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2-Benzy l - ,  9 -benzyl - ,  and 2 , 9 - d i b e n z y l - 6 - m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o - f l - c a r b o l i n - l - o n e s  
were  synthes ized.  It  is shown that 6 - m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o - f i - c a r b o l i n - l - o n e  and its 
2- and 9-monobenzyl - subs t i tu ted  der iva t ives  r e a c t  with phosphorus  oxychloride to give di-  
chlorophosphoryl  der iva t ives  in which the dichlorophosphoryl  res idue  enters  into the com-  
posi t ion of the cation and is bonded to the oxygen in the 1 posi t ion or (in the case of the 
p y r r o l e - n i t r o g e n - u n s u b s t i t u t e d  compounds) the ni t rogen a tom in the 9 posit ion. The poss i -  
bi l i ty of acetyla t ion of the dichlorophosphoryl  compounds in the 5 posi t ion with acet ic  an-  
hydride under mild conditions to give high yields of products  was observed.  The r egu-  
l a r i t i e s  in the mass  s pec t r a  and PMR s p e c t r a  of the f l -carbol inone  der iva t ives  were  ex-  
posed.  

Activat ion of the carbonyl  group in the 1 posi t ion of the t e t r ahydro - f i - ca rbo l inone  s y s t e m  s e e m s  of 
cons iderable  in te res t  for  the development  of synthet ic  r e s e a r c h  involving subs t i tu ted /3-carbo l inones .  The 
fo rmat ion  of a complex in the reac t ion  of 1 , 2 , 3 , 4 - t e t r a h y d r o - f l - c a r b o l i n - l - o n e  with phosphorus oxychloride,  
to which s t ruc tu re  A [2], B, or C [3] was subsequent ly  ass igned,  was desc r ibed  in a Ge rman  patent  [1] in 
1958, but the poss ib i l i ty  of the fo rmat ion  of an N-dichlorophosphoryl  der ivat ive  was not excluded [4]. As a 
r e s u l t  of synthet ic  invest igat ions,  it was found that the complex r eac t s  r ead i ly  with nucleophilic agents (al- 
cohols and amines)  to give the cor responding  1-a lkoxy-  and 1-alkyl(or  dialkyl)amino der iva t ives  o f / 3 _ c a r -  
bol ines .  

H I CI- OPOCI " ft I ! + 
O P O C t  CI O P O C ! .  

A B C 

It s e emed  of in teres t  to us to make a more  detai led study of the reac t ion  of phosphorus oxychloride 
with t e t r a h y d r o - f i - e a r b o l i n - l - o n e s  having different  degrees  of subst i tut ion of the hydrogens at tached to both 
ni t rogen a toms  and a lso  to invest igate  the reac t ions  of dichlorophosphoryl  der iva t ives  and the s ta r t ing  te t -  
r ahyd ro - /3 - c~ rbo l in - J -ones  wi the lec t rophi l i c  agents ,  for  example ,  with acet ic  anhydride. 

S. Ordzhontkidze All-Union Sc ien t i f i c -Resea rch  P h a r m a c e u t i c a l - C h e m i s t r y  Inst i tute,  Moscow. 
Trans la ted  f r o m  Khimiya Getero ts ik l ichesk ikh  Soedinenii, No. 9, pp. 1270-1276, September ,  1975. Original 
a r t i c le  submit ted  September  31, 1974. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the pub6sher for $15.00. 

1107 



These  invest igat ions were  conducted mos t  eonveneintly on the bas i s  of the access ib le  6 -methoxy-  
1 , 2 , 3 , 4 - t e t r a h y d r o - f l - c a r b o l i n - l - o n e  (I), which is an in te rmedia te  in the synthes is  of the medicinal  p r e p -  
a ra t ion  reexamine (5-methoxyt ryptamine  hydrochloride)  [5]. Carbolinone II,  with both ni t rogen a toms sub-  
st i tuted by benzyl r e s i d u e s ,  was obtained by convers ion  of carbolinone I in liquid ammonia  to the d tsedtum 
der ivat ive  and t r e a t m e n t  of the l a t t e r  with benzyl chloride in ref luxing toluene. The N-benzyl  der ivat ive  
with r e s p e c t  to the indole n i t rogen a tom (IID was synthes ized  by t r e a t m e n t  of the monosodium der ivat ive  
with benzyl  chloride [n d tmethy l fo rmamide  (DMF). 
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I s o m e r i c  mono-N-benzy l  der iva t ives  III (VCO 1668, VNI 4 3320, 3220, and 3100 cm -1) andIV (vCO 1640 and 
~NH 3225 c m  -1) have different  ]R spec t r a .  The f requencies  of the s t re tch ing  vibrat ions  of the carbonyl  
groups in HI and in nonbenzylated I (~CO 1666 cm -1) a r e  s i m i l a r  but differ  f r o m  the f requencies  for  IV. It 
is well  known that  the ~ CO frequencies  (1670 cm -1) a re  higher for  cyclic  l a c t ams  having a secondary  n i t ro -  
gen a tom than for  l ac t ams  with a t e r t i a r y  ni t rogen a tom (9 CO 1640 cm-1),  and this is in ag reemen t  with the 
a t tachment  of the benzyl  r es idue  to N0) in HI and to N(2 ) in IV. As one should have expected,  the bands 
c h a r a c t e r i s t i c  for NH groups are  absent  in the IR s p e c t r a  of dibenz~l der ivat ive  II, and the ~ CO band is ob- 
s e rved  at 1644 cm -1. To obtain dichlorophosphoryl  de r iva t ives ,  we heated I, II, III, and IV with excess  
f r e sh ly  dist i l led phosphorus  oxychloride.  The r eac t ion  with phosphorus oxycb/oride did not occur  only in 
the case  of dibenzyl der ivat ive  II,  and s t a r t ing  t e t rahydro- f l -caxbo l inone  II was r e c o v e r e d  f r o m  the r e a c -  
tion mix ture  in high yield. In all  of the r ema in ing  cases  we obtained dichlorophosphoryl  der iva t ives  V-VII, 
and the subs tances  were  isolated immedia te ly  f r o m  the reac t ion  mix tures  and were  sui table  for e l emen ta ry  
analys is and spec t r a l  invest igations without additional puri f icat ion.  In addition, one should note that di-  
chlorophosphoryl  compounds V-VII a re  e x t r e m e l y  unstable and a re  conve r t ed to the  cor responding  t e t r ahy -  
drocarbol inones  (I, III, and IV) by the action of water  or  alcohol containing even t r a ce s  of water .  

Inasmuch as the dichlorophosphoryl  r es idue  in the invest igated compounds ia not r ep laced  by S b C I (  
on reac t ion  with ant imony pentaehlor ide  via the Arnold-Holy  method [6], it can be a s s e r t e d  that the di-  
ehlorophosphoryl  por t ion of these  molecules  is not an anion. The d isappearance  in the IR spec t r a  of in- 
tense  absorpt ion bands at 1640-1670 cm -1 on pass ing  f r o m  carbol inones I, HI, and IV to thei r  d i c h l o r o p h o s -  
phoryl  der iva t ives  (V-VII) a t tes ts  to the absence of am[de carbonyl  groups in the reac t ion  prqducts  , and the 
appearance  of a band at 1610 cm -1 can be a sc r ibed  to the absorpt ion of a s t rongly  po la r i zed  1~=C-O double 
bond. In the case  of VII, the data obtained make it poss ib le  to unambiguously es tab l i sh  its s t ruc tu re .  In 
the case  of V and VI, in which the p y r r o l e  ni t rogen a tom is not blocked by a benzyl group, in addition to the 
s t ruc tu re  of dichlorophosphoryl  der iva t ives  Va and Via, a l te rna t ive  dichlorophosphamide s t ruc tu r e s  Vb and 
VIb a re  not excluded. 

In teres t ing  r e su l t s  we re  obtained by reac t ion  of dichlorophosphoryl  compounds V-VII with acet ic  an-  
hydride.  In VII, in which the 1, 2, and 9 posi t ions  are  blocked with r e s p e c t  to a t tack  by an e lec t rophi l ic  r e -  
agent,  acetyla t lon p roceeds  se lec t ive ly  in the 5 posi t ion under mild conditions to give 5 - a c e t y l - 6 - m e t h o x y -  

1108 



TABLE 1. PMR Spectra of the Synthesized Compounds in Deuterodi-  
methyl Sulfoxide 

Corn- Chemical shifts Spin-spin coupling 
constants, Hz 

pound 
| -R 2-R 5-R i 6-~ 7-11 8-I{ 9-R ]3,4+]3,4 J5,6 J7,8 

I 
Iti 

VIII 
IX 

X 
XI* 

XI1 

M 

2,46 

'2 53--2 59! 
2.66 I 12,55-2,611 

7,47 
7,58 

7,67 

3-I12 4-I{~ 

3,53 2,90 
3,42 2,92 

3,32 2,72 
4,t8 3,01 

4,16 2,76 
4,34 3,03 
4,23 2,98 

7,00 ,3,7716,84- 7,29 11,4 
7,3il 70--72 375 687i 5,81 

256 !3'85'7'o7 i (cH ) 
7,0--7,2 

r (Ph)  

71:723:777:00  80586 
(CH~) 1 

7,1--7,2 I 
(Ph) ! 

7,9912.55--2,61 i 

~13 
13 

~13 
13 

~13 
N13 

13 

2,5 
2,5 

215 

* The spec t rum was r eco rded  in deuterochloroform. 

1 ,2 ,3 ,4 - t e t rahydro- f i - ca rbo l in - l -one  (VIII) in prac t ica l ly  quantitative yield. The 5 position is apparently 
activated in VII by the dichlorophosphoryl res idue,  inasmuch as direct  acetylation of te trahydrocarbolinone 
HI gives only 1-acetoxy derivative IX. Reaction in the 5 position of the carboline molecule does not occur 
in this case. A s imi lar  react ion of dichlorophosphoryl compound VI with acetic anhydride is accompanied 
only by removal  of the dichlorophosphoryl grouping, and the s tar t ing 2-benzyl -6-methoxy-  1,2,3,4- te t ra-  
hyd ro - f l - ca rbo l in - l -one  (IV), like the analogous 2,9-dibenzyl derivative (II), does not reac t  with acetic an- 
hydride even on refluxing. 

On the other hand, in the case of dich]orophosphoryl derivative V, which does not have protect ive ben- 
zyl groups attached to the ni trogen atoms,  acetylation with acetic anhydride proceeds ext remely  vigorously 
to give t r iacetyl  derivative X, which has acetyl groups attached to the oxygen atom in the 1 position, the 
ni trogen atom in the 9 position, and the carbon atom in the 5 position, The same tr iacetyl  derivative (X) 
(containing monoacetate XI) is formed by refluxing carbolinone I with acetic anhydride. Under mild condi- 
tions - at room tempera ture  - I gives only O,N-diacetate XII, which is converted to t r iacetate  X on heating 
with acetic anhydride. In this case,  the introduction of two strong e lec t ron-accep tor  groupings (two acetyl 
res idues in XII or one dichlorophosphoryl group and one acetyl group in the aeetylation of V) in the 1 and 9 
posit ions of the carbolinone molecule apparently also activates the 5 position of the molecule, as does the 
p resence  of a dichlorophosphoryl  substituent in VII. 

A mass - spec t r a l  study of i somer ic  VIII and IX showed that both compounds have molecular  weights 
of 348 corresponding to monoacetyl derivatives of 9 -benzy l -6 -me thoxy- l ,2 ,3 ,4 - t e t r ahydro - f l - ca rbo l in -1 -  
one. The presence  in both spec t ra  of an intense peak with m/e  91 confirms the presence  of a benzyl group. 
Substantial differences are  observed in the h igh-molecular-weight  regions of the spec t ra  of monoacetyl de- 
r ivat ives VIII and IX. In addition to an intense (M-  COCH2) + ion peak (m/e 306), the spec t rum of IX con- 
tains a peak with mass  number 289, the ass ignment  of which to the (M-OCOCH3.) + fragment is confirmed 
by the presence  of the corresponding metastable transit ion.  This sor t  of fragmentat ion of IX indicates the 
presence  of an acetyl group attached to the oxygen atom in the 1 position. On the other hand, the (M- 
COCH2) + ion peak in the spec t rum of monoacetyl  derivative VIII is of low intensity, but an intense (M- 
CH3.)+ peak is observed,  and this charac te r izes  the fragmentat ion of the C-acetyl  group in thebenzene ring. 

Py r ro l e -n i t rogen -unsubs t i t u t ed  monoacetate X'I, the spec t rum of which contains an intense peak with 
m/e  199, evidently formed through elimination of OCOCH 3. f rom the molecular  ion and, constituting evi-  
dence for the presence  of an acetyl group attached to the oxygen atom attached to Ctg, also undergoes f rag-  
mentation s imi lar  to that of monoacetyl  compound IX. In addition to this,  ions with m/e  216 ([M-COCH2] �9 ) 
and ions with m/e  187, 159, etc.,  charac te r i s t i c  for fragmentat ion of nonacylated I appear in the spec t rum 
of monoacetate XI. 

The molecular  weight of X (342) confirms that it is the t r iacetyl  derivative of carbolinone I. Ions with 
m/e  300 and 258 due to success ive  elimination of two COCH 2 groups f rom the molecular  ion are  observed 
in its mass  spect rum.  The presence  of an ion with m/e  241 attests to detachment of one of the acetyl 
groups in the OCOCH 3. composition (M-COCH2-OCOCH3) +, and this confirms the presence  of an acetyl 
group attached to the oxygen in the 1 position. The presence  in the spec t rum of an intense ion peak with 
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m / e  243 cor responding  to e ject ion of a CH 3 group f r o m  the [M-COCH2-COCH2] + ion consti tutes evidence 
for the addition of a th i rd  acetyl  r es idue  to the carbon a tom of the benzene r ing.  

A molecu la r  ion with m / e  300 and ions with m / e  258 and 216 fo rmed  by success ive  e l iminat ion of two 
COCH 2 r e s idue  s a r e  obse rved  in the m a s s  s p e c t r u m  of diacetyl  der iva t ive  XII. The p r e sence  of an intense 
peak  with m a s s  number  199 and of the cor responding  metas tab le  t rans i t ion  p roves  el iminat ion of an OCOCH 3 
group f r o m  the [M-COCH2]+. ion, and this consti tutes evidence for the p r e s e n c e  of an acetyl  res idue  a t -  
tached to the oxygen a tom in the 1 posi t ion.  The second acetyl  group is evidently at tached to the p y r r o l e  
n i t rogen a tom: the absence  in the s p e c t r u m  of (M-CH3 + and (M-COCH2-CH3.)  + ions makes  it poss ib le  to 
a s s e r t  that diacetate  XII does not contain a C - C O C H  3 grouping. The signal of the 8-H proton in the PMR 
s p e c t r a  (Table 1) of X and XII is shif ted substant ia l  ly to weak field as compared  with the chemical  shift  of 
this proton in the r emain ing  compounds and, in pa r t i cu l a r ,  in nonacylated carbol inone I. In additLon, the 
s ignal  of the 9-H proton in acety l  der iva t ives  X and XII is absent  (the s p e c t r u m  of I contains a b road  singlet  
at  11.3 ppm).  All of this const i tutes  evidence for  the p r e sence  of an acetyl  group at tached to the p y r r o l e  ni -  
t rogen a tom in X and XII. The absence  of a weak-f ie ld  shift  of the 8-H pro ton  in monoacetyl  der iva t ive  XI 
is in a g r e e m e n t  wi th the  1 -ace toxy  s t ruc tu re  of this compound. The p r e sence  of an acetyl  group a t tachedto  C(5 ) 
in acetyl  der iva t ives  X and VIII is conf i rmed by the absence  of the signal  of the 5-H pro ton  and the c h a r a c -  
t e r  of the mult ipl ic i ty  of the s ignals  of the 7-H and 8-H protons  (two doublets,  J7,8 ~ 9 Hz). As one should 
have expected,  the s ignals  of the 9-H pro ton  at  ~ 11 p p m  are  absent  in the s p e c t r a  of III  and VIII, but the 
signal  of a p ro ton  a t tached to the ni t rogen a tom in the 2 posi t ion (~ 7.6 ppm) is observed ,  and this const i -  
tutes evidence for the absence  of an acetyl  group a t tached to the n i t rogen a tom of the s i x - m e m b e r e d  r ing 
in monoacetyl  der iva t ive  VIII. On the other hand, the signal  of a pro ton  at tached to N(2 ) is absent  in the 
s p e c t r u m  of IX, and the chemical  shift  of the 8-H pro ton  is c lose  to the analogous c h a r a c t e r i s t i c  of the 8-H 
pro ton  in carbol inone III and differs  marked ly  f r o m  the cor responding  values for  N(9)-acylated der iva t ives  
X and XII. In addition, the signal of the 7-H pro ton  is a quar te t  with J ~ 9 and 2.5 Hz, which indicates the 
absence  of an acyl  subst i tuent  a t tached to C(5). The combination of all  of these  data is in good a g r e e m e n t  
with a t t achment  of the acetyl  r es idue  in IX to the oxygen a tom at tached to C(1 ). 

As one should have expected,  the NH band is absent  in the IR spec t r a  of aeetyl  der iva t ives  IX. X, and 
XII, and bands a re  obse rved  at 1690-1695 cm-1; the ~CO s t re tch ing  v ibra t ions  appear  at 1668 cm - I  in the 
s p e c t r u m  of monoaeetyl  der iva t ive  VIII, and NH bands a r e  p r e sen t  at 330043200, and 3100 cm -1 in the high- 
f requency region.  

It  should be noted that in the ease  of di-  and t r i ace ty l  de r iva t ives ,  the bands of the CO groups in the 
var ious  posi t ions  of the molecule  had c lose  values and the cor responding  s ignals  in the IR s p e c t r a  me rg ed  
[nto one intense band. The IR s p e c t r a  of dichlorophosphoryl  der iva t ives  V and VII contain bands of NI-I 
groups at 2600-2800 cm-1; in the s p e c t r u m  of V absorp t ion  a lso  appea r s  at 3100-3200 c m  -l ,  whereas  v ib r a -  
t ions of CO groups a r e  absent  in the s p e c t r a  of V and VII. These data a re  in good ag reemen t  with s t r u c -  
tu res  V and VII but do not make it poss ib le  to choose between s t ruc tu r e s  Va and Vb in the case  of V. We 
were  a lso  unable to choose between the two a l te rna t ive  s t r u c t u r e s  (Via and Vib) in the case  of d ichloro-  
phosphoryl  der ivat ive  VI. 

E X P E R I M E N T A L  

The m a s s  s p e c t r a  were  r e c o r d e d  with an MKh-1301 s p e c t r o m e t e r  equipped for  d i rec t  introduction of 
the sample  into the source .  The ionizing-electron energy  was 40 eV. The PMR s p e c t r a  were  r eco rd ed  
with a NJM 4H-100 s p e c t r o m e t e r  (100 MHz) with t e t r amethy l s i l ane  as the internal  s tandard .  The IR s p e c -  
t r a  of c ry s t a l s  and mine ra l  oil suspens ions  of the compounds were  r e c o r d e d  with a UR-10 s p e c t r o m e t e r .  

9 - B e n z y l - 6 - m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o - f i - c a r b o l i n - l - o n e  (III). A solution of 1 g (4.5 mmole)  of c a r -  
bolinone I in 40 ml of dis t i l led d imethy l fo rmamide  (DMF) was added dropwise to a suspens ion of 0.15 g 
(6.2 mmole)  of sodium hydride in 50 ml of DMF. The reac t ion  mixture  was s t i r r e d  at r o o m  t e m p e r a t u r e  
for  1 h, a f te r  which 0.5 g (4.5 mmole)  of benzyl  chloride was added dropwise.  The mixture  was then s t i r r e d  
at  18-20 ~ for  16 h, a f te r  which it was evapora ted  to d ryness ,  and the res idue  was ex t rac ted  with boiling 
c h l o r o f o r m  to give 1.1 g (77.570) of co lor less  c ry s t a l s  of III  with mp 169-170 ~ (from alcohol). The product  
was insoluble in e ther  and p e t r o l e u m  e ther ,  only sl ightly soluble in benzene,  acetone,  alcohols ,  and wate r ,  
and soluble in ch loroform.  Found: C 74.3; H 5.8; N 9.370. C19H18N202. Calculated:  C 74.5; H 5.9; N 9.270. 

2 , 9 - D i b e n z y l - 6 - m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o - / ~ - e a r b o l [ n - l - o n e  (1I). A solution of 1 g (4.5 mmole)  of 
carbol inone I in 50 n%l of anhydrous toluene was added to a solution of 0.21 g (0.1 g-a tom)  of sodium in 75 
ml of liquid ammonia ,  and the mix ture  was then s t i r r e d  until the ammonia  had evapora ted  comple te ly ,  a f te r  
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which 1.16 g (9.5 mmole)  of benzyl  chloride was added, and the mixture  was ref luxed for 3 h. The resu l t ing  
solution was f i l t e red  to r e m o v e  the prec ip i ta ted  inorganic sa l t s ,  and the f i l t ra te  was vacuum evaporated.  
The res idue  was c rys ta l l i zed  f r o m  alcohol to give 1.2 g (65.5%) of co lor less  c rys t a l s  of II with mp 130-131 ~ 
The product  was quite soluble in acetone,  benzene,  toluene,  and ch loroform,  but only sl ightly soluble in a l -  
cohols,  wa te r ,  heptane,  and e ther .  Found: C 79.1; H 6.2; N 7.3%. C26H24N202. Calculated.  C 78.8; H 6.1; 
N 7.1%. 

1 -Dich lo rophosphory loxy-6 -me thoxy-3 ,4 -d ihydro - f l - ea rboHnium Chloride (V!.. A 0.2-g (0.9 mmole)  
s ample  of carbolinone I was heated at  60-70 ~ with 2 ml (8 mmole)  of phosphorus  oxyehloride for  15 rain, 
a f t e r  which the mixture  was cooled to 18-20 ~ and diluted with 5-7 ml of anhydrous e ther .  The resu l t ing  
l ight -yel low crys ta l l ine  subs tance  was r e m o v e d  by f i l t ra t ion and dried in a vacuum des icca tor  to give 0.2 g 
(83%) of V with mp 169-170 ~ (dee.). Found: C 38.9; H 3.6; C1 28.6; N 7.4; P 8.5%. C12H12C13N203P. Cal-  
culated: C 39.0; H 3.3; C1 28.9; N 7.6; P 8.4%. 

Carbolinone I was fo rmed  in quanti tat ive yield in the reac t ion  of V with water  or alcohol. 

1 -Dich lo rophosphory loxy-2 -benzy l -6 -me thoxy-3 ,4 -d ihydro - f l - ea rbo l in iUm Chloride (VI.).. This com-  
pound was obtained as in the p reced ing  exper imen t  f r o m  0.2 g (0.65 mmole)  of carbolinone IV and 2 ml  (8 
mmole)  o f p h o s p o r u s  oxychlor ide.  The yield of l ight-yel low c rys t a l s  with mp 164-165 ~ (dee.) was 0.2 g 
(66.7%). Found: C 49.2; H 4.0; C1 22.9; N 6.2; P 6.8%. CigHisC13N203P. Calculated: C 49.4; H 4.2; C1 23.2; 
N 6.1; P 6.8%. 

A 0.2-g (0.43 mmole)  s ample  of d ichlorophosphoryl  der iva t ive  VI was t r i t u ra t ed  with 2 ml of water ,  
and the sol id ma te r i a l ,  which had become white, was r e m o v e d  by f i l t ra t ion and dr ied to give 0.13 g (quan- 
t i ta t ive  yield) of carbolinone IV with mp 198-199 ~ The product  was identical to a genuine sample  of IVwith 
r e s p e c t  to a mixed-mel t ing-po in t  de te rmined  and its IR spec t rum.  Found: C 74.6; H 5.8; N 9.4%. 
C19H~sN203. Calculated: C 74.5; H 5.9; N 9.2%. 

1 -Dich lo rophosphory loxy-9 -benzy l -6 -me thoxy-3 ,4 -d ihydroxo- f i - ca rbo l [n ium Chloride (VII). This 
compound was s i m i l a r l y  obtained as l ight-yel low c rys t a l s  with mp 134-135 ~ in 66.7% yield f r o m  0.2 g (0.65 
mmole)  of carbol inone HI. Found: C 94.4; H 4.2; C1 23.1; N 6.2; P 6.9%. C19H18C13N203P. Calculated: C 
49.4; H 4.2; C1 23.2; N 6.1; P 6.8%. 

5 - A c e t y l - 6 - m e t h o x y - 9 - b e n z y l - l , 2 , 3 , 4 - t e t r a h y d r o - f l - c a r b o l [ n - l - o n e  (VIII). A 0.5-g (1.6 mmole)  s a m -  
ple of l ight-yel low dichlorophosphoryl  der iva t ive  VII was heated at 50 ~ for 15 min with 6 ml (5.5 mmole)  of 
acet ic  anhydride,  a f te r  which the mix ture  was al lowed to stand at r o o m  t e m p e r a t u r e  for  48 h. It  was then 
vacuum evapora ted  to d ryness ,  and the res idua l  ace t ic  anhydride was r e m o v e d  by dist i l lat ion with benzene.  
The res idue  was t r i t u ra t ed  with alcohol to give 0.3 g (79%) of VII as co lo r less  c ry s t a l s  with mp 199-200 ~ 
The product  was quite soluble in acetone and ch loroform,  sl ightly soluble in benzene and alcohols ,  and in- 
soluble in water  and e ther .  Found: C 72.4; H 5.9; N 8.3%. C21H20N20 3. Calculated." C 72.3; H 5.8; N 8.1%. 

1 -Ace toxy -6 -m e t hoxy -9 -benzy l -3 ,4 -d i h yd ro - f l - c a rbo l i ne  (IX). A 0.3-g (0.98 mmole)  sample  of c a r -  
bolinone III was ref luxed for 1 h with 3 ml (27 mmole)  of acet ic  anhydride,  a f ter  which the mixture  was 
vacuum evapora ted  to give 0.32 g (100%) of acety l  der iva t ive  IX as co lo r less  c ry s t a l s  with mp 139-140 ~ 
(from alcohol).  The product  was quite soluble in benzene and ch loroform,  less  soluble in acetone and a l -  

cohols,  and sl ightly soluble in water  and e ther .  Found: C 72.3; H 5.9; N 8.3%. C21H201~20 3. Calculated: 
72.3; H 5.8; N 8.1%. 

1 -Ace toxy -5 ,9 -d i ace ty l -6 -me thoxy-3 ,4 -d ihyd ro - f i - ca rbo l i ne  (X). A) A 0.3-g (1.35 mmole)  sample  of 
carbolinone I was ref luxed for 1 h with 3 ml (27 mmole)  of acet ic  anhydride,  a f te r  which the mixture  was 
vacuum evapora ted ,  and the res idua l  ace t ic  anhydride was r e m o v e d  by dist i l lat ion with benzene.  The r e s i -  
due was t r i t u ra t ed  with e ther  and r e c r y s t a l l i z e d  f r o m  alcohol to give 0.28 g (59%) of co lor less  c rys t a l s  of 
Xwi th  mp 176-177 ~ The product  was sl ightly soluble in water  and e ther  and more  soluble in benzene,  a c e -  
tone, and ch loroform.  Found: C 63.1; H 5.1; N 8.3%. C18H18N2Os. Calculated: C 63.1; H 5.3; N 8.2%. 
P r io r  to r ec rys t a l l i z a t i on  f r o m  alcohol,  the product ,  according  to the mass  spec t roscop ic  data, was a mix -  
ture  of X and 1 -ace toxy -6 -me thoxy-3 ,4 -d ibyd ro - f i - ca rbo l i none  (XI). 

B) A 0.4-g (1.1 mmole)  sample  of d ichlorophosphoryl  der ivat ive  V was ref luxed for 1 h with 3 ml (27 
mmole)  of acet ic  anhydride,  a f te r  which the mix ture  was vacuum evapora ted ,  and the r e s idua l  ace t ic  anhy-  
dride was r emoved  by dist i l lat ion with benzene.  The r e s idue  was ex t rac ted  with boiling hexane and c r y s t a l -  
l ized f r o m  alcohol to give 0.25 g of Xwi th  mp 176-177 ~ No mel t ing-point  depress ion  was obse rved  for a 
mixture  of this product  with a sample  of X obtained by method .4., and the two samples  h~d identical IR and 
mass  spec t r a .  

iiii 



1-Ace toxy-6-methoxy-9-ace ty l -3 ,4 -d ihydro- f l - ca rbo l ine  (XII)~ A mixture  of 0.3 g (1.35 mmole) of 
carbolinone I and 10 ml (90 mmole) of acet ic  anhydride was held at 18-20 ~ for 30 days until I had dissolved 
completely.  The resul t ing  solution was vacuum evaporated,  and the res idual  acet ic  anhydride was removed  
by disti l lation with benzene.  The res idue  was t r i tu ra ted  with e ther  to give 0.28 g (64%) of color less  c rys ta l s  
of XII with mp 141-142 ~ The product  was soluble in benzene and chloroform,  less  soluble in e ther  and al-  
cohol, and only slightly soluble in water .  Found: C 64.0; H 5.5; N 9.3%. C16H16N204. Calculated: C 64.0; 
H 5.3; N 9.3%. 
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