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ABSTRACT 

N( 3)-dibenzylaminomethy!-~-hydroxy-cycloal~an~5-sp~o-2-~id~ol~d~one has been 
syctbesized and its crystal 2nd molecular strtictures detwmined by X-ray diffraction, IR 
and ‘Et NMR methods. 

INTRODUCTXON 

In a previous paper synthesis of N(3)-~1-4-hydrozy-~,~-~e~yl-2- 
imidazolidinone were report!& [I]. We report in ‘Ais paper the synthesis 
and structural study, by several methods, of N(3>&benzylaminomethyl-4 
hydroxycycloalkane-5s$ro-2-imidazolidtione. ‘This type of compounds is 
interestkg for its pOt-?iltial phszmacological properties 121. 

SYhT)IETIC METHODS 

The synthesis of N(3)-di~nzvlaminometh:yl-~hy~c~~~y~o~~~~~- 
Spiro-24midazolidinone (IV) is shoti in Scheme 1. 

O+CHK+CCL_CYH.~~ 
-‘40 I EtOH 

os~a-zsso/85/$os.3o 8 1985 Ekevier Sciece Publishers XV. 
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When cyclBhexanone (I) was dissolved witA potassium cy_enide and 
ammonium carbonate in 50% aqueous ethanol at 55-6O”C according to the 
BuchererBergs proced-ure [33, the correspond&g sphohydantoii (II) was 
obtained. 

Treatment of spirohydantoin (II) with paraformtidehide and .a- suitable 
amine yielded the correspondin g 3-derivative (III) foilowing +he Mannich 
reaction [ 41. 

Reduction of the corresponding 3-derivattie (HI) tith excess lithium 
aiuminium hydride (THF, room temperature, 5 hours) efficiently afforded 
the 4-hydroxy adduct (IV) (80% yield) [5]. 

EXPSRMENT-. 

All melting points were taken in open capillary tubes and are uncorrected. 
Infrared spectra were determined usmg a Perkin-Elmer 577 Spectrophoto- 

meter. IInfrared peak positions are recorded in reciprocal centimeters vs. the 
16121 cm-’ band in polystyrene and all compounds were compressed into 
KBI discs. 

‘H NMR spectra were obtained in CDC& at 60 MHz wi+h a Perkin-Elmer 
R-24 spectrometer and chemical shifts are given in parts per million relative 
to tetramethylsilan~ as internal reference and coupling constants (J values) 
are in Hertz In the 4-hydroxy derivative (IV) the ‘H NMR spectra was 
obtained as approximately 5 % solutions in DMSO-d, unless otherwise stated 
using DSS as in’dmal reference. :Vith D,O both proton couple0 and. proton 
decoupled spectra were obtained. 

The elemen’tal analysis was done with a Perkin-Ehner E&mental Analyzer 
mcdel240. 

Th3 solvents and reactants were of the best commercial grade available 
and were used without further purification unless noted. Wren dry solvents 
were required, CH2C12 was distilled from P205 and THF was pre-dried over 
sodium wire and then distilled from LiAE&. The synthesis of (IV) rquires 
an inert gas atmosphere and anhydrous conditions. The glassware was dried 
before use. 

The cell pararnetersr a = 7.229; (2), b = 11.419 (1): c = 14.047 (3j, LY = 
88.21 (1) p = Y’5.23 (2), y = 79.89 (1) were ob’tained $om least-squares 
calculations of t:le settling angles of 25 reflections measured on an automatic 
four-circle NONIUS CAD 4 Diffractometer 2 = 2. 

Space group Fj P 1. The d-imension of the crystal used for X-ray structure 
analysis were 0.20 X 0.22 X 0.30 mm. Crystal data are given in Table 1. 

Intensity data were collected on the same diffractometer with graphite 
mooochroma’&I X-M&?, radiation for 2 G 0 G 30”. The w - 2 a scan tech- 
nique -*as used. Two ,rzflections were used as standard and remended aftir 
every 100 reflections; no decomposition was observed for the 5057 indepen- 
dent reflections measured; 2617 of these were considered as observa5 with 
I > 2 u(l), (J being determined from counting statGtics. 
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TABLE 1 

Crystaldata 

Chemical formula: C,,_rI,,O,N, _ CFZOH 
Crys’kd system: Triclinic 
Space group: P1 
a = 7.289(2) x CL =88.21(l) 
b = 11_419(1)A J3 = 75.23(2)= 
c = 14.047(3)A -y = 79.8s(1)n 
V= 1112.9(4)A3 Pm = 411.543 
2=2 Do =1_21Mg/m3 
P(OOO)= 444 D,_ = 1_2281(3)Mgj'm= 
Ll = 0_761crn-' A(&loK,)= 0.7107 A 

Lorentz ar?d polarization corrections were applied but no correction for 
abscqtion was made. 

Compounds 

Cyclohexanone (I) 

AMrich commercial compound. The product was purified by distillation 
under reduced pressure. 

Cyclohexanespirohydantoin (II) 

In a “soutiel” sealed flask 4.032 g (0.024 mol) of (I), 2.34 g (0.036 mol) 
of potassium cyanide and 6.9 g (0.073 mol) of ammonium carborrate dis- 
solved in 40 ml of 50% ethanol/water were heated at 65% for 5 incurs. After 
cooling the solution was concentrated under red-ucti press-2 dovx -Lo half 
of the initial vohune. The solid precipitate was firted mder reduced pres- 
sure and recrystallized from ethanol (81%) m p. 219% ES] _ IFt (potassium 
bromide!: 3200 (N(l)-H), 3060 (N(3)-H), 1780 and 1740 (C=O) cm-l. 
‘H &iR (DhZSO+&): 1.55 m (10 H), 8.35 s (1 II), 10.45 s (1 H) ppm. Ele- 
mental analysis: calculated for C5H1202NZr N = 116.66, C = 57.12, H = 7.19 
(%io); found, N = 16.87, C = 5’7.27, )i = 7.23. 

N(3~Dibenzylaminorz~thyIcyclohexanespirohydcntoin (.UIj 
A solution of (II) (1.68 g, 0.01 mol) 40% aqueous formaldehyde (I ml) 

and a dibenzylamine (1.97 g, 0.01 mol) in ethanol (40 ml! was refluxed with 
magnetic stkring for 2 hours, then the solution was concentrated ur,der 
redueed pressure until dryness and the residue rcqstallkkd from methanD 
(3 g, 82%), m-p. 162-X5%. IR (potassium bromide]l: 3220. (N(l)-H), 
1770 and 1720 (C=O) cm-‘. ‘H NMR (CDCls): 1.8 m (10 H), 3.7 s (4 H), 
4.5 s (2 II), 7.3 m (10 H), 8.6 s (1 E). Elementi analysis calculated for 
C23Hz,02Nx, N = 11.14_ C = 73-21, H = 7-16 (%;); fomd, N = 11-22, C = 
73.29 H = 7.19. 
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N(3)-DibenzyZamircomethyl-hhydroxy-cycbhesane-5-spiro-2-in?idcz~ 
lidinone {_Wj 

A solution of (III) (1.9 g, 5.08 nxnol) of ‘IEF wzs added dropwise to a 
slurry of lithium aluminium hydride (0.590 g, 15.2 mmol) in THF (15 ml). 
‘Ihe reaction was s-&red for 5 hours at rcom temperature and the excw of 
hydride was destroyed by the cveful addition of methancl and a saturated 
solution of sodium sulphate in water. After the solid was discarded, the 
organic layer of the ii&ate was seperated. Following the addition of an 
equal volume of chloroform to the organic layer, it was washed with water 
and saturaizsd NaC! solution and dried (Na2S04). After removal of the 
solvent-s, the oily reside cbtained was triturated with ether to give (N) 
as 2 pure sr_bs’kncz. The compound was recryst.aUized from methanol, m-p. 
159-161°C. IR (potassium bromide): 3360, 3260, 1695. ‘H NMR 
(DMSO&): 1.5 m (10 H, 3.6 s (4 H), 4.05 q (2 H), 4.85 d. (7- H), 5_6d(iH), 
6.9 (1 H), 7.35 s (IO Z-I) ppm. %!emental analysis: cakulated for C23H2902N3, 
N = 11.08, C = 72.82, H = 7.65 (%); found, N = 11.23, C = 72.77, H = 7-69. 

RESULTS _4ND DISCUSSION 

Stnrctzn-e determination and refinement 

The structure was solved by direct methods with Muhan 80 [7] and 
Fourier synthesis. The Fourier synthesis showed the prance of two addi- 
tional peaks, one of them greater than the other and the possible posi2ion of 
bond4 atoms. Consequently a methanol group was considered. This sup- 
poeition was co&rmed in the next difference Fotier sjr,thesis. The refine 
ment was carried out by least-squares methods using unit weights with 
XRAY70 Sys’&m prcgrams [S] _ After full-matrix leas&squares refinement 
with isotropic and anisotropic temperature factor, the hydrogen atom; 
where located in a difference map and introduced with isotropic temperature 
factors (the value of the adjacent heavy atom). 

The fmal R values Were R = Z [lFol - IEcl] IFcl = 0.071 and RW = [Zto 
(IF01 - lFc1 j’/ZWIFo12] *f2 = 0.072 

-4 difference Fourier final map had all residual peaks less than 0.03 e A 3. 
Figure 1 shows a view of the molecule and numbering for cr&&ographie 
study. The !?nel atomic pazame’m are Gsted in Table 2. Both lengths, val- 
ence angles with thei e.s.d.‘s., tirsion angles ancl planes are given in Table 3. 
Figure 2 sho-zs a projection of ‘he structure along a axis. 

The atomic scattering factors were taken from Tnte_rnationa! Tables for 
X-ray Crystallography (1574). The computations were made on a Vax/ 
Digital computer. 

Description and discussion. of the struc#we 

Bond lengths and valence angles are in good -Geuncnt ~5th ithose found 
in the literature for aromatic, non-aromatic rings and nitro compounds 193. 



Fig. 1. Structure and atom labellicg oithemo!ecuie. 

TABLE 2 

Coordinates and thermal parmeters zs L/FQ = (l/3). SL.1 (L.W. AI*.AJ1.AT.d3. 
COS (AI, Ad)). lC*+3 

_4t0m X/A Y/B Z/C LTQ 

Cl 
N2 
c3 
c4 
N5 
06 
07 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
N14 
Cl5 
Cl6 
Cl7 
Cl6 
Cl0 
c20 
C2I 
C22 
C23 
C24 
c25 
C26 
c27 

-O.3061(7~ 
+.3972(8) 
-0.4197(7) 
-0.2605(7) 
-0.2257!6) 
-0.2972(6) 
-O_Oa90(5) 
-O-3995(9) 
-0.4340(9) 
+.6425(10) 
-0.6594(g) 
-0.6181(8) 
-0.107f7) 
-0.2006(S) 
+I.OSSSjS) 
-O.3679(7) 
0.0334(7) 

-0.0357(10) 
O.O607(1i) 
0.2053(11) 
O-2769(9) 
0.1909(8) 

--9.51?4(7) 
-O.5926(3) 
-0.7412/9) 
-0.9155(10) 
--0.7425(10) 

-D.3183(5) 
-0.1115(4) 
--0.1775(-i) 
-0.1406(4) 
-0.0328(3; 
0_0647(3) 

-0.2241(3) 
-0.3103(4) 
-0.3805(5j 
+l.3315(5) 
-O-1992(6) 
-0.1305i5) 
0.04X(5) 
O-1031(3) 
0.1479(S) 
0.1949(S) 
O-2454(5) 
O-3630(6) 
O-4548(6) 
0.4290(6) 
'X3127(6) 
0.2209(S) 
0.2163(4: 
0.1261(5) 
O.i475(6) 
0.2622(7) 
O-3545(6) 

0.5851(4) 
O-5533(4) 
O-6762(4) 
0.7130(4) 
O-6631(3) 
O-5267(3) 
0_7075(33 
0.6576(4> 
O.i538(5) 
0.8X35(5) 
O-8409(5) 
0.7459(5) 
O-6877(4) 
0.7829(3) 
O-6293(4) 
0.7770(4) 
0.7757(4) 
0.6054(B) 
O-7565(7) 
0.6764(6) 
0.6450(5) 
C.6946(4) 
0_87hkO(3) 
O-9271(4) 
1.0127(4) 
1.0447(5) 
O-9935(5) 

3~2) 
42(2) 
32(2) 
30(2) 
31(lj 
46(2) 
42(l) 
39(2j 
4i(2) 
53(3) 
52(2) 
41(2) 

300) 
290) 
38(2j 
30(2) 
36(2) 
57(3) 
6i(3j 

59(3) 
S(2) 
39(2) 
30(2) 
4362) 
51(Z) 
59(3) 
60(8j 



TIIBLE S(continued) 

At>m X/A YZ3 z/c VEQ 

c28 -0.5926(9) O-3333(5) O-9032(5) 52[2) 
c29 +I.S265(16) +-3612(S) O-4613(6) es(+) 
c30 -0_337S(B) -0.2718(5) 0.5266(G) 75(2) 

Tberm2lparameters ofex!,(-2.1'~**2.S UM(UIJ_AI~.AJ+_HI.~U)).10**3 

AtUm Uli u22 u33 u12 ui3 U23 

Cl 
lG2 
c3 
C4 
M5 
C6 
07 
C8 
c9 
Cl@ 
Cl1 
CiZ 
Cl3 
N14 
Cl5 
Cl6 
Ci7 

015 
Cl9 
c-20 
C23 
C2T, 
c23 
C24 
C26 
C26 
c27 
C28 
c29 
c30 

34(3) 
61(3) 
3?(3) 

26(3j 
35(2) 
65(3) 

39(2) 
51(4) 
47(4) 

50(Q) 
32(3) 
27(3) 

24(s) 
26(2j 
38j3) 

23(2j 
33(3j 
Z6(4) 

63(5) 
62(5) 
43(4) 
34(3) 
24(2) 
43(3) 
53(Q) 
43(G) 
65(5) 
56(4) 

91(7) 
99(L) 

40(3) 
40(3) 

24(2) 
24~) 
33(3) 
42(2j 
44(2) 
23(2j 
26(3j 
43(3) 
52(4) 
26(3) 
35(Z) 
32(2: 
60(3) 
37(3) 
41(3) 
49(4) 
S(4) 
5C(4) 
58(4) 

34(3) 
34(3) 

40(3) 
63(4) 
91(5) 

91(4) 
39(3) 
66(S) 
51(3j 

40(3) 
89(3) 
38(3) 

4u3j 
29(2) 
44(2) 
89(2) 
46(3) 

66(4j 
62(4) 
63(4) 
70(G) 
32(3) 
32(2) 

30(3) 
25(3) 

43(3j 
74(5) 

104(6) 
79(5) 
54(r) 
52(4) 
20(3) 
45(3) 
39(3) 
42(4) 
52(4) 
48(4) 
52(5) 

57(3j 

-WI 
-23(2) 
-5(2) 

--6(2) 
-10(2) 
-21(2) 

3j2) 

-9(2) 
-9<3) 

-18(3) 
-14(3) 
-3(2) 

-lC(2) 

--s(2) 
-12(3) 
-2(2) 

-9(21 
-15(3) 
-19(3) 
-30(4) 
-21(3) 
-2(2) 

-5(2) 
-9(3j 

-26(S) 

2(3) 
4(3j 

-5(3) 
--39(5) 
-35(3) 

--16(2) 
-29(3) 
-16(2) 
-14(2) 
-11(2) 
-24(2) 
--10(2) 
-17(3) 
-10(3) 

O(3j 
S(3) 

-15(S) 
-S(2) 
-9(Z) 

-16(2) 
-5(2) 

-18(2) 

-6(3j 
-W(4) 
-32(4) 
-11(3) 
--16(3) 

-w2) 
-7(3) 
--8(3) 
3(3) 
O(3) 
7(3j 

-i2(5) 
1.113) 

O(2) 
9i.z) 
4(Z) 
1!2) 
a21 

15(2) 

-4(z) 
-2(2) 

5(3j 
12j3; 
-3(S) 
2(3) 

-2(2) 

O(2) 
2(2) 
O(2) 

-2(2j 
-25(3) 
-12(4) 
13(S) 

'i(3) 
-2(3) 

l(2) 
l(3) 
7(3j 

-l(3) 
-6(3j 
3(3j 
5(i) 
2!3) 

Cccrdina'~sandthermalpazameters asexp (-6.?I-Ic*2 .U. (SIN(0)/hj**2).10**2 
-- 

Atom X/-4 YiB Z/C U 

321 -0.456(10) +.iO4(6) 0.553(51 

0.646(:) 
4(Z) 

H71 -O.O29(7) -O-235(4) O(l) 
H81 -0.261(10) -0.345(6) O-611(5) 4(2j 
H82 --0.492(7) --3.326(4) 0_620(4j Oil) 
H91 -0_3c8(s) -0.369(C) 0_7%(4j l(2) 
H92 --O-434(8) d-466(5) o.?J'a(4) 3(2) 
HI01 -0.664(10) -0.3?8(6) O-883(5) _ 5(2) 
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TABLE 2(continued) 

Atom X/A Y/B z/c u 

HI02 --0.755(10) -o-337(3) 0.783(5) 5(2j 
HI11 --3.566(9) -0.190(5) 0.887(a) 3(2j 
3112 -&7670(S) --O.iSS(Sj 0.669(4) l(1) 
H121 --0.716(S) -0.131(6) 0.720(a) u2j 
HI22 -0.626(7) -0.047(4) 0_757(3j O(1) 
H131 -SO86(7) o.loe(~j 0.626(4) Ulj 
HI32 O.OOQ(Sj --E).OO5~4) O-697(4> Wj 
H151 O-029(7) 0.061(Q) G.838(3) O(1) 
H152 --0.136(7) 0.172(4) 0.869[4~ 1(l) 
HI61 -0.433(7) O-163(4) 0.728(4) wj 
HI62 -0.332(8) 0.275(5) 0.747(C) 2(2j 
El81 -O.l38(9j 0.32‘s(5) O-861(5) 3(Z) 
a191 0.003(10) 0.533(7) 0.780(5) 5(2j 
H201 O.ZSS(lOj 0.489(S) O-646(5) 4i2) 
HZ11 O-391(9) 0.290(5) O-588(4) 2(3j 
H221 0.249(9) O-136(6) O-677(4) 3(3j 
H241 -0.636(8) %043(E) 0.908(4) 2(Z) 
K251 +X786(9) 0_077(6j l-052(5) 3(Z) 
II261 +.909(S) O-274(5) 1.105(4) 2(2j 
x271 -0.776(10) 0.439(7) i-017(5) 6(2j 
H281 -0_5S9(9) 0.39516) O-867(5) 4(2j 
a291 -0.907(13) -0.362(12) 0.432(10) ll(6) 
H292 -0.884(13) --0).426(g) 0.495(7) W3j 
II293 -0.637(20) -0.605112) 0.409(10) 14(6j 
H301 -a834(12) O-797(8) 'I-495(6) 713) 
Hdl -0.231(5) -0.092(6) O-660(4) 3(2j 

TABLE3 

!3ondrlktences (A) Bond En&es (“) 

Cl-N2 
Cl-C5 
Cl-06 
N-H3 
CS-CP 
C3-CB 
C3-C12 
C&N5 
c4-07 
N5-Cl3 
a-C9 
C9-ClO 
CIM11 
Cll-Cl2 
ClB+X? 
N14-C15 
K'4-C16 
&5--C17 
C16-C23 

l-364(8) 
1.361(g) 
l-233(7) 
l-473(7) 
1.6%3:8) 
1.528(i) 
l-542(7) 
l-464(63 
l-411(6) 
1.458(E) 
1.539(8) 
1>521(8) 
1.53,9(9) 
l-516(9) 
l-458(6) 
1.474(8) 
1_4SO(6j 
3_511(8j 
1.510(6) 

X5--Cl-C6 
N2-Ci-06 
x2--Cl<5 
Cl---K2-C3 
C2-C3-Cl2 
N2-C3-C8 
x2-C3-C4 
CB-C3-Cl2 
C4-C3--c12 
Cd-c3-tx 
c3-c4-07 
c3-cs-x5 
Ns-c4-07 
Cl-%-C4 
C4-E-Cl3 
Cl-c5e13 
c3-C8-C9 
cs-c!9-C1c 
c9-ClO--c11 

126.1:5 j 
126.315) 
107.6(5) 
111.6(5) 
109.6(r) 
111.1(4) 
101.9(4) 
110.0<4) 
108_7(4) 
1X.2(4) 
i16.2(4) 
100.9(h) 
111.3(4) 
113.6(4) 
121_5(4j 
12&Q(4) 
112.2(4) 
111.4(5) 
llC.6(6) 
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TABLE 3 (continu&) 

Ekmddistarces[A) Bond angles(") 

Cl?-ClS l-356(9) ClO-Cll-Cl2 110.4(6) 
c17-C22 1.391(7) C3-Cl2-Cll 113.3i5) 
Cl8-Cl9 1.391(10) N5-c13-N14 109-S(4) 
c19-C20 1.373(10) Cl3-N14--c16 111.7(4) 
c3w21 1.380(3) C13-Nla-Clf? 112.9(4) 
C2?-C22 1.393(9) C15-K1+<16 112.9(4) 
C2.S-C24 1.334(7) 1~14-C15--c1=7 116.4(5) 
C23-C26 l-379(7) Nl4-Cl6-C23 113.3(4) 
C2%-C25 l-393(7) C15-C17-C2% 121.6(5) 
C2.%26 l-369(10) CE-Cl7-Cl6 119.9(S) 
C23-C27 1.366(10) Cl8+X-i-C22 118.4(6) 
C27-C28 l-395(9) ClT-C18+X9 121.2(7) 
CZH30 1.390(11) ClS-C19-C20 119.6(6) 

c19-C2G-C21 120.4:7) 
C2G-ml-C22 119.9(6) 
C17-C22-C21 120.5(5) 
ClH23-C28 120.7(S) 
C16-C23--c-24 120.8(43 
C24-C23<26 118.3(5) 
223-C24+25 121.3(5) 
C24-C25--c26 119.4(6) 
C25-C26-C27 120-l(7) 
C26-C27-C28 120.6(6) 
C23<28-C27 120.2(5) 

Sorre torsion angles(“) 

N2-C1-N5-Cl3 176.5(5) C12-C3-C8--c9 -52.3(6) 
06-C1--Iri5--c4 -179.8(5) C3-C4-1<5-C1 -12.7(5) 
Xt-Ci--N5-C4 O-1(6) C3-C4-N5--c13 170.8:4) 
NEi-C:--N2-C3 14.0(6) 07-C4-N5<1 111.2[5) 
06-S-N2X3 -166.1(5) 07-c4-N5--c13 -65.3(6) 
06-C:--N5-C13 -3.4(9) C4-N5--c13-N14 -67-T(6) 
Ci--N2-CH4 -21-l(6) Cl-N5-C13-N14 116.2(5) 
Cl-N2-C3-C8 -l&.4(5) C3~8+X--ClO 55.2(7) 
Cl-N2-C3--C12 93.6:6) C8-C9-ClO-C11 -56.7(7) 
N~-C3-C12-C11 176.1(S) C9-C1G-Cll-C12 56.9(7) 
NZ-C8-C8-C9 -173.6(5) ClG-Cli-C12-C3 -56.3(7) 
N2-C3-C4-N5 16.9(5) N5-C13-N14--C15 156.4(4) 
N2--C3-C4--07 -101.5(5) N5-C13-X14~16 -72-l(5) 
c8-C3-c12+x1 53.7(6) C13-N14<16--c23 154.8(4) 
C4-C3-C12--cll -73.3(6) Ci3--N14-C15-C17 64.2(6) 
C4-cx-CH9 71.016) C15-N14~16-C23 -76.7(5) 
c%-C3-C4-07 X.8(6) Cl6N14<15-C17 --63.7(G) 
Cs-C3-C4-N5 13%3(Q) N14-C15<17--L'18 99.2(7) 
c12-C3--c4-07 142.7(5) N14~15-C17-C22 -79.0(7) 
C12-C3-C4-N5 46-B(5) N14-C16-C23-C24 -52.6(T) 

N14-C16-C23--C28 132.2(5) 

Average torsion angle ofthe .ingC= 0.4(10) 
Averztgetorsion angle of the ring D= 0.6(10) 
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TABLE 3 (continued) 

Weighted least-squares planes rhrougt the starred atcms 

Plene A: 0.63*(z) x-0.505pj Y--osS5(6)2 = -4.60(5) 
Atom D AtGm D 

Cl’ O.OOO(6) c3 -O-332(5) 
N2” 0_000(6) 06 C.OOl(4) 
CC* O-002(5) 07 l-229(4) 
N5= 0.000(4) Cl3 O-073(6) 

~'~eB:--0.930(1;X-O.273(3)Y-C.245(4)2=--0.10(~) 
Atom D Atom D 

C3* -O.O3C(7) c:3 -0.649(5) 
c9* O-005(7) Cl0 0.679(S) 
C!11* -0.005(7) CG -2.198(5) 
c12* 0.004(6 j N2 -0.513(6) 

PLsneC: -0.792(2)X+ O-092(3)-0.504(2)2=-S.90;:!) 
A’com D A?om D 

C17’ -0.001(6) c:ts* 0.005(s) 
C19' -o.O04(9) c:!o" 0.000(8) 
c23* O.OOl(7j c:!2 -0.000(S) 
Cl5 O-033(6) x14 l-348(4) 
Cl6 0.328(6) fx!3 2.106(5) 

Plvle D: -0.837(1)X+ O-062(3) Y-00.544(2)2 =-6.14(3) 
_4ton D ALOm D 

C23* 0.003(5) c::4* -;.wo(s) 
C25* -0.004(7) C:!6* 0.005(7) 
C27’ 0.001(7) C:!8* +X006(7) 
Cl6 O-122(6) NIL4 -0.87;(5) 
Cl5 -2.219(6) Cl.7 --2.362(6) 

Dihedxzl sngles formed by lsq-plar,es: 
Phne A-Plane B = 10&O(3) 
Plane A-Plane C = 30_8(2j 
Plane A-PIazxe 3 = 26.5(2) 
Pir?e C-Plane D = 4.6(2) 

T&e ccnfigura~ion of N<ld) atom is pyrzrnidal (angles in NjI4) add 
337.4(4)“. The Wo benzene r&g are prac&aUy planar (Table 3) and prac- 
tically p&e1 with 2 dihedral angle through the planes of 4.6(Z)’ although 
they are not fear. Cl7 and C23 atoms devizte --P.Z14(6j azd 1.350(4) A 
from tin plane thro”qgg PZ14, Cl5, (216. 

The five-membered ring adopts a C3-envelope caztformatio~. The pseudo- 
rotation parameters A =d Q are 10.05(5) and :L8.2(6)“, respec!tiely [IO] _ 
The deviation of atom C3 from the p!ane through Cf, -IS, Cd, N5 is 



Fig. 2. The crystal packing projected along the a axis. 

-0.332( 5) A. The OS atom is placed in the same plar. and 07 atom is 
devkted 1.229(a) A. 

T&e six-membered ring, jotied to the spiranic C3 atom, adopts a chair 

conformation. Tke asymmetric parameters [Ii] are: AC,3 = 0.68(5) AC’,-” = 
I 09(s), AC-?’ = 3.30(G). The deviations of C3 and Cl0 ticm the least- 
s&es p&e through C8, C9, C11, Cl2 are --U-649(5) and. O-679(8) A, 
respectively. & a csx-equence, the C12, C3, C8 part is a little-more flab 
tened &&an the opposite part in the ring. The packing in the crystal is realized 
tlhrough hydrogen bonds (Table 4) and van der Wa-& i&era&ions (Fig. 2). 

IR SPECTRA 

The titiazed spectrum of IV in tht: solid s-t&z shorn weak bacds at 3130 
and 3260 cm-‘. The bad at 3130 cm-’ is due to the zizetching of the 

TASLE 4 

a b 
X(21) Co(s)(--Z-I,--y,--e+ lj 

eb b---c a---c obc 
N(2) G.79(8) 2.20(93 2.967(S) i’iC(6) 

O(7) H(71) O(30) (r + 1, y, 2) O-87( 5) l.S7(5) 2.711(5) l63i5) 
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N(l’$-H bond belonging to th e intermolecular bonding system Xji)-H - - - 
sC( 21 famed between pairs of molecules relakd by a center of symmeQy. 
&nil& intramolecular carbonyi couplings hake been described 112, 132. 
This sizuc%urA fact are in good agreement wjkh +he results obAtainA by 
X-ray diffraction. The knd at 3260 cm-’ is (3ue +A the O-H &et&ing 
vibration which originals from intennolecul~ vibrational coupling between 
the 0-H aixd H-0 bonding from methanol. 

The vibration E-0 from met&no1 appeared 25 about 335 Cl cm-’ _ 
The IR spectrum of IV in the solid state &.ows a very &ox band at 

1695 cm-’ k the carbozyl region. The band corrzspording to the C(d)=0 
stretching vibration. This frequency -is lower in energy than that previously 
noted for 2-imidazolidinones [14]_ 

Spectra of JY in dilute CC!! showed kwo bands at about 3460 cm-’ and 
3580 cm-l which are attributed to ‘be vibration. of the bee N-H group and 
G-H grouu. respectively, and the band at about 3240 cm-’ could be atLa- 
buted to t.he intermclecular bands from the O-H group. 

Tne composite ‘H NMR data set for IV provided a series of informative 
trends which proved helpful in struckre determination. 

‘IXe ‘H KMR of IV gave a two-p.roton set of two doublets (OH, CH 
coupling) -entered at 6 = 5.60 and 6 = 4.85; the former disappeared after 
DzO exchange whereas the latter resolved in-k a one-proton singlet. 

The proton-proton coupling constants obse.rved for the carbon 4 and 
carbon 5 hydrogens were J = 7 Hz. These are expected values for a plzar 
ring [15] . The introduction of 2 chill center at carbon 4 in IV led tu the 
characteristic appeuance of a doublet pattern al; J = 15 Hz for each of the 
diastereotopic methylene protons. 

Important LNMR signals are: 6 = 4.05 (_4B systxm of the side chain), 6 = 
3.6 (singlet for benzylic protons), 6 = 6.9 (singlet, amide hydrogen) and 6 = 
7.35 (observed for the pheny: group). 
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