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A b s t r a c t .  SET-photosensitized reactions of a,fl-enones and -ynones containing tethered ct- 

silylamine functions are described. The processes lead to hydropyridine ring construction via 

pathways  involving 6-endo type a-amino radical cyclizations. High degrees of  regio- and 

stereocontrol attend these reactions. 

INTRODUCTION 

M e t h o d s  for  c a r b o c y c l i c  r i n g  c o n s t r u c t i o n  w h i c h  r e ly  on  r a d i c a l  e y c l i z a t i o n  

p r o c e s s e s  have  g a i n e d  wide  a t t e n t i o n  in r e c e n t  yea r s .  1 The  a p p e a l  of t h e s e  m e t h o d s  h a s  

b e e n  fos t e red  b y  the  fac t  t h a t  mi ld  c o n d i t i o n s  a re  r e q u i r e d  for r a d i c a l  g e n e r a t i o n  a n d  t h a t  

t he  cyc l i za t ion  r e a c t i o n s  a re  of ten a c c o m p a n i e d  b y  h igh  de g re e s  of  r eg iocon t ro l  offered b y  

a c o m b i n a t i o n  of  s t e r e o e l e c t r o n i c  a n d  f ron t ie r  m o l e c u l a r  o rb i t a l  (FMO) effects .  2 Over  the  

s a m e  t ime  pe r iod ,  s ing le  e l ec t ron  t r a n s f e r  (SET) p r o m o t e d  p h o t o c h e m i c a l  r e a c t i o n s  have  

b e c o m e  t h e  focus  of  i n c r e a s i n g  i n t e r e s t  owing  to t he  v a r i e t y  of  n e w  p r o c e s s e s  t h a t  t h i s  

a r e a  h a s  s p a w n e d  a n d  the  f u n d a m e n t a l  m e c h a n i s t i c  i s s u e s  involved .  3 T h e s e  t y p e s  of 

p h o t o c h e m i c a l  r e a c t i o n s  o c c u r  t h r o u g h  p a t h w a y s  in w h i c h  SET t a k e s  p l a c e  w i th in  exci ted  

d o n o r - a c c e p t o r  p a i r s  to p r o d u c e  c h a r g e d  r a d i c a l  i n t e r m e d i a t e s .  W h e n  d e s i g n e d  proper ly ,  

t he  ion  r a d i c a l s  s e rve  a s  p r e c u r s o r s  of  n e u t r a l  r a d i c a l  i n t e r m e d i a t e s .  As  s u c h ,  SET- 
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photochemical  protocols relying of radical cyclization processes have been developed for 

the construction of carbocyclic and heterocyclic compounds.  4 

The recogni t ion several years  ago tha t  SET-photosensi t ized reac t ions  of c~- 

silylamines and their amide analogs efficiently generate carbon centered a-amino and ct- 

amido radicals 5 stimulated a number  of studies in which this method was applied to the 

synthesis of N-heterocyclic compounds.  In the course of these efforts, we demonstrated 

that  SET-photosensitized reactions of enone-tethered ~-silylamines and -amides (e.g. 1) 

take place to efficiently produce N-heterocyclic products  (e.g. 2).6 The mechanist ic  

sequence responsible for these processes is shown schematically in Scheme 1. The key 
carbon-carbon bond forming step involves intramolecular addition of an m-amino radical 

to an electron withdrawing group substi tuted olefin. 

Scheme I. 
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Nearly all of the photochemical reactions explored by us earlier proceed by 6-exo type a- 

amino and a-amido radical cyclization pathways (1 -2). The regioselectivities in these cases are 

governed by a combination of stereoelectronic (6-exo >> 7-endo) 8 and FMO (13-addition) 

fac tors .  2 In one s tudy  of a 9 ,10-d icyanoan th racene  (DCA) sensit ized reaction we 
observed 6b that  the a-tethered amino-enone 3 reacts to yield the hydroisoquinoline 4 by 

an often less preferred (vs. 5-exo) 6-endo radical cyclization pathway. This regiochemical 

outcome was attributed to a dominance of FMO-effects in the case of highly electron rich 
(x-amino radicals over stereoelectronic factors (5-exo > 6-endo) governing intramolecular 

cyclizations of simple alkyl radical-olefin systems. 

o 
[ ~ ~ N  hv / DCA 

• Bn MeOH -MeC~N 
TMS 

0 

~ e  ~N" gn 

O 

~ N .  Bn 



SET-photosensitized reactions of u-silylamino-enones 3197 

Intrigued by this finding and its potential  synthetic  implications,  we have designed 
sys tems  to fully explore the (x-amino radical cyclization regiochemistry issue.  As par t  of 

our  ensu ing  investigations,  we have investigated the SET-sensit ized pho tochemis t ry  of a 
n u m b e r  of a - s i ly lamino-enones  and ynones  of general  s t ruc tu re  5. Cyclizations of the 

in t e rmed ia t e  (x-amino radica ls  6 derived from 5 can  occur  by  the FMO-favored, bu t  

sterically and  stereoelectronical ly disfavored, 6-endo routes .  The resu l t s  of this effort, 

detai led below, d e m o n s t r a t e  the except iona l ly  s t rong  inf luence  of FMO-effects  in 
governing the regiochemical course of u-amino radical cyclizations. In addition, this work 

has  enabled  us  to s imul t aneous ly  probe s tereochemical  ques t ions  assoc ia ted  with the 

applicat ion of this SET-photosensi t izat ion methodology to hydropyridine synthesis .  9 
0 

i l lR l~~  ~ ~ hv ), 
SET-Sensit. 

TMS 

0 

5 6 

0 

* : ~ " N  R3 
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RESULTS AND DISCUSSION 

P h o t o s u b s t r a t e  S y n t h e s i s .  A wide variety of u-s i ly lamino  and  u - s i l y l a m i d o  

conjugated enones  and ynones  were used in this s tudy in order to probe several features 

S c h e m e  2.  
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R3 ~ /Bn R2 

7 (RI=CH3, R2=H, R3=H ) 
11 (RI=CH 3, R2=H ) 

8 (RI=H, R2=CH3, R3=H) 13 
12 (R1,R2=(CH2)4) 

9 (RI=R2=CH 3, R3=H ) 
10 (R1,R3=(CH2) 4, R2=H) 

0 ~OH3 0 

TMS 0 0 CH3 
14 (R=CH3) 
15 (R=TMS) 17 18 

16 (R=tBu) 
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of SET-photoinduced methods  for promoting 6-endo radical cyclization processes.  These 

subs tances  are depicted in Scheme 2. For the sake of brevity, only pa thways  employed to 

prepare  representat ive m e m b e r s  of this family of compounds  will be d iscussed below and 

in the Experimental  Section. 
The a - s i l y l amino-enones  7- I 0  and -ynones  1 4 - 1 6  were p repared  by  sequences  

s tar t ing with L-alanine and using the aldehyde 23  as a common  synthet ic  intermediate  

(Scheme 3). Reduct ion  of L-alanine followed by sequent ia l  N-TMS-methyla t ion  and 

benzylat ion provides the alanol derivative 2 I .  Aldehyde 23  is then  produced by  Swem 

oxidat ion of 2 1 .  Tha t  enan t iomer i c  integr i ty  is p rese rved  in th is  s equence  was  
demons t r a t ed  by  Mosher  es ter  NMR analys is  of the alcohol 21 p roduced  by  NaBH4 

reduct ion of a ldehyde 23. IH-  13C- and 19F-NMR analyses  of the Mosher  es ter  of 21 

produced  in this m a n n e r  (from (R)-(+)-MPTA and 21) showed tha t  it ha s  a >90% de. 

Trea tment  of aldehyde 23 with in  s i t u  generated (from 1-bromopropene and nBuLi) lithium 

propynylide yields the propargylic alcohol 24, isolated as a single enant iomerical ly  pure  

diastereomer in 90% yield. The high degree of stereoselectivity associated with this 

S c h e m e  3. 
0 

a HO-'~,, ,,~CH3 d H ' ~  .,''\C H 3 e 
L-alanine ~ J -  

R(/N'~" R2 TMs"N~ Bn 

b = 19 (RI=R2=H) 
20 (RI=TMSCH2, R2=H) 

c = 21 (RI=TMSCH2, R2=Bn ) 

23 

HO .~CH3 HO .~CH3 Ok\ ...~CH3 
-~---~ ./Bn f ~ N / B n  g j,. I ~ N L / B n  

" 

24 25 7 

h 1 H3CS" +'~CH3 
/ ~ N / B n  

o\ I LTMS Y~"~ N / Bn 

H3C/~ I,,. TM S 26 
14 

(a) LAH, THF, 74%; (b) TMSCH2CI, K2CO3, MeCN, 67%; (c) BnBr, K2CO3, MeCN, 77%; 

{d) DMSO, (COCI)2, TEA, CH2CI2, 99%; (e) CH3CH=CHBr, nBuLi, 90%; (f) Red-A[, THF, 

90%; (g) (d) followed by Florosil chrom.,  34% + 12%; (h) (d) 56%. 
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addition process  is consis tent  with Felkin-Ahn 10 transit ion state considerat ions which 

predict a preference for re-face at tack and. consequently, anti-amino alcohol production. 

This a s s ignment  was  confirmed by use of the method developed by Ohtani  and his 

coworke r s  11 which relies on the relative chemical  shifts of the propargylic alcohol 

methine protons in the Mosher esters of 24. 

Stereoselective reduction of the ynol 24 with Red-Al 12 as expected provides the (E)- 

allylic a lcohol  2 5 .  Swern  oxidat ion of this  s u b s t a n c e  followed by Florosil 

chromatography  gives the desired silylamino enone 7 (34%) along with the unexpected 

thioether 26  (12%). Several a t tempts  to improve the efficiency in this oxidation (e .g . ,  

PDC, PCC, Jones ,  NMO + TPAP) were unsuccessful .  The enantiomeric puri ty of 7 was 

assessed by Mosher-ester analysis of the anti-allylic alcohol 25, produced along with its 

syn-d ias t e reomer  in a 2:3 ratio by NaBH4-CeCI3  reduct ion of 7. This analysis  

demonstrated that  7 is produced from enantiomerically pure alcohol 25 by the oxidation 

column chromatography sequence with only an ca.  16% ee. A more careful investigation 

seeking the cause  of racemizat ion has  shown tha t  it is a resul t  of the required 

chromatographic step. 

Swern oxidation of the propargylic alcohol 24 gives the ynone 14 (50% crude, > 

80% purity). Attempts  to purify this subs tance  and its ynone relatives 15 and 16 by 

ch roma tog raph ic  p rocedures  resul ts  in extremely low recovery of pure  materials .  

Consequen t ly ,  the ynones  were used  in their  impurif ied (>80%) s ta tes  in the 

photochemical studies described below. 

The silylmethyl pyrrolidones 13 and 17 are synthesized start ing with commercial 

(S)-(+)-pyroglutamic acid (27) by sequences using aldehyde 31 as a common intermediate 
(Scheme 4). Esterification of 27 followed by sequential  N-silylmethylation (--~29) and 

reduction provides the alcohol 30. The enantiomeric purity of 30, determined by Mosher 

ester analysis, varies considerably (40-80% ee) depending on the time used to prepare and 

handle the ester intermediates 28 and 29. Conditions which lead to a maximized ee of 

80% are outlined in the Experimental  Section. Swern oxidation of 30  furnishes  the 

aldehyde 31 with complete preservation of enantiomeric purity (assessed by conversion of 

31 to 30 followed by Mosher ester analysis). Addition of lithium propynylide to aldehyde 

31 gives a 4.5:1 mixture of the diastereomeric  propargylic alcohols 3 2  which are 

transformed without  separation to the ynone 17 by Swern oxidation. 

Alternatively, addition of 9-phenanthrenyl  Grignard to aldehyde 31 generates a 1:1 

mixture of the diastereomeric alcohols 33 and 34. Attempts to separate of these isomers 

on sil ica gel r e su l t s  in isola t ion of only one d i a s t e r eomer  of u n d e t e r m i n e d  

s tereochemis t ry .  Swern oxidation of the 33  + 3 4  mixture  followed by silica-gel 

c h r o m a t o g r a p h y  then gives the phenan th reny l  ketone 13. Mosher analysis  of the 
alcohols generated by reduction of 13 shows that  the configurational integrity at the a- 

center is fully preserved in the sequence 31-->13. 
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S c h e m e  4. 
o 
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H 
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R1 
0 

b K 28 (RI=H, R2=CO2Et ) 
29 (RI=TMSCH 2, R2=CO2Et) 

c ~ .  30 (RI=TMSCH2, R2=CH2OH) 

HO 

H 3 C ~  

TMS 0 

32 

0 == ~ H 

H3C ~ ~ ' ~  ~ 

TMS 0 

0 
H H 

TMS 0 

31 

17 ~ { 33 (X=H,c[-OH) 

h 34 (X=H,~-OH) 

13 (X=O) 

(a) SOCI2, EtOH, 66%; (b) Nail, TMSCH2OTf, DMF, 43%; (c) NaBH4, EtOH, 74%; (d) 

DMSO, (COC1)2, TEA, CH2C12, 70%, (e) CH3CH=CHBr,  nBuLi,  THF, 63%; (f) 9- 

phenanthrenyl-MgBr,  Et20,  C6H6; (g) (d), 77%; (hi (d), 71%. 

The third subs t ra t e  type probed in this photochemical  investigation is represented 

by the s i ly lamino-ynone  18. This mater ia l  is p repared  by a s t ra ight-forward,  4-s tep 

sequence  beginning with conversion of 4-butynol  to the ter t ia ry  amine  derivative 3 5  

(Scheme 5). Addition of the l i thium acetylide of 35 to the Weinreb 13 amide 36  provides 

the amino-ynone 18. 

S c h e m e  5. 

F OH j, 1. nBuLi 

H H TMS 2. MeCON(Me)OMe 
35 36 0 

18 (52%) 

S i l y l a m i n o - E n o n e  S E T - P h o t o s e n s i t i z e d  R e a c t i o n s .  Our  earlier efforts in this 

area  6 have demons t ra ted  tha t  9 ,10-dicyanoanthracene (DCA) serves as an  excellent SET- 
photosens i t izer  for cyclization react ions  of (~-silylamines and  -amides  which  contain  

te thered electron wi thdrawing group subs t i tu ted  olefins. 14 The general  mechanis t i c  

sequence followed in these processes  is outlined in Scheme 1. The key ca rbon-ca rbon  
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bond forming step involves the internal [3-addition of the electron rich (z-amino or -amido 

radica l  to the  olefin moiety.  As men t ioned  above,  the ma jo r  a im of the  cu r r en t  

investigation was  to evaluate  the efficiency, regiochemistry and s te reochemis t ry  of these 

SET-photocycl izat ion reac t ions  when  the key radical  cyclization process  can  occur  by  

either a 5-exo or 6-endo mode. 

Information abou t  these i ssues  derived initially from our  s tudies  of the silylamino- 

enones  7 -10 .  DCA sensit ized irradiat ion of E-propenyl  amino ketone  7 in 15% MeOH- 

MeCN followed by  ch roma tog raph i c  separa t ion  on silica gel leads to isolat ion of the 

epimeric  p iper id inones  37  and 38  in equimolar  amounts .  1H NMR analys is  of crude 

photolysa tes  obtained by varying conversion irradiat ions reveals two interest ing features  

of this  process .  Firstly, the cis-dimethyl  isomer  37  is the exclusive kinetic (> ca. 9:1) 

p roduc t  of this photoreact ion.  Thus,  the t rans  isomer is formed by epimerizat ion of 37  

during the silica gel purification step. Secondly, the yield of 37 is highly dependent  upon  

the percent-convers ion of amino-enone 7 (e.g. 73% at 5%, 50% at  10%, 35% at  25%, 19% 

at  97%). This resul t  suggests  tha t  the piperidinone 37 undergoes secondary  SET-induced 

reaction under  the conditions used for its formation. This latter finding explains why the 

yields of this and related photoreact ions described below are at bes t  only modera te  if they 

are carried to completion (% conversion > 90%). 

0 0 silica gel 0 

MeOH H3C \~''K'V~N "~ Bn I ~ N  TM B HaC " Bn MeCN H3 C~'' n 

TMS 

7 37 38 

Ass ignments  of s t e reochemis t ry  to 37  and 38  tu rned  out  not  to be simple t a sk  

owing to the p resence  of complicated coupling pa t t e rns  and  for tu i tous  overlaps of key 

resonances .  However, owing to the availability of 13C NMR data  for closely related model 

sys t ems  15 (e.g. the epimeric 2 ,5-dimethylcyclohexanones and 1,2,5-trimethylpiperidines} 
and a reasonably  simple analysis  of conformational  preferences and the ~/-gauche effects 

of axia l  m e t h y l s  on the  m e t h y l e n e  c a r b o n s  in t h e s e  s y s t e m s ,  the  re la t ive  

s te reochemis t r ies  of 37  and  38  could be ass igned with a high degree of certainty.  The 

13C resonance  pa t te rns  which make  this possible are summar ized  in Table 1. 

In con t r a s t  to the reactivity of 7, bo th  the Z-propenyl  and  i sobu teny l  amino  

ke tones  8 and  9 fail to yield detectable  quant i t ies  of ana logous  piper idinone p roduc t s  

when subjected to the SET-sensitized irradiation conditions. 

However, like 7 the cyclohexenyl  amino-ke tone  10 does produce  a cyclization 

p roduc t  when  subjected to DCA-sensitized irradiation.  1H NMR analys is  of the crude 

photolysa te  indicates  tha t  a single major  hydroisoquinolone 39  bear ing  the trans,  cts- 

s t e reochemis t ry  is p roduced  in this process .  Silica gel ch roma tog raph i c  separa t ion ,  

however, resul ts  in the isolation of the trans,  t rans- i somer  41 (20%) along with a minor  

a m o u n t  (ca. 5%) of the silicon containing produc t  40. The s tereochemical  a s s ignmen t s  
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to 89  and 41 are aided by 1H NMR coupling da ta  (e.g. in 39  J H l - a x , H 8 a  = 3.7 Hz vs.  in 

4 I  J H l - a x , H 8 a  = 10.8 Hz}, 13C-chemical shifts (e.g. for 39  C4a 47.9 p p m  and C8a 37.6 

p p m  vs. for 41 C4a 49.3 p p m  and C8a 42.1 ppm), and compar i sons  to da ta  for the known 

desmethyl  analogs studied earlier in our  laboratory. 6b 

In order to gain support ive evidence for the ass ignment  of 39  as the kinetic product  

of this photoreact ion,  the crude photolysate  is directly t reated with NaBH4. Separat ion 

then yields a single alcohol 42  (32% for two steps) having the t rans ,  c /s -s te reochemis t ry  
at  the methyl  and ring fusion centers  and the a-conf igura t ion  for the hydroxyl moiety. 

Accordingly, the carbonyl  reduction,  as ant icipated occurs  by  hydride delivery from the 

less-stericaUy hindered face of 39. 
O H O H O 

~ " \ \ C H 3  hv' DCA ~ N , ' ~ O H 3  ~ N ~ B  ;H3 

'" Bn MeOH~ '" Bn + MeCN H n 
TMS TMS 
10 / 39 ~ k  40 

silica gel NaBH4 

H O ~ J ~  CH3 

~ N - -  Bn 
H 
41 

12.  

OH 
H-7 

H 
42 

Similar pa t t e rns  are observed for photoreact ions  of the piper idinyl-enones 11 and 

In each case, no a t t empt  was made  to isolate pure  samples  of the p r imary  kinetic 

products  (by 1H NMR analyses  of crude photolysates),  43 and 45, respectively. Rather, 
the crude  photo lysa tes  were directly t reated with NaBH4 followed by chromatographic  

separat ion.  In each instance,  only a single alcohol product ,  44  and 46, respectively, is 

isolated, but  the yields of the two-step photochemical - reduct ion  sequences  are not high 

(Le. 15% and 22%, respectively). 

hv, DGA 

H3C MeOH MeCN 3 C\~" 
TMS 

11 43 
o 

hv, DCA 

MeOH 
TMS MeCN 
12 45 

HO 
NaBH4 ..-= H 

H3C~ ,'" 

NaBH4 

44 
HO 

H 

46 
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Studies  of the SET-photosensi t ized react ions  of the phenan th r eny l  amino-ke tone  

13 enabled  us  to probe  the na tu re  of the intervening cyclization react ion when  an (z- 

amido radical is involved and where the compet ing 5-exo cyclization pa thway  would lead 

to a aryl s tabil ized radical  center .  Unlike tha t  of the re la ted amino -enones ,  DCA- 

sensi t ized i r rad ia t ion  of 13 is compl ica ted  by the compet i t ion  be tween  direct  light 

abso rp t ion  by  the a ry lke tone  ch romophore .  Accordingly, when  13 is subjected to 

i r radia t ion  in the  abs ence  of DCA and u n d e r  o therwise  ident ical  condi t ions ,  it is 
t r ans fo rmed  to the silylazetidinol 4 7  by a route involving initial t r iplet  az3rlketone y- 

hv, DCA 

MeOH 
MeCN 

hydrogen abstract ion.  

13 

47 

49 

51 

! ~ H  o 

48 

O 

[9.10-dicyar oanthren-9-yl] 

50A + 50B 

DCA-sensitized irradiation of 13 leads to a complex mixture  of p roduc t s  which are 

separa ted  only by  repetit ive r eve r se -phase  HPLC. The major  p roduc t s  formed in this 

process  are the tricyclic ketone 48 and its aromatized analog 49. 1H NMR analysis  of the 

crude photolysate  showed tha t  these subs tances  are produced in respective yields of 30% 

and 22% at 65% convers ion of 13. In compar ison ,  the DCA-adducts  5 0 A  and 50B,  

azetidinol 51 and direct irradiation product  47  are formed in only trace quant i t ies  (<5%). 

Charac te r iza t ions  of the major  pho toproduc t s  are accompl ished  by  spectroscopic  

me thods  (see Exper imenta l  Section). Specific features  of the 1H NMR spec t rum of 4 8  

which suppor t  both  its s t ruc tura l  and  s tereochemical  a s s ignment  include the small  5.4 

Hz coupl ing be tween  the ring fus ion hydrogens ,  the upfield shif ted aryl hydrogen  
cor responding  to Ha (see s t ructure) ,  resul t ing from ketone shielding effects, the large 

chemical  shif t  difference (3.56 and 4.85 ppm) be tween the gemina l  ( z -N-methy lene  
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hydrogens caused by the amide carbonyl deshielding of the equatorial-H, and the small 

coupling (<1 and 2 Hz) between these hydrogens and the vicinally disposed ring fusion 

hydrogen.  Analysis  of these da ta  is aided by compar i sons  to those of a related 

hydrophenanthry  ketone 52, characterized in our earlier studies 6b in this area. 

M e c h a n i s t i c  I s sues .  The results  outlined above demons t ra te  tha t  the SET- 

photosensi t ized react ions  of properly s t ruc tu red  s i ly lamino-enones ,  a l though only 

modestly efficient, occur with high degrees of regiochemical and stereochemical control. 

Stereochemistry can be established at two steps in these processes,  the first involving 

radical cyclization where the piperidinone ring C- 

N CH 3 

52 

5 stereochemistry is introduced and the second enolate anion protonation creating C-4 

stereochemistry.  This is exemplified for photocyclization of the cyclohexenyl amino- 

ketone 10 in Scheme 6. 

S c h e m e  6. 

0 0 O-  
hv [ / ~  ,,,,,C H 3 ~ .  . ,,,,CH 3 4 r f ~  ,,,~CH 3 

10 ~ ' ~ . . .~ ~ '" 
DCA ~ " ~ 5 . ' ~ N " B n  I " ' v " ~  Iq~" Bn DCA ~ ~,,,~,,.,,N.,..gn 

H H 

53 

39 

The selectivities associa ted  with enolate pro tonat ion  are well-known 16 and 

consequently it is not surprising that  least hindered face protonation of 53 would yield 

the observed cis ring fused hydroisoquinolone 39 .  In contrast ,  the high C-2, C-5 

diastereoselectivities observed in these photoreactions are both unanticipated and at first 

difficult to unders tand.  In order to gain information about  the source of this control, 

modeling techniques were employed to analyze the radical cyclization transit ion states. 

For this purpose, molecular mechanics  energy minimization routines were performed on 

transition states related to 54 and 55 which correspond to those involved in formation of 

the respective c/s- and t r a n s - 2 , 5 - d i m e t h y l p i p e r i d i n o n e s  37  and 38.  The constraints  

imposed on the calculated transi t ion states are the optimized approach  angles and 

dis tances  found in Houk 's  17 ab initio calculat ions  of t ransi t ion s ta tes  for radical 
addit ions to olefins and intuitively derived enone and c~-amino radical  geometries.  

Accordingly, the constra ints  incorporated in our energy minimizations include (I) 165 ° 

enone dihedral angle, (2) 2.3A radical approach distance, (3) 102 ° radical approach angle, 
(4) 98 ° radical olefins CH angles, and (5) planar a-amino radical. Energy minimizations 
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H 0 o , 

H 3 C ~ ,  J ~ B  n H H 

H .~ N OH3 H3C ~ jL / "  H ~Bn a 
H 

54 55 
(Macromodel, MM2) show tha t  t ransi t ion s ta tes  related to 54 are ca .  2 kca l /mo l  lower in 

energy t h a n  those  related to 55, a resul t  cons is tent  with the selective format ion of the 

c/s-dimethyl piperidinone 37 in the SET-phosensit ized reactions.  Two impor tan t  factors 

appear  to be responsible  for the higher energy content  of 55. These include a repulsive 

AI ,2 - type  interact ion between the N-benzyl group and adjacent  C-2 methyl  subs t i tuen t  

and a t r a n s a n n u l a r  interact ion between the C-2 methyl  and the C-5 inside-hydrogen.  If 

these models  are truly reflective of the radical cyclization t ransi t ion states ,  it would also 

be easy  to explain why photoreact ions  of the Z-propenyl and  isobutenyl  amino ketones  8 

and 9 are not  successful .  Radical cyclizations in react ions  of these  s u b s t a n c e s  would 

require high energy s - c i s  enone conformat ions  as well as highly crowded inside-methyl  

t ransi t ion states .  

Another  and  pe rhaps  unexpected feature of these s i lylamino-enone SET-sensitized 

photocyclizat ion processes  is their  high regioselectivities. In all of the cases  probed,  6- 

endo type radica l  cycl izat ions  p r e d o m i n a t e  over the  5-exo mode  even t h o u g h  the  

t ransi t ion s ta tes  for react ions by the former pa thway  appea r  to be  more highly strained.  

It is no tewor thy  tha t  this preference is also strongly adhered  to in photoreact ion  of the 
p h e n a n t h r e n y l  amido  ke tone  13,  despite  the fact tha t  the 5-exo c¢-amido rad ica l  

cyclization mode would lead to an  aryl stabilized radical v ia  a less s t ra ined t ransi t ion 
state.  Clearly, the regiochemical  courses  of m-amino (and amido) radical  cyclizations 

involving addit ions to a , [~-unsaturated ke tones  is s trongly influenced by frontier orbital 

factors.  Thus ,  the high nucleophilici ty (high energy SOMO) 2 of these  radicals  not  only 

controls  their  selective reactivity with EWG-subs t i tu ted  olefins 6a, 14 bu t  also it governs 

their cyclization regiochemical preferences.  

S i ly l amino-Ynone  S E T - P h o t o s e n s i t i z e d  Reac t ions .  Perhaps  the mos t  remarkable  
examples  of the high degree  of regiocontrol  found in co-amino (or amido} rad ica l  

cyclization react ions have been uncovered in our s tudies with the conjugated ynones  14- 

17. DCA sensit ized irradiat ion of the propynyl  ketone 14 followed by chromatographic  

separa t ion  on silica gel leads to isolation of a single pho toproduc t  character ized as  the 

piper idenone 56  (21% based  on 2-s tep conversion from ynol 24, see above). In a similar 

manne r ,  the TMS- and  t -bu ty l - subs t i t u t ed  a m i n o - y n o n e s  15 and  16 undergo  DCA- 

sensitized photocyclizat ion to produce  the respective p iper idenones  57  and 58  (20% and 

26%, respectively, for 2-steps). It is impor tan t  to note tha t  a l though the isolated product  

yields in these  a m i n o - y n o n e  pho to reac t ions  are low, 1H NMR ana lys i s  of the crude 
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photolysa tes  show tha t  in no case is the pho toproduc t  (e.g. 59) of react ion by ano ther  

regiochemical mode formed in detectable quantities. 

Ok .....,C H 3 O O 
,,,~'-'~NZ Bn hv, DCA . ~  "~x\CH3 and not R ' ~ . ' I ~ & C H a  y - MeOH 

R [~TMS MeCN R "~Bn ~'N'~Bn 

14-16 56 (R=CH3) 59 
57 (R=TMS) 

58 (R=tBu) 

The s t ruc tura l  a s s ignments  of these photoproducts  as piper idenones  56 -58  ra ther  

than  as alkylidenepyrrolidinones 59 is aided by compar i sons  of their  NMR-spectroscopic 

proper t ies  to those  of s imple cyclohexenone and 2-a lkyl idenecyclopentanone  analogs.  
Character is t ic  in this regard are the consis tent  t rends noted in the carbonyl,  c~- and It- 

carbon chemical  shifts for 56 -58  (e.g. for 56 199.1, 133.7 and 158.9 ppm) which parallel 

those for 3-a lkyl-subst i tu ted cyc lohex-2-en- l -ones  (e.g. 3-methyl  198.4, 126.5 and 162.3 

ppm) and not  for 2 -a lky l idenecyc lopent - l -ones  (e.g. neopentyl idene  207.3, 137.1 and 

136.4 ppm). 
Even the presence  of the constrained y-lactam moiety in the amido-ynone 17 does 

not alter the regiochemical course of the photocyclization process.  Thus,  DCA-sensitized 

irradiation of 17 again leads to product ion of a single isolable photoproduc t  (19%) having 

the indolizidine s t ruc ture  60. 

0 0 

H hv, DCA 

H3C MeOH 
MeCN H3C 

TMS O O 

17 

These  r e su l t s  d e m o n s t r a t e  

6o 

tha t  the key  radica l  cycl izat ion s t eps  in these  

photoreaction pa thways  (Scheme 7) occur in a regioselective m a n n e r  involving preferential 

S c h e m e  7. 
o o 0 

'~'-" N~'Bn HaG" ,/N" Bn R "Bn 

addition of the a - a m i n o  or c(-amido radicals  to sp-hybridized [3-centers of the  ynone 

moieties. The preference for reaction via the  6-endo-dig mode is re tained even when  the 
[l-carbon bares  a sterically bu lky  alkyl subs t i tuent .7  It is reasonable  to expect tha t  the 

strong regiochemical  driving force seen in these cases  is not due to a th rough-p i - sys tem 



SET-photosensitized reactions of a-silylamino-enones 3207 

FMO effect since these in t ramoelecular  a -amino  radical addit ions a lmost  certainly occur  

on the or thogonal  n-moiety of the ynone chromophores .  As such,  the carbonyl  grouping 
would only serve an inductive role in guiding approach  of the a -amino  radical. 

In order  to de te rmine  if the regioselectivities of the amino-ynone  photocyclization 

processes  might  be associated with an  indigenous stereoelectronic preference for 6-endo- 

dig over 5-exo-dig radical cyclization pathways,  the SET-sensit ized photochemis t ry  of the 

reversed s t r u c t u r e d  s i ly lamino-ynone  18 was  probed.  In this case  carbonyl  guided 

internal  addit ion of the radical  center  in in termediate  61 would resul t  in product ion  of 

the a lky l idene-pyr ro l id ine  p r o d u c t  62  while a 6-endo-dig  preference  would lead to 

formation of the acylpiperidene 63  (Scheme 8). Tha t  the former  factor is more impor tan t  

in govern ing  the  r eg iochemica l  cou r se  of these  rad ica l  cycl iza t ion p r o c e s s e s  is 

demons t ra ted  by  the exclusive product ion (56%) of 62 upon  DCA-sensitized irradiation of 

18. 

S c h e m e  8. 

I F ~ , I  Bn ...Bn hv, DCAI, 

MeOH 1 

^ , ,  TMS 
O CH 3 MeCN LO ~ .CH 3 

18 61 

and 

H3C " Bn 
O "m N,. Bn not 

O 

62 63 

S u m m a r y .  This investigation has  shown tha t  SE~F-photosensitized react ions of a-  

si lylamino enones  and  ynones  can serve as the key process  in me thods  to cons t ruc t  
piperidine ring conta in ing  products .  The a - a m i n o  radical  cyclizat ion s t eps  in these  

react ions occur  with a high degree of s tereochemical  and  regiochemieal  control. Thus,  

a l though the yields of these  p rocesses  are at bes t  only modest ,  the methodology holds 

synthetic  potential  in the area of N-heterocycle chemistry.  

EXPERIMENTAL SECTION 

G e n e r a l  P r o c e d u r e s .  All repor ted react ions  were r u n  unde r  a dried ni t rogen 

a tmosphere ;  mois ture  sensitive react ions were run  in oven dried glassware  and t ransfers  

were performed by syringe or cannula.  Unless otherwise noted, all reagents  were obtained 

from commercia l  sources  and used wi thout  fur ther  purification. Dimethyl  sulfoxide and 

t r ie thylamine were distilled from calcium hydride. Anhydrous  solvents  were obtained by 

distillation from the indicated reagents:  ether (Na, benzophenone  ketyl), t e t rahydrofuran  
(Na, b e n z o p h e n o n e  ketyl), me thy lene  chloride (P205).  Co lumn c h r o m a t o g r a p h y  was  

performed with Silica gel 60 (SiO2, 230-400 mesh), Florisil (100-200 mesh) or Alcoa Type 

F-20 Alumina  (neutral, 80-120 mesh).  All new compounds  were judged to be >95% pure  

by 1H NMR and 13C NMR analysis  and were isolated as oils unless  otherwise specified. 
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Photochemical reactions were conducted by using an appara tus  consisting of a 

450-W medium-pressure  mercury lamp surrounded by a Uranium filter (X>320 nm) and 

within a quartz,  water-cooled well that  was purged with O2-free N2 both before and 

dur ing  i r radia t ion.  Pho tochemica l  react ion p rogress  was moni to red  by gas 

chromatography a n d / o r  TLC. The solvents used in the photoreactions were spectrograde: 

MeCN(Baker) or MeOH (Baker). 9 ,10-Dicyanoanthracene  (DCA) was purchased  from 

Eastman Kodak and recrystallized (CHC13). 

1H NMR spectroscopic data are reported in ppm relative to CHCI3 at 7.24 ppm, 

13C NMR chemical shifts are reported in ppm relative to the center peak of CDC13 at 77.0 

ppm. Infrared (IR) spectroscopic samples are neat oils and bands  are reported in units of 

cm -1. Optical rotations were measured by using the 589 nm (sodium D) line in a 1.0 dm 

cell with a total volume of 2 mL. Specific rotations ([ct]) are reported in degrees times 100 

per decimeter at the specified temperature, and the concentration (c) is given in grams per 
100 mL in CHC13. Mass spectra were recorded by using electron impact ionization unless 

specified as chemical ionization by CI. 

(+)-(2S)-2-Amino-l-propanol  (19). To a stirred suspension of LAH (40 g, 1.1 mol) 

in dry THF (1 L ) was added L-alanine (50 g, 0.6 mol) portionwise over 2.5 h. The 

result ing suspens ion  was stirred at reflux lor 4 h and cooled to 25°C. The reaction 

mixture was quenched by addition of 30% aq. KOH solution. The result ing white 

suspens ion  was filtered and washed with THF. The combined organic solutions were 

concentrated in vacuo at 25°C to give a colorless liquid which was distilled to provide 
30.8 g (74%) of 19 : [a127 +47.4 ° (c 0.48) (lit 18 [a l20D +18.0 ° (neat)); b.p. 35- 

38°C/0.025 mmHg (lit 18 72-73 °C / mmHg); 1H NMR 0.97(d, J = 6.5 Hz, 3H,CHCH3), 

2.56 (br s, 3H, NH2 and OH), 2.93 (m, 1H, CHCH3), 3.17 (dd, J =  10.6, 7.9 Hz, 1H, 

CHH_2OH), 3.45 (dd, J = 10.6, 3.9 Hz, 1H, CHg.OH); 13C NMR 19.9 (CHCH3), 48.3 

(_~_HCH3), 68.2 (CH2OH); IR 3303, 2888, 1596, 1458 ; LRMS m / z  75 (9), 74 (16), 58 (72); 

HRMS m / z  75.0689 (75.0684 calcd for C3H9NO). 

(+)-(2S)-2-[N-(Trimethylsilylmethyl)lamino-l-propanol (20). A mixture of 19 (5.8 

g, 76.9 mmol), K2CO 3 (I0.6g, 77 mmol), and TMSCH2CI (10.7 mL, 77 mmol) in MeCN 

(60 mL) was stirred at reflux for 12 h, cooled to 25°C and filtered. The filtrate was 

concentrated under  reduced pressure giving a residue which was distilled to provide 8.4 g 
(67%) of 20 : [(~]27 +66.9 ° (c 0.67); b.p. 111-I12°C/33.5  mmHg; IH NMR -0.02 (s, 9H, 

TMS), 0.96 (d, J = 6.5 Hz, 3H,CHCH3), 1.86 and 2.07 (ABq, J = 13.5 Hz, 2H, CH__2TMS), 

2.60 (m, 1H, CH), 3.18 (dd, J = 10.6, 7.2 Hz, 1H, C_~2OH), 3.50 (dd, J =  10.5, 4.1 Hz, 1H, 

CH_H_2OH): 13C NMR -2.7 (TMS), 16.7 (CHC__H3), 36.4 (_C_H2TMS), 57.6 (_C_HCH3), 64.6 

(CH2OH}; IR 3298, 2957, 1461; LRMS m / z  162 (M+I,100), 144 (52), 130 (79), 114 (I0), 

102 (14), 88 (13), 73 (22); HRMS m / z  162. 1307 (162. 1314 calcd for C7H20NOSi, M+I). 

(+)-(2S)-2-[N-Benzyl-N-(tr imethylsi lyl)methyl]amino- l - p r o p a n o l  (21), A mixture 

of 20 (8.4 g, 52 mmol), K2C03 (7.9 g, 57 mmol), and benzyl bromide (6.8 mL, 57 mmol) 

in MeCN (80 mL) was stirred at reflux for 5 h, cooled to room temperature and filtered. 

The filtrate was concentra ted under  reduced pressure to afford a residue which was 
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subjected to column chromatography (florisil, hexane:ether,  i0: I) to give 9.9 g (77%) of 

product  21 : [a]26 +84.4 ° {c 0.03); 1H NMR 0.05 (s, 9H, TMS), 0.84 (d, J = 6.6 Hz, 3H, 

CHCH_H_3), 0.86 and 2.02 (ABq, J =  14.6 Hz, 2H, CH__2TMS), 2.88 (h, J =  7.2Hz, IH, CHCH3), 

3.30 (d, J =  8.1 Hz, 2H.CH2OH), 3.23 and 3.81 (ABq, J =  13.3 Hz, 2H, CH__2Ph), 7.19-7.34 

(m, 5H, aromatic): 13C NMR -1.4 (TMS), 7.2 (CHC__H3), 39.4 (_C_H2TMS), 56.2 {_~HCH3), 

56.4 (.C_H2Ph), 62.8(CH2OH), 127.13, 128.5, and 128.9 (aromatic), 139.3 (ipso); IR 3439, 

2958, 1494: LRMS m/z  251(i0), 236 (9), 220 (99), 178 (87), 91 (100): HRMS m / z  
251.1705 (251.1699 calcd for C14H25NOSi ). 

( + ) - ( 2 S ) - 2 - [ N - B e n z y l - N - ( t r i m e t h y l s i l y l ) m e t h y l ] a m i n o - p r o p i o n a l d e h y d e  (23). To a 
solution of DMSO (0.80 mL, 12 mmol) in CH2C12 {10 mL) at -78°C was added oxalyl 

chloride (0.5 mL, 5.8 mmol) dropwise and the resulting solution was stirred at -78°C for 

0.5 h. To this mixture was added dropwise alcohol 21 (0.73 g, 2.9 mmol) in CH2C12 (3 

mL). The reaction mixture was stirred at -78°C for 1 h, triethylamine (2 mL, 15 mmol) 

was added, and stirring was continued for 2h at 25°C. The mixture was diluted with 

water  and extracted with CHCI3. The extracts were washed with brine, dried over 

anhyd rous  Na2S04 ,  and concentrated in vacuo to give a 23 in 100% yield and >95% 

purity. This material was used directly in ensuing reactions: [ct] 26 +1.5 ° (c 0.47); 1H 

NMR 0.07 (s, 9H, TMS), 1.04 (d, J = 6.7 Hz, 3H, CHCH3), 1.86 and 2.02 (ABq, J = 14.7 

Hz, 2H, CH2TMS), 3.20 (q, J = 6.7 Hz, IH, CHCH3), 3.46 and 3.74 (ABq, J = 13.7 Hz, 2H, 

CH2Ph), 7.23-7.39 (m, 5H, aromatic), 9.67 (s, IH); 13C NMR -1.5 (TMS), 5.5 (CHC__H3), 

42.3 (_C_H2TMS), 58.2 (_~_H2Ph), 65.1 (_C_HCH3), 127.3, 128.4, and 128.7 (aromatic), 139.4 

(ipso), 204.9 (CHO); IR 2955, 1729, 1675, 1248: LRMS m/z 249 (1), 224 (20), 182 (132), 

154 (14), 91 (i00); HRMS m/z 249.1571 (249.1549 calcd for C14H23NOSi). 

( + ) - ( 2 S ) - 2 - [ N - B e n z y l - N - ( t r i m e t h y l s i l y l ) m e t h y l ] a m i n o - 4 - h e x y n - 3 - o l  (24).  To a 

solution of an isomeric mixture (E:Z, 70:30) of 1-bromo-l -propene (Aldrich, 1.1 mL, 12 

mmol) in THF (20 mL) at -78°C was added n-BuLi (1.6 M solution in hexane, 18 mL, 24 

mmol) dropwise and stirred at -78°C for 2 h. To this mixture was added a solution of the 

crude aldehyde 23 (2.9 g, 12 mmol) in THF (5 mL) dropwise while mainta ining the 

tempera ture  at -78°C. The reaction mixture was warmed to 25°C slowly over 5 h, 

quenched  with aq. NH4CI solution, and extracted with CH2C12. The extracts  were 

washed with brine, dried over anhydrous Na2SO4, concentrated under  reduced pressure to 

give residue which was subjected to flash chromatography (florisil, hexane:EtOAc, 15: 1) 
to give 2.6 g (90%) of 24 : [~] 27 +27.4°(c 4.11); 1HNMR 0.04(s,  9H, TMS), 1 . 0 6 ( d , J =  

6.8 Hz, 3H, CHCHH_3), 1.79 (d, J = 2.3 Hz, 3H, CHCH3), 1.92 and 2.47 (ABq, J = 14.8 Hz, 

2H, CH2TMS), 2.87 (p, J = 6.4 Hz, 1H, CHCH3), 3.23 and 4.06 {ABq, J = 13.3 Hz, 2H, 

CH__2Ph), 4.09 (m, IH, CHOH), 7.21-7.32 (m, 5H, aromatic); 13C NMR -1.4 (TMS), 3.6 

(CH3), 8.0 (C=CC_.H3), 41.8 (~__H2TMS), 57.9 (CH), 58.5 (C__H2Ph), 63.0 (CHOH), 79.5 

(C=C_.CH3), 82.1(_C_=CCH3), 127.2, 128.5, and 129.1 (aromatic), 139.5 (ipso); IR 3416, 

3363, 2958, 1494; LRMS m/z 289 (2), 220 (99), 170 (11), 91 (100); HRMS m/z 289.1880 
(289.1862 calcd for C 17H 17NOSi). 
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( + ) - ( 2 S , 4 E ) - 2 - [ N - B e n z y l - N - ( t r i m e t h y l s i l y l ) m e t h y l ] a m i n o - 4 - h e x e n - 3 - o l  (25). To a 

solution of 24 (3.0 g, 11 mmol) in THF (30 mL) was added dropwise Red-Al (3.4 M in 

toluene, 12 mL, 42 mmol). The reaction mixture was stirred at 38°C overnight and 

quenched with aq. NH4CI solution. The organic layer was washed with brine, dried over 

anhydrous  Na2SO4, and concentrated under  reduced pressure.  Purification by column 

chromatography (florisil, hexane:EtOAc, 15: 1) yielded 2.7 g (90%) of 24  : [c~]32 +30.9 ° (c 

0.80); IH NMR 0.03 (s, 9H, TMS), 0.99 (d, J =  6.8 Hz, 3H, NCHCH_H_3), 1.68 (d, J =  5.9 Hz, 

3H, CH=CHCH__3), 1.92 and 2.06 {ABq, J = 14.8 Hz, 2H, CH2TMS), 2.82 (q, J = 6.7 Hz, 

IH, NCH), 3.26 and 3.77 (ABq, J = 13.5 Hz, 2H, CH2Ph), 3.88 (t, 1H, CHOH), 5.61 (m, 

2H, CH=CHCH3), 7.21-7.71 (m, 5H, aromatic); 13C NMR -1.2 (TIVIS), 7.9 (CH3), 17.7 

(C=CCH3), 42.3 (_~.H2TMS), 58.4 (_~_H2Ph), 59.7 (NCH), 73.5 (CHOH), 126.2 (C=CCH3), 

126.9, 128.3, and 128.8 (aromatic), 132.3 (_C_=CCH3), 140.1 (ipso); IR 3408, 2958, 1451; 

LRMS m / z  291 (0.4), 221(24), 220 (100), 91 (99); HRMS m / z  291.2026 (291.2018 calcd 

for C 17H29NOSi). 

( - ) - ( 2 S , 4 E ) - 2 - [ N - B e n z y l - N - ( t r i m e t h y l s i l y l ) m e t h y l ] a m i n o - 4 - h e x e n - 3 - o n e  (7). To a 
solution of DMSO (2.0 mL, 28 mmol) in CH2CI2 (50 mL) at -78°C was added oxalyl 

chloride (1.2 mL, 14 mmol) dropwise. The resulting mixture was stirred at -78°C for 0.5 h 
andand mixed with a solution of 25 (2.7 g, 9.3 mmol) in CH2CI2 (15 mL). The reaction 

mixture was stirred at -78°C for 2 h, triethylamine (6.5 mL, 47 mmol) was added and 

stirring was continued for 2h at 25°C. The reaction was diluted with water and extracted 
with CHCI3. The extracts were washed with brine, dried over anhydrous  Na2SO4 and 

concentrated under  reduced pressure to give a residue which was subjected to column 

chromatography (florisil, hexane:EtOAc, 30: I) to afford 0.9g (34%) of 7 and 0.35 (12%) of 

thioether 26.  
7: UV kmax 224nm; [~]25 _6.5 ° (c 0.16): IH NMR 0.04 (s, 9H, TMS), 1.04 (d, J =  

6.6 Hz, 3H, NCHCH3), 1.85 (dd, J : 1.6, 6.9 Hz, 3H, CH=CHCH3), 1.79 and 1.96 (ABq, J 

= 14.7 Hz, 2H, CH2TMS), 3.33 (q, J =  6.6 Hz, IH, NCH), 3.35 and 3.70 (ABq, J =  13.4 Hz, 

2H, CH__2Ph), 6.58 (dq, J = 15.5, 1.5 Hz, IH, CH=CHCH3), 6.82 (dq, J =  15.6, 6.8 Hz, 1H, 

CH=CH__.CH3), 7 .22-7.36 (m, 5H, aromatic); 13C NMR -1.3 (TMS), 5.3 (CH3), 18.1 

(C=CCH3), 41.2 (_C_.H2TMS), 58.3 (_~_H2Ph), 63.4 (NCH), 127.1 (_Q=CC=O), 128.3, 128.9, and 

129.4 (aromatic), 139.7 {ipso), 141.4 (C=C__C=O), 200.9 (C=O); IR 2955, 1697, 1669, 1631, 

1444; LRMS m / z  289(I) ,  220(100); HRMS m / z  289 .1877  (289.1861 calcd for 

C 17H27NOSi). 

26:[ct ]28  +39.8 ° (c 0.43): IH NMR 0.01 (s, 9H, TMS), 1.08 (d, J = 6.4 Hz, 3H, 

NCHCH3), 1.74 (d, J = 4.8 Hz, 3H, CH=CHCH3), 1.89 (d, J = 2.4 Hz, 2H, CH2TMS), 1.92 

{s, 3H, SCH3), 2.62-2.76 (m, IH, SCH), 3.20 and 3.73 (ABq, J = 13.7 Hz, 2H, CH__2PH), 

5.14-5.38 (m, 2H, CH=CH), 7.16-7.33 (m, 5H, aromatic ); 13C NMR -1.1 (TMS), 9.6 

(CH3), 14.0 (SCH3), 17.6 (C=CC__H3), 40.6 (CH2TMS), 55.5 (SCH), 56.7 (CH2Ph), 58.4 

(NCH), 124.9 (C=C__CH3), 126.6, 128.0, and 128.8 (aromatic), 131.9 (_Q=CCH3), 140.5 

(ipso); IR 2959, 1452; LRMS m / z  321 {5), 274 (17), 220 (100), 129 (40); HRMS m / z  
321.1871 (321.1847 calcd for C24H31NS). 
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Spectroscop ic  Data for S i ly lyamino-Enones  8-12.  
8: 1H NMR -0.03 (s, 9H, TMS), 0.97 (d, J = 6.5 Hz, 3H, NCHCH3), 1.73 and 1.89 

(ABq, J = 14.7 Hz, 2H, CH2TMS), 2.01 (dd, J = 7.2, 1.7 Hz, 3H, CH=CHCH3), 3.23 (q, J--- 

6.6 Hz, 1H, NCH), 3.26 and  3.62 (ABq, J - -  13.4 Hz, 2H, CH2Ph), 6.14 (dq, J =  11.4, 7.2 

Hz, 1H, CH=CHCH3),  6.50 (dq, J = 11.6, 1.7 Hz, 1HCH=CHCH3),  7 .14-7 .29  (m, 5H, 

aromat ic) ;  13C NMR -1.3 (TMS), 5.0 (CH3), 15.8 (C=CCH3), 41.4 (_C_H2TMS), 58.3 

(.C_H2Ph), 64.7 (NCH), 126.9 (CH3C_.=C), 127.1, 128.3, and 128.9 (aromatic), 139.8 (ipso), 

142.6 (CH3C=C__), 202.9 (C=O); IR 34126, 2955, 1697, 1632, 1495, 1445, 1372, 1248. 

9: 1H NMR 0.03 (s, 9H, TMS), 1.02 (d, J = 6.6 Hz, 3H, CH3), 1.81 and  1.96 (ABq, J 

= 14.7 Hz, 2H, CH2TMS), 1.88 (d, J = 1.0 Hz, 1H, CH), 3.34 and 3.68 (ABq, J = 13.5 Hz, 

2H, CH__2Ph), 6.47 (m, 1H, C=CH), 7.20-7.36 (m, 5H, aromatic). 

10: [a] 28 -25.7 ° (c 0.04); 1H NMR 0.01 (s, 9H, TMS), 1.05 (d, J =  6.7 Hz, 3H, 

CH3), 1.51-1.58 (m, 6H, (CH2)3), 1.87 and 1.97 (ABq, J = 14.9 Hz, 2H, CH__2TMS), 2.00- 

2.025 (m, 2H, (CH2)), 3.46 and 3.65 (ABq, J = 13.6 Hz, 2H, CH__2Ph), 3.89 (q, J = 6.6 Hz, 

1H, NCH), 6.47 (t, J--- 3.8 Hz, 1H, C=CH). 7.22-7.32 (m, 5H, aromatic);  13C NMR -1.5 

(TMS), 7.8 (CH3), 21.6, 22.1, 23.3, 25.8 ((CH2)4), 40.6 (_~_H2TMS), 57.0 (NCH), 58.5 

(_C_H2Ph)~ 127.1, 128.1, and 129.3 (aromatic), 138.1 (_C=CC=O), 139.8 (C=CC=O), 139.9 

(ipso), 202.3  (CO); IR 3440, 2932, 1665; LRMS m/z  220 (100), 162 (13); HRMS m/z  
329.2194 (329.2175 calcd for C20H31NOSi). 

I I :  ~-max 227nm; 1H NMR 0.01 (s, 9H, TMS), 1.14-1.30 (m, 1H), 1.36-1.94 (m, 

6H), 1.56, and 1.83 (ABq, J = 14.3 Hz, 2H, CH2TMS), 1.87 (dd, J = 6.9 Hz, 3H, CH3), 2.60 

(dd, J = 10.7, 3.5 Hz, 1H), 2.94 (dt, J =  11.3, 3.0 Hz, IH), 6.60 (dq, J =  15.6, 1.7 Hz, IH, 
CH=CHCO), 7.03 (dq, J--- 15.6, 6.9 Hz, IH, CH=CHCO); 13C NMR -1.1 (TMS), 18.2 (CH3), 

23.3, 25.8, and 29.2 (3CH2), 49.3 (_C_H2TMS), 55.2 (NCH2), 77.2 (NCH), 127.4 (_C_H=CHO), 

142.9 (CH=CHC=O), 202.4 (C=O); LRMS 240 (M+I, 2), 170 (100), 91 (2); HRMS 240.1778 

(240.1784 calcd for C 13H26NOSi, M+ 1). 

12: 1H NMR 0.00 (s, 9H, TMS), 1.37-2.26 (m, 15H), 1.53 and 1.98 (ABq, J =  14.1 
Hz, 2H, CH2Ph), 3.00 (br dt, J =  11.3, 3.6 Hz, IH), 3.15 (br d, J = 7.4 Hz, 1H), 7.49 (br s, 

1H, C=CH); 13C NMR -1.0 (TMS), 21.6, 22.1, 23.5, 23.7, 25.7, 26.0, and 30.6 (7CH2), 48.6 

(NCH2), 55.8 (.C_H2TMS), 75.1 (C_.HCH3), 137.5 (HC=C__C=O), 140.9 (~H=CC=O), 202.9 

(C=O); IR 2934, 2854, 1633, 1437, 1248, 856 ; LRMS m/z 280 (M+I, 1), 264 (6), 190 (7), 
170 (100), 96 (13), 73 (18); HRMS m/z  279.20187 (279.20184 calcd for C16H29NOSi,  

M+I). 

( - ) - (2S,3R)-2-[N-Benzyl-N-(tr imethyls i ly l )methyl]amino-4-hexyn-3-one (14). To a 
solution of DMSO (0.65 mL, 9.2 mmol) in CH2CI2 (10 mL) a t  -78°C was  added dropwise 

oxalyl chloride (0.4 mL, 4.6 mmol) and the result ing solution was stirred at  -78°C for 0.5 
h, To this solution was added 24  (663 mg, 2.3 mmol) in CH2CI 2 (3 mL) dropwise.  The 

react ion mixture  was  stirred a t  -78°C for 1 h, t r ie thylamine (1.6 mL, 12.0 mmol) was  

added and stirring was  cont inued at  room tempera tu re  for 3 h. The reaction mixture was 
diluted with water  and  extracted with CH2CI2. The ext rac ts  were washed  with brine, 

dried over anhydrous  Na2SO4, and concentrated under  reduced pressure .  Purification by 
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flash column ch romatography  {florisil, hexane: EtOAc, 20:1) gave 336 mg {51%} of 14 : 
[a] 29 -48.9 ° (c 0.15}; 1H NMR 0.51 {s, 9H, TMS), 1.10 (d, J =  6.8Hz, 3H, CHCH__3), 2.01 ( 

m, 2H, CH2TMS), 2.04 (s, 3H, C--CCH3}, 3.41 (q, J = 6.7Hz, 1H, CHCH3), 3.49 and 3.76 
{ABq, J = 13.9Hz, 2H, CH2Ph), 7.20-7.43 (m, 5H, aromatic}; 13C NMR -1.5 {TMS}, 4.2 

{CHC__H3}, 8.2 {C-CCH3), 41.5 (_C__H2TMS), 58.0 {.~.H2Ph), 65.9 (.~.HCH3), 81.1 (CH3C-C}, 

90.7 (CH3C-C.}, 126 .9 ,  128.2, and 128.7 {aromatic}, 139.9 (ipso), 190.1 (C=O); IR 2953, 

2129, 1673. 

Spectroscopic Data for Silylyamino-Ynones 15 and 16. 
15" ~.max 192 nm; [c~] 27 -62.9 ° ( c 0.28); IH NMR 0.06 (s, 9H, TMS), 0.26 (s, 9H, 

TMS), 1.09 (d, J = 6.7 Hz, 3H, CH3), 1.94 and 2.02 (ABq, J = 14.8 Hz, 2H, CH__2TMS}, 3.44 

and 3.74 (ABq, J =  13.9 Hz, 2H, CH__2Ph), 3.47 (q, J =  6.7 Hz, 1H, CHCH3), 7.21-7.45 (m, 

5H, a romat ic ) ;13C NMR -1.4 (TMS), -0.7 (TMS), 7.2 (CHCH3), 41.6 {_C_H2TMS), 58.1 

{_~H2Ph), 65.9 (_C.HCH3), 127.0, 128.2, and 128.8 (aromatic), four qua r t e rna ry  carbons  

were not detected.; IR 2955, 1749, 1666, 1449, 1373, 1249, 1161, 1049. 
16: ~-max 193nm; [(x] 18 -74.5 ° (c 0.15); 1H NMR 0.07 (s, 9H, TMS), 1.10 (d, J =  

6,7Hz, 3H, CHCH3),  1.32 (s, 9H, C(CH3)3), 1.98 and  2.04 (ABq, J = 14.7Hz, 2H, 

CHg.TMS), 3.46 (q, J = 6.7Hz, 1H, CH), 3.48 and 3.76 (ABq, J = 14.0Hz, 2H, CH__2Ph), 

7.22-7.47 (m, 5H, aromatic);  13C NMR -1.4 (TMS), 7.8 (CHC__H3), 27.8 (_C_.(CH3)3), 30.1, 

(C(_C_H3)3), 41.4 (_C_H2TMS), 57.9 (_~_H2Ph), 65.9 (_C_HCH3), 80.5 (COC=--C__), 101.5 (COC_-C), 

126.9, 128.1, and 128.7 (aromatic), 189.9 (C=O); IR 2966, 2202, 1666, 1449, 1361, 1261, 

1611, 1061; LRMS m / z  330 ( M+I, I), 314 (6), 286 (6), 220 (I00), 146 (3), 114 (6), 91 (91); 
HRMS m / z  330.2247 (330.2253 calcd for C20H32NOSi, M+I). 

Ethyl (S)-(-)-2-Pyrrolidone-5-carboxylate (28), To a s lurry of (S)-(+)-pyroglutamic 

acid 2 7  (5.31 g, 41.1 mmol) in absolute  ethanol  (70 mL) at 0 o c  was  added thionyl 

chloride (4.89 g, 41.1 mmol) via syringe. After stirring at  0oc  for I0  min the soluUon was 

warmed  to 25 o c  and stirred for an addit ional  1 h. The react ion mixture  was  cooled 
(0oc), neutral ized by addit ion of s a tu ra t ed  NaHCO3, and ext racted with CHCI3. The 

combined organic layers were dried and concentrated in vacuo to give 4.26 g (66%) of 28  
as a crystalline solid (Et20, 54-55 oc); [a] 25 -7.1 ° (c 0.06): 1H NMR 1.26 (t, J = 7.1 Hz, 

3H, CH3), 2.16-2.23 (m, IH, H-4), 2.26-2.37 (m, 2H, H-3 and H-4), 2 .39-2.47 (m, IH, H- 

3), 4.19 (q, J = 7.1 Hz, 2H, OCH2), 4.19-4.21 (m, 1H, H-5), 6.54 (s, 1H, NH); 13C NMR 

14.1 (CH3), 24.7 (C-4), 29.2 (C-3), 55.4 (C-5), 61.6 (CH20), 172.0 (NCO}, 177.9 (OC(O)); 

IR 3384, 2984, 1737, 1698, 1204, 1098, 1029; LRMS m / z  157 (M, 4), 86 (13), 84 (100), 56 
(15), 51 (40); HRMS m / z  157.0741 (157.0740 calcd for C7H1103N) 

Ethyl (S)-(+)-l-Trimethylsilylmethyl-2-pyrrolidone-5-carboxylate (29). To a 
slurry of Nail  (60% dispersion washed  THF, 0.89 g, 22.2 mmol) in DMF (70 mL) at  0 oC 

was dropwise added a solution of ethyl ester  28 (3.17 g, 20.2 mmol) in DMF (5 mL). The 

react ion was stirred at 0 o c  for 45 min and t r imethyls i lylmethyl  triflate (5.20 g, 22.0 

mmol) was added. The mixture  was stirred at  25 o c  for 1 h, diluted with water,  and 
ex t rac ted  with E t 2 0 .  The combined  ex t rac t s  were washed  with br ine,  dried, and 

concentra ted in vacuo to give a residue which was subjected to co lumn chromatography  
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(florisil, 2:3 EtOAc/hexane) to give 2.1 g (43%) of 29: [a] 24 +6.2 ° (c 0.08): IH NMR 0.04 

(s, 9 H, SiMe3), 1.24 (t, J --- 7.1 Hz, 3 H, CH3), 1.98-2.06 (m, 2 H, H-4), 2.22-2.35 (m, 2 H, 

H-4 and H-3), 2.39-47 (m, 1 H, H-3), 2.31 and 3.22 (ABq, J = 15.4 Hz, 2 H, NCH2Si), 4.08 

(dd, J = 8.8 and 3.0 Hz, 1 H, H-5), 4.19 (q, J = 7.1 Hz, 2 H, CH20);  13C NMR -1.6 

(SiMe3), 14.2 (CH3), 22.9 (C-4), 29.0 (C-3), 33.4 (NCH2Si), 61.4 (CH20), 62.1 (C-5), 171.8 

(OCO), 174.5 (NCO); IR 2955, 1742, 1694, 1250, 1198; LRMS m/z 243 ( M, 13), 228 (22), 

200 (14), 170 (100), 72 (27): HRMS m/z 243.1291 (243.1291 calcd for C11H21NO3Si). 

(S)-(+)-l-Trimethylsilylmethyl-2-pyrrolidone-5-methanol (30). To a solution of 

ester 29 (2. i g, 8.6 mmol) in absolute ethanol (40 mL) at 0 oc  was added NaBH4 (0.656 g, 

17.3 mmol). The mixture was stirred at 50 o c  for 1.5 h, cooled to 0 oc ,  diluted with 

H20,  and extracted with CH2C12. The combined extracts were washed with brine, dried 

and concentrated in vacuo to give 1.29 g (74%) of 30 (90%): [a] 24 +31.0 ° (c 0.07) which 

was used in ensuing reactions without  purification. Column chromatography (silica gel), 

followed by recrystallization (Et20) gave pure 30: (Et20, 77-780C): 1H NMR 0.05 (s, 9H, 

SiMe3), 1.95-2.02 (m, IH. H-4), 2.04-2.09 (m, 1 H, H-4), 2.23-2.32 (m, 1H, H-3), 2.39-2.48 

(m, 1H, H-3), 2.34 and 3.24 (ABq, J = 15.4 Hz, 2H, NCH2Si), 3.53-3.58 (m, 2H, -CH2 0), 
3.83 (dd, J = 11.8 and 3.6 Hz, IH, H-5); 13C NMR -1.5 (SiMe3), 21.2 (C-4), 30.1 (C-3), 

32.0 (NCH2Si), 61.2 (C-5), 61.9 (CH20), 174.8 (CNO); IR 3849, 3293, 2908, 2359, 1650, 

1462, 1248, 847; LRMS m/z  201 (M, 9), 186 (44), 170 (99), 73 (100); HRMS m / z  

201.1184 (201.1185 calcd for C9H 19NO2Si) 

l-Trimethylsilylmethyl-2-pyrrolidone-5-carboxaldehyde (31), To a solution of 
oxalyl chloride (1.09 g, 8.03 mmol) in CH2CI2 (40 mL) at -78 °C was added DMSO (0.77 g, 

9.9 mmol). The result ing mixture was stirred at - 78 o c  for 40 min before adding a 

solution of alcohol 30 (0.79 g, 3.9 mmol) in CH2CI2 (10 mL) at -78 oc.  The mixture was 

stirred at -78 o c  for 6 h before the addition of NEt3 (1.2 g, 12.1 mmol). After the mixture 

was stirred at -78 o c  for 3 h and at 25 o c  for 10 h, H 2 0  was added. The result ing 

mixture was extracted with CHC13 and the combined extracts were washed with brine, 

dried and concent ra ted  in vacuo to give 0.79 g of crude 31 which was used without  

purification. Aldehyde 31 can be purified by column ch roma tog raphy  (Florisil, 4:1 

E t20 /ace tone) :  1H NMR 0.07 (s, 9H, SiMe3), 1.96-2.06 (m, 1H, H-4), 2.23-2.49 (m, 3H, 

H-4 and H-3), 2.39 and 3.27 (ABq, J = 15.3 Hz, 2H, NCH2Si), 4.02 (ddd, J = 9.2, 4.2, and 

3.0 Hz, 1H, H-5), 9.56 (d, J = 3.0 Hz, HCO); 13C NMR -1.5 (SiMe3), 19.3 (C-4), 28.8 (C- 

3), 34.0 (NCH2Si), 67.4 (C-5), 174.4 (NCO), 199.0 (CHO); IR 2953, 1660, 1651, 1463, 

1423, 1249, 854; LRMS m/z  199 (M, 3), 184 (50), 170 (100); HRMS m / z  199.1030 

(199.1029 calcd for C9H 17sNO2Si). 

5-(l'-Hydroxy-2'-butynyl)-N-I(trimethylsilyl)methyllpyrroUdin-2-one (32). To a 

solution of 1-bromo-l -propene (0.67 mL, 7.8 mmol) in THF (20 mL) at -78 ° C was added 

n-BuLi (9.4 mL, 15 mmol). The solution was stirred at -78 ° C for 2h. To the solution was 

added 31 (1.3 g, 6.5 mmol) in THF (5 mL) at -78°C. The solution was stirred for 4h at 

-78°C and at 25°C for 3h and diluted sequentially with ether and water. The organic layer 
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was separated,  washed with brine, dried and concentrated in vacuo giving a residue which 

was subjected to co lumn ch romatography  {silica gel, ether) to give 985 mg (63%) of 32  
(diastereomeric ratio, 4.5:1 by 1H NMR): [~]22 _2.3 ° (c 0.60); 1H NMR 0.07 (s, 9H, TMS), 

1.79 (d, J =  2.2Hz, 3H, CH3), 2.02-2.21 (m, 2H, COCH2), 2.26 (ddd, J =  16.8, 10.0, 4.5Hz, 

1H, COCH2CH2), 2.48 (m, 1H, CHOH), 2.51 and 3.25 (ABq, J =  15.2Hz, 1H, CH.2TMS), 

2.75 (br d, J = 4.9Hz, 1H, CHOH), 3.65 {m, 1H, CH), 4.53 (m, 1H, CHOH); 13C NMR -1.3 

(TMS), 3.6 (CHC__H3), 20.5 (_C_H2CH2CO), 29.7 (.~_H2CO), 33.2 (.~_H2TMS), 63.5 (.C_HCH3), 

63.7 (CHOH), 83.6 {overlapped, C-=C__), 174.8 {C=O); IR 3272, 2943,  2214, 1660, 1455, 

1420, 1243, 1155; LRMS m / z  239 (2), 224 (14), 170 (100); HRMS m / z  239.1337 (239.1342 

calcd for C 12H21NO2Si). 

5-(2'-Butynoyl)-N-[(trimethylsilyl)methyl]pyrrolidin-2-one (17). The acetylenic 

alcohol 31 ( 550 rag, 2.3 mmol) was subjected to the Swern oxidation condit ions to give 
393 mg (72%) o f y n o n e  17: [~]25D +3.5 ° (c 0.51); IH NMR 0.05 (s, 9H, TMS), 2.02 (s, 3H, 

CH3),  2 .03-2.11 (m, 1H), 2 .24-2 .49 (m, 3H), 2.28 and  3.27 (ABq, J = 15.4Hz, 2H, 

CH2TMS), 4.11 (dd, J =  9.2, 2.3Hz, 1H, CH); 13C NMR -1.5 {TMS), 4.3 {CHC__H3), 21.9, 

28.9, 33.7 ((CH2)3), 69.5 (_C__HCH3), 77.9 and 94.3 (_C_=C__), 174.6 (NC=O), 186.8 (CO); IR 

3019, 2958, 2400, 2218, 1678, 1422, 1252, 1216; LRMS m / z  237(i), 221 (11), 208 {3), 170 
{100), 156 {4); HRMS m / z  237.1176 (237.1185 calcd for C 12H 19NO2Si). 

l -Trimethylsi lylmethyl-2-pyrrolidone-5-(9'-phenanthrenyl Methanol) (33 and 
34), To a stirred solution of adehyde 31 (0.74 g, 2.9 mmol) in E t 2 0  (40 mL) was  added 

dropwise a solut ion of 5.9 mmol  of 9 - p h e n a n t h r e n y l  m a g n e s i u m  bromide  19 in 8:3 
E t 2 0 / b e n z e n e  (55 mL) while s imul taneous ly  adding enough benzene (10 mL) to prevent  

precipitation. The mixture  was stirred at 25 oc  for I h, poured into sa tu ra ted  aqueous  
NH4CI at  0 oc ,  and extracted with E t20 .  The ext rac ts  were washed  with sa tu ra ted  

aqueous  NaHCO3, brine, dried and concentrated in vacuo to give 1.4 g of a residue which 

was subjected to flash ch romatography  (Florisil, 100% Et20) to give 0.25 g (25%) of a 1:1 

mixture  of d ia s t e reomers  33 and 34: HPLC (reverse phase)  separa t ion  provided each 

diastercomer. 
33: 1H NMR -0.04 (s, 9H, SiMe3), 1.67-1.72 {m, IH, H-4), 1.82-1.88 (m, 1H, H-4), 

2 .09-2.16 (m, IH, H-3), 2 .31-2.40 (m, 1H, H-3), 2.61 {broad s, 1H, OH), 2.66 and  3.32 
(ABq, J = 15.2 Hz, 2H, NCH2Si), 4.17 (t, J = 5.6 Hz, IH, H-5), 5.36 (d, J = 6.3 Hz, 1H, 

CHOH), 7.58-7.69 (m. 4H, H-2', H-3', H-6', and H-7'), 7.83 (s, 1H, H-10'), 7.87 (d, 7.7 Hz, 

1H, H- I '  or H-8'), 8.17 (d, J = 7.9 Hz, IH, H- I '  of H-8'), 8.65 (d, J = 8.1 Hz, IH, H-4' or 
H-5'), 8.74 (d, J = 8.2 Hz, IH, H-4' or H-5'); 13C NMR -1.3 (SiMe3), 23.2 (C-4), 29.7 (C-3), 

34.9 (NCH2Si), 64.5 (C-5), 76.1 (CHOH), 122.5, 123.6, 123.9, 126.0, 126.6, 126.8, 127.0, 

127.1, 128.8 (aromatic CH), 129.6, 130.2, 130.8, 131.0, 135.7, (aromatic C), 174.8 (NCO); 

IR 3353 (br), 2958, 1659, 1453, 1248, 852; EIMS m / z  377 (M, 0.3), 359 (0.3), 170 (I00), 
119 (17); HRMS m / z  377.1780 (377.1811 calcd for C23H27NO2Si). 

34: 1H NMR 0.16 {s, 9H, SiMe3), 1.51-1.56 (m, IH, H-4), 2 .11-2.27 (m, 2H, H-4, 

and H-3), 2.58-2.63 ( m, 1H, H-3), 2.67 and 3.54 (ABq, J - 15.4 Hz, 2H, NCH2Si), 3.95 (br 

d, J = 8.8 Hz, IH, H-5), 5.87 {s, 1H, CHOH), 7.54-7.66 (m, 4H, aromatic),  7.81 (d, J = 7.9 
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Hz, IH, aromatic), 7.94 (dd, J = 7.6 and 1.3 Hz, IH, aromatic}, 8.11 (s, IH, aromatic}, 

8.63 (d, J = 7.9 Hz, 1H, aromatic), 8.72 (d, J = 7.8 Hz, 1H, aromatic); 13C NMR -1.2 

(SiMe3), 18.2 (C-4), 30.5 (C-3), 30.6 (NCH2Si), 63.9 (C-5), 67.5 (CHOH), 122.7, 123.6, 

123.9, 125.2, 126.3, 126.6, 126.7, 126.9, and 128.9 (aromatic CH), 129.0, 129.9, 130.7, 

131.4, and 133.8 (aromatic C), 175.4 (NCO); IR 3326 (br), 2952, 1652, 1472, 1248, 726; 

LRMS m / z  377 (M, 0.5), 170 (100); HRMS m / z  377.1811 (377.1811 calcd for 

C23H27NO2Si). 

l -Trimethylsi lylmethyl-2-pyrrolidone-5-(9'-phenanthrenyl Methanone) (13). To 
a solution of oxalyl chloride (0.16 g, 1.3 mmol) in CH2CI2 (3 mL) at -78 o c  was added 

DMSO (0.22 g, 2.8 mmol). The resulting mixture stirred at -78 o c  for 20 min before the 

addition of a solution of a 1:1 mixture of 33 and 34 (0.16 g, 0.41 mmol) in CH2CI2 (3 

mL) at -78 oc .  The mixture was stirred at -78 o c  for 5 h before NEt3 (0.22 g, 2.1 mmol) 

was added. The result ing mixture was stirred at -78 o c  for 1 h, at 25 o c  for 6 h and 

diluted with H20.  The result ing mixture was extracted with CHCI3 and the extracts 

were washed with brine, dried, and concentrated in vacuo to give a residue which was 

subjected to flash column chromatography (silica, 100% Et20) to provide ketone 13 (0.11 

g, 71%): [cx] 24 = -12.10 (c 0.05): 1H NMR 0.14 (s, 9H, SiMe3), 2.03-2.06 (m, 1H, H-4), 

2.27-2.58 (m, 3H, H-4 and H-3), 2.47 and 3.36 (ABq, J = 15.5 Hz, 2H, NCH2Si), 5,20 (dd, 

J = 9.4 and 3.3 Hz, 1H, H-5), 7.61-7.81 (m, 4H, H-2', H-3', H-6', and H-7'), 7.96 (d, J = 

7.9 Hz, 1H, H-8'), 8.06 (s, 1H, H-10'), 8.52 (dd, J = 8.3 and 1.3 Hz, IH, H-I'), 8.71 (dd, J = 
15.4 and 8.3 Hz, 2H, H-4' and H-5'); 13C NMR -1.3 (SiMe3), 22.9 (C-4), 28.9 (C-3), 34.0 

(NCH2Si), 66.5 (C-5), 122.8, 123.0, 126.1, 127.4, 127.6, 128.0, 129.5, 129.7, 129.8 

(aromatic CH), 128.5, 129.6, 130.9, 132.1, 132.6 (aromatic), 174.6 (NCO), 200.5 (R2CO); 

IR 2954, 1693, 1450, 1249, 1118, 854, 793; LRMS m / z 3 7 5  (M, 4), 177 (20), 176 (11), 170 

(I00); HRMS m / z  375.1669 (375.1655 calcd for C23H25NO2Si) 

6-(N-Benzyl-N-trimethyls i lylmethyl)amino-3-hexyn-2-one (18). To a solution of 

acetylene 35 (I .0 g, 4.1 mmol) at -78 0C in THF (65 mL) was added to 3.8 mL (4.9 mmol) 

of a hexane solution of n-butyl  lithium. After stirring at -78 o c  for 1 h, amide 36 (0.55 g, 

5.3 retool) was added. After stirring this mixture at 25 0C for 10 h, water was added and 

the solution was extracted with ether. The extracts were dried and concentra ted  in 

vacuo. The residue was subjected to silica gel chromatography (5% ether/hexane) yielding 
0.6 g (52%) of 18. 1H NMR 0.022 (s, 9H, SiCH3), 1.95 (s, 2H, SiCH2), 2.25 (s, 3H, H-l), 

2.42 (t, J =  7.1 Hz, 2H, H-5), 2.59 (t, J= 7.2 Hz, 2H, H-6), 3.49 (s, 2H, benzylic), 7.18 - 
7.30 (m, 5H, Ar-H); 13C NMR -1.45 (SiCH3), 17.0 (SiCH2), 32.6 (C-l), 45.7 (C-5), 54.6 (C- 

6), 61.7 (benzylic), 81.9 (C-3), 92.7 (C-4) 127.0, 128.2, 128.6 and 139.6 (Aromatic); IR 

2955, 2795, 1678, 1495, 1358, 856, 739 cm-1; LRMS re~z287 (M, 1), 206 (76), 177 (3), 105 

(2), 91 (100), 73 (17), 59 (5); HRMS m / z  287.16971 (287.17053 calcd for C17H25SiNO). 

DCA-Sensitized Irradiation of the Amino-Enone 7, A deoxygenated solution (I00 

mL) of 15% MeOH-MeCN in a quartz tube containing the amino-enone 7 (143 m g ,  0.49 

mmol) and DCA (23 mg, 0.10 mmol) was irradiated for 9 h. The photolysate  was 
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concentra ted  in vacuo giving a residue which was subjected to prepara t ive  TLC ( SiO2, 

hexane: EtOAc, 4:1) to give 37 (7%), 38 (7%) and recovered 7 (19%). 
37: [¢t] 28 +1.8 ° (c 0.17); 1H NMR 0.95 (d, J =  6.1 Hz, 3H, CHCH3), 1.21 (d, J =  6.7 

Hz, 3H, NCHCH__3), 2.09 -2.22 {m, 2H, H-4 and H-6), 2.38 (m, IH, H-4), 2.58 (m, 2H, H-6), 

3.22 (q, J =  6.8 Hz, 1H, NCH), 3.56 and 3.74 (ABq, J =  13.5 Hz, 2H, CH__2Ph), 7.26-7.32 

(m, 5H, aromatic);  13C NMR 11.2 (NCHC__H3), 19.3 (_CH3), 30.9 (CH), 44.7 {CH2N), 52.7 

(_C_H2C=O), 57.9 (.C.H2Ph), 64.9 (_CHCH3), 127. I, 128.3, and 128.5 (aromatic), 138.7 (ipso), 

210.9 (C=O); IR 4213, 3431, 3019, 2962, 1716; LRMS m / z  217 (27), 189 (44), 174 (100), 

91 (10); HRMS m / z  217.1452 ( 217.1466 calcd for C14H19NO). 

38: [a] 25 0.00 (c 0.06); IH NMR 0.89 {d, J =  5.7 Hz, 3H, CHCH3), 1.29 (d, J =  6.5 

Hz, 3H, NCHCH3), 1.96 - 2.01 (m, IH), 2.06 -2.11 (m, 2H), 2.51 - 2.54 (m, 1H), 2.88 

-2.89 (m, IH), 2.97 (q, J = 6.5 Hz, 1H, NCH), 3.35 and 3.94 (ABq, J =  13.6 Hz, 2H, 
CH__2Ph), 7,29-7.45 (m, 5H); 13C NMR 12.9 (CHCH3), 19.5 (NCC__H3), 30.5 (.Q.HCH3), 47.0 

(CH2N), 57.6 {_C_.H2C=O), 57.7 {_C_H2Ph), 65.6 (CHN), 127. I, 128.5, and 128.8 (aromatic), 

138.5 (ipso), 208.7 (C=O): HRMS m / z  217.1447 (217.1466 caicd for C14H19NO). 

DCA-Sens i t i zed  Irradiation of  the  A m i n o - E n o n e  I 0 .  A deoxygenated solution 

(500 mL) of 15% MeOH-MeCN in a quartz tube containing the amino ketone I 0  (303 mg, 

0.97 mmol  ) and DCA (100 rag, 0.44 mmol  ) was irradiated for 7h. The photolysate  was 

concentrated in vacuo giving a residue which 1H NMR analysis  showed to contain 39 as 
a major  product .  Purification by preparat ive TLC (SIO2, hexane:  EtOAc, 1:1) gave 47 

mg (20%) of 41 and 8 mg (5%) of the TMS-containing product  40. 

3 9 :  (Partial 1H and 13C NMR spec t ra l  da t a  were  ob ta ined  on the c rude  
photolysate) 1H NMR 1.29 (d, J = 6.4Hz, 3H, CHCH3), 2.51 (dd, J = 11.7, 3.7Hz, 1H, H- 

lax), 2.73 (dd, J = 11.7, 2.6Hz, 1H, H-leq),  2.85 (q, J = 6.4Hz, 1H, CHCH3), 3.20 and 

4.04 (ABq, J = 13.5Hz, 2H, CH__.2Ph); 13C NMR 12.9 (CHC__H3), 21.8, 24.9, 25.6, and 28.6 

(4CH2), 37.6 (.C_HCH2N), 47.9 (CH2C_HC=O), 56.7 (CHC__H2N), 58.5 (.Q_H2Ph), 66.3 

(_Q_HCH3), 139.1 (ipso), 208.9 {C=O). 

40: 1H NMR 0 . I 0  (s, 9H, TMS), 1.26 (d, J =  7.2 Hz, 3H, CH3), 1.11-1.30 (m, 4H), 

1.75-1.81 (m, 3H), 1.99 (m, IH), 2.09 (m, IH, H-Sa), 2.20 (m, 1H, H-4a), 2.77 (d, J =  
l l . l H z ,  1H, H-lax),  3.01 (q, J =  7.2 Hz, IH, CHCH3), 3.56 and 3.79 (ABq, J =  14.3 Hz, 

2H, CH_2Ph), 7.17-7.29 {m, 5H, aromatic): 13C NMR -0.6 (TMS), 16.4 (CH__CH3), 24.8, 25.6, 

25.9, and 32.4 ((CI12)4), 44.4 (_C_.HCH2N), 51.9 (CH2CHC=O), 52.2 (NCHTMS), 56.2 

(_Q_H2Ph), 62.8 (C=OC_.HCH3), 126.9, and 128.3 (overlapped) (aromatic), 139.3 (ipso), 215.6 

(C=O). 
41: [ (x ]22  +2.4 ° (c 0.68): IH  NMR 1.19 (d, J = 7 . 0  Hz, 3H, CHCH3), 1.64 - 1.74 (m, 

2H), 1.76 - 1.81 (m, IH), 1.93 - 1.96 (m, IH), 2.10 - 2.21 (m, 1H), 2.54 {dd, J = 12.3, 4.1 

Hz, 1H, H-leq) ,  2.67 (dd, J =  12.2 Hz, 10.8, IH, H- lax) ,  3 .37 (q, J =  7.0 Hz, IH, 
CHCH3), 3.63 (s, 2H, CH2Ph), 7.19 - 7.30 (m, 5H); 13C NMR 10.8 (CHC__H3), 24.4, 25.4, 

25.5, and 30.8 ((CH2)4), 42.1 (_C_HCH2N), 49.3 (CH2CHCO), 51.2 (CH2N), 57.9 (.QH2Ph}, 

65.2 (_C_HCH3), 127.1, 128.3, and  128.5 (aromatic), 138.7 (ipso), 211.9 (C=O); IR 2930, 
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2855, 1715, 1448, 1361, 1161; LRMS m/z  257 (6), 229 (18}, 214 (i00); HRMS m/z  
257.1802 (257.1779 calcd for C 17H23NO). 

Direc t  R e d u c t i o n  o f  t h e  Crude P h o t o l y s a t e  f rom D C A - S e n s i t i z e d  Irradiat ion  o f  
I0 ,  A deoxygenated solution ( i00 mL) of 15% MeOH-MeCN in quar tz  tube containing 

amino ketone I 0  (150 mg, 0.46 mmol) and DCA (21 mg, 0.09 mmol) was irradiated for 7h. 

The photolysate was concentrated in vacuo giving a residue which was dissolved in MeOH 

and treated with NaBH4 at -10°C. The reaction mixture was stirred for lh,  diluted with 

water, concentrated in vacuo, and extracted with CHCI3. The extracts were washed with 

brine, separa ted ,  and dried over a n h y d r o u s  Na2SO4.  The residue obtained upon  

concentrat ion was subjected to column chromatography (Florisil, hexanes: ethyl acetate, 

20:1) to give 38 mg (36%) of the alcohol 42, [~]22 +3.7 ° (c 0.61) ; 1H NMR 1.10-1.29 (m, 

2H), 1.15 (d, J =  6.4 Hz, 3H, CHCH3), 1.32 (m, IH), 1.45-1.54 (m, 4H), 1.63 (m,  IH), 1.72 

(brd ,  J =  13.0 Hz, 1H), 1.87 (qt, J =  12.6, 4.0 Hz, 1H), 2.06 (dd, J =  11.5, 3.3 Hz, 1H, 

Hax), 2.36 (br q, J = 6.4 Hz, 1H, CHCH3), 2.54 (br d, J = 11.5 Hz, IH, Heq), 3.49 (br s, 

half width = 6.7Hz, 1H, CHOH), 3.02 and 3.96 (AB q, J =  13.5 Hz, 2H, CH_2Ph), 7.14-7.29 

(m, 5H, aromatic); 13C NMR 16.7 (CHCH3), 22.9, 25.6, 29.6, and 30.1 ((CH2)4), 35.5 and 

38.8 (C_HC__H), 57.0 (_C_H2Ph), 58.0 (CH2N), 62.3 (_C_HCH3), 77.8 (_C.HOH}, 126.7, 128.2, and 

128.5 (aromatic), 140.0 (ipso); IR 3448, 2901, 1666, 1443, 1378, 1208, 1143; LRMS m/z 
259 (3), 244 (39), 168 (17), 91 (i00) ; HRMS m/z  259 .1939  (259.1936 calcd for 

C 17H25NO). 
D C A - S e n s i t i z e d  Irradiat ion and S u b s e q u e n t  NaBH4 R e d u c t i o n  of  A m i n o - E n o n e  

11. A deoxygenated solution (200 mL) of 15% MeOH-MeCN in a quartz tube containing 

amino ketone 11 (177 mg, 0.74 mmol) and DCA (45 mg, 0.18 mmol) was irradiated for 9h. 

The photolysate was concentrated in vacuo giving a residue from which DCA was removed 

by filtration of a cold methanolic suspension. Concentration of the filtrate gave a residue 
which was dissolved in MeOH and treated with NaBH4 (30 rag, 0.79 mmol) at -10°C, 

The reac t ion  mixture  was st irred for lh .  The solut ion was  diluted with water,  

concentrated in vacuo, and extracted with CHC13. The extracts were washed with brine, 

separated,  and dried over a n h y d r o u s  Na2SO4.  The residue from cocentra t ion was 

subjected to column chromatography ( SiO2, ether) to give 18rag (15%) of the alcohol 44,  
1H NMR 1.14 (br d, J = 6.8Hz, 3H, CHCH3), 1.29 (m, 1H), 1.43-1.72 (m, 8H), 1.79 (m, 

1H), 1.85 (m, 1H), 2.25 (m, 1H), 2.56 (dd, J = 11.5, 4.6Hz, 1H), 2.82 (br d, J = l l .5Hz,  

1H), 3.61 (br s, half width = ca. 7.6Hz); 13C NMR 21.6, 24.4, 27.9, 32.9, 36.7, 38.3, 46.0, 

59.1, 69.8, 70.0; LRMS m/z 169 (39), 154 (10), 140 (32), 125 (35), 98 (78), 83 (100); HRMS 

m/z 169.1465 (169.1467 calcd for C 10 H 19NO) • 

D C A - S e n s i t i z e d  Irradiat ion and S u b s e q u e n t  NaBH4 R e d u c t i o n  o f  A m i n o - E n o n e  

12. A deoxygenated solution (200 mL) of 15% MeOH-MeCN in a quartz tube containing 

amino ketone 12 (270 rag, 0.97 mmol) and DCA (45 mg, 0.18 mmol) was irradiated 20h. 

The photolysate was concentrated in vacuo giving a residue from which DCA was removed 

by filtration of a cold methanolic suspension. Concentration of the filtrate gave a residue 
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which was dissolved in MeOH and treated with NaBH4 (30 mg, 0.79 mmol) at -10°C. 

The reaction mixture was stirred for lh. The resulting solution was diluted with water, 
concentrated in vacuo, and extracted with CHC13. The extracts were washed with brine, 

separated,  and dried over anhydrous  Na2SO4. The residue after concentra t ion was 

subjected to column chromatography (Silica-gel, ether) to give 45mg {22%) of the alcohol 
44,  1H NMR 0.79-1.99 (m, 18H), 2.22 (dd, J= 11.7, 4.3 Hz, 1H, CH2NCH9.), 2.60 (d, J =  

11.7 Hz, 1H, CH2NCH2), 2.83 (br d, J= 11.2 Hz, 1H, CH2NCH2), 3.41 (br s, half width = 

ca. 5.5 Hz, 1H, CHOH}; 13 C NMR 22.6, 24.0, 25.7, 26.1, 28.1, 30.6, and 30.7 (7CH2), 

35.5, and 38.1 (CHCHCHOH), 56.5 (CH2NCH2), 63.3 (_C_H2NCH2), 66.9 (NCHCHOH), 

76.2 {NCHCHOH); IR 2923, 2861, 1444, 1127: LRMS re~z209 (59}, 192 (17), 178 (30}, 166 

(12}, 138 {10), 124 (33), 110 (12), 97 (94), 84 (100); HRMS m / z  209.1789 (209.1779 calcd 

for C 13H23NO). 

P r e p a r a t i v e  DCA S e n s i t i z e d  Irradia t ion  of  P h e n a n t h r e n y l  K e t o n e  13. A 
solution of 90 mg of the ketone 13 (0.24 mmol ) in 100 mL of CH3CN containing DCA 

(53 mg) was irradiated for 1.5 h. The photolysate was concentrated in vacuo to give a 

residue that  was treated with cold (-78 oc) MeOH. The resulting heterogenous solution 

was filtered and the filtrate was concentrated in vacao. The residue was subjected to 
HPLC chromatograph ic  separat ion (C-18 reverse phase;  C H 3 C N / H 2 0 ) .  This gave 

photoproducts  48 (i I%), 49  (8%), 50A and 50B (5%), and 47 (ca. 1%). 

48: IH NMR 1.88-1.98 (m, IH, H-13), 2.07-2.15 (m, IH, H-13), 2.22 (ddd, J = 

17.2, 10.5, and 2.7 Hz, 1H, H-12), 2.32-2.43 (m, IH, H-12), 3.56 (dd, J = 14.1 and < 2 

Hz, IH, H-9), 3.67 (dd, J = 5.4 and < 2 Hz, 1H, H-8b), 3.96 (d, J = 5.4 Hz, 1H, H-14a), 

4.16 (t, J = 8.0 Hz, 1H, H-13a), 4,85 (d, J = 14.1 Hz, 1H, H-9), 7.13 (d, J = 7.1 Hz, IH, 

aromatic H-l), 7.26-7.34 (m, 3H, aromatic), 7.41 (t, J = 7.5 Hz, 2H, aromatic), 7.75 (d, J 

= 7.8 Hz, 1H, aromatic H-5 or H-4), 7.79 (d, J = 7.8 Hz, IH, aromatic H-5 or H-4); 13C 

NMR 18.9 (C-13), 29.7 (C-12), 39.5 (C-8b), 39.9 (C-9), 54.2 (C-14a), 63.9 {C-13a), 124.4, 

124.7, 125.4, 127.9, 128.2, 128.4, 128.7, 128.8 (aromatic CH), 128.3, 128.9, 134.0, 134.6 
(aromatic C), 173.5 (NCO), 204.2 (R2CO); IR 3100, 2950, 1725, 1692, 1452; LRMS m / z  

303 (M, 29), 275 (8), 228 (i00), 203 (37), 178 (68): HRMS m / z  303.1259 (303.1259 calcd 

for C20 H 17NO2) 

49: 1H NMR 2.05-2.66 (m, 4H, H-12 and H-13), 4.43-4.47 (m, IH, H-13a), 4.77 

and 5.84 (ABq, J = 18.2 Hz. 2H, H-9), 7.66-7.79 (m, 3H, aromatic), 7.82 (t, J = 7.1 Hz, 

IH, aromatic), 8.14 (d, J = 8.5 Hz, 1H, aromatic), 8.67-8.70 (m, 1H, aromatic), 8.72 (d, J 

= 8.0 Hz, IH, aromatic), 9.29-9.31 (m. 1H, aromatic); 13C NMR 20.7 (C-13), 30.0 (C- 

12), 40.7 (C-9), 61.3 (C-13a), 122.6, 123.4, 124.9, 127.3, 127.4, 127.7, 128.2, 130.2 

(aromatic CH), 125.2, 127.6,127.9, 132.7, 140.4, (aromatic C), 174.0 (NCO), 195.3 
(R2CO); IR 3100, 2925, 1681, 1448; LRMS m / z  301 (M, 59), 273 (18), 248 (21), 218 

(I00), 190 (87), 176 (43): HRMS m / z  301. 1090 (301.1103 calcd for C20H15N02). 

50A and 50B: 1H NMR (mixture ofdiastereomers,  A/B = 3.5:1) 1.60-2.39 (m, H- 
3 and H-4, A & B), 3.37 and 4.28 (ABq, J = 14.8 Hz, 2H, NCH2, A), 3.51 and 4.87 (ABq, 

J = 14.5 Hz, 2H, NCH2, B), 4.55-4.68 (m, 1H, H-5, B), 5.38 (s, 1H, CHCN, B), 5.65 (s, 
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1H, CHCN, A), 5.84-5.87 (m, 1H, H-5, A), 7.45-7.93 (m, 11H, aromatic, A & B), 7.99- 

8.18 (m, 1H, aromatic,  A & B), 8.32-8.35 (m, 2H, aromatic, A & B), 8.47-8.74 (m, 3H, 

aromatic, A & B); 13C NMR 22.1 (C-4, A & B), 27.4 (C-3, B), 27.9 (C-3, A), 34.3 (CHCN, 

B), 36.5 (CHCN, A), 49.8 (CH2N, A), 54.6 (CH2N, B), 63.7 (C-5, A), 64.3 (C-5, B), 117.5 

(CHCN, A), 119.3 (CHCN, B), 121.1 (R2CCN, B), 121.6 (R2CCN, A), 122.7-130.0  

(aromatic C and CH, A & B), 130.1, 131.5, 132.1, 132.2, 134.1, 134.2 (aromatic C, A & 
B), 175.8 (NCO, A & B), 199.6 (R2CO, B, 199.9 (R2CO, A); IR 3581, 2240, 1709, 

1691,1641,1611,1548,  1529,673; LRMS(CI) m/z 532 (M+I, 1), 228 (100), 216 (30), 191 

(18); HRMS(CI) m / z  532.2030 (532.2025 calcd for C35H23N302) 

51: 1H NMR 1.69-1.90 (broad s, 1H, OH), 2.05-2.13 (m, 1H, H-13), 2.28-2.42 (m, 

2H, H-13 and H-12), 2.46-2.52 (m, IH, H-12), 4.61 and 4.98 (ABq, J = 15.4 Hz, 2H, H- 

9), 4.81 (dd, J = 9.2 and 7.4 Hz, 1H, H-13a), 7.61-7.67 (m, 4H, aromatic), 7.75-7.77 (m, 

1H, aromatic), 7.98-8.00 (m, IH, aromatic), 8.30 (s, 1H, H-10), 8.67 (d, J = 8.3 Hz, H-4' 

or H-5'), 8.73 (dd, J = 8.0 and 1.5 Hz, 1H, H-4' or H-5'). 

D i r e c t  I r r a d i a t i o n  o f  P h e n a n t h r e n y l  K e t o n e  3 9 .  A 100 mL solution containing 

49 mg (0.13 mmol) of ketone 13 in CH3CN was irradiated for 8 h. The photosylate was 

concentra ted  in vacuo giving a residue that  was shown by 1H NMR spectroscopic  

analysis to consist  of a mixture of 47  and unreacted ketone 13 in a 1:0.9 ratio. This 

photosylate was subjected to column chromatography (alumina, 9:1 hexane /E t20)  to 

provide azetidine 47 (13 mg, 31%) and recovered 13 (10 mg, 0.03 mmol). 
47: 1H NMR -0.3 (s, 9H, SiMe3), 2.36-2.40 (m, 1H, C-4), 2.45-2.58 (m, 3H, H-3, 

H-4, and OH), 2.76-2.81 (m, 1H, H-3), 4.44 (s, 1H, NCHSi), 5.25 (dd, J = 8.0 and 4.0 Hz, 

1H, H-5), 7.46 (s, IH, H-10'), 7.59-7.70 (m, 4H, H-2', H-3", H-6', and H-7'), 7.86 (d, J = 

7.6 Hz, 1H, aromatic), 8.12 (d, J = 8.1 Hz, 1H, aromatic), 8.66 (d, J = 8.2 Hz, 1H, H-4' or 

H-5'), 8.71 (d, J = 8.2 Hz, IH, H-4' or H-5'); 13C NMR -2.6 (SiMe3), 18.9 (C-4), 31.9 (C- 

3), 68.6 (C-5), 71.7 (CHSi), 85.3 (C-OH), 122.6, 123.2, 125.1, 126.7, 127.0, 127.1, 127.5, 

127.6, 128.9 (aromatic CH), 129.7, 130.6, 131.1, 135.0 (aromatic C), 185.9 (NCO); IR 

3384 (br), 2966, 1682, 1450, 1362, 1250, 840; LRMS m/z 375 (M, 9), 218 (10), 202 (11), 

170 (100); HRMS m/z  375.1626 (375.1655 calcd for C23H25NO2Si). 

D C A - S e n s i t i z e d  I r r a d i a t i o n  o f  t h e  A m i n o  Y n o n e  14. A deoxygenated solution 

(150 mL) of 15% MeOH-MeCN in a quartz tube containing the amino ynone 14 (63 mg, 

0.22 mmol ) and DCA (10 mg, 0.04 mmol ) was irradiated for 7.5 h. The photolysate was 

concentra ted in vacuo giving a residue which was purified by preparative TLC (SIO2, 

hexane: EtOAc, 3:1) to give i0  mg (21%) of 56 [~]22 +20.0 ° (c 0.16); 1H NMR 1.15 (d, J 

= 6.9Hz, 3H, NCHCH__3), 1.81 (s, 3H, C=CCH3), 3.04 and 3.24 (ABq, J = 18.8Hz, 2H, 

NCH2), 3.25 (q, J =  6.9Hz, IH, CH), 3.58 and 3.71 (ABq, J =  13.3Hz, 2H, CH__2Ph), 5.82 (s, 

1H, CH=C), 7.14-7.39 (m, 5H, aromatic); 13C NMR 10.6 (CHCH3), 21.4 (C=CC__H3), 51.7 

(CH2N), 57.6 (_C_H2Ph), 61.8 [CHCH3), 123.7 (_C__H=C), 127.3, 128.4, and 128.8 (aromatic), 

137.8 (ipso), 158.9 {_C_=CH), 199.1 (CO); IR 3431, 2971, 2929, 1674 ; LRMS m/z  215 (5), 
134 (35), 91 (100); HRIVIS m/z 215.319 (215.1310 calcd for C14HI7NO). 
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D C A - S e n s i t i z e d  I r r a d i a t i o n  o f  t h e  A m i n o  Y n o n e  15. A deoxygenated  solut ion 

(500 mL) of 15% MeOH-MeCN in a quartz  tube containing the amino ynone 15 (314 mg, 

0.91 mmol) and DCA ( 45 mg, 0.20 mmol) was irradiated for 9 h. The photolysate  was 

concentra ted  in vacuo giving a residue which was  purified by co lumn ch roma tog raphy  
(florisil, hexane:  EtOAc, 10:l) to give 49 mg (20%) of 57  [a] 29 +1.9 ° (c 0.26 ); 1H NMR 

0.10 (s, 9H, TMS), 1.19 (d, J = 6.9Hz, 3H, CH3), 3.27 (dd, J = 19.3, 1.9Hz, 1H, CH2N), 

3.34 (q, J =  6.9Hz, IH, CH), 3.40 (br d, J = 19.3Hz, 1H, CH2N), 3.65 and 3.79 (ABq, J -  

13.3Hz, 2H, CH2Ph), 6.22 (dd, J = 1.9Hz, 1H, C=CH), 7.22-7.32 (m, 5H, aromatic); 13C 

NMR -2.6 (TMS), 10.3 {CHC_.H3), 49.5 (NCH2), 57.4 (~_H2Ph), 62.2 (_C_HCH3), 127.3 ,  128.4, 

and 128.7 {aromatic), 137.9 (ipso), 132.6 (C=CH), 164.1 (_C__=CH), 197.9 (C=O); IR 2254, 

1673, 1460, 1381, 1252, 1097; LRMS m/z  271 (M-2, 3), 228 {54), 147 (15), 108 (18), 91 
(100); HRlVIS m/z  271.1387 (271.1392 calcd for C16H23NOSi, M-2). 

D C A - S e n s i t i z e d  I r r a d i a t i o n  o f  t h e  A m i n o  Y n o n e  16. A deoxygenated  solution 

(500 mL) of 15% MeOH-MeCN in a quartz tube containing the amino ynone 16 (208 mg, 

0.63 mmol) and DCA (40 mg, 0.18 mmol) was irradiated for 9 h. The photolysate  was 

concentra ted  in vacuo giving a residue which was  purified by co lumn ch roma tog raphy  
(florisil, hexane:  EtOAc, 20:1) to give 42 mg (26%) of 58 [~]24 +6.6 ° (c 0.86 ); 1H NMR 

1.06 (s, 9H, C(CH3)3), 1.24 (d, J =  7.0Hz, 3H, CH3), 3.22 (d, J =  18.1Hz, 1H, CH2N), 3.26 

(q, J = 7.0Hz, IH, CH), 3.42 (dd, J =  18.1, 1.5Hz, IH, CH2N), 3.62 and  3.78 (ABq, J =  

13.4Hz, 2H, CH2Ph), 5.95 (brs, IH, C=CH), 7.22-7.34 (m, 5H, aromatic); 13C NMR 11.4 

(CH3), 28.3 (C(.C_H3)3), 35.8 (_C_(CH3)3), 47.3 (CH2N), 57.4 (_~_H2Ph), 62.2 (.~.HCH3), 120.2 

(C=CCO), 127.3, 128.4, and 128.6 {aromatic), 169.8 (C=CH), 200.0 (CO); IR 2967, 1676, 

1454, 1365, 1302, 1252; LRMS m/z  257(2), 220(I), 200{4), 166 (46), 141 (4), 134 (36), 124 
(1 i), 109 (43), 91 (i00); HRMS m/z  257.1800 (257.1779 calcd for C17H23NO). 

D C A - S e n s i t i z e d  I r r a d i a t i o n  o f  t h e  A m i n o  Y n o n e  17. A deoxygenated solution 

(600 mL) of 15% MeOH-MeCN in a quartz tube containing the amino ynone 17 (162 mg, 

0.68 mmol) and DCA (42 mg, 0,18 retool) was irradiated for 14 h. The photolysate  was 
concent ra ted  in vacuo  giving a residue which was purified by prepara t ive  TLC (SIO2, 

EtOAc) to give 65rag (40%) of s tar t ing 17 and 13 mg (12%) of 60 [c~] 22 +10.6 ° (c 0.31); 

I H  NMR 2.01 (s, 3H, CH3), 2 .20-2 .48  {m, 4H, (CH2)2), 3.67 and 4.57 ( br  ABq, J =  

19.7Hz, 2H, CH2), 4.04 (m, 1H, CH), 5.99 (m, IH, CH=C); 13C NMR 20.4 (CHC__H2), 21.2 

(.~.H3), 29.9 (COC__H2), 43.7 (CH2N), 60.1 (NC__H), 124.9 (.C_H=C), 158.3 {_C_=CH), 174.0 

(NCO), 194.5 (CO); IR 1679, 1634, 1437, 1419, 1262; LRMS m / z  165 (27), 137 (15), 123 
(38), 123 (38), 82 (I00); HRMS m/z  165.0787 (165.0789 calcd for C9H11NO2). 

D C A - S e n s i t i z e d  I r r a d i a t i o n  o f  t h e  A m i n o  Y n o n e  18. A deoxygenated  solution 

(100 mL) of 15% MeOH-MeCN in a quartz  tube containing the amino  ynone  18 (50 mg, 

0.17 mmol) and DCA (15 nag) was irradiated for 15 h. The photolysate  was  concentra ted 
in vacuo giving a residue which was purified by chromatography  (Silica-gel, Et20-hexane)  

to give 21 mg (56%) of 62; 1H NMR 2.16 (s, 3H, HI), 2.73 (t, J=6.6Hz, 2H, H6), 2.93 (m, 
2H, H5), 3 .25 (s, 2H, H8), 3.65 (s, 2H, PhCH2), 6.15 is, IH, H3), 7 .24-7.32 (m, 5H, 

aromatic): 13C NMR 31.2 (CI), 32.5 {C6), 54.1 (benzylic), 60.3 {C5), 60.5 {C8), 98.6 (C31, 



SET-photosensitized reactions of ct-silylamino-enones 3221 

81.9 (C4), 119.0 (C3), 127.3, 128.4, 128.8 and 138.4 (aromatic); IR 2975, 1721, 1643, 

1495, 1358, 856, 739; LRMS m / z  215 (M, 3), 172 (10), 159 (7), 120 (5), 91 (I00), 69 (44); 

HRMS m / z  215.1303 (215.1310 calcd for C14H17NO). 
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