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164. The Photoelectron Spectrum of Thiazyl Fluoride (NSF) I) 
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.Stii?tnzary. The photoclcctron spectrum of thiazyl fluoride has bccn recorded. An assignment of 
llic first fivc bands has bccn attempted, using semi-empirical calculations. 

Within the last few years there have been exciting developments in the field of 
sulfur-nitrogen compounds [Z]. One of the key compounds is thiazyl fluoride, NSF, 
which can be conveniently prepared by thermal decomposition of Hg(NSF,), [3]. 
Microwave [4] and infrared [5] spectral analyses lead to  the following structural data 

L4"61: R ( N S )  = 1.446A; k(NS) = 10.72-105dy~icm-1 
R(SF) = 1.646A; k(SF) = 2.8S-105dyncm-1 
a(NSF) = 116" 52'; k (a )  = 0.98. 10-l1 dyn ciiirad-2 

In order to learn more about the electronic structure of NSF we have investigated 
its photoelectron (PE.) spectrum and performed Extended Huckel (EHT) 171 and 
CNDO/2 [S] calculations on this molecule. 
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Figure 1. Photoelectroiz spectrum of thzazyl fluoride ( N S F )  

Fig. 1 shows the PE.-spectrum of NSF, as recordcd on a Turner-type instrunlent 
191 (PE.-spectrometer PS-16 of Perkin-Elmer Ltd., Beaconsfield) ; the relevant data 
are collected in Table 1 

In the range 10 to 19 eV the PE.-spectrum of NSF consists of five clearly recogniz- 
able bands labelled 0 to 0 in Fig. 1, and of a shoulder @. The assignment of the first 
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Table 1. Vrvtical lovz i zd io /z  Poh:utials fuv  i\;.SF a r z d  Ovbifal E ~ c v g i e s  
Ell'l: Extcntlctl Hiickcl Theory 171; CNl>O/2 [8 ] .  .\11 values in cV. l h c  assignment of orbitals 

iollows froin tlic EH'T results 

Orbital encrgics ") 

~ ~ ~ ~ ~ ~~ ~~~~~~~ 

' I1 11.82 13  a' (a) - 12.58 - 12.80 - 13.69 

0) 13.87 3 a" (n) - 14.90 - 14.99 - 15.36 
(4 15.01 ") 11 a' (a) - 16.85 - 16.02 - 19.53 

& 13.50 12a' (a) - 14.32 - 14.39 - 1 6 2 2  

$3 16.47 1)) 10a' (0) - 18.20 - 18.21 - 20.15 

c h )  

IJ) Shoulder @ at 17.2cV. 
e) 

11) 
") Including d-c,rbita.ls on S. 

Vibrl~tioiial tnaxiinuni a t  15.GOcV o f  samc intcnsity. 

C:alculations assuming the expuriincntally cleturininetl geometry of the molecule. 
\Vith ncglcct of d-orbitals on S. 

lour baiids follows froiii tlic Wa2slz-cliagi-ani of Fig. 2, wliicli shows the dcpciidcnce of 
t l ic corresponding orbital energies 011 the bond angle cc. Tliis diagram, wliicli is based 
on the nunierical results of EHT calculations, is cssciitially the o m  given many ycars 
ago by JVaZsh for the geiieral casc of a triatoiiiic iiiolccule ABC [lo!. 
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Figure 2 .  Walsh-diagrccm fbv ATSF 
Thc orbitak shown on the  left are for c1 = 180" and  thosc on thc  right for OL = 117 ' 

For C( < 180°, the 32 electrons of tlie molecule occupy 16 orbitals, of which 
la"(n) to 3a"(n) belong to  the irreducible representation A" of Cs, and la'(o) to 
13a' (a) to A'.  In the liiiiitiiig case of a linear inolecule ( x  = 180") each of the two pairs 
of highest occupied orbitals, 4e1(n) and 3e,(n), is degenerate (belonging to El of 
C,,), but 4e1(n)  contains only two electrons with parallel spin, so that a linear NSF 
molecule would be in a triplet ground state. 
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Neglecting the 14 inner-sliell elccti-on.;, W J  arc Iclt with 18 valence electrons. For 
this number Walsh predicts [lo] a inca!i h i l d  angle of K -120" (e.g. NOCl: K - 110"; 
NOIZr: u = 117"; SO,: a = 119"; 0,: c( = 130" Lll]), iii agrecmeiit with the experiincn-- 
tal value of a = 117" found for NSF. 

As can hc seen froin the orbital diagrani of Fig.2, t l rc nuiirbcrs a d  positions of the 
iiodes in tlie upper occupied orbitals of NSF  arc also tliose expected on the basis of 
qualitative arguinents. 

I<cinoval of an electron from 13a'(o),  which yields tlic radical cation NSF+ in its 
2A' ground state, should lead, according to Walsh, to an increase in a (e.g.  NO,, 17 
valeiicc electrons, u = 1.54"). On the other hand the first electronically excited state of 
the same syiniiietry ("'), obtained by vacating 12a' ((T), should be associated with 
an equilibrium geometry of NSF+ with x < 117". Finally the first electronically 
excited 2A" state (ejection froiii 3 a" (n)) sliould leave K essentially unaltered. For 
ioiiization lmcesses in wliich electrons are rcinoved from even lower lying orbitals, tlic 
predictions concerning changes in cquilibi-iuiii gcoiiietry bcconie increasingly doubtful. 

The correlation between observed band positions and calculated orbital character- 
istics (symmetry and energy), such as shown in T a l k  1, is based on the validity o f  
Koojmzans' theorem, i .e.  F ,  = - I ,  , . For expcrimcntal 1-easons the vertical ionization 
potentials Iu, are identified with the positions o f  the band maxima, i .e .  with the 
positions of the respective fine-structure maxima witli highest Franck-Conzdon factor. 

EHT "71 and CNDOj2 [8] type calculations give similar level oi-derings, except for 
the 12a' (G)  and 3a"(n)  orbitals. The bands (3 and c?;, which correspond to the ejection 
of an electron from one or the other of these orbitals, are separated by only 0.37 eV. 
A s  can be seen from Table 1, the EHT inodel pla 12 a' ((T) above 3 a" (n) while 
CND0/2 predicts the inverse order. In our experience EHT is often a better guide 
than CND0/2 for the interpretation of photoelectron spectra ( e g .  [la]), so that we 
propose tentatively the assigninent given in Table 1. 

The bands (21, @ and 0 of the PE.-spectrum of NSF exhibit well resolvcd vibra- 
tional fine structure, as shown in Fig. 3. 

i\ normal coordinate analysis for the neutral NSF molecule has been carried out by 
Sawodfiy, Fadini & Llallein [6]. We havcf repeated the vibrational analysis with the 
help of a recently described computer-prob.raiii [I 31, using the force coiistaiits 5' w e n  
by these authors [6]. The amplitude vectors and frequencies of the three normal iiiodes 
are given in Table 2. 

From our iioriiial coordinate analysis the highest and lowest frequencies, 1372 c i r l  
and 366 cni-l, correspond to an alinost pure N-S stretching mode and to the N-S-F 
bending mode, respectively. The vibration with frequency 640 ciri-l is iiiore mixed, but 
doiiiinated by the stretching of the S-F bond. 

In decomposing tht. vibrational pattern of the bands @ and @ we have assumed 
that the almost complete separation of the normal modes relative to the three internal 
coordinates, observed for the neutral molecule NSF, is conserved in the radical cation 
NSF+ in its respective electronically excited states. The relatively sinall changes in 
frequency of these normal modes on ionization can then be determined from an 
analysis of tlie vibrational fine structure of the appropriate PE.-band (see Fig. 3 a and 
3 b, and Table 3). 

, .  
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1?1 

Qs 

P 

0.248 - 0.042 - 0.042 1372 
0.009 0.219 - 0.087 640 
0.004 0.026 0.214 366 

b 

Figurc 3. V i b v u f r u v t u l / i ~ i c  S ~ Y L K ~ U Y L '  oj the bunds & (a), ' : G  (b) ucnd @ (c) 

Tlic vi1)rational pi-ogrcssions arc charactcrizctl by thc syiiibols A, m, 0 

\ s YN-S YS-r' EN-S-F i7 (cm-1) \ Q 

From Tablc 3 it is evident that  it is rather difficult to draw definite conclusions from 
this analysis concerning the state of thc radical cation NSF+ to be associated with a 
given band in the PE.-spectrum. The only significant rcsult is the reduction in the 
frequency of mode V ,  in the progression uf band t3,,. This is in agreement with what 
one might deduce from the orbital assignment given in Table 1 and Fig. 2. However, 
this 'confirmation' should be taken cum g r a ~  salis. 



HRLVETICX CHIMICA ACTA - T'ol. 54, Fasc. 6 (1971) - Nr. 164 1563 

Tahlc 3. Frequ~nczcs (in Wavenutizhcvs) OJ t h c  ,\'osnral Motlcs oj NSFf aizd S S F  
All valucs in cni-I. The valucs in brackets arc the 90 percent confidence limits, the  values in italics 

the central valucs (SCC appendix) 

WSF' n51: - 
" A '  2A 1, ,A' 'A' 

(1227) 
V I  (W-h) 1334 

(1441) 

4977) 
T05X 

(1139) 
1372 

(642) (693) 

(770) (799) 
vr (b-1') S S 9  707 746 640 

- (385) (371) 
v3 (N-b-l. ) 422 476 366 

(459) (5x1) 

8) 

") 

I ' rquencics deduccd from dn anilysis o f  t h e  vibrational fine structure of the corresponding 
PE -band (see fig 3 b and 3c) 
Freclucncics for the neutral inolcLule cieduccti from its infrdrcd spectral analysis [6] 

The spacings arc in air,  the results of thc analysis in cn-1 (set: text) 

Band 

Spacing 1 0 
2-1 
3-2 
4-3 
5 4  
6-5 
7-6 
8-7 
9-8 

10-9 

0.15, O.ll0 0.04, 
0.16, 0.11, 0.05, 
0.17, 0.11" 0.04, 

0.05, 
0.04, 
0.05, 
0.05, 

0.13, 0.08, 0.04, 0.11" 
0.12, 0.09, 0.06, 0.10, 
0.13, 0.07, 0.05, 0.10, 

0.09, 0.07, 0.09, 
0.04, 0.09, 

0.08, 
0.08, 
0.07, 

0.08, 
0.07, 

Results o f  the least squares analysis: 

Rlcan value 1334 889 422 1058 707 476 746 

Standard error 64 - 51 48 54 110 86 

Studelzt's t 
(I' = 0.1) 2.92 - 1.94 2.92 2.35 2.13 1.83 

90% Confidence 
limit 

upper 1441 - 459 1139 770 581 799 
lower 1227 - 385 97 7 642 37 1 693 



1564 HELVETIC.4 C H I ~ I I C A  XcTa - Val. 54, Fasc. 6 (1971) - Nr. 164-165 
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:Ippendix. Table 4 lists thc  analysis of the vilrational fine structure ol ba~icls &, r:~: and fg. 
‘The nunibcring of  the spacings refers to Fig. 3. The spacings have bccn measured in arbitrary, 

units, which have been converted into the vducs in cV o f  Table 4 by multiplication with a scale 
factor. 

1 he rcsults o f  thc least-squares analysis :ti-c givcn,  for convcnicncc, in cn-l .  The Studcnt-t- 
valucs a]-c those for I’ 2 0.1 t . c .  for 90 pcrccnt coniitlcncc limit. 

,. 
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165. Synthesis and Absolute Configuration of 
Cryptostylines I, 11, and 111 

by A. Brossi c~nd S. Teitel 
( h c  i m c J  RLsa rd i  I )cp.~rtiiicnt, Hotjnzann-La fi‘oche Inc , Kutlcy, New Jersey 07110 

I)ediccctd to  I’rofessor Ur fi. tl. InhofJLiz on tliL occdbion o f  his 65th birthday 

(5 VI 71) 

%r~suirtmeiz/n,s,sz~~~g. 1 Xc 1)srstellung der drci optisch aktivcn nnturlichcn Alkaloidc Cryptosty- 
line 1, I1 und 111 aus Cryptostylis fillva Sckl fv .  uiicl  ihrer clrci unnaturlichcn .\ntipodcn wird bc- 
schricbcn. Es wirtl gezcigt, dass die drei natiirlichcn Cryptostylinc S-Konfiguration bcsitzen. Die 
bcrichtete loichte Racciiiisierbarkcit der naturlichcn Cryptoslylinc w i d  auf optischc Unrcinlieit 
tlcr urspriinglichen Praparate zuruckgcfiihrt. 

Tile optically active alkaloids cryptostyline I ,  I I ,  and 111 isolated by Leander 
et aI. from C~yfitostylisjielva SchLtr. (Orchidaceae) are substituted l-phcnyl-tetrahydro- 
isoquiiiolines whose basic chemical structures (shown below) have been elucidated by 
physical inctliods and verified by a straightforward synthesis of their (*)-isomers L1.1. 




