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AZIRIDINATION AND 1L3-DIPOLAR CYCLOADDITION OF
LG-D[BENZYLIDENECYCLOHEXANONE

Hassan A. Albar, ™ John Faweett’, and D. R. Russel®
Chem. Dept., King Abdulaziz Universisy, Jeddak 21413, B.0.Box 9028,
Saudi Arabia’, Chem Dept., Leicester Universisy, Leicester LEI TRH, UK

Abstract - 2.6-Dibenzyhidenceyclohexanone (1), S-benz;rlidcnc-l-(2-alkyl~3.4-d|-
hydzo-&oxoqninazolin-3»yl)-+oxo-2-pbcuy!~ |-azaspiro[2.5]octane (3) and 7-venzyl-
ldcnc-l.3.4-mphenyl-6-oxo‘l.Z-dhmpiro{M}deme (10} were aziridinated vsing 3«
accloxyamino-l-alkquuinazoimﬂSH)-oncs 2a-¢) 1o form 1.6-di{2-alkyt-3.4-ci-
!:ydrv-«t-oxoquima.olin-&yl)-A-oxo-z.?-diphenyL | 6-diozadispirof2.1.2 Fldecane )
and 8-(2-nlkyl-3.J-dihydro—-%-oxoquinazolm-]-yu-!.3.4.9vle(rapheuyl-6-oxo-l.2,8-ui-
szadispira(2,1 A 3dodecans derivatives (9a) and (9b) as single stereolsorsers, The ster-
costructures of 3a and 9 were confirmed by X-Ray crystaliography,

3. Acetoxyaminoquinazolinones {2a,c) e efficient aziridination agents for alkenes of widely diffening
eléctron avaitioility ranging from sily) ketene acesals 10 & f-unsawrated esters and kesones.! Efficient azi-
Adination of o, f-unsaurated esters and o, Bunsaturated kolomes Tequines s-rrans conformations” of these
substrates and thus $-. 6-membered fng @, f-unsaturated Jactones of ketones are not reactive. Since I-
anvlidenecyclohexanones e conformationally locked in the s-cis conformation, they would be expected
1o be eificiently azindinated by 2a-c which we find 1o be the case with compound (1). When the 2-
positioa of cyclohexanons is chiral and spiro-substiswed, as in compouads (3) uad (10), azindination 3§
ighly diastereoselective,

1. Acetoryaminoquinazolinone [QUNHOAS) (2a) was prepred by the reaction of Jeud tetrizacetate (ETA)
with the comesoonding 3-aminoduinazolinone 3t 220 °C 35 oreviously described.!
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This aziridinating agent (2a) (1 equiv.j converted 2,6-dibenzylidenecycloliexanone (1) (1 equiv.) inte 3
maxture of S-benzylideac-1-(2-alkyl-3,4-dihydro-4-oxegquinazolin-3-yi}-<4-ox0-2-phenyl-1 -&raspiro{2.5).
octane (3), and |.6-di-(2-alky) -3,3-dihydro-4-oxoquinazelin-3-y1)-4-0x0-2,7diphenyl-1,6-diazadispite:

[2.1.23]decane (da) in o ratio o€ 7: 3 (Schems 1),

Since aziridinations using Q'NHOA¢ (2a) are st

ific with ion of the alkene configuration 15

the product, the relative configuration at the two chiiral centres in 3a is as shown and 35 confirmed by X,

Ray erystallogeaphy (Figure 1).

The *C NMR spectrum of mono-uzinding (3a) showed signals for the C-H and spiro carbons in the =zin.
ditte ring at 8 62.45 and 58,14 ppm respectively and these chemical shifts correspond 10 those of the re-
spective nucle: in the V€ spectra of L-tetralone-2-spiro-2-{1'~(2-eshyl-3 A-dihydro-4-oxoquinazolin-3-yl =
3'phenyijazundine (5) and 1-indanone-2-spira-2-[1-(2-ethy)-3 3-dihydro-3-oxoguinazolin-3-¢1)-3'-phea.

yliazizidine (6).
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hese compounds (5} and (6) were prepared by aziridination of 2-benzylidene-1-etralone and 2-
peazylidene-1-indanone respectively in good yield using Q'NHOAC (2a) by the same method used 1o pre-
pare compound (3).

pisaziridine {4a) was formed a5 i single dissiereoisomer. As expected, funther aziridination of the maro-
aninidinated compoundd (3a) with Q'NHOAG (2a) gave the diasterecisomer (4a) in goad yield wnd also, the
ainidisasion of 3a with 2b and 2¢ {QNHOAg, x = 2, 3} gives diastereoisomer products (4b) and (dc), re-
spectively, The diastercoisomer (4a) was also prepared by the aminidinauon of 1 (1 equiv.) with
Q'NHOAG (2a) (2 equiv.) (Scheme 1). The *H NMR spectoum of 4a showed one characteristic singlet at
34.02 ppm {2H) assignable to the isochronous azifidine ring protons.

The unreacted double bond in the moncaziridines (3a) and (3b) urderwent the regiospecific and complete-
by stereoselective |,3-dipolar cycloaddition with in sifw generaed benzonitnlium N-phenylimide (8) to pro-
fuce 8- Z-alkyl-3 4-dihydro-d-oxoquinaszolin-3-yij-1,3,4 9straphenyi-6-ox0- 1 2.8-nazadispiro(2,1.4.3}
godecane denvatives (9a) and (9b), the stereostructure of %a being confirmed by an X-Ray ¢rysial struc-
wre determination (Figure 2).
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Figure |, X-Ray structure of 32

Figure 2. X-Ray seucture of 9a
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The same diastercoisomer (9a) was obtained by aziridination of the unreacted double boqd i the major
cycloadduct (10} formed by 2 1 3-dipolar eycloaddition to 2.6-dibenzyhidenecyclohexanone (1) by com.
panng-'H, "C NMR; and mixed melting point of the product (9a) from the two methads: The stereochem.
1stry of the diastereosomer (9) commesponds to the 1,3-dipolar addition at the diastereoface opposite 1o the
arinadine nitrogen atom of the dibenzvlidenccyveiohexanone,

It sppears that the presence of the aziridine ring diciates not only the face of the doable bond remaining n
compound (3} which 18 attacked by the 1 3<dipole but aiso affects its regioselectivity of the ex¢loaddition
since reaction of 2,6-dibenzylidenceyclobexanane (1) with € N:diphenylhydrazonoyt chlonde (7) gives
two regioisomers (1) and (11} in the o of 7:3 (Scheme ). It Is known that the cycloaddition of nitnl
imide (8) to ¢ unsaturated keétones (including benzidacetone’) leads normally to & mixture of two reglo-
isomeric 4.5-dthvdeopyrazoles?

The facial selecuvity of the 1,3-dipolas cycleaddition to the disstereeisomer i3), 1.¢, attack on the doubla
bond ant: 1o the NQ residue of the azindine us revealed by the crystal structure of 9a; suggests that the rel-
anave configuration OF the two dzirzdings in 4 is probably also trons.

EXPERIMENTAL

Al melting points are uncorrected. Infrared spectra (KBr) were theasured on 4 Perkin-Elmer 298 spectro-
photometer or on a Nicoler Magna 320 FT-IR spectrophiotonserer. | H und V€ NMR spectra were obtained
in deuterlochloroform on a Varian DPX-400 FT -NMR spectrometer using tetramethylsilane as internal

reference, Micmualys;s were performed on a 2400 Perkin Elmer Senes 2 CHNS analyser a0 King

Abduleziz university, Jeddah, Standard MS were recorded on either a Micromass 16B spectrometer or 2
Kratos ‘conceps’ 1H. Accusare mass messuremenis were made on the fatter at Lewcester University. The
the 3-amino-2-alkylguinazolin-4( 34 -one derivatives (2) and C.N-diphenyihydrazonoyl chiotide (7) were
prepaced as previously described.s

Prepacation of S-benzylidene-1-(2-alky -3 4-dihyvdro-4-oxoquinazolin-3-y1)-4-0x0-2-phenyl-1-aza-
spirof2, Sjoctane. General methad - To a solutton of 2.6-diteazylidenccyclohexanone (1) (137 g 5
mmol) m dry CH,Cl, (10 mL) was added the appropriate 3-acetoxyamino-2-alkylquinazolin-4{3/)-one
derivative (2) (6 mmol) for 20 min at -20 °C [ prepared by the reaction of LTA (6.5 mnsol) in CHCL (10
mL) with d-amtino-2-alkylquinazolin-<(3H-one (2) (6 mmol) at -20 °C for 20 min]. Then the reaction
mixture left stiming for | h ot e o The TLC [using pet ether - ethyl acetate (8§ © 2v/v) us eluant] indicated
that the rexition mixture contained only two products ( Re .71 for the monouzindine and Ry 061 for the
isaziridine). After orcinary working up. the 'H NMR spectrum for the residue showed that these two
peoducts found 1o rato of 7 - 3, The residue was then trterated with small amount of ethyl scetate where
apon 1t solidified. The crude solid wis collected and double recrysiallizaiion from ethyi acetate gave the
comesponding monoaziridine (3) s the major product, The minor product disazinidine () was found m the
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filtrate, The filtrate was then evaporated and the residee was recrystalized from ethyl acetate to give dia-
sterecisomer (4) ‘or purify by column chromstography using pet. ether ; ehyl acetate (8 1 2 viv) s cluany,
Compound (3a) had mp 196-197 °C. 57 %; "H NMR =8 1CDCl3} 126 {t, J = 7 Hz, 3H, CH;), 153 (m,
1H), 1.86 (m. 1H), 2.26 (m, H), 253 (m, 1H), 273 (q, ) = 7 Hz, 2H, CHy), 3.11 {m, 2H). 4.59 (s.1H, C-
H anisochroncus proton), 7.24-7.86 {m, 14H, Ar-H) and 8.13(d, J = 6 Hz, 1H, H-5 in the quinazolinone)
ppm: IO NMR : 8 (CDCly) 188.7 (C=0), 159.9 (NC=0), 624 (anisochronous carbon), 58.1 (spirp cen-
we), 28.0 (CHy). 11,5 (CHz)and 28,9, 27.0, 21,1 ppm for the three CH» in the cyclohexunone: MS (EI)
(%) : 461 (M*. 07), 287 {100), 260 (12), 298 (104, 173 (55). 157 (L), 129 (18), 118 (19), 105 (38;, 1
(16), 77 (13); 51 (D9% MS(FAB) (%) : 462 (M* 41, 38), 283 (48), 260 (08), Anal. Caled for C3pHzN; 04
C, 78.07: H. 5.90: N.9.10. Found : C, 77.83. H, 6.09: N, 883

Compound {3b) had mp 188 °C, 63 %; "H NMR 1 8(CDCly) 1.54 (m, 1H), 171 (m, 1H), 221 (a, TH),
248 (m, 1H), 2,63 (5. 3H. CH;). 3.07 (m, 2H), 4.34 {5, 1H. C-H arisochronous prowon), 7.21-7.83 {m,
14H. Ar-H) and 8.11 (d. 1 = 6 Hz, 1H, H:$ in the quinazolinone) ppm; “C NMR {8 (CDCT3) 1889
(C=0), 159.7 (NC=0), 62.0 (anisochronous carbon), 58.4 (spiro ceatre}, 23,7 (CHaj and 28.9, 27.1, 21.0
pom for the three CHy n the cyclohexanone

Synthesis of 1,6-di-12-alkyl-3,4-dihydro-4-oxoguinazolin-3-y1)-4-0x0-2,7-diphenyl- 1.6-dinzadispiro-
12:1,2,3]decanc (4a-c). The mencazinidine (3a) was azindinated by the above generul procedure, using
the approprats Jeacetoxyamine-2-atkyiquinazolin-d{3#)-one denvative (2). The residue wis writurated
with small asvount of ethyl scetate where upon 1 solidified. The crude solid was collected and recrystalli-
sation from ethyl acetate gave the comesponding bisaziridines (4a-¢),

Compound (4a) had mp 183-184 °C. 83 % IR v (KBn) 1710 C=O)em ™ 'HNMR | 8CDCI) LT
T =7 Hz, 6, 2CH;), 1.52 (m, 3H), 1.98 (m, tH). 2.19 (m, 2H), 2.76 {q. 1= 7 Hz. 4H, 2CHY), 202 (5, 2H,
2C-H anisochronous protons), 7.17-7.70 (m, 16H, Ar-H) and 8.16 (d. J = 6 Hz. 2H. 2H-5 in the quinazoli-
none) ppm) FC NMR © 3 (CDCY) 1868 (C=0), 155.4 and 158:2(INC=0}, 61 5 & 60.1 (anisochronous
carbons), 55.5 und 354 (two spirp centres), 27.6 and 27.5 2CH,), 10,5 and 10,3 (2CH;) and 364, 262,
17.5 ppm for the three CH in the ecyclobexansae: MS (FAB) (%) 1 650 (M™+1, 100). 610 (06). 593 (04),
376 (033, 649 (07), 460 (04), 391 {02), 289 (08}, 175 (07). Anul. Caled for CapH3eNsOy ¢ C, 74,061 H,
§.59: N, 1295 Fourd : C, 7423 H, ST N, 13,19

Compound (4b} had 77 %: IR 1 v (KBr) 1708 ( C = Oyem™'; 'H NMR : § (CDCL3) 1.24 (1,1 = THz, 3H,
CHa). 151 (m, 3H), 1.96 {m. 1H), 2:21 (m, 2H), 2,63 (5. } =7 Hz, 3H. CH3z), 2,70 (g. § = 7 Hz, 2H. CHy).
3.93 (5, 2H. 2C-H anisoehronous protons), 7.15-7.71 (m, 16H, Ar-H) and 9,13 (d, I = 6 Hz, 2K, ZH-51a
the quinazolinone) ppm.

Comgpound (¥¢) had mp 194-195°C, 57%; IR : v (KBn) 1710(C=O) ¢l HANMR S (CDC) 117 (1)
=7 Hz, 3H, CH;), 125 (d. J = 7 Hz, 38, CHy), 1.334d.J =7 He, 3H, CHy), 1.52 (m, 3H), L9 (m, 1K),
2,19 (m,2H), 260 (m, TH, CHMe1), 2.76 (¢, 1 =7 Hz, 2H, CH2), 3.97 {5, 2H, 2C-H anisochroncy s proton),
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7.17-7.70 (m, 16H, Ar-H) and 816 (@, J = § Mz, 2H. 2H-5 in the quinazolinone)ppm: I3C NMR - &
(©DCl) 1865 (C=0), 1582 and 1581 {INC=0), 61.4 and 60.3 fanisochronous carbons): 53.6 end 353
(1o gpire centees), 26,6 {CHy), 9.4 (CHy). 29.0 (CHMey), 20,5 and 18.7 (CHMez) and 26.2.26.1,17.0
pym for the three CHz in the cyclobexatone. Anal. Caled for CuyHagNs05: €, 74.30: H. 5780 N, 12.67.
Found : C, 73.99; H, 5,68 N, 12.46.

Alternate synthesis for bisaziridine (4a), To a solution of 3-xcto.jtyunino-’lﬂhquuinazohn-u 3H)-one
(2a) (247 g, 10 mmol) in CHCly (20 ml) was added 2.6-dibenzylidenccyclobexanone (1) (1.37g,3
imol) at 20 °C. The reaction mixture was left surmog for 2 hat rt The ressdue was trinarated with small
amount of ethyl acetate where upon it solidified. The crude solid was collected and recrystalliyed from
othyt acetate, The product was found identical in all respects {mix, mp. spectra) with the bisaziridine (4a),

Synthesis of l»tclralone-l-wlrml‘-[l'-(Z-elhyl-3.4-dihydm-t-oxoquimxolln-!-yl)-&'-phen_\‘llaziridi-
ae (5) and l-indnnoue-z-splro-l'-[t'-(Z-elh,\'l-J,J-dihy'dm--l-oxoqnlnazolln«G»yl‘)-.’:'-pbmyllnziridine
i6)% Each of the 2-benzylidenc. 1-tetralone andt 2-beznylidene- | -indanone was azindinmed by the above
seneral method. The erude solid was recrystallised from ethanol to give azndines (5) und (6).

{lotnpound (5} had 181°C, 83 % 'H NMR : 8 (CDCly) 1.29 (1,1 = 7 Hz, 3H, CHa), .88 (m, 1H), 226
(e, TH), 2.53 (m. 1H), 2.70 {m, 1H), 2.86 (4, J = 7 Hz. 2H. CHzp 4,52 (s; 1H, C-H anisochronous pro-
ton), 7.14-7,62 (m, | LH, Ar-H), 7.78 (d. ] =6 Hz. 1H) and 8.03 (&, ) = 6 Hz, 1H, H-31n the quinaoli-
none)ppim C NMR ; & (CDCly) 188,0 (C=0), 160.1 (NC=OL. 603 {anisochronous carbony. $7.4 {spiro
centre). 26.8 (CHy), 11.4 (CH,) and 28,1 and 26.7 ppm for the two CHy o the tetrajone; MS (%) : 421
M7, 53). 318 (47), 302 (23}, 248 (100). 173 (21}, 13T (L), 130 (31), 115 (38), 90(31). 77 (28).63 (12),
Compound (6) had mp 201 °C, 73 %; 'H NMR: 8 (CDClp) 1324, ) = 7 Hz, 3H.CH;), 238 (q. F =7 Hx.
2H. CHa). 3.07.(d. T = & Hz, LH); 3.80 (d, J = 8 Hz, 1H), 4.26 (s. IH, C-H anisochronous proton), 7.21+
7.80 (., 12H, Ar-H) and $.05 (d, ) = 6 Hz, 1H, H-5 In the quinazolinone) ppm; 1 NMR - 8 (CDCly)
1942 (C20), 159.7 INC=0), 60.5 (an:sochronous carbon), $0.9 (spiro centre), 27,7 (CHy), 107 (CHz)
tad 31.1 ppm for the CHz in the indanione; MS (%) = <07 (M*, 16), 378 (09), 234 (100}, 219 (26), 19!
(13), 173 (27), 157 (13), 130 (2%, 102 (14} 76 (183, 63 (07), Anal. Cated for CrablzyNaOs 1 C, 76.64: H,
5.20: N, 10.3). Found ; C, 76,93 H, 5.28; N, 10.13.

Synthesis of 7-bcnz,vlideneol,3.4-lﬁphenyl~64xo-l.z-diampiro(J.SIdecane (10} Te a solution of 2,6+
dibenzylideneeyclohiexaone (1) (5.48 g, 0.02 mol) and €. N-diphenythydrazenoy! chlonde (7){4.61 g,0.02
mot) in dry CHCY (30 ml) was added trethylamine (2.22 3,0.022 mol) atrt The mixture was refluxed
for 4 h. The solvent ws thets evaporated. The "H NMR spectrum for the residue showed that the two cy-
cloadducts (10) and (11 weee formed in ratio 7 = 3 . The residue was triturated with 3 small amouat of
methanol where upen it solidified The curde solid was collectest and recrystallisation from ethanol gave
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the corresponding cycloaddact (10), mp 111-112°C: vield 76%: 'H NMR : § (CDCly) 1.14-2.27 (m. 61,
3CHL), 493 (s, 1H, 4-H pyrazole), 678767 (m, 21H. Ar-H) ppm ¢ VCNMR 1§ (CDCL) 1983 (Cw
O3, 1484 ( €= N in the pyrazole nag), 81.8 (spiro centre), 63.1 (4-CH in the pyrazole nng), 29.9, 287,
19.8 ppm for the three CH; in the cyclohexunone MS (%) © 468 (M, 17), $12.(06), 323 (15}, 287 (100,
246 (10, 173 (19), 128 (38), 105 (53), 77 (51),35 (22). Amal. Caled for CnHzN20 © Co84.59 H.60z;
N, 5.98. Found : C, $2.96; H, 6,24, N, 582,

Swnthesis of Hl-nlkyl-!,l-dﬂuydro-d-oxoquiumﬂn-&ylplAu-lcmphenyl-s-om-l‘z,&uiaudi.—
spire[2,1,4,3dodecane derivatives (9a) and (9b). To o seiution of the appropriate monoxindine (3) (§
mumol) and C.N-diphenylhydrazotoy! chioride (7) (115 2.5 mmol) in dry CHCly 130 mL) was added tns.
thylamine (0,61 g, 6 mmok) . The mixture was refiuxed with siming for § b, The solvent was then evape.
ruted and the residue was triturated with a small amoun: of methanol whers upon 1t solidified The curds
solid was collectes and recrystallization from ethanol gave diastereoisomer (9).

Compound (%) mp * 190-191 °C, yield T9%. Ry 0,53 [Pet. ethies - ethyl acetute (8:2viv)l. 'HNMR. 5
(CDCl;) | 144t 1 =7 Hz, 3HL CHa), 1.§7-2.37 (m, 6H, 3CH:), 268 (q. J = 7 Hi, 2H. CHy). 415 (s, 1
anisochronous proteay, 547 is. 1H, CH in the pyrazole), 6,74-7.63 (m, 23H, Ar-H) and .04 (d. ) =6 He,
|H, H-5 in the quinazolinone) ppm ’C NMR i & (CDCly) 2020 (C=0), 159.3 (INCa0), 829
[anisochronous carbon), 626 (C-H in the pyrazote ring). 55.9 (yprira centre of the azindine fing), 734
(spiro centre of the pyrazote ring), 26,4 (CH2), 100 (CHz) and 27.0, 26,4, 178 ppm for the three CH-m
the cyclonexanone: MS (FAB) (5 1 656 (M7=, 19} 434 (1T), 401 (233 355 (285, 327 (29), 281 183,
221 (53), 147 (100) 231 {55).

Compound (9b) had mp 195°C; 79 %, 'H NMR. § (CDCly) 1.13-2.28 (m. 6H. 3CH) 252 (s 3, CHa).
4,20 ¢, 1H, anisochronous proton). 5.51 (s, 1H, CH in the pyrazole), 6.75-7.67 (m, 23, Ar-Hj and 8.03
(4, I =6 Hz, 1H, H-5 in the quinazolinone) ppm; 130 NMR ¢ § (CDCLy) 203.4 (C=0), 159.6 (NC=0), 653
(anwsochronoas catbon), 64.0 (C-H In the pyruzole Ting), $7.6 (spiro centre of the wzirdine ring), 77.2
(spiro temre of the pyrazole ring), 23.3 (CHypind 283, 27.8. 19.1 ppm for the three CH: in the cyclofion-
sione: MS FAB (%) : 642 (M"41. 36), 453 (39), 376 (12), 483 (23), 466 {25), 454 (42), 376113}, 349
(33), 323 (74), 132 (79): Caled 641,742, CigHisNsOs, Foundt: 64127883

Aziridination of eyclasdduct (10}, To @ solution of I-aceloxy 2-cthylquinazolin-4 3 )one (23)
(1.24 g, 'S mmol) in dry CHzCly (15 mb) was: added the cycloadduct (10 (234 g, 5 mumol} for 30 mun at
.20 °C. The reaction mixture was left stirming: for 2 h atr . The TLC for the. reaction nuxture showed that
4 new spot appedzed Ry 0,53 [pet. ether | ethyl scerste (30 2w 1) After aormal ‘working up. The tesidue
left wits triturated with ethvl aoetate where upan it solidified, The crude solid was collected and fecrystals
lised twice from ethyl acetate, The product (yield 17%} wis found identical in all respects imix. mp. Spec-

tra ywith the dizstereomer (9at.
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Crystal data - Unit cell parameters for 3a and Ya were determined by least sguares refinement of the
optimised seting angles of respectively 37 ond 27 reflections in the range 4.5 < g < 12:3°, Intensity
data were measured on i Siemens P2 diffractometer ar 190 K using as @ scan method and the data
were corrected for Lorentz and polansition effects. The structures were solved by direct methods tising
the program SHELXTL-PC® and refined by full-matcix feast squares on F7 using the program SHELX-
937 Al hydrogen atoms were included in calculated positions. C-H = 1196 Ao, All noahydrogen atoms
were refined with anisotropic displacement parameters.

For 3a: CypHyyN3Os M = 461,44, Triclinic, space groug Pl. a=$.601(2). b=9639%2), ¢ = 14.662(2)
A =8807(2). B = 77.532), v= 8280025, V = N73.9(9AL 2 =3, B, = 1.306 Mz m ™, F(000) = 488,
1= 0,083 mm™ & (Mo-Kg) = 07107 A, The cryswal used for daw coliection was a colouriess biock
with the approxamate dimensions 0.59 x 0.35 x 0,17 mm. Intepsity data for 4011 reflections were
measared with 3233 independent reflections (Riq, = 0.0352). Fanal cveles of refinement gave Ri =
0.071. WRy= 0219 for all data with 316 variables, RI=XUFol-1Fei\X1Foil, wR 2= S w (Fo*-
FEPAT w (For P12, w= 1\ [0 Fo?) + DO925 P * + 1.59 P) and P= {max (Fo®. 0 ) + 2 F ] /3,
and Ps [max (Fo?, 0) + 2f¢3} { 3 The maximum and minimum eléctron densities in the final AF map
were 0.57 and -0.27 ¢ A7 respectively,

For 9a: C.uH)TN,O;, M = 655,78, Triclinic. space group Pl, a =9.9384), b= 13.152(5).¢ = 13.307
(33 A, @=8243(2), i = 85.69(2), y = 72.48(2)", V = 1667.7()A%, Z = 2, Do w 1,306 Mg m*, Fi0003 =
692, 1 = 0882 mm™', A (Mo-Kg) = 0.7107 A. The erystal used foz data collection wiss & colourless plate
with the approximate dimensions 0.39 x 036 X 0.08 mm. Iatensity data for 5246 ceflections were mess
ured with 4341 independemt reflections ( Rjgy =0.0275), Final cycles of refinement guve R1 = 0,046,
WRy = 0,114 for all data wizh 451 varisbles, Ri =S 0Fo 1< 1FcEVE |Fal, wR 2= [Xw (For -Fe2 7\
TwFI P M w=1\[ o Fol ) + 0.0490 P 12 + 0.00 P and P = {max (Fo%, 0 ) + 2 F 2}/ 3, The max
Imum and. minimum clectron densities in the final AF map were 0.16 and -0.19 ¢ A™ respectively,

We thank Dr. R, §. Atkinson und Me. LS. T. Lochrie for helpful discusstons,
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