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214. Pyrimidine Derivatives and Related Compounds I1 : 
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Summavy. 3,5-Diamino-4-pl1enylazo-pyrazoles (la-lc) rtact with acetylacetone and with 
ethyl acetoacetate to yidd the corresponding pyrazolo[l, J-a]pyrimidinc derivatives 2 a-2c and 
3 a-3 c, respcctively. 

Whereas la-lc add readily to methyl acrylatte yiclding thc 4,5,6,7-tctrshydropyrasolo[1,5-aJ- 
pyrimidinc derivativcs 5a-5c, la-lc add to methylacrylonitrile or methyl methacrylatc only 
under drastic conditions to yield 5d-5f. The pyrimido[l, 2; Z‘, 3’]pyrazolo[1, 5-alpyrimidine dcriva- 
tives ZOa-XOc arc prepared hy the action of acrylonitrile on 2a-2c. Goinpoimds 1Oa-1Oc are 
readily convertcd into thc corresponding ox0 dcrivatives 12a-12c on treatm:nt with acetic acid- 
hydrochloric acid niixturc. 

Earlier work in this laboratory directed for thc synthcsis of fused pyrimidines with 
bridgehcad nitrogen [l] [2] stimulated an investigation of a possible route for the 
synthesis of substituted pyrimido[l., 2: 2‘, 3’]pyrazolo[l, 5-a]pyrimidines, derivatives of 
a novel ring system. K i d  et al. [3) have reported that 3-unsubstituted-2-amino- 
pyrazolo[I, 5-alpyrimidincs react with /I-bifunctional rcsgents to yield pyridop, 4 : 3’, 
4’]-pyrazolo[3,5-a]pyrirnidines. I t  seemed to us that 3-substituted-2-aminopyrazolo- 
[l, 5-a]pyrimidincs may rmct with bifunctional reagents to yicld derivatives of the 
rcquired ring system. Literature survcy indicated that 3-suhstitutecl-Z-a~ino- 
pyrazolo[1,5-a~pyrimidines have been yreparcd via a multistage inefficient synthesis 
[4] and only through pyrazolo[1,5-~]pyrimidine intcrmediatcs. In the present papcr 
we report a convcnjent synthesis of a variety of 3-iuylazo-Z-aminopytazolol3., 5-a]- 
pyrimidine derivatives from the readily obtainablc 3,5-diamino-4-arylazopyrazoles 
la-lc and on the utility of these pyrazolo[.l,S-a]pyrimidines for the synthesis of a 
varicty of arylaz:opyrimido[l ,2: Z’, 3’]pyrazolo[l, 5-aJpyrimidine dcrivatives. In this 

2a-2c were prepared by the action of acetylacetone on la  .-lc in rcfluxing acetic acid. 
The structure of the products was supported by analytical and IR. data. 

When the compounds la-lc werc treated with. ethyl acctoacetate in refluxing 
acetic acid, thc pyrazolo[l,5-a)pyrimidiTle dcrivatives 3a -3 c or possible isomcric 
4 a 4 c  were obtained in high yields. Structurc 3 was prcfcrred on the basis of IR. 

manner, the 2-amino-3-arylazo-5, 7-dimcthy1pyrasolo~:lI 5-al pyrimidine deriv. cl t IVCS ‘ 
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spectra which revcaled pyrimidine ring >CO absorptiorl at N 1710 cm-1 almost with 
no shift from that reported [l] [2] for pyrimidine ring >CO absorption of 4,5,6,7- 
tctrahydropyrazolo[.1,5-a]pyrimidine, If tlicse pyraxoloi”1 ,S-a]pyrimidines had for- 
mula 4, they would exhibit a large downshift in thc frcquency of thc ring >CO, due 
to  the conjugation of the >CO with -C:C . This conclusion is also bawd on the 
reported behaviour of 5-aminopyrazoles toward thc a.ctjon of p-ketoesters (511. 

ArN 1 N\p,:y(-) H 
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In a previous payer [l] it has been slinwn that Isr rcacts with methyl acrylatt! in 
refluxing pyridine to yield 2-~mino-3-pheny1azo-~-oxc~-4,5,6,7-tctrahydryyra~~ln- 
[l,Ia]pyrimidinc (5a). Now, we havc found that lb and lc react similarly to afford 
the pyrazolo[l,5-aIpyrimidine derivatives 5b, 5c, rcspcctively. ‘Under similar con- 
ditions la-lc did not add to methylacrylonitrile or methyl methacrykdtcs. But, when 
la-lc were refluxed for a long pcriod with cither of the reagents in pyridine arid in 
the presence of a catalytic amount of potassium hydroxide, the reactiun yrc~ducts 
seemed to have either structure 5 c)r thr: possible isomeric 6. Structure 5 was estab- 
lished for thcse products by synthesis af 5d via the action of P-cyanopropvlh_ydrazine 
(7) on phcnylazomalononitrile (8) arid cyrlimtion of thc resulting 3,5-diaminv-l-,9- 
cyanopropyl-4-arylazo-pyral.clle (9). 

la-lc with CJlz- L:RCO& I J  or Cllr=l:RCN 

‘H I1 
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The pyr~zololl,5-u]pyrimidine derivatives 2a-2 c reacted with acrylonitrile to 
yield products the analytical data for which indimtcd addition of one molecule of 
either of the reagents. The IR. spctra of these products presented an absorption 
band for only one amino gtciup. Two structures sccmcd possible for these products, 
i .e.  10 and 11. When these products were boilcd with acetic acid-hydrochloric acid 
mixture for a short period, the corresponding 0x0 derivativcs 12 or possible isomeric 
13 were obtained. These derivatives were found identical with products obtained by 
the action of acetylacetone on thc pyta~olo[l, 5-a]pyrimidine derivatives 5a-5c, thus 
establishing structure 10 for thc reaction products of 2 a - 2 ~  with acrylonitrile and 
structure 12 for thcir hydrolysis products. 

Attcmpts to add methylacrylonitrile or mctbyl methacrylate to 2a-2c were 
unsuccessful. However, the pyrirnido[l, 2 : Z‘, 3‘]pyraxolo[l, 5-alpyrimidine derivative 
14 could be prcyared by action of acetylacetone on the tetrahydropyrazolo[l,5-a]- 
pyrimidine dcrivative 5d in aqueous pyridine in presence of a catalytic amount of 
potassium hydroxide. Analytical and IR. data for the product are in good agreement 
with the proposed structure. 

Compounds 5 a - 5 ~  rcacted with ethyl acetoacetatc to yield products for which 
structure 15 is proposed on the basis of rtnalyticrtl and IK. data, and analogy to the 
well cstablished hchaviour of 5-aminopyrazoles toward the action of 8-ketoesters. 
However, we wero not able to synthesise compounds 15a-15c by action of acrylo- 

.ArN=N, -, CtIa 

NH N/”f r 17 ArN = N,17,NTCJJs 
AcOK/ tICl 
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nitrile on 3a-3c, since the cyanoethylation of these compounds afforded plycyanv- 
cthylated products for which no completc structure could be deduced. 

Experimental 
The m.ps. are uncnrrectccl. IR. Spectra werc recorded in li13r on a Yevkin-Elmw 337 spcctro- 

photometer. 
2-Amino-3-arylu,2o-5,7-dimctkyi-py~azolo~1,.5-a~~yyvimitline.s (2 a-2c) (Table 1 ) .  To a solution of 

each of La-lc (0.1 mol) in acetic acid (100 ml) acetylacctone (0.1. mol) was added. The mixture WAS 

rcfluxed for 12 h and evaporated in wacuo. Thc residiic was tlil.utct1 with watcr and rentlercd 
basic by addition of ammonia. Thc resulting precipitatc was filtcrctl off and crvstallized from 
ethanol. 

2-Rmr'no-3-aryla~o-7-~xo-4,.5-~~h~dro~y~aznb~7.5-~~~yvirrtiddns.s (3a 3c) ( Tubls 1 ) .  To a 
suspension of esch of la-lc (0.1 mol) in acctic acid (I00 nil) ethyl acctoacctate (0.1 mol) was 
added. The mixturc was refluxcd for 10 h and thcn trcaled as dcscribcd above (crystallisatitioti 
from acetic instcad of ethanol). 

2-A minu-3-avyEazo-/C, 5,B,7-te%vahydvop~rutolo~I, 5-a ;pyrimidin-5-ones (5 b, 5c) (Table I ) .  'I'hcsc 
werc prepared using procedure describcd in 11 J for the synthesis o f  5a. 

2-A mkno-3-avyIa~o-6-methyi-4,5,6,7-tet~uh~vd~~~~v~vazol~~~, 5-a.;p~n:mirlin-,5-o~ras (5 d -51) ('rib\(: 
1). - (a) A solution of cach of la-lc (0.1 I I I ~ J ~ )  in pyridinc (80 1111) and water (20 ml) was trcatccl 
with one ml of 40% potassium hydroxirlc sohition thcn with nictlrylacrylonitrilt. or rncthyl 
methacrylatc (0.12 mol). After refluxing for 15 11 tlic rnixturc was cva.poratct1 in VUCUO, Chc residue 
was trituratcd with watcr, hoilcd for a short period with acctic acid and then lcft to  stnntl. The 

'pdble 1. Pyraznlo[f ,5-a\pyrimidine dsriuuti,vcs Za-zc, 3a-3r, 5b, -5f 
Lorn- m.p. IR. cm-1, selcctcd bands 1~orrnul.z Analysis. "/u 
pound O C 

c I (  N Calc. 
'Fmtnrl 

2s 232 3415, 3280 (NHs vihration) ; C,ljl I I.& 63.14 5.30 31.56 
1620 (NHe deformation) 62.YO 5.52 31.51. 

2b 238 3410, 3290 (NHs vibration) ; C'l5Hl636 64.27 5.75 29.98 
1625 ( N H s  deformation) (14.20 .i.81 311.00 

2c 216 3410, 3290 (NH2 vibration) ; C' 16 I .I I,& 64.27 5.75 29.08 

3a 260 33G0, 3280, 3200 (NH2 and Ni l )  ; C:l3H12&60 58.20 4.51 31.33 
1715 (ring CC)) ; 1630 (Ntln tlcfor- 58.30 4.61. 31.00 
mation) 

I6220 (NH:, deformation) 64.11 5.76 30.02 

3b 260 

3c 270 

5b 206 3400, 3325, 328lk3240 Cl3j I I~N~( . . )  57.76 5.22 31.10 
(NHg vibrations) ; 2250 (C:N) ; 
1620 (NH2 dcformation) 58.00 5.00 31.00 

5c 300 340, 3325, 3280, 3240 I : l ~ I 1 , 4 ~ ' c s O  57.70 5.22 11.10 

1620 (NHe delornistion) .i7.70 5.31 31.10 
(NHs vibration) ; 2250 (CX) ; 

5d 241) 3440, 3300, 3270 (NHs vitiration) : C&)dN&l 57.76 5.22 31.10 
1700 (ring CO) ; l(i25 (Nl lr  delor- 57.51 5.40 90.90 

5e 220 Ci4HleNsC) 59.14 5.67 29.56 
59.22 5.81 29.4ti 

5f 192 C:i41'I&jo 59.14 -5.67 20.iCi 
59.15 5.40 23.3fJ 

mation) 
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solid product obtained was filtcred off and crystallized from ethanol. 9 fornied yellow crystals; 
m.p. 126. - IH. : 3390, 3320, 3280, 3250 cm-1. ( NHz vil)cmtions), 22.50 cm-1 (CN) and 1620 cm-1 
(NHs dcformatiun). 

CisH15N7 Calc. C 57.99 H 5.61 N 36.47% L'ountl C 58.11 H 5.76 N 36.400/, 
(b) Cyclizutzon o f 9  &.y uction ofAcOlf-HC1 mixluvs. To a siispmsion of compound 9 (5.0 g) in 

acetic acid (80 ml) cuncentrated hydrochloric acid (5  ni l )  WAS atldcd. The rnixturc was refluxod 
lor 3 h and then evaporatcd VUGUO. Thc residue w t s  triturated with ethanol and tho rcsultkig 
solicl was filtercd off, crystallizcd (yicltl 70%), and identified a5 5 8  by n1.p. and mixed m.p. 

(10 a -1OC) 
( l h b l e  2). To a suspension of cadi of  Za-Zc (0.1 niol) in pyrirlinc (100 nil) and water (20 ml). acry- 

Tablo 2. Pvtimidorl. 2: 2'. d'lbvraaulurl .5-a'l.hvvimid.i~aa derauatives 

7-Amina-5-a~ylaao-1,3-~l imethyl~yyr~~~du~?,  2 :  2', 3'lpyvazrJloC?, .~--o]pyyrimidi~raes 

Corn- 111. p. 1R. cm-1, sclectcd l):mcls Lkrm iris Analysis, % 
pound ' C  

13 N 
Cnlc. 
I"clu n d (; 

10a 220 3415, 3380 ("12 vibration); (;171117N 7 G3.93 5.37 30.70 
1620 (N& riclormation) 63.70 5.32 30.61 

10b 255 ClLIF11BN7 64.84 5.74 20.43 
05.00 5.61 20.30 

1oc 231 (;iaiIi!)N7 64.84 5.74 29.41 
64.66 5.87 29.58 

12a 291 1635 (ring W); (:17llleN& 63.73 5.04 26.24 
1605 (C-. N) 63.50 4.89 26.22 

12b 206 Clel Il8N&.) G4.65 5.43 25.14 
64.41 5.33 2.5.31 

12c 310 ClnH i ,eN~() 64.65 5.43 25.14 
64.65 5.40 25.00 

14 300 1.680 (ring CC)); 1610 (C.. N) Cl8l,ll~'Ntj(.> 64.65 5.43 25.14 
64.31. 5.21 25.25 

15a 220 3820 (NH vibration); 1720, 1700 C,l8H14N& 59.62 4.38 26.07 
(ring CXf groups) ; lfil0 (C,-N) 19.68 4.57 26.30 

15b 212 ~17~~1&tic)2 60.77 4.80 24.49 
60.68 4.62 25.00 

60.80 5.00 24.86 

o nitrile (0.1 5 rrirrl) anti one drop of 40% potassium hydroxirtc solution wcrc ndclcd. Thc: inixturc 
was rcfluxcd for 10 h and then cvnporated in VUGUO. The rcsiduc: was trituratcd with water, filtcrcd 
off and crystalljred from othanol. 

ti-Aryluzo-l,3-dimelhyJ-7, R-ll ihydrc~-7-oxo-~yrimiJ~l,2: Z', 3'1pyf'aaoZoo[l, 5-aJpyrinzidincs (12 a 
b:s 12c) ('I'able2). - (a,) .Fram cohzpounds 1Oa -1Oc and AcOTi-HC'l mixture. Thc proccdure described 
for the cyclization 9 into 5a was adopted. Crystallization of t.hc react.ioti prot1uct.s from ethanol 
yiclded brownish-yellow crystals. 

(b) From 5a 5c and ucetylucetme. To n sohition of cnch of 5a-5c (0.1. mol) in acctic acid 
( 1  00 ml) acetylacetonc (0.1 2 niol) was added. After rcfluxing for 10 h tlic inixturc was evaporated 
iie ULLGUO. 'Ihc residiic was trituratcd with watcr. Tho rcsulting solid was filtcreci off arid identified 
by m.p. and niixcd m.p. as 12a-lac, 

(14) 
(l'uble 2). Was synthesiscd by rcacticln ol acxtylacctone with cornpolid 5 5  undnr the conditions 
clescTibed above for tlic: synthesis of 12s.-12c by rca.clioi1 of 5a-5c with acotylacctonc. 

5-Arylaao-I, 7-dioxo-1,2,7, S-tdlvrchydru~~yrim~(lo~l,2: a ' . d ' ] ~ , y r u ~ ~ l o ~ ? , 5 - ~ ~ ~ y r i m i d i n e s  (15a-15c) 
(Tuhle 2). A niixtiire of cadi of 5a-5c (0.1 mol) and ethyl acetoacctato (0.1.5 mol) was heatcd 
at 170" (Imth terripcraturc) lor 5 11, thcn dissolved in sthannl, and lcft to stand. The rcsuhing 
solicl wils filtered off and crystallized frorii ethanol. 

15c 218 c 1 7 1  I1BNGC)'Z 60.77 4.80 24.99 

.5-I'henyluzo-7,~Y-d.iAyd7o-lI 3. gtrimc6h,yl-~~rinzidol[l ,  2 : 2'. $!$yvazolol.? ~ 5-al9yyrimidine 
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215. Intramolekulare Cycloadditionen in der Reihe der Binaphthyle') 
von Yushin Nakamura, Roger Hollenstein, Janos Zsindely und Hans Scbmid 

Oraaiiisch-chemisclics 1 nstit lit  th!r 1!nivcrsjtiit Zurich 
Raniistrassc 76, 8001 Zurich 
iind Willi E. Oberhansli 

~~;orschunasabteili~n~ der P. Il(dj~zrcn.ta- La KocAr. & Co. AG, 13ascl 
(21. \"I. 75) 

Intramolecular cyloadditians of binaphtyl compounds. Summsry. Threc 11cw bricigctl 
kctones, 7, Band 9. havc lmmjaolated in 440/,, 3% mid l(>fyn yicltlsrespectivcly (.Schsme2) by heating 
2,2'-l~is-allyloxy-l, 3 '-bi~iaphttiyl (5) at 215" lor I6 h"W% Thcsc cornpounds could be cpirrierizetl 
shout C(16) by bases, and in particular 9 yielded the new cpirrier 10. Tlic structures uf tlw 
alcohols obtained by reductiqn of the h t o  group are also given (Schema 2). Thc constitutioI1 of 
all compounds was derived from spectroscopic data, chicfly froni their 1H-.NMR. spcclra (tab. 2,3 
and fig. 1) I The assignments were based on thc nlscrvctl long-range coupling constant hetweon 
II(endo)-C(16) and H(endo)-C(5) in 7 and 10 ant1 on the analysis of chemical shifts arid coupling 
constants in both the ketoncs and their tlcrivativcs. Morcowr, thc structures of thc cortipounds 
investigatccl haw been proved by x-ray analysis of kctonc 8 (chap. 3, fig. 2). The thermal convcrsion 
of binaphthylcthcr 5 t o  thc bridged kctones proccctls uiu an  irrtrirmolccular Visls-Alley reaclion, 
followed by Claaselz rcarrangement (Schemr: 8). (:hi licding, thc biu-~-mcthykdlyl ether 20 yicldod 
thc  kctonu 21 and a small amount of the cther 23 (ScAcmss 5 and 7). Ether 23 and 1,inaplitliyl 
monoally1 cthcr 26 werc converted thernially t < J  tlic bridged kctones 31 (Scheme 7) and 27 
(Scheme 6) rcapectivcly. In addition, 26 underwent an iritramolccular enc-reaction tn give thc 
spirokctone 28 (Schemes 6 and 9).  The structures o f  thcsu compounds were also c!stahlished, 
taainIy by analysis of thcir XH-NMH. slwctra. 

1. Thermische Regktionen von 2,2'-His-aflyluxy-l,l'-birraphthyl (5). 
Wahrend Allyl-( l-allylnayhth-2-yl)-ather (1) und Allyl-( l-methylnaphth-2-yl)-iither 
(3) beim Erhitzen auf 200" mit den cntspredicnden Bcnzo-cycloliexa-2,4-dj~noncn 2 
bzw. 4 im tliermivchen Gleichgcwiclit stelien (Schema 7 )  und Propnrgyl-(1-alkyl- 
riaphth-Z-yl)-Pther bei Temperaturen von 3 85-ZOO" eine Ctuisea-Umlagcrung (mit 
Folgereaktjoncn) ejngetien [4J, wurdc 2,2'-l~is-allyloxy-J , 1'-binspbthyl (5) beim 
Erhitzen bis 185" nicht verandert. Auch bei IiBhercn Rcaktianstemyeraturen wurde 
niclit das crwartetc Bis-benzocyclohexadienori 6 erhaltcn (Schema 7). 

16-Stdg. Erhitzen van 5 in Mcsitylcii auf 225' licferte drei Yroduktc 7, 8 u~id 9 
(44%, 3% bzw. 1 go/, husbeute) (Schewa 2), dk cl.irrorntographiscl1 getrcnnt werden 
1) Teilwcisc vorgctragen an der I~:srbstversammIilng dtx  Schwcizcrischcn Chcmischcn Gasell- 

schaft am 20.10.1973 in Lugano [t). 
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