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IN-TROWCTION 

Rocrntly w havr drscrlkd' tha nucleophlltc addition of a cyanide anton to 2-kntopy- 

ryllu salts leading to 1-cyanolsochrawncs. which are oxygen analogs of Rotssort conpounds. The 

absence of a CzN stretchtng band In routinely recorded IR spectra has been noted as the first 

stnllarlty between the nauly prepared I-cyanolsochronrnrs and the Reissert cagounds. The second 

c-n feature has been the ablllty to be alkylated under condltlons of phase-transfer catalysis. 

In tMs connectlon it seaed lnterestlng to explain the strange behavlour of the cyan0 group In IR 

spectra for 1-cyanolsocbronncs and to lnvestlgate conversions of these compounds as stable C-ad- 

ducts of 2-benropyrylim salts on one hand, and analogs of Relssert conpounds on the other hand, in 

the presence of alkali hydroxtdes. 

IR SPECTRA 

bk bave noticed*' that a sharp CN stretching band r:n ba detected In the IR spectra for 

I-c l ~~lsochmrnes. It appears with weak Intensity at 2226 a 

OlJ 

for compounds 2a.c and at 2246 -- 
for 2. The spectra bavr been recorded In KBr with LOO-fold scanning, I-fold uoothjng and 

expanding the ordinate by a factor of 50. Under these conditions the signal-to-nolsa ratto is appro- 

xt~bly qua1 to 100 and raslns unchanged In cmparlson with standard technical data for a 

Sbfudzu InstNsnt. T& dlffennt valws for th CN band are obviously due to the sterlc influence 

of the bulky tsopmpyl group tn tbr cyanolsochroclane 26. 
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The poor detectlon of the CR stratchlng band 

in dipole rrant for the CzN bond In canpartson with the 

the *hole molrculr and may be associated utth the steric 

chroarnes as wll as in Rclssert collpounds. 

t: al. 

1s clearly detemlned by the small ctwqc 

change in the average dipole mnt for 

posttlon of the CN group In l-cyanolso- 

Ue reasoned that a suitable wqy to corroborate such conclusions could be the X-ray 

structure detemlnatlon for one cyanolsochroasne, naaly for 24. 5o far no report on the use of 

X-ray crystal structure analysis has appesred for Relssert cotpounds.' 

X-RAY STRUCTURAL AMLVSIS 

Flgure 1. blecular stmctun of 2d wlth the crystallographic nubarlng scheme. - 

7ba aolecular structure depicted In Fig. 1 datemined by X-ray crystallography corres- 

ponds to the chalcal constltutlon of l-cyano-l-lsopropyl-6.7-dtoethoxy-3-msthyl-isochrwww g. 

Bond lengths and bond angles have usual values both for htemcycl(c' and aroastlc fragants. The 

C(l)-C(lO) bond Is a normal covalent bond. The C(4)-C(5) double bond Is locallud with almost 

standard bond length' and deternines the confomatlon of heterocycle. The turslon angle 

C(3)C(4)C(5)0(1) ts equal to -2.3" and these four atom are In the same plane rlth an accuracy of 

0.01 R. Atcus C(1) and C(2) are out of this plsnc by -0.70 and -0.22 1, respecttvely, and the stx- 

-aankmd heterocycle has a confomstlon of a partly stralnd twist half-boat. Soma straln Is asso- 

elated with the torsion angle C(l)C(2)C(3)C(4), which is not qua1 to zero but has a value of -9.3'. 

This skewing displaces the nomally tetrahedral atux C(1) by 0.18 i from the plane of the 

arwbattc rlng. As a consquence, the quasi-axtal isopropyl group Is located at an angle of 73.4' 

nlattvely to the plane of C(2)C(3)C(6)C(9) and the CN group makes an angle of 23.7' with the sam 

plane. 

Thr only example of X-ray structural analysts for anthra-tetrahydrodlcyanopyran derl- 

vatlves,' wblch are condensed oxygen analogs of Relssert caapounds, reveals also a quasi-axial posl- 

tlon for a cyano group. 

Thus one can conclude that the weak tntensity of the nltrlle band tn IR spectra of 

1-cyanolsocbrwaancs is actually due to the vectortal changes In dipole nonnts for the C:N bond 

ublch occur tn a quasi-perpendicular dlrectlon to the rest of the molecule. 
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CNW2 CALCULATIONS OF CMRGE DENSITIES 

In a recant cIrnlcation* we have used quanta chnlcrl calculstlons by the CNDO/Z 

mthod ulth standard geuntry for a node1 capound of 2 and received a good correlation with the 

'h- and "C-m data. 

Application of X-ray analysis gives us experlrntal data provtdlng an opportunity to 

rcflne earlier ulculatlons and at the sm tlw to check the ability of the CllDo/2 mtbod' for 

1-cyanolsochrcwnes. 

The selected charge densities In 2a-e for standard pcostry and In 2 for experlarntal -- 
X-ray g-try are presented In Tatle 1. 

Table 1. Selected charges In 2a-e calculated with -- 
geometry and in 2 also for experimental 

CNDOf2 nethod for standard 

X-ray g-try. 

Aton 
yt’db, 2b(R'=Ph, Zc(R'=R'.%, g(R'*. 

R'=R'=H) R*=R'=H) R'=H) 
~(R'=R'=R'&), R'=H,R'.Ph) 

Caoaetry Stendsrd Standard Standard Standard Exptl. Strndrrd 

C-l .305 .302 .301 .290 .171 .237 

c-3 .192 .167 .187 .209 .171 .190 

c-4 -. 135 -. 120 -.131 -.lb4 -.067 -.136 

C-5 - .030 -.037 - .029 -.040 -.031 

C-6 -.028 -.027 .016 .039 .041 -.OlO 

H-7i .032 .033 .002 -.023 -.016 .OlO 

R'-8 .017 .016 -.a11 -.066 -.027 .OOO 

R'-9 .002 .OOl -.035 -.030 -.017 - 

c-10 -.028 -.026 -.028 -.030 .094 -.w3 

N-11 -.112 -.113 -.112 -.122 -.178 -.381 

‘:Tha mst mbtle hydrogen atm. 

One rsay see that the difference In charge density values for positions 1 and 3 of con- 

pound 2 (standard geomtry) vanishes on using X-ray data. At sane time the connon tendency in 

chrge distribution r-ins practically unchanged, provldlng evidence for the good apllcablllty of 

the CNW2 satbod for I-cyanolsochraenes. 

CONVERSIONS IN AQUEOUS SOOIW HYDROXIDE SOLUTIONS 

Ne found tbat tbe course of reaction betueen 2-benropyryllm salts la-c e and alkali - -'- 
hydroxides depends on the substltuent In position 1 : when R*=R'-H (as 1n.la.b). lnteraolecular -- 
Interaction takes place leading t4 chrysenes 5a.b as mjor pPOducts,'*' whereas when R'/H (as In -- 
1c.e). lntramlecular recycliratlon leads to a-(7e)’ or 6-naphthols (7d)" (Schem 1). The poor -- 
yields for a- and e-naphthols in the latter case may be explained by a competition In the formation 

of anbydrobases (3c.d) and pseudobases (6J. Thr only stable anhydrobase which Is unchanged In 

aqueous alkali hydroxide solutions is &, ' because the R'+H group stabilizes the vinyl ether struc- 
ture mre than In coclpounds 3a-d. Probably the shielding effect of R' in 2f.e prevents lnteractlon -- 
of theso c#pounds with such a bulky electrophlle as the 2-benropyryltu cation by contrast to 

3a,b tilch lead to dlmers 4a.b. and hence to chrysene derlvatlves 5a.b. -_ -- -- 
lbe other substltuent in position 1 of 1-cyanolsochroanes 2a-f also detenrlns lnter- -- 
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or ~ntrmolccular pathways for conversions of these ccwpounds In 3X. 15% or 50X aqueous sodlrrn 

hydroxide solutions on heating. 

Fma quanta chemical calculations oh+ could expect an easier cllminatfon of hydrogen 

cyanide from & as well as from 2s,b In cmparlson wtth 2c,d (the most mst moblle hydrogen ata -- -- 
is marked with an asterisk in Table 1). Actually, compound & gives the stable rnhydrobase 2 In 

all cases. The theoretical correlation Is also confIrmed by formtlon of chrysenes 5a.b In high 

yield from 1-cyanolsochrwoenes 2s.b. Obviously, the ffrst step of reaction includes~l(alhatlon of -- 
hydrogen cyantde. lesdlhg to 3a,b. Then snhydrobasas 3a,b act as nucleophlles and expel a CR anion 

from cyanotsochromencs 2a.b g;li products of tntezeiular interrctton ti.e (Schese 1). which -- 
are converted into chrysrnes 5a.b as was described for 2-benropyryltm salts.' -- 

Schan 1 
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The IntraolrculJr recycltrations of Z-ktuOpYryllm salts 1c.d Jnd I-cyrnoisochrornes __ 
2c.d yielding nrphthols also exhibit sme differences. Thus, heating of coqound g for two hours -- 
in 60% aqwous sodiu hydroxide solution lclds to the B-naphttwl 76 with yield 60%. utwers on 

using the Sam conditions 2-br!UORyrylim SJlt g gives E In J yield Of Only 40% (SChaw 2). 

At thb sm tiac or. hesting in Jlksli hydroxide SOlUtfOnS Jt Jny COnCenttJttOn, cyrno- 

isochrcmene C is cmvorted into the orrngc coloumd haphthoqulrmne 2 in good yiald, whereas salt 

& gives only traces of 2 (TLC control) uith the a-naphthol & as a major product, which itself is 

not oxidized into quinona 2 under these conditions 

Yield : 30% (& * 7c) ; 7cx (2c - 9) - - ; 409 (ld * 76) - - ;sOr(g’?dJ 

These results indicrte an attack by the hydroxyl ion to position 3 of cyanoisochrmenes 

2c,d, rhtch have bulky substituents in position 1, wtth simultJneous elimination of a CR- anion (a -- 
kind of tela-substitution'J) that leads to the forrution of orthoquinonoid structures (g.3. This 

suggestion is in good agmemnt wtth quJntu chemical calculattons which revealed both a low mobi- 

llty of hydrogen atoms Jt C-6 and approximtely quJ1 charge densities In positions 1 and 3 for 

2.d (Table 1). In this case the formation of quinone 2 fron & could be easily explrined by oxi- 

dation of the unstsble ortloquimmoid conpound &. On the other hand, conpounds &,d can undergo 

a thervlly allowed 1.5hydrogen transfer leading to alkylideneisochromanas 10c_,d as the result. 

Indeed, we hsve cdptured the stable colorless 1Od on heating fi for one hour in 50% aqueous sodiun - 
hydroxide solution or for tvm hours in solution It 151 concentration. Also, on keeping & for one 

hour at room tsrparature tn NJOh solution Jt 151 concentration, isochrmene 1Oc has been obtdined - 
instead of qufrme 2 tomed only in boiling solutions. 

Capounds 10c,d are converted with perchloric acid into salts &,d and with hot aqueous 

sodim hydroxide solutions for two hours into corresponding maphthols If,d. The letter conversion 

proceeds obvfously by rupture of tbeC(3)-0 bond with subsquent intramolecular condensation of the 

intemedfrtcly famed 1.5diketones.' 

In the case of l-H-l-cyrnoischroaene f, amide 11 hrs been isolated as the result of 
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hydrolysis of a nltrilr group under alkalin eondltlonr as It was described for Relsscrt compounds 

(SC_ 3)." 

Scheme 3 

STRUCTURE PROOF OF THE NEW COWOUNOS 

The ldentlticatlon of capounds 7c.d, 9 end z posed no dlfflcultlcs. Suae of their --- 
characterlstlcs arw gtvrn tn the exprrlmental part. 

however. tt ts necessary to nntlon a double OH stretching band In the IR spectrum of 

B-naphthol 7d at 3527 and 3420 cm-'. - The 'second band Is obv(ously due to associates easily formed by 

hydrogen bonds In d by contrast to a-naphthols ~c,c,'@~' -- whose sterlc hindrance prevents such 

bebavtour. 

The evidence for key compounds lOc,d required a rigorous proof. Thus. their IR spectra -- 
show characterlsttc stretcbtng bands at 3460 and 3540 tnn-' (O-H) and at 1647 and 1660 cm-' (exocy- 

cllc C=C bond) for 1Oc and 1Od respectively. The 'H-WSI spectra of &,d confim prectsely their -- 
structure as I-aliW)ldcna-J-hydmxglsochroaancs. The 3-methyl sIgna In 10d Is found at 6=1.24 and - 
th metbylene peak at 6=3.00. The sIgna at 6=1.98 belongs to the hydroxyl group and disappears on 

deuteratton. The two methyl groups at exocycllc C=C bond are non-equivalent and have chemical 

shifts at b1.10 and 1.19 ; the two slnglets of aroaatlc protons appear at 6-6.56 and 7.45. 

The 'H-MR spectrum and assigments of 1Oc are to be seen In Fig. 2. - 

&(Ppa) 7 6 5 4 3 2 1 0 

Figure 2. lH-lMR spectNm of 1Oc In COCl,. - 

The shicldln9 of the nctblnc hydrogen atoa at the exocycllc C=C bond Is manifested by 

Its cb4mIcal shtft, due to the configuration of 1Oc as lt Is presented In Ffg. 2. - 
The mass spectnr for 1Oc glvrs a molecular Ion at m/x=264 (781) and a base peak at m/a= 

8246 (H+O)+ together utth main fragvnt peaks at m/x=247 (H-OH)' (42s). 231 I(M-HaO)-CK,l' (%r). 

222 (II-CH,Wh)+ (231) Jnd 221 (M-CH,CO)+ (94%). 

All those facts constftute structural proofs for 1Oc.d. -_ 

CONCLUSION 

The transfofutlons of I-cyanolschroacnes under alkallm condltlons wlth elfmtnatlon of 

a CN group by analogy with 1-substituted Relssrrt cow@Jundsl'." probably tncludc the forrstion of 

a 2-benzopyryllm catlon fn the trsnsttton state. The hfgher reactlvlty of thts cation than of tso- 

qulnoltrtua Is the sour- of the more varied converslons of 1-cyanolsochrorrnes In comparison with 

Retssert coqounds.' 

Adovwlodqennt. The authors are Indebted to Or. V.V. Herherftsklt for helpful dtscusslons. 
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EXPERIMLNrAl PART 

IR spectra wm detamlned with J Shlasdtu IR-435 lnstwnt In KBr for 2J.c.d Jnd wtth 
J Specord 75-IR lnrtnrant In chlomforu solutions or In nujol for other coqoundr.l~-spectrJ 
yarn mcorded on J TerlJ 85-467 spectraafar rt 80 Miz In CDCll solutions. kss spectrs were obtaln- 
rd on a Flnnigan 4021 Instnrrnt ustng dlmct lnrcrtlon at 70 aV. 

5-h crystal rtructurr detrmlnJtion of&. 

Cr stal drta : 2d C ,HI,O,, II - 273. nocllnic from a 
ether, a l 1 +T= 8723fl). o . IL785(I)?. 6 l 104.04~2)0. U - 
= 1.23 gvn-', sprcr group PZ,/c. Intensltlas of 3007 untqus re loctlonr 
my;-Nonlur W-4, cqprtar controllad, KJ~~J-Jxls dlfractocreter (Xl4oK , scJn s-d ratlo w : 8 = 

: 1. e < 28'). The crystJ1 stratum WJS dctemtned by the dfmctkthod bsrcd on WLTAN pro- 
gri Jnd mffnad by lerst-squarer rthod of I746 reflections (F' > So ~4th lrotroplc tclprrJtum 
factors for h dmgen ateas Jnd Jnirotmpfc taprratum fsctors for rl 
\ = 0.042. A 7 1 

other atom. Final R = O.?$, 
calculrtions were perfomed on a PDP 11/23 PLUS coaputrr using SDP-PLUS program. 

A list of positionJ1 co-ordfnJtes ts gfven fn Table 2, and Tables 3 and 4 list bond lengths and 
bond angles In 3. 

Table 2. Atonic co-ordinatas for g(xlO’ for the non-hydrogen rton rnd x10’ for the hydrogen atoms). 

A&a x Y L At&m I Y 7. kvm I Y Z 

O(l) 3195(l) -548(l) 760(l) c t101 2883(l) -26OO(2) 1912(2) e(123) 377(l) -226(2) 429(2) 
O(2) 777(l) -73(l) 4265(l) C(ll) 3978(l) -749(2) 3OOO(l) lit1311 471(l) -134(2) 170(2) 

O(3) 714(l) 2787(l) 3657(l) C(l2) 3938(l) -1216(2) 4333(2) ~(132) 525(l) -134(2) 317(2) 
N 2715(l) -3e65i2) 1847 (2) cc131 4694(l) -159601 2577(2l 8(133) 45e(l1 -2810) 258 (21 
C(l) 3105(11 -952(2) 2022(l) cc141 3726(l) 1315(2) -445 (2) H(l41) 365(l) 239(2) -67 (2) 
C(2) 2397 
CO) 2334 ( 
C(4) 2846 ‘( 
C(5) 3238 
C(6) 1873 
C(7) 1309 
C(8) 1272 
C(9) 1764 

I) -23 (2) 2372(l) C(l5) 706(l) -1673(2) 4492 (2) E(l42) 350(l) 76(2) -126(2) 
1) 1503 (2) 1981(l) ~(16) 802(l) 4402(2) 3621(2) E(l43) 433(l) 99(2) -a(2) 
1) 2016(2) 1122(2) E(4) 288(l) 306(2) 93(l) B(l51) 125ll) -212(2) 497 (2) 
1) 1014(2) 535(l) n(6) 193(l) -169(2) 339(l) et1521 28(l) -173(2) 490(2) 
1) -S%(2) 3112(2) at91 170(l) 349(2) 216(l) lY(l53) SO(l) -228(2) 363 (2) 
1) 362 (2) 3524 (2) q (11) 410(l) 31(2) 303(l) ~(161) 41(2) 4e3(2) 4OOt2) 
1) 1922 (2) 3180 (2) E(l21) 452(l) -103 (2) 491(2) ~(162) 139(l) 474(2) 402 (2) 
1) 2465 (2) 2398 (2) E(122) 349(l) -52(2) 465(2) ~(163) 67(l) 47et2) 270 (2) 

Table 3. Bond lrngths (A) for bonds involving non-hydmgen atas In 2d -* 

C(l)C(Z) 1.520(2) C(3)C(9) 1.397(2) C(B)C(P) 1.374(2) 
C(l)C(lO) 1.479(2) C(4)C(5) 1.326(2) C(8)OO) 1.367(l) 
C~l)C(ll) 1.550(2) C(S)C(l4) 1.4e5(2) C(lO)N 1.134(2) 
C(l)O(l) 1.447(l) C(S)O(l) 1.389(l) C(ll)C(l2) 1.511(2) 
C(2)C(3) 1.392(2) C(6)C(7) 1.385(2) C(ll)C(l3) 1.529(2) 
C(2)C(61 1.398(2) c(7)cte) 1.408(2) C(l5)0(2) 1.427(2) 
C(3)C(4) 1.453(2) C(7)0(2) 1.360(l) C(l6)0(3) 1.417(2) 

Table 4. Bond angler (") for the non-hydrogen Jtoms for g. 

115.1(l) 
117.6(l) 
117.3(l) 
110.8(l) 
103.8(l) 
109.3(l) 
110.9(l) 
112.5(l) 

123.3 ( 
120.5 
118.5 
118.9 
122.6 
lM.8 
120.9 
110.8 

1) 
1) 
1) 
1) 
1) 
1) 
1) 
1) 

125.2(l) 
115.6(l) 
119.2(l) 
115.1(l) 
124.8(l) 
lM.l(l) 
120.8(l) 
178.9(2) 

c(lo)c~l)c(ll) 109.1(l) C(4)C(S)C(l4) 128.3(l) c(l)c(1llc(l2) 112.0(l) 
C(l)C(2)CO) 116.0(l) C(2)C(6)C(7) 120.4(l) C(l2)C(ll)C(l3) 111.3(l) 

1 C(l)C(ll)C(l3) 111.5(l) 

N-ring of atoclr In TJbks2-4 Is glvrn In Fig. 1. 

bneral procedure for mrction with sodlu hydroxtda. ---- 

Th n ixtum of 2-benropyryllu salt Ic,d or cyrnoirochroaem 2 (10 rrol) Jnd 20 al SO% 
Jqueour sodtu bydmxlde solution was mfluxed for 7 hn, then 20 01 of cad wrtar uem rddrd end 
the msidur ups extracted Into cblomfom. Pum capoundr &. 2.b. ?c,d Jnd 2 (TLC control) uem 
ObtJfMd JftW evaporrting the drfed chloroform solutions. 

-_ 

caapound 11, lnsoluble in chlorofotu. ws fflterd off Jnd rrcrystJllited fma n-pmpJ- 
no1 with bot ffltrrtlon. 

lb J uaous 

CJIC Of sJItS &,_ % 
sodium hydroxide solution ups Jctdlfied wfth hydmchlorlc Jcfd, snd for the 

and cyanotsochrorne d. JdditfonJI amounts of naphthols 7c.d mm ftltemd off. -- 
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l-Bsruyli&no-b,?dimetiPry-3mothylirodno~ I*), m.p. = 139” (93% yttld). 

12-AatyZ-a,3,8,a-t~trcnwtlPry-b,i~-diauthyzdyrroru (se), m.p. = 197”” (701 yltld). 

12-~yZ-1,3,8,fi~trmPtlPry-6~thyt-1l-phmyZQkry~ono (b&I, l .p. l 250.' (7OS ylcld). 

b,?-DimrtiPsy2,3dinwtlryl-l-nqphfhD1 (2). m.p. - 149'" (JOI ylald fmm lf and 50% ylrld firm 1oc). 

4-Iurp~pyZ-6,7-dinthPry-ZnaphtlpZ (7dl. n.p. 
ylcld from 1Cd). Found : 

= 87. (40% ylcld fron 14, 80X yield fra 2d and 98S 
C, 73.02 ; ~.7.20. C~,HIIO, rroufns : C, 73TI-7 ; I!, 7.31%. 'H-m spcc- 

trun. 6 : 13 (3H. s, CH CH,),) 
6.47 (2H aroc, s) ; 7.05 I 

; 1.43 (3H, s. CH(C.'(,),) ; 3.97 (7H, s and l , 2CH,O and CH(CH,)I) ; 
lH apQ. s; irrd 7.35 ppI m aron, 5). 

4,7-DirrutlPoy-2,3dit~Z-l,4~~htipq (9). n .p. = 215’ 701 ylcld 
5.75. Clrhl.0, requfres : C, 68.29 ; L, 5.69X. m specttur (1~ f hC1,) : i 

. Found : C, 68.15 ; K, 

'Ii-fm spectrum 
1 50, 15C3. 1320 a-1. 

: 6 : 2.15 (6h, s, ZCh,) ; 4.W (6H. s. 2CH.O) ; 7.43 pp~ (2H arm. s). 

l-Et~z~N-J-hydrpry-311Wt)ry2-6,7~tlD 
tna. rv'~ = 25C (M) . Found : 

Cwchrvma~ lZpol, m.p. l 183' (501 ylald). Mass spec- 
C. 67.42 ; h.r.24 ; CI.H,,O~~ulms : C, 67.2G ; H, 7.20%. 

~-~~p~pyZi&ru-3-hy~ly-3mtiry2-b P-dimstbryiwabumwn (l&i), s.p. = 12E" (3OS yield In solu- 
tlon at 501 conccntratlon and 601 yteld In solutton at 151 con=tratlon). Found : C. 68.24 ; H, 
7.62 ; CI,Ha,O, requlrcs : C, 68.18 ; H, 7.58X. 

f-8-Z-Ami&-d.7-dimot)D~-3-13,4dimotbrypho~ZIiw~me~ (11). m.p. = 218' (602 ylcld). Found : 
C, 64.75 ; Ii. 5.78 ; H. 3.82 ; C,,H,,lUl, rrquiret * C 64.69 ;7;, 5.66 ; W. 3.77%. IR smtrtm : 
3U7. 3180, 1687, 1620, 1607, 1507. 1207. 1127 cm- i. fh-mP spectnn (ln WA-O, at 1Or) : 6 : 

; 3.73 (3H, s. CH.0) ; 3.75 (3H. s. CH,O) ; 3.78 (3H, s, CH,O) ; 5.50 (H-1. s) ; 
; 6.73 1H aron, s) 

I IM-CONh,l+, 
; 7.00-7.35 pp~ (6H, II. 4H arca and COW,). Mass spectrta, m/a = 
100%). 
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