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STRUCTURE OF I-( 1 -ADAMANTY L)PY RAZOLES 

P, CABILDO,* R, hf. CLARAMUNT and I), SANZ 
Q&mica Orgk~ica, UNED, Ciudad Universitariat, Madrid-3, 

Departamento de Rayos 
M, C, FWXS-FUCES and F. HERNANDEZ; CANO 
X, Xnstituto de Quhnica Fisica URcxasolancF, Smano 119, Madrid&, Spain 

Ekp;lrtmato de Quimicir F&a y Q&mica CuPntica, Facultad de Cientias, C-XXV, Universidad 
Autcinoma de Madrid, Cantoblanco, Madrid-34, Spain 

and 

fnstituto de Quimica Mkdiczl, 
.J. ELWEW 

C.S.I.C., Juan de la Ciervir, 3, Madrid-6 Spain 

Al&rrrti-Crystal structures of ~~~ga~rn~ty~)pyr~~~, In, and I-(l-adamantyl-3-~~ni~rup~~~i~, 2a, 
have been solved by X-ray analysis, The spaa: groups and c&X parameters we P2 1, a, 7.402 l( 3), b, 10.7529(s), c, 
6.9651(2)A,~,~.2~3~for IawithZ = 2and P2/n,a,31.117~14),~,6.8~1)~~, 12.031~3)A,~~94.87~3~for 
20 with 2 = 8. Refmements werecarried out down to R values of 0.043 (R, = O.U46)and 0.079 (R, = 0.061) fur 
the 95f(2u#) and 2461(3rrfi)) abserved refkctions respectivx?ly, The ~~nfu~atiu~ about the bond between the 
heterocyck and the carbocycfe is discussed un theoretical grounds (INI cakufations) : the adamantane 
bch~vesasafrecrator.Thestericinteractionsoftheadamantylfesiduewiththemethylsu~tituentsin2-and5- 
positian of pyraxolas are apparent in the C-l 3 chemical shifts. 

In a previaus paper’ we have described ths stiif weighted mean values of 189.4(l)“, 109,2(2)6 and 
unknown l-(1 -adamantyl ~~~~l~~~orn~und lr! has 109.3(l)” respectively for la, 2a and 2a’. The whoie set af 
been prepared su~quently2) : band distances range from 1,515(7) to 1.5116t4)A (sm 

a RJ x R* = Rs 2 H g R” = R3 = H 
bR”=RS=Mf3,R*=zH hR3=RJ=Me 

3 -_ RS 

s SJ 
=H,R*=Br 

=Me,R4=H,R5==NH1 
e R” = H, R* = CC&Et, Rs = NH2 

Xn urder tu study this new class ufderivatives we: have Tablie l)? but same diBerences, just in the hmit of 
undertaken the determination of the: crystal structures sig&%ance within precision, can be c&served between 
af la and 2;w and theexamined ‘3C-SJMR behaviqur of the group of distances in the bottom rings, with lower 
all of them. 23. has two ~ryst~~~~aphi~l~y in- values, from the rest of the values somewhat higher, the 
dependent malecules @a and 2a’, see Experimental). weighted means &zing L52l(I)vs. 1.536+~A, 1.5%+#)vs. 

CEEQ)A and 1.52712) vs. ~~1(3tft respectively. 

RFsULx5 ANa LxsCU~i0N 
SinGXar relative diBerences c-an be observed in other 
atiantyl dcrivativcs.3*4 

Molecular gexnetry of l-( 1 -~~nty~~~~z~le~ Xa and Alf 6+mdtmd rings have chair conformation, with 
za absolute V&W of the torsion a&es between 59.5(S) 

Ah three molecufes map each other quite WA, and 62.0(S)@, except, again, fur the bottom rings which 
Molecules 2rr and 2n’ are linked through W-beds, -less puckered mainly in molecules llr and Za where 
involving the 0 19 H-atoms. The most favorable one, as that range is 57*~4~59.~6~. 
measured by the 0-H **a 0 angle, being that of 2a The S-atom rings show the delocalization of the 
(Table 1). double boz& in the values of the bond lengths 

In the three adamantane moieties aI1 the C’+-C-C and bond angles (C5-NI-N2 and N2-CG-C.4 
angles are within the range rl~~.~4~1~~.7~4~J with being higher), all being planar wit&in precision, 
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474 P. CABILDO et d. 

Table t, Bond lengths (A) and selected bond angles (“) 

Molecules la za 2a 

Nl-N2 
N2-C3 
c3--C4 
c4--C5 
C5-N 1 
C4-N 16 
N16-017 
N16-018 
Nl-c6 
U-c7 
C6-Cl2 
c6-Cl1 
C7-C8 
Cl l-Cl0 
C12--c13 
C8--c9 
C9-Cl0 
c1O-C14 
C14-cl3 
Cl3-cl5 
CS-CIS 
68-019 
019-H19 
H19*+*019+ 
019.**019* 

C5-Nl-N2 
C5-Nl-C6 
N2-N l-C6 
Nl-N2--C3 
N2-C3-C4 
Nl-c5--c4 
c3-cx-C5 
C3-C4-N16 
C5-C4-N16 
C4-N16-017 
C4-N16-018 
017-N16-018 
N l--c6-C7 
Nl-c6-c11 
Nl-CJ6-Cl2 
C7-C6-c11 
C7-C6-Cl2 
Cl l-c%-Cl2 
C7--c8--019 
C9-CF8-019 
C15--c8-019 
019-H19***019* 

1.349(Q) 
1.333(5) 
1.373(8) 
1.375(S) 
1.343(5) 

- 
- 

1.484(3) 
f-526(5) 
1.5334) 
1.522(6) 
1 .W5) 
1.541(5) 

:*z$; 
1:517(6) 
1.519(5) 
1,521(7) 
1.527{6) 
1.525(6) 

- 
- 
- 
- 

112.0(2) 
128.5(2) 
11 w(2) 
104.3(3) 
112.0(4) 
K&.6(4) 
105.1(4) 

- 
- 
- 
- 

lO!G(2) 
109.8(2) 
108.5(2) 
109.4(3) 
109.9(3) 
109.8(3) 

- 
- 
- 
- 

1.37Cy6) 1.369(5) 
1.314(7) 1.329(6) 
1.37 l(8) 1.382(7) 
1.363(6) 1.35q6) 
1.342(6) 1.335(6} 
1.429(6) 1.428(7) 
1.22q6) 1.210(6) 
l-214(7) 1.2337) 
1.493(6) 1.487(6) 
1.535(7) 1.53 l(7) 
1.53q8) 1.527(8) 
1.521(7) 1.531(7) 
1.5337) 1.523(7) 
1.532(6) 1.535(7) 
l-542(7) 1.540(7) 
1.515(7) 1.5237) 
1.536(9) 1.531(8) 
1.519(10) 1.524f9) 
1.51919) 1.52569) 
1.535(S) 1.535(S) 
1.523(S) 1.5237) 
l&7(6) 1.435(6) 
0.95( 11) 0.80(g) 
1.88(g) l%(9) 
2.822(5) 2.78q5) 

112.34) 
128.4(4) 
119.3(4) 
103.7(4) 
111.6(5) 
105.6(4) 
106.7(4) 
12%9(S) 
125.4(5) 
118.1(S) 
118,3(4) 
123.35) 
109.014) 
lOw(4) 
108.34) 
110.4f4) 
1 ro.qq 
109.8(4) 
107.4(4) 
109.9(4) 
109.4(4) 
168(10) 

111.7(4) 
128.%4) 
119.6(4) 
104.7(4) 
110.3(4) 
K&.4(4) 
106.9(4) 
125.9(4) 
127.2(5) 
119.6(5) 
116.9(4) 
123.5(5) 
108.744) 
109.3(3) 
109.2(4) 
110.2(4) 
109.6(4) 
109.9(4) 
108.9(4) 
108,5(4) 
1 lOS(4) 
f 749) 

- 
* The symmetry operations are l/2 ZX, 1 + Y, l/2- 2 and 

X, 1 + Y, Z for Za and 2a’ respectively. 

Some asymmetry at the Nl substitution can be ob- 
served, in the three molecules, as C5-Nl-C6 
> N2-N l-+6.3*4 On the other hand between the 2a 
and Za’ molecules the NO, groups present a relative 
twist of almost 10” (Fig. 1). 

Structurally, the main difference between both 
compounds is related to the conformation about the 
N l(sp2j-C,(sp3) bond (Fig. 1). Compound la exists in 
the solid state with a type A conformation (bonds NICLS 
and C6ClI eclipsed) whereas the two independent 
molecules in the crystal lattice of 2a one is the type A 
and the other of type B conformation (bonds N, N2 and 
C&, , eclipsed). 

Obviously neither the OH on C, nor the NOz on C+ 
can account for this different behaviour. The only 
reasonable hypothesis is that both conformations are of 

(j=o” 8 ~180~ 

comparable energy and the choice is due to slight 
differences in the crystal packing. To test this 
hypothesis we have carried out fND0 calculations? 

1-t-Butylpyrazole was chosen, considering that the 
bottom part of the adamantane is irrelevant when only 
variations in energy are at stake. The pyrazole ring has 
been taken coplanar with the plane defined by carbons 
C,C 1 I C 1 & 1 5. The t-Bu residue has been built from the 
corresponding adamantane fragment in la, but taking 
mean values for carbons C, and C1 2. The third H-atom 
has been situated along the CC bond at 1.0248 A. 
For our purpose it is enough to rotate the pyrazoie 
from 0 = 0” (conformation A) to 8 = 60” (= 180”, con- 
formation B). 

H \3 ,,H 

H 

0 = CSN1C6C1 i dihedral angle 

CaCIr = L5221A 

CIzH, = C12Hb = 

The calculated energies are collected in Table 2. The 
calculated dipole moment is 2.54D. . 

Both conformations, A and B, have the same 
energy confirming our hypothesis. There is almost 
no rotational barrier, thus S-unsubstituted (1 or 2, 
R5 = H) l-(1-adamantyl)pyrazoles can adopt any 
conformation about the N &.& bond. Alb initio STO-3G 
calculations for 8 = 0” (ET = - 376.268132 au, 
p = 2&D) and for 8 = 30” (E$ = -376.267360 au, 
p = 2.59D) were carried out in order to have an 

Table 2. Relative energies in kcal/mol of 
1-tertbutylpyrazole 

0 AE 

O”, Gonformation A 
10” 
20” 
30” 
40” 
50” 
60”, conformation B 

t.05 
0.14 
0.17 
0.12 
0.04 
0.01 
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the consistence of Table 3 values : 

la 

2a 2a’ 

Fig. 1. Stereographic projections showing the relative 
disposition of the five-membered ring with respect to the 
adamantyl moiety for the three molecules and the Newman 
projections to show the disposition of the NOz groups in 
molecules Za and 2a’. The numbering in the adamantyl moiety 

has been omitted in the bottom figures. 

independent estimation of the barrier. The value of AE 
= 0.000772 au = 0.48 kcal/mol is consistent with the 
INDO value of Table 2 (0.17 kcal/moi). 

Pyr020l e 

2P2 

~ 

+46 

+05 

- 2.2 

+39.4 

-OH 

Pyrazole SCS on I-fydroxyl SCS Hydroxyl SCS 
adamantane on adamantane on adamantane 
carbons carkts carbons 
(compound la (compound 2a (adamantanolg 
minus minus minus 
adamantane compoundla) adamantane*) 
values8) 

13C-NMR study of l~~-~~~~y~)pyr~zo~es la-3 
The chemical shifts and some coupling constants of 

the eight compounds are given in Table 3. 
The assignment of pyrazolic carbons was straightfor- 

ward.‘*’ The adamantyl carbons were assigned from 
Iiterature values of adamantanes and adamantanoLg 
The following SCS (substituent chemical shifts) show 

The larger effect on C,( + 5.0 ppm) may contain some 
contribution from the 4-nitro group present in 2a 
(R4 = NO,). 

Concerning the pyrazole counterpart, the coupling 
constants measured for la and 3 are almost identical 
with those of l-methylpyrazole.‘O The replacement of 
an N-Megroup by an N-adamantylgroup, modifies the 
pyrazolic C chemical shifts. Three compounds 
summarize the most important effects (for the 
corresponding N-methylpyrazoies in the same solvent, 
see (j*‘): 

Ad-Me 
k 

0.2 

4-3.7 

I - 

kg -Me 

AZ-Me 

Fig. 2a An ORTEP view of the la mokculc with the atomic 
numbering 

2a za’ 

Fig. 2b. Same as Fig 2a for the 2a and 2a’ motecules. 
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Table 4, Crystal analysis parameters at room temperature 

Crystal data 
Formula 
Crystal habit 
Crystal. size (mm] 
Symmetry 
Unit cel1 determination : 

least-squares fit to 
8 (Cu) < 45 deg. 

Unit celt dimensions (A) 

Pack& : V(A J)% 2 
f) (8 cm- ‘1% M FWW 

Experimental dsxta 
Radiation and technique 

Mono~rumator 
CorIection mode 

Total independent data 
Observed data 
Stability 

Solution and re~~ement 
Solution mode 

Refinement mode 

Final shift/error 
Parameters : 

nu,. of variables 
degrees of freedom 
ratio of freedom 

Weighting scheme 

Max. tIwd vdues (AZ) 
Final F-peaks 
Final R, Rw 
Atomic factors 

ci3 H18 N2 
CuJourless, prismatic 
U&7 x U.23 x 0.47 (inside cap&w) 
2/m. Monoclinic. P2, 

Cl3 HI7 N3 03 
CoXourfess, prismatic 
um x&f3 x0.u) 
2/m. Monoclinic. P2/n 

55 reflectians 
7.4021(3), XU,?529f5), 6.9651(2) 

52 reflections 
31,I172[14), 6.8%6(r), 12*0313(3) 
/I = 94.8733) 
2555.4(f), 8 
1.368,263.29?, 1 f 20 

Cu-K,. PW 1100 Philips Diffractometer 
Bisrxting geometry 
Graphite oriented 

w/2@, t x 1 deg, det. apertures, 0 c 65”, w/2& 1 x I deg. d&_ apertures, 8 *t: 6U*, 
1 minfreft, scan width of X.5 deg. X min/refl, scan width of 1.3 deg, 
990 3814 
951 I > 2@(f) 2464 I > 30_(I) 

Two refiections every 9U min no variation 

Muttan SU,” X-Ray “I6 System’ 3 
Vax 1 l/750 
Least-squares on F’s, observed refIections 

only 1 Mocks in the fin& cycks only 2 blocks in the final cydes 
U-12 Q.U7 

207 4&I 
744 1984 
4.6 5.1 

Empirical as to give no trends in (wA2} 
vs. (Fo} or (sin @/A} 

u22 fC14) = U.iUq4) 
0.14 eA-3 

‘tf22 (08) = 0,X73@) 
8.~4 eA-3 

0.043, do& 0.079, U*u6f 
Int~~~ationa~ Tables for X-Ray Crystatlography ’ A 

The steric ~n~eract~uns between the adamantyl group between the adamantane and the Me cm C5 and N,, 
a116 the methyls in positions 5 (lb) and 2 (3) is clearly rC%peCtiWAy. 
apparent. The ~-eff&t on CS ( - 5.1 ppm) is a&o norma 
and similar to the value found in the couple tclluene/t- 
butylbenzene ( - X9 ppm).’ t Xn 1 ib, carbon C,++ and in 31 
mrbun Cd, are shifted downfield; this abnormal Itn agfeernent with sern~ernp~~~ ~~~~~~t~~ns~ the 
behaviour is prabably refated to the steric compression ~yst~~~~aph~~ study of two t-(1-adamantyfj- 

Table 5. Ci 3 Ii 18 N2 : final atumic coordinates and thermal parameters as UEQ* 

Nl 
N2 
c3 
c4 
CS 
C6 
c7 
C8 

z* 
Cfl 
C12 
Cl3 
Cl4 
Cl5 

-U&659(3) 
-0.1515(4) 
- 0.2?49(5) 
- U.2678(5) 
-U.%318(5) 

u.u~g~4) 
0.2254(4) 
U.3733(5) 
0.453 l(5) 
0*3058(5) 
U.WJff5) 

- U.UU59(4) 
0.143q4) 
0.2224(S) 
U.289U(S) 

U.25UqU) 
U.1439(4) 
0.1796(S) 
U*3053@ 
U-3489(4) 
U.246q4) 
UM58(5) 
0.1518(S) 
U.28@!(5) 
U*3705(4) 
0*3758(4E 
UJU3ry4) 
U.1986(4) 
&3281(s) 
U.f072(5) 

0*374&f(3) 
U,4231(5) 
U.!?sQ6(5) 
USSSU@j 
UA69Xfri) 
U-2268(4] 
U.2888(5) 
U*l341(5) 
0” lU88(6) 
U.W51 
U.2U29p) 
U.U365(4) 

-0.i 184(5) 
-U.l417{5) 
- U.US3~6~ 

4lY7) 
5w91 
6ootW 
S94021 
szlyru) 
3w71 
524(m) 
586(11) 
653(H) 
579(1 f) 
S03ffUJ 
arjly9) 
S29flU) 
S89fi2) 
631(i3) 
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Table 6. Cl 3 H 17 N3 03. Final atomic coordinates and thermal parameters as UEQ* 

Atom VA Y/B Z/C UEQ 

Nl 
N2 
c3 
c4 
c5 
C6 

:;: 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
N16 
017 
018 
019 
Nl’ 
N2 
C3’ 
c4 
c5 
C6 
C7’ 
C8 
C9’ 
Clo’ 
Cl 1’ 
Cl2 
Cl3 
Cl4 
Cl5 
N16 
017 
018 
019 

0.0702( 1) 
0.0588(l) 
0.0161(2) 
0.0007(l) 
0.0358(l) 
0.1169(l) 
0.1375(l) 
0.1854(l) 
0*1903(Z) 
0.1695(2) 
0.1214(l) 
O-1384(2) 
0.1868(2) 
OS91q2) 
0.2073(2) 

-0.0433(l) 
-0.0715(l) 
-0.0506(l) 

0.2044( 1) 
0.0593( 1) 
O-0297( 1) 

-0.0081(l) 
- 0.002y 1) 

0.0405(2) 
0.1057(l) 
0.1326(l) 
0.1802.(l) 
0.1882(2) 
0.1613(2) 
0.1131(2) 
0.1181(2) 
0.1663(2) 
0.1743(2) 
0.1930(2) 

-0.0358(l) 
-0.0732(l) 
-0.0244(l) 

0*2052(l) 

-0.2182.(7) 
-0.1672(8) 
-0.1649(10) 
-0.212q8) 
- 0.2475(8) 
- 0.2355(8) 
-0.3931(8) 
- 0.4058(7) 
-0.4608(10) 
- 0.302q 10) 
- 0.2890(9) 
- 0.0373(8) 
-0.0525(S) 
-0.1075(11) 
-0.21 lo(8) 
-0.2285(S) 
-O-1853(8) 
- 0.2808(‘7) 
- 0.5553(5) 

0.239q6) 
0.2243(7) 
0.253 l(8) 
0.2845(8) 
0.2718(9) 
0.2030(S) 
0.3600(S) 
0.324 l(7) 
0.3343(9) 
0.1772(9) 
0.211 l(9) 
0.0019(8) 

- 0.0335(8) 
-0.0232(10) 

0.1241(8) 
0.323q7) 
0.3 148(7) 
0.3692(9) 
0.4737( 5) 

0.4209(3) 
0.3 123(3) 
O-3058(5) 
O&58(4) 
0.4788(4) 
O&02(4) 
0.39lq4) 
0.43 19(4) 
0.5543(5) 
0.6220(4) 
O-5833(4) 
0.443 l(5) 
O&19(5) 
O&047(5) 
0.4132(4) 
O-4307(5) 
o-3575(43 
0.5236(4) 
0.3666(3) 
0.0401(3) 

- 0.0503(3) 
- 0.009q53 

0.1043(4) 
0.1339(4) 
0.0264(4) 
0.0905(4) 
0*0772(4) 

- 0.0457(4) 
-0.1097(4) 
- 0.0977(4) 

0.0735(4) 
0.0600(5) 

- 0.063Y5) 
0.1248(4) 
0.1757{4) 
0.1388(3) 
0.2729(4) 
O-1358(3) 

41(2) 

z$; 
41(2) 
40(2) 
38(2) 
39(2) 
37(2) 

2:; 
45(2) 
4712) 
52(2) 
67(3) 
48t2) 
56(2) 
86(2) 
75(2) 
52(l) 
38t 1) 
46(2) 
45(2) 
39(2) 
41~2) 
34(2) 
36(2) 
36(2) 
49(2) 
50(2) 
47t2) 
44G) 
5~2) 
6lt2) 

“;“;I:; 
67t2) 
97(2) 
50(l) 

+ @(UIJ.AI*.AJ*.AI.AJ.COS(AI, AJ)). 10+*3 

pyrazoles shows that there are two eclipsed conforma- 
tions about the N(sp2)-C(sp3) bond equally probable. 
Steric interactions appear in 13C-NMR only when a 
Me group substitutes one “ortho” pyrazolic position 
W2 or G). 

EXPERIMENTAL 

Crystal structure parameters are given in Table 4. 
Compound Za has two independent molecules, 2a and 2a’. In 
Tables 5 and 6 the final atomic coordinates are presented 
following the number schemes given in Figs 2a and 2b. A list of 
structure factors, thermal parameters and hydrogen 
coordinates are available on request.(Departamento de Rayos 
X, Instituto de Quimica Fisica “Rocasolano”.) 

’ 3C-NM R spectra were recorded by Mrs. M. D. Casado and 
M. Plaza on a Bruker WP8OSY (20 MHz). Chemical shifts are 
given in ppm from internal TMS and couplingconstantsin Hz. 
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