also(cH—N), 53.73 (N(CH)s), 24.09 (CH), 22.22 (CH), 20.49 (CH).

the case for theis-2-tert-butyltrimethylammonium sal? in
acetoneds. By 200 K, the N" methyl resonance has broadened
to a half width of 270 Hz. Below this temperature the
compound crystallizes. It was not possible to prepare a cis
vicinal di(trimethylammonium)-substituted cyclopentane to

determine the extent to which steric interactions operated here

also.
The transaminoammonium saltSa and 5b exhibited only
minor broadening of their respectivetNmethyl 13C NMR

2-tert-Butylcyclopentanone (8). Into a 500 mL Schlenk flask
containing dry dichloromethane (100 mL) at dry ice/acetone temperature
were loaded by syringe, under argon, titanium tetrachloride (11 mL,
0.1 mol) andtert-butyl chloride (22 mL, 0.2 mol) in dichloromethane
(50 mL). A green tinge appeared in the solution. (Trimethylsiloxy)-
cyclopentene (15.63 mL, 0.1 mol) in dichloromethane (100 mL) was
quickly added, and the solution turned black. Afteh of stirring, the
solution turned a dull green and a green solid precipitated. After 3 h
of stirring, the solution was hydrolyzed with a saturated NaHCO
solution (40 mL). The mixture turned reddish and foamed. After 3 h

resonances at low temperature, due possibly to the absence ofs stirring at room temperature, the solution turned dark purple. It

major steric interactions. In contrast, the Methyl3C NMR
resonance of the trans vicinal di(quaternary ammonium)ftriflate
6, which is narrow at room temperature, broadens on cooling
and resolves by 200 K into two lines (2:1) at, respectivély,
54.4 and 48.6. This behavior implicates slow rotation around
the ring—=N* bonds in6 at low temperature.

In summary, the results presented here show the influence

of steric interactions on dynamic processes in cis vicinal
aminoammonium salts.

Experimental Section

General. Toluene and diethyl ether were distilled from sodium
benzophenone ketyl prior to use. Titanium tetrachloride was stirred
overnight with copper dust and then distilled under argon. Dimethyl-
amine was condensed using a dry ice/acetone cold finger. Cyclopentan
and pentane were distilled from sodium before use. All syringes were
dried in an oven at 20€C and then cooled under argon. The syringes
used to transfer dimethylamine were first cooled in dry ice.

Equipment. NMR spectra were obtained using either dlBnuMSL
300 or AM 200 MHz Fourier transform NMR spectrometer.

[cis-2-(N,N-Dimethylamino)cyclopentyl]trimethylammonium lo-
dide (4a). Into a 250 mL round bottom flask containing a stir bar
were introduced diethyl ether (100 mL) awotb-1,2-di(N,N-dimethy-
lamino)cyclopentane (2.79 g, 0.0178 mol). lodomethane (16 mL, 0.257
mol) was syringed into the flask with argon ebullition. A white solid
formed, and the solution was stirred overnight. The powdery white
solid was collected by vacuum filtration and then recrystallized from
ethanol/isopropy! ether to give 2.00 g (0.0067 mol) of a sandy brown
solid, [cis-2-(N,N-dimethylamino)cyclopentyl]trimethylammonium io-
dide, in 37.6% yield (mp 176180°C). *H NMR (D;0) o: 3.8-3.7
(m, 2H, CH), 3.34 (s, 9H, N(CH}s), 2.29 (s, 6H, N(CH),), 2.35-1.6
(m, 6H, CH). *C NMR (D;0) 6: 77.43 (CH-N™), 66.20 (CH-N),
54.14 (N(CHy)3), 43.68 (N(CH),), 24.85 (CH), 21.72 (CH), 21.22
(CHy).

[cis-2-(N,N-Dimethylamino)cyclopentyl]trimethylammonium Tri-
fluoromethanesulfonate (Triflate) (4b). Into a 50 mL Schlenk flask
with a stir bar were placeds-1,2-di(N,N-dimethylamino)cyclopentane
(2.04 g, 0.013 mol) and dichloromethane (15 mL) under argon. Methyl
trifluoromethanesulfonate (2 mL, 0.018 mol) was syringed into the flask,
and the solution was stirred overnight. The clear light brown solution
was concentrated in vacuo to yield an oily brown liquid. The residue

e

was then extracted with carbon tetrachloride (300 mL) and washed with
a NaHCQ solution (3x 100 mL) which turned the organic layer light
yellow. The organic layer was dried overnight over.8@ and then
concentrated in vacuo to remove the carbon tetrachloride. The clear
yellow residue was distilled under high vacuum to yield 5.77 g (0.041
mol) of a clear liquid, Zert-butylcyclopentanone (bp 884 °C at 4.5
Torr), in 41% yield. *H NMR (CDCl) 6: 2.13-1.14 (m, 7H, CH,

CH), 0.88 (s, 9H, C(Ch)3). '3C NMR (CDCk) 6: 212.69 (G=0),
57.72 (CH), 39.98 (Ch), 32.21 (C-CHjg), 27.47 (CH), 26.14 (CH),
19.96 (CH).

cis-2-tert-Butyl-1-(N,N-dimethylamino)cyclopentane (3). Into a
500 mL Schlenk flask equipped with a gas inlet and stir bar were
introduced cyclopentane (300 mL) ande2t-butylcyclopentanone (5.77
g, 0.0412 mol) under argon. The flask was cooled-#8B °C with a
dry ice/acetone bath. Dimethylamine (27 mL, 0.40 mol) was syringed
into the flask. A 25 mL graduated cylinder was flame dried, cooled
under argon and then fitted with a rubber septum. Cyclopentane (13
mL) and titanium tetrachloride (4.8 mL, 0.043 mol) were syringed into
the cylinder and mixed. The clear solution was cannulated into the
Schlenk flask, and an orange-red solid formed. A&eh of stirring,
the solution was warmed to room temperature and then stirred overnight
under a positive pressure of argon.

The dark brown solution with a grayish-green solid was filtered
through a layer of Celite and then a layer of,8&, on a fritted glass
funnel (50 mm, 1.45m). The solid was washed with cyclopentane
(2 x 20 mL), and the dark brown solution was transferred to a flame-
dried Parr jar, flushed with argon for 5 min, and then stoppered. The
catalyst, 5% Pd on carbon (0.872 g), was quickly added, and the jar
was placed on the hydrogenator. After flushing the solution with H
twice, the hydrogenator was charged with 65 psi efaHd shaken for
2 days. The solution was filtered through Celite to remove the catalyst
and then concentrated in vacuo to remove the cyclopentane. The
remaining liquid was distilled under reduced pressure to yield 4.27 g
(0.025 mol) of a light yellow liquidgcis-2-tert-butyl-1-(N,N-dimethy-
lamino)cyclopentane (bp 557 °C at 2.7 Torr), in 61.36% yieldH
NMR (CDCls) 6: 2.97 (t, 1H, CH-N), 2.08 (s, 6H, N(CH),), 2.0~
1.82 (m, 4H, CH), 1.761.60 (m, 2H, CH), 1.55-1.3 (m, 2H, CH),

1.00 (s, 9H, C(Ch)s). 3C NMR (CDCk) o: 67.08 (CH-N), 55.77
(CH—C), 43.56 (N(CH),), 32.03 (C-CH3), 28.91 ((CH)s), 25.64
(CHy), 23.07 (CH), 22.50 (CH).

(cis-2-tert-Butylcyclopentyl)trimethylammonium Trifluoromethane-

sulfonate (7). A 25 mL round bottom flask was charged witis-2-
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tert-butyl-1-(N,N-dimethylamino)cyclopentane (0.845 g, 0.005 mol) in A powdery white solid was collected by vacuum filtration and was
dichloromethane (15 mL) under argon. Methyl trifluoromethane- recrystallized from ethanol/isopropyl ether to @it g (0.0034 mol) of
sulfonate (0.6 mL, 0.005 mol) was added via syringe, and the solution the title compound as a yellow white solid (mp 26206 °C) in 53%
was stirred overnight under a positive pressure of argon. The solution yield. *H NMR (CDsNO;) 6: 4.0-3.8 (m, 2H, CH), 3.2 (s, 9H,
was concentrated in vacuo to remove the dichloromethane yielding anN(CHs)z), 2.3 (s, 6H, N(CH),), 2.2-1.6 (m, 6H, CH). 3C NMR
orange-red solid. The latter was recrystallized from ethanol/petroleum (CDsNQ,) 6: 77.64 (CH-NT)), 66.28 (CH-N), 52.74 (N(CH)3), 40.90
ether to give 0.845 g (0.0026 mol) of white crystalsjs{2-tert- (N(CHa)3), 26.60 (CH), 22.69 (CH), 20.66 (CH).
butylcyclopentyl)trimethylammonium trifluoromethanesulfonate (mp  trans-Cyclopentyl-1,2-di(trimethylammonium) Di(trifluoromethane-
100-104 °C), in 52% yield. 'H NMR (D;0) 6: 3.94 (q, 2H, CH), sulfonate) (6). The reaction vessel, a 50 mL Schlenk flask with a stir

3.18 (s, 6H, N(CH)s), 2.1-1.6 (m, 6H, CH) 1.07 (s, 9H, C(Ch)s). bar, was loaded withtrans-N,N,N',N'-tetramethylcyclopentane-1,2-
*C NMR (D;0) 4: 120.55 (CF, "J(**C,*F) = 318.1 Hz), 80.23 (CH diamine (0.8 g, 0.0051 mol) and dichloromethane (15 mL) under argon.
N), 56.21 (CH-C(CHy)), 53.92 (N(CH)s), 32.61 C—CHjs), 30.46 Methy! trifluoromethanesulfonate (2 mL, 0.018 mol) was syringed into
((CHs)s), 26.60 (CH), 25.38 (CH), 19.98 (CH). the flask, and the solution was stirred overnight. The clear light brown
trans-N,N,N',N'-Tetramethylcyclopentane-1,2-diamine (2).A 250 solution was concentrated in vacuo to yield an oily brown liquid. The

mL round bottom flask equipped with a condenser and stir bar was |atter was recrystallized from isopropyl alcohol/petroleum ether and
charged withtrans1,2-cyclopentadiammonium dichloride (12.25 g, placed under vacuum overnight to give 1.10 g (0.0023 mol) of a light
0.0708 mol), formic acid (50 mL, 1.30 mol, 90%), and formaldehyde brown powdery solidirans-cyclopentyl-1,2-di(trimethylammonium) di-
(50 mL, 1.80 mol, 40%). The solution was heated to @ and (trifluoromethanesulfonate) (mp 13820°C), in 44% yield. *H NMR
bubbling was observed. After the bubbling stopped, the solution was (acdetone): 5.0 (d, 2H, CH), 3.4 (s, 18H, N(C§#), 2.8-2.4 (m,
heated to 95C and stirred overnight. The brown solution was cooled 4H, CHy), 2.2-2.1 (p, 2H, CH). 3C NMR (acetone): 75.89 (CH-

to room temperature and made basic (pH 1) with solid KOH. The N), 53.50 (N(CH)3), 28.21 (CH), 25.45 (CH).

solution was extracted with diethyl ether £5100 mL) and then with
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