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Table I. Electronegativitiesa,b 

Li Be B C N 0 F 
H 1.00 1.48 1.84 2.35 3.16 3.52 4.00 
P 0.98 1.57 2.04 2.55 3.04 3.44 3.98 
A 0.97 1.47 2.01 2.50 3.07 3.50 4.10 
S 0.99 1.50 2.00 2.50 3.00 3.50 4.00 

Na Mg 
H 0.89 1.24 
P 0.93 1.31 
A 1.01 1.23 
S 0.91 1.18 

A1 Si P S C1 
1.40 1.64 2.11 2.52 2.84 
1.61 1.90 2.19 2.58 3.16 
1.47 1.74 2.06 2.44 2.83 
1.43 1.66 1.90 2.12 2.35 

K Ca sc  Ti V Cr Mn CU Zn Ga Ge As Se Br 
H 0.73 0.96 1.14 1.27 1.42 1.72 1.88 1.10 1.40 1.54 1.69 1.99 2.40 2.52 
P 0.82 1.00 1.36 1.54 1.63 1.66 1.55 1.90 1.65 1.81 2.01 2.18 2.55 2.96 
A 0.91 1.04 1.20 1.32 1.45 1.56 1.60 1.75 1.66 1.82 2.02 2.20 2.48 2.74 
S 0.79 1.10 1.40 1.50 1.66 1.81 1.96 

OFSGO values are based on hydride scale:  EL^ = 1.00; EF = 4.00. On this scale E H  = 2.79 as compared with 2.20 on Pauling and Allred- 
Rochow scales. b H  denotes FSGO hydride scale; P denotes Pauling scale, values from A. L. Allred, J. Inorg. Nucl. Chem., 17, 215 (1961): 
A denotes Alhed-Rochow scale, values from ref 3; S denotes St. John-Bloch scale. values from ref 6. 

sharing of the bonding electrons. In short, the deviation OffAB 
from 0.5 measures the degree of electron transfer within a 
bond, and this is, presumably, the most conceptually attractive 
and most direct measure of differences in electron attracting 
power, or electronegativity.' 

The simplest definition of electronegativity difference in 
terms OffAg is a direct proportionality:'* 

( E B  - EA) = K C ~ A B  - 0.5) (2) 

( E B  - € A ) / ( ~ B  - E C )  = C ~ A B  - o.s ) /Cfc~  - 0.5) (3) 
from which we note that if reference electronegativities are  
selected for two elements to set a standard point and scale 
expansion factor, then electronegativities can be generated for 
other atoms using only thefAB values taken from a b  initio 
quantum mechanical calculations. Alternatively, eq 2 could 
be rewritten as 

the constant in eq 2 may be eliminated by taking a ratio, 

( E B  - EA) = K ( R A  - R B ) / ( ~ R A  -k ~ R B )  (4) 
Equation 4 emphasizes the fundamental symmetry of our 
definition. Further, since the classical bond contribution to the 
molecular dipole moment would be 6 = ~ ( R A  - R B ) / ~ ,  eq 
4 displays the anticipated relationship between electronega- 
tivity and dipole moment. 

Since many hydrides have been studied by the FSGO 
method,I3 hydrides have been used to generate a nonempirical 
electronegativity scale. Li and F (in LiH and H F )  were as- 
signed the electronegativities 1 .OO and 4.00, respectively, and 
electronegativities were subsequently calculated for H and the 
other atomsI4 listed in Table I. One observes that the predicted 
electronegativities are  in remarkable agreement with widely 
used empirical values. The small lowering of the electronega- 
tivities of most third-row elements, in comparison to the 
Pauling or Allred-Rochow values, is consistent with the trends 
suggested by Phillips5 and St .  John and Bloch.6 With the ex- 
ception of H (which is unique in the FSGO framework in that 
there is no nuclear shielding) and Cu (the bond length of C u H  
is grossly overestimated by FSG013d) ,  the agreement with the 
Allred-Rochow scale is particularly striking. However, in 
contrast to the Allred-Rochow scale, note that sulfur is pre- 
dicted to be more electronegative than carbon, in agreement 
with chemical behavior. 

We find that the proposed electronegativity scale is usually 
consistent with electronegativity differences (computed from 
 AB by eq 2 or 3) for nonhydride compounds. For example 
(hydride scale in parenthesis): cci -  EL^ = 1.80 (1.84) in LiCI, 
EO - tg, = 1.87 (1.69) in BeO, EO - tsj = 1.86 (1.88) in SiO, 

€0 - tc = 1.28 (1.17) in methanol, EO - E H  = 0.70 (0.74) in 
methanol, and  EL^ -  EN^ = 0.13 (0.1 1) in NaLi. However, 
electronegativities vary, as  one might expect, with number of 
lone pairs and formal charge. For example, €0 = 3.84, 3.74, 
3.52, and 3.23 in the respective species H402+,  H3O+, H l O ,  
and OH-; esC = 1.14 and 1.04 in ScH3 and ScH; and EO - EC 

= 1.54 (1.17) in the triply bonded carbon monoxide. 
In conclusion we suggest that the above results constitute 

prima facie evidence for both the validity of the generally ac- 
cepted interpretation of electronegativity and for the concep- 
tual utility of the FSGO method. 

References and Notes 
(1) L. Pauling, "The Nature of the Chemical Bond", 3d ed, Cornell University 

(2) R. S. Mulliken, J. Chem. Phys., 2, 782 (1934); 3, 573 (1935). 
(3) A. L. Allred and E. G. Rochow, J. Inorg. Nucl. Chem., 5, 264 (1958). 
(4) R. T. Sanderson, J. Chem. Educ., 29, 539 (1952); 31, 2, 238 (1954). 
(5) J. C. Phillips, "Covalent Bonding in Crystals, Molecules. and Polymers", 

(6) J. St. John and A. N. Bioch, Phys. Rev. Lett., 33, 1095 (1974). 
(7) A. A. Frost, J. Chem. Phys., 47, 3707 (1967). 
(8) See, for example, E. R. Talaty, A. K. Schwartz. and G. Simons. J. Am. Chem. 

(9) P. H. Blustin and J. W. Linnett, J. Chem. SOC., faraday Trans. 2, 70, 274 

( I O )  This is an interpretation, as the location of the center of a bonding orbital 

(11) J. Hinze and H. H. Jaffe, J. Am. Chem. SOC., 84, 540 (1962). 
(12) This definition requires a well-defined bonding orbital and may not apply 

to extremely ionic bonding such as in alkali fluorides. 
(13) (a) First-row hydrides, A. A. Frost, J. Phys. Chem., 72, 1289 (1968); (b) 

second-row hydrides, S. Y. Chu and A.  A.  Frost, J. Chem. Phys., 54, 760 
(1971); (c) K-Mn hydrides, E. R. Talaty, A. J. Feary, and G. Simons, Theor 
Chim. Acta, 41, 133 (1976); (d) Cu-Br hydrides, G. Simons and E. R. Talaty, 
unpublished. 

(14) Using the calculated multipliers fLlH = 0.893 and fFH = 0.233 in eq 3, and 
setting CL, = 1.000 and t~ = 4.000, yields eH = 2.786 and K = 4.546. In 
methane, for example, ~ C H  = 0.595; hence, cc = -4.546(fc~ - 0.5) C 
2.786 = 2.354. 

Gary Simons,* Melvin E. Zandler, Erach R. Talaty 
Department of Chemistry, Wichita State Uniuersity 

Wichita, Kansas 67208 
Receiued August 25, 1976 

Press, ithaca, N.Y.. 1960, pp 88-93. 

University of Chicago Press, Chicago, Ill., 1969, p 230. 

SOC., 97, 972 (1975) and references cited therein. 

(1974). 

is being considered instead of the molecular electron density. 

Synthesis of 2-Amino-5-cyano-7-(~-~-ribofuranosyl)- 
pyrrolo[2,3-d]pyrimidin-4-one. An Important Precursor 
for the Synthesis of Nucleoside Q and Q* 
Sir: 

The structure of nucleoside Q was recently elucidated and 
reported' to be 2-amino-5-(4,5-cis-dihydroxy-l-cyclopen- 
ten-3-yl-trans-am~nomethyl)-7-(~-~-ribofuranosy~)pyrro~o- 
[2,3-d] pyrimidin-4-one ( la) .  This modified nucleoside oc- 
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cupies the first position of the anticodon2 of E .  coli tRNATrr ,  
tRNAH", tRNAA'", and tRNAAsP and has now been shown3 
to be widely distributed in t R N A  from animal as  well as plant 
sources. A biosynthetic study4 has revealed that nucleoside Q 
arises from a guanine residue. During the course of modifi- 
cation (G - Q), the C8 carbon and N 7  nitrogen of the guanine 
precursor are  expelled, which suggests that the biosynthesis 
of nucleoside Q may be similar to the biosynthesis of toyo- 
camycin from adenosine5 with the precursor for the aglycon 
of nucleoside Q presumably being guanosine. Prompted by 
these reports and the fact that we have been involved in pyr- 
rolo[2,3-d]pyrimidine nucleoside research for several years,6 
we explored several synthetic routes which were designed to 
furnish the nucleoside moiety of nucleosides Q and Q*.7 W e  
now wish to report the synthesis of 2-amino-5-cyano-7-(@- 
~-ribofuranosyl)pyrrolo[2,3-d]pyrimidin-4-one (8, reaction 
scheme), a potential precursor of nucleosides Q ( la)  and Q* 
( I b ) .  

U 
HY' 

0 ,  R = H  

b ,  R =  glycosyl 

HO OH 

I - 
We elected to use toyocamycinbb (2), a nucleoside antibiotic5 

with established chemotherapeutic and biological properties,s 
as the starting material for our synthesis. Toyocamycin was 
oxidized with m-chloroperbenzoic acid in glacial acetic acid 
at  65 "C for 2 h. This furnished a white crystalline compound 
(75% yield) which was assumed to be toyocamycin 3-N-oxide 
(3) (mp 269 "C dec). Deamination of 3 with nitrous acid in 
dimethylformamide furnished 5-cyano-3-N-hydroxy-7-(@- 
~-ribofuranosyl)pyrrolo[2,3-d]pyrimidin-4-one (4, 55%) (mp 
230-232 OC; uv XmaxMeoH 274 nm (e, 8040), 302 sh (4640); 
ir (KBr) 2240 cm-] (CGN)). Acetylation of 4 with acetic 
anhydride/pyridine a t  room temperature for 5 h provided a 
near-quantitative yield of 5 which was then treated with 
phosphorus oxychloride at  reflux in the presence of 2,6-lutidine. 
The latter procedure9 conveniently chlorinated the positions 
ortho (C2 and C4) to the N 3  position of the heterocyclic ag- 
lycon. After removal of the excess phosphorus oxychloride and 
column chromatography (Mallinckrodt CC-7; chloroform- 
ethyl acetate, 4: 1, v/v), we obtained crystalline 5-cyano- 
2,4-dichloro-7-(2,3,5-tri-O-acetyl-~-~-ribofuranosyl)pyr- 
rolo[2,3-d]pyrimidine (6) in 38% yield (mp 125 OC, uv 
X,,,c,xMCoH 285 nm (e, 6130); ir (KBr) 2240 cm-I (CGN)). A 
saturated aqueous barium hydroxide solution containing the 
dichloro nucleoside 6 was stirred a t  room temperature for 30 
h. The resulting suspension was carefully adjusted to p H  2 with 
20% aqueous sulfuric acid and filtered, and the filtrate read- 
justed to pH 7. The neutralized filtrate was then taken to 
dryness in vacuo. The solid residue was purified by column 
chromatography (CC-7; ethyl acetate-methanol, 9: 1, v/v) to  
afford 2-chloro-5-cyano-7-(@-~-ribofuranosyl)pyrrolo[2,3- 
dlpyrimidin-4-one (7) in 40% yield (mp >165 O C  dec; uv 
Xl,,axPH I 257 nm ( e ,  5200), AmaxpH 277 sh (e, 3500), 265 
(5900); ir (KBr) 2230 cm-' (CGN)). ' H  N M R  spectroscopy 
and elemental analysis1" established that a displacement of the 
4-chloro group was concomitant with deacetylation. Fur- 

OH 
Ho - 2 

GIN 

I 

- 4 ,  R - H  - 5 ,  R a A c  

HO OH 
7 - 

- / Acw AcO OAc 

0 HO OH 
0 AC. -&cH, - 

thermore, proof that the chloro group in the C 4  position had 
been displaced rather than the C 2  chloro group was established 
by a removal of the C 2  chloro group of 7 with hydrogen and 
Pd/C to afford the known 5-cyano-7-(@-D-ribofuranosyl) 
pyrrol0[2,3-d]pyrimidin-4-one.~ I 

Conversion of 7 to the desired guanosine analogue 8 was first 
attempted using methanolic ammonia in a steel reaction vessel 
a t  120 O C .  The use of methanolic ammonia was found to be 
unsuitable'* and furnished only a limited amount of 8 which 
was accompanied by several undesired side products. We then 
changed our reaction conditions and used liquid ammonia in 
a steel reaction vessel a t  100 O C  to obtain the desired 2- 
am~no-5-cyano-7-(~-~-r~bofuranosyl)pyrro~o[2,3-d]pyr~m~- 
din-4-one (8) in 76% yield (mp 267 O C  dec; mass spectrum (El, 
5-Me3Si, 70 eV) m/e 667 (M);  IH N M R  (MerSO-dh) d 7.98 

uv AmaxpH I 288 nm (e, 6850), 267.5 (8450), 227 (17 350), 
AmaxpH I 285.5 nm (e, 7000), 267.5 (6500), 225.5 (20 000); 
ir (KBr) 2240 cm-] (C=N). The successful synthesis of 8 has 
provided a pathway to nucleosides Q and Q* as  well as  a gen- 
eral method for the synthesis of other guanosine analogues in 
the pyrrolopyrimidine area. 
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Photolysis of Isotopically Labeled 1,2,3-Selenadiazole 
and 1,2,3-Thiadiazole. Symmetry Properties of the  P a t h s  
Leading t o  Ethynyl Mercaptan and Selenol. 
Evidence for  Thiirene' 

Sir: 
We recently reported2 on the irradiation with Pyrex-filtered 

mercury lamp light of matrix-isolated 1,2,3-thiadiazole ( l a ) ,  
whose photodecomposition appears to involve the potentially 
antiaromatic molecule, thiirene (2), as  a transient 
 specie^.^.^ 

hv (-yh 8 ~ , ~ r -  HCIC-XH + H,C=C=X 
X 

la, X = S 
b, X = Se 

3 4 

I n  this communication we describe the photochemistry of 
matrix-isolated 1,2,3-selenadiazole5 ( lb) ,  (which exhibits, in 
its details, behavior quite distinct from its sulfur analogue)2 
and further experiments with isotopically labeled la. Irra- 
diation with Pyrex-filtered mercury lamp light of argon or 
nitrogen matrix-isolated l b  a t  8 K (M/R - 500) gave ethynyl 
selenol3b, selenoketene 4b, and acetylene (5) (a product not 
observed in the photolysis of la).6 It is noteworthy that  l b  is 
not interconverting with the more photostable 1,3,4-selena- 
diazole'J (6b), since neither 6b nor its major photoproduct, 
hydrogen cyanide, are observed during the photolysis of lb. 

Selenol 3b possesses key bands a t  3318 (ECH str), 2050 
(C=C str), and 581 cm-I (=CH in-plane bend), virtually 
identical with those observed for the corresponding modes in 
3a2 and ethynyl ~elenoethers .~ The assignment of an extremely 
intense band a t  1695 cm-I in the spectrum of photolysate to 
the C=C stretch of 4b is reasonable, in light of the value of the 
corresponding mode in thioketene (1755 cm-I). This band 

t -~ 

l i W  30W 25W 20W BW I b M  I4W 12W lDJD B M  KC 
WAVINUMIEP cu 

Figure 1. Spectrum of argon matrix-isolated 1,2,3-thiadia~ole-4-'~C (90% 
isotopically pure) ( M / R  = 500) photolyzed at 8 K for 105 min with 
Pyrex-filtered light Starting thiadiazole has been destroyed Pairs of bands 
due to isomeric I3C ethynyl mercaptans are seen at 3307 and 3325 (CH 
str), 2025 and 2045 (C=C str), and 552 and 555 cm-' There is a 10% 
contribution from the carbon-I2 spectrum 

displays, on substitution of l b  with deuterium, behavior typical 
of parent cumuIenes:l0 Vdg = 1699, Vdl = 1698, V d 2  = 1681 
cm-,'. Detection of selenoketene represents one of the few 
documented examples of a species possessing a C=Se double 

Photolysis with Pyrex-filtered light of argon matrix-isolated 
4-deuterio- 1 ,2,3-selenadiazole5 (M/R - 400) gives product 
spectra containing absorption characteristic of =C-H (33 18 
cm-I) and =C-D (2580 cm-I) stretches in the ratio of ca. 0.2; 
under identical conditions the 5-deuterio isomer gives these 
bands in an approximately inverse ratio of 3.5! Whereas the 
hydrogens of the thiadiazole framework become equilibrated 
through a symmetrical species en route to ethynyl mercaptan 
3a, it is clear from the foregoing labeling experiments that the 
major portion of ethynyl selenol3b is not formed via a pathway 
which equilibrates the hydrogens. 

I f  the Pyrex filter is removed after monodeuterated 
selenadiazole has been fully photodecomposed, and the 
"Pyrex" photolysate is then irradiated with a bare lamp ( A  > 
200 nm), the selenol increases a t  the expense of both acetylene 
5 and selenoketene 4b, with the ratio =CH/=C-D(str) of the 
selenols converging to  1 .O. 

A possible mechanism for the loss of acetylene could involve 
the addition of photochemically excited selenium atoms to 
neighboring acetylene molecules. I Plausible explanations for 
the trade-off of selenoketene 4b for selenol 3b include (1) 
conversion of 4b to the carbene 7, which could, in turn, isom- 

4b 7 8 

\ 1 
HCEC-SeH 

3b 
f 

[HC=C=Se + H.1 - [HC=C-Se. + H.1 
erize to predominantly the selenol through selenirene 8, or (2) 
a reaction mediated by a hydrogen radical cleaved from the 
carbon end of 4b, which then readds to the selenium terminus. 
Support for the latter alternative is derived from the observa- 
tion that irradiation ( A  > 200 nm) of the photolysate from l b  
isolated in a carbon monoxide host a t  8 K produces absorptions 
[ u  = 1865 (s), 1093 cm-' (m)] in the infrared, indicative of the 
formyl r a d i ~ a l . ' ~ . ' ~  

The results of irradiating 1,2,3-thiadiazole-4-I3C (9) (90% 
isotopically pure) in solid argon are  pictured in Figure 1 .  Pairs 
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